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PREFACE

Inorganic Syntheses is 50 years old. The first volume, edited by Harold S.
Booth, appeared in 1939 and contained 90 checked procedures. Booth,
Professor of Chemistry at Western Reserve University, had seen a need for
a series of volumes in which would appear detailed and tested procedures
for the synthesis of inorganic compounds. His efforts to bring Inorganic
Syntheses into being dated back to 1933 when he was joined in the venture
by L. F. Audrieth, W. C. Fernelius, W. C. Johnson, and R. E. Kirk. To quote
one of the cofounders: “It would be fair to say that the inauguration of
Inorganic Syntheses was not a product of the times but more a reaction
against the times. In the late 20’s and early 30’s of this century there were
in this country only a few inorganic chemists and little research in the
field” [W. C. Fernelius, “History of Inorganic Syntheses,” October 1983
(unpublished)].
Over the 50 years since Volume 1 appeared, research in inorganic chemistry
has undergone an enormous expansion, and the Inorganic Syntheses series
has grown to a total of 27 volumes containing more than 3000 checked
procedures. Although it would be incorrect to claim that all of these
procedures are foolproof [witness Inorg. Synth., 23, 199 (1985)], they do
comprise the largest available collection of reliable preparations of inorganic
compounds. The series has established itself as the reference of first resort
for anyone with the need to synthesize an inorganic compound. The
procedures in Inorganic Syntheses owe their reliability to the requirements
that they be checked in a laboratory other than that of the submitters and
that they be presented in detailed and unambiguous form. Both of these
requirements frequently result in substantial modification of submitted
manuscripts.
The present volume contains over 200 syntheses, presented in 68 numbered
sections grouped into nine chapters that correspond for the most part to
Previous volumes of Inorganic Syntheses are available. Many of the volumes originally
published by McGraw Hill. Inc. are available from R. E. Krieger Publishing Co., Inc.. P.O.
BOX9542, Melbourne, FL 32901. Please write this publisher for a current list. Volumes out of
print with John Wiley & Sons, Inc. are also available from Krieger Publishing. Recent back
volumes can be obtained from John Wiley & Sons, Inc.. 605 Third Avenue, New York, NY
10158. Please write the publisher for a current list of available volumes.
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currently active areas of research. Although all of the chapters contain
important and timely compounds, I would single out for special mention
Chapter 3 on the early transition metal polyoxoanions. This chapter,
organized and solicited by Walter G. Klemperer, addresses the synthesis of
a class of compounds that are notably difficult to prepare in pure form. The
successful preparation of many of these compounds requires close attention
to the details of the procedure, and in several cases critical details taken for
granted by the submitters were brought out by the checkers.
An Inorganic Syntheses volume is the product of the efforts of many people.
There are, of course, the submitters and checkers who produce the checked
syntheses. In addition to these contributors, I would like to thank the
following people for their efforts on behalf of Volume 27: Walter Klemperer
for organizing Chapter 3 and providing an introduction to it; Andrea Wayda
for organizing Chapter 4; Thomas E. Sloan and William Powell for advice
on chemical nomenclature and for compiling the index; and the members of
the Inorganic Syntheses Corporation who provided reviews of the submitted
manuscripts, especially Bob Angelici, John Bailar, Dimitri Coucouvanis, and
Therald Moeller. John Bailar and Therald Moeller also helped with checking
the revised manuscripts. Finally, I thank Fred Basolo for efficiently resolving
an awkward checking problem and Duward Shriver for his “Guide for Editors
of Inorganic Syntheses”, which facilitated my task as Editor-in-Chief.
ALVINP. GINSBERG
Berkeley Heights, New Jersey
February. 1990

NOTICE TO CONTRIBUTORS
AND CHECKERS

The Inorganic Syntheses series is published to provide all users of inorganic
substances with detailed and foolproof procedures for the preparation of
important and timely compounds. Thus the series is the concern of the entire
scientific community. The Editorial Board hopes that all chemists will share
in the responsibility of producing Inorganic Syntheses by offering their advice
and assistance in both the formulation of and the laboratory evaluation of
outstanding syntheses. Help of this kind will be invaluable in achieving
excellence and pertinence to current scientific interests.
There is no rigid definition of what constitutes a suitable synthesis. The
major criterion by which syntheses are judged is the potential value to the
scientific community. For example, starting materials or intermediates that
are useful for synthetic chemistry are appropriate. The synthesis also should
represent the best available procedure, and new or improved syntheses are
particularly appropriate. Syntheses of compounds that are available
commercially at reasonable prices are not acceptable. We do not encourage
the submission of compounds that are unreasonably hazardous, and in this
connection, authors are requested to avoid procedures involving perchlorate
salts due to the high risk of explosion in combination with organic or
organometallic substances. Authors are also requested to avoid the use of
solvents known to be carcinogenic.
The Editorial Board lists the following criteria of content for submitted
manuscripts. Style should conform with that of previous volumes of Inorganic
Syntheses. The introductory section should include a concise and critical
summary of the available procedures for synthesis of the product in question.
It should also include an estimate of the time required for the synthesis, an
indication of the importance and utility of the product, and an admonition if
any potential hazards are associated with the procedure. The Procedure
should present detailed and unambiguous laboratory directions and be
written so that it anticipates possible mistakes and misunderstandings on the
part of the person who attempts to duplicate the procedure. Any unusual
equipment or procedure should be clearly described. Line drawings should be
included when they can be helpful. All safety measures should be stated clearly.
Sources of unusual starting materials must be given, and, if possible, minimal
standards of purity of reagents and solvents should be stated. The scale should
ix
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be reasonable for normal laboratory operation, and any problems involved in
scaling the procedure either up or down should be discussed. The criteria for
judging the purity of the final product should be delineated clearly. The section
on Properties should supply and discuss those physical and chemical
characteristics that are relevant to judging the purity of the product and to
permitting its handling and use in an intelligent manner. Under References, all
pertinent literature citations should be listed in order. A style sheet is available
from the Secretary of the Editorial Board.
The Editorial Board determines whether submitted syntheses meet the
general specifications outlined above, and the Editor-in-Chief sends the
manuscript to an independent laboratory where the procedure must be
satisfactorily reproduced.
Each manuscript should be submitted in duplicate to the Secretary of the
Editorial Board, Professor Jay H. Worrell, Department of Chemistry,
University of South Florida, Tampa, FL 33620. The manuscript should be
typewritten in English. Nomenclature should be consistent and should follow
the recommendations presented in Nomenclature of Inorganic Chemistry, 2nd
ed., Butterworths & Co., London, 1970, and in Pure and Applied Chemistry,
Volume 28, No. 1 (1971). Abbreviations should conform to those used in
publications of the American Chemical Society, particularly Inorganic
Chemistry.
Chemists willing to check syntheses should contact the editor of a future
volume or make this information known to Professor Worrell.

TOXIC SUBSTANCES AND
LABORATORY HAZARDS

Chemicals and chemistry are by their very nature hazardous. Chemical
reactivity implies that reagents have the ability to combine. This process can
be sufficiently vigorous as to cause flame, an explosion, or, often less
immediately obvious, a toxic reaction.
The obvious hazards in the syntheses reported in this volume are
delineated, where appropriate, in the experimental procedure. It is impossible,
however, to foresee every eventuality, such as a new biological effect of a
common laboratory reagent. As a consequence, all chemicals used and all
reactions described in this volume should be viewed as potentially hazardous.
Care should be taken to avoid inhalation or other physical contact with all
reagents and solvents used in procedures described in this volume. In addition,
particular attention should be paid to avoiding sparks, open flames, or other
potential sources that could set fire to combustible vapors or gases.
A list of 400 toxic substances may be found in the Federal Register, Vol. 40,
No. 23072, May 28, 1975. An abbreviated list may be obtained from Inorganic
Syntheses, Volume 18, p. xv, 1978. A current assessment of the hazards
associated with a particular chemical is available in the most recent edition
of Threshold Limit Values for Chemical Substances and Physical Agents in
the Workroom Enuironment published by the American Conference of
Governmental Industrial Hygienists.
The drying of impure ethers can produce a violent explosion. Further
information about this hazard may be found in Inorganic Syntheses,
Volume 12, p. 317. A hazard associated with the synthesis of tetramethyldiphosphine disulfide [Inorg. Synth., 15, 186 (1974)] is cited in Inorganic
Syntheses, Volume 23, p. 199.
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Chapter One

TRANSITION METAL POLYHYDRIDE
COMPLEXES

1. MOLECULAR HYDROGEN COMPLEXES OF Mo AND W
Submitted by GREGORY J. KUBAS*
Checked by CARL HOFF'

The complexes M(CO),(PR,),(q2-H2) [M = Mo or W;R = cyclohexyl (cy)
or isopropyl (i-Pr)] are the first recognized examples of molecular hydrogen
complexes.' The side-on bonding of H, represents the first example of stable
intermolecular coordination of a Q bond to a metal, much as q2-ethylene
coordination was the first interaction of a n bond with a metal center. The
H, complexes also represent arrested intermediates in the oxidative addition
of hydrogen to metal centers and, more importantly, may possess a unique
chemistry of their own, including direct reactivity in catalysis. One of the
remarkable features of molecular hydrogen coordination is that it has not
been recognized earlier, since several known polyhydride complexes, for
example, RuH,(PPh,),, which was first prepared over 20 years ago, are now
being shown to contain one or more H, ligands.ldV2 Part of the reason for
this is that complexes containing hydrogen ligands (whether H,, H-,or
*Los Alamos National Laboratory. University of California, Los Alamos, NM 87545. This
work was performed under the auspices of the U S . Department of Energy, Division of Chemical
Sciences, Office of Basic Energy Sciences.
'Department of Chemistry, University of Miami, Coral Gables, FL33124.
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both) are generally fluxional and can possess significantly different structural
features in solution than in the solid state. Indeed the complexes described
here, which were shown by neutron diffraction to possess only H, ligands
in the solid state, contain, in solution, up to 30% of the seven-coordinate
dihydride form, MH,(CO),(PR,),, in dynamic equilibrium with the sixcoordinate H2 complex:

Thus, in the same sense, many known polyhydride complexes, including those
shown to contain only hydrides in the solid state, may in fact contain H,
species in solution.
The syntheses of M(CO),(PR,),(H,) are quite straightforward and facile,
similar to those for coordinatively unsaturated M(CO),(PR,),, from which
the H, complexes can be prepared by H, addition., The reactions involve
by two equivalents
displacement of the triolefin in M(CO)3(q6-cycloheptriene)
of phosphine, which leaves an “open” sixth-coordination site to which H, can
bind [the H2 is present in the reaction atmosphere and effectively displaces an
intramolecularly bound “agostic” phosphine C-H group from the sixth site
of M(CO), (PR ,),I. Because ligand redistribution to M(CO), (PR ,), occurs
if commonly used smaller phosphines are employed (including PPh,), the
preparations succeed only for R = cy, i-Pr, or similar* bulky phosphines, which
make tris-phosphine species too unstable on account of steric crowding. The
complex W(CO)3[P(i-Pr)3]2(H2)is perhaps the most useful analog because
of its high solubility and its function as a precursor to W(CO),[P(i-Pr),],,
which, unlike the Pcy, analog, cannot be prepared directly from W(CO),(@cycloheptatriene). The complex Mo(CO),[P(i-Pr),],(H,) is not isolable as a
solid, and Cr(C0)3(P~yJ)2(H,)
has been found to be stable only under 300 psi
of H,.4 The primary diffculty in the synthesis of the tungsten complexes is
the commercial unavailability of W(CO),(q6-cycloheptatriene).An improved
synthesis of the latter has been r e p ~ r t e dbut
, ~ preparation still requires several
days. The detailed synthesis is presented below, in slightly modified form.

“Analogs with tricyclopentylphosphine6and Pcy,(i-Pr)” have been prepared but the syntheses
failed for P(r-Bu), [terr-butyl (t-Bu)J or the other usual bulky phosphines reported in the
literature.
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A. TRICARBONYL(DIHYDROGEN)BIS(TRICYCLOHEXYLPH0SPHINE)MOLYBDENUM

+

Mo(CO),(q6-cycloheptatriene) ZPcy,

2Mo(CO),(Pcy,),(H,) + C7H8

.

Procedure
Caution. The syntheses described below should be carried out in a
well-ventilated hood because of the flammability of hydrogen and the toxicity
of phosphines.
The following manipulations are carried out on a Schlenk system’ using
hydrogen (99.9% minimum purity) atmospheres and reagent grade
deoxygenated (by bubbling argon or H,, bur not N , , through) solvents
without further purification. The complex Mo(CO),(q6-cycloheptatriene)and
the phosphine were obtained from Strem Chemicals.
A mixture of M~(CO)~(q~-cycloheptatriene)
(1.88 g, 6.94 mmol), Pcy, (4.0 g,
14.3mmol), and toluene (25mL) in a 100-mL Schlenk flask is vigorously
3 h. Precipitation of yellow
stirred magnetically under hydrogen for
microcrystalline Mo(CO),(Pcy,),(H,) begins and is completed by addition
of 60mL of heptane (or hexane) and further stirring (2-3 h). The product is
collected on a frit and washed with H,-saturated 2: 1 heptane-toluene
(- 25 mL). The washings are normally slightly purple in color because of the
Mo(CO),(Pcy,), formed by dissociation of H,. The bright yellow complex
is dried in a stream of H, (taking care to maintain
1 atm of hydrogen
pressure over the solid), then briefly ( - 1 min) in uacuo. The solid becomes
darker as a result of H, loss in uacuo, but the color immediately brightens
when an H, atmosphere is restored. This procedure is repeated until the
complex is completely dry. The complex should always be kept under an H,
or argon-H, (- 10: 1) atmosphere when transferred or stored. Nitrogen
cannot be used because it displaces the H2 ligand. Yield 3.62 g (84%). Yields
for larger scale reactions can approach 95%. The D, isotopomer is prepared
in exactly the same fashion.

-

-

Anal. Calcd. for C,,H680,P,Mo:C,
9.0; P, 8.0.

63.1; H, 9.2; P, 8.3. Found C,62.8; H,

Properties

The solid complex slowly dissociates H, and must be kept in an H,-enriched
atmosphere as discussed previously. It is sparingly soluble in aromatic
hydrocarbons, imparting a purple color resulting from the presence of small
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equilibrium amounts of Mo(CO),(Pcy,), (even under 1 atm of H,).The latter
can readily be prepared from the H, complex." Decomposition occurs in
most polar solvents, including halogenated hydrocarbons, although
tetrahydrofuran (THF) and other ethers do not readily displace the H,. The
microcrystalline yellow solid slowly decomposes in air with only slight
darkening, although larger crystals can be exposed for several hours before
significant decomposition occurs. It is also slightly photosensitive, slowly
(weeks) becoming orange on the surface in room light, and it should be stored
in darkness.
The complexes can be characterized by IR spectroscopy by loading
samples in a glove bag initially filled with argon, to which is then added
10 to 20% H,. Alternatively, solution samples can be transferred by syringe
directly into holders using Schlenk techniques. Unlike the spectra of the
tungsten analogs (see below), the IR spectrum of the Mo complex shows no
readily observable bands due to the H2 ligand (a partially obscured band
at 885 cm- ' may be discerned). Carbonyl peaks occur at 1966 and 1853cm-'
(Nujol mull) and 1960 and 1842cm-' (toluene). A band near 1865cm-' is
normally also present as a result of a very intense mode of a minor amount
( < 5%) of Mo(CO),(Pcy,), impurity. The latter is difficult to avoid because
it is readily formed upon minor air oxidation, photochemical decomposition,
and spontaneous ligand redistribution of the H, complex. Because of low
solubility of the complex, 'HNMR is not useful for characterization. In
solution, the complex exists in dynamic equilibrium with the seven-coordinate
dihydride form, MoH,(CO),(Pcy,), ( 20-30%), formed by oxidative
addition of the H2.1b*'The latter gives a weak carbonyl band at 1998cm-'
in the solution IR.

-

-

B. TRICARBONYL($-CYCL0HEPTATRIENE)TUNGSTEN

+ 3NCEt +W(CO),(NCEt), + 3CO
W(CO),(NCEt), + cyclopheptatriene

W(CO),

-

W(CO),(rf-cycloheptatriene) + 3NCEt

Procedure

Into a 500-mL round-bottomed Schlenk flask equipped with a magnetic
Caution. Highly toxic;
stirring bar is placed 220mL of propionitrile (.
may bejatal ifabsorbed through skin. Gloves should be worn.),which is degassed
by pumping in uacuo and refilling with nitrogen. With the stirrer in motion
and a heating mantle in place, 25g (0.1 mol) of W(CO), is added (slowly, in
order to keep the stirrer moving). A reflux condenser with a nitrogen line
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attached is then added so that a positive pressure of N2 is maintained in the
system. It is very important that CO evolved from the reaction is allowed
Caution. W ( CO), and CO are toxic b y inhalation. An
to escape freely.
@cient fume hood must be used. The solution is initially heated to mild reflux
so that the condensing solvent is just below the condenser [in order to avoid
clogging of the condenser with w(co),].After 1 day, or when most of
the W(CO), has reacted, the reflux rate is increased. The CO groups are
displaced stepwise and all three W(CO),(NCEt),-, ( x = 1-3) species are
present in solution midway through the reaction. After a few days, the reaction
should be monitored by solution IR of an aliquot diluted with propionitrile
by 10: 1. The complex W(CO),(NCEt), in NCEt has strong CO bands at
1909 and 1790cm-', whereas those for the bis species are at 2021, 1898, and
1840cm- When the latter nearly disappear (- 6 days or less depending on
reaction conditions such as reflux temperatures, which are lower at higher
altitudes, and escape of CO from the reaction), the volume of the now red
solution is reduced to 60-80mL in vacuo. Precipitation of fine light yellow
needles of W(CO),(NCEt), suddenly occurs during this process. The
precipitation is completed by addition of diethyl ether (150mL),and the
voluminous product is collected on a frit, washed with diethyl ether
(2 x 40mL), and dried in vacuo ( 5 min, extended pumping may give decomposition). Yield: 25g (81%). The complex slowly decomposes in air and is
sometimes tinged with green because of minor surface oxidation.

-

-

'.

-

Anal. Calcd. for C,,H,,N,O,W:
C, 33.3; H, 3.5; N, 9.7. Found: C, 32.5;
H, 3.3; N, 9.4.
Heptane (670 mL), 1,4-dioxane (40 mL), and cycloheptatriene (60mL) are
placed into a 1-L Schlenk flask and degassed as above.
Caution. 2,4Dioxane is harmful if inhaled or absorbed through the skin. Cycloheptatriene
has a very strong odor and is harmful if inhaled. Wear gloves and work in a
well-ventilated hood. Finely divided W(CO),(NCEt), (19.2 g, 44.3 mmol) is
added while the suspension is vigorously stirred magnetically, and the mixture
is heated to reflux under N, for 16h. [Note: The dioxane increases the
reaction rate and yield, but can be omitted if it is unavailable (the reflux
time should then be increased to 63 h)]. The solution becomes deep red and
is cooled to 40 "C and decanted from a fine brown precipitate [the last
50mL is filtered (can be slow) through a medium frit; the presence of small
Caution. When
amounts of precipitate in the filtrate is not detrimental].
dry, the precipitate as well as the unsublimed residuefrom the sublimation below
decompose in air with considerable heat evolution and smoking. The filtrate is
rotoevaporated to
150mL and cooled to - 20°C for a few hours. The
resulting deep red crystalline precipitate is collected on a coarse frit and dried
in air. Any residues of product remaining in the flask or other equipment

.

-

-

.

-
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can readily be extracted (in air) with small amounts of solvent, for example,
dichloromethane, and recovered by solvent removal. The complex contains
impurities but can readily be purified by sublimation at 100°C, using a
dynamic vacuum (0.01 torr). The impurities occasionally interfere with the
sublimation in that they disproportionate to W(CO), on heating (the latter
sublimes as colorless crystals). However, the W(CO), sublimes first and can
be separated from the ruby red crystals of W(CO),(q6-cycloheptatriene).Also,
allowing the crude product to stand overnight in air aids in decomposing the
air-sensitive impurities to nonvolatile materials. The sublimation is slow
because of buildup of fine solid on the surface of the material in the sublimer
(a cheesecloth layer should be used to prevent this lightweight solid from
flying up onto the probe). The residue in the sublimer must be checked
carefully to determine if all the W(C0)3(q6-cycloheptatriene) has sublimed.
Normally the sublimation is complete within 1-2 days. Yield: 12.22g (73%).

Properties

1

The compound W(CO),(q6-cycloheptatriene)is an air-stable, ruby red solid
that is soluble in most organic solvents. The complex should be kept in a
freezer for long-term storage (months). It displays strong, sharp, carbonyl IR
bands at 1991,1924, and 1898cm- in cyclohexane solution. Other properties
and uses in synthesis have been previously d e ~ c r i b e d . ~ . ~

TRICARBONYL(DIHYDROGEN)BIS(TRICYCLOHEXYG

C.

PH0SPHINE)TUNGSTEN

+

W(CO),(q6-cycloheptatriene) 2Pcy3

2W(C0)3(P~y3)2(H2)
+ C,H8

Procedure
The synthesis follows that for the Mo analog in Section A, using 2.50g of
W(CO),(q6-cycloheptatriene).The reaction time is much shorter (30min for
the initial reaction and 30 min to complete precipitation).Yield: 5.06 g(88%).

Anal. Calcd. for C,,H,,O,P,W:
8.5; P, 7.5.

C, 56.4; H, 8.3; P, 7.5. Found: C, 56.9; H,

Properties

The properties of W(CO),(Pcy3),(H2) are very similar to those of the Mo
analog, except that it is somewhat more stable to H, loss and to atmospheric
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oxidation. The dissociation pressure of hydrogen over the solid complex is
1 torr. Nujol mull IR spectra show bands resulting from coordinated H,
at 2690cm-' (w,br,v,,), 1575cm-' (w,br,vWH),and 953cm-' (m,vWH)and
vco at 1963 and 1843cm-'.
D. TRICARBONYL( DIHYDROCEN)BIS(TRlISOPROPYLPHOS
PH1NE)TUNGSTEN
W(CO),($-cycloheptatriene)

-%W(CO),[P(i-Pr)J,(H,)

+ 2P(i-Pr),
+ C,H,

Procedure

The reaction conditions are similar to those for the Pcy, complexes. A mixture
of 4.757g (13.21 mmol) of W(CO),(q6-cycloheptatriene) (powder or
microcrystalline particle size), 5.5 mL (4.5 g, 28 mmol) of P(LPr),, and 6 mL
of hexane is stirred for 4 h in a 25-mL Schlenk flask. A yellow microcrystalline
precipitate forms (may appear to look orange until washed), with the solution
phase usually retaining a reddish color. The flask is cooled to - 20°C in a
freezer (or ice-HC1 bath) for several hours, and the product is collected
on a frit. Because of the high solubility of the product, a somewhat better
yield is obtained if the frit is cooled (e.g., by wrapping with a material
capable of absorbing liquid N,) during filtration and washing. The solid is washed
with cold H,-saturated hexane (2 x 4mL) until the reddish color of the
mother liquor has been removed. Drying, transfer, and storage of the complex
must be done under an H,-enriched atmosphere in the absence of nitrogen
analog). Yield: 4.6 g (59%).
(see synthesis of the Mo(CO),(PC~,)~(H,)
Properties

-

Unlike the Pcy, complexes, the i-Pr complex is very soluble, even in hexane.
It is less stable to H2 loss (dissociation pressure is 10 torr) and air, rapidly
reacting with N, to form sparingly soluble red-orange [W(CO),[P(i[see properties of
Pr)3]2]2(p-N2).3 The latter and W(CO).,[P(i-Pr),],
Mo(CO),(Pcy3),(H2)] are often minor impurities in the H, complex, showing
IR bands at 1948 and 1870cm-', respectively. The complex W(CO),(P-iPr,),(H,) displays IR bands (Nujol mull) similar to those for the Pcy, analog
at 2695, 1965, 1852, 1567, and 953 cm- '. Because of the partial solubility of
the complex in Nujol, a band at 1993cm-' due to the solution equilibrium
dihydride species (see above) is usually visible also. The hexane solution IR
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shows v,, due to the H, complex at 1969 and 1856cm-' and somewhat
weaker vco due to the dihydride form at 1993, 1913, 1867, and 1828cm-'.
Thus up to eight carbonyl bands can be seen, but all are accountable (see
published spectrum)." Proton NMR (200 MHz, 25 "C, methylcyclohexaned14)shows a broad singlet resulting from the H, ligand near - 4.5 ppm and
a field- and temperature-dependent weaker signal resulting from the
equilibrium dihydride at - 3.7 ppm (triplet, JpH= 38 Hz)with intensity ratio
4: 1.

-
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[ItH2(H2){P(C6H1I ) , } , 3' (ref. 2) and FeH,(H,)(PEtPh,), (ref. 3). Other
polyhydrides such as IrH5{ P(C,H, I),}, are classical: having only terminal
M-H bonds. The routes to the molybdenum and tungsten phosphine
polyhydrides described here5 have certain advantages over published
syntheses in being more direct, o r giving higher yields of product. The use
of the soluble hydride donors Li[BEt,H] and Na[AlH,(OCH,CH20CH,)2]
has advantages over commonly used Na[BH,] and LiCAIH,]. With the
aluminum compound, an aqueous NaOH work-up is used to avoid the
formation of a gelatinous precipitate. The tungsten tetrahydride is formed
in a single step from WCl,, avoiding the two-step synthesis of WCl,(PR3)2.6
9
Caution. Alkyl phosphines are foul-smelling and toxic. Hydrogen gas
is evolved in the hydrolysis step. All reactions should be carried out in a
well-ventilatedfume hood. Benzene is a suspected human carcinogen. I t s h d d
be used only in a well-ventilated fume hood, and protective gloves should be
worn. Tetrahydrofuran ( T H F = solvent, thf = ligand) forms explosive
peroxides: only fresh, peroxide-free material should be used. The compound
Li[BEt,H] (Super Hydride, 1.0 M in T H F ) and Na[AlH,(OCH2CH2OCH,),] (3.4 M solution in toluene) can ignite upon contact with water,
alcohols, or air. This reagent should be handled only under an inert atmosphere.

A. TETRAHYDRIDOTETRAKIS(METHYLD1PHENYLPH0SPHINE)MOLYBDENUM (IV)

-

+ 4PMePh2 + 4Li[BEt,H]
MoH,(PMePh,), + 4LiCI + 4BEt, + 2C,H80

MoCI,(C,H,O),

Procedure
All solvents in the preparations in Sections A to D are dried by distillation
over CaH,(CH,CI,) or Na/Ph,CO(thf) or Mg (MeOH, EtOH) and degassed
before use by purging with argon for 5min. A 250-mL three-necked
round-bottomed flask is equipped with a magnetic stirring bar and reflux
condenser connected to an argon bubbler (a nitrogen atmosphere can also
be used, but the yields are poorer). One neck of the three-necked flask contains
the condenser, or contains the argon inlet, and the other is stoppered. After
purging with dry argon, MoCl,(thf), (1.91 g, 5 mmo1)62is added to the flask,
followed by T H F (50mL. freshly distilled from the deep p.urple sodium
benzophenone and purged with argon) and PMePh, (5mL, 25mmol).
Addition of the phosphine causes a color change from brownish-orange to
red. The mixture is heated at reflux for 30min. O n cooling at 2 0 ° C an
orange-red solid is deposited. A solution of Li[BEt,H] ( 1 M in THF; 65 mL,
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65 mmol) (Aldrich) is added slowly with a syringe over 10min. The deep red
homogeneous mixture is stirred at room temperature for 12 h.
The flask is then cooled in an ice bath, and lOmL of absolute ethanol is
carefully added dropwise by syringe over a period of 5min. A vigorous
effervescence of hydrogen and evolution of heat take place. The solvent is
evaporated in oucuo to give a deep red oil. Addition of methanol (100mL)
and stirring precipitate an orange-yellow solid, which is filtered using a
Schlenk tube fitted with a sintered glass frit under argon, and the filtered
precipitate is washed with methanol (3 x 10mL). Recrystallization from a
minimum amount of benzene by slow addition of methanol gives 3.0 g (67%)
of yellow powder.

Anal. Calcd. for C,,H,,P,Mo:

C, 69.33; H, 6.27. Found: C, 69.49; H, 6.30.

Propert ies

The bright yellow solid can be handled in air without decomposition, but is
somewhat photosensitive. It is best stored in an inert atmosphere in the dark.
Solutions are much more air sensitive. The compound is soluble in aromatic
solvents, THF, dichloromethane (with decomposition), slightly soluble in
diethyl ether, and insoluble in methanol and hexane. The solid state structure
. ~ C6D6 at 20°C
shows a dodecahedra1 arrangement of the eight l i g a n d ~ In
a binomial quintet is observed at 6 - 2.05 (,JP, = 33 Hz). The long T , for
the Mo--H protons (165ms at 250K, toluene-d, at 250MHz) confirms that
a classical structure is retained in solution.' The dynamic behavior of the
complex has been fully studied by NMR.6d The compound MoHJPMePh,),
reacts with HCBF,] in T H F to give the unusual fluoride-bridged complex
I: {MoH,(PMePh2),3,(C1-F)~1

Analogous Complexes
The 112-bis(diphenylphosphino)ethanecomplex can be prepared in an almost
identical way, but it is recrystallized from a minimum amout of hot benzene
by precipitation with ethanol in 50% yield.

B. TETRAHYDRIDOTETRAKIS(METHYLD1PHENYLPHOSPHINE)TUNGSTEN(IV)

-

WCl,

+ 4PMePh, + 6Li[BEt,H]
WH,(PMePh,),

+ 6LiCl f H, + 6BEt,

Molybdenum and Tungsten Phnsphine Pdyhydrides
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Procedure
To a three-necked round-bottomed flask, equipped as described earlier, are
added dry, argon-saturated T H F (40 mL) and PMePh, (4 mL, 20 mmol),
followed by wc16 (1.6g, 4 mmol). The mixtue is heated at reflux under argon
for 1 h. The stirred mixture is cooled to room temperature, and Li[BEt,H]
(50mL of a 1 M solution in THF, 50mmol) is added by syringe over 1Omin
to give a deep red homogeneous solution. After stirring at 20 "C for 12 h,
ethanol (10 mL) is cautiously added with cooling as described previously.
The solvents are removed in uacuo to give an orange-red oil. The crude
product is precipitated by slow addition of ethanol (100mL) by syringe with
stirring. Recrystallization form a minimum amount of benzene and ethanol
gives 2.78 g (70%) of a yellow microcrystalline product.
Anal. Calcd. for C,,H,,P,W:

C, 63.16; H, 5.70. Found: C, 63.01; H, 5.81.

Propert ies
The physical and solubility properties of the tungsten complex are similar
to those of the molybdenum analog, except that it is less photosensitive. The
'H NMR spectrum at room temperature (toluene-d,) shows this complex to
be stereochemically rigid, but at 60°C, a binomial quintet is observed at
6 - 1.72 for the W--H protons (2.J, = 31 Hz).
Noncoordinating acids react with this complex in T H F to give the unusual
pentahydrido cation [WHS(PMePh,),]+.9 TI data (179ms at 240K in
CD,C12 at 250 MHz) suggest that this complex has a classical formulation.8

C. HEXAHYDRIDOTRIS(D1METHYLPHENYLPH0SPINE)TUNGSTEN(V1)

-

WCI,(PMe,Ph),

+ 4Na[AIH,(OCH,CH,0CH,)2]

+ 12H,O + 4NaOH

+ 4NaC1+ 4Na[Al(OH),]
+ 8HOCH,CH,OCH, + 3H2
WH,(PMe,Ph),

Procedure
A 250-mL round-bottomed flask is equipped as above, but an argon inlet
connected to a bubbler is substituted for the reflux condenser. Dry T H F
(50mL) and Na[AlH,(OCH2CH,0CH,)2] (IOmL of a 3.4 M solution in
toluene, 34mmol) (Aldrich) are added. The solution is cooled using a
- 78 "C (during
C0,-acetone or C0,-2-propanol bath. The bath is at

-
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the reaction, the contents of the flask are probably warmer than this). Solid
WCI,(PMe,Ph), (2.16g. 2.92 mm01)'~,* is slowly added to the stirred
reaction mixture over 20min. The mixture is allowed to warm to room
temperature and is stirred overnight, turning from deep red to pale yellow.+
The solvent is evaporated in uacuo to give a yellow oil, to which benzene
(50mL) is added. To this mixture degassed 10% aqueous NaOH solution
(10 mL) is carefully added dropwise. After hydrolysis, the benzene layer is
decanted by a cannula to an argon-purged 100-mL Schlenk tube, dried with
anhydrous MgSO,, and filtered. The solvent is evaporated in uacuo and
diethyl ether (20mL). and then hexanes (50mL) are added. The precipitated
crude product is removed by filtering on a Schienk frit, washed with hexanes,
and dried in uacuo. The grayish crude product is purified by dissolution in
diethyl ether (100rnL) to which anhydrous MgSO, (1 g) is added (this
decolorizes the mixture and may remove excess phosphine). After stirring
for 30min, the mixture is filtered using a Schlenk frit, and the pale yellow
solution is slowly evaporated in uacuo until the onset of precipitation at
room temperature. Cooling to - 20 "C overnight yields colorless needles.
These are quickly filtered using a coarse porosity Schlenk frit, washed with
small quantities of cold (- 20°C) diethyl ether, and vacuum dried. Yield:
0.92g (53%) of pure product.
Anal. Calcd. for C,,H,,P,W:

C, 47.70; H, 6.50. Found: C, 47.50; H, 6.62.

Properties

The complex can be handled in air without decomposition, but it is best
stored in an inert atmosphere. It is soluble in aromatic solvents, THF, and
*This complex is best prepared by the method of Chatt et a1.I' as follows. A mixture of WCI6
(2.5g) and amalgamated zinc (prepared by placing a single 5-g piece of Zn in lOmL of 0.1 M
mercuric acetate solution for 5min, then removing, washing and drying the piece), in dry,
degassed dichloromethane (50mL) is stirred under an N, or Ar atmosphere for 3min. A (5-g)
sample of PPh, is then added and stirring (or shaking if necessary) is continued For a further
3 min. The resulting yellow-orange precipitate of WCI,(PPh,), is filtered on a Schlenk frit under
N, or Ar, washed with acetone (5mL). then with ether (3 x 5mL), and dried in uocuo. The
piece of zinc can be removed with tweezers. or if its shape has been chosen with care. it will
not be able to pass into the fritted Schlenk vessel, and so will not be present in the product.
To the WCI,(PPh,), formed above (2.1 g. 400/,),in dry, degassed dichloromethane (50mL) is
added dimethylphenylphosphine (2.25g), and the mixture is heated at reflux under N2 or Ar
for IOmin. The resulting burgundy colored solution is concentrated to one-third volume and
red-brown oil is precipitated with lOmL of dry, degassed hexanes. The supernatant liquor is
then decanted under N, or Ar, and the volume reduced to lOmL in uacuo. The purple-red
product then crystallizes (1.5g) at 0 :C over 24 h.
'The checkers did not observe this color change until the NaOH solution was added.

Molybdenum and Tungsten Phosphine Polyhydrides
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dichloromethane (with decomposition), moderately soluble in diethyl ether,
and insoluble in cold aliphatic solvents. Its ' H N M R spectrum in C6D6
shows hydride resonances at 6 - 1.91 ('JPH= 36Hz) with satellites due to
coupling to le3W('JWH
= 27 Hz). The relaxation time of 181 ms (235 K,
toluene-d,, 250 MHz) is consistent with a classical structure in solution."
In the solid state a classical structure is also adopted as judged by X-ray
and neutron diffraction studies of the P(i-Pr),Ph derivative.sb

D. HEXAHYDRIDOTRIS(TRICYCLOHEXYLPH0SPHINE)MOLYBDENUM(V1)
MoC14(C4H80),

-

+ 3P(C,H,

1)3

+ 4Na[A1H,(OCH,CH,OCH3),]

+ 1 2 H 2 0+ 4NaOH MoH,(P(C,H,
+ 4NaCl
+ 4Na[Al(OH), + 8HOCH,CH,0CH3 + 3H,
1)3)3

Procedure

To an argon-purged 100-mL Schlenk tube with a magnetic stirring bar
are added MoCl,(thf), (0.57 g, 1.5 mmol),6' tricyclohexylphosphine (0.9 g,
3.3 mmol), and dry degassed T H F (30 mL). The mixture is heated at reflux
for 15min, and the deep red solution is cooled first to room temperature,
then with a C0,-acetone bath. A solution of Na[AIH,(OCH,CH,OCH,),]
(3.4M in toulene; 5mL, 17mmol) is added dropwise over IOmin to the
stirring mixture. This mixture is allowed to warm to room temperature and
stirred overnight. The volatile components are removed in uucuo, and diethyl
ether (50mL) is added. The mixture is hydrolyzed by careful addition of 10%
aqueous NaOH over 10 min. The ether layer is decanted, dried with MgS04,
and filtered. The solution is evaporated in uucuo, the residue is extracted with
hexane (3 x 15mL). and the combined extracts are evaporated in oucuoto give
an orange-yellow oil (0.3g). The solution contains the title polyhydride
in excess phosphine. It has not been obtained in pure form.
Properties
The air-sensitive oil is freely soluble in all common organic solvents. Its
'HNMR spectrum in C,D, at 25°C shows a quartet for the hydride
resonances at 6 - 4.42 ('JPH= 36.3 Hz), indicating the presence of three
phosphine ligands. The 'H-decoupled "P NMR spectrum shows a singlet
at 62.3ppm (relative to external 85% H,PO,), which becomes a septet on
selective decoupling of the phosphine ligands, proving that six hydride ligands
are present.
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3. HEPTAHYDRIDOBIS(TRIPHENYLPHOSPH1NE)RHENIUM(VI1) AND OCTAHYDRIDOTETRAKIS(TRIPHENYLPHOSPHINE)DIRHENIUM(IV)
Submitted by C. J. CAMERON,* G. A. MOEHRING,* and R. A. WALTON*
Checked by K. C. CAULTON' and R. L BANSEMER'

The series of complexes ReH,(PR,), [where PR, = PEt,Ph, PEtPh,, PPh,,
tPh2P(CH2),PPh2, or AsEt,Ph] were first prepared by the action of
Li[AIH,] on various rhenium(1V) and rhenium(V) phosphine complexes.'
This method is still the principal route to making this class of compounds,
which have proven themselves to be important starting materials in the
preparation of a wide variety of rhenium hydride complexes,'-9 including the
dinuclear complexes Re2(p-H),H,(PR3),.' The thermal decomposition of
ReH,(PR,), into Re,(p-H),H,(PR,),
is a general route to dirhenium
phosphine species with this stoichiometry. An alternative preparation of the
triphenylphosphine complex involves treatment of the quadruply bonded
*Department of Chemistry, Purdue University, West Lafayette, IN 47907.
'Department of Chemistry, Indiana University, Bloomington, IN 47405.

Heppruhydridohis( Tripheny1phosphine)-Rhenium( V I I )

octachlorodirhenate(II1) anion or Re,Cl,(PPh,),
presence of added phosphine.' O

with NaCBH,]

I5

in the

Procedure

All reactions were carried out under an N, atmosphere and reaction solvents
were deoxygenated by purging with N,(g) prior to use. Tetrahydrofuran
(THF) (peroxide free) was dried over sodium benzophenone and distilled prior
to use. Methanol (spectra analyzed from Fisher) and ethanol (200 proof) were
used as received. These solvents were transferred to the reaction vessel with the
use of a syringe. Solvents used in the work-up and purification steps were
reagent grade and no special precautions were taken to purify them. Solvents
used in washing the products were not deoxygenated.

A. HEPTAHYDRIDOBIS(TRIPHENYLPHOSPH1NE)RHENIUM(VII)*

.

ReOCI,(PPh,),

+ Li[AlH,]

-

ReH,(PPh,),

Caution. Li[AlH,] should be transferred with a glass or ceramic
spatula only, and care must be taken when hydrolyzing Li[AlH4] to avoid
excessive frothing.
A 300-mL three-necked round-bottomed flask, containing ReOCl,(PPh,),
(4.0% 4.8 mmol)' ' , 1 2 and a Teflon-coated stirring bar, is fitted with a rubber
septum, a gas inlet tube, and a powder addition tube containing LiCAlH,]
(1.4 g, 37 mmol). The flask is purged with N,, and 30 mL of deoxygenated T H F
is added by syringe. The stirred suspension is cooled to 0 "C using an ice-water
bath. The LiCAlH,] is added slowly over a period of 20min. The mixture is
allowed to warm to room temperature during a subsequent 2 h and 40min
period of stirring. The flask is again cooled to O"C,and the powder addition
tube is removed. With a flush ofnitrogen through the flask, a solution of 15 mL
of T H F and 5mL of H,O is added dropwise to hydrolyze any unreacted
LiCAIH,]. Following hydrolysis, the flask is stoppered, and the solvent is
removed by distillation on a vacuum line. The dry residue to transferred to a
medium porosity, 60-mL sintered glass filter. The residue is washed twice with
30-mL portions of H 2 0 , twice with 30-mL portions of ethanol, and five times
with 30-mL portions of diethyl ether. The washings are discarded, and the
'In thisand the following procedure, thecheckersused solventsstraight from reagent bottles, with
no special drying or purification. All filtrations and washing of solid products were done in air.
They obtained a yield of 1.85g (54%) of ReH,(PPh,),, which was very pale gray, not white.
Recrystallization from CH,CI,-MeOH gave a snow white material.
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residue is pumped dry on a vacuum line. The dry residue is extracted three
times with 30-mL portions of THF into a 250-mL filter flask. Under aspirator
pressure, the volume of THF is reduced to ,.
50mL.
,
Diethyl ether (100mL)
and pentane (100mL) are added to induce precipitation. The white microcrystalline ReH,(PPh,), is removed by filtering, washed with three 30-mL
portions of diethyl ether, and dried under vacuum. Yield: 2.0g (58%).
Anal. Calcd. for C,,H,,P,Re:
C, 60.23; H, 5.20. Found: C, 60.57; H, 5.20.
This product is of sufficient purity that it does not require recrystallization.

B. OCTAHYDRIDOTETRAKIS(TRIPHENYLPHOSPH1NE)DIRHENIUM(1V)

2ReH,(PPh,), d,Re,@-H),H,(PPh,),

+ 3H2

A 25-mL three-necked round-bottomed flask containing a Teflon-coated
stirring bar and ReH,(PPh,), (0.30g, 0.42mmol) is fitted with a reflux
condenser. The flask is purged with nitrogen. Deoxygenated peroxide-free
THF (5 mL) and dexygenated methanol (1OmL) are added. The mixture is
heated at reflux for 1 h and then is allowed to cool to room temperature. The
bright red-orange insoluble Re,@-H),H,(PPh,),.THF
is filtered, washed
twice with 15-mL portions of ethanol, and dried under vacuum. Yield: 0.28g
(89%).
Anal. Calcd. for C,,H,,OP,Re:
C, 60.79; H, 5.10. Found: C, 60.83; H, 5.26.
The THF of crystallization was determined by IR and 'HNMR spectroscopies. This product is of sufficient purity that it does not require
recrystallization.

C. OCTAHYDRIDOTETRAKIS(TRIPHI3NY LPH0SPHINE)DIRHENIUM(1V)
Alternative Procedure

Re2C1,(PPh,),

+ 2PPh, + NaCBH,]

A

Re,(p-H),H,(PPh,),

Heptahydridobis( Tripheny1phosphine)-Rhenium( V I I )

I?

A 100-mL three-necked round-bottomed flask, containing Re2C16(PPh3)2*
(0.24 g, O.22mm0l),'~ PPh, (0.14g, 0.65 mmol), and a Teflon-coated stirring

bar, is equipped with a septum, a condenser, and a powder addition tube
containing Na[BH,] (0.14 g, 3.7 mmol). The flask is purged with nitrogen,
and 25mL of deoxygenated ethanol is added. The suspension is stirred for
30min before the addition of Na[BH,]. Following this addition the mixture
is stirred for lSmin, and is then heated at reflux for a further 15min. It is
filtered while still hot and the insoluble product is washed with three 15-mL
portions of methanol, one 15-mL portion of H,O, and one additional 15-mL
portion of methanol. The bright red-orange ethanol solvate Re&H)4H,(PPh3),C2H50H is dried under vacuum. Yield: 0.28 g (88%).
Anal. Calcd. for C,,H,,OP,Re,:
C, 60.23; H, 5.05. Found: C, 60.27; H, 5.05.
The ethanol of crystallization is determined by IR and 'HNMR spectroscopies. This product is of suficient purity so as not to require
recrystallization.
Properties

The compound ReH,(PPh,), in an air-stable, white, microcrystalline solid
that is soluble in dichloromethane, benzene, and THF. The 'HNMR
spectrum provides for easy identification (triplet J,, = 18.9 Hz at 6 - 4.9 in
CD,CI,), and a convenient check for contamination by ReH,(PPh3)3(quartet
JpH= 18.6 Hz at 6 - 5.2 in CD,C12) or Re,(p-H),H,(PPh,),
(quintet JpH=
9.5 Hz at S - 5.6 in CD,CI,). Impurities can be removed by thorough washing
with diethyl ether or by recrystallization from dichloromethane-methanol.
The compound Re2(p-H),H,(PPh3), forms dark red crystals and bright
red-orange powders; it is slightly soluble in diethyl ether, THF, benzene,
carbon disulfide, and dichloromethane. The compound is most easily
characterized by 'H NMR spectroscopy (see above) or by cyclic voltammetry.
The cyclic voltammogram in dichloromethane with 0. I M tetrabutylammonium hexafluorophosphate as supporting electrolyte consists of a reversible oxidation at - 0.20 V versus an Ag-AgC1 reference electrode and a
second irreversible oxidation at + 0.60 V. (Note: The ferrocenium-ferrocene
T h i s compound is prepared by suspending (Bu,N),[Re,Cl,] (l.Og, 0.88mm0l)'~in 2WmL of
MeOH containing 5 mL of 6N HCI. Triphenylphosphine (0.54g, 2.1 mmol) is added and the
suspension is stirred for 30 min. The olive green precipitate is filtered om. washed with 30-mL
portions of acetone, ethanol, benzene. and diethyl ether, and dried under vacuum. Yield 0.89g
(9I 7;).
8
Caution. Benzene is a human carcinogen. It should be handled only in

a well-ventilated hood. and protective gloves should be worn.
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couple occurs at + 0.47 V under identical conditions.)The complex is stable in
air for several weeks and can be recrystallized by dissolving in carbon disulfide
and filtering into 2-propanol.
Recently, ReH,(PPh,), has been used as the starting material in a wide
range of reactions with organic r n o l e ~ u l e s . The
~ * ~reaction
~ ~ ~ chemistry of
Re2(p-H),H,(PPh3), is quite varied. A fairly stable paramagnetic polyhydride
complex, [Re,(p-H),H,(PPh,),] [PF,], can be formed by a one-electron
oxidation, while it reacts with (C,H,)[PF,] in acetonitrile via hydride (H-)
abstraction to produce [Re&-H),H,(PPh,),(NCMe)] [PF,].16
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4. TETRAHYDRIDO(q’-PENTAMETHY LCYCLOPENTAD1ENYL)IRIDIUM
Submitted by THOMAS M. GILBERT* and ROBERT G. BERGMAN*
Checked by JOSEPH S. MEROLA’

Tetrahydrido(~5-pentamethylcyclopentadienyl)iridiumwas synthesized in
1982,’ and proved to be a useful precursor for several iridium complexes of
varied oxidation state. The tetrahydride and its derivatives are among the
very few iridium(V) polyhydrides that d o not contain phosphine ligand~.’.~
No alternative preparation of the title complex has been reported. The key
feature of the synthesis described here is the oxidation of the iridium(II1)
intermediate to the iridium(V) product during work-up of the reaction
mixture.2
‘s2

Procedure
m

Caution. Li[ BEt, HI (Super Hydride, J .O M in tetrahydrofuran
( T H F ) , Aldrich) can ignite upon contact with water, alcohols, or air. This
reagent should be handled only under an inert a ~ m o s p h e r e . ~
All solvents must be appropriately dried and deoxygenated: Toluene and
hexane are distilled under nitrogen from sodium benzophenone; methanol is
vacuum transferred from magnesium. The procedures described must be
performed under an inert atmosphere, either argon or nitrogen. All vacuum
evaporations should be performed with an oil pump capable of reaching
0.1 torr; the trap should be cooled with liquid nitrogen.
The Li[BEt,H] solution (15 mmol in hydride) is prepared by introducing
15mL of the commercial reagent into a 50-mL one-necked side-arm flask
through syringe techniques, then evaporating the T H F in uacuo at room
*Department of Chemistry, University of California, Berkeley, and Materials and Molecular
Research Division, Lawrence Berkeley Laboratory, Berkeley, CA 94720. This work was carried
out under the auspices of a collaborative Lawrence Berkeley Laboratory/Industrial Research
project supported jointly by the Chevron Research Company, Richmond, CA, and the Director,
Ofice of Energy Research, Ofice of Basic Energy Sciences, Chemical Sciences Division of the US.
Department of Energy under Contract No. DE-AC03-76SF00098. We are grateful to Johnson
Matthey. Inc., for a generous loan of iridium trichloride.
‘Corporate Research Science Laboratories, Exxon Research and Engineering Company,
Annandale. NJ 08801.

20

Transition Metal Pulyhydride Complexes

temperature until bubbling ceases and a viscous fluid remains (usually 25 mL). The concentrate is diluted with toluene (15-20mL), and the solution is
stirred for a short period until it is homogeneous. The solvent is evaporated a
second time. The resulting fluid is again diluted with toluene to a volume of
20 mL, and stirred as above. The resulting solution contains a small quantity
of THF, which may assist the reaction by solubilizing the starting materials
and various intermediates.*
Air-stable [ {Ir[c,(CH3)5]}2(p-H),][PF6] is prepared from {Ir[C5(CH,),]Cl} 2(p-Cl)2and excess hydrogen gas in 2-propanol-acetone-water
by the literature m e t h ~ d . ~ 'This
. ~ dimer (2.01 g, 2.50mm01)~is slurried in
200mL of hexane in a 500-mL one-necked side-arm flask.
At this point, if a glove box with a freezer is available, the flask is cooled in
the freezer to approximately - 40 "Cand removed, and the slurry is treated
dropwise with the Li[BEt,H] solution. The reaction mixture darkens
considerably during addition of the hydride reagent. After complete addition,
the solution is allowed to warm to ambient temperature and stirred an
additional 3 h.
The deep orange reaction mixture is cooled in the glove box freezer, then
filtered through a short column (2-3 cm high) of deoxygenated, hexane-wetted
alumina(II1) packed in a 60-mL medium porosity frit. The excess Li[BEt,H]
blackens the top of the column; bubbling is often observed. The column is
washed with benzene until the washings are colorless (usually 100mL), and
the filtrate and washings are combined to give a pale yellow solution. Vacuum
evaporation of the solvent with minimal warming (water bath held near
ambient temperature) yields a yellow-white residue.
Alternatively,: if no glove box is available, the 500-ml flask is capped with a
25-mL addition funnel containing the Li[BEt,H] solution, which is itself
capped with a gas inlet adapter. The setup is opened to inert gas flow on a
Schlenk line, after which the flask is cooled to - 40 "C (Dry Ice-2-propanol)
and the Li[BEt,H] solution added dropwise. After complete addition, the
solution is allowed to warm to ambient temperature and stirred for an
additional 3 h.# The reaction mixture is then recooled to - 40 "C and treated

-

*The checker reports that he first attempted to use a THF-free toluene solution of Li[BEt,H]
prepared from LiH and BEt,. This failed to yield any of the desired product. He suggests that a
small amount of residual THF, which remains when the solution is prepared according to the
authors' directions, is essential for this reaction. The authors have noted the presence of T H F
coordinated to the lithium atom of a key intermediate.*
'Although the stoichiometry of the reaction requires three equivalents of hydride reagent per
equivalent ofdimer, excess reagent appears to cause more rapid reaction and give higher yields of
product.
:The checker followed this procedure.
$Afteradding the Li[BEt,H] solution, the checker stored the slution overnight at - 30 "C. He did
not observe dnrkening of the mixture until it was allowed to begin to warm.

Tetrahydrido($-Pentamethylcyc1opentadienyl)Iridium
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dropwise with excess methanol (50 mL). The solution is then warmed slowly to
room temperature and the solvent evaporated in uucuo with minimal warming
(water bath held near ambient temperature) to give a dark yellow residue.
The residue from either procedure is dissolved in pentane or hexane (1020mL)for transfer into a sublimation apparatus of 1 -5-g product capacity.
Vacuum evaporation* of the solvent, again with minimal heating, followed by
passive vacuum sublimation (30-40"C, 20mtorr) of the residue to a watercooled cold finger gives the pure white tetrahydride. Yield: 1.23g (74%).+
Properties

The compound [Ir{Cs(CH3)5}H4]is quite sensitive to oxygen in solution,
affording dark solutions in minutes at room temperature in air. The solid
material is less sensitive, decomposing to amorphous brown material over the
course of a few hours at room temperature. The tetrahydride is also thermally
sensitive both in the solid state and in solution. As a solid, it decomposes under
nitrogen to a dark solid, slowly at 50°C and rapidly at 100°C. The effect of
strong or excessively rapid heating of the complex has not been explored.
Decomposition in solution appears slower. Because of the thermal instability
and the high vapor pressure of the tetrahydride, excessive heating of solutions
containing the material should be avoided; excessive heating should also be
avoided during sublimation of the product. The authors routinely store the
pure complex at -40°C in a nitrogen-filled glove box, but noted no
decomposition (as determined by development of a dark coloration) of
samples after 2 weeks at ambient temperature in the glove box.
The compound [Ir{C5(CH3)s}H4]dissolves in all the organic solvents we
have tested, including methanol, diethyl ether, benzene, and pentane. It is
stable to pure dichloromethane but reacts with chloroform and carbon
tetrachloride.' The complex is photosensitive; however, we have encountered
no difficulty working in ordinary room light.
'H NMR (C,D,): S = 1.99 [s, C5(CH,),3; - 15.44 (s, Ir-H), IR (KBr
Pellet): 2 150 cm - ' (vl, -").

Anal. Calcd. for CloH191r:C, 36.24; H, 5.78. Found: C, 35.98; H, 5.83.
Other spectroscopic data have been reported.2

*The tetrahydride is fairly volatile; therefore, dynamic vacuum should be minimized during
evaporation of solvent and during sublimation.
'Occasionally two sublimaiions are required. depending on the available surface area of the cold
linger.
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TRIS[1,3-BIS(DIPHENYLPHOSPHINO)PROPANE]-

HEPTAHYDRIDOTRIIRIDIUM(2+ )
BIS(TETRAFLUOROBORATE)* AND BIS[1,3-BIS
(DIPHENYLPHOSPHIN0)PROPANElPENTAHYDRIDODIIRIDIUM(1+ ) TETRAFLUOROBORATE+

-

+
+

3[Ir(dppp)(cod)]+ + IOH2
[Ir3(dppp)3H7]2+ + H + 3CgH16tt
2[Ir(dppp)(cod)]+ + 7H2 -+ [Ir2(dppp),HS)+ + H + 2C8H,6tt
cod = 1,s-cyclooctadiene
dppp = 1,3-bis(diphenylphosphino)propane~
Submitted by H. H. WANG, A. M. MUETING, J. A. CASALNUOVO. S. YAN,
J. K.-H. BARTHELMES, and L. H. PIGNOLEP
Checked by MARTIN P. McGRATH and ROBERT H. CRABTREE'

Two poiyhydrido iridium clusters with cheiating diphosphine ligands are
prepared by the reaction of [Ir(dppp)(cod)] [BF,] with hydrogen in a
methanol
solution.
These
compounds
are
formulated
as
[Ir,(dppp),H,] [BF4I2, 1, and [Ir,(dppp),H,] [BF,], 2. Their structures
* HeptahydridotrisC1,3-propanediylbis(diphenylphosphine)]triiridium(2 + ) bis(tetrafluor0borate).
PentahydridobisC I . 3-propanediylbis(diphenylphosphine)]diiridium(I + ) tetrafluorobotate.
The stoichiometry of these reactions has not been verified by experiment.
:I , 3-propanediylbis4diphenylphosphine).
h p a r t m e n t of Chemistry, University of Minnesota. Minneapolis, MN 55455.
'Department of Chemistry, Yale University, New Haven CT 06520.
ti

have been determined by single crystal X-ray diffraction.’ Compound 1
contains an unusual tri-coordinate hydrido ligand within a triangle of iridium
atoms. It also contains three doubly bridging and three terminal hydrido
ligands. Compound 2 contains three doubly bridging and two terminal
hydrido ligands. This reaction may be extended using other cationic iridium(1)
cyclooctadiene diphosphine complexes. The molar distribution ratio of
products 1 and 2 (- 3: 1, respectively, in the above reaction) varies depending
on the steric constraints imposed by the chelate bite angles of different
diphosphine ligands.’ Formation of the trimeric species is maximized by using
1,2-bis(diphenyIphosphino)ethane, producing [Ir,(dppe),H,] [BF4I2, 3,
whereas formation of the dimeric species is maximized by using 1,4bis(diphenylphosphino)butane, producing [Ir,(dppb),H,] [BF43, 4. These
polyhydrido clusters are important because they represent a class of unusual
hydrido bridged compounds and because they can serve as precursors for the
synthesis of new clusters.

1‘

H
1

2

Procedure
A. (q-I, 5-CYCLOOCTADIENE) [l, 3-BIS(DIPHENYLPHOSPHINO)PROPANE]IRIDIUM TETRAFLUOROBORATE

The starting compound [Ir(dppp)(cod)][BF,] is prepared by analogy to the
synthesis of [Rh(dppp)(nbd)] [BF,] (nbd = norbornadiene)., All manipulations are carried out under a purified N, atmosphere using standard Schlenk
techniques. The compounds Ag[BF,] (430mg, 2.2 mmol) and [Ir(cod)Cl],
(750mg, 1.1 mmol), are combined in a 100-mL, pear shaped, sidearm flask, to
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which 25 mL of acetone is added, immediately producing an orange solution
and a white precipitate of AgCl. The slurry is heated at reflux for 30 min. Once
cool, the slurry is transferred by means of a cannular tube to a fritted filter
containing a 1-cm layer of diatomaceous earth and washed through with
acetone. The ligand dppp (Strem, 920 mg, 2.2 mmol), dissolved in a minimum
amount of toluene, is added slowly by means of a cannular tube to the orange
filtrate, immediately turning it deep red." A deep red precipitate is obtained
upon removal of the acetone under vacuum. The toluene is removed by means
of a cannular tube, and the precipitate is washed with toluene, followed by
diethyl ether, and dried under vacuum. Recrystallization is accomplished in a
narrow Shlenk tube by slow diffusion of a diethyl ether layer into the
compound dissolved in a minimum amount of dichloromethane, producing
deep red crystals in 82% yield, mp = 223 "C (dec). 31P{ 'H) NMR (CH,CI,,
25 "C, relative to external H,PO,): 6 0.209 (s).
Anal. Calcd. for IrP,C3,H3,BF,:

C, 52.57; H, 4.79. Found: C, 52.21; H, 4.72.

Compounds 1 and 2 are isolated as products of the same reaction. The
manipulations are carried out under a H, or N, atmosphere. A suspension of
[Ir(dppp)(cod)J [BF,] (505 mg, 0.632mmol) in 10 m L of methanol in a 100mL, pear shaped, sidearm flask equipped with magnetic stir bar, is stirred
vigorously under I atm of H,. Within 5 to IOmin the solution becomes
intensely yellow. The volume is reduced to < 5 mL under a slow stream of H,
or N,. Diethyl ether is added to precipitate a yellow-orange solid, which is
then removed by filtering, washed with diethyl ether, and dried under vacuum.
The product is dissolved in a minimum amount of dichloromethane in a
narrow Schlenk tube and layered with about three times this volume of diethyl
ether. Slow solvent diffusion yields rectangular yellow crystals of pure
[Ir,(dppp),H,][BF4],. lCH,Cl,, 1. Yield (54%).
Anal. Calcd. for Ir,P,C,,H,,B,F,~CH,CI,:
C, 47.32; H, 4.31. Found: C,
47.17; H, 4.56.
Upon the addition of more diethyl ether to the mother liquor from which 1
is crystallized, platelike yellow crystals of [Ir,(dppp),H,][BF,],
2, are
formed. Yield: (1 6%).
*The checkers found it better to evaporate all the solvents under a vacuum at this stage. This gives
a red solid, which was dissolved in CH,CI, (20mL) and filtered through diatomaceous earth. The
resulting solution is concentrated to lOmL and the crystalline product is precipitated with Et,O
(40mL). This procedure removes some silver salts that would otherwise remain in the product,
although the yield is slightly reduced (to 707;)

-

Anal. Calcd. for Ir,P,C5,H5,BF,:

C, 49.85; H, 4.42. Found: C, 49.66; H, 4.60.*

Properties

Pure [Ir,(dppp),H,] [BF,],, 1, is obtained upon recrystallization from
CH,CI,-Et,O. However, upon further recrystallization from the mother
liquor, both 1 and 2 are obtained and [Ir,(dppp),H,][BF,],
2, must be
separated from 1 by physical means under the microscope. This is easily
accomplished since the intensely yellow colored rectangular crystals of 1 lose
solvent upon removal from the mother liquor and become opaque, whereas
the pale yellow colored platelike crystals of 2 do not. Alternatively, compounds 1 and 2 may be separated by use of preparative HPLC with a
Dynamax Macro C-18 column (Rainin Instrument Co., 21.4mm id x 25cm)
and a UV detector (254 nm). Conditions: 70% ethanol, 10%acetonitrile, 20%
0.625 M Na[BF,], degassed under helium, flow rate = 17.3 mL min- l . Retention times: 1 = 2.9 min, 2 = 4.7 min. Purity of samples of the complexes may be
checked utilizing a Dynamax C-18 Scout column (Rainin Instrument Co.,
4.6mm id x 25 cm). Conditions: 70% ethanol, 10% acetonitrile, 20% 0.125 M
Na[BF,],degassed under Helium, flow rate = 0.8 mL min- I . Retention times:
1 = 3.0 min, 2 = 4.7 min.
Compounds 1 and 2 are readily soluble in dichloromethane, acetone, and
acetonitrile. They are somewhat air sensitive in solution, but stable in the
solid state. Compound 1 has a broad Ir-H stretching vibration at 2200cm- ',
and 2 at 214Ocm-'. 'HNMR in the hydride region of 1 (acetone- d6,25"C):
6 - 7.98 (d, .Ilranrp= 68 Hz, int = 3,yH), 6 -8.83 (4, JtrMsP-H
= 37 Hz,
int = l,ps-H), 6 - 15.0 (br s, int = 3, terminal Ir-H). 'H NMR in the hydride
= 70 Hz, int = 2, pH),
region of 2 (acetone-d,, - 45 "C):6 - 6.89 (d, J,ransP-.H
6 - 7.95 ( t , JtronsP.= 65 Hz,int = 1, pH), 6 - 20.56 (m, J x 19 Hz, int = 2,
terminal H). The complete analysis of these data has been published.'
Analogous Complexes
The compound [Ir,(dppe),H,][BF,],,
3, may be obtained by the same
procedure using dppe as the ligand. However, upon standing overnight under
a hydrogen atmosphere intensely colored yellow crystals of 3 fall out of the
methanol solution. Recrystallization from CH,CI,-Et,O affords pure crystals
of 3.

*The checkers never obtained pure I on crystallization, but only mixtures of 1 and 2, and
agglomeration made physical separation of the crystals dillicult.
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Anal. Calcd. for Ir3P,C78H7,BzF8.CH30H: c , 47.81; H, 4.22. Found: c ,
47.79; H, 4.10. IR: v , , ~.,,=2168cm-'.
'H NMR in the hydride region (CD2CIz,25 "C): 6 - 6.26 (d,J = 72 Hz,
int = 3), 6 - 7.20 (br,q,J = 42 Hz, int = l), 6 - 15.66 (m, int = 3).
The compound [Ir,(dppb),H,] [BF,], 4, is produced by following the
same procedure using dppb. However, the product falls out of the methanoldiethyl ether solution after standing overnight at - 10"C as yellow needlelike
crystals. Yield: 78%.

A n d . Calcd. for II',P4C,6H6,BF4: c , 50.60, H, 4.63. Found: c , 50.80; H, 4.75.

IR: vtlr ,)= 2164cm-' (br), 2185cm-'(sh).
' H N M R in the hydride region (acetone-d,, -60°C): 6 -6.92 (d, J =
76 Hz, int = 2), 6 - 7.62 (t,J = 63 Hz, int = I), 6 - 21.77 (m,J z 22 Hz,
int = 2).
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6. HETEROBIMETALLIC HYDRIDE COMPLEXES
Submitted by E. C. LUNDQUIST and K. G. CAULTON'
Checked by J. L. SPENCER'

Heterobimetallic complexes have recently attracted considerable attention
in light of the promise of enhanced reactivity as a result of the cooperativity
between adjacent, but electronically different, metal centers.' A large number
of these bimetallic compounds have been synthesized by the reactions of
organometallic halides with anionic metal carbonyls. Here, we describe an
extension of this route to the synthesis of hydride rich, 0s-Zr and 0s-Rh
complexes by the reaction of organometallic halides with a metal polyhydride
anion. These preparations demonstrate the synthetic utility of transition
metal polyhydride anions.
*Department of Chemistry, Indiana University, Bloomington, IN 47405.
'Department of Chemistry, University of Salford, Salford. M5, 4WT. United Kingdom.
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TR
DIMETHYLPHENYLPHOSPHINE)A. ~ P ~ -ICHLOROTRIS(
OSMIUM(III)*
OsO,

+ excess HCI + (excess)PMe,Ph

~mer-OsCI,(PMe,Ph),
EiOH

+ 20PMe2Ph+ 2H,O

Caution. Osmium tetraoxide forms highly toxic vapors that can cause
seuere eye burns, skin burns, acute lung congestion, and temporary blindness.
A well-ventilated hood and limited handling time are recommended.

Procedure
A I-g vial of OsO, (Johnson Matthey) is scored and broken, using a glass
rod, under the surface of 30 mL of ethanol and 2 mL of 12 M HCI contained
in a 100-mL Erlenmeyer flask. The resulting yellow solution is filtered (to
remove broken glass) into a 250-mL flask equipped with a magnetic stirring
bar and reflux condenser. This solution is freeze-pump-thaw degassed twice,
and against a N, flow, 3.5 mL of PMe,Ph (Aldrich) is added. The resulting
dark red-brown solution gradually lightens and is refluxed for 6 h at 80 “C.
Refluxing for shorter periods of time, using less phosphine or less HCI will
result in lower yields and the formation of OsOCI,(PMe,Ph),. Cooling the
bright red solution and removing 10 mL of solvent under vacuum precipitate
OsCI,( PMe,Ph), as a crystalline, air-stable bright red material with physical
properties matching those r e p ~ r t e d . ~Once
.’
filtered, this material should be
washed with ethanol (2 x IOmL) to insure removal of any residual PMe,Ph
or OPMe,Ph. Yields of > 90% can be consistently obtained following this
procedure.
Reduction of OsCI,(PMe,Ph), with NaBh, in ethanol, as described in
the literature,, proceeds smoothly, giving good yields of OsH,(PMe,Ph),.

B. BIS[ 1,l(~’)-CYCLOPENTADIENYLJTRIS(DlMETHYL-

PHENY LPHOSPHINE-~KP)-TRI-~-HYDRIDO-~HYDRIDOOSMIUMZIRCONIUM~
OsH,(PMePh),

+ (excess)KH

70

c

THF

K[OsH,(PMe,Ph),]

+ Hz

‘Because of the absence of a detaled literature method for the preparation of
mer-OsCI,(PMe,Ph), from OsO,, the following synthesis is included.
‘Zirconium is number I and osmium is number 2. according to the IUPAC order of preference.
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-

K[OsH,(PMe,Ph),]

.

+ Cp,Zr(H)Cl

Cp,Zr(H)(p-H),Os(PMe,Ph),

+ KCI

Caution. Potassium hydride is an extremelyflammable, corrosive solid
that will ignite violently in moist air. Since an excess of K H is used, care must
be taken in the disposal* of unreacted material.
Procedure

All operations must be performed under an N, atmosphere with rigorously
dried solvents.
Inside a glove box,' a 100-mL Schlenk flask, equipped with a magnetic
stirring bar and reflux condenser, is charged with 0.900g (1.48mmol) of
OsH,(PMe,Ph),, 0.500g (12.5mmol) of KH' (Aldrich) and 35mL of
tetrahydrofuran (THF). Outside the glove box, the heterogeneous mixture is
refluxed (at 65 "C) for 3 h, giving a bright yellow solution. The solution is
then allowed to cool and filtered to remove KH, using a medium porosity
Schlenk frit. The filtrate flows directly into a 100-mL Schlenk flask
containing 0.380 g (1.48 mmol) of solid Cp,Zr(H)Cl (Aldrich).,
The resulting solution is stirred for 2.5 h, after which time the TMF solvent
is evaporated under vacuum, leaving a yellow oil. This oil is dissolved in
15mL of benzene: and the solution is filtered to remove KCl.
Caution.
Benzene is a carcinogen. It should be handled with gloves in a well-ventilated
hood. Benzene is removed under vacuum, and the gummy solid is dried under
vacuum at 25°C for 2h. Trituration with cold pentane" (2 x 20mL) leaves
0.86g (70%)' of Cp,Zr(H)(p-H),Os(PMe,Ph),, mp under N, 138-140°C
(dec). This product can be recrystallized, but with significant loss of material,
by cooling a saturated 9: 1 pentane-toluene solution for 2 days at - 20 "C.

.

Anal. Calcd. for C,,H,,P,OsZr: C, 49.20; H, 5.66. Found: C,45.27; H, 5.64.
Spectroscopically pure material repeatedly gave low carbon analyses.
*Potassium hydride can be disposed of by slow addition of 2-propanol to a toluene solution
containing KH. A well-ventilated area is needed since H, is evolved vigorously.
'Vacuum Atmospheres Company glove box equipped with a HE-493 purifier unit. The checker
reports that he did not use a glove box to load the reaction flask, since KH is used in excess
and OsH,(PMe,Ph), is reasonably air stable and can be weighed and handled in the atmosphere.
:Potassium hydride is obtained as a dispersion in mineral oil. The oil is removed by washing
the dispersion with pentane (3 x 50mL) in a dry N, atmosphere.
'The checker used toluene in place of benzene with no problem.
%e checker found it convenient to leave the sample under cold (4°C) pentane overnight at
this stage.
'The checker worked at 25% of the recommended scale and obtained a yield of 76%.
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Properties

The product Cp,Zr(H)(p-H),Os(PMe,Ph), is extremely oxygen and
moisture sensitive. Solutions of this compound decompose slowly, even with
rigorously dried glassware and solvents, producing OsH,(PMe,Ph), and
insoluble zirconium-contaning products. The compound Cp,Zr(H)(pH),Os(PMe,Ph), is best characterized using NMR spectroscopy.* The
'H NMR spectrum (C6D6) shows the bridging hydrides as a second-order
pattern centered at - 8.50 ppm. The terminal zirconium-bound hydride
appears as a broad singlet at 4.70ppm. The "P { 'H} NMR spectrum (C6D,)
shows a singlet at - 24.50ppm. Other physical properties, including a crystal
structure of the analogous Cp,Zr(CI)(p-H),Os(PMe,Ph), complex, are given
in the literature.

C. [t(q4)-l, 5CYCLOOCTADIENE]TRIS(DIMETHYLPHENYG
PHOSPHINE-I
KP)-TRI-~-HYDRIDOOSMIUMRHODIUM~

-

+ excess KH THF K[OsH,(PMe,Ph),] + Hz
K[OsH,(PMe,Ph),] + +[Rh(l, 5-cod)C1],
KCl + (1, 5-cod)Rh(p-H),0s(PMe2Ph),

OsH,(PMe,Ph),

70°C

-

Procedure

The procedure in Section B is used to prepare a T H F solution of
K[OsH,(PMe,Ph),] from 0.750g (1.20mmol) of OsH,(PMe,Ph),, 0.500g
(12.5mmol) of KH and 30mL of THF. The solution is filtered directly into
a 100-mL Schlenk flask containing 0.3OO g (0.600mmol) of [RhCl(l, 5cod)] .6
The resulting dark red solution is stirred for 1.5 h, and the T H F solvent
is evaporated under vacuum. The residue is dissolved in lOmL of benzene
and the solution is filtered to remove KCl. Benzene is removed under vacuum
leaving a burgundy solid. This product can be recrystallized easily by cooling
a saturated 10: 1 pentane-toluene solution to - 20 "Cfor 1 day. Yield: 0.70g
(71X)f of dark red crystals. mp under N, 125-130°C.

,

Anal. Calcd. for C,,H,,P,OsRh-$
49.30; H, 5.63.

toluene: C, 49.31, H, 6.00. Found: C,

*"P chemical shifts are reported referenced to 85% H,PO, with downfield shifts recorded as
positive.
'Osmium is number I and rhodium is number 2.
:The checker worked at 2WA, of the recommended scale and obtained a yield of 56%.
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Properties
The product (1, 5-cod)Rh(p-H),0s(PMe2Ph), is oxygen and moisture
sensitive, although not as prone to decomposition as Cp2Zr(H)(pH),Os(PMe,Ph),. The Rh-0s complex is best characterized by NMR
spectroscopy. The 'HNMR spectrum (C&) shows the hydrides as a
second-order pattern centered at - 9.20ppm. The "P ('H} (C6D6) NMR
consists of a doublet at - 20.6 ppm (JP--Rh
= 8 Hz). More detailed
spectroscopic properties can be found in the literature.'
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7. p-HYDRIDO-TETRAKIS(ERT1ARY
PHOSPH1NE)DIPLATINUM CATIONS
Submitted by STANISLAV CHALOUPKA and LUICI M. VENANZF
Checked by ROBERT L. COWAN and WILLIAM C. TROCLER'

Binuclear complexes containing bridging hydride ligands are of frequent
occurrence and species containing up to four such bridges have been
unit is
reported.' The group of compounds containing a single M-H-M
quite extensive, and several classes of homometallic and heterometallic
compounds have been obtained.' The M-H-M
unit is conveniently
described in terms of a three-center two-electron bonding scheme*analogous
to that developed for boranes. One characteristic structural feature of the
single M-H-M
unit is its nonlinearity and M-H-M
angles from
loo" (see ref. 3) to 160" (ref. 1). Small angles have been associated with

-

-

* Laboratorium rur Anorganische Chemie, ETHZ, Universitatstrasse

6, CH-8092 Zurich,
Switzerland.
'Department ofChemistry, University of California, San Diego. La Jolla, CA 92093.
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strong direct metal-metal interactions. An analogy can be drawn here with
the molecule H3+,which should have a regular triangular shape in its ground
state! The borane nomenclature of “closed” and “open” interactions has
also been carried over into transition metal chemistry.,
Complexes containing Pt-H-Pt
bonds such as [(Pcy,)(SiEt,)Pt(p-H),[(Ph, PCH ,CH ,PPh,)HPt(p-H), Pt(Ph,Pt(SiEt,)( Pcy ,)I (cy = cy~lohexyl),~
PCH2CH2PPh2)]+,6 and [HPt(p-H)(p-Ph,PCH,PPhz)2PtH]+,7were
among the first published examples of doubly and singly hydride-bridged
complexes.
Three types of binuclear trihydrido diplatinum cationic complexes are
known: (a) the monohydrido-bridged trans-trans complexes (Type
(b) the trans-cis dihydrido-bridged complexes (Type II), 9*10 and the cis-cis
dihydrido-bridged complexes (Type 111). l v l

Type I

Type 111

Typc I I

L =tertiary phosphine

Compounds of Type I in which one or both the terminal hydride ligands
have been replaced by aryl groups are also known,”.’4 as are compounds
of Type 11, which contain a phenyl group instead of the terminal hydride
ligand.“
Compounds of Types 1-111 are most easily formed when a hydridocation
of the type [PtH(solvent)L,]+ (L = tertiary phosphine)” is allowed to react
with a hydride-generating reagent such as [BH,]- or formate. In the former
case an intermediate complex containing the coordinated BH, ligand is
formed.I6 In the latter case, the formato-complex intermediate decomposes
with loss of C 0 2 and formation of the dihydrido species.’, When monodentate ligands are used, the formation of complexes of Types I or I1 depends
on reaction conditions and on the known equilibration trans-[PtH,L,] *cis-
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PtH,L,].” If the rate of formation of trans-[PtH,L,] is slow relative to the
“coupling reaction” truns-[PtH(solvent)L,]
trans-[PtH,L,] the transtrans isomer is formed. If, however, the formation of truns-[PtH,L,] is faster
than the coupling reaction, the equilibrium cis-trans-[PtH,L,] is established
and the trans-cis isomer, Type 11, is preferentially formed. In any case the
latter is thermodynamically more stable relative to the former.’-’’
Some reagents, for example, pyridine or iodide, catalyze the isomerization of species of Type I to the corresponding isomers of Type IL9
Compounds of these two types react with donor molecules giving products
that can be envisaged as being produced by independent reaction of the
component entities PtHL, and PtH,L,.’ Compounds containing triarylphosphine ligands undergo an easy decomposition reaction in which a P-C
bond is cleaved resulting in the formation of cationic species of the type
+

[(PAr,)(Ar)Pt@-H)(p-PAr,)Pt(PAr,),]

+

+

.I8

Finally, X-ray structural studies of these compounds show that the
Pt-H-Pt
unit in complexes of Type I should be described as “open” since
this angle, as estimated from the overall molecular geometry, is likely to be
larger than 160°.10-’2
General Procedure

All the reactions are best carried out (a) under an atmosphere of nitrogen (it
is sufficient to have a nitrogen atmosphere over the solutions and during the
transfer), (b) with mechanical stirring, and (c) in the absence of light (the
reaction vessels are best kept covered with aluminum foil). The solvents
(puriss grade) can be used as purchased. The purity and color of the products
obtained depend strongly on the quality of the silver salt used: This should
be of high purity and, preferably, a freshly opened bottle should be used. All
the yields are based on the amount of platinum starting material used.
A.

p-HYDRIDO-DIHYDRIDOTETRAKIS(TR1ETHYLPH0SPHINE)DIPLATINUM(I1) TETRAPHENYLBORATE(1-)

-

+ AgCF,SO, + solvent
trans-[PtH(solvent)(PEt,),l(CF,SO,) + AgCl
trans-[PtH(solvent)(PEt,),l (CF,SO,) + NaHCO,
-trans-[PtH(HCO,)(PEt,),]
+ NaCF,S03 + solvent
trans-[PtH(HCO,)(PEt,),] -+ trans-[PtH,(PEt,),] + CO,

trans-[PtHCI(PEt,),]

p-Hydrido-Tetrakisf Tertiary Ph0sphine)Diplatinum Cations
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+ trans-[PtH(solvent)(PEt,),](CF,SO,) + Na[BPh,]
[(PEt3)2HPt(p-H)PtH(PEt,)2][BPh,] + NaCF,SO, + solvent

-

ttans-[PtH,(PEt,),]

solvent = MeOH or H 2 0
Procedure
A 304-mg (0.65 mmol) quantity of trans-[PtHCI(PEt,),] (see ref. 19) is placed
in a 50-mL wide Schlenk flask and dissolved in a mixture of 5 mL of methanol
and 15pL of water. A 167-mg (0.65mmol) quantity of silver trifluoromethanesulfonate is then added, and the resulting suspension is stirred for 1 h. The
AgCl precipitate is removed by filtering on a glass frit, and the yellowish
solution thus obtained is cooled to -70°C. Sodium formate (22mg,
0.32mmol) is added, the solution is then allowed to warm to -5O"C, and
115mg (0.34 mmol) of sodium tetraphenylborate(1-) is added to the solution.
The flask is then loosely stoppered and allowed to warm to room temperature.
The precipitate formed is collected by filtering on a glass frit and dried under
high vacuum.* The crude product is recrystallized by placing it in a flask
that is kept at -10°C in an ice-salt cooling bath, dissolving the solid in
- 1O"C, and slowly
-2mL of acetone, which has been pre-cooled to
adding -20rnL of methanol in such a way that it forms a separate layer
floating on top of the acetone solution. The mixture is kept at - 10°C until
precipitation is complete (- 60 min), and the solid is collected by filteration
at low temperature.' Yield: 308 mg(80%).

-

Anal. Calcd. for C,,H,,BP,Pt,:
H, 7.11; P, 10.72.

C, 48.65; H, 7.06; P, 10.45. Found: C, 48.48;

Properties
The compound [(PEt3)2HPt(p-H)PtH(PEt,),l [BPh,) is a white crystalline,
air-stable solid when pure, which melts with decomposition above 130 "C.
The solid is fairly stable at room temperature, but it is light sensitive and is
best stored in a refrigerator. I t is soluble in acetone and dichloromethane.
The solutions are relatively unstable at room temperature and thus are best
prepared just before use employing pre-cooled solvents. The decomposition
*The checkers report that a gray oil formed, which later solidified into the product.
'The checkers allowed the mixture to crystallize overnight in a - 2 5 T freezer. They obtained
192 mg (50%) of off-white crystals. Slightly lower yields were obtained when the crystallization
was carried out at --10 >C(2 h).
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PEt,

PEt,'

I

I

H'-Pt-H'-

Pt-H'

I

I

PEt,

PEt,

Infrared-active vibrations (Pt-H) are observed as follows:
(m); v,pl "z,= 1500- 1800cm-'(w,br).
A comprehensive set of NMR parameters and a figure of the 'HNMR
spectrum have appeared elsewhere.'
The easiest spectroscopic characterization of this complex is done through
its 31PNMR spectrum, recorded in acetone-d, solution. This shows one
central multiplet, flanked by its 195Ptsatellites, with the following parameters:
20.1; lJpl,p= 2580 Hz and 3J,,p = 18 Hz.
This spectrum' is similar to that of the related compound [(PEt,)(Ph)Pt(p-H)Pt(Ph)(PEt,),] [BPh,],14 and the reader is referred to those references
for a detailed description of the appearance and interpretation of the
,'PNMR spectra of compounds of this type.
The 'H NMR spectral data, recorded in dichloromethane-d, solution, are
8tHi)- 8.19 and dM2) - 6.42.
An X-ray structure determination of this compound" shows a disordered
arrangement of the cations in the crystal lattice, and allows only the precise
location of the metal and donor phosphorus atoms. This, however, is
indicative of a bent arrangement of the Pt-H-Pt
moiety, typical of
compounds containing a single M-H-M
bridge. '3*14
v , Hr,=2140cm-'
~

B.

DI-p-HYDRIDO-HYDRIDOTETRAKIS(TR1ETHYL

PHOSPHINE)DIPLATINUM(II)TETRAPHENYLBORATE(1- )

+ AgCF,SO, + EtOH
[PtH(EtOH)(PEt,)J(CF,SOJ + AgCl
t runs-[ Pt H(Et OH)(PEt ,),I (CF,SO,) + NaBH,
trans-[PtH(BH,)(PEt,),] + NaCF,SO, + EtOH
trans-[PtH(BH,)(PEt,),] + EtOH
trans-[PtH,(PEt,),] + BH,-EtOH

trans-[PtHCl(PEt,),]
-----*

-

-

trans-[ PtH,( PEt3),] =cis-[ PtH (, PEt,),]

p-Hydrido-Tetrakis( Tertiary Phosphine)Diplatinum Cations
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-

+ tran~-[PtH(EtoH)(PEt,)~](CF,SO,) + NaCBPh,]
[(PEt,),HPt(p-H),Pt(PEt,),] [BPh,] + NaCF,SO, + EtOH

cis-[PtH,(PEt,),]

Procedure
A 304-mg (0.65mmol) quantity of tr~ns-[PtHCl(PEt,),],'~ is placed in a
25-mL Schlenk flask, fitted with a magnetic stirrer, and dissolved in lOmL
of ethanol. The solution is treated with 167mg (0.65 mmol)of silver trifluoromethanesulfonate and the mixture is stirred for 1 h. The precipitated silver
chloride is removed by filtering, the solution is cooled to - 7 0 T , using an
acetone-CO, bath, and 25 mg (0.66 mmol)of sodium tetrahydroborate(1 - ) is
added to the stirred solution. The temperature is allowed to rise to - 30 "C and
then 115 mg (0.336 mmol)of sodium tetraphenylborate is added. The flask is
loosely stoppered and allowed to warm gradually to room temperature. The
precipitate is collected on a glass frit and dried under high vacuum. The crude
product is recrystallized as described for [(PEt,),HPt(p-H)PtH(PEt,),]
[BPh,]. Yield: 31 1 mg (81%).*

Anal. Calcd. for C,,H,,BP,Pt:
H. 6.97; P, 10.66.

C, 48.65; H, 7.06; P, 10.45. Found: C, 48.64;

Properties
The complex [(PEt,),HPt(p-H),Pt(PEt,),] [BPh,] is a white, crystalline,
air-stable solid that melts with decomposition at 125°C. It is soluble in
acetone and dichloromethane and its solutions are air stable.

P'Et,

Infrared-active (Pt-H) vibrations are observed as follows: y P l i " 1 , =
2150cm-'(m). Two weak, very broad absorption bands between 1550 and
2000cm-' are probably due to Pt-H2 vibrations.
A comprehensive set of N M R parameters for this compound, as well as
figures of the spectra, have appeared e l s e ~ h e r e . ~ * ' ~
*The checkers obtained 230 rng (60%)of om-white crystals. Crystallization was elTected overnight
at -25°C.
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As for the previous compound, the characterization of this product is most
easily carried out through its ,*PNMR spectrum, which shows two central
multiplets, flanked by their respective 195Ptsatellites, with the following
= 2540 Hz;
parameters obtained for acetone-d, solutions: 6(pl,24.2, 1Jptl,p2
8(pz)20.8, 1JR2,pz= 2741 Hz. The main features of the 'H NMR spectrum are
two sets of multiplets centered as follows: b(Hl)-4.93 and
-3.55.
The X-ray crystal structure of this compound is reported elsewhere."
The positions of the heavy atoms indicate that Pt' is five coordinate,
whereas PtZis four coordinate, and the Pt(p-H),Pt bridge is unsymmetrical
in the solid state. As the two bridging hydride ligands appear as magnetically equivalent even at low temperatures, one presumes that the bridge is
dynamic on the NMR time scale. However, at temperatures of 30°C and
below no exchange between terminal (HI) and bridging (H2) hydride
ligands is observed. Bridge asymmetry in the solid state and hydride
equivalence in solution have been observed also for the related compound
(PEt3) ,(Ph)Pt(P-H),Pt(PEt 3)21 CBPh4I.* O

C. DI-)I-HYDRIDO-HYDRIDOTETRAKIS(TRIPHENYL

PHOSPHINE)DIPLATINUM(II)TETRAPHENYLBORATE(1- )

-

trans-[PtHCl(PPh,),]

+ AgCF,SO,

trans-[PtH(CF,SO,)(PPh,),]

trans-[PtH(CF,SO,)(PPh,),l

+ AgCl

+ MeOH

trans-[PtH(MeOH)( PPh ,),I (CF,SO,)

trans-[PtH(MeOH)(PPh,)J (CF,SO,)
PtH2(PPh,),

-

PtH (, PPh,),

+ NaBH,

+ NaCF,SO, + BH,.MeOH

+ trans-[ PtH(MeOH)(PPh,),]

[(PPh,),HPt(p-H),Pt(PPh,),]

[BPh,]

+ Na[B Ph,]
+ NaCF,SO, + MeOH

(CF,SO,)

Procedure

A 300-mg (0.40mmol) quantity of trans-[PtHC1(PPh,),].zo~* is placed in a
25-mL Schlenk flask and dissolved in 8 mL of dichloromethane and 2 mL of
methanol. The solution is cooled to - 20 "C, and 105 mg (0.40mmol)of silver
trifluoromethanesulfonate is added to the stirred solution. The silver chloride
precipitate is removed by filtering, and the solution is taken to dryness under
+It is essential for the successful preparation of this binuclear complex that the starting material
should be of high purity, otherwise colored products are obtained. An indication of this is the
appearance of the solution, which should be colorless.
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vacuum at -20°C. The residue is dissolved in lOmL of methanol, which
has been pre-cooled to - 70 "C and 20 mg (0.53 mmol) of sodium tetrahydroborate(1 - ) is then added. The solution is allowed to warm to - 60 "C, and
140mg(0.41 mmol) of sodium tetraphenylborate is added. The temperature is
then allowed to rise to O'C, and the precipitate is collected on a glass frit,
washed three times with 5mL of 80% aqueous methanol pre-cooled to
-2O"C, and dried under high vacuum. The crude product is recrystallized
from dichloromethane-methanol, pre-cooled to - 10 "C, as described for
[(PEt,)HPt(p-H)PtH(PEt,),] [BPh,] above. Yield: 242 mg (76%).
Anal. Calcd. for C,,H,oBP,Pt,:

H,4.61; P, 7.22.

C, 65.57; H, 4.58; P, 7.04. Found: C, 65.73;

Properties
The complex [(PPh3),HPt(p-H),Pt(PPh3),] [BPh,] is a white, crystalline,
light-sensitive, air-stable solid that melts with decomposition at > 135"C. It
is soluble in acetone and dichloromethane and its solutions are air stable.

I

P'Ph,
/H\
HI-Pt'

2/

P2Ph,

Pt

The infrared-active (Ptl-HI) vibration is observed at 2200cm- '. The
stretching vibrations associated with the Pt-H-Pt
moiety, which are
expected to occur between 1500 and 1800cm-',21 cannot be identified
because they overlap with bands arising from the phenyl substituents.
A comprehensive set of NMR parameters for this complex has been
reported elsewhere. O For identification purposes the set of data given below
can be used (these were obtained for dichloromethane-d, solutions). "P NMR
spectrum: This shows two central multiplets, flanked by their respective 19'Pt
2803 Hz; 82(pz)26.6,
satellites with the following values:
31.9, lJp,l,Hz
lJp,z.pz= 3008 Hz. 'H NMR spectrum: S(H1)-4.75 and 6,t,, - 3.20.
The cationic complex easily decomposes in solution giving the cation
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Its X-ray crystal structure and NMR data ('H, 31P, and "'Pt)
reported elsewhere.18

have been
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Chapter Two

TRANSITION METAL CHALCOGENIDE
COMPLEXES

8. TETRAPHENYLPHOSPHONIUM SALTS OF
[Mo~(S),,(S~)~
- ,,I2- THIOANIONS AND DERIVATIVES
Submitted by A. 1. HADJIKYRIACOU* and D. COUCOUVANIS*
Checked by J. H. ENEMARK' and G . BACKES-DAHMANNt

A great variety of binary Mo-S complex anions is formed and can be
isolated in reactions of the tetrathiomolybdate anion [MoS,]'- with various
sulfide and polysulfide anions. The nature of the anionic products that can
be isolated from these reactions depends on (a) the amount of excess sulfur
used (and the types of S,-2 ligands present in the reaction mixtures), (b) the
type of counterion used in the isolation of the complex anions, and (c) the
type of solvent employed in the synthetic procedure. In a recent article,' we
described a scheme that interrelates the various [Mo,(S),(S,), -,J2 - anions.
In this scheme (Fig. I), any of the six homologs can hypothetically be obtained
from any other by either the addition of sulfur, or the abstraction of sulfur
by triphenylphosphine. Experimentally, the correctness of this scheme has
been verified by the successful synthesis of most of the [Mo,(S),,(S,),-,,]~complexes, or of their internal redox isomers. In the [Mo2(S), ( s 2 ) 6 - , , ] ' series, the homologs with n =4,2 5,' and 6' have been characterized
structurally. Those with n = 2 and 3 have been characterized structurally as
the "internal-redox" isomers, [(S,)Mo(S)(pS),(S)Mo(S,)12 - (ref. 3) and
'Department of Chemistry. University of Michigan, Ann Arbor. MI 48109.
'Department of Chemistry. University of Arizona. Tucson. AZ 85721.
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(ref. 1): (e)[MO,S,,]~- (ref. 3); (I)
[ M O ~ S , ~ ](ref.4);
~(er) [ M O , S , ~ ] ~ -(ref. 3a and 5).

Fig. 1. The [ M O ~ ( S ) , , ( S ~ ) ~ - , anions.
,]~The starred entries denote the anions for which the structures have been
determined by X-raycry~tallography:(a)[Mo,S,]~- (ref. I);(~)[Mo,S,]~- (ref. l);(c) [MO,S,]~- (ref. 2);(d)[MO,S,]~-

ukS
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[Mo(S)(MoS,)(S,)]'(ref. l), respectively. The anions with n = 0 have been
isolated and structurally characterized as both the [ M O ~ ( S ~ ) ~(ref.
] * - 4) and
[(S,)MO(S)(~-S),(S)MO(S~)]~(refs. 3a and 5 ) isomers. The anion with n = 1
has not been isolated in any form.
General Procedures and Techniques

The tetraphenylphosphonium salts (Ph,P+) of the [MO,(S),&)~-~]~-thioanions are generally isolated as air stable crystalline materials that range in
color from light red to dark (almost black) red. During the synthesis and
work-up of these compounds, dry and degassed solvents must be used. In
general, the best yields and highest purity of the products are obtained when
the syntheses are carried out in an inert atmosphere. A Schlenk line6 with a
nitrogen atmosphere has been found satisfactory. Preferably, solutions and
solvents are cannula transferred using rubber septa. The synthesis of
(Ph4P),[MoS4], obtained by cation exchange from (NH4)2[MoS4],7is also
described. The synthesis of (C7H7)SSS(C7H,),dibenzyl trisulfide (Bz2S3)has
been reported previously.' This reagent is also commercially available
(Aldrich).
Caution. Stench. A well-ventilated fume hood must be used when
handling Bz2S,.

.

A.

BIS(TETRAPHENYLPHOSPHONIUM)
TETRATHIOMOLYBDATE(VI), (Ph,P),[MoSJ

Procedure

An amount of (Ph,P)Cl (15.00g, 40.05mmol) is placed in a 250-mL
Erlenmeyer flask, along with a Teflon-coated stirring bar. Deionized water
(l00mL) is added, and the salt is completely dissolved within a few minutes
of stirring to give a clear colorless solution.* Next, a 250-mL Erlenmeyer
flask containing a large Teflon-coated stirring bar is charged with fresh
(NH,),[MoS,] (5.00g, 19.23 mmol). Deionized water (150mL) is added, and
the complex is dissolved within 2 to 3 min of stirring. The red solutions is
quickly filtered (within 5 min) into a 500-mL filtering flask, using a medium
*If I5g of (Ph,P)CI does not dissolve in JOOmL of deionized water at room temperature, the
(Ph,P)Cl reagent is not pure. In this case, the suspension should be filtered to remove the
organic water insoluble impurities.
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porosity fritted funnel. As soon as the filtration is completed, the product
(Ph,P),[MoS,] is precipitated by adding the (Ph,P)CI solution to the
vigorously stirred (NH4)2[M~S4]solution. The thick suspension obtained is
stirred for an additional 5min, and then it is vacuum filtered through a
medium porosity fritted funnel (150-mL capacity). The crude product isolated
on the fritted funnel is washed with three 50-mL portions of water, three
50-mL portions of ethanol, and three 50-mL portions of diethyl ether. The
orange-red powder thus obtained is dried under vacuum for 4-5 h (ambient
temperature, lo-' torr). The crude product is recrystallized by placing it in
a 500-mL Erlenmeyer flask along with a stirring bar, and then by dissolving
it in a minimal amount of N,N-dimethylformamide(DMF) (- 300 mL) with
3-5 min of stirring. The solution is quickly vacuum filtered (within 10 min)
into a 2000-mL filtering flask, using a medium porosity fritted funnel. As
soon as the filtration is completed, the red filtrate is flooded with diethyl
ether (- 800 mL) and allowed to stand for 2 h. The product is isolated by
vacuum filtration through a medium porosity fritted funnel (1 50-mL capacity)
and washed with two 50-mL portions of diethyl ether. The yield* after drying
is 1O.Og (57%) of red microcrystalline (Ph,P),[MoS,J.
Anal. Calcd. for C,8H,oPzMoS,: C, 63.86; H, 4.43. Found: C, 63.14; H, 4.78.

Properties

Solutions of [MoS,IZ- slowly oxidize and hydrolyze after standing in air at
room temperature for several days. FTIR (KBr pellet, Mo-S vibration):
467 cm- (s). UV/Vis (DMF solution,
lo-, M):474 nm ( E = 15,500), and
322 nm ( E = 23,000).

-

*The yield obtained for each member of the [Mo2(S)&S,),-,]*- series depends highly on the
purity of the (Ph,P),[MoS,]. Once recrystallized, this compound should be deep red in
microcrystalline form. If, following recrystallization, it is orange or pink, it should be discarded
and the cation exchange repeated with jiesh (NH,),[MoS,]. The cation exchange described
above may be carried out under air, provided that the exposure of the CMOS,]'- solution in
air is short (< 1 h).

Procedure

The compound (Ph4P),[MoS4] (4.00% 4.43 mmol) is placed in a graduated
250-mL Schlenk flask along with a Teflon-coated stirring bar. The complex
is dissolved with stirring in freshly distilled D M F (1lOmL) to give a red
solution. Solid Bz,S, (lO.OOg, 35.97 mmol) is added* to this solution with
stirring. Within a minute, the reaction mixture turns green. As the reaction
progresses, the green color decays and eventually the solution becomes dark
red-brown. The reaction mixture is stirred for a total of 16h. It is then
vacuum-filtered into a graduated 500-mL Schlenk flask through a medium
porosity fritted funnel. The filtrate is flooded with diethyl ether (200mL) to
induce crystallization. After standing at room temperature for 16 ht, the
product is isolated by vacuum filtration and washed with two 20-mL portions
of diethyl ether. The crude product is finally recrystallized from a D M F
(60mL)-diethyl ether (120 mL) mixture. Yield: 2.1 g (76%) of dark brown
microcrystalline (Ph4P),[(Mo2S10)0.72(Mo2S12)0.28]~~DMF.
Anal. Calcd. for C49.5H43.5P2Mo,Slo.56N0.500~5:
C, 47.73; H, 3.52; P, 4.97;
S, 27.16; N, 0.56. Found C, 48.77; H,3.60; P, 4.65; S, 27.14; N, 0.57.
FT-IR (KBr pellet, Mo-S vibrations): 449cm-' (w). UV-VIS (DMF
solution,
M): 570nm ( E = 2000), 436nm ( E = 4100), and 290nm(sh).
Observed X-Ray Powder Pattern Spacings (A, CuK,): ll.O(vs), 10.1 (m),
9.1 (m), 8.4(s), 7.4(vs), 7.0(m), 5.5(m), 5.1 (m), 4.8(m), 4.6(m), 4.3(m), 4.1 (m),
3.9-3.8 (m, diffuse), 3.5-3.35 (m, diffuse), and 3.3-3.2 (m,diffuse). A singlecrystal X-ray structure determination for this compound3 has shown that it
contains both the [MO,S,,]~- ion, and as a minor (28%) component, the
[Mo,S,,]~- ion in the same site.

-

C. BIS(TETRAPHENYLPHOSPHONIUM) DI-p-THIOTETRATHIODIMOLYBDATE(V), (Ph4P),[MO&]

Procedure

The compound (Ph4P),[(MozSl 0)0.72(Mo2S1z)o.z81-@MF (4.00 g, 3.2 1
mmol) is placed in a graduated 250-mL Schlenk flask, along with Ph3P
*The stoichiometry of this reaction was investigated, and the use of eight equivalents of dibenzyl
trisulfide was found necessary.
'After flooding with diethyl ether, the checkers placed the flask in a refrigerator for 6h.
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(5.00g, 19.08mmol). Dry DMF (50mL) is added, and the mixture is stirred
for 4 h at 80 "C. The red solution so obtained is allowed to cool to room
temperature and then filtered. The filtrate is flooded with 150mL of
tetrahydrofuran (THF) and allowed to stand for 2 h at room temperature. A
brown-red microcrystalline solid* is obtained by filtration. Following washing
with toluene (three 20-mL portions) and diethyl ether (two 30-mL portions),
the crude product is recrystallized by dissolving it in a minimal amount of
DMF and flooding the solution with three volumes of THF. Yield: 2.0g
(58%) of dark red crystals.
Anal. Calcd. for C4,H4,P2M02S6: C, 54.24; H, 3.77; P, 5.84; Mo, 18.08; S,

18.08. Found: C, 54.42; H, 3.86; P, 5.56; Mo, 17.94; S, 18.35.
FT-IR (KBr pellet, Mo-S vibrations): 452cm-'(w), 475cm-' (m), and
503 cm- (m). UV-VIS (DMF solution, lo-' M):483 nm (sh), 454nm ( E =
9900), 362 nm(sh), 310nm ( E = 19,300). and 290nm ( E = 26,000).
Observed X-Ray Powder Pattern Spacing(A, CuK): 12.2 (m), 9.4 (w), 8.4 (w),
7.8(vs), 7.0(s), 6.5(w), 5.8(m), 5.6(w), 5.4(w), 4.9(w), 4.8(m), 4.6(w), and
4.4(m). This pattern is very nearly the same as the calculated one on the
basis of the single crystal X-ray structure determination' for the complex
(Ph4P)2[Mo2S61*
D. BIqTETRAPHENY LPHOSPHONIUM) ($-DISULFID0)-

DI+-THIO-TRITHIODIMOLYBDATE(IV,
VI),

(ph4p)2[Mo2S71 *HCON(CHd,

Procedure
The compound (Ph4P),[Mo2S,] (2.00g, 1.88mmol) is placed in a graduated
250-mL Schlenk flask along with a Teflon-coated stirring bar. The complex
is dissolved with stirring in freshly distilled DMF (60mL)to give a red
solution with a yellow cast. Dibenzyl trisulfide (0.53 g 1.91 mmol) is dissolved
is added
in freshly distilled DMF (20mL) by swirling. The B z ~ solutions
S~
dropwise with stirring to the thiomolybdate solution over a 2 to 3-min period.
The reaction mixture is stirred for 12 h at room temperature; it gradually
turns dark brown-red, which is the final color. The mixture is then
*The checkers report that crystallization did not occur immediately after flooding the filtrate
with THF. but took place after 1 h with the flask refrigerated at 4°C. If the DMF-THF
mixture is cooled to 4 T to accelerate crystallization. the product should be washed throughly
with toluene to remove Ph,P=S that crystallizes upon cooling.

-
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vacuum-filtered into a graduated 250 mL Schlenk flask through a medium
porosity fritted funnel. The filtrate is flooded with dry diethyl ether (100mL)
to induce crystallization, and it is allowed to stand at room temperature
for 2 h. Brown-red microcrystalline (Ph,P),[Mo,S,]-DMF
is collected by
vacuum filtration and washed with two 20-mL portions of diethyl ether*.
Yield 1.4g (77%) of (Ph,P),[Mo,S,].DMF.
Anal. Calcd. for C,,H4,NOP2M02S7: C, 52.44; H, 4.03; P, 5.31; Mo, 16.45;
S, 19.19. Found: C, 52.50; H, 3.80; P, 5.35; Mo. 17.16; S, 21.02.
FT-IR (KBr pellet, Mo-S vibrations): 454cm-’ (w), 480cm-’ (m), and
504cm-’(m). UV-VIS (DMF solution, lO-’M): 560nm ( E = 2400), 452nm
(E = 5200), 422 nm (sh), 362 nm (sh), and 295 nm (sh).
Observed X-Ray Powder Pattern Spacings. (A, CuK,): 12.5 (w), 10.7(m),
lO.O(s), 8.4(vs), 7.7(s), 7.0(m), 6.5(m), 5.9(m), 5.0(m), 4.8(m), 4.6(m), 4.4(m),
and 4.2 (m). This pattern is very nearly the same as the one calculated on the
basis of the single crystal X-ray structure determination’ for the complex
(P~~P)~Mo~S~.DMF.

E. BIS(TETRAPHENYLPHOSPHON1UM)BIS(q’-DISULFIDO)DI-p-THIO-DITHIODIMOLYBDATE(V),
(P~~P)Z[MO~S~]

Procedure
The compound (Ph,P),[Mo,S,]
(2.00 g, 1.88 mmol) is placed in a graduated
250-mL Schlenk flask along with a Teflon-coated stirring bar. The thiomolybdate is dissolved with stirring in freshly distilled D M F (70mL) to give
a red solution with a yellow cast. Dibenzyltrisulfide (1.04g. 3.74mmol) is
dissolved in D M F (20mL) by swirling. The BqS, solution is added dropwise
with stirring to the thiomolybdate solution over a 2 to 3 min period. The
reaction mixture is then stirred for 12h. As the reaction progresses, the
solution turns darker. Finally, it attains a green cast. The reaction mixture
is then filtered into a graduated 250-mL Schlenk flask through a medium
porosity fritted funnel. The filtrate is flooded with diethyl ether (100mL) to
induce crystallization and allowed to stand for 2 h. Red-purple microcrystalline (Ph4P),[Mo2S8] is collected by vacuum filtration and washed with two
20-mL portions of diethyl ether. The yield after drying in V ~ C U Ois 1.8g (85%).
*Throughout the experiment (precipitation of crude product and recrystallization), the diethyl
ether used should be bone dry. In solution, (Ph,P),[Mo,S,] is the most moisture-sensitive
member of the series.
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And. Calcd. for C48H40P2M02SE:C, 51.15; H,3.55; P, 5.51; Mo, 17.05; S,
22.74. Found: C, 49.96; H, 3.61; P,5.35; Mo, 16.81; S, 23.04.
FT-IR (KBr pellet, Mo-S vibrations: 512cm-' (m), and 453cm-'(w).
UV-Vis (DMF or MeCN solution,
M):574nm ( E = 3300), 464nm
( E = 2700), and 290 nm (sh).
Observed X-Ray Powder Pattern Spacings. (A, CuK,): 12.0(m), 1l.O(m),
9.4(s), 8.4(s), 7.5(s), 6.4(m), and 4.7(s).
Properties

Analytically pure crystalline samples of these thiomolybdates undergo no
measurable oxidation or hydrolysis after several weeks in air at room
temperature. However, solutions of the anions [Mo,S,]'and [Mo,S7-JZcompletely oxidize and hydrolyze after standing under air for several days at
ambient temperature. Solutions of [M0,S,]2-, [Mo,S,I2-, and [Mo,S,]' oxidize and hydrolyze much faster (within a few hours) at elevated temperatures
(- 100 "C) under air. Therefore, solutions of these complexes should be
handled under an inert atmosphere. The (Ph4P)+salts of these thiomolybdates
are very soluble in D M F ( - 1 g 50mL-') and much less soluble in
MeCN.
The recommended entry to the synthesis of any of the [Mo,(S),,(S,)~-"I2anions reported herein is the [(Mo,S,o)o~7,(Mo,Sl,),~,,]2- anion. From the
latter, the [Mo,S,]'anion can be obtained by the stoichiometric reaction
described. In addition to the reported syntheses, the following interconversions between the [Mo,(S),,(S,)~-,,I2- anions occur readilylb under similar
reaction procedures:
(Ph,P),[Mo,S,]

+ (excess)Bz,S,
+

~ ( P h ~ ~ ) 2 ~ ( M o ~ S 1 0 ) 0 . 7 2 ( M o 2 ~ 1 2 ) 0 . 2 8 ~Bz2S2

+ 2Ph3P -(Ph4P),[Mo2S6]
(Ph4P),[M02S6] + (excess)Bz,S,

+ 2Ph3PS

(Ph4P),[Mo,S,]

(Ph4P)z[ (MozS

+

+ Bz2S2

I 010.7 2 ( M 0 ~ S 1z)O.z1?1

(Ph4P)2~(Mo2S10)0.72(Mo2s1

-(P~~P)~[Mo,S,]

2)O.ZEI

+ 3Ph3P

+ 3Ph3PS

The complexes (Ph,P),[Mo,S,]
and (Ph,P),[Mo,S,]
do not interconvert
by the addition or subtraction of sulfur at ambient or elevated (90°C)
temperatures.
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Cleaning Glassware
Use a well-ventilated hood. Using spatula, remove as much of the solid left
in the flask as possible. The remaining solid is dissolved by rinsing with
DMF, and the solution is decanted. The flask is rinsed with acetone and
then acetone is completely drained. Finally, concentrated nitric acid is added
to the flask to destroy the smell and remaining traces of sulfur compounds.
8
Caution. Do not mix acetone with concentrated nitric acid. They react
violently. Some suljiur compounds, such as (NH4),[MoS4], react violently with
concentrated nitric acid. Use nitric acid to destroy only traces of sulfur
compounds left in the flasks to be cleaned. Use a well-ventilated hood, be
cautious, wear rubber gloves, and use a shield.
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9. MOLYBDENUM-SULFUR CLUSTERS
Submitted by ACHIM MULLER* and ERICH KRICKEMEYER*
Checked by ANASTASIOS HADJIKYRIACOU' and DIMITRI COUCOUVANIS'

The compounds ( N H , ) , [ M o , ~ S , ) , ] . n H , O (n = O-2)'-* and (NH,),[Mo,(S2)6]*2H201*4*5
were the first reported discrete pure transition metal sulfur
clusters. The preparation of both compounds is very simple.
The ion [Mo,S(S,),]*- is the most stable molybdenum sulfur species in
Faculty of Chemistry, University of Bielefeld, Postfach 8640,D-4800 Bielefeld, Federal Republic
of Germany.
'Department of Chemistry, The University of Michigan, Ann Arbor, MI 48109-1055.
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solution and has been discussed as a model for crystalline MoS,, to which
its NH,' salt decomposes on heating3*, (MoS, seems to be one of the most
versatile heterogeneous catalysts).
The compound (NH,),[Mo,(S,)~].~H,O can be used as a generator for
S, (ref. 6) and is an often used precursor for other molybdenum-sulfur species.
A. DIAMMONIUM TRIS(p-DISULFIDO)TRIS(DISULFIDO)-~~THIO-TRIANCULO-TRIMOLYBDATE(1V)
HYDRATE

Procedure
8
Caution. Hydrogen sulfide and carbon disulfide are extremely poisonous andflammable.,411 procedures must be performed in a well-ventilated hood.

1. An H,S stream (20 L h - ') is bubbled into a suspension of 27.0g of S,
in 150mL of 10% aqueous NH, solution in a 300-mL Erlenmeyer flask for
1.5 h. The sulfur dissolves to give a wine red polysulfide solution.
2. A 4.0 g (3.2 mmol) quantity of (NH,),[Mo,02,].4Hz0 is dissolved in
20mL of water in a 300-mL Erlenmeyer flask. The polysulfide solution
(120mL) is added, and the flask is covered with a watch glass. The reaction
mixture is then kept on an oil bath (95-98°C) for 5 days without stirring.
The red crystals of (NH,),[Mo,S(S,),]*nH,O
that form are removed by
filtering and then washed successively with 300mL of water, 25mL of
ethanol, three times with 20-mL volumes of carbon disulfide (removal of
sulfur), and finally with 20mL of diethyl ether. The crystals are dried in air.
The yield is almost quantitative (5.5-5.8 g; depending on the crystal water
content).*
Anal. Hydrogen and nitrogen are determined by elemental analysis and sulfur
as (SO,)'- by ion-HPLC. Calcd. for (NH,),[Mo,S(S,),]*H,O: H, 1.33; N,
3.69; S, 54.93. Found: H, 1.10; N, 3.35; S, 55.80.

B. DIAMMONIUM BIS(p-DISULFIDO)TETRAKIS(DISULFIDO)DlMOLY BDATE(V) DIHY DRATE

*The checkers obtained 4.6 to 5.1 g of red crystals (82-91°,, for n =O).
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Procedure
8
Caution. Hydrogen sulfide and carbon disulfide are extremely poisonous andflammable. All procedures must be performed in a well ventilated hood.

1. A stream of H,S (20Lh-') is bubbled into a suspension of 1O.Og of

S, in 350mL of 10% aqueous NH, solution in a 500-mL Erlenmeyer flask

for 1.5h. The sulfur dissolves, and the resulting polysulfide solution is
orange-red.
(ref. 7) (freshly
2. In a 1-L flask, 6.0g (26.30mmol) of (NH,),[MoO,S,]
prepared, dried over P4010in a vacuum) in 375 mL of methanol (analyzed
reagent quality) is heated at reflux on an oil bath for 2 h (the color changes
from orange over dark red to orange). After cooling to 20°C the polysulfide
solution is added. The reflux condenser is removed, and the flask is covered
with a watch glass. The dark red reaction mixture is kept on an oil bath
(55 "C) for 20 h without stirring. Precipitation of the required product starts
after a short time and can be increased by cooling to 5 "C with an ice bath.
Black crystals of (NH,),[Mo,(S,),]~2H2O are filtered off.They are washed
successively with 50mL of 2-propanol, three times with 20-mL volumes of
carbon disulfide (removal of sulfur), and then with 25mL of diethyl ether;
they are dried in air.
Yield: 6.2 g (73%).* Additional product (0.5 g, 5%) precipitates from the
filtrate upon cooling to 5 "C.
Anal. Hydrogen and nitrogen are determined by elemental analysis and sulfur
as (SO,)'- by ion HPLC. Calcd. for (NH,),[Mo2(S,),].2H,O: H, 1.86; N,
4.32; S, 59.31. Found: H, 1.58; N, 4.70; S, 58.90.
C. DIAMMONIUM TRIS(p-DISULFIDO)TRIS(DISULFIDO)pJ-THIO-TRIANCULO-TRIMOLYBDATE(1V) HYDRATE
AND DIAMMONIUM BIS(p-DISULFID0)TETRAKIS(DISULFIDO)DIMOLYBDATE(V)DIHYDRATE

( N H ~ ) ~ C M O ~ ' ~ Z , -I] '(NHJzS,
~ H Z ~ -(NH,)Z[M~:~S(SZ)~I'~HZO

+ (NH4)2[Mo;(S2)61'

2HZo

Procedure
8
Caution. Hydrogen sulfide and carbon sulfide are extremely poisonous
and flammable. All procedures must be performed in a well-ventilated hood.

*The checkers obtained a yield of 3.0 to 3.3 g (30-35%).
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1. A stream of H2S (20 L h- ') is bubbled for 1.5 h into a suspension of
1.2gS8 in 100mL of 10% aqueous NH, solution in a 300-mL Erlenmeyer
flask. The sulfur dissolves, and the resulting polysulfide solution is orange.
2. A 4.0-g (3.2 mmol) quantity of (NH4),[MO,O24]-4H2o is dissolved
in 20mL of water in an 100-mL Erlenmeyer fask (wide neck). After addition
of 80mL of the polysulfide solution the flask is covered with a watch glass.
The reaction mixture is heated on an oil bath (95OC) for 16h without
stirring. The precipitated red crystals of (NH4)2[Mo,S(S2)6].nH20 are
removed by filtering. They are washed successively with 300mL of water,
25mL of ethanol, three times with 10-mL volumes of carbon disulfide
(removal of sulfur), and then with lOmL of diethyl ether; they are dried in
air. Yield (NH4)2[Mo,S(S2)6].nH20 1.6g (28% for n = l).* The filtrate is
cooled to 20 "C and the rest of the polysulfide solution is added. On standing
for three days in a closed 100-mL Erlenmeyer flask under an argon atmosphere at room temperature, almost black crystals of(NH,),[Moz(S2),].2H20
precipitate from the solution. They are removed by filtering, washed twice
with 10-mL portions of ice cold water, then with 20mL of 2-propanol,
three times with 15-mL portions of carbon disulfide (removal of sulfur), and
finally with 20mL of diethyl ether. The crystals are dried in air. Yield:
(NH4)2CMo2(S2)61'2H2O 3.og (41%).*
Properties
The compound (NH,),[Mo,S(S,),]-nH,O
is air stable, extraordinarily inert
against hydrogen chloride solutions, and diamagnetic. Its shows characteristic
IR absorptions (CsI pellet) at 544 (m; V,~-S,,,,,,,,~), 510/504 (m; V(S -sac,,,,),
and 458 cm- ' (w; v , p 3~ s,~ (ref. 8). UV-Vis (in N, N-dimethylacetamide):
540(v1;E~ = 1.1 x 10' M -' cm- ')and 465 nm (v2; ei = 3.6 x lo3 M - ' cm- ').
Freshly prepared (NH4)2[Mo,S(S2),].nH20 is not very soluble in water,
but it shows a better solubility in N,N-dimethylformamide. On heating, the
compound decomposes with the loss ofnH20,2NH3, H2S, and 6S, to MoS,.~
The black compound (NH4)2[Mo2(S2)6].2Hz0is stable in air. Freshly
prepared, it is slightly soluble in water, methanol, and ethanol and has a
characteristic IR absorption band (CsI pellet) at 530cm-' (m; v , ~s,). The
UV-Vis spectrum (in methanol) is not very characteristic (see color) and
shows shoulders at -560, -460, -375, -340, and -310nm and a band
at 255 nm.

*The checkers obtained yields of 1.3 to 1.5g (21-26%) for (NH,),[Mo,S(S,),].nH,O
to 2.6g (32-36YfJ for (NH4),[Mo,(S,),~.2H,O.

and 2.3

Bis(q5-Merh~lcvclopentudienyl)
Titanium Pentusuljide

5I
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10. BIS(q '-METHY LCYCLOPENTADIENYL)TITANIUM
PENTASULFIDE,* BIS(q'-METHY LCYCLOPENTADIENYL)DIVANADIUM PENTASULFIDE,' AND

BIS(q'-METHYLCYCL0PENTADIENYL)DIVANADIUM
TETRASULFIDE*

Submitted by JAMES DARKWA,"DEAN M. GIOLANDO,'
CATHERINE JONES MURPHY: and THOMAS B. RAUCHFUSS'
Checked by A. MIS'LLER'

The cyclopentadienyl metal sulfides constitute a class of compounds that
display varied reactivity toward small molecules, unsaturated organic compounds, and other metal complexes.
Bis(qs-cyclopentadienyl)titaniumpentasulfide was prepared first by Samuel
and Schmidt from TiCp,Cl, (Cp = cyclopentadienyl)and polysulfide salts.'
It can also be prepared from the reaction of TiCp,(CO), or TiCp,(CH,R),
with elemental sulfur. The method presented here is a modification of Kopf's
procedure2 and is equally applicable to the Cp, MeCp, and i-PrCp (i-Pr = isopropyl) derivatives. This reaction has been successfully conducted at 40 times
Bis(qS-methylcyclopentadienyl)(pentasullido-S', S')titanium.
(p-disulfido-S:S') (p-disuWdo-q*:q*) (p-su1fido)divanadium.
:Bis(q5-methylcyclopentadienyl)(p-disulfido-SS') (di-p-sulfido)divanadium.
'School of Chemical Sciences, University of Illionis, Urbana, IL 61801.
'Lehrstuhl fur Anorganische Chernie 1, Universitat Bielefeld. Bielefeld, Federal Republic of
Germany

'Bis(q'-methylcyclopentadienyl)
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the scale described here. Bis(~S-cyclopentadienyl)divanadiumpentasulfide
was first prepared by the reaction of VCp(CO), and sulfur3 and by the
thermolysis of VCp,S5.4 The structure and even the molecularity of V,Cp2Ss
remained a mystery until our work on the MeCp derivatives5The preparation
of V,(MeCp),S, is an adaptation of Dahl and Petersen's method and entails
the in situ generation of V(MeCp),S,. This preparation is streamlined in the
sense that it proceeds directly from an inexpensive starting material, VCI,,
to the product. Previous synthesis involved the use of V(MeCp),CI, which
is tedious to prepare and usually forms in < 50% yield.
The compound V,(MeCp),S, is a useful precursor to V,(MeCp),S,, which
in turn is a versatile synthetic intermediate.
A.

METHY LCYCLOPENTADIENE

Procedure

Caution. This procedure should be carried out in well-ventilated fume
hood. Cyclopentadienes are toxic by inhalation and are highly flammable.
Commercial methylcyclopentadiene dimer (Aldrich) is cracked using a
40-cm Vigreux column with a pot temperature of 210 to 225°C. The first
10% of the distillate is discarded and 70% of the remainder is collected at
63 to 65 "C at a drip rate of 100mL h- I . The crude methylcyclopentadiene
is redistilled using the same column to give a product containing -2% of
C,H6 impurity.

-

-

-

Properties

-

Methylcyclopentadieneobtained by cracking the commercially available dimer
contains up to 10%cyclopentadiene.This can lead to major purity problems
with derived organometallic complexes, particularly for those compounds
that contain several CH3C5H, ligands. The diene can be purified simply by
redistillation of the crude methylcyclopentadiene monomer. In our procedure
the same fractional distillation apparatus is used for both the initial cracking
and the redistillations. The purity of the methylcyclopentadiene can be
assayed by 'H NMR spectroscopy.' Methylcyclopentadiene can be stored at
- 30 "C for a few days.

B. BIS(q'-METHY LCYCLOPENTADIENYL)TITANIUM
PENTASULFIDE
Ti(MeCp),CI,

+ SX2- -Ti(MeCp),S,

+ 2CI-

Bis( ~s-Methylcyclopentadienyl)Titaniwn
Pentasuljide
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Procedure
Caution. This synthesis should be carried out in a well-ventilated fume
hood. Carbon disuljide is extremely flammable and very toxic by inhalation.
A slurry of OSOg (1.80mmol) of Ti(MeCp),Cl, in lOmL of acetone* is
prepared in an open 25-mL Erlenmeyer flask with magnetic stirring. In one
portion, 1 mL of freshly filtered ammonium polysulfide soIutiont is added to
the Ti(MeCp),Cl, solution. After stirring for 15 min, the solution is filtered
in air, and the red crystals are washed with water, methanol, and then two
5-rnL portions of CS,. Yield: 0.510g (77%).

Anal. Calcd. for C,,H,,S,Ti: C, 39.37; H, 3.85; S, 43.69; Ti, 13.08. Found:
C, 39.59; H, 3.88; S, 43.58; Ti, 12.96.
Properties
The synthesis is also applicable to TiCp,S,. Red crystalline Ti(RCp),S,
(R = Me and H) is air stable in solution and in the solid state. It is moderately
soluble in halogenated hydrocarbon solvents and practically insoluble in
alcohols and hydrocarbons. The 'H NMR spectrum (CDCl,) consists of
rnultiplets at 6 = 6.18, 6.13, 6.09, and 5.92 ppm and singlets at 6 = 2.26 and
1.99 ppm. These data are consistent with nonequivalent MeCp groups arising
from the chair conformation of the TiS, ring.
The pentasulfido complex reacts with tertiary phosphines to give dimers
ni(MeCp),J,S, (x = 4 and 6).8.9 The pentasulfido complex also gives
heterocycles of the type Ti(MeCp),S,CR, when treated with ammonium
sulfide in the presence of certain alkylating
In fact, the Me,CS,
chelate is a minor side product in the synthesis of Ti(MeCp),S,. The compound Ti(MeCp),S, reacts with electrophilic acetylenes to give dithiolenes

*Ti(MeCp),CI, is prepared by the following procedure. Freshly cracked and distilled MeCpH
(excess, 30mL) is added dropwise to 1.38g (60mmol) of freshly pressed Na wire in 250mL of
THF. After all of the Na metal has been consumed the mixture is stirred for an additional 1 h.
The colorless solution of MeCpNa is added dropwise to a solution of 3.29mL (30mmol) of
Ticl. in 200 mL of toluene. The resultant deep red slurry is stirred for 10 h. A 6 M HCI solution
(200mL) is cautiously added to the reaction mixture, and the aqueous phase is extracted with
1WmL portions of CH,CI,. The combined organic layers are concentrated to 300mL and
stored at -25 "C for 12 h. A further recrystallization aflords 6.8 g (24.5 mmol, 82%) of bronze
crystals of Ti(MeCp),CI,.
'The ammonium polysulfide solution is prepared by adding 12g of elemental sulfur to 4Og of
20% amonium sulfide (Alfa). The deep red solution is stirred for IOh. Undissolved sulfur is not
filtered, so that the polysulfide solution remains saturated. The solution is filtered prior to use.
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Ti(MeCp)2S2C2R2.9*’
Thermolysis of TiCp,S, at 140 “C induces a rearrangement to TiCp(S5CSH,).12
A prominent application of TiCp,S, involves its reactions with main group
halides according to the following stoichiometry
TiCp,S,

+ ECl,

-

TiCp,C12 + ESS

In this way S6, S7, S9, Sl0, s117 s 1 3 , S I 5 ,SZ0, s,o(c0)4,and S,Se, have
been prepared.’.’’ In this application TiCp,S, is preferred relative to
Ti(MeCp),S, because the poorly soluble TiCp,CI, is easily separated from
the products.
C. BIS($-METHY LCYCLOPENTADIENYL)DIVANADIUM
PENTASULFIDE
2NaMeCp + VCl,(thf),
V(MeCp),

+ gS,

--

V(MeCp), + 2NaCI
V(MeCp),S,

V(MeC&?)2SS A V2(MeCp)2S5 + CH3C5H4Sx
tetrahydrofuran = thf (ligand) and THF (solvent)

.

Procedure

Caution. This synthesis should be conducted in a well-ventilated fume
hood. Tetrahydrofuran, toluene, and dichloromethane are all harmful if inhaled
and can cause skin and eye irritation. Tetrahydrofuran forms explosive
peroxides; only fresh, peroxide-jiree material should be used.
All operations are performed under a nitrogen atmosphere unless otherwise
stated. In a 500-mL flask with a side arm, a slurry of VCI, (Cerac) (16.0%
101.7mmol) in 100mL of dry THF* is heated at reflux for 12h to give a
pink slurry of VC13(thf)3.tTo the VCl,(thf), thus obtained is added 3.3g of
zinc dust while the slurry is warm, and the resulting mixture is stirred for
15min to give a purple solution of “VCl,(thf),”.14
A separate 500-mL round-bottomed flask with a side arm is charged with
12.0g of a 40% sodium dispersion in mineral oil (Aldrich) and 100mL of dry
THF. Doubly distilled methylcyclopentadiene (20mL, 234.8 mmol) is then
added dropwise to the sodium using a pressure equalizing dropping funnel.
When all the methylcyclopentadiene is added, the mixture is heated at reflux
*Aldrich Gold Label was redistilled from Sodium bemophenone.
‘A more detailed description of VCl,(thf), can be found in Inorg. Synth. 21, 138 (1982).
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for 1 h to ensure complete conversion to the sodium methylcyclopentadienide.
After the sodium methylcyclopentadienide solution has cooled to room
temperature, it is added via a cannula to the slurry of "VCl,(thf),", and this
mixture is heated at reflux for 1h. The resulting dark violet mixture is allowed
to cool, and the solvent is removed in uacuo.
Dry toluene, 120mL, is added to the oily residue in order to extract the
V(MeCp), formed.', The mixture is Schlenk filtered into a 500-mL twonecked flask containing 10.1 g of elemental sulfur. The solution assumes the
red-brown color characteristic of V(M~CP),S,.~The mixture is heated at
reflux for 5 h to induce the formation of the divanadium complex. The hot
reaction mixture is then filtered in air through a bed comprised of 1in. each
of Celite" and silica gel, washing with CH,Cl, (- 1 L) until the eluate is
colorless. The filtrate is concentrated on a rotary evaporator to 50mL (at
which stage black crystals form) and then stored at - 25 "C for 16h. The
black crystals are removed by filtering and washed with hexanes (10mL).
Yield 10.73 g, 50% based on VCl,.
Anal. Calcd. for C,,H,,S,V,: C, 34.28; H, 3.36; S, 38.13; V, 24.23. Found:
C, 34.28; H, 3.46; S, 38.03; V, 23.89.
Properties
Black crystalline V,(MeCp),S, is air stable both in solution and in the solid
state. It sublimes at 150"C (0.05 torr) with decomposition. The purity of
V,(MeCp),S, is easily checked by thin layer chromatography (TLC) on
silica gel, eluting with toluene-hexane. It is moderately soluble in CH,Cl,
and toluene. The 'HNMR spectrum (CDCl,), consisting of multiplets at
8 = 6.64 (2H), 6.57 (2H), and 6.42 (4H) and a singlet at 8 = 2.38 ppm (6H),
indicates that the unsymmetrical V2S, score is retained in solution. IR (Nujol
mull): 1067(m), 1052(m), 1034(m), 931 (w), 917(w), 889(w), 815(s), 602(w),
566(m), 534 (m), 469 (w), and 430(w)cm-'. The dark green selenium analog,
V,(MeCp),Se,, can be prepared in a similar manner using red selenium.

D. BIS(q5-METHYLCYCLOPENTADIENYL)DIVANADIUM
TETRASULFIDE

Procedure
All operations are performed under an inert atmosphere. A solution of
tributylphosphine (Aldrich)(lSOmL, 6.02 mmol) in CH,C12 (10mL) is added
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dropwise via a dropping funnel to a solution of V,(MeCp),S, (2.01 g,
15min during which
time the purple solution of V,(MeCp),S, turns red. The reaction is complete
immediately after the addition of Bu3P. The resulting solution is concentrated to lOmL, diluted with lOmL of hexanes, and further concentrated to
5mL to give purple crystals of V,(MeCp),S4. The crystals are isolated by
filtration under nitrogen and washed with hexanes. Yield 1.58 g, 84%.

4.80 mmol) in 20 mL of CH,CI,. The addition takes

Anal. Calcd. for C12H14S4V2:C, 37.11; H, 3.63; S, 33.02; V, 26.23. Found:
C, 37.11; H, 3.59; S , 33.25; V, 25.98.

Properties
The purple V,(MeCp),S, is very soluble in CH,Cl, and moderately soluble
in aromatic hydrocarbons. Its solutions are air sensitive, and the solid is
moderately air sensitive. It reacts with Bu,P, further desulfurizing to
V,(MeCp),S, and V,(MeCp),S6.6*'6 When heated, V,(MeCp),S, decomposess to give V,(MeCp),S,. It can, however, be converted back to the
pentasulfide more cleanly by treatment with elemental sulfur. It also reacts
with electrophilic acetylenes" and diazenes.I8 It is a versatile ligand
and forms cluster derivatives with many organometallic comp~unds.'~
Its
and
'H NMR spectrum (CDCI,), consisting of multiplets at 6 = 6.67 (4H),
6.54 (4H)and a singlet at 6 = 2.44ppm (6H), indicates a symmetrical V2S4
core structure.
Comments on Methylcyclopentadienyl Compounds
The MeCp ligand offers three advantages relative to Cp: stereochemical
information by 'H (and "C)NMR, improved solubility, and superior crystals
for X-ray crystallography. The 'HNMR spectra shown in Fig. 1 demonstrate
the sensitivity of the ring proton chemical shifts to their environment. This
method works particularly well for proton NMR frequencies 2 200 MHz and
relies on the fact that Jo,H.,<< (6, - SKI. The solubilities of MeCp complexes
are significantly improved relative to Cp complexes; they are more soluble
in chlorocarbons and aromatic solvents, yet they still can be precipitated
using alkanes or alcohols. The change from MeCp to Cp does not lead to
dramatically altered structural or reactivity characteristics (unlike the case
with C,Me,). With regard to crystallographic considerations, we and others
have been unable to characterize V,Cp,S,, V,Cp,S4, and V,Cp4S4 structurally, but the crystallography on the MeCp analogs is straightforward.

A

Fig. 1. 300MHz 'H NMR spectra for (MeCp),TiS, (A), (MeCp),V,S, (B),and (MeCp),V,S,
(C). Spectrum A is consistent with nonequivalent MeCp groups (two Me signals), each of which
is bisected by the same plane of symmetry. Spectrum B shows that the MeCp groups are
equivalent (one Me signal), but that these groups do not lie on a plane of symmetry since
there are clearly more than two ring proton multiplets. In contrast, spectrum C is consistent
with a compound featuring equivalent MeCp groups which are bisected by a symmetry plane.
The peak at 66.75 is assigned to the C,H, signal in Cp(MeCp)V,S,.

C
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11. CYCLOMETALLAPOLYSULFANES (AND SELANES)
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Since the mid 1950s the development of the chemistry of the catenating
element carbon with transition metals has been on the frontier of research
for organometallic chemists. However, even by the late 1960s, the number
,' -,
of transition metal complexes containing simple polysulfido ligands, S
where x > 1, was relatively small, given the catenating propensity of sulfur.
Since then the number of such complexes has increased greatly, and their
syntheses, structures, and reactivities were recently reviewed.' The complexes
MCp,SS, where Cp = $-C,H, and M =Ti, Zr, and Hf; MCp,S4, where
M = Mo, and W, MCpfS3, where Cp* = qS-Cs(CH3)sand M = Ti, Zr, and
Hf present a fascinating series of structures and reactivities that provide
insight into aspects of metal-sulfur chemistry. The compound TiCp,S, was
first prepared in 1966,; it has been isolated from several different reactions
involving TiCp, and sulfur species.'-6 It possesses a classic cyclohexane-like
TiS, ring7**with axial and equatorial Cp rings, the barrier to interconversion
being 76 kJ mol- 1.9 Treatment of TiCp,S, with S,C1, is a general route
to sulfur allotropes such as S7.' One method of preparing TiCp,S, is via
treatment of TiCp,CI, with aqueous ammonium yoly~ulfide.~
More recently,
it has been prepared6 using tetrahydrofuran (THF) solutions of lithium
polysulfides preparedi0 from Li[BEt,H] (Super Hydride") and sulfur. The
latter route, described here, has the advantage of being generally applicable
to the preparation of MCp2S5 and MCpfS3, where M =Ti, Zr, and Hf,6
and ThCpfSs." It avoids the use of H2S required to prepare aqueous
ammonium polysulfide. Substituted cyclopentadienylrings can also be present,
and the complexes Ti(q '-C H4(CH j)2)S,, Ti(q '-C ,H,Si(CH 3)3)2S5, Tihave been prepared
(CH,(q5-C,H4),)S,, and Ti(qS-C,H,)(q5-C,(CH3)5)S5
via this route. The complexes MCp,S,, where M=Zr, and Hf,

-

,
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could not be prepared under aqueous conditions. They too have cyclohexanelike rings, but the barriers to interconversion are -49 and 58 kJmol-’,
respectively.6 The polyselanes, MCp,Se, can be prepared for M =Ti, Zr,
and Hf via an analogous route using THF solutions of lithium polyselenides.”
The complexes MCpfS3, where M = Ti, Zr, and Hf, prepared via treatment
of MCpf Clz with the lithium polysulfide, were the first complexes possessing
a bidentate S3’- ligand.6*’3The MS3 ring is markedly nonplanar, with
pseudoaxial and equatorial sites for the Cp* ligand; the barrier to interconversion is 40 kJ mol The complex MoCpzS4 has been prepared via treatment of MoCpZClz
with Na,S, (ref. 14) in ethanol. Lithium polysulfide solutions in THF can
also be used, but the yields are lower.’’ The two complexes MoCpzSz and
MoCpzS4 can be interconverted by treating the former with sulfur14 or by
treating the latter with two equivalents of triphenylphosphine.” Compounds
MCp,S4, where M = Mo and W, possess nonplanar MS4 rings16 while the
SZ2- ligand is bonded side-on in MoCpZSz.” The complex WCpzS, has
not been isolated. Preparations reported here are modifications of the NazSz
route.

-

’.

A. BIS($-CYCLOPENTADIENYL) CPENTASULFIDO(2-)ITITANIUM(IV), TiCp2SS

2Li[BEt3H]

+

TiCpZC1, + Li,S,

.

+ 2Et3B + Hz
-TiCpzSS + 2LiCl

-Liz&

Procedure

Caution. All reactions involving solutions of lithium polysulJides or
polyselenides generate compounds that are malodorous and toxic t o varying
degrees and consequently must be performed in a well-ventilated fume hood.
Li[BEt,H] can ignite on contact with water, alcohols, or air. This reagent
should be handled only under an inert atmosphere.
The preparation of the THF solutions of lithium polysulfides or polyselenides is general and is described in detail here. The reaction apparatus
consists of a 300-mL three-necked round-bottomed flask containing a stirring
bar and fitted with a nitrogen inlet, a pressure equalizing dropping funnel
(100mL), and a serum stopper. The flask is charged with sulfur powder
(0.48 g, 1.9 mmol) (Aldrich,sublimed, 100 mesh) and the apparatus is evacuated
(oil pump, 0.01 torr) through the nitrogen inlet and refilled with N, (Linde,
prepurified) three times. Super Hydride (6.0mL of a 1 M solution of
Li[BEt,H] in THF, 6.0 mmol) (Aldrich),is slowly added by means of syringe
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to the stirred sulfur powder. The resulting exothermic and effervescent
reaction mixture is stirred for 20 min.
A red solution of TiCp,CI, (0.75 g, 3.0 mmol) (Alfa) in THF (75 mL, heated
to reflux over sodium benzophenone and distilled under N2 just before
use) is prepared under N, in a 300-mL three-necked round-bottomed flask
containing a stirring bar and fitted with a nitrogen inlet, and two stoppers.
One of the stoppers is removed, and the solution is further degassed by a
rapid purge of N, for 3min and transferred to the dropping funnel via a
50-mL syringe. The TiCp,CI, is added dropwise over 20 min to the lithium
polysulfide, to give a deep red reaction solution, which is stirred under N2
at room temperature for 14 h. The solution is then stripped to dryness at
room temperature (oil pump, 0.01 torr) and the residue is extracted with
CH,Cl, (100 mL, spectrograde).The solution is filtered in air through Celite@
(5 mL) and the solvent is removed at room temperature by means of a rotary
evaporator (15 torr) to give the product as dark red crystals (0.99 g, 98%).
The product is spectroscopically (NMR) pure, mp 196-198 "C, lit.'
201-202 "C.*
Anal. Calcd. for C,,H,,S,Tk
H, 3.34; S, 47.27.

C, 35.49; H, 2.98; S, 47.37. Found: C, 35.22;

B. BIS(tl'-CYCLOPENTADIENYL)CPENTASELENIDO(2-)]TITANIUM(IV), TiCp,Se,
2Li[BEt3H]
TiCp,CI,

+ 5Se

+ Li,Se,

--

+ 2Et3B + H,
TiCp,Se, + 2LiCI
Li,Se,

Procedure

As in the procedure in Section A, powdered gray selenium (1.38 g, 15.0mmol)
is treated with Super Hydride (6.0mL of a 1 M solution of Li[BEt,H] in
THF, 6.0 mmol) to give a brown solution of lithium polyselenides. A suspension
of TiCp,Cl, (0.75 g, 3.0 mmol) in dry THF (50 mL) is purged with N2and
added dropwise to the lithium polyselenides. The reaction mixture becomes
purple; it is stirred under N, at ambient temperature for 4.75 h. The volatile
components are removed in uucuo (0.01 torr). The black residue is extracted
under N, with CH,CI, (6 x 50mL), and the solution is filtered under N,
through Celite (5 mL). The purple filtrate is concentrated in uucuo to 50 mL

-

*The checker (JAG) obtained a 92% yield of microcrystalline product with mp 190 to 192°C.
He reports the presence of a small amount of semisolid residue between the crystals.
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and cooled at - 20 "C overnight. Crops of the product, air-stable purple
crystals, are collected by filtration from successive concentrations of the
mother liquors (1.23g, 72%).The product foams without melting at 209-21 1"C
(lit., mp 21 1 "C).*
Anal. Calcd. for C,,H,,Se,Ti:

c.

C, 20.97; H, 1.76. Found: C, 21.12; H, 1.77.

BIS(+PENTAMETHY LCY CLOPENTADIENYL)[TRISULFIDO(Z -)] TITANIUM(IV), TiCp: S3
2Li[BEt3H]
TiCpZC1,

+ ZS,,

-

Li2S, + 2Et3B + H,

+ Li,Ss -TiCp:S,

+

Cp* = $-Cs(CH,)s
PIocedure

Powdered sulfur (0.16g, 0.63 mmol) is treated with Super Hydride (2.0 mmol)
as in the procedure in Section A to give the lithium polysulfide solution. A
suspension of TiCpfC12 (ref. 17) (available from Strem) (0.39g, 1.0 mmol) in
dry THF (30mL) is added dropwise under N, and the reaction mixture is
heated at reflux for 10.5 h. The volatile components are removed under
vacuum (0.01 torr, room temperature) and the residue is extracted under N,
with CH,Cl, (4 x 25 mL). The solution is filtered under N, through Celite
(5 mL) and the solvent is removed under vacuum as above to give the product
as a black microcrystalline solid which is spectroscopically (NMR)pure.'
The product is dissolved in dry THF (5 mL), pentane (10mL) is added, and
the solution is stored at - 20 "C for 5 to 10 days to give black crystals. The
mother liquors are concentrated twice to give two more crops of crystals
(0.23g combined, (55%); mp 149-152 "C). The moderate yield is a result in
part of the high solubility of the complex.
Anal. Calcd. for C2,H30S3Ti: C, 57.95; H, 7.29, S, 23.20. Found: C, 57.43;
H, 7.40, S, 22.83.

'The checker (JAG) obtained a 59% yield from four successive cncentrations of the mother
liquors. He reports the presence of a small amount of semisolid residue in the product, which
foamed at 207 "C.
'The checker (JAG) obtained a black (but not microcrystalline)solid in 87% yield. The product
was pure by 'H NMR,but attempts to recrystallize it were unsuccessful.
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D. BIS(~5-CYCLOPENTADIENYL)[TETRASULFIDO(2
-)IMOLYBDENUM( IV), MoCp, S4

+ C 2 H , 0 H -NaOC2H, + $H2
NaOC,H, + H,S -NaSH
+ C,H,OH
2NaSH +
Na,S, + H,S
MoCp2S4+ 2Na,S + 2NaCI
MoCp,CI, + 3Na,S,
Na

--

Caution. The preparation involves the use of H , S , which is very toxic
and has a bad odor. Extreme care must be exercised. The reactions must be
conducted in a well-ventilated fume hood and every eflort must be made to
ensure containment of the gas. The use of an H , S manifold such as the one
illustrated in Fig. 1 is recommended.

L
Fig. 1. H,S manifold (schematic).

The gas is dried by means of a calcium chloride column (B), and is passed
through a Nujol bubbler (C) before entering the reaction vessel. Unreacted
gas is passed through three washing towers containing, successively, 5 M
NaOH (D),saturated aqueous lead acetate (E), and 5 M NaOH (F)and finally
into the air intake of a Bunsen burner that is burning natural gas. Connecting
the H2S line to a source of N, via stopcock A permits the system to be
purged before and, more importantly, after the reaction, which significantly
reduces residual contamination.

Procedure
A 100-mL three-necked round-bottomed flask, is fitted with a stirring bar,
an inlet bubbling tube connected to the H,S manifold, a stopper, and an
exit tube connected to the washing towers. The system is purged with N,
(via A), and the flask is charged with absolute ethanol (25 mL). Sodium (0.57 g,
25 mmol, fresh pea sized fragments rapidly cut from a large lump in air) is
carefully added in portions to the ethanol with stirring.
Caution. Sodium metal reacts violently with water liberating highly
flammable H, gas. The metal causes burns on contact with the skin.
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After all the sodium has reacted, the solution is treated with H2S(A closed)
at a moderate rate for 15 to 30 min until the solution is light lemon yellow
in color. The solution is then purged with N, for 30min. The solution is
warmed to 60°C, sulfur (0.46g, 14mmol) (Aldrich, sublimed 100mesh) is
added, and the mixture is stirred under N, for 1 h. The compound MoCp,Cl,
(1.19 g, 4 mmol)" (available from Strem) is added, and the mixture is stirred
for another 1 h under N, and then cooled. Water (100 mL) is added, and the
reaction mixture is transferred in air to a separatory funnel (500 mL) where
it is extracted with CHCIJ (5 x 20 mL).
8
Caution. Chloroform is harmful fi inhaled. I t is a suspected carcinogen
and may cause adverse reproductive effects. Handle it only in a well-ventilated
fume hood.
The combined CHCI, extracts are stripped to dryness at room temperature
(oil pump, 0.01 torr), and the residue is pumped overnight. Two consecutive
recrystallizationsfrom boiling N, N-dimethylformamide (DMF)(1 0 mL) gives
the product as red crystals (1.17g, 70%), dec 175"C, lit.', dec 180°C.*

-

Anal. Calcd. for C,,H,,MoS,:
H, 2.38; S, 36.07.

-

C, 33.89; H, 2.85; S, 36.18. Found: C, 33.69;

Properties

The polysulfane complexes TiCp,S,, MoCp,S,, and TiCpTS, are red to
dark red materials, the titanium complexes being so dark as to appear black.
All are thermally stable and surprisingly air stable in the soljd state and in
solution. They are fairly soluble in most organic solventsexcept simple hydrocarbons. The NMR data for the complexes6 (ppm relative to TMS, CDCI,,
room temperature) are TiCp,S,, 6.03, 6.32; MoCp,S,, 5.23; and TiCp:S3,
1.87. The compound TiCp,Se, is purple and its properties are similar to
those of its sulfur analog; NMR: 5.92, and 6.34. All the complexes give parent
ion peaks in their mass spectra.
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17. (a) J. E. Bercaw, R. H. Marvich, L. G. Bell, and H. H. Brintzinger, J. Am. Chem. Soc., 94,
1219 (1972). (b) J. E. Bercaw, J. Am. Chem. SOC.,96. 5087 (1974).
18. (a) M. L. H. Green and P. J. Knowles, J . Chem. Soe. Perkin 1. 989 (1973). (b) R. B. King,
Organometallic Synthesis, Vol. I, Academic Press, New York. 1965, p. 79.

12. BIS(HYDROGENSULFID0)COMPLEXES OF
BIS(q'-CYCLOPENTADIENYL) TITANIUM(1V)
AND TUNGSTEN(1V)
Submitted by ALAN SHAVER,* GABRIELA MARMOLEJO,' and
JAMES M. MCCALL*
Checked by THOMAS B. RAUCHFUSS? LENORE KOCZON? and
SCOTT SIMERLYR

Metal hydrogensulfido complexes (LMSH) are interesting species, the
chemistry of which is beginning to attract attention. The reactivity of such
complexes with organic reagents has been investigated,' and have been
isolated from model systems.2 The complexes MCp,(SH), (M = Ti, Mo, and
W) have been known for some time, and have recently been shown to be
*Department of Chemistry, McGill University. 801 Sherbrooke St. W., Montreal, Quebec,
Canada, H3A 2K6.
'Flamencos 63-1 Mexico D.F., 03900, Mexico.
:Domtar Inc.. Senneville, Quebec, Canada H9X 3L7.
'School of Chemical Sciences, University of Illinois. Urbana, 1L 61801.
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precursors to heterometallic dimers, and to complexes containing novel
catenated polysulfido ligands? The literature method for the preparation of
TiCp,(SH), involves treating TiCp,CI, with H2S in the presence of Et,N
in anhydrous ether, followed by extraction with water to remove the byproduct Et,NHCI.’ This procedure is difficult to reproduce,3band a report
has appeared cautioning against the isolation of T~CP,(SH),.~
The anhydrous
conditions described here are a significant improvement, giving the product
in nearly quantitative yield. The complex WCp,(SH), was prepared in 1967
via treatment of the dichloride with NaSH in ethanol,’ and the method
described here is a modification of this procedure.
Caution. The preparations involve the use of H , S , which is very toxic
and has a bad odor. Extreme care must be exercised. The reactions must be
conducted in a well-ventilated fume hood and every effort must be made to
ensure containment of the gas. The recommended procedure for drying and
handling H , S is described in the preceding synthesis.’

.

A.

BlS(~5-CYCLOPENTADIENYL)BIS(HYDROGENSULFIDO)

TITANIUM(IV), TiCp,(SH),
TiCp,CI,

+ 2H2S + 2Et3N -T~CP,(SH)~ + 2Et3NHCI

Procedure

The reaction apparatus consists of a l-Lthree-necked round-bottomed flask
equipped with a stirring bar, an inlet bubbling tube connected to the H,S
manifold, a small (50 mL) pressure equalizing dropping funnel containing
7 mL of Et,N (50 mmol), and an exit tube connected to the washing towers
(see Fig. 1 in Section 11). The system is purged with N, (via A), and the flask
is charged with 500 mL of tetrahydrofuran (THF) distilled from sodium
benzophenone. The compound TiCp,CI, (6.0g, 24 mmol) (Alfa) is
dissolved with stirring to give a clear red solution (incomplete dissolution
prior to addition of the H,S leads to product contaminated by impurities
that are difficult to remove). The solution is treated with H,S (A closed) at
a moderate rate (- 2 bubbles/s) for 10 min; then the Et,N is slowly added
dropwise (5 min). The H,S flow is maintained for a further 90 min and is
then replaced (via A) with a N, purge for 30min. The dark suspension is
rapidly filtered (fume hood) in air through a pad of Celitea on a large sintered
glass filter, followed by washing the filter cake with THF (4 x 10 mL) to give
a malodorous red-black solution and an off-white residue (Et,NHCl) on the
frit. The combined filtrate and washings in a l-L one-necked flask are stripped
to dryness at room temperature (oil pump, 0.01 torr), and the brown residual

Bis( Hydrogensulfido) Corn,v/exeso/' Bis( ~'-C~c./openrudien).I)
Tiraniurn( I V )
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powder is dried by pumping overnight (5.6g, 93%, dec 130°C lit.' dec
150-160 "C). Recrystallization from CHCl, (ref. 5 ) is accompanied by severe
losses'; however, the powder is spectroscopically pure (NMR) and can be
used as is.
Anal. Calcd. for C,,H,,S,Ti: C, 49.18; H, 4.95; S, 26.26. Found: C, 49.97;
H,5.18; S, 23.18, 23.41.*
The compound Ti(MeCp),(SH), prepared by the same method is easier
to isolate in crystalline form.'

B. BIS(~5-CYCLOPENTADIENYL)BIS(HYDROGENSULFIDO)
TUNGSTEN(IV),WCp,(SH),

+ CH,CH,OH -NaOCH,CH, + $H,
NaOCH,CH, + H,S -NaSH
+ CH,CH,OH
WCp,Cl, + 2NaSH
WCp,(SH), + 2NaCl
Na

-

Procedure

Ethanol (70 mL) is placed in a 300-mL flask equipped as in Section A. Pieces
of sodium (0.5 g, 22 mmol) are added under N,, and the ethanol is stirred
until the reaction is complete. The solution is treated with H,S (ref. 10) for
15 min and then purged with N, For 15 min. The compound WCp2C12(ref.
11) (1 g, 3.4 mmol) is added in one portion, and the mixture is stirred at 60 "C
(oil bath) for 1 h. The brick red slurry is cooled to room temperature and
H,O (100 mL) is added. The mixture is filtered under N,, and the brick red
precipitate is discarded. The filtrate, in a 300-mL three-necked flask, is
extracted under N, with 5 x 20mL of CHCI,; the chloroform layers are
removed each time by means of a syringe and collected under N,.
8 Caution. Chloroform is harmful ifinhaled. I t is a suspected carcinogen
and may cause adverse reproductive effects. Handle it only in a well-ventilated
fume hood.
The combined extracts are stripped to dryness at room temperature (oil
pump, 0.01 torr) and pumped on overnight. The residue is dissolved in the
minimum volume of CHCI, and transferred to the top of a chromatography
column (20 x 2.5 cm) of deactivated alumina (10% H,O) in hexanes. The
column is eluted with CHCI,, and one band containing the product is stripped
to dryness (rotary evaporator) to give the analytical sample (0.78 g, 67%
dec 150°C).

-

*The checkers worked on one half the recommended scale. Yield: 80 to 86%. They report the
following analysis: C, 48.96; H. 5.10; S, 26.08.

68

Transition Metal Chalcngenide Cnmplexes

Anal. Calcd. for C,,H,,WS,:
H, 3.06, S, 16.46.

C, 31.59; H, 3.19; S, 16.87. Found: C, 31.56;

Properties

The complexes MCpz(SH),, where M = Ti and W, possess unpleasant odors,
especially for M = Ti, and are air sensitive. They should be stored in Schlenk
tubes in a freezer; a sample of TiCp,(SH), showed no evidence of decomposition after 1 year at - 20 "C. They are soluble in CHCl,, CH,CI,, and THF.
The compound TiCp,(SH), decomposes to polycrystalline oligomers5 upon
being heated in boiling benzene and also, after several months, on standing
in the solid state at room temperature. Both complexes show peaks due to
molecular ions in their mass spectra. Their 'H NMR spectra in CDCI,
display two peaks in the appropriate ratio, with the peaks resulting from the
thiol protons appearingabove TMS for WCp,(SH), (6 at ambient temperature):

6.28
5.20

3.38

-. 1.49
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13. (c(-DISULFIDO-S)(P-DISULFIDO-~~
:q2)BIS-(q5PENTAMETHYLCYCLOPENTADIENYL)(C(-THIO)DICHROMIUM(Cr-Cr)
Cr,(C,Me,),(CO),

+ is8-Cr,(C,Me,)2SS

+ 4CO

Submitted by JOACHIM WACHTER,' HENRI BRUNNER,* and

WALTER MEIER*

Checked by UMAR RIAZ' and M. DAVID CURTIS'
The compound Cr,(C,Me,),S, is the first chromium representative of sulfur
rich dinuclear cyclopentadienyl transition metal complexes of general formula M,Cp,S, (x>4).' It is obtained from the reaction of
Cr,(C,Me,),(CO), with sulfur in toluene solution.2 Alternatively, it can be
prepared from Cr(C,Me,), and sulfur in about the same yield.
The title complex incorporates electron-rich disulfur ligands and may
therefore serve as a useful substrate for the addition of electrophiles or in
the synthesis of transition metal sulfide clusters, in particular those containing
the M,S, core.

Procedure
The procedure must be carried out under nitrogen with solvents freshly distilled
under N, from Na-K alloy employing the Schlenk tube t e ~ h n i q u e .In~ a
250-mL flask, which is equipped with a reflux condenser and a mercury overpressure valve, a solution of 1.46g (3 mmol) of Cr,(C,Me,),(CO), (ref. 4):
and 0.38 g ( I .48 mmol) of SR in 100 mL of toluene is stirred at 45 "C for 66 h.$
The reaction mixture is filtered, concentrated to 15 mL, and chromatographed
on silica gel (0.063-0.200mm, activity 11-111, column 30 x 3 cm). Unreacted
starting material, along with sulfur, is eluted with toluene as a green band,
followed by a dark green band, which is eluted with 3:l toluene-diethyl
ether,q while a blue green residue remains at the top of the column. After
evaporation of the solvent from the second green band, 0.22 to 0.27g
*Institut fur Anorganische Chemie der IJniversitat Regensburg. Universitatsstr. 31. D-8400
Regensburg. Federal Republic or Germany.
'Department of Chemistry. The University of Michigan, Ann Arbor. MI 48109.
:The checkers obtained a 45"; yield oCCr,(C,Me,),(CO), by following the procedure in ref. 4.
#Increased temperature and reaction time results in a considerable decrease of the yield.
'The checkers observed a blue band between the two green bands. The blue band remained on
the column after the tlucne-ether elution.
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(14-17%) of Cr,(C,Me,),S, in the form of a green powder is obtained. The
crude product is still contaminated by trace amounts of Cr,(C,Me,)2S4.5
An analytically pure sample can be obtained by the following procedure:
A 0.34-g sample of the crude Cr2(C,Me,)2S5 is dissolved in 17 mL of diethyl
ether. After filtration, 5 mL of pentane is added, and the solution is stored for
several days at - 25 "C to give 65 mg of dark green prisms. mp > 250 "C.

-

Anal. Calcd. for C,,H,,Cr,S,:
C, 44.92; H, 5.65; S, 29.98; Cr, 19.45. Found:
C, 44.88; H, 5.78; S, 29.76; Cr, 18.32.
Properties

The crystalscan be stored under nitrogen for several weeks without decomposition. Solutions of Cr,(C,Me,),S, are air sensitive. The compound is soluble
in CH2CIz, toluene, and acetone, but is insoluble in alcohols and pentane.
IR spectrum (KBr pellet): 598 (w), 495 (m),445 (w) cm-' ( v ~ -and
. ~ vcr-s absorp2.13. X-ray crystal stxycture:
tions). 'H NMR spectrum (CDCI,): iCH3
d(Cr-Cr) 2.489(2)A,d(S-S) 2.101(5)A(p,q1-S,S), d(S-S) 2.149(5)A (p,q2S,). Reaction with PPh, gives Cr,(C,Me,),(p, q2-S2)(p-S),,* reaction with H2
(150 bar, 80°C) leads to Cr4(C,Me,)4S,.5 Cr,(C,Me,),S, serves as starting
material for the formation of the followingclusters: Cr4(C,Me5)2(C5H5)2S4,6
Cr,Co2(C5Me,),(CO), S.,,' and Cr,Fe,(C, Me,),(NO), S,.*
i=
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Chapter Three

EARLY TRANSITION METAL POLYOXOANIONS

14. INTRODUCTION TO EARLY TRANSITION METAL
POLYOXOANIONS
WALTER G. KLEMPERER*

Early transition metal polyoxoanions have traditionally posed serious
challenges to the synthetic chemist because of their stoichiometric and
structural complexity. The past four decades have seen the application of
modern physical chemical techniques of polyoxoanion chemistry, however,
allowing an increasinglysystematic approach to their synthesis.' This approach
has in turn led to further integration of polyoxoanion chemistry into the
broader areas of inorganic, organic, and organometallic chemistry, both in
terms of synthetic techniques and applications.' The set of syntheses selected
for this volume does not reflect a comprehensive attempt to represent the
most important classes of complexes that have been prepared in recent years.
Instead, an attempt has been made to focus selectively on systematic syntheses
of well-characterized families of related species as well as syntheses of
compounds that illustrate how the domain of polyoxoanion chemistry has
been expanded to include organic and organometallic derivatives.
The six isopolyanions whose syntheses are described in Section 15 are
relatively small and structurally simple species that are soluble in organic
*University of Illinois, Department of Chemistry, 505 South Mathews Avenue, Urbana, IL
61801.
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solvents as tetrabutylammonium salts. They are thus representative of a fairly
large class of polyoxoanions that have served as useful reagents for the
syntheses of new derivatives in aprotic media. They also illustrate in a simple
way some of the basic structure types observed in polyoxoanion chemistry.
One structure type of particular relevance to this chapter consists of a neutral
W,O,, cage encapsulating one or more formally anionic subunits. The
hexatungstate ion shown in Section 15 Structure b, has such a structure
where a w6018 cage encapsulates an 0'- ion. The w6018 cage consists of
six [W0l4' units occupying the vertices of an octahedron plus twelve 0'units bridging the edges of that octahedron so that each hexavalent tungsten
center forms single bonds to four adjacent doubly bridging oxygen atoms
plus a double bond to its terminal 0x0 ligand. The [W,o032]4- ion (Section
15 Structured) has a similar structure where each tungsten center has the local
environment just described for tungsten atoms in [w6019]'-, but is part of
a larger W10O30 cage that encapsulates two 02-ions.
The tungstosilicates and vanadotungstophosphates treated in Sections 16
and 17 are all derived from the Keggin anions [SiW12040]4- and
[PW12040]3-. Here, a Wlz036 cage of the type WnOJn,just described for
[w6019]'and [Wlo032]4-, encapsulates a tetrahedral oxoanion, either
[SiO,]*- or [PO,]'-. A family of closely related species has been generated
through modification of this basic structural framework. One modification
involves replacement of Wv' centers in the W12036 cage with Vv centers to
generate mixed-metal species. A second type of modification involves removal
of W"' centers from the W,20,6 cage, along with their terminal 0x0 groups
([WO]"' units) plus bridging 0 2 -groups linking these centers, to generate
defect structures. Examples of WlZO3, cage defect structures include the
[W,1035]4- cageof[SiWl103,]8- obtained byremovalofasingle[W0]4'
unit, the [Wlo0,,]4- cage of [SiWlo036]8- obtained by removal of two
[WO]" units plus two bridging 0'- units, and the [W9030]6- cage of
units plus three
[SiW9034]10- obtained by removal of three [WO]"
bridging 0' - units. The relationships between parent Keggin anions, their
mixed-metal derivatives, and their defect structure are quite subtle since
various forms of isomerism are possible. First, several topologically
inequivalent geometries are possible for the parent W 1 2 0 3 6 cage structure.
These are distinguished below by a, B, and 6 prefixes. Second, replacement
or removal of a given number of tungsten centers to generate mixed-metal
species or defect structures can generate isomeric structures defined by the
locations of the centers removed from the W 1 2 0 3 6cage. The structures of
these isomers are indicated below by numerical prefixes or subscripts as in
[z-l,2,3-PV,W9040]6- or [B2-SiW11039]8-.
Finally, alternative orientasubunit relative to the
tions of the tetrahedral [Si0,l4- or [PO,]'surrounding metal oxide cage is sometimes possible. In the case of the
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[PW9034]9- defect structure, for example, the [P0413- can adopt two
different orientations relative to the [ w 9 0 3 o j 6 - cage fragment, leading to two
stable, isomeric configurations identified by the prefixes A and B.
Sections 18, 19, and 20 are concerned with compounds based upon or
derived from W,03, cages plus encapsulated anions and thus are related to
[siw 0,,l4-, and [PWl 2040]3comthe [w,O 1 912 -, [W 10032]4-,
plexes and derivatives just described. In the a- and [fl-PzW180&!6structures, two [P0413- units are encapsulated by a WI8O,, cage. The
[AS2W21069(Hz0)]6- structure is based on a W , , 0 6 , cage that
encapsulates two [As03]’- anions, and the [P5W3001
structure is
based on a w30090 cage that encapsulates five [P0413- anions. Defect
structures of the type described previously for Keggin anions are also
observed, the [P8w4801gq]40- ion providing the most impressive example.
Here, eight [ P 0 J 3 - anions are bound to the interior of a torroidal
[ W 4 8 0 , 52]16- framework. The massive, symmetric nature of this species is
perhaps best appreciated from a space-filling model:

This D,, structure contains four [P2W ,204,]6units linked together symmetrically into a ring by eight doubly bridging 02-units, and it can thus
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be viewed as the condensation product of four [P2W12048H,]10- ions:

anion
From a synthetic point of view, the synthesis of the [P8W4801g4]40represents a landmark achievement, since the structural building blocks just
delineated are in fact also synthetic building blocks that themselves have a
[P2w18062]6- defect structure. The preparation thus proceeds in three Steps:
(1) preparation of the parent [a-P2W18062]6or (a-W180,4)(P043-)2
ion,
(2) conversion of the parent ion to the defect complex [a-P2W12048]14or
(a-W120408-)(P043-)2,
in its diprotonated form, and finally (3) protonation
of this defect complex and condensation according to eq. (1).
Syntheses of two further macroions are provided in Sections 21 and 22,
the spectacular [As4W400140]28-and [Sb9W21086]'9- anions. Attention is
then shifted to areas that are far less developed, namely, organic and organometallic derivative chemistry. Organophosphorus derivatives of the type
described in Section 23 have been known for over 50 years and are extremely
well characterized both in terms of structure and solution dynamics. Organometallic derivatives are, however, of more recent origin and many of them
are still incompletely characterized from a structural point of view. The
organotitanium derivative whose synthesis is described in Section 24 falls
into this category. Its multistep preparation represents, however, an
exemplary synthesis of techniques described in earlier sections, involving the
preparation of a defect Keggin anion, a mixed-metal Keggin anion, plus a
tetrabutylammonium polyoxoanion salt soluble in aprotic media suitable for
reaction with organometallic reagents.
References
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15. TETRABUTYLAMMONIUM ISOPOLYOXOMETALATES
WALTER G. KLEMPERER'

By virtue of their solubility in aprotic organic solvents and their availability
as pure crystalline materials, tetrabutylammonium isopolyoxometalates have
found widespread application as starting materials for the synthesis of
*University oflllinois, Department ofChemistry, 505 South Mathews Avenue, Urbana, 1L 61801.

numerous derivatives including organometallic complexes,' organic reagents?
polyoxothioanion~,~
organic derivatives: and mixed-metal polyox~anions.~
They have also been useful for physical studies where a polar aprotic solvent
like acetonitrile, dichloroethane, methylene chloride, or nitromethane is
desirable, as in dynamic NMR6 and photochemical7 studies.
The synthesis of alkylammonium isopolyoxometalates was pioneered by
Jahr, Fuchs, and Oberhauser who first prepared salts of [ M O ~ O ~ ~ ] ~ - ,
[W6019]2-, and [W 10032]4by controlled hydrolysis of molybdic and
tungstic acid ester^.^'^ More convenient preparations of these and other salts
that utilize readily available starting materials were developed later.
The
preparations reported here are modifications of published procedures. They
have been selected on the basis of convenience and ease of reproducibility.
All of the anion structures have been determined by X-ray crystallography;
they are shown below for [ M O ~ O ~ (a),"
] ~ - [Mo6019]2- and [ w 6 0 1 9 ] 2 (b),I5*l6 [%-Mo8026]4- (C),"
[wl,032]4- (d),I7 and [ V , 0 0 2 8 H 3 I 3 - in
(VI0 0 2 e H 3 ' - )z (el.

(a)

tb)
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I1

A. TETRABUTYLAMMONIUM HEXAMOLYBDATE(V1)

-

6Na2Mo04+ lOHCl + 2(n-C4H,),NBr
[(n-C,H,)4N]2[Mo,019]

+ lONaCl + 2NaBr + 5 H 2 0

Submitted by N. H. HUR,* W. G . KLEMPERER,* and R.-C. WANG*
Checked by M. FOURNIER'

Procedure
A solution of 2.50 g (10.3 mmol) of commercial, ACS reagent grade, sodium
molybdate dihydrate (Na,Mo0,-2H20) in lOmL of water is acidified with
2.9 mL of 6 N aqueous HCI (17.4 mmol) in a 50-mL Erlenmeyer flask with
vigorous stirring over a I-min period at ambient temperature. A solution of
1.21 g (3.75 mmol) of commercial, 99% pure tetrabutylammonium bromide
in 2mL of water is then added with vigorous stirring to cause immediate
formation of a white precipitate. (Useof impure tetrabutylammonium bromide
may result in blue discoloration at this stage. Tetrabutylammonium bromide
can be recrystallized by cooling a saturated, 100 "C, water solution to ambient
temperature.) The resulting slurry is then heated to 75 to 80 "C with stirring
for 45 min.'t During this period, the white solid slowly changes to yellow.
This crude product is collected on a medium-porosity filter with suction and
washed with three 20-mL portions of water. Crystallization is accomplished
by dissolving the air-dried crude product (2.17 g) in 80 mL of hot acetone
(60°C) and cooling the solution to - 20 "C.After 24 h, the yellow crystalline
product is collected on a filter with suction, washed twice with 20-mL portions
of diethyl ether, and dried for 12 h in UQCUO (0.1 torr). Yield: 1.98 g (1.45 mmol),
84% of theory based on Mo.

-

Anal. Calcd. for C j 2 H 7 2 N 2 M ~ s O 1C,
9 : 28.17; H, 5.32; N, 2.05; Mo, 42.18.
Found: C, 28.16; H, 5.27; N, 2.07; Mo, 42.01.
Properties
Yellow, crystalline [(n-C,H,),N J2[Mo,01,] appears to be indefinitely
stable when stored in a desiccator. The compound has a characteristic IR
*University of Illinois, Department of Chemistry, 505 South Mathews Avenue, Urabana, IL
61801.
'Universite Pierre et Marie Curie. Laboratoire de Physicochimie Inorganique, 4 place Jussieu,
15252 Paris Cedex 05 France.
"The checker stirred the slurry for 12 h at 60"C.
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spectrum (mineral oil, 650- lo00 cm- '): 742 (m), 800 (s), 880 (w), 890 (w, sh),
956(s), and 988 (w).
B. TETRABUTYLAMMONIUM OCTAMOLYBDATE(V1)

-

+ 12HC1+ 4(n-C4H9),NBr
[(n-C4H9)4N]4[Moa0,6] + 12NaCI + 4NaBr + 6H,O

8Na,Mo04

Submitted by N. H.HUR,* W. C. KLEMPERER,* and R X . WANG*
Checked by M. FOURNIER'

Procedure

A solution of 5.00 g (20.7 mmol) of commercial, ACS reagent grade, sodium
molybdate dihydrate (Na,Mo04.2H,0) in 12 mL of water is acidified with
5.1 7 mL of 6.0 N aqueous HCl(31.0 mmol) in a 50-mL Erlenmeyer flask with
vigorous stirring over a period of 1 to 2 min at room temperature. A solution
of 3.34 g of commercial 99% pure tetrabutylammonium bromide (10.4 mmol)
in 10mL of water is then added with vigorous stirring to cause immediate
formation of a white precipitate. After stirring the mixture for lOmin, the
precipitate is collected on a medium-porosity filter with suction and washed
successively with 20 mL of water, 20 mL of ethanol, 20 mL of acetone, and
20 mL of diethyl ether. This crude product (4.78 g) is dissolved in 35 mL of
acetonitrile and stored for 24 h at - 10"C.The clear, colorless, block-shaped
crystals that form are collected by suction filtration and dried for 12 h in
uucuo (0.1 torr). The transparency of the crystals is lost upon drying. Yield:
3.58 g (1.66mmol), 64% of theory based on molybdenum.*
A n d . Calcd. for C64H,44N4M08026:C, 35.70; H, 6.74; N, 2.60; Mo, 35.64.
Found: C, 35.64, H, 6.79; N, 2.59; Mo, 35.56.
Properties

This compound appears to be stable indefinitely when stored in a desiccator.
It has a characteristic IR spectrum (mineral oil, 650-1000 cm- '): 656(s),
University of Illinois. Department ofchemistry, 505 South Mathews Avenue, Urbana, IL 61801.
'Universite Pierre et Marie Cure, Laboratoire de Physicochimie Inorganique, 4 place Jussieu,
75252 Paris Cedex 05, France.
:The checker worked at double the recommended scale and obtained 9.7g of crude product.
After crystallization, however, his yield was 45%.
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722(m), 736(m), 804(s), 852(m), 885(w,sh), 904(s), 920(s), and 950(m).
Exposure to atmospheric moisture causes slow transformation to a hydrated
anion whose IR spectrum difiers markedly from the spectrum of the pure
anion.

C. TETRABUTYLAMMONIUM DIMOLYBDATE(V1)

Submitted by N. H. HUR,* W. G. KLEMPERER,* and R . 4 . WANG*
Checked by M. FOURNIER'

Procedure
A solution of 2.58 g (1.20 mmol) tetrabutylammonium octamolybdate (see
Section B) in 20mL of acetonitrile is combined with 4.8mL of 1.0M
methanolic tetrabutylammonium hydroxide (4.8 mmol) (Eastman Kodok) in
a 50-mL Erlenmeyer flask. The resulting cloudy solution is stirred for 20 min
at ambient temperature, gravity filtered through medium porosity filter paper,
and reduced to a viscous oil by removing the solvent under vacuum. This
material is then diluted with 15 mL of acetonitrile,' and 20 mL of diethyl
ether is added with stirring to obtain a white precipitate. After 20min of
further stirring, the white precipitate is collected on a medium porosity filter
with suction and washed with 20mL of diethyl ether. This crude product
(2.98 g) is dissolved in 15 mL of acetonitrile, and the resulting solution is
gravity filtered through medium porosity filter paper to remove any insoluble
material. Diethyl ether is then carefully added without stirring just until the
solution becomes saturated (- 45 mL), and the solution is stored for 24 h at
- 10 "C.The clear, colorless, block-shaped crystals that form are collected
by suction filtration and dried for 12 h in uucuo (0.1 torr). The crystals lose
their transparency upon drying. Yield: 2.61 g (3.31 mmol), 69% of theory
based on molybdenum.#
University of Illinois, Department ofchemistry, 505 South Mathews Avenue, Urbana, IL 61801.
'Universitt Pierre et Marie Curie, Laboratorie de Physicochimie Inorganique, 4 Place Jussieu,
75252 Paris Cedex 05, France.
:The checker reports that a solid residue was present after dilution with acetonitrile.
"The checker worked at double the recommended scale and obtained 4.2g of crude product.
After recrystallization his yield was 2.8 g (37%).
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Anal. Calcd. for C32H,2N2M020,: C, 48.73; H, 9.20; N, 3.55; Mo. 24.32.
Found: C, 48.84; H, 9.32; N, 3.58; Mo, 24.21.
Properties

This compound appears to be stable indefinitely when stored in a desiccator.
It has a characteristic IR spectrum (mineral oil, 650-1000cm-’): 735(m, sh),
780(s, br), 880 (s, br), 928 (m), and 975 (w).

D. TETRABUTYLAMMONIUM HEXATUNGSTATE(V1)

-

+ lOHCl + 2(n-C,HQ),NBr
[(n-C4H,),N]2[W,0,9]
+ lONaCl + 2NaBr + 5 H 2 0

6Na2W0,

Submitted by M. FOURNIER’
Checked by W. G. KLEMPERERt and N. SILAVWE’

This polyoxoanion is prepared according to the procedure previously described
for the hexamolybdate.’’

Procedure
All reagents are commercial analyzed reagents, used without further
purification.
A mixture of 33.0 g (100 mmol) of sodium tungstate dihydrate
(Na2W0,.2H20, 9973, 40mL of acetic anhydride, and 30mL of N , N dimethylformamide (DMF) is stirred, in a 250-mL Erlenmeyer flask, at 100“C
for 3 h. A white fluid cream is obtained.
A solution of 20 mL of acetic anhydride and 18 mL of 12 N HCI in 50 mL
of DMF is added with stirring, and the resulting mixture is gravity filtered
through a medium porosity filter paper in order to eliminate the undissolved
white solid. After washing the solid with 50 mL of methanol, the clear filtrate
is allowed to cool to room temperature. A solution of 15 g (47 mmol) of tetrabutylammonium bromide in 50 mL of methanol is added with rapid stirring,
to give a white precipitate. This suspension is stirred for 5 min and the product

* UniversitC Pierre et Marie Curie, Laboratoire de Physicochimie Inorganique, 4 place Jussieu,
75252 Paris Cedex 05, France.
‘University of Illinois, Department of Chemistry, 505 South Mathews Avenue, Urabana. IL
61801.
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is isolated on a Pyrex Buchner funnel with a fritted disk (porosity 5- 15p )
using suction. After washing with 20 mL of methanol and 50 mL of diethyl
ether, this air dried crude product (22.5 g) is sufficiently pure for most purposes.
Recrystallization from a minimum amount of hot dimethyl sulfoxide
(DMSO)(8 mL, 80 "C) gives, after 2 days at room temperature, 18g of clear
colorless diamond-shaped crystals, which are collected on a Pyrex Buchner
funnel with fritted disk (porosity 5-1 5 p), using suction. Yield: 18 g (10 mmol),
60% of theory based on W.
Anal. Calcd. for C3,H,,N,W,O1,:
C, 20.31; H, 3.84; N, 1.48; W, 58.30.
Found: C, 20.46; H, 3.83; N, 1.52; W, 58.39.
Properties
The block-shaped colorless crystals of this compound appear to be indefinitely
stable to air and daylight. The material is easily characterized by its IR
spectrum (KBr pellet 1000-200 cm- ', *cation bands): 975 (vs), 888* (vw),
873*(vw), 812(vs), 752* (vw), 736*(vw), 716* (vw), 664*(vw), 588 (m), 445(vs),
402* (vw), and 368 (m).
Electrochemical properties (CH,CN, 0.2 M [NBu,][BF,],
5 x lo-' M compound). One reversible monoelectronic wave at - 0.940 V versus SCE.
Electronic spectrum in CH,CN: One strong absorption band at I,,,,
268 nm; E,, = 1.22 x lo4M-' cm-';Amin, 244 nm;
= 6.2 x lo3 M-' cm-'.
The compound slowly turns into [W 10032]4if it is recrystallized from
DM F.
E. TETRABUTYLAMMONIUM DECATUNGSTATE(V1)

-

lONa,WO,

+ 16HCI + 4(n-C4H,),NBr

[(n-C4H,),N],[W,0032]

+ 16NaCI + 4NaBr + 8 H 2 0

Submitted by M. FOURNIER*
Checked by W. C. KLEMPERER' and N. SILAVWE'

Procedure
All reagents are commercial analyzed reagents and are used without further
purification.

* Universitk Pierre et Marie Curie, Laboratoire de Physicochimie Inorganique, 4 place Jussieu,
75252 Paris Cedex 05, France.
'University of Illinois, Department of Chemistry, 505 South Mathews Avenue, Urbana, IL 61801.
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A solution of 16.0g (48.5 mmol) of sodium tungstate dihydrate (Na,WO,.
2 H 2 0 , 99%) in l00mL of boiling water is acidified very quickly (10s) with
33.5 mL of boiling 3 M HCl solution (100.5 mmol) with rapid stirring. The
local white gelatinous precipitate disappears immediately. After boiling (1 or
2min) the clear, yellow, hot solution is precipitated by addition of 6.4g
(26.4 mmol) of tetrabutylammonium bromide in 10 mL of water. The
voluminous white precipitate is separated from the hot solution on a Buchner
funnel with fritted disk (5-15p) using suction. This white solid is washed
three times with 40-mL portions of boiling water, then twice with 60-mL
portions of ethanol and finally twice with 100-mL portions of diethyl ether;
it is then air dried (1 h). The crude product (15 g) is sufficiently pure for most
purposes.
Recrystallization from hot N, N-dimethylformamide (DMF, 99%) (10 mL
at 80°C) gives, after 1 day, yellowish prismatic crystals (12.0g), which are
collected on a Buchner funnel with fritted disk (5-15p) using suction. The
crystals contain small amounts of crystallization solvent, which can be
eliminated by prolonged high vacuum drying and grinding. Alternatively,
the material may be recrystallized from CH,CN: 9.0g of the compound is
dissolved in 6 mL of acetonitrile (99%) at 80 “C, and the solution is cooled
to room temperature. The crystals that form are washed with diethyl ether
and air dried (1 h). Yield 8.2g of a high purity compound. Yield crude
product, 15 g (4.5 mmol), 93% of theory based on W. D M F crystallized
product, 12 g(3.6 mmol), 74.2% of theory based on W.* CH,CN recrystallized
product, 10.9 g (3.3 mmol), 67.7% of theory based on W.

Anal. Calcd. for C64H144N4W,0032:C, 23.1; H, 4.37; N, 1.69; W, 55.37.
Calcd. for (C,,H,44N4W10032. 0.5 C,H,ON): C, 23.4; H, 4.4; N, 1.88; W,
54.80. Found: DMF crystals C, 22.9; H, 4.4; N, 2.0; W, 54.92. CH,CN crystals
C, 23.12; H, 4.42; N, 1.69; W, 55.29.
Properties

The pale yellow crystals of this compound are stable in air. They are daylight
sensitive when traces of DMF remain in the material.
The solid has a characteristic IR spectrum (KBr pellet 1000-200cm-’,
*cation band): 991 (vw), 958 (vs), 942 (s), 888 (vs), 802 (vs), 740* (sh), 582 (w),
434 (m), 425 (sh), 405 (s), 345 (w), and 33 1 (m).
Electrochemical: (DMF, 0.2 M [NBu,] [BF,]), two reversible monoelectronic waves (- 1.02 and - 1.60 V versus saturated calomel electrode).
Electronic spectrum in CH,CN. strong charge-transfer bands at 322 nm
*The checkers yield of DMF crystallized product was 8.0g (So”/,).
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(~,,=1.34x 104M-'cm-') and 262nm (~,~,=1 .8 4 xlO4M-'crn-' 1;
= 9.2 x lo3 M - cm- ).
Amin = 286 nm
The compound slowly turns into [W601J2
- if recrystallized from DMSO.

'

F. TETRABUTYLAMMONIUM TRIHYDROGEN
DECAVANADATE(V)

10Na,VO,

+ 27HCI + 3(n-C4H,),NBr

-[(n-C,H,),N]3[V10028H3] + 27NaCI+ 3NaBr + 12H20
Submitted by W. G. KLEMPERER* and 0. M. YACHI*
Checked by M. FOURNIER'

Procedure
A solution of 15.00g (81.6rnmol) of commercial 99% pure sodium
orthovanadate (Na3V0,)* in 110.0mL of water contained in a 250-mL
Erlenmeyer flask is acidified at ambient temperature with 71.0mL of
3 N aqueous HCl (213 mmol), added with rapid stirring from a burrette at
a rate of 2 dropss-'. The initially colorless solution becomes orange
upon addition of the acid. The acidified solution is added in 2-mL portions
over a 15-min period to a rapidly stirred solution of 6Og (186mmol) of
commercial99% pure tetrabutylammonium bromide in 60 mL of water. After
stirring for another 15 min. The orange-yellow precipitate is collected on a
medium porosity filter using suction and is washed successively with 60 mL
of water, 60 mL of ethanol, and 300 mL of diethyl ether. It is finally dried
under vacuum (0.1 torr) for 12 h. This material (17 g) is added to 150 mL of
acetonitrile, and after stirring for 10min the solution is gravity filtered
through fine porosity paper to remove insoluble material. Addition of 300 mL
of anhydrous diethyl ether to the clear, dark orange filtrate yields a
yellow-orange precipitate that is collected on a medium porosity filter using
suction, washed with 100mL of anhydrous diethyl ether, and dried under
vacuum (0.1 torr) for 1 h to give 12.3g of a yellow-orange solid.
*UniversityofIllinois, Department ofchemistry, 505 South Mathews Avenue, Urbana, IL61801.
'UniversitC Pierre et Marie Curie, Laboratoire de Physicochimie Inorganique,4 place Juuieu,
75252 Paris Cedex 05, France.
:The checker started with 6.64 g (54.4mmol) of sodium metavanadate (NaVO,), which was
converted to the orthovanadate by dissolving in 10.9 mL (109 mmol)of 10 N NaOH and then
diluting with 70 mL ofwater. Appropriately scaled quantitieswere used in the subsequent steps.
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Crystalline material is obtained by dissolving the crude product in 50 mL
of acetonitrile and allowing diethyl ether vapor to diffuse into the solution.
This is achieved by preparing the acetonitrile solution in a 250 mL beaker
and placing the beaker inside a larger, closed, screwcap bottle containing
200 mL of diethyl ether. The yellow-orange crystals that form after 3 days
are collected on a medium porosity filter using suction, washed with 100 mL
of diethyl ether with loss of transparency, and dried for 12 h under vacuum.*
Yield: 1.8 g (7.00 mmol), 86% of theory based on vanadium.

-

Anal. Calcd. for C48H111N3V10028: C, 34.16; H, 6.63; N, 2.49; V, 30.18.
Found: C, 34.16; H, 6.65; N, 2.58; V, 30.14.

Properties
The tetrabutylammonium salt of [V,002sH3]3- is hygroscopic, but it is
stable for at least, 1 year when stored in a desiccator in darkness. It is most
easily identified by its characteristic IR spectrum (mineral oil, 700-1000 cm-I):
739(m, sh), 770(m), 803 (m), 840(m), 880(w), 940(m), 968 (s), and 985(sh).
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16. a-,B, and y-DODECATUNGSTOSILICIC ACIDS
ISOMERS AND RELATED LACUNARY COMPOUNDS
Submitted by A N D R E TEZE*and GILBERT HERVE*
Checked by RICHARD G. FINKEt and DAVID K. LYON'

The most studied tungstic heteropolyanions have the Keggin structure
I"-, where X is a tetrahedral heteroatom
characteristic of [XW12040
(X = Si"', Ge", P", and As"). The Keggin structure (a-isomer) is based on
the arrangement of four groups of three edge shared w3013 octahedra
around the XO, central tetrahedron. The overall symmetry is Td.The fl isomer
is obtained by rotation of one W3OI3
by 60" (overall C3"symmetry), and
the y isomer by rotations of two groups (overall CZvsymmetry).'
The dodecatungstosilicates are stable in acid solution. When the pH
increases, hydrolytic cleavages of W-0 bonds occur, leading to well-defined
lacunary polyanions, with 11, 10, or 9 tungsten atoms.
The most stable compounds, or least labile when they are metastable, are
obtained with Si'" as the heteroelement. Three dodecatungstosilicates, four
undecatungstosilicates,2 one decatung~tosilicate,~
and two nonatungstosilicates4 are known. They are prepared following the general route in Fig. 1.
The lacunary polyanions can act as ligands with numerous metal cation^,^
leading to mono-, di-, or trinuclear complexes according to the number of
vacant sites. These complexes are the earliest model materials of mixed oxides,
and they are important for catalytic purposes, particularly for the oxidation
of organic substrates.
These polyanions differ only slightly in their compositions; hence,
elemental analysis is not a reliable criterion of purity. It is more convenient
to characterize the heteropolyanions by their physicochemical properties:
UV-Vis spectrum and polarogram in solution and IR spectrum in the solid
*Labratoire de Physicochimie Inorganique. U.A. CNRS 419, UniversitC Pierre et Marie Curie,

75252 Paris Cedex 05, France.

'Department of Chemistry, University of Oregon, Eugene, OR 97403.
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J/

1wwnc401+

.

fP-~Wl2QOt-

ka-~Wl*QOl+

Fig. 1. General route for synthesis of dodecatungstosilicates and related lacunary
pol yanions.

state. An especially attractive and powerful technique is l S 3 W NMR,but it
is not as commonly available as the other methods mentioned.
The crystallized compounds have well-defined numbers of water molecules,
but the water content of products obtained as powders is dependent on the
drying and storage conditions. The values given are only indicative.
Materials

Starting materials for the following preparations are sodium tungstate
(Na2W 0 , - 2 H 2 0 ) and sodium metasilicate (Na,SiO,.SH,O), which are

Z-.
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obtained commercially. An appropriate amount of Na,SiOJ.9Hz0 can be
substituted for the pentahydrate.
Some preparations (Procedures in Sections C, E, G, and J) require the
synthesis of intermediates. Generally, pH must be controlled with a precision
of about 0.3 units, and a good indicator paper can be used for this purpose.
Some preparations (Sections C and G) require accurate pH readings on a
calibrated pH meter.
A. SODIUM a-NONATUNGSTOSILICATE,
Na,, [a-SiW,0J4] -SOLVENT
9[W04]2-

+ [Si03]2- + 10H' + 10Na'

-Na,,[a-SiW,O,,]

+ 5H,O

Procedure
Sodium tungstate (1 82 g, 0.55 mol) and sodium metasilicate (1 1 g, 50 mmol)
are dissolved in 200mL of hot water (80-l0O0C) in a l-L beaker containing
a magnetic stirring bar. To this solution is added dropwise 130mL of 6 M HCl
in 30 min with vigorous stirring, The solution is boiled until the volume is
300mL. Unreacted silica is removed by filtration over a fine frit or over
CeIiteB or by centrifugation.
Anhydrous sodium carbonate (50g) is dissolved in 150mL of water in a
separate beaker. This solution is slowly added to the first solution with gentle
stirring. A precipitate forms slowly. It is removed by filtering, using a sintered
glass filter, after 1 h. The solid is stirred with 1 L of 4 M NaCl solution and
filtered again. It is then washed successively with two 100-mL portions of
ethanol and l00mL of diethyl ether and dried under vacuum. Yield: llOg

--

(85%).

-

Properties
Sodium nonatungstosilicate is a white solid, which is slightly soluble in water.
The solution is metastable at all pH values, but it changes slowly. The best
characterization is polarography in 1 M sodium acetate-1 M acetic acid
buffer: The polarogram shows only one four-electron wave with El,z = - 0.80
V uersus SCE. The polyanion can be characterized in the solid state by its
IR spectrum (KBr pellet,
985, 940(sh), 930, 865, 848(sh), 808, 712,
552, 530, 490(sh), 435, 373, and 335.
The [a-Si W9034]10- polyanion is a useful species for synthesizing the
adduct complexes [SiW,M,O,,]"-,
especially with M = Mo", Vv,and di-or
trivalent cations of the first transition series.
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B. SODIUM ~NONATUNGSTOSILICATE,

Na9[&SiW90,,H]-23H,0

-

9[W0,]2-

+ [Si0J2- + 1l H + + 9Na+ + 18H20

Na9[B-SiW90,,H].23H20

Procedure
Sodium metasilicate (12% 57 mmol) is dissolved in 250mL of water in a 1-L
beaker containing a magnetic stirring bar, and sodium tungstate ( 1 50g,
455 mmol) is added. To this solution, 95 mL of 6 M HCI is added very slowly
with vigorous stirring. Unreacted silica is removed by filtration over a fine
frit or over Celite" or by centrifugation. The desired salt crystallizes from
this solution at 5 "C for 2 to 3 days. The crystals are collected on a sintered
glass filter, washed with two portions of 20mL of cold water (4°C). and air
dried. Yield: 50 g (35%).
h-

Properties
Sodium j3-nonatungstosilicate is a white solid (triclinic, space group P i , with
a = 131.66,b = 126.09,c= 183.50pm,a = 69.53,/?= 73.51,~= 63.16",Z =2),'
slightly soluble in water. The polyanion is unstable in aqueous solution at
any pH, but the change is slow. It can be characterized by polarography in
1 M sodium acetate- 1 M acetic acid buffer: The polarogram shows two waves
at - 0.82 and - 0.93 V uersus SCE. The solid is well characterized by its IR
spectrum (KBr pellet, cm- '): 990 (m), 935 (m), 865 (vs), 800 (s), 745 (s), 535 (m),
and 315(s). The chemical reactivity of the [j3-SiW9OJ4HI9- polyanion is
similar to that of the a isomer.

Procedure
This synthesis requires accurate pH readings on a calibrated pH meter.
The potassium salt of the 8, isomer of undecatungstosilicate (1 5 g, 5 mmol),
synthesized as described in the procedure in section F, is dissolved in 150 mL
of water maintained at 25 "C. Impurities in the K8[fl2-SiW1
salt (mainly

z-,p-. and
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paratungstate) give insoluble materials, which have to be removed rapidly
by filtration on a fine frit or through CeliteB. The pH of the solution is
quickly adjusted to 9.1 by addition of a 2M aqueous solution of K2C03.
The pH of the solution is kept at this value by addition of the K 2 C 0 3
solution for exactly 16 min. The potassium salt of the y-decatungstosilicate
is then precipitated by addition of solid potassium chloride (40 g). During
the precipitation (10 min), the pH must be maintained at 9.1 by addition of
small amounts of the K 2 C 0 3 solution. The solid is removed by filtering,
washed with I M KCI solution, and air dried. Yield: log (70%).*

-

Properties
The potassium salt of [y-SiWlo03,]8- is soluble in water and stable below
pH 8 (in strongly acidic solution, pH < 1, it converts very slowly into
[fl-SiW,2040I"-). A polarogram of the solution exhibits two reversible
two-electron waves, with half-wave potentials - 0.75 and - 0.84 V uersus
SCE in 1 M acetic acid - 1 M sodium acetate buffer, pH 4.7. The la3WNMR
spectrum of the solution in H 2 0 - D 2 0 (90/10) mixtures shows three lines
with relative intensities 2:2: 1, in agreement with the X-ray diffraction
determination of the structure of the polyanion in the rubidium salt.' The
chemical shifts are, respectively, - 96.4, - 137.2, and - 158.2ppm (external
reference 2 M N a 2 W 0 4 in alkaline D20).
The compound can be characterized in the solid state by its IR spectrum
(KBr pellet, cm-'): 989(m), 941 (s), 905(s), 865(vs), 818(vs), 740(vs), 655(sh),
553(w), 528(m), 478(sh), 390(sh), 360(s), 328(sh), 318(m), and 303(sh).
This lacunary polyanion is used to synthetize adduct complexes [ySiWl,M2040]"-, especially with Vv, Mo"', W"', and di- or trivalent cations
of the first transition series.
0. POTASSIUM a-UNDECATUNGSTOSILICATE,

KJa-SiW, 1 0 3 , ] . 1 3 H 2 0
1 t[WO,]*-

+ [SiO,]'- + 16H'

- - + [ Q - S ~ W ~ ~ O+~8 ~H ]2"0 -

Procedure
Sodium metasilicate (1 1 g, 50mmol) is dissolved with magnetic stirring at
room temperature in 100 mL ofdistilled water (if the solution is not completely
clear, it is filtered) (Solution A). In a I-L beaker, containing a magnetic
*The checkers started with 9g of K,[&-SiW, ,O,,] and obtained a yield of 2.8g.
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stirring bar, sodium tungstate (182g, 0.55mol) is dissolved in 300mL of
boiling distilled water (Solution B).
To the boiling Solution B, a solution of 4 M HCI (165mL) is added
dropwise in 30 min, with vigorous stirring to dissolve the local precipitate of
tungstic acid. Solution A is then added and, quickly, 50mL of 4 M HCI is
also added. The pH is 5 to 6. The solution is kept boiling for 1 h. After
cooling to room temperature, the solution is filtered if it is not completely
clear. Potassium chloride (150g) is added to the solution, which is stirred
magnetically. The white solid product is collected on a sintered glass funnel
(medium porosity), washed with two 50-mL portions of a KCI solution
( - 1 M),then washed with 50mL of cold water, and finally dried in air.
Yield: 145g (90%).

-

-

-

Properties

-

The potassium salt of the undecatungstosilicate is soluble in water ( 20 mmol
L-l). It is stable in aqueous solution between pH 4.5 and 7.The compound
is characterized in solution by polarography: The polarogram shows two
two-electron waves at - 0.76 and - 0.93 V uersus SCE in 1 M NaCH3CO0
1 M CH3COOH buffer.
The [SiW,,0,,]8ion reacts in solution with most of the transition
metal cations to form 1:l complexes, for example [SiW1 103,Co(H,0)]6-.
The electronic spectrum of the complex with vanadium(1V)" provides
a good method of identifying the undecatungstosilicate isomer. The
[a-SiW, 1039VO]6- complex is formed in solution by dissolution of equimolar amounts of the heteropolyanion and vanadyl sulfate. The visible
~ = 600,
*
spectrum of the complex shows: E~~~~~ = 100, E~~~~~ = 280, E
= 400.

The potassium salt is characterized in the solid state by its IR spectrum6

(KBr pellet,cm-I): 1000,952,885,870(sh), 797,725,625(sh),540,520,472(sh),
430(sh), 368, and 332.

E. SODIUM PI-UNDECATUNGSTOSILICATE,
Na8[PI-SiWI1039J*SOLVENT

+

+ 4H+
+ 25H,O + NaOH

Na&?-SiW9O3$iJ-23H2O 2[W04J2-Na,[B1-SiWl

,O,,](solvated)

Procedure
Sodium 8-nonatungstosilicate (5.8 g, 2 mmol, from the procedure in Section B)
and sodium tungstate solution (1.42g, 4 mmol in 40 mL of water) are placed

~

~
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-

in a 200-mL beaker containing a magnetic stirring bar. To this mixture 5 mL
of 1 M HCI is added dropwise over 5 min. The pH is 6.0. Upon addition
of absolute ethanol (50mL) an oil is formed. The supernatant is decanted
OK The oil is washed several times with absolute ethanol (5 x 25mL) to
obtain a powder that is filtered on a fine frit and air dried. Yield: 5 g (85%).*
Properties
Sodium PI-undecatungstosilicateis a white water-soluble solid which, in
solution, slowly changes into the p2 isomer (Compound F). It is characterized
by polarography in 1 M sodium acetate-1 M acetic acid: The polarogram
shows two two-electron waves at -0.63 and -0.83 V versus SCE.
The visible spectrum of the [I],-SiW, 1039VO]6-complex (see properties of
Compound D) shows: E ’ ” ~ ,=~ 170, E~~~~~ =420, E~~~~~~ = 520, E m i n S 4 0 =475,
E ~ ~ =
~ 580,
~ , , ~
= 380. The polyanion is characterized in the solid state
by its IR spectrum (KBr pellet, cm-’): 990, 950, 900(sh), 865, 780, 725, 620,
535,460, 360, and 320.
F. POTASSIUM pz-UNDECATUNGSTOSILICATE,
K, [p2-SiW 03,J.
14H,0

Procedure
Sodium metasilicate (1 1 g, 50 mmol)is dissolved in 100 mL of water (Solution
A). Sodium tungstate (182g, 0.55mol) is dissolved in 300mL of water in a
separate I-L beaker containing a magnetic stirring bar. To this solution,
165mL of 4 M HCI is added in I-mL portions over IOmin, with vigorous
stirring (there is a local formation of hydrated tungstic acid that slowly
disappears). Then, Solution A is poured into the tungstate solution, and the
pH is adjusted to between 5 and 6 by addition of the 4 M HCI solution
( 40 mL). This pH is maintained by addition of small amounts of 4 M HCl for
100min. Solid potassium chloride (90g)is then added to the solution with gentle
stirring. After 15 min, the precipitate is collected by filtering through a sintered
glass filter. Purification is achieved by dissolving the product in 850mL of
water. The insoluble material is rapidly removed by filtration on a fine frit,
and the salt is precipitated again by addition of solid KCI (80g). The

-

‘Checked yield: 3.8 p.
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precipitate is separated by filtration, washed with 2 M potassium chloride
solution (2 portions of 50mL), and air dried. Yield: 60 to 80g (37-50%).

-

Propert ies
Potassium 8,-undecatungstosilicate is a white solid, which is soluble in
water. In solution it slowly converts into the
isomer (Compound G). It
is characterized by polarography in 1 M sodium acetate-1 M acetic acid
buffer. The polarogram shows two two-electron waves at - 0.63 and, - 0.77
V versus SCE. The visible spectrum of the [p2-SiWI1039VO]6- complex
in aqueous solution (see properties of Compound D) shows: EShgSS = 130,
ESh670 = 420, Emaxs10= 780, Emi”370 = 290.
The polyanion is characterized in the solid state by its IR spectrum (KBr
pellet, cm-’): 988,945,875,855,805,730,610(sh), 530,460(sh), 395(sh), 360,
and 325.

a3

Procedure
Potassium /I,-undecatungstosilicate (30g, 9.4 mmol, from the procedure in
Section F) is dissolved in 300mL of water. If some residue remains, it is
removed by filtration. The pH is adjusted to 5.0 by addition of 4 M HCI
solution ( 5 mL) and maintained at this value for 44 h at room temperature.
Solid potassium chloride (60 g) is added to yield a precipitate. The mixture
is stirred for 2 h. The solid (mixture of the p 3 and Q isomer) is filtered on
a fine frit and the solid is stirred with water (200mL). The insoluble part
(mainly o! isomer) is remove by filtration, and solid potassium chloride (4Og)
is added to the filtrate. The solid product is collected by filtration, washed
with 1 M KCI (two portions of 20mL), and air dried. Yield: 13.5g (45%).*

-

-

Properties
The potassium B3-undecatungstosilicateis a white solid, which is soluble in
water. In solution it slowly converts into the Q isomer. It can be characterized
by polarography in 1 M sodium acetate-1 M acetic acid buffer: The
*Checkersreport adetectable(1Rspectroscopy)levelofz-isomer in the product. Yield: 10.6g.
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polarogram shows two two-electron waves at - 0.69 and - 0.89 V versus
SCE.The visible spectrum of the [p3-SiW1,039VO]6- complex in aqueous
~ = 130,
~
Eoh680
~
, = 360,
~
solution (see properties of Compound D) shows: E
&'"''~90 = 470, Ernin530 = 395, EmaX440= 480, Emin395 = 335.
The polyanion is characterized in the solid state by its IR spectrum (KBr
pellet, cm-'): 985, 945, 878, 790, 742, 665, 615(sh), 540, 510, 450, 390, 365,
and 330.

H. a-DODECATUNGSTOSILICICACID AND ITS POTASSIUM
* n H 2 0and K4[a-Si W I2040]
17H20
SALT, H4[a-Si W I 2040]
12[W04]2-

+ [Si0J2-

+22H+ -[a-SiW,,040]4-

+ 11H,O

The preparation of the acid has been described in Inorganic Syntheses.' The
following procedure uses hydrochloric acid instead of sulfuric acid for the
extraction and is safer.

Procedure
Sodium metasilicate ( I I g, 50 mmol) is dissolved with magnetic stirring at
room temperature in 100mL ofdistilled water; if the solution is not completely
clear, it is filtered (Solution A). In a I-L beaker containing a magnetic stirring
bar, sodium tungstate (182g, 0.55mol) is dissolved in 300mL of boiling
distilled water (Solution B).
To the boiling Solution B, a solution of 4 M HCl(l65 mL) is added drop
by drop over 5min with vigorous stirring in order to dissolve the local
precipitate of tungstic acid. Then solution A is added, followed quickly by
addition of 50mL of 4 M HCI. The pH is 5 to 6. The solution is kept at
100°C for 1 h. A solution of 1 M sodium tungstate (50mL, 50mmol) and,
immediately thereafter, 80 mL of 4 M HCI are added. After cooling to room
temperature, the solution is filtered through a tine frit if it is not completely
clear. Its volume is 450 to 500mL. This solution is used to obtain either
the acid or the potassium salt.
To obtain the acid, the solution is transferred to a I-L separatory funnel.
The acid is extracted by addition of 80mL of diethyl ether and 120mL of
a mixture of equal volumes of diethyl ether and concentrated hydrochloric
acid chilled to' - 20°C. The heaviest layer is collected, and diethyl ether is
removed under vacuum. The acid is crystallized by slow evaporation of its
aqueous solution.
To obtain the potassium salt, the pH is adjusted to - 2 with aqueous
1 M KOH. Solid KCI (50g) is added. The potassium salt is removed by

-

-

-
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filtering and dried in air. Recrystallization is effected at room temperature
from an aqueous solution saturated at 50°C (pH adjusted to 2 by HCI).
Yield: l30g (75%).

Properties
The acid and its potassium salt are white solids, which are soluble in water.
The polyanion is stable below pH 4.5. It is characterized by polarography
of the fresh solution in 1 M sodium acetate-] M acetic acid buffer: The
polarogram shows two one-electron and one two-electron waves at - 0.24,
- 0.48, and - 0.95 V uersus SCE, respectively. The UV spectrum in aqueous
solution shows: E~~~~~~ = 47, OOO, and E~~~~~~ = 19, 200.
The polyanion is characterized in the solid state by its 1R spectrum (KBr
pellet, cm-');'O for the acid: 1020, 981, 928, 880, 785, 552(sh), 540, 475, 415,
373, and 332; for the potassium salt: lO20,999,980,940(sh),925,894,878,780,
550(sh), 530,474,413, 373, and 333.

I. &DODECATUNGSTOSILICIC ACID AND ITS POTASSIUM
and K4[&SiW12040]*9H20
SALT, H4[R3iW12040]-~HZ0
12[W04]2-

+ [Si03]2- + 22H'

-[fl-SiW12040]4-

+ 11H20

Procedure
A 198-g quantity of sodium tungstate (0.6mol) is dissolved in 250mL of
distilled water at 50°C in a 1-L beaker, and 240mL of 3 M aqueous HCI is
added by fractions,with vigorous magnetic stirring in order to rapidly dissolve
the local precipitate of tungstic acid. A solution of 11 g of sodium metasilicate
(0.05 mol) in 100mL of water is quickly added, followed by 56 mL of 6 M HCI
(final pH 1). After reducing the volume to 400 mL by heating at 80 "C, the
solution is filtered on a fine frit or through Celitem in order to remove
unreacted silica.
This solution is used to obtain either the acid or the potassium salt. To
obtain the acid, the solution is transferred to a 750-mL separatory funnel.
The acid is extracted by addition of 80mL of diethyl ether and 120mL of
a mixture of equal volumes of diethyl ether and concentrated HCI chilled
to - 20 "C.The heaviest layer is collected, and diethyl ether is removed under
vacuum. The acid is crystallized by slow evaporation of its water solution.
To obtain the potassium salt, the pH is adjusted to - 2 with aqueous
1 M KOH. Solid KCI (50 g) is added. The potassium salt is removed by
filtering and dried in air. Recrystallization is effected at room temperature

-
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from an aqueous solution saturated at 50°C (pH adjusted to 2 by HCI).
Yield: 110 g (65%).
Properties
The acid and the potassium salt are pale yellow solids soluble in water. The
polyanion is stable below pH 4.5. It is characterized by polarography of the
fresh solution in 1 M sodium acetate-1 M acetic acid buffer: The polarogram
shows two one-electron and one two-electron waves at - 0.14, - 0.42, and
- 0.78 V versus SCE, respectively. The UV spectrum in aqueous solution
shows: ~""'264 = 30,000, and ~ ' " ~ " 2 4 4= 25,500.
The polyanion is characterized in the solid state by its IR spectrum (KBr
pellet, cm-I);" for the acid: 1018, 980, 920, 790, 550(sh), 530, 510(sh), 427,
395(sh), 372(sh), 360, and 335; for the potassium salt: 1018, 984, 917, 865,
791, 550(sh), 530, 510(sh), 427, 395(sh), 372(sh), 360, and 335.

J. TETRABUTYLAMMONIUM y-DODECATUNGSTOSILICATE,
[(n'C4H9)4Nl4 [Y-siw I 2 0 4 0 1

Procedure
The potassium salt of the y-decatungstosilicate (7.5 g, 2.5 mmol, from the
procedure in Section C) is added to 50mL of water; 1 M perchloric acid
(20mL, 20mmol) is added. The mixture is gently stirred for 20min and then
the precipitate of potassium perchlorate is removed by filtering on a medium
frit. Hydrochloric acid solution (1 M, 5mL) and absolute ethanol (75mL)
are added to the filtrate, and then, drop by drop over 2 min and with vigorous
stirring, a solution of 1 M aqueous sodium tungstate (5 mL, 5 mmol) is added.
After 30min the insoluble material is removed by filtration on a fine frit, and
4g of tetrabutylammonium bromide is added to the solution. The precipitate is
collected on a fine kit,* washed with ethanol (two portions of 25mL), and
diethyl ether (20mL), and then it is dissolved in acetonitrile (25mL).
This solution is filtered on a low speed paper in order to eliminate traces of
insoluble material, and the filtrate is poured into diethyl ether (250 mL) with
vigorous stirring. The precipitate is collected by filtration on a fine frit and
washed with diethyl ether (two portions of 25 mL). Yield: 5 g (50%).

-

*The checkers found it is necessary to centrifuge the mixture in order to isolate the product.
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Properties
The tetrabutylammonium salt of [y-SiW, 2040]4is soluble and stable in
numerous organic solvents, for example, N , N-dimethylformamide (DMF),
dimethyl sulfoxide, and acetonitrile. The 250-MHz lE3WNMR spectrum of
the D M F solution exhibits four lines, with a 2:1:2:1 intensity ratio at
6 = - 102, - 115, - 125, and - 157ppm, respectively (external reference
Na, W 0 4 in 1 M NaOH). The electronic spectrum of the acetonitrile solution
in the UV region exhibits several broad shoulders between 220 and 300 nm
( ~ ' ~ 2 7=
4 23,500 and ESh234 = 32,500).
The compound is characterized in the solid state by its IR spectrum (KBr
pellet, cm-'): 1010, 973, 912, 882(sh), 873, 840, 791, 775(sh), 700(sh), 552,
538, 520,488,460,445,411, 390, 351, 330, and 310.
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17. VANADIUM(V) SUBSTITUTED
DODECATUNGSTOPHOSPHATES
[PW 12040]3
- + n[VO,]

+

+ 2nOH -

-

[PV,W

,,-,040](3+n)+ nH,W04

Submitted by PETER J. DOMAILLE*
Checked by GILBERT HERVE and ANDRE TEZE'

Polyoxoanions have a demonstrated utility in a diverse range of applications
spanning electronics, catalysis, and biology. The authoritative monograph
*Central Research and Development Department, E.I. du Pont de Nemours and Company,
Inc., Experimental Station, Wilmington, DE 19898.
'Laboratoire de Physicochimie Inorganique. U.A. CNRS 419. Universite Pierre et Marie Curie,
75252 Paris Cedex 05. France.
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by Pope’ describes the most important literature up until 1983 along with
important generalizations of the chemistry.
Tungstophosphates probably constitute the largest number of different
heteropolyanions, yet the synthesis of specific (transition metal)-substituted
positional isomers of these species has been hampered because of doubt in
the formulation of precursor lacunary (defect) polyanions and uncertainties
in product identification. This work describes the preparation of several
vanadium(V) substituted dodecatungstophosphates. Replacement of
tungsten(V1) by vanadium(V) produces significantly stronger oxidants.
A necessary requirement of these syntheses is isolation, or the in-place
generation, of an appropriate defect polytungstate anion that is subsequently
resubstituted with vanadium(V). The ion [PVWl, O4,I4- is derived from
in-place generation of [PWl 1039]7-;
[~-1,2,3-PV,W,0,,]~- is prepared
from preformed [A-PW90,4]9-; p- and [y-PV,WIoO,,]sare isolated
from [Pw10036]7-.
The reader is urged to consult Pope’s monograph’ and the published
literature’ - for a complete description of the various isomers and numbering
schemes. While a systematic IUPAC nomenclature is developing, the
necessary complexity obscures the relatively straightforward differences
between compounds. Fully descriptive systematic nomenclature is thus
avoided here.6
Two important preparative details common to all syntheses are
1. Reproducible syntheses require accurate pH readings on a calibrated

pH meter.
2. Vanadium(V) species are strong oxidants, particularly at low pH, and
metallic spatulas are attacked, leaving an intense heteropoly “blue”
vanadium(1V) product. Ceramic spatulas are recommended.
Microanalytical results in polyoxoanion chemistry are notoriously bad
and, given the high molecular weights, are not particularly definitive. On the
other hand, NMR is an accurate measure of compound purity and identification. Microanalytical data are considered as qualitative rather than quantitative guides.
Product identification relies heavily on solution phase 3 1 P NMR. Although
differences in chemical shifts are small and are both pH- and temperature
dependent, careful adherence to a systematic approach to measurements
gives chemical shifts which are reproducible to better than 0.02 ppm. Because
of the importance of correct technique for measuring chemical shifts, the
experimental approach to recording the 31PNMR spectra is described.
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"P CHEMICAL SHIFT MEASUREMENTS OF
TUNGSTOPHOSPHATES

Chemical shifts of tungstophosphates lie in the range of + 10 to - 20ppm
with respect to 85% H,PO4; so moderate sweep widths and digital resolution
necessary for 0.5-1.0Hz per point are selected. A spectrum of a thermostatically controlled 30 "Csample of 85% H3PO4 with a concentric D,O capillary
for field frequency lock is acquired, and the chemical shift is set to 0.00 ppm.
The spectrum is remeasured at 5-min intervals for at least 15 min to ensure
that thermal equilibrium has been reached, and that the shift remains at
0.00ppm. Using the same type of tube and concentric capillary of D,O, the
spectrum of a solution of polyoxoanion at a known temperature and pH is
then recorded with the same spectrometer conditions. The absolute measured
chemical shift is subject to bulk susceptibilityeffects, primarily due to H3P04,
and is thus dependent on the NMR magnetic field direction relative to the
tube axis3 In a standard superconducting magnet configuration, where the
tube axis is parallel to the Bo field, a value of 6 is measured, whereas with
an electromagnet or permanent magnet, 6, is obtained. Standard values of
the susceptibility of H,P04 and H,O give a chemical shift difference
6, - 6, = 0.70 ppm. Table I lists the 31P chemical shifts obtained with a
paraIel geometry for sll soluble compounds described below.

TABLE I

6,(ppm) 0.02 ppm, 30 "C"

Compound

- 14.55
- 14.19
- 13.61

- 13.46
- 13.41

KJ1 ,4,9-PV3W,0401b
c~6cpzwsoz3l
CS,CPPV,W l o o 4 0 1
c s s CY-PV,W, OO401

2.0
5.5
6.0
4.0
4.0

- 12.82
- 11.38
- 12.16
- 2.13
- 14.55
- 12.85

'Negative values are to low frequency of the 85% H3PO4reference.
bSyntheticdetails for these compounds are not described since the checkerswere unable to repeat
the preparations.
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B. TETRAPOTASSIUM a-VANADOUNDECATUNGSTOPHOSPHATE, K4[a-PVVW 1 0 4 0 1 - ~ H Z 0

Procedure2

A mixture of 59 g (0.02mol) of commercial tungstophosphoric acid
(H3PW,,04,.nH20) is dissolved in 50mL of water in a 300-mL beaker
fitted with a magnetic stirrer at -25°C. Approximately 5g (0.07mol) of
solid Li,CO, is added in small portions with vigorous stirring to bring the
pH to 4.8. At this stage the only solution polyanion present is [PW,
In a separate 200-mL beaker, 3.1 g (0.025 mol) of sodium metavanadate
(NaVO,) is dissolved in 100 mL of water by heating at 80 "C. The cooled,
stirred solution is adjusted to pH 4.8 by dropwise addition of -2mL of
6 M HCI. This decavanadate solution is filtered through a fine frit and then
added to the tungstophosphate solution with stirring. The pH of the mixture
is adjusted to 2.0 with an additional 7 mL of 6 M HCI. The solution is heated
to 60 "C for 10 min and cooled back to 25 "C, whereupon the pH is readjusted
back to 2.0 with 2 mL of 6 M HCI, and the mixture is reheated to 60 "C. This
procedure is repeated (usually two more times with a total 1mL of HCl)
until the cooled solution remains at pH 2.0 & 0.1. The solution is reheated
to 6O"C, and 20g (0.27mol) of solid KCI is added. The temperature is
maintained at 60 "C for 15min. Cooling the solution to 25 "C while stirring
affords a canary yellow solid that is collected by suction filtration on a
medium frit. The solid is washed with two SO-mL portions of water at pH
2 and 25 "C. It is then dried under suction on a coarse frit to yield 28 g (48%)
of product.
Anal. Calcd. for K4[PVWl,040]~2H20:K, 5.33; P, 1.05; V, 1.73; W, 68.9;
H 2 0 , 1.2. Found: K, 5.06; P, 1.03; V, 1.52; W,70.4; H,O, 1.5.

Properties
A bright canary yellow solid characterizes this polyanion as devoid of higher
vanadium content species. Slight discoloration of the material occurs with
prolonged drying, perhaps as a result of photoreduction. The product is the
least soluble of all a compounds described, and it is isolable in pure form
by simple washing. "P and 5 1 V N M R spectra are single lines at - 14.19
and - 557.3 ppm (linewidth 25 Hz), respectively, at pH2 and 30 "C. The IR
spectra show lines characteristic of the polytungstate framework and phosphate, but with the threefold degeneracy of the phosphate removed because
of the C, symmetry of the product. The IR (medium = mineral oil, range=
1600-650cm-'): 1101(m), 1077(s), 1065(sh), 982(s), and 881 (s).
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C. NONASODIUM NONATUNGSTOPHOSPHATE,
Nag[A-PW9034] 3 * 7 ~ 8

Procedure

A mixture of 120g (0.36 mol) of sodium tungstate dihydrate NazW0,.2Hz0
and l5Og of water is stirred in a 300-mL beaker with a magnetic stirring
bar until the solid is completely dissolved. Phosphoric acid (85%) is added
dropwise with stirring(4.0 mL, 0.06 mol). After addition of the acid is complete,
the measured pH is 8.9 to 9.0. Glacial acetic acid (22.5 mL, 0.40 mol) is added
dropwise with vigorous stirring. Large quantities of white precipitate form
during the addition. The final pH of the solution is 7.5 i-0.3. The solution
is stirred for 1 h, and the precipitate is collected and dried by suction filtration
on a medium frit. A typical yield is 90g (85-90%). [12 M HCI (35 mL, 0.42 mol)
is an alternative to acetic acid as the condensing acid, stirring is extended
to 4 h before product collection.]* The crude product Na,-,H,[A-PW,O,,]~
xH,O is used without further purification in subsequent reactions.
Anal. Calcd. for 98.8% Na,[PW,0,,]~7Hz0 + 1.2xNaCI: Na, 8.44; P, 1.20;
W,63.8; 0, 25.3; H, 0.54; C1, 0.71; HzO, 4.86. Found: Na, 8.10; P, 1.20; W,
62.9; 0, 25.9; H, 0.50; C1, 0.71; HzO, 4.86.

Propert ies
Heating at 120°C induces a solid state isomerization from [A-PW9034]9to [B-PW,03.J9-, which is characterized by a marked change in the IR
phosphate stretching region (1020-1200 cm- '). The extent of isomerization
is somewhat erratic.' IR(medium = mineral oil, range = 1600-650cm-'):
Na,-xH,[A-PW,O,,]:
1052(s), 1017(m), 941 (s), 886(m), 836(s), 740-760
(s, broad). Na,-,H,[B-PW,O,,]:
1174(m), 1062(m), 1018 (w), 995(m), 897
(s), 823 (s), 739 (s).
D. HEXACESIUM u-~,~,~-TRIVANADONONATUNGSTOPHOSPHATE, Cs6[~-1,2,3-PV,W9040]

ProcedureZ
A 250-mL beaker fitted with a magnetic stirrer is charged with 8.2 g (100 mmol)
of sodium acetate and 100g of water, and the mixture is stirred until the
solid is dissolved. Approximately 6mL of acetic acid is added until pH 4.8
*The checkers note that high yield depends largely on very slow addition of HCI.
'The checkers never obtained > 30% of isomerization.
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is measured. To this solution are added 3.05 g (25mmol) of sodium metavanadate (NaVO,) and 20g (8.2mmol) of unheated Na,-xH,[A-PW,0,4]. The
solution is then stirred at 25 "C for 48 h. The wine red solution is filtered by
suction through a fine frit to remove any solid. A solution of 8g of cesium
chloride (CsCl, 48mmol) in l o g of water is added to the filtrate, and the
mixture is stirred for 30min to produce 19g of light orange product. The
product is washed with two 50-mL portions of water and dried under vacuum.
Yield: 15g (56%).

Anal. Calcd. for cs6[PV,w9040]: CS, 24.32; v, 4.67; w, 50.04, P, 1.01.
Found Cs, 24.05; V, 4.36; W, 49.07; P, 0.91.
I R (medium = mineral oil, range = 1600-650cm-'): 1085(s), 1053(m),
953(vs,sh), 863(m), and 789(vs, br). s'VNMR: - 566.1, linewidth 275 Hz,
pH 1.8 and 30°C.

E. HEXACESIUM PENTATUNGSTODIPHOSPHATE,

cs6[P2w&,] AND HEPTACESIUM
DECATUNGSTOPHOSPHATE, C S ~ [ P W ~ , O ~ ~ ]

Procedure'
In a 600-mL beaker, 60g (0.24 mol) of tungstic acid (H2W04)is slurried with
4OOg of water.* Approximately 110 mL of 50% aqueous cesium hydroxide
(CsOH) is added dropwise with vigorous stirring. The turbid solution is
passed through a cake of log Celitem Analytical Filter aid in a medium
fritted filter, to produce a clear colorless solution. Phosphoric acid
(85%H3P0,) is added dropwise while stirring to adjust the pH to 7.0
( 21 mL total), and the solution is stirred for an additional 1 h. The solution
is filtered to produce 10g of uncharacterized product. The filtrate is cooled
in a 0" refrigerator for 24 h, and it is then filtered to give 90g of white
crystalline solid identified as Cs6[P2WsO2,]*xH,O.
A 250-mL round-bottomed flask fitted with a reflux condenser is charged
with 150g of water and 75g of Cs,[P,W,0,,].H20,
and the contents are
heated at reflux for 24 h. The solution is filtered hot through a medium frit
18g of Cs7[PW,0036]~H20.'The filtrate is cooled for 48h at
to yield
0°C; it is then filtered to recover 45g of unconverted cs6[P2w~o2,], which
is used again in later preparations. The IR spectrum is a clear indicator of
the purity and identity of all products.

-

-

-

-

*The checkers note that anhydrous WO, can be used instead of the H,WO,. and is more easily
available commercially.
'The checkers report a lower yield.
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Properties

The yields of the products from the previous reactions are variable. In some
instances, the yield of the initial unknown product is as high as 60g. The
anion is identical to
reported by Knoth and Harlow?
More recent analytical data and subsequent reaction chemistry, give the
present formulation as (Cs,3-xHx[PW,,03,])n, but the evidence is far from
complete. In spite of its incomplete characterization, the IR is a clear indicator
of its presence. IR (medium = mineral oil, range = 1600-650 an-,):1127(s),
1060(s), 100o(m), 950(m), 934(s + shoulders), 893(s), 846(m), 816(m), and
684(s). Solid state ,lPNMR MAS is a single line at - 5.1 ppm.
The compound Cs6[Pz WsOz3]-H,0 has a characteristic IR spectrum. IR
(medium = mineral oil, range = 1600-650 cm- I): 1180(m), 1153 (m), 1048(s),
986 (w), 893(vs, shoulders), 801 (w), and 686 (s). In more rapidly crystallized
forms, the 1180, 1153 pair contains an intermediate line producing a broad
overall peak. Solid state ,'P MAS shows two lines with almost identical
chemical shift anisotropy at + 0.2 and - 5.1 ppm. The latter line in the
spectrum is indistinguishable from that of [PW,,0,3]'3-. The solution 31P
NMR at pH 6 is a single line at - 2.13 ppm, exhibiting l E 3W satellites with
J,-,,, = 0.90Hz, producing an overall 3:19:53: 19:3 pattern.
The complex Cs7[PWlo0,,]-H,0 also has a characteristic IR spectrum
(medium =mineral oil, range = 1600 - 650cm-I): 1086(ms), 1053(m), 1023
(m), 965 and 952(sh), 937(s), 892(s), 850(m), 830(m), and 735 (vs, br). Solid
state ,'PNMR MAS is a single line at - 12.5ppm.
F. PENTACESIUM 7-DIVANADODECATUNGSTOPHOSPHATE,
cs,CY-PV, w100401
Procedure4

Sodium metavanadate (NaVO,, 1 g, 8.2mmol) is dissolved in 4Og of water
in a 150-mL beaker by heating to 70 "C. The solution is cooled to 25 "C,
and 3 M HCI is added dropwise with vigorous stirring to reduce the pH to
0.8. The solution is pale yellow, indicating the presence of [VO,]'. If necks
of V,O, are evident, the solution is passed through a fine fritted filter. Portions
of Cs7[PW1,0,,].xH,0
are added slowly until a total of 12.5g (3.6mmol)
accumulates (- 30min.) The solution is stirred for an additional 30min, and
it is filtered by suction to give 10.9g (90%) of quite pure pale yellow product.
Analytical quality material is produced by dissolving 0.1 g (0.8 mmol) of
sodium metavanadate in l00g of water in a 200-mL beaker and reducing
the pH to 2 by dropwise addition of 3 M HCI. Crude C S ~ [ ~ - P V ~ W ~ ~ O , ~ ]
( 5 % 1.5mmol) is added, and the mixture is stirred for 30min at 25°C. The
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solution is passed through a filter cake of Celite" Analytical Filtx Aid
(2g) and then chilled at 0 "C for 12 h. Crystals (2.4 g, 0.7 mrnol) are collected
by suction filtration.
Anal. Calcd. for CsS[y-PV,W,o040]~6H,0: Cs, 19.6; P, 0.92; V, 3.01; W,
54.3; 0, 21.8; H, 0.36; H,O, 3.2. Found: Cs, 19.0; P, 0.72; V, 3.27; W, 54.1;
0, 22.8; H, 0.44; H,O, 3.2.

Properties

This high-energy pale yellow isomer is quite stable at pH 2 in the presence
of excess vanadium. However, in the absence of [VO,]', isomerization to
the darker orange [B-PV, W,o040]5- occurs. Identification of the y-isomer
is possible through "PNMR ( - 14.55ppm, pH4), S I V N M R( - 547.1 ppm,
linewidth 112 Hz, pH 2.5) and IR (medium = mineral oil, range = 1600650cm-I): 1096(m), 1060(m), 1040(m), 1007(sh), 985(sh), 954(s), and
766(vs,br).

G. PENTACESIUM &DIVANADODECATUNGSTOPHOSPHATE,
CSSCPPV,W 1 0 0 4 0 1
Procedure5

In a 500-mL beaker, l o g (3mmol) of C S ~ [ ~ - P V , W , ~ is
O ~stirred
~ ] with
300mL of water for 60 h. The solution is cooled to 0 "C and passed through
a cake (log) of Celite" Analytical Filter Aid. The solution is reduced
in volume to 75mL by rotary evaporation and then cooled for 1 h at
0°C to produce a precipitate. Solid C S , [ ~ - P V , W , ~ O ~(8.5g,
~ ] 70%) is
collected by suction filtration. The product is dissolved in 200mL of water
at 25°C (some turbidity remains as a result of undissolved impurity). The
solution is passed through a filter cake of Celites Analytical Filter Aid
and the filtrate is stripped to dryness to yield 7 g (60% overall) of pure
compound.

-

Anal. Calcd. for Cs,[~-PV,W1,O,,]~IOH,O:

Cs, 19.2; P, 0.90; V, 2.95; W,
53.2; 0, 23.2; H, 0.58; H,O, 5.2. Found: Cs, 18.9; P, 0.84; V, 2.99; W,51.7;
0, 24.4; H, 0.63; H,O, 5.3.
Properties

The 3'PNMR ( - 12.85, pH 4, 30°C). "VNMR (-544.2, -555.2 with
'5,
"-2OHz. pH 3.5, 30"C), and IR (medium =mineral oil, range=

I04
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1600-650cm-’): 1090(m), 1068(m), 1058(m), 976(s,sh), 960(s), 890(m), and
794 (vs, br) provide the necessary identification.:
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18. POTASSIUM OCTADECATUNGSTODIPHOSPHATES(V)
AND RELATED LACUNARY COMPOUNDS
Submitted by ROLAND CONTANT*
Checked by WALTER G. KLEMPERER’ and OMAR YAGHI

The octadecatungstodiphosphates (aand fl isomers) and related lacunary
compounds form the most stable family of polyoxotungstophosphates.’ The
structure of the a-octadecatungstodiphosphate anion has been solved by
Dawson.’ It consists of two identical half-anions in which the PO4
tetrahedron is linked to a W,O,, group and three WzO,,groups, the latter
forming a “belt”. The two half-anions arejoined by the WzO,o groups to @ve
an anion of D,, symmetry in which there are two types of tungsten atoms, 6
“polar” and 12 “equatorial.”
The /3 isomer has a structure in which one W,O group has been rotated
by n/3.All the stable lacunary compounds derive from the a structure and
correspond to the departure of (a) one equatorial tungsten atom for
:The checkers note that major dinerenas are observed in the IR spectra of Cs,[PV,W,,O,,]
isomers in the 280 to 420-cm-’ range.
*UniversitC Pierre et Marie Curie, Chimie Inorganique, 4 place Jussieu, 75252 Pans, Cedex 05.
France.
‘School of Chemical Science, University of Illinois, Urbana IL 61801.
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a,-heptadecatungstodiphosphate; (b) one polar tungsten atom for a2heptadecatungstodiphosphate;(c) a group of three polar tungsten atoms for
pentadecatungstodiphosphate;(d) six adjacent tungsten atoms that form a
longitudinal third af the polyanion, that is, two polar and four equatorial
tungsten atoms, for dodecatungstodiphosphate. The octatetracontatungstooctaphosphate is a cyclic tetrame? of the dodecatungstodiphosphate.
The lacunary species can act as ligands with numerous metal ions, and
they are starting materials for syntheses of various mixed p o l y o x ~ a n i o n s . ~ * ~
A. POTASSIUM OCTADECATUNGSTODIPHOSPHATES, a
ISOMER K6[P2W,,O62].14H,O;
ISOMER:
K61P2W 1 8 0 6 , i ' 1 9 H 2 0

At present the only route for synthesizing octadecatungstodiphophates is to
heat at reflux a mixture of sodium tungstate and excess H3PO4. Three species
are formed simultaneously: the two octadecatungstodiphosphate isomers
and the triacontatungstopentaphosphate. The following procedure is a
modified version of the Wu6 preparation.
Procedure

In a 2-L beaker a sample of 250g (0.76mol) of N a 2 W 0 4 - 2 H , 0 is dissolved
in 500mL of water and 210mL (3.09mol) of orthophosphoric acid (85%) is
added. The solution is heated at reflux for 4 h. The greenish coloration can
be removed by addition of a few drops of bromine to the hot solution.
Caution. Bromine is very toxic by inhalation and causes severe burns.
Work in well-ventilated fume hood and wear gloves.
After cooling, lOOg of ammonium chloride is added, and the solution is
stirred for 10min. The pale yellow salt is removed by filtering, dissolved in
600mL of water, and precipitated again with l00g of ammonium chloride.
After stirring for tomin, filtration through a course frit, and suction, the
precipitate is dissolved in 250 mL of warm water ( 45 "C). If the solution
is not quite clear, it is filtered on filter paper, then left to evaporate at room
temperature. After 5 days the crystallization of the p-isomer ammonium salt
is almost complete. (Yield: 21 g (10%).A 40g (0.54 mol) quantity of potassium
chloride is added to the filtrate, and the precipitate is collected on a filter
and then dissolved in 250 mL of hot water ( - 80°C). On slow cooling to
20"C, white needles of KI4Na P ~ W ~ O O ] ~ ~appear
* X Hand
~ Oare removed
by filtration after 4 to 5 h. The solution is heated to ebullition and, if necessary,
filtered again after cooling. A 25-g quantity of potassium chloride is added

-
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to the filtrate to precipitate crude a-octadecatungstodiphosphate,which is
collected on a filter and air dried for 2 days. Yield: 14Og(68%).For purification
it is dissolved in 200 mL of warm water ( 40 "C), acidified to pH 2 with HCI,
and left to evaporate at room temperature. After several days 123g of yellow
crystals are collected. Yield: 60%.

-

Anal. Calcd. for K,P2W,,0,,~14H20: P, 1.28; W, 68.2; K, 4.84; H 2 0 , 5.20.
Found: P, 1.29; W, 68.3; K, 4.84; H 2 0 , 5.31.
Purification of the B isomer is accomplished by recrystallization of the
ammonium salt from 40 mL of water acidified to pH 2 with HCl at 45 "C.
The crystals collected, after cooling to ambient temperature and allowing
solvent to evaporate for several days, can be dissolved in 40mL of water
and the solution treated with 6 g of potassium chloride. The potassium salt
is collected by filtering and recrystallized from 30 mL of acidified water at
45 "C as just described. Yield: 8 g; (4%).
Anal. Calcd. for K6P2W,,O62*19H,O: P, 1.25; w , 67.0; K,4.75; H 2 0 , 6.92.
Found: P, 1.27; W, 67.3; K, 4.74; H 2 0 , 7.04.

Alternative procedure

If the separation of the two isomers is not necessary a time saving alternative
procedure is possible. The crude ammonium salt obtained from the refluxed
solution is washed by stirring in a solution of 25 g of NH,Cl in 100mL of
water for 10 min and is then redissolved in 250 mL of warm water (- 45 "C).
Potassium chloride (40g) is added to the cold solution. The potassium salt
is removed by filtering and then dissolved in 250 mL of hot water ( 80 "C).
The white needles of triacontatungstopentaphosphatethat appear on cooling
to 15 "C are removed by filtration. The filtrate is either treated directly with
25g of potassium chloride to get a mixture of the two potassium octadecatungstodiphosphate isomers, or it is refluxed for 6 h to get a solution of the
pure a isomer, that is then precipitated with 25g of potassium chloride. In
either case the precipitate is filtered on a sintered glass frit and air dried for
3 days. Yield: 165g (80%). The mixture of isomers is suitable for preparation
of potassium heptadecatungstodiphosphate (a2 isomer) and potassium
dodecatungstodiphosphate.
Caution. Avoid using metal spatulas; these reduce solutions or wet solids
of both the octadecatungstodiphosphateisomers.

-

.

Properties

The potassium salts are emorescent and can lose some water in dry air.
Crystals and solutions of the fl isomer are deeper yellow and turn green in

the light by formation of small amounts of reduced species. Indeed, the
reduction potentials of the isomer are more positive than those of the a
isomer. In molar acetic acid-sodium acetate buffer, the half-wave potentials
(V versus SCE) are, respectively, as follows, for [LY-P,W,,O]~-, + 0.02 (le),
-0.15 (le), -0.52 (le), -0.67 (le), and -0.90 (24; for /hP2w180626-, 0.05
(le), - 0.12 (1 e), - 0.49 ( I e), - 0.64 (1e), and - 0.88 (2e).
The I R spectra (KBr pellet) of the two isomers are identical in the P - 0
region, with two bands at 1090 and 1012cm-'. Better differentiation occurs
with "PNMR spectra: One resonance at - 12.5ppm (H,P0,8573 for the
a isomer and two equal resonances at - 11.0 and - 11.7ppm for the
fi isomer.
In aqueous solutions + a isomerization occurs above pH 2. Aqueous a
solutions are stable below pH 4.5.

a

a

B. POTASSIUM a,-HEPTADECATUNGSTODIPHOSPHATE,
K1 0 ~ ~ 2 ' p 2 W 1 7 011.20HZO
6

Procedure
In a I-L beaker a sample of 80g (1.15 x 10-2mol) of K6 [or- or
~-P2W18062].~H
is 2dissolved
0
in 2WmL of water, and a solution of 20g
(0.2 mol) of potassium hydrogen carbonate in 200mL of water is added while
stirring. After 1 h, the reaction is complete, and the white precipitate is filtered
on a coarse sintered glass frit, dried under suction, and then redissolved in
500mL of hot water (95°C). The snowlike crystals that appear on cooling
to ambient temperature are filtered after 3 h, dried under suction for 5 h and
air-dried for 2 to 3 days. Yield: 57g (70%).
Anal. Calcd. for K l o P ~ W , , 0 6 , ~ 2 0 H , 0 : P1.26;
, W, 63.6; K, 7.95; H,O, 7.32.
Found: P, 1.27; W, 63.8; K, 7.93; H20,7.44.

Properties
The aqueous solution is stable in the 2 to 6 pH range. In molar acetic
acid-sodium acetate buffer the half-wave potentials (V vs SCE) are - 0.44
(24, - 0.59 (24, and - 0.85 (24. The 3 1 P NMR spectrum exhibits two equal
sharp resonances at - 7.1 and - 13.6 ppm (85% H,PO, reference). In the IR
spectrum the P - 0 bands are at 1084, 1050, and 1012cm-' (KBr pellet).
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Procedure
In a 600-mL beaker a sample of 38.5g (8 x lO-'mol) of K6[aP2W18062]*14Hz0is dissolved in 125mL of water, and 35g (0.25mol) of
NaClO,-H,O is added. After vigorous stirring for 20min, the mixture is
cooled on an ice bath, and the potassium perchlorate is removed by filtering
after * 3 h. A solution of 10.6g (0.1 mol) of Na,CO, in lOOmL of water is
added to the filtrate. A fine white precipitate appears almost instantaneously
and is decanted and then filtered on a medium porosity sintered glass frit
and dried under suction for 3 h. The precipitate is then washed for 1 to
2min with a solution of 4 g of sodium chloride in 25mL of water, dried
under suction for 3 h, washed for 2 to 3 min with 25 mL of ethanol, and
air dried under suction for 3 h, washed again with ethanol and dried under
suction, and finally air dried for 3 days. Yield: 22g (62%).

-

-

Anal. Calcd. for Na,,P,W,,0,,.24H20:
P, 1.40; W,62.3; Na, 6.24; H 2 0 ,
9.76. Found: P, 1.39; W, 62.8; Na, 6.20; H,O, 9.88.
Properties
The sodium salt is a white powder, little soluble in pure water, but solubilized
in the presence of lithium ions. The solutions are unstable, and conversion
to the [a,-P2W1,061]10- anion is complete after several hours. In molar
acetic acid-lithium acetate buffer the half-wave potentials (V vs SCE) are
-0.52 (4e) and -0.78 (24. The 3'PNMR spectrum of a freshly prepared
solution in molar acetic acid-lithium acetate buffer exhibits two equal
resonances at +O.I and - 13.3ppm (85% H,PO, reference). In the IR
spectrum the P-0 bands are at 1130, 1075, and 1008cm-' (KBr pellet).
As occurs with hydrated compounds, some bands are shifted if the
measurements are performed in mineral oil (1 130, 1086, and 1009cm-').

D. POTASSIUM a-DODECATUNGSTODIPHOSPHATE,
Kiz[~-HzPzWiz0481'24Hz0

+ 18(CHzOH),-C-NH, + 10H,O
+[H,P2W120.+~]'2- + 6[W0,l2- + 18(CH20H)3-C-NHj+

[P,Wl,0,,]6-

Procedure

In a 1-L beaker a sample of 83g (1.7 x 10-2mol) of K6[a- or p-P2W18062].
x H 2 0 is dissolved in 300mL of water, and a solution of 48.4g (0.4mol) of
tris(hydroxymethy1)aminomethanein 200 mL of water is added. The solution

is left at room temperature for i h and then 8Og of potassium chloride is
added. After complete dissolution, a solution of 55.3 g (0.4 mol) of potassium
carbonate in 200mL of water is added. The solution is vigorously stirred for
15min, and the white precipitate that appears after a few minutes is filtered
on a coarse sintered glass frit, dried under suction for 12 h, washed with
50mL of ethanol for 2 to 3 min air dried under suction for 3 h, washed again
with ethanol and dried under suction, and finally air dried for 3 days. Yield:
6og (89%).

-

Anal. Calcd. for K12H2P2W12048.24H20:
P, 1.57; W, 56.0; K, 11.91; H 2 0 ,
11.42. Found: P, 1.53; W, 55.6; K, 11.90; H 2 0 , 11.45.
Properties

The potassium salt is a white crystalline powder, more soluble in lithium
salt solutions than in pure water. The solution is not stable: Moderate
acidification leads to a mixture of [a,-P2W,,061]10- and [P8W480,84}40anions. The half-wave potentials (V vs SCE) in molar acetic acid-lithium
acetate buffer are - 0.59 (2e) and - 0.69 (2e). The 3tPNMR spectrum of a
freshly prepared solution in lithium chloride exhibits a single resonance at
-8.6ppm. I n the I R spectrum, the P - 0 bands are at 1130, 1075, and
1012cm-’ (KBr pellet).

E. POTASSIUM a ,-LITHIUMHEPTADECATUNGSTODIPHOSPHATE, K,[a,-LiP2W, ,061]’20Hz0

Procedure*
In a I-L beaker, 2 1.2g (0.50 mol) of lithium chloride is dissolved in 500 mL
of water acidified with lOmL of 1 M HCI. After the solution has been allowed
*It is essential that the time intervals specified be adhered to rigorously and that solution
temperatures not be allowed to rise above ambient temperature if analytically pure product is
to be obtained.
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to stand for at least 10min to cool to ambient temperature, 40g (10-'rnol)
of K,2[H2P2W12048)-24H20is added with vigorous stirring. A clear
solution is obtained after 2 to 3 min, and immediately thereafter, 5OmL of
a 1 M lithium tungstate solution* is added over a 204 time period. As soon
as the lithium tungstate addition is complete, 1 lOmL of 1 M aqueous HCl
is added dropwise over a time period of 2 to 3 rnin. The pH of the solution
must stay between 4 and 5. This addition is immediately followed by the
addition of 200 mL of saturated aqueous KCl solution. Solid product appears
instantly as a white precipitate, which is collected within 3 to 5min on a
medium porosity sintered glass frit with suction. The product is allowed to
air dry under aspiration for 4 h and is then washed by stirring in 250mL of
ethanol for 15 min. Following removal of the ethanol by suction filtration,
the product is air dried in an open container for 2 to 3 days. Yield: 38 g (77%).
Anal. Calcd. for K,LiP,W1706,~20H20:P, 1.27; W, 64.0; K, 7.21; Li, 0.14;
H,O, 7.37. Found P, 1.27; W, 63.5; K, 7.18; Li, 0.14; H 2 0 , 7.28.
Properties
The lithium potassium salt is a white crystalline powder, soluble in water.
The [a,-P,W, 706]]"anion is unstable in aqueous solution and isomerizes
to give the a2 anion. The isomerization is slowed by lithium ions. In acetic
acid-lithium acetate buffer, the half-wave potentials (V vs SCE) are - 0.48
(2e), - 0.60 (2e), and - 0.99 (24. The "P NM R spectrum exhibits two equal
resonances at -9.0 and - 13.1 pprn. In the IR spectrum the P-0
bands are at 1121, 1084, and 1012cm-' (KBr pellet).

F. POTASSIUM LITHIUM OCTATETRACONTATUNGSTOOCTAPHOSPHATE, Kz8LiSH7[P8W480184]*92H20

Procedure
In 950mL of water are dissolved, successively, 6Og (1 mol) of glacial acetic
acid, 21 g (0.5 mol) of lithium hydroxide, 21 g (0.5 mol) of lithium chloride,
and 28g (7 x 10-'mol) of K,,[H2PzWlf048]~24H20.The solution is left
in a closed flask. After 1 day, white needles appear and crystallization
*The molar solution of lithium tungstate is obtained by dissolution of 8.4g (0.2mol) of lithium
hydroxide and 23.2g (0.1mol) of tungten(V1) oxide in IOOmL of hot water. The small amount of
insoluble oxide is removed by filtration.

Aquatrihexacontaoxohis[trioxoarsenato(lll)]henicosatungstate(6

- ) Anion
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continues for several days. When a week has passed the crystals are collected
by suction filtration on acoarse frit and air dried for 3 days. Yield 9 g (34%).
Anal. Calcd. for K2BLi,H,P,W4,0,84~92H,0:
P, 1.67; W, 59.6; K,7.39; Li,
0.23; H,O, 11.61. Found: P, 1.66; W, 59.4; K,7.26; Li, 0.25; H,O, 11.56.
Properties
The lithium potassium salt appears as white emorescent needles. The
solutions are stable over a large pH range (1-8). The "P NMR spectrum in
a lithium chloride aqueous solution exhibits a single sharp resonance at
-6.6ppm. In the IR spectrum the P-0 bands are at 1140, 1090, and
1020cm-' (KBr pellet).
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19. THE AQUATRIHEXACONTAOXOBIS[TRIOXOARSENATO(III)]HENICOSATUNGSTATE(6- ) ANION
ISOLATED AS THE ACID OR AS THE RUBIDIUM SALT

Submitted by Y. JEANNIN* and J. MARTIN-FRERE.
Checked by JINGFU LlU' and M. T. POPE'

The title anion derives from the Keggin structure' by replacing the central
tetracoordinated atom by an arsenic(II1) atom. Because of the lone pair on
this heteroatom, the Td Keggin structure can no longer be completed, and
the species can be only [As"'W,O,,]~-.~ Two AsVW,03, groups can be
'Labratoire de Chimie des Metaux de Transition, UA.CNRS n"419,Universite Pierre et Marie
Curie 4 place Jussieu, 75252 Paris Cedex 05, France.
'Department of Chcmistry.Georgetown University, Washington, DC 20057.
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linked together to build the Dawson structure, [AsV2W,,06,]6-.3 This is
not possible with As1I1W9OJ3
because of the arsenic atom lone pair. However,
if the two As"'W903, units are joined by three tungsten atoms, the two
arsenic(II1) atoms are kept apart, and the compound can be prepared.

Procedure
A.

AQUAHEXAHYDROXOHEPTAPENTACONTAOXOBIS
FRIOXOARSENATO(III)]HENICOSATUNGSTEN
H6[As2W2 L069(H20)1 *nHZO

8
Caution. Diarsenic trioxide is carcinogenic and toxic. Wear gloves and
work in a well-ventilated hood.
The reaction container is a 400-mL Pyrex beaker. Starting materials, of
analytical grade, are obtained commercially.
A 66-g sample of sodium tungstate (Na2W04.2H,0, 0.2mol) and 1.9g
of diarsenic trioxide (As203, 0.2/21 mol) are dissolved in 70mL of boiling
water. A 32-mL volume of concentrated HCl (d = 1 . 1 8 g ~ m - ~is) poured
carefully into the boiling solution, which becomes yellow; it sometimes
becomes cloudy at the end of the addition.
8
Caution. The hydrogen chloride must be added with great care because
the reaction is very violent. Indeed, since the initial solution has a p H of 10 and
the hydrochloric acid solution is concentrated, some spattering may occur:
safety goggles should be worn.
The solution is cooled and allowed to evaporate. It first gives a light,
white precipitate (the nature of which is presently unknown), and then yellow
crystals form after 1 day. A slight stirring brings the light precipitate into
suspension. The crystals are then separated from the solution, which carries
away the white precipitate, by decantation. The decantate is now filtered,
and the white precipitate is discarded. The resulting clear liquid is used to
wash the yellow crystals several times. The yield of yellow crystals usually
ranges from 25 to 28g.
The yellow crystals (25-28g) are dissolved in 20mL of water. The
heteropolyacid is extracted from this solution by a concentrated HCl(5 mL,
d = 1.18gcm-j) and diethyl-ether (10mL) m i ~ t u r e .The
~ heavy layer is
collected, dissolved in 20 mL of water, and reextracted by the same procedure.
Finally, the heavy layer is dissolved again in water, and diethyl-ether is
removed by heating. By evaporating this aqueous solution, 15g of yellow
crystals of the heteropolyacid are obtained.
Elementary analysis gives As 2.61% and W 66.7%, which corresponds to
W/As = 10.4 (theory, 10.5). These crystals contain a substantial amount of
water, which is quite difficult to determine since the crystals are emorescent.

-
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R TETRARUBIDIUM AQUADIHYDROXOHENHEXA-

CONTAOXOBIS[TRIOXOARSENATO(III)]HENICOSATUNCSTATE, HZRbJAs2W2 1O,,(H20)] *34H20

Five grams of heteropolyacid crystals, (Section. A) are dissolved in 2 mL
of water (the solution may be warmed gently until dissolution), and 1 g of
rubidium chloride is dissolved in 2 mL of water. The two aqueous solutions
are mixed at room temperature, and a yellow precipitate of the rubidium
salt is obtained. It is recrystallized, first, from 40mL of a lukewarm HCl
solution (c = 0.25 mol L- temp = 60 "C). After cooling, a microcrystalline
product is formed. It is separated and redissolved in 100mL of HCl solution
(c = 1 mol L- temp = 60 "C). The yellow needles of the rubidium salt start
growing slowly after 2 days at room temperature. After 6 days the yield is
2.2g (42% with respect to the starting heteropolyacid).
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Fig. 1. Infrared spectrum of H2Rb,[As,W2,0,,(H20)]

in KBr pellet.
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TABLE I. Powder Diffraction Data for H,Rb~[As,W,,0,,(H,0)]*34H20,
Cu K,
Radiation

L%

d*LA

dC,lC(A)

9

14.71
11.55
9.40
8.50
7.93
6.83
5.3 I
4.88
4.73
4.22
4.15
4.07
3.97
3.85

16
9

3.73
3.65

18

3.59

30

3.4 1

48

3.16

11
9
19
9
8
25

3.06
3.03
2.89
2.85
2.70
2.65

11
19

2.60
2.42

6

2.27

11
8
18

2.25
2.23
2.1 1

14.66
11.55
9.38
8.46
7.90
6.83
5.3 1
4.89
4.73
4.23
4.15
4.06
3.97
3.86
3.85
3.73
3.66
3.64
3.60
3.58
3.4 1
3.41
3.16
3.15
3.06
3.03
2.89
2.85
2.70
2.65
2.64
2.6 1
2.43
2.42
2.28
2.28
2.25
2.23
2.1 1

100
41
31
E

28
24
13
12
12
13
12
8

8

h k f
0
0
0
1
0
0
1
0
0
2
1
1
1
2
0
1
0
0
0
1
0
1
0
1
0
1
0
1
3
0
1
1
1
0
2
0
3
0
0

1
1
0
1
1
2
2
3
3
2
2
3
3
2
3
3
4
1
4
2
4
3
4
4
1
4
4
4
3
5
4
5
5
6
5
6
4
2
3

0
1
2
0
2
1
1
0
1
0
3
0
1
2
3
2
0
5
1
4
2
3
3
1
6
2
4
3
2
3
4
1
3
1
2
3
3
8
8
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Anal. Calcd. for H,Rb4[As,W,,06,(H,0)].34H,0:As,
2.46%; W, 63.4%;
Rb, 5.62%. Found As, 2.48%; W, 64.1%; Rb, 5.26%.
This corresponds to W-Rb-As: 10.5- 1.86-1 (theory, 10.5-2-1) Water
molecules measured by thermogravimetry: 17.5 per arsenic atom.
Properties

Both compounds are yellow. The acid is extremely soluble in water, and the
crystals are emorescent. The polarogram in a 0.5-molL-' HCl solution
(water-methanol 1 :1 in volume) shows two waves of 2e/molecule:
El!, = - 0.42 and - 0.57 V versus SCE.The characteristic IR spectrum of the
anion is given in Fig. 1. Crystals of the rubidium salt are hexagonal, with
lattice constants a = b = 16.926(7), c = 18.767(8)A. They contain two
H2Rb4[As,W,,O,,(H,O)]
molecules per unit cell (d = 4.4gcm-' and
~
powder diffraction data are
belong to the space group P 6 , / m r n ~ . X-ray
given in Table I.
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20. THE SODIUM PENTAPHOSPHATO(V)TRIACONTATUNGSTATE ANION ISOLATED AS
THE AMMONIUM SALT
5[P0413- +30[W0412- +N a + +60H+ -[NaP5W300110]14-

+30H,O

Submitted by Y. JEANNIN* and J. MARTIN-FRERE*
Checked by DANIEL J. CHOI' and MICHAEL T. POPE'

The title anion, first prepared by C. Preyssler,' is formed as a by-product
in the synthesis of the [P,w1g062]6- anion. It is one of the largest known
'Labratoire de Chimie des Mttaux de Transition, UA CNRS n"41,Universitt Pierre el Marie
Curie, 4 place Jussieu, 75252 Paris Cedex 5, France.
'Department of Chemistry, Georgetown University, Washington, DC 20057.
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polyanions and is a rare example of a chemical assembly with a true fivefold
symmetry axis. The structure consists of a cyclic arrangement of five PW,O,,
units, each formally derived from the Keggin anion [PW12040]3- (ref. 2) by
removal of two sets of three corner shared W 0 6 groups. It contains an
encapsulated sodium atom located on the fivefold symmetry axis but not at
the center of the anion. The sodium atom cannot be removed by ion exchange.
and the heteropolyanion cannot be synthezised without it.'
Procedure
The following procedure is based upon the preparation given by C. Preyssler.'
The reaction container is a 250-mL round-bottomed flask fitted with a water
cooled reflux condenser. Starting materials, of analytical grade, are obtained
commercially.
Sodium tungstate (Na,W04.2H,0, 50 g, 0.15 mol) is dissolved in 60 mL
of boiling water, and 80 g of concentrated phosphoric acid (H3P04,d =
1.7 g cm-') is poured carefully into the boiling solution, which then becomes
yellow. The mixture is heated at reflux for 5 h. During this time it may become
greenish in color because of a slight reduction; it can be reoxidized by addition
of nitric acid (1 mL, d = 1.33 g cm - ').
Caution. The orthophosphoric acid must be added with great care
because spattering may occur: safety goggles should be worn.
Ammonium chloride (NH,Cl, 50 g) is added to the lukewarm solution
(60 "C) to give a white precipitate, which is removed by filtering after cooling.
The precipitate is redissolved in 150mL of boiling water. If a slight white
precipitate persists, it is removed by filtering and is discarded. Ammonium
chloride (4Og) is then added to the solution. The white precipitate that forms
is separated by filtration after cooling and is redissolved in 14OmL of boiling
water. The solution is filtered, if necessary, and the resulting clear liquid is
evaporated at room temperature.
Colorless needles of (NH4)14[NaP5W3001lo].31H20 appear first, after
one to several days, before the yellow crystals of (NH4)6[P,Wl,0,2] form.
They are separated by fractional crystallization, and air dried at room
temperature. The yield usually ranges between 4 and 6 g (9-14% with respect
to the starting tungstate). The product can be recrystallized easily from water
(1.5 g mL- '). The solution is warmed gently until dissolution. Crystals are
formed by cooling to room temperature. One recrystallization is usually
sufficient to yield a product that is pure as shown by cyclic voltammetry and
"PNMR.
Anal. Calcd. for (NH4)14[NaP,W3,0110]~31HzO:P,
1.87%; W, 65.7%;
N,2.37%. Found:P, 1.77%; W, 65.7%; N, 2.22%.
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The solution content measured by 23NaNMR is 1Na atom per molecule
of polyanion. Thermogravimetric analysis shows 3 1 water molecules per
plyanion.

Properties
The compound is efflorescent and soluble in water. Reducing agents, such
as TiCl,, lead to a blue color. In a 1 mol L- HCl solution, cyclic voltammograms exhibit cathodic peaks at - 0.22, - 0.35, and - 0.56 V versus SCE.
The first two reduction steps correspond to 4e each.3 The 31PNMR spectrum
exhibits a single peak at 6 = - 10.4ppm. The characteristic IR spectrum is
shown in Fig. 1. The crystals are triclinic, and they belong to the space group
P i. Lattice constants are a = 23.570(7)A; b = 17.82(5)A; c = 17.593(9)A;
a = 112.17(3)”; = 98.10(3)”; y = 96.84(3)”; 2 = 2. Density = 4.0gcm-’.
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Fig. 1. Infrared spectrum of (NH4),4[NaP,W,o0,,o]~31H20
in KBr pellet.
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21. TETRACONTATUNGSTOTETRAARSENATE(II1)
AND ITS COBALT(I1) COMPLEX
Submitted by GILBERT HERVE* and ANDRE TEZE*
Checked by JINGFU LIU’ and MICHAEL T. POPE’

The tetracontatungstotetraarsenate(II1) ion is an especially interesting
species:(a) it is a crown molecule resulting from the association of four
identical AsW,O,, units linked by four tungsten atoms, and (b) it presents
two structurally nonequivalent types of coordination sites. One site is specific
for alkali and alkaline earth metal cations, which are trapped at the center
of the structure. Exchange reactions between cations are rapid in aqueous
solution, and the stabilities of these inorganic cryptates depend on the radii
of the cation.’ The other site is specific for transition metal cations, and two
such ions can be complexed. With Co”, for example, the polyanionic
complex [(NH4)As4W400,40(Co(HzO))z]z3can be obtained and isolated
as the ammonium salt. The flexibility of the crown polyanionic structure
allows conformational changes induced by the Co2 cation.’ Moreover, the
properties of the Co2+ cation in the complex, such as the intensity of the
visible electronic spectrum or the substitution of a water molecule in its
coordination sphere, are dependent on the nature of the alkali or alkaline
earth cation in the center of the structure.,
+

A. SODIUM TETRACONTATUNGSTOTETRAARSENATE(III),
Naz, CNa As4W400 i 4 o l ’ ~ H z 0

-

40[W0,I2-

+ 4[HzAs0,]- + 28Na’ + 56H+ + 28H,O

Na,, [NaAs4W400140]~60H,0

* Laboratoire de Physicochimie Inorganique, U.A. CNRS 419, Universite Pierre et Marie Curie,
75252 Paris Cedex 05. France.
‘Department of Chemistry, Georgetown University, Washington, DC 20057
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Procedure

Caution. A s ( l l 1 ) compounds are toxic and should he handled with
care.
Sodium tungstate (Na,W04.2H,0, 132g, 0.4mol) and sodium metaarsenite (NaAsO,, 5.2 g, 40 mmol) are dissolved in 200 mL of distilled water
at 80 "C. A 6 M HCI solution (82 mL) is added slowly with vigorous stirring.
The final pH is 4. At O T , the solid product crystallizes slowly. One day
is required for complete deposition. The white solid is collected on a filter
and air dried. Yield: 80g (69").

-

-

Anal. Calcd. for Na,, [NaAs4W4,0,,,]~60H,0:Na, 5.54; W, 63.3; As, 2.58;
H,O, 9.3. Found: Na, 5.65; W, 62.5; As, 2.49; HzO, 9.2.
The potassium salt of [KAs4W4,01,,]Z7- can be obtained by the previous
procedure, using a K 2 W 0 4solution prepared by the action ofa stoichiometric
amount of potassium hydroxide on an aqueous suspension of tungsten(V1)
oxide.
Properties

The compound is an air-stable, white, crystalline solid, soluble in water. Its
aqueous solution is stable between pH 4 and 7.5. Its polarogram in 0.5 M
tris(hydroxymethy1)aminomethane+ 0.5 M NaCl buffer, pH 7.5, obtained
with a dropping mercury electrode, shows two waves with half-wave
potentials - 1.06 and - 1.16V cersus SCE. There is a shoulder on the
electronic spectrum in the UV region at 240nm ( 8 = 1.4. lo5 M - ' cm-' ). The
250-MHz '*,WNMR spectrum in H,O-D,O (90:lO) solution shows six
resonance lines with relative intensities 2: 1 :2:2:2: 1 at S = - 93.8, - 103.7,
- 104.8, - 118.6, - 189.8, and - 196.8 ppm, respectively (reference: external
2 M Na2W04 in alkaline D20).
The polyanion is characterized in the solid state by its I R spectrum (KBr
pellet, cm- '):945,875,795,700,620,470,360, and 330.

B. AMMONIUM TETRACONTATUNGSTODICOBALTOTETRAARSENATE(III), (NH~),,[NH~As~W~~O,,O(CO(H~O)),I
* I9H2O
[NaAs4W4,0,4,]z7-

+ 2Co" + 24NH4+ + 21H,O

-(NH4),,[NH4A~4W400140(C~(
H,O)),]*19HZO + Na'
Procedure

Aqueous 1 M Co (NO), ( 5 mL, 5 mmol) is added with stirring to a solution
of 30 g (2.5 mmol) of the sodium salt of tetracontatungstotetraarsenate
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dissolved in 200 mL of water. After 10 min, 10g of solid ammonium chloride
is added. The precipitate is collected on a filter. The product is redissolved
in 200mL of water and precipitated again with log of solid ammonium
chloride. This operation is performed twice in order to obtain a sodium free
salt.
The material is recrystallized by dissolution in 60 mL of lukewarm water.
Yield: 19 g (70%).
Anal. Calcd. for (NH4)23[NH4A~4W400140(C~(H20))2]~
19H,0:NH4, 3.98;
W, 67.8; Co, 1.09; As, 2.76; H 2 0 , 3.15. Found: NH4, 3.92; W, 66.7; Co, 1.15;
As, 2.84; H20,3.10.

Properties
The complex is a dark green crystalline solid soluble in water. It is stable
between pH 4 and 7. It is well characterized by the electronic spectrum of
its solution: ~""600 = 1 10, ~"'"544= 46, ~"""530= 56, ~ " 5 1 8= 53, ~ " ' " 5 0 4=
42, ~""'480= 68, ~"'"458= 60.:
References
I . M. Leyrie and G. Herve, Noun J . Chim., 2, 233 (1978).
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22. AMMONIUM SODIUM HENICOSATUNGSTONONAANTIMONATE(III), (NH,), 8 [NaSb,W, 1086]*24H20

Submitted by GILBERT HERVE+ and ANDRE TEZE*
Cheeked by JINGFU LIU' and MICHAEL T. POPE'

Many heteropolyanions can be formed when tungstate is acidified in the
presence of Sb(III).'.2 The [NaSb9Wz108a]18- polyanion has been
:The checkers report the following peak maxima: 608,535. and 490nm.
'Laboratoire de Physicochimie Inorganique. U.A. CNRS 419, Universite Pierre et Marie Curie,
75252 Paris Cedex 05, France.
'Department of Chemistry, Georgetown University, Washington, DC 20057.

Ammonium Sodium Hrnicosalungstononaanrimoncrre(I l l )
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particularly studied because of its unusual characteristics and medical
applications. Its structure is odd:It is constituted by the association of
polytungstic and polyantimonic fragment^.^ Its stability is related to the
presence of a sodium cation at the center of the polyanion. This position
can be occupied by other cations, such as K+,Ca2+,or Sr2+,but exchange
reactions cannot be carried out in aqueous s ~ l u t i o nThe
. ~ henicosatungstononaantimonate is an efficient antiviral compound, in vitro and in vivo at
noncytotoxic
It strongly inhibits the cellular and bacterial DNA
and RNA polymerases and the reverse transcriptases of retrovirus.' It is used
(as HPA 23) in an AIDS treatment.'
Caution. The entire preparation should be carried out in a well-ventilated
fume hood in order to avoid inhaling gaseous hydrogen chloride, or smoke of
ammonium chloride.
Procedure

Antimony trioxide (18.7 g, 64 mmol) is dissolved in 50 mL of concentrated
HCl (d = 1.18)(Solution A). Sodium tungstate (Na,W0,-2H20, 99 g, 0.3 mol)
is dissolved in 120mL of distilled water at 80 "C in a 0.5-L beaker containing
a magnetic stirring bar (Solution B).
Solution A is added slowly to Solution B with vigorous stirring. Before
the end of this addition, a yellow color appears. When a yellow color is
observed, add concentrated aqueous ammonia (d = 0.91) in 3-mL portions,
alternately with 3-mL portions of the remainder of solution A, until all of
Solution A has been added. Approximately 25mL of ammonia solution is
required. The final solution is colorless and has a pH of -8. During this
operation a precipitate of a sodium-ammonium mixed salt of the henicosatungstononaantimonate appears. The solid is collected on a filter and
washed with 2 M ammonium chloride solution. It is dissolved in 200 mL of
water. If there is a small residue of insoluble material, it is removed by
filtration on a filter paper.
A saturated solution of ammonium chloride, brought to pH - 8 by
addition of a small amount of concentrated aqueous ammonia, is prepared,
and 60mL of this solution is added to the former one with gentle stirring.
The precipitate is collected on a filter. This operation is performed twice in
order to obtain a sodium free salt. The product is air dried. Yield: -90g
(89%). The product may be recrystallized from a solution in its own weight
of water at 30 "C.
Anal. Calcd. for (NH,),* [NaSbgW2,08,].24H20: Sb, 15.4; W, 54.3; NH,,
4.6; H,O, 6.1. Found: Sb, 15.7; W,55.0; NH,, 4.8; H 2 0 , 6.0.
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Propert ies

The compound is an air-stable, white, crystalline solid, soluble in water. Its
aqueous solution is stable between pH 7 and 8.5. In 0.5M tris(hydroxymethy1)aminomethane + 0.5M NaCl buffer of pH 8.1, the polarogram,
obtained with a dropping mercury electrode, of a 6 x lO-'M solution of the
polyanion shows two waves with half-wave potentials - 1.15 and - 1.26 V
t'ersus SCE. The 250MHz "'WNMR spectrum in H,O-D,O (90:lO)
solution at 40 "C, shows four resonance lines with relative intensities 1 :2:2:2
at - 16.8,- 68.5,- 129.4,and - 224.6ppm (reference:external 2 M Na,WO,
in alkaline D,O). The IR spectrum (KBr pellet) shows numerous bands
characteristic of: (a) crystallization water molecules: 3400-3420 and
1630cm-', (b) ammonium counterions: 3160, 3000, 2820, and 1 4 0 5 ~ m - ~ ,
and (c) vibration modes of the polyanion: 925, 865 (sh), 825,770, 730,680,
560,480,410,350,and 320 cm- I .
References
I. P. Souchay. M. Leray, and G. Herve C.R. Acad. Sci. Ser. C,271, 1337 (1970).
2. C. Tourne, A. Revel, G. Tourne, and M. Vendrell, C.R. Acad. Sci. Ser. C,277,643 (1973).
3. J. Fisher, L. Ricard, and, R. Weiss. J. Am. Chem. Soc.. 98, 3050 (1976).
4. M.Michelon, G. Herve. and M. Leyrie, J. Inory. Nucl. Chem., 42, 1583 (1980).
5. C. Jasmin. J. C . Chermann. G. Hervt, A. T e d , P. Souchay. C. Boy-Loustau. N. Raybaud,
F. Sinoussi. and M.Raynaud. J. Narl. Cancer Insr., 53,469 (1974).
6. J. Blancou, H.Tsiang. J. C. Chermann, and L. Andral. Curr. Chemorh., 1981, 1070.
7. M. Herve, F. Sinoussi-Barre, J. C . Chermann, G. Herve, and C. Jasmin. Biochem. Biophys.
Res. Commun., 116. 222 (1983).
8. W. Rozenbaum. D. Dormont, B. Spire, E. Vilmer, M.Gentilini, C. Griscelli. L. Montagnier,
F. Barre-Sinoussi, and J. C. Chermann, Lancer, 1985, 450.

Inorganic Syntheses, Volume27
Edited by Alvin P. Ginsberg
Copyright © 1990 by Inorganic Syntheses, Inc.
Pcniumciullohisphospho~iates

I 23

23. BIS(p5-ORCANOPHOSPHONATO-0,
0',0")-PENTAp-OXO-PENTAKIS(DIOXOMO~YBDATES, -TUNGSTATES)(4 - ) (PENTAMETALLOBISPHOSPHONATES)

+ 2RP0,'- + IOH+
-[(RP03)zM5015]4+5H20

5[M04]'-

(M = Mo and W)

Submitted by WON SUK KWAK*, MICHAEL T. POPE'
and PURISAI R. SETHURAMAN'
Checked by XlAO SUN' and JON ZUBIETA'

The pentamolybdobis(phosphonate) anions' were the first examples of
organic derivatives of heteropolyanions to be structurally characterized,'
although it is probable that analogous glyceropho~phate~
and phosphite4
molybdate complexes had been prepared earlier. The heteropolyanions are
readily formed in aqueous solutions at pH 2 to 6, but the isolation of pure
salts is not always straightforward because of the possibility of partial
hydrolytic dissociation in solution and the consequent contamination of the
product with isopolyanion salts. The latter complication can be minimized
with salts that are recrystallized from nonaqueous solvents or by the
appropriate choice of the countercation.' Although the above equation
represents the formation of the heteropolyanion from the tetraoxometallate
anion, in some instances it is convenient to begin with an isopolyanion or
molybdic oxide. Examples of the various approaches are given.
Procedures
A. PENTAMOLYBDOBIS(PHOSPH0NATE)
Ammonium salt, (NH4)4[(HP0,),Mo50,,]-4H,O: Phosphorous acid (4.1 g,
50mmol) is dissolved in 70mL of water. After 7 mL of 15 M ammonia
(105 mmol) is added to the phosphorous acid solution, it is heated to boiling.
To the boiling solution is added molybdic oxide (anhy MOO,, 14.4g,
l00mmol) in small portions. When the powder is dissolved (40-45 min),
the solution is filtered. The clear filtrate is reduced to 20-25 mL by boiling
and then allowed to cool to room temperature. The crystalline powder formed

* PPG Industries. Inc., Chemical Group, Barberton, OH 44203.
'Georgetown University, Washington, DC 20057.
'State University of New York at Albany. Albany. NY 12222.
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is collected by filtration, washed with 7mL of ice-cold water, and then air
dried. Yield: 16.4g (78%).
Anal. Calcd. for H,,N,P,Mo,O,,:H,
2.51; N, 5.37; P, 5.93; H,O, 6.90.
Found: H, 2.56; N, 5.60; P, 6.02; H,O, 7.10.
'HNMR 7.156, J,tH. 31p,=683Hz. UV (0.7mM, pH 4.9, nm
( M - ' cm- l): 245(3.1 x lo4),213(3.2 x lo4).
B. PENTAMOLYBDOBIS(METHYLPHOSPH0NATE)
Ammonium salt, (NH4),[(CH,POJ),Mo,0,,1.2H,0: Molybdic oxide (anhy
MOO,, 7.2 g, 50 mmol) is dissolved with heating in 30 mL of water containing
2.7 mL of 15 M ammonia (40 mmol). After methylphosphonic acid (1 -92J&
20mmol) (Aldrich) is dissolved in the reaction solution, it is boiled for
15-20min. Then, the hot solution is filtered, and the filtrate is allowed to
evaporate in the air. In a few days the crystals formed are collected by
filtration, washed twice with 4-mL volumes of cold water and dried in the
air. Yield: 7.7 g (75%). This product is recrystallized from the minimum
( - 1OmL) of boiling water.
Anal. Calcd. for C2H2,N,P,Mo,O2,: C, 2.36; H, 2.58; N, 5.52; P, 6.10; H20,
3.54. Found: C, 2.70; H, 3.27; N, 5.20 P, 6.56; H 2 0 , 4.18.
'HNMR 1.686, J,lH N p , = 16.9Hz. UV (0.7mM, pH 4.3, nm
(M-'cm-'): 251 (3.4 x lo4), 211(3.2 x lo4).
Tetramethylammonium sodium salt, [(CH3)4N]2Na2[(CH,P03)2Mo,01
J*
3H,O: Molybdic oxide (anhy MOO,, 7.2g, 50mmol) is dissolved with
heating in 20mL of water containing 1.6g of NaOH (40mmol). Then,
methylphosphonic acid ( I .92 g, 20 mrnol) is dissolved in the molybdate
solution, which is boiled for 15-20 min. After 4.4 g of tetramethylammonium
chloride (40mmol) dissolved in 6mL of warm water is added, the reaction
solution is heated for another 10-15 min and filtered. When the filtrate is
allowed to stand overnight in the air, the salt is formed as large crystals. It
is collected by filtration, washed twice with cold water, and dried in the air.
Yield: 6.5 g (56%).The product is recrystallized from the minimum ( IOmL)
of boiling water.

-

Anal. Calcd. for N a 2 C 1 0 H 3 6 N 2 P 2 M ~ SNa,
0 2 ~3.98; C, 10.39; H, 3.14; N,
2.42; P, 5.36; H,O, 4.68. Found: Na, 3.79; C, 10.21; H, 3.62; N, 2.38; P, 5.04,
H,O, 4.95.
The NMR and UV as for the ammonium salt.
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C. PENTAMOLYBDOBIS(ETHYLPHOSPH0NATE)

,

Ammonium salt, (NH,), [(C, H P03),Mo50 J: Ethylphosphonic acid
(0.88 g, 8 mmol) (Aldrich) is dissolved in 25 mL of water containing 4.83 g of
sodium molybdate dihydrate (20 mmol). The solution is acidified with 4 mL
of 6MHCl (24mmol) and then boiled for 15-20min. To the reaction
solution is added ammonium chloride (0.86g. 16mmol) dissolved in 3 mL of
warm water. The volume is reduced to 15 to 20 mL by heating, and the
resulting solution is filtered while hot. When the filtrate is allowed to
crystallize in the air, chunky crystals are formed in a few days. They are
collected, washed with 2 mL of cold water, and air dried. Yield: 3.7g (92%).
This product is recrystallized from the minimum of hot water.
Anal. Calcd. for C4H2,N,P,MO,O,,: C, 4.77; H, 2.60; N, 5.56; P, 6.15; H 2 0 ,
0.0. Found: C, 4.93; H, 2.81; N, 5.47; P, 6.14; H,O, 0.9.
'HNMR 0.76-2.216 (m,5H). UV (0.7mM, pH 4.5), nm (M-'cm-'):
252(3.2 x lo4), 210(3.2 x lo4).

D. PENTAMOLYBDOBIS(PHENYLPH0SPHATE)
Ammonium salt, (NH,),[(C,H,PO,),Mo,O,
,I-5H,O: Ammonium heptamolybdate ((NH,),Mo,O2,.4H2O, log, 8.1 mmol) is dissolved in 60mL of
water with the addition of 15 M ammonia (3 mL, 45 mmol). To this solution
is added phenylphosphonic acid (4.2 g, 26.6 mmol) (Aldrich), and the powder
is dissolved. The solution is acidified to pH 4.6-5.0 (test paper) with a few
drops of 6 M HCl and then heated until the volume is reduced to 40-45 mL.
After standing to cool to room temperature, the slightly turbid solution is
filtered. When the clear solution is allowed to evaporate in the air, large
crystals are formed. They are collected, washed quickly twice with 5-mL
portions of water, and then dried in the air. Yield: 12.1 g (89%). The product
is recrystallized from the minimum ( 10mL) of boiling water.

-

Anal. Calcd. for C I 2 H ~ , N 4 P ~ b f O ~ Oc ~, ,12.07;
:
H, 3.04; N, 4.69; P, 5.19;
H20, 7.54. Found: C, 12.14; H,3.27; N, 4.59; P, 5.61; H,O, 7.81.
'HNMR7.50(m,3H),2.75(m,2H~.UV(0.7mM,pH4.5),nm(M-'cm-'):
248(2.9 x to4), 208(5.1 x lo4).
Tetramethylammonium sodium salt [(CH,),N] ,Na[ (C,H P03)2Mo,0 s]*
6H20:Sodium molybdate dihydrate (6.05 g, 20 mmol) and phenylphosphonic
acid (1.58 g, 10 mmol) are dissolved in 30 mL of water. The mixture is acidified
with 5 mL of 6 M HCI (30mmol) and then boiled for 15-20 min. Tetramethylammonium chloride (2.2 g, 20 mmol) dissolved in 3 mL of water is added to
the reaction solution. After filtration, the solution is concentrated to
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Tetramethylammonium salt, [(CH,),N], [(NH ,C6H4CH, PO3), Mo,O ,I.
4H,O This salt is obtained from a reaction solution prepared as described
for the ammonium salt. When tetramethylammonium chloride (0.44g,
4mmol) dissolved in 3 mL of water is added to the filtrate, a white powder
is formed. After the suspension is stirred for 5-l0min at room temperature,
the powder is removed by filtering, washed quickly with 2mL of ice-cold
water, and then air dried. Yield: 1.21 g (92%).

Anal. Calcd. for C,,H,,N,P,Mo,O,,:
C, 20.14; H, 3.81; N, 4.27; P, 4.72;
H,O, 5.49. Found: C, 19.19; H, 4.04; N, 4.46; P, 4.47; H,O, 5.59.
UV (0.7mM, pH 4.9, nm (M-lcrn-'): 245(3.0 x lo4), 210(5.5 x lo4).

G. PENTATUNGSTOBIS(PHENYLPHOSPHONATE)
Tributylammonium salt, [(C,H,),NH],[(C,H,P03)2W,01
,]: To a solution
of 3.3g (10mmol) of Na,W04.2H,0 in 30mL of water is added 1.6g
(10 mmol) of phenylphosphonic acid (Aldrich), and the mixture is stirred for
l5min. The pH of the resulting solution is adjusted to 5.0 with acetic acid,
and a solution of 5 g of tributylamine in 3 mL of glacial acetic acid is added.
The heteropoly salt precipitates immediately, is removed by filtering, washed
several times with water, and recrystallized from 30 mL of acetone-benzene

-

(1:l).

Caution. Benzene is a carcinogen. I t should be handled with gloves in
a well-ventilated hood.

Yield: 3.8 g (85%).
Anal. Calcd. for C60H122N4P2Ws021:
C, 32.50; H, 5.51; N, 2.53; P,2.80; W,
41.50. Found: C, 31.83; H, 5.66; N, 2.44; P, 2.65; W,41.78.
NMR(CD,CN) 'H 8.20-8.54 (m, 2H), 7.35-7.45 (m, 3H)S, cation resonances at 9.34, 3.06-2.94, 1.79- 1.1 1, and 0.98-0.836; "P, + 16.38ppm vs
85% H3PO4. The corresponding salt of the molybdo complex can be prepared
in an analogous manner.6 The NMR 31P,+ 16.14ppm.
Properties

These heteropoly salts are all white solids with similar IR spectra and
well-resolved medium to strong peaks at 1130-970cm-' (P-0 stretch) and
950-890 and 730-660cm- (M-0 terminal and bridging stretches). The
ammonium and tetramethylammonium (sodium double) salts are soluble in
water; tributylammonium pentatungstobis(pheny1phosphonate) is insoluble
in water and methanol but soluble in acetonitrile, N,N-dimethylformamide,
dimethyl sulfoxide, and dichloromethane. Proton NMR spectra of the

'
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15-20mL by boiling. As it is transferred to a Petri dish in a shallow layer
and allowed to evaporate slowly with a loose cover, the compound is
precipitated as thin, platelike crystals. The crystals are collected by filtration,
washed twice very quickly with cold water and then dried in the air. Yield:
6.4g (92%).
Anal. Calcd. for NaC,,H,,N,P,Mo,O,,:
Na, 1.66; C, 20.81; H, 4.22; N,
3.03; P, 4.47; H,O, 7.80. Found Na, 2.05; C, 21.02; H, 4.19; N, 3.03; P, 4.45;
H,O, 7.19.
The NMR and UV as for ammonium salt.

E. PENTAMOLYBDOBIS[ (2-AMINOETHYL)PHOSPHONATE)]
Tetramethylammonium sodium salt, [(CH3)4NJNa[ (NH3C,H4P03),Mo,Ol5]~5H,0 Sodium molybdate dihydrate (2.42g, 10mmol) and
(2-aminoethy1)phosphonic acid (0.50 g, 4 mmol) (Sigma) are dissolved in
20mL of water. To this solution is added 6 M HCl (2.7 mL, 16mmol) with
good mixing. The solution is boiled for 15-20 min and filtered. A clear filtered
solution of tetramethylammonium chloride (0.88 g, 8 mmol) dissolved in 4 mL
of water is added to the reaction solution. The pentahydrate salt is formed
as the reaction solution is boiled to a small volume ( 20-25 mL) and then
allowed to stand overnight at ambient temperature. It is filtered, washed
with 2-3 mL of cold water and dried in the air. Yield: 2.0 to 2.1 g (86-91%).

-

A n d . Calcd. for N~ C , H ~ ~ N JP , M O , ONa,
, ~ : 1.99; C, 8.32; H, 3.14; N, 3.64;
P, 5.36; H,O, 7.79. Found: Na, 1.91; C, 8.39; H, 3.1 1; N, 3.50; P, 5.35; H,O, 7.97.
UV (0.7mM, pH 4.9, nm (M-'cm-'): 252(3.5 x !04), 213(3.2 x lo4).

F. PENTAMOLYBDOBIS[(p-AMINOBEN2YL)PHOSPHONATE)I

Ammonium salt, (NH,)[(NH3C6H,CH2P03)2Mo~0,~]~5H~O:
Sodium
molybdate dihydrate (1.21 g, 5 mmol) and (paminobenzy1)phosphonicacid
(0.37 g, 2 mmol) (Sigma) are dissolved in 70mL of water. To this solution is
added 2.0mL of 3 M HCI (6mmol). The solution is boiled for 30min and
then filtered. When ammonium chloride (0.22 g, 4.2 mmol) dissolved in 2 mL
of water is added to the reaction solution, and the mixture is allowed to
evaporate slowly at room temperature, a pale yellow crystalline powder is
formed. It is collected, washed twice, quickly, with 1 mL of cold water, and
then air dried. Yield: 1.15 g (94%).
Anal. Calcd. for C,4H,6N,P,Mo,0,,:
C, 13.80; H, 2.98; N, 4.60; P, 5.09;
H20, 7.39. Found: C, 13.45; H, 3.11; N, 4.99; P, 4.99; H,O, 9.16.
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phosphonato moieties of the complexes are similar to, but shifted slightly
downfield (0.1-0.2 ppm) from those of the uncomplexed phosphonates. In
aqueous solution, the molybdo complexes are stable between pH 2 and 6.
The tungsto complexes appear to be more prone to dissociation in aqueous
15%
solution: at pH 3.6 a 0.04M solution of K4[(C,HSP),W,0,,] is
dissociated into the free phosphonate ("P, + 14.1 ppm), whereas the
corresponding molybdate is undissociated at 0.01 M.
The heteropolyanions have a structure of C , symmetry,, but attempts to resolveenantiomershave been unsuccessful,and the anion [(C,H,P),W,O, J4has been shown to be fluxional in acetonitrile solution.'

-
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24. TETRAKIS(TETRABUTYLAMM0NIUM)

)~3-

[tl'-CYCLOPENTADIENYL)TRIOXOTITANATE(IV)]A-B-l,2,3-TRIVANADONONATUNGSTOSILICATE(4
- ),
iC(C4H9)4N14CA-B-(115-C,H,)Ti~~~9~~~4~l
Submitted by R. G. FINKE,* C. A. GREEN,* and B. RAPKO*
Checked by R. CONTANT,' R. THOUVENOT,' and N. AMMARI'

Polyoxoanions have received attention as models for oxide-supported
transition metals,'S2 as novel catalytic material^,'.^ as imaging or labeling
reagents for electron micro~copy,~
and as inorganic drugs.6 The most difficult
and slow step in such applications is often the synthesis and the full and
unambiguous characterization of the desired polyoxoanion.
The title [SiW9V3040]7- supported Ti4+ complex is of general interest
as a previously unknown composition of matter, and is of specific interest,
*Department of Chemistry, University of Oregon, Eugene, OR 97403.
'Labratoire de Physicochimie Inorganique. Universite Pierre et Marie Curie, 75252 Paris
Cedex 05. France.
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for example, as a discrete analog of Ti4+ supported on solid oxide^.^ The
Keggin-type [SiW,V,04,]7- is synthesized by the reaction of the lacunary
sodium A-B-nonatungstosilicate, [SiW9034]10-, with dioxovanadium(V)
ions, [V02]+.'
The product is initially isolated as the readily
recrystallized potassium salt, and then transformed into the tetrabutylammonium salt, followed by deprotonation with (C,H,),NOH to yield
[C4H9)4N]7[SiW9V,040]. The final product is then formed in a reaction
with [(qS-CsHs)Ti]3+(in CH,CN under a dry, inert atmosphere).' Although
a detailed account of the synthesis and characterization of [SiW9V3040]7has appeared,' a refined procedure is reported herein.
These complexes have been previously characterized by elemental analyses,
fast atom bombardment mass spectroscopy (FABMS), NMR spectroscopy,
and other techniques.'-'' The FABMS unequivocally establishes that the
composition of the trisubstituted Keggin anion is [SiW,V304,17-. The
overall C,, symmetry of this anion is supported by the two resonances
(relative integration of 2:l) observed in the '*'WNMR spectrum and the
single resonance observed in the "V NMR spectrum. Spectroscopic studies
of [H,SiW,V3040]X-7 by "VNMR and 1- and 2-D '',WNMR are also
available.' Elemental analysis and FABMS unequivocally establish the
molecular formula of the 12-0supported (qs-cyclopentadienyl)Ti3+ complex.
The "V and Ia3WNMRspectra are consistent with the C,symmetry of this
complex, and a 2-D INADEQUATE le3WNMR spectrum establishes the
W to W connectivity and, hence, the overall structure of the final product.

A. HEXAPOTASSIUM HYDROGEN A-&l, 2,s
TRIVANADONONATUNGSTOSILICATE(7- ) TRIHYDRATE,
K6H[A-~iW,V,040]*3H2O

+ 11H+ -A-/?-{H[SiW,O,,]}'+5H20
3[VO,]- + 6H+ -3[VOJ+
+ 3H20
A-/3-{H[SiW9O,,]}'+ 3[V02]
{H[A-/3-SiW,V,0,0]}6SiOJ2- +9[W04-J2- + 3[VO,]- + 17H' -{H[A-P-SiW,V,04,]}6+9[W04]2-

+

-

+8H20

The preparation of the lacunary sodium nonatungstosilicate is dependent
on adding an acid solution to the mixture of tungstate and silicate ions in
a manner such that the aggregation process favors formation of the lacunary
structure. Although the preparation described here (based on the previously
reported synthesis)' produces impure material (by elemental analysis), this

'
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material reacts with the dioxovanadium(V) ions to form the trisubstituted
complex in good yield. The structure of a single crystal of the lacunary
product has been determined by X-ray crystallography.'

Procedure
Sodium metasilicate (Na,Si03.9H,0, 6Og, 0.21 mol, an excess is used due
to silica gel-forming side reaction during acidification) is dissolved in 500 mL
of distilled water in a 1-L beaker with rapid stirring. Sodium tungstate
(Na,W04.2H,0, 362g, 1.1 mol) is dissolved in the solution, followed by
addition of 200 mL of 6 M HCI (1.2 mol) in 1 to 2 min with vigorous stirring
(during which time a white gelatinous precipitate forms). Following
completion of the HCI addition, the mixture is rapidly stirred for an additional
10min and then filtered through an -0.5-in. thick pad of Celite" on
Whatman No. 1 filter paper (12.5cm) using a Buchner funnel. (Alternatively,
filteration through a 600-mL course sintered glass frit covered with an 0.5-in.
thick pad of either Celitem or glass wool may be utilized.) After the filtrate
has been refrigerated at 4°C for 2-3 days (with brief stirring to enhance
precipitation once solids appear; alternatively, 3-5 days with no stirring may
be used), the white crystalline precipitate is collected on a coarse, sintered
glass filter frit and air dried for 1-2 days at room temperature. Yield: 71 g
(21%) of crude Na9H[A-P-SiW90,,].23H,0.
A solution containing dioxovanadium(V) ions is prepared in a 2-L beaker
by dissolving 6.4 g of sodium metavanadate, NaVO,, (52 mmol) in 900 mL
of hot (85°C) water and cooling the solution to 2 0 ° C during which time
22.6 mL of 6 M HCl(136 mmol, 8.0 equivalents) is added. After stirring the
pale yellow solution (at pH < 1.5)* for 15 min; the solution is vigorously
stirred while 48 g of crude Na9H[A-P-SiW,0J,].23H,0 (17 mmol) is added.
A cherry red solution forms as the lacunary sodium tungstosilicate dissolves.
After stirring for 15min. 60g of KCI is added; the solution should remain
homogeneous and cherry red. Next, 900mL of methanol is added,
precipitating the product as an orange-red solid. The product is filtered
from the solution using a coarse, sintered glass frit and air dried at room
temperature (12-24 h). Yield: 34.5 g (74%). The product can be recrystallized
by dissolving 30g in a mixture containing l00mL of 0.03 M HCI and 50mL
of methanol at 55 "C, and then slowly cooling the solution to 4 "C. After 6 h,
the crystals are collected and air dried as before. Yield: 22.0g (73%).

-

*The pH is typically measured through the use of a pH meter. with the system calibrated
immediately prior to use using commercially available solutions or pH 4.0, 7.0. and 10.0.
respectively.
'At room temperature the conversion to [VO,]' is slow at pH 1.5 but is accelerated at pH 0.7
to 0.8; see footnote I I in ref. 8.

[(C,H, ),NI,[A-P-f $-C, H ,)TiSiW9 V304,1
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Anal. (following drying under vacuum overnight at 25 "C) Calcd. for
K6H[SiW,V304,].3H,0: K,8.48; Si, 1.02; W, 59.8; V, 5.53; 0,24.9; H,O,
2.0. Found: K, 8.39; Si, 1.01; W, 59.4; V, 5.70; 0, 24.3; H,O, 1.7 (H,O by
thermogravimetric analysis (TGA) to 250 "C).
Properties

Previous studies have shown that, in aqueous solution, the lacunary
{H[A-/?-SiW,03,] }' - complex rapidly dissociates and recombines to form
mixtures containing predominantly [SiO3lZ-, [WO,]'-, and [SiW1
(the relative ratios being pH dependent).' 1*13
The potassium salt of the [A-/?-HSiW,V304,]6- is very soluble in water
and slightly soluble in dimethyl sulfoxide (DMSO) and N,N-dimethylformamide (DMF). It is only very slightly soluble in methanol. It appears
to be quite stable in aqueous solution (room temperature at pH lS), since
a sample kept > 2 months showed no decomposition by "V NMR
spectroscopy.

B. TETRAKIS(TETRABUTYLAMMON1UM)TRIHYDROGEN
A-B-1 ,2, ITRIVANADONONATUNGSTOSILICATE(7-),

CC(C4H9)4NI4H3CA-BSiW'V3O4ol

-

[H[A-/?-SiW9V3040]}6-+ 4(C4H9),N+ + 2H'
C ~ ~ 4 ~ 9 ~ 4 ~ 1 4 ~ 3 ~ ~ - / ? - ~ ~ ~ 9 ~ 3 ~ ~ 0

This complex is readily precipitated from acidic aqueous solution because
of the very low solubility of the tetrabutylammonium salt in water.
Procedure

In a 250-mL beaker, a solution containing crude (unrecrystallized)
K6H[A-/?-SiW,V3040].3H20
(30g, 10mmol) in 150mL of 0.03 M HCI is
prepared and then added over 5 to 10 min to a 600-mL beaker containing
a well-stirred solution of tetrabutylammonium bromide (15 g,46 mmol) in
75 mL of 0.03 M HCI. An orange precipitate forms immediately, and the
pH is reset to 1.5 by the addition of 6 M HCI. The precipitate is isolated
from the colorless filtrate by filtration through a coarse sintered glass frit
and then washed four times with 20mL portions of 0.03 M HCl (pH 1.5).
The product is air dried on the filter (4-6 h) and then dried overnight at
50-60 "C. Yield: 34.5 g (67%).The product is recrystallized by dissolving 20 g
in 30 m L of warm (55 "C) acetonitrile in a 150-mL beaker, adding 75 mL of
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warm (55 "C) chloroform, and placing the beaker containing the solution
inside a tightly capped jar containing lOOmL of warm chloroform.
9
Caution. Chloroform is a suspected carcinogen and should be used only
in a well-ventilated fume hood. Gloves should be worn at all times.
After standing for 1 week at 40-45"C, the mixture is cooled to ice
temperature, and the red crystals are collected on a coarse, sintered glass
frit. Air drying causes the crystals to lose much of their crystallinity; the
material isolated is red-orange. Yield 15.0g (75%).

-

Anal. (following drying in vacuum overnight at 25°C) Calcd. for
[C4H9)N],H,[SiW9V,04,]: C, 22.3; H, 4.27; N, 1.62; Si, 0.81; W, 48.0; V,
4.43; 0, 18.6. Found C, 22.1; H, 4.38; N, 1.67; Si, 0.79;W,47.7; V, 4.28; 0, 17.9
(no H,O by TGA).
Properties

The complex is soluble in dipolar solvents such as acetonitrile, DMF, and
DMSO. It is slightly soluble to insoluble in chloroform, dichloromethane,
alcohols, aromatic hydrocarbons, aliphatic hydrocarbons, and water.

C. TETRAKIS(TETRABUTYLAMMONIUM) ~ 3 [(~5-CYCLOPENTADIENYL)TRIOXOTITANATE(IV)]A-&l, 2,3-TRIVANADONONATUNGSTOSILICATE(4-),
c(C4H9)4N14CA-B(~5-C5H5)TiSiW9V30401

[(C4H9)4N]4H3[A-/?-SiW9V3040]
+ 3(C4H9)*N+OH-+ (q5-CSH5)TiCl,
+ 3Ag+ [(C4H9)4N]4[A-/3-($-C5H5)TiSiW9V3040]

-

+ 3(C4Hg),N+ + 3AgCl+ 3H,O

Procedure

The compound [(C4H9)4N]4H3[A-fi-SiWgV3040J
(1 5.0 g, 4.4 mmol) is
placed in a 500-mL round-bottomed flask and dissolved in 150 mL of aceto-

I(C4H9j4NI4[A-P-(q5-C,H , ) TiSi W9 V,04,]
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nitrile. While this solution is stirred rapidly, 13.1 mL of 1.0M(C4H,),NOH
in methanol (13.1 mmol, Aldrich) is added, and the resulting solution is stirred
for 15min. The solvent is then removed under vacuum at room temperature
(12-16 h) to yield the crude [(C4H9)4N]7[A-/?-SiW9V3040]
as a light
orange-brown powder, which contains decomposition products plus
[(C4H9)4N]6H[A-/?-SiW9V3040], by 29Si and 'V NMR.8
The following steps are carried out in a Vacuum Atmospheres inert
atmosphere box under N, [the nitrogen was obtained from the boil-off from
liquid N, and further purified by passing it first through 4-A molecular sieves
and then through a reduced Cu catalyst (BASF)]. All glassware and CeliteO
used in this preparation should be dried in an oven at 150°C overnight and
cooled under vacuum in the dry box ante-chamber before use. Acetonitrile
is dried by distillation over CaH, under N, followed by standing for at least
48 h over 30% by volume 3-A molecular sieves previously activated under
vacuum at 170OC."
A solution of [(q5-cyclopentadienyl)Ti]3+ is prepared by dissolving 0.79 g
of sublimed (q5-cyclopentadienyl)TiCI,l 4 (3.6 mmol)* in 30mL of dry'
CH,CN (150-mL beaker), adding dropwise a solution of AgNO, (1.83g,
10.8 mmol) in 20 mL of dry CH,CN (50-mL beaker), and stirring the resulting
mixture for 15min. The mixture is then filtered through a medium glass frit
to remove the precipitated AgCl, with the yellow filtrate passing directly into
a stirred solution of the [A-/?-SiW,V,O,,]'heteropolyanion. The latter is
prepared by dissolving crude [(C,H,),N] 7[SiW9V3040] (15.0 g, 3.6mmol)
in 50mL of dry CH,CN (150-mL beaker) and filtering the resulting
suspension through a coarse, sintered glass frit (covered with a 0.5-in. thick
pad of CeliteO) into a 250-mL round-bottomed flask in order to remove an
unidentified white, insoluble, decomposition product. The resulting dark
orange solution is gently heated at reflux for 1 h. The solvent is completely
removed under vacuum by rotary evaporation. The reaction product is then
removed from the dry box. The residue is slurried in 150mL of chloroform
for 15min, and the insoluble product is isolated by filtration through a
medium sintered glass frit. The solid product is purified by dissolving it in
20 mL of acetonitrile (100-mL beaker), filtering the solution through a
medium sintered glass frit, and then adding the filtrate to a well-stirred
solution of 200 to 250mL of CHCl, (400-mL beaker) to precipitate the
product. The light brown to dark red-orange precipitate is isolated by
filtration on a medium sintered glass frit. It is then suspended in 100mL of
absolute ethanol, refiltered, and then reprecipitated by dissolving the solid
in 15 mL of CH,CN followed by slow addition (over 1 h) to a well-stirred

-

-

-

*The checkers report that commercial (q5-C5H5)TiCI,(Alfa) is unsuitable for this synthesis.
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solution containing 150mL of CHC1,. This ethanol wash and precipitation*
are repeated (usually 1-2 times) until the sample is pure b y "VNMR
~pectroscopy.~
The product is then dried overnight at 25 "C under vacuum.
Yield: 7.6g (59%)'
Anal. Calcd. for [(C4H,)4N],[(C,H5)TiSiW9V3040]:
C, 23.3; H, 4.22; N,
1.57; Ti, 1.35; Si, 0.79; W, 46.5; V, 4.26; 0, 18.0. Found C, 23.1; H, 4.25; N,
1.65; Ti, 1.09; Si, 0.78; W, 46.4; V, 4.60; 0, 18.2.
Properties

The complex is soluble in acetonitrile, DMSO, and DMF. It is slightly soluble
in acetone and methanol. Although the [(qs-cyclopentadienyl)Ti]3+ ion is
quite sensitive to even atmospheric moisture, once supported, [($cyclopentadienyl)TiSiW,V30,0]4- is stable to the atmosphere for
> 1 month, either in the solid state or in CH,CN solution (by solution 51V
and lB3WNMR). An orange CH,CN solution of [(C4H9),NJ4[(q5-CsH5)TiSiW,V,O,,] passes unaltered ('H NMR, IR) through an AmberlystO A-27
cation-exchange column (@-SO,-Bu,N+), whereas a control shows that
organometallic cations like [(qs-cyclopentadieny1)Ti]3+ are retained at the
top of the column. Conversely, the anionic [(qS-C5H,)TiSiW9V3040]4is completely retained at the top of an Amberlysts A-27 anion-exchange
column in the CI- form (@-NR,+CI-), with no visible elution of (q5-cyclopentadienyl)Ti3+ from this band.' The "V and 2-D lE3WINADEQUATE
spectra have been described elsewhere.'
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Chapter Four

LANTHANIDE AND ACTINIDE COMPLEXES

25. LANTHANIDE TRICHLORIDES BY REACTION
OF LANTHANIDE METALS WITH MERCURY(I1)
CHLORIDE IN TETRAHYDROFURAN
Submitted by GLEN B. DEACON,* TRAN D. TUONG,*
and DALLAS L. WILKINSON*'
Checked by TOBlN MARKS:

Anhydrous lanthanide trihalides, particularly the trichlorides, are important
reactants for the formation of a variety of lanthanide complexes, including
organometallics. Routes for the syntheses of anhydrous lanthanide trihalides
generally involve high temperature procedures or dehydration of the hydrated
halides.'-' The former are inconvenient and complex for small scale
laboratory syntheses, while dehydration methods may also be complex4 and
have limitations, for example, use of thionyl chloride.'.' Moreover, the
products from these routes may require purification by vacuum sublimation at
elevated temperature^.^.^ Redox transmetalation between lanthanide metals
and mercury(I1) halides was initially carried out at high temperature^.^.^
However, this reaction can be carried out in tetrahydrofuran (THF, solvent)
to give complexes of lanthanide trihalides with the solvent.6 These products
are equally as suitable as reactants for synthetic purposes as the uncomplexed
*Chemistry Department. Monash University. Clayton, Victoria. Australia, 3168.
'The submitters are grateful to the Australian Research Council for support and to Rare Earth
Products for a gift of REACTION ytterbium.
'Department of Chemistry. Northwestern University. Evanston. 1L 60201.
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trihalides. Other workers have used this transmetalation reaction for activation of the lanthanide metals.'
Detailed syntheses of four representative lanthanide trihalide-tetrahydrofuran (thf, ligand) complexes, YbCl,(thf),, ErCl,(thf),.,, SmCl,(thf),, and
NdCl,(thf), by redox transmetalation are described. The first three compounds have previously been prepared by direct reaction of anhydrous
lanthanide trihalides with THF,'s9 but the composition of the last differs
slightly from that r e p ~ r t e d ,namely,
~
NdCl,(thf),, for the product from
reaction of NdCI, with THF. Although the method below describes isolation
of the complex trichlorides, the T H F solutions can be used in situ for further
reaction^.^ The method can also be used for other t r i c h l o r i d e ~ ~and
* ' ~other
trihalides6

.,

General Procedure
The lanthanide trichlorides described here are moisture sensitive, but they
can be stored indefinitely under purified nitrogen or argon at room
temperature. All operations are carried out under nitrogen or argon, which
is purified by passage through BASFR3/11 oxygen removal catalyst and
molecular sieves (see ref. 1 1 for a discussion of inert atmosphere techniques).
Tetrahydrofuran is dried by distillation from sodium benzophenone under
nitrogen.
Caution. Only flesh, peroxide-jiiee T H F should be distilled.
The solvent is stored under nitrogen in Schlenk vessels equipped with
high-vacuum Teflon taps (e.g., Young or Rotaflo). Syringes (preflushed with
nitrogen) are used for transfers of solvent. For reliable results, an oven-dried
greaseless Schlenk apparatus incorporating polytetrafluoroethylene O-rings
and taps (Young or Rotaflo) should be used, and the lanthanide metal powder
should be stored, weighed, and handled under nitrogen. The metal powder
can be obtained from Research Chemicals or REACTON distilled lanthanide
metals from Rare Earth Products, can be crushed under nitrogen to a powder.
Dried reagent grade mercury(I1) chloride can be used without purification.
The apparatus used in all reactions is shown in Fig. I. Mercury(I1) chloride
(1.084g, 4.00 mmol), an excess of the lanthanide metal powder (6.00 mmol),
and a magnetic stirring bar are placed in the lower 100-mL Schlenk flask.
Onto this flask are attached (in order) a condenser,* a Schlenk filter [covered
with a Whatman microfibre glass filter paper, a layer at least 6mm thick of
dried diatomaceous earth (Sigma grade I , D-3877) and a second glass filter
paper], and a preweighed 100-mL Schlenk flask. The Schlenk apparatus is
purged of air. and an inert atmosphere is established by evacuation of the

.

* I f heating is carefully controlled. the condenser may be omitted.
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apparatus to lo-, torr and backfilling with nitrogen or argon at least three
times.* Tetrahydrofuran (25 mL) is then added, stirring is commenced, and
the reaction mixture is heated to 65 "C. After stirring and heating for 1.5 h
the apparatus is inverted, and the reaction mixture is filtered into the second
Schlenk flask under reduced pressure. The residue on the Schlenk filter is
washed with T H F (25mL). Evaporation of the filtrate and washings (lo-,
torr, room temperature) gives the lanthanide trichloride, which is dried under
vacuum (lo-' torr) for 1-2 h at room temperature and weighed.
Caution. Finely divided metal residues from the SchlenkjZter can be
pyrophoric.
The composition of the T H F complexes of the lanthanide trichlorides
is established by dissolution of a weighed amount of each compound in
water and determination of chloride potentiometrically with aqueous silver
nitrate.I2 Analysis for the lanthanide is effected by titration with disodium
ethylenediaminetetraacetate using xylenol orange indicator after appropriate
buffering of the ~ o l u t i o n . ' ~ The
* ' ~ I R spectra of all the trichlorides show
intense bands at 1020 and 880 cm- (see below), indicative of coordinated
THF.

.

''

r~

'

A. YTTERBIUM TRICHLORIDE-TETRAHYDROFURAN (1/3)

.

2Yb

+ 3HgC12+ 6THF %2YbCl,(thf), + 3Hgl

Caution. Mercury(l1) chloride and mercury metal are toxic. Protective
rubber gloves should be used. Operations should be carried out in a well-ventilaced hood.
Procedure

Mercury(I1) chloride (1.084 g, 4.00 mmol) and ytterbium metal (1.038 g,
6.00mmol) are allowed to react as described previously, giving the white title
compound. Yield: 1.16 g (88%).
Anal. Calcd. for C12H24C1,0,Yb: CI, 21.5; Yb, 34.9. Found: CI, 21.4; Yb,
34.9%.
IR (Nujol mull, prepared under N2), 1055(sh), 1018(s), 925(m), 88O(s),
860(sh), and 735(w)cm-'.

*Vacuum-nitrogen (argon) lines are connected to both Schlenk flasks. Initially the reaction
flask is attached to the nitrogen line and the product flask is attached to the vacuum line.
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B. ERBIUM TRICHLORIDE-TETRAHYDROFURAN (2/7)

.

2Er

+ 3HgC1, + 7THF z2ErC13(thf),., + 3HgJ

Caution. See Section A.

Procedure

Mercury(I1)chloride (1.084 g, 4.00 mmol) and erbium metal (1.004 g, 6.00mmol)
are allowed to react as indicated above to give the pink title compound.
Yield: 1.22g (87%).
Anal. Calcd. for C,,H,,Cl,Er,O,:
C1, 20.2; Er, 31.8. Found: C1, 20.1; Er,
3 1.9%.
IR (Nujol mull, prepared under N,): 1191(m), 1021(s), 931 (m), 871 (s),
and 737(w)cm-'.

C. SAMARIUM TRICHLORIDE-TETRAHYDROFURAN (1/2)
2Sm

+ 3HgC1, + 4THF z2SmC13(thf), + 3Hgl

Caution. See Section A.
Procedure

Mercury(I1) chloride (1.084 g, 4.00 mmol) and samarium metal (0.902 g,
6.00mmol) are allowed to react as described above, giving the white title
compound. Yield: 0.520 g (49%).
Anal. Calcd. for C,H,,Cl,O,Sm: C1, 26.5; Sm, 37.5. Found: C1, 25.6; Sm,
37.5%.
IR (Nujol mull, prepared under N2): 1020(s), 926(m), 870(s), and
746(m)cm-'.

D. NEODYMIUM TRICHLORIDE-TETRAHYDROFURAN (2/3)
2Nd

+ 3HgC1, + 3THF%2NdC13(thf)l.S + 3Hgl

Caution. See Section A.

Lunthanide Trichloricles by Reaction u/ Lunthanide Metals
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Procedure

Mercury(I1) chloride (1.084 g, 4.00 mmol) and neodymium metal (0.865g,
6.00mmol) are allowed to react as described above, giving the pale blue title
compound. Yield: 0.560 g (58%).
Anal. Calcd. for C12H24C16Nd20J:
C1, 29.6; Nd, 40.2. Found: C1, 29.0; Nd,
39.8%.
IR (Nujol mull, prepared under N2): 1022(s), 930(m), 871 (s), and
736(m)cm - '.
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26. BIS(PHENYLETHYNYL)YTTERBIUM(II) FROM
YTTERBIUM METAL AND
BIS(PHENYLETHYNYL)MERCURY*
Submitted by GLEN B. DEACON,' CRAIG M. FORSYTH,'
and DALLAS L. WILKINSON'
Checked by ANDREA L. WAYDA:

Organolanthanide chemistry is dominated by the trivalent compound^.'-^
Compounds in oxidation state (11) are restricted to derivatives of europium,
samarium, and ytterbium, but they have considerable importance in both
organic and organometallic syntheses because of their reducing properties.
Redox transmetalation reactions of organomercurials with lanthanide metals
provide convenient syntheses of a number of diorganolanthanides, for
example, R2M, R = C6F, or PhCC, M = Yb or EU.'-''

Details of the redox transmetalation synthesis of bis(phenylethyny1)ytterbium(I1) are presented here.'?.'' This diorganoytterbium(I1) compound
has a rich reaction chemistry, which is currently being developed."*'2 The
compound is highly air and moisture sensitive and must be handled under
purified nitrogen or argon. Bis(phenylethynyl)ytterbium(II) can be stored
indefinitely in an inert atmosphere at room
General Procedure

All operations are carried out under nitrogen or argon, which is purified by
passage through BASF R3/1 I oxygen removal catalyst and molecular sieves.
Tetrahydrofuran (THF) is purified by distillation from sodium benzophenone
under nitrogen.
Caution. Only fresh, peroxide-free T H F should be distilled.
The solvent is stored under nitrogen in Schlenk vessels equipped with
high-vacuum Teflon taps (e.g., Young or Rotaflo). All transfers of solvent
and solutions are carried out with syringes that have been preflushed with
nitrogen. For reliable results, an over-dried greaseless Schlenk apparatus
incorporating polytetrafluoroethylene O-rings and taps (Young or Rotaflo)
should be used. Bis(phenylethyny1)mercury is prepared by mercuration of

.

*The submitters are grateful to the Australian Research Grants Scheme for support, and Rare
Earth Products for a gift of REACTON ytterbium.
'Chemistry Department, Monash University. Clayton. Victoria, Australia. 3168.
:AT & T Bell Laboratories, Murray Hill. NJ 07974.
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phenylacetylene with K2HgI, under basic conditions.' 3 * t 4 Ytterbium powder
can be obtained from Research Chemicals, or REACTON distilled ytterbium
from Rare Earth Products, can be crushed under nitrogen to a powder.
Although metal from both sources reacts readily, we find that a higher
Yb-R,Hg ratio is needed with the latter to ensure complete reaction (see
below). The ytterbium metal should be stored, weighed, and handled in an
inert atmosphere.

A. BIS(PHENYLETHYNYL)YTI'ERBIUM(II)
(PhCC),Hg

+Ybz(PhCC),Yb +Hgl

Caution. Mercury compounds and the metal are toxic. Protective
rubber gloves should be used. Operations should be carried out in a well-ventiluted area.
Bis(phenylethyn1)mercury (1.21 g, 3.0 mmol) and ytterbium metal (1.04 g,
6.0mmol Research Chemicals powder or 2.08 g, 12.0 mmol, crushed REACTON distilled) are placed in a 100-mL Schlenk flask containing a
magnetic stirring bar. To this flask are attached a Schlenk filter [covered
with a Whatman microfibre glass filter paper, a layer at least 6mm thick of
dried diatomaceous earth (Sigma grade 1, D-3877), and a second glass filter
paper], and another preweighed, Schlenk flask (Fig. 1). After assembly, the
Schlenk apparatus is purged of air by evacuation to f O - 3 torr and backfilling
with purified nitrogen or argon three times.* Purified T H F (20mL) is then
added and stirring commenced. After an initial induction period of 2-5 min,
the solution changes color to a deep purple, mercury metal is deposited, and
the solution becomes warm.+ If initiation is slow a small amount of mercury
metal is added. After completion of reaction (4 h), the solution is filtered and
the filter washed with T H F (2 x 5mL).t Evaporation of the solvent to
dryness yields the title compound as a purple-black solid, which is dried at
50-60°C under vacuum for 4 h to remove THF. Yield: 1.07g (95%) in
preweighed flask; 0.95 g (85%) scraped out and weighed in a dry box.

Anal. Calcd. for Ct,H,,Yb

Yb, 46.1. Found: Yb, 45.8%.

'Vacuum-nitrogen (argon) lines are connected to both Schlenk flasks (Fig. 1). Initially the
reaction flask is connected to the nitrogen line and the product flask to the vacuum line.
'It is undesirable to carry out the reaction at a significantly higher concentration or a purple solid
coprecipitates with mercury and the excess of ytterbium.
:The checker performed the reaction in an Erlenmeyer flask inside a recirculating atmosphere
glove box. Slow gravity filtration of the reaction solution through a D-porosity frit obviated
the need for using filter aid.

Fig. 1. Reaction apparatus.
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The complex can be recrystallized from THF-light petroleum ether if
required.
8
Caution. Finely divided metal residues from the Schlenkfilter can be
pyrophoric. The residues can be used as an activated ytterbium metal source
for reactions such as transmetalation, where the presence of mercury can be
tolerated.
Properties

Bis(phenylethynyI)ytterbium(II) is very sensitive to oxygen and water both
in solution and the solid state. It is indefinitely stable under purified nitrogen
or argon at room temperature. Thermal decomposition occurs at 200 "C.
Dissolution occurs in THF, in which it is trimeric-tetrameric at the boiling
point," and in 1,2-dimethoxyethane,but it is insoluble in less polar solvents.
It is considered to have a polymeric solid state structure with at least four
coordination for ytterbium." 'H NMR spectrum (C,D,O): 7.12(br), 4H,
H3, 5; 7.38 (br), 2H, H4; 7.71 (br), 4H, H2,6 downfield from Me,Si.
Electronic spectrum (300-1000nm, THF): 325 (~=900),543 (500)nm. On
brief exposure to air, an ytterbium(II1)absorption at 978 nm appears. The IR
(Nujol mull): 2045 and 2020 (vw) [ v , &
~J, 1481 (s), 1439 (s), 1023 (s), 750 (vs),
and 687 (vs)cm - '.

-

-

-
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27. BIS[ BIS(TR1METHYLSILYL)AMIDO] BIS(D1ETHYL
ETHER)YTTERBIUM AND (DIETHYL ETHER)BIS($PENTAMETHYLCYCLOPENTAD1ENYL)YTTERBIUM
Yb(s) + 2NHJ

+ 2NaN(SiMe,),
YbI, + 2NaC,Me,

YbI,

-

+ NH,(l)+YbI, + H,
EI20

El20

Yb[N(SiMe,),],[OEt,],

Yb(q5-C5Me,),(OEt,)

+ 2NaI
+ 2NaI

Submitted by T. D. TILLEY, J. M. BONCELLA, D. J. BERG,
C. J. BURNS, and R. A. ANDERSEN*
Checked by G. A. LAWLESS, M. A. EDELMAN, and M. F. LAPPERT’

Divalent ytterbium compounds with ligands such as halide, acetate, cyclopentadienyl, and so on, are insoluble in hydrocarbon solvents and not
especially volatile.’ This chemical fact is related to the large size of the metal
ion and therefore the propensity for maximizing the coordination number
by forming coordination polymers. One way to prevent polymerization is to
prepare compounds with sterically hindered ligands, which decreases the
coordination number of the metal atom and yield hydrocarbon soluble
compounds. Application of this strategy is found in our preparation of
two divalent ytterbium compounds, Yb[N(SiMe,),]2[Et,0]2
(ref. 2) and
Yb(q5-Me,C,), (thf) tetrahydrofuran = thf (ligand)],3 as well as the diethyl
ether complex of the latter.* All three compounds are best obtained from
reaction of YbI,, prepared by the method of Howell and Pytlewski,, and
NaN(SiMe,), (ref. 6 ) or NaC,Me,.’ We generally use the sodium reagents
rather than the lithium or potassium ones, primarily because of the solubility
properties of NaC,Me,, which is soluble in tetrahydrofuran (THF, solvent),
though insoluble in diethyl ether, whereas the lithium and potassium analogs
are insoluble in both of these ethers. Furthermore, NaN(SiMe,), is superior
*Chemistry Department, University of California Berkeley, CA 94720.
‘School of Chemistry and Molecular Sciences, University of Sussex, Brighton BNI SQJ, United
Kingdom.
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to LiN(SiMe,), as an amide-transfer reagent. The method of synthesis used
to prepare Yb($-Me,C,),(OEt,) may be extended to Eu(qS-MeSC,),(OEt,)
and Sm(qS-Me,C,),(OEt2).
Procedure

All reactions are performed under nitrogen. All solvents are distilled
from sodium benzophenone under nitrogen. Ammonium iodide is dried
by heating the commercial material to 120°C under dynamic vacuum
(* 10-,rnm) for 12 to 14h. After the white solid has cooled to room
temperature, it is washed with diethyl ether (3 x 50mL) to remove iodine
that formed during heating.
8
Caution. Anhydrous ammonia is toxic by inhalation and attacks the
cornea. I t must be handled in a well-ventilated fume hood, and eye protection
and gloves should be worn.

A. YTTERBIUM DIIODIDE
Ammonium iodide (12.7 g, 0.0875 mol) is transferred under a nitrogen flush
to an oven-dried, 500-mL Schlenk flask equipped with a magnetic stirring
bar. The flask is fitted with a Dry Ice-ethanol condenser, which is connected
to a nitrogen manifold on a conventional Schlenk vacuum line and vented
through a mineral oil bubbler that is located inside a fume hood. A mineral
oil bubbler is preferred to a mercury bubbler since the back pressure is
substantially less in the former. The flask is cooled to - 70 "C and 250 to
300mL of anhydrous ammonia is condensed onto the ammonium iodide
directly from a cylinder without additional drying. The mixture is stirred to
assist dissolution of the ammonium iodide. If the stirring bar sticks and
cannot be broken loose with gentle agitation, the reflux condenser can be
removed under a brisk flow of nitrogen and the ammonium iodide broken
into small pieces with a glass stirring rod. Ytterbium chips (we have used
various suppliers with good results) (7.95 g, 0.0459 mol) are weighed into a
small nitrogen-filled Schlenk flask (any large chips may be cut into small
pieces with wire cutters). It is essential that a slight excess (- 5%) of the metal
is used in order to ensure that all of the ammonium iodide is consumed.
With both flasks under a brisk nitrogen flush, the ytterbium metal is
transferred, piece by piece over -30min, with the aid ofa spatula or tweezers
to the homogeneous solution of ammonium iodide in liquid ammonia.
Dissolution of the ytterbium is accompanied by evolution of heat, hydrogen,
and ammonia, and the ytterbium diiodide separates from solutions as an
orange-yellow powder. When all of the metal has been added, the joint is
stoppered, and the contents of the flask are stirred at -70°C for 1 h. The
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cold bath is removed, and the ammonia is allowed to boil away through the
nitrogen manifold with continual stirring.* The orange-yellow residue is
scraped off the sides of the flask and crushed to a powder with the aid of a
spatula. Ammonia fumes are still evolved at this stage. The flask is stoppered,
cautiously exposed to a dynamic vacuum, and then heated in a sand bath
at 200°C for 16-20h. The latter operation removes all of the coordinated
ammonia. The yield of solvent-free, light yellow powder is essentially
quantitative.

B. BIS[BIS(TRIMETHYLSILYL)AMIDO]BIS(DIETHYL ETHER).
YTTERBIUM
Ytterbium diiodide (3.18 g, 0.00745 mol) is weighed into a 500-mL, oven-dried
Schlenk flask. Diethyl ether (50mL) is added and the slurry is cooled to 0°C
with an ice bath, Sodium bis(trimethylsily1)amide (2.56 g, 0.0140mo1)6 is
weighed into a 250-mL, oven-dried Schlenk flask, and the contents of the
flask are dissolved in diethyl ether (15OmL). The solution is cooled to O"C,
and the contents of the flask are added to the YbI, by way of a cannula. It
is important that a slight excess of YbI, (- 5%) is present, otherwise the yield
of the desired compound is greatly reduced. The mixture is stirred for 1h at
O"C, at which point the mixture consists of a blue-green solution above a
yellow-green precipitate. The mixture is allowed to warm to 20 "C. The color
turns to light orange during this time, and the stirring is continued for 3h.
The contents of the flask are allowed to settle, the light orange solution is
filtered, and the filtrate is concentrated to -30mL by exposing the contents
of the flask to dynamic vacuum. The flask is returned to 1 atm with nitrogen,
and then it is stored at - 70 "C overnight.The large yellow prisms are collected
by filtration and dried under reduced pressure (10-2mm, 2h). The prisms
are orange at 20°C. The diethyl ether mother liquor is concentrated to
5 mL; cooling to - 70 "Cproduces an additional crop of crystals that are
collected as above. Yield: 3.2g (71%).?

-

C. (DIETHYL

ETHER)BIS(q5-PENTAMETHYLCYCLOPENTA-

DIENY L)YTTERBIUM

Sodium amides (prepared from 8.6 g of sodium meta1)t in a l-L Schlenk flask
is suspended in THF (300mL). With rapid stirring, Me,C,H (ref. 9 ) (42.6g,
*The checkers report that after addition of ytterbium metal (Johnson Matthey) was complete,
the color of the solution changed from orange to dark green. This color was discharged upon
removal of the NH,.
'The checkers obtained a yield of 58?<.
:The checkers used commercial sodium amide (Aldrich).They obtained a 97%yield of NaC,Me,
as a fine white powder.

Bis[bis( trimethylsilyl)amido]bis(diethylether )ytterbium
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48.9mL, 0.312mol) dissolved in THF (300mL) is added by cannula to the
suspension of NaNH,. Ammonia is evolved during the addition, and the
suspension becomes warm. The mixture is stirred for 8 h. The stirring is
stopped, and the mixture is allowed to settle for 1-2 days, then filtered. If
the filtrate is cloudy it is refiltered. The THF is removed by exposing and
contents of the flask to a dynamic vacuum. When all of the solvent is
evaporated, the off-white sticky precipitate is exposed to vacuum for 2-3 h,
then returned to 1-atm pressure with nitrogen. The residue is washed with
diethyl ether (3 x 200mL). The white powder is exposed to vacuum for 1 h.
Yield: NaC5Me5 39g (80%). It is used without further purification.
Ytterbium diiodide (3.56 g, 0.00834 mol) and NaC,Me, (2.52 g, 0.0159 mol)
are weighed into an oven-dried 500mL Schlenk flask equipped with a
magnetic stirrer. Diethyl ether (200mL) is added, and the green slurry is stirred
at 20 "C for 16h. The stirring is stopped, the bright green solution is filtered,
and the volume of the filtrate is reduced to 50mL by exposing the contents
of the flask to dynamic vacuum. The flask is returned to 1 atm with nitrogen,
then cooled to -25°C. The bright green needles are isolated by filtration
and dried under reduced pressure. A second crop of crystals can be obtained
by concentrating the mother liquor to lOmL and cooling to -25 "C. The
combined yield is 2.9g (70%).*

-

-

-

Properties
The divalent ytterbium compounds are air and moisture sensitive. They may
be stored for months without noticeable signs of decomposition in the absence
of air and moisture. Both complexes are readily soluble in aliphatic and
atomatic hydrocarbons, and the diethyl ether is readily displaced by a variety
of Lewis b a s e ~ . * - ~
The
# ~ compound
~
Yb[N(SiMe,),] [OEt,], melts at
69-71 "C, and it is thermochroic, being yellow at - 70 "C and orange at 20 "C.
It dissolves in benzene to give a red-orange solution. The 'HNMR spectrum
(C6D6,26 "C) shows resonances at 6 3.5 1 (q), J = 7 Hz,8H; 1.06 (t), J = 7 Hz,
12H and 0.41 (s), 36H. The IR spectrum as a Nujol mull between CsI plates
has absorptions at 1249(s), 1187(m), 1151 (m), 1122(m), 1091(w), 1040(m,br),
968 (s), 862 (m,sh), 830(s,br), 774(m), 753 (w, sh), 732 (w, sh), 663 (w, sh),
662 (m), 609 (m), 592 (w), 503 (w), 391 (m),and 372 (m)cm- The compound
(q5-Me,C,),Yb(OEt,) melts at 204-207 "C. The 'H NMR spectrum (CaD6,
35°C) shows resonances at S3.15(q), J = 7 Hz, 4H; 2.16(s), 30H; and 1.04(t),
J = 7Hz, 6H. The IR spectrum as a Nujol mull between CsI plates has
absorptions at 2720(w), 1633(w), 1284(w), 1180(w,sh), 1163(w,sh), 1149(s),
1123(w), 1097(w,sh), 1077(s,br), 1041 (m), 1019(w), 980(w,sh), 948(w),
'The checkers obtained a yield of 2.2g (53%).
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929 (m),839 (s), 829 (w, sh), 797 (w), 592 (m), 552 (w),482 (w),443 (w), 355 (m,br),
303(m), and 268 (s, br) cm References
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28. CYCLOOCTATETRAENE LANTHANIDE COMPLEXES.
Lu(C,HJCl(thf ) AND Lu(C,H,) [o-C,H,CH,N(CHJJ (thf)
LuCI,

+ K2(CsH,) %Lu(C,H,)Cl(thf) + 2KCl

-

Lu(C,H,)Cl(thf)

+ Li[o-C,H,CH,N(CH,),]

Lu(C,H ), [o-C,H,CH ,N(CH ,)J(t hf ) + LiCl

tetrahydrofuran = THF (solvent) and thf (ligand)
Submitted by ANDREA L WAYDA*
Chedted by JOHN T. RIGSBEE' and ANDREW STREITWIESER, Jr.'

In marked contrast to the extensivechemistry known for the cyclopentadienyl
derivatives of the lanthanide
little or no interest has been directed
toward the development of the monocyclooctatetraene chemistry of these
* A T & T Bell Laboratories, Murray Hill, NJ 07974.
'Department of Chemistry, University ofCalifornia, Materials and Chemical Sciences Division,
Lawrence Berkeley Laboratory, Berkeley, CA 94720.
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same elements3 This is surprising since these compounds should readily lend
themselves to metathetical derivatization (as exploited to great advantage in
the cyclopentadienyl systems),' and should allow the facile chemical study
of a complete homologous series of lanthanide complexes.
We have found that the late metal congeners of this important compound
class are easily synthesized and can be derivatized to yield aryl monocyclooctatetraene lanthanide complexes if the metal is small (Er-Lu) and the
ligand bulky and ~helating.~
The synthesis of these compounds clears the
way for comparative reactivity studies (with cyclopentadienyl lanthanide
complexes) and allows investigations of fundamental chemical reactivity to
be conducted for this ligand system.

.

Procedure

Caution. Tetrahydrofuran is extremely flammable and forms explosive
peroxides; only fresh, peroxide-free material should be used. N , N-dimethylbenzylamine causes skin and eye burns and is harmful fi inhaled or absorbed
through the skin. It should be manipulated in a well-ventilated fume hood:
protective gloves and goggles should be worn.
Weighing of reagents, some reactions and final product isolation and
characterization are conducted in the recirculated argon atmosphere of a
Vacuum Atmospheres HE-43 Dri-Lab. Manipulations performed on an
argon-containing Schlenk line or vacuum line are so indicated. All solvents
are Aldrich Sure-Seal grade. They are distilled on the Schlenk line under
argon for sodium benzophenone (THF and toluene) or sodium benzophenone-tetraglyme (pentane). Hydrated lutetium trichloride is obtained
from Research Chemicals, and is dehydrated on the vacuum line by the
method of Taylor and Carter.5**Cyclooctatetraene (Aldrich) is dried over
activated 4-A molecular sieves and degassed by vacuum transfer. N,N-dimethylbenzylamine (Aldrich) is heated at reflux over, and distilled from,
sodium under argon on the Schlenk line. It is converted to the lithium salt,
Li[o-C6H,CH,N(CH3),] by metalation with BuLi (Aldrich)6*t on the
Schlenk line.
'The checkers obtained anhydrous LuCI, from Cerac and used it without further purification.
'The checkers prepared LiCo-C,H,CH,N(CH,),] as follows: N,N-Dimethylbenzylamine (2.53 g.
0.019 mol) is added to a flask containing 25 mL of hexane with stirring under argon. Butyllithium
(18mL containing 0.023 mol) is added via syringe, and the flask is fitted with a condenser. The
mixture is refluxed under argon for I4 h. The initially pale yellow solution turns orange on
heating and after 2 h of reflux, a sand-colored precipitate begins to form. The solution is
concentrated under vacuum but is not taken to dryness. The flask is removed to an inert
atmosphere glove box, where the precipitate is filtered oIT and washed repeatedly with small
portions of hexane. The sandy brown solid is dried on a Schlenk line, resulting in 2.25g of
o-lithio-N, N-dimethylbenzylamine (0.016 mol, 84% yield).
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A. Lu(C,H&l(thf)

The compound Lu(C,H,)Cl(thf) is prepared by using the method of
Streitwieser and coworkers,' with minor modification. The entire procedure
is conducted in the dry box. The compound K2C,H, is prepared by slowly
adding 0.972 g (9.33mmol) dry and degassed C8H, to a stirred suspension
of 0.730 g (18.66 mmol) of freshly scraped potassium metal (Alfa) in 30 mL of
THF contained in a 125-mL Erlenmeyer flask equipped with a magnetic
stirring bar.
8
Caution. Potassium metal ignites on contact with moisture and my
also form dangerous superoxides. Scraps should be disposed of by reaction with
1 -butanol or a higher alcohol.
The reaction is conducted at ambient temperature. Slow addition of the
tetraene (over a 15-min period) immediately produces the intense deep brown
color of the cyclooctatetraene dianion. The reaction mixture is stirred
overnight or until all of the potassium metal has been consumed. The solution
is then slowly added to a magnetically stirred slurry of 2.625g (9.33mmol)
anhydrous LuCl, in 30mL of THF contained in a 125-mL Erlenmeyer flask.
Upon addition, the deep brown color of the potassium salt is immediately
quenched by reaction with the lutetium trichloride. After addition is complete
(15min), the resultant light ginger ale-colored slurry is stirred for 24 h to
ensure complete reaction.
The crude product is isolated and initially purified by removal of solvent
by rotary evaporation followed by extraction with three small washes of THF
(3 x 10 mL) to remove the extremely soluble by-product, K[Lu(C,H,),].*
Final purification and removal of KCI are achieved by transfer of the crude
product (-4.3 g) to a Kontes Schlenk Soxhlet extraction apparatus. The
apparatus is removed from the dry box and the residue is extracted with
THF (61)mL) over a 24-h period on a Schlenk line under argon. During
extraction, the pure white product precipitates in the Soxhlet receiver flask.
It is isolated in 50% yield (1.73 g) by vacuum filtration in the dry box.' Cooling
of the light yellow filtrate to -40 "C does not yield additional microcrystalline
product. In practice, it is normally discarded (by removal from the dry box
and careful quenching with 2-propanol) since it contains K[Lu(C,H,),],
which has not been removed by the previous purification step.
Anal. Caicd. for LuC ,H &lo:Lu, 45.25. Found Lu, 45.6 1.
*The checkers transferred the reaction mixture to a 100-mL Schlenk flask, which was then taken
from the glove box and attached to a Schlenk line. The solvent was removed by vacuum transfer,
then the dry material was returned to the glove box for the washes with THF.
'The checkers isolated the product by gravity filtration in the glove box, followed by drying on
a Schlenk line. It was necessary to rinse the material with several small portions of THF to
remove completely the pale yellow of the filtrate. Yield WL.

Cyclooctatetmene Lunthanide Complexes
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B. Lu(C,H&[oC,H,CH,N(CH3)J(thf)
In the dry box, 0.603 g (1.56mmol) of Lu(C,H,)Cl(thf) is suspended in
50mL of THF in a 100-mL Schlenk flask equipped with a stirring bar. A
100-mL Schlenk addition funnel containing a light gold-colored solution of
Li[o-C,H,CH,N(CHJ2] (0.220g, 1.56mmol) in 20 mL of THF is attached
to this flask, and the apparatus is removed to an argon-containing Schlenk
line. The receiver flask is cooled to -78°C (Dry Ice-2-propanol), and
the lithium reagent is added slowly (15 min). No change in the appearance
of the reaction slurry is noted. The reaction solution is then allowed to reach
ambient temperature slowly, while being stirred.* During warm-up, reaction
occurs to produce a clear yellow solution. After a 24-h reaction time, the
apparatus is removed to the dry box where solvent is removed from the
reaction solution by rotary evaporation.' A clear yellow oil is obtained,
which is triturated with 20mL of pentane to produce an off-white powder.
Exhaustive extraction of this crude powder with toluene leaves behind
insoluble LiCI. Removal of solvent from the filtrate gives microcrystalline
Lu(C,H ), [o-C,H,CH ,N(CH J2] (thf ). Yield: 0.37 g (50%).
Anal. Calcd. for LuC,,H,,NO: C, 51.96; H, 5.81; N, 2.88; Lu, 36.04,0, 3.29.
Found: C, 51.62; H, 5.68; N, 2.78; Lu, 36.45; 0, 3.47 (by difference).
Properties
8
Caution. Particular care must be taken when working with dry powders
of these materials. They have been observed to ignite spontaneously and violently
in air. Partially oxidized samples are particularly dangerous and have exploded
without warning (partially decomposed material adhering to the walls of
glassware and frits can be particularly dangerous). In practice, samples of these

*Alternatively. we have conducted the reaction at ambient temperature in the dry box by adding
the lithium reagent to a magnetically stirred slurry of Lu(C,H,)Cl(thf) in THF contained in
a 125-mL Erlenmeyer flask. In this variation, the suspension of the lanthanide reagent slowly
disappears as the lithium reagent is added. Upon completion of addition, a dark cloudy
yellow-gold reaction solution is obtained. After stirring for 24 h at ambient temperature, solvent
is removed from the slightly cloudy medium yellow solution (with green highlights) to produce
a sticky froth. This material is triturated with pentane to produce a gray-green powder. The
powder is then washed with a small quantity of toluene (10-20mL) to remove very soluble
impurities. The remaining powder is exhaustively extracted with toluene to produce a light gold
solution. Removal of solvent by rotary evaporation yields the product in 50% yield. Using
this modification, recrystallization is necessary to produce spectroscopically pure material. We
prefer the synthesis described in the main body of the text for small scale preparations since it
produces analytically pure product without further treatment. However, the alternate procedure
is more convenient and may be prelerable for large scale syntheses.
'The checkers removed the solvent by vacuum transfer prior to removal to the glove box.

-
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complexes are destroyed in small quantities in T H F solution by slowly exposing
them to ambient air. All manipulations are performed in a well-protected f i e
hood.
Pure white Lu(C,H,)Cl(thf) is insoluble in aromatic or alphatic solvents
and is only slightly soluble in THF. It is characterized by IR [Nujol mull, cm1020(s),890(s), and 7OO(s)] and 'HNMR [THF-d,: 6 6.33 (s)] spectroscopy.
The absence of by-product K[Lu(C,H,),] is determined by X-ray fluorescence analysis for potassium. White Lu(C,H,)[o-C,H,CH,N(CH,),](thf)
is soluble in aromatic and coordinating solvents. It is routinely characterized
by IR [Nujol mull, cm-': 1420(m), 1380(m), 1360(m), 1305(m), 1235(m),
117O(s), 1095(m), 1040(m), 1010(m), 990(m), 940(m), 890(s), 855(s), 750(s),
and 7OO(s)] and 'H NMR (benzene-d,: 6 8.15,7.01 [m,C,H,CH,N(CH,),],
6.71 (s,C,H,), 3.01, 1.00(m, a- and 8-THF, respectively), 2.79
[s, C6H4CH,N(CH,)2], 1.82 [s, C6H,CH2N(CH3),)] spectroscopy. It is
definitively characterized by single crystal X-ray diffraction analysis.,

':
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29. BIS(y’-PENTAMETHY LCYCLOPENTAD1ENYL)-

BISfTETRAHYDROFURAN)SAMARiUM(II)
SmI,(thf),

+ 2KC,Me,

-

Sm(C,Me,),(thf),

+ 2KI

thf (ligand) and T H F (solvent) = tetrahydrofuran
Submitted by WILLIAM J. EVANS* and TAMARA A. ULIBARRI
Checked by HERBERT SCHUMANN’ and SIEGBERT NICKEL

In recent years, the organometallic chemistry of the lanthanide metals in low
oxidation states has been actively investigated. These low-valent studies have
involved the zerovalent metals in the elemental state, using metal-vapor
techniques, as well as the complexes of the three lanthanide metals that have
divalent states readily accessible under “normal” solution reaction conditions,
that is, Eu,Yb, and Sm. Although Sm(I1)is the most reactive of these divalent
lanthanides [Sm(III) + e -P Sm(I1): - 1.5 V vs NHE],’ its chemistry in
organometallic systems had not been previously investigated because the
only known divalent organosamariurn complexes, [Sm(C,H5),(thf),],2*3 and
[Sm(CH3C,H,),(thf),],4
are insoluble. Recently, however, the first soluble
organosamarium(I1) complex, Srn(C,Me,),(thf), ,was synthesized by metalvapor technique^.^.^ Although the original synthesis was achieved on a
preparative scale, a rotary metal vaporization reactor was required. The
following solution synthesis’ of the title compound is a more generally
available route to this soluble divalent organosamarium complex.
General Procedure

The complexes described below are extremely air and moisture sensitive.
Therefore, the syntheses are conducted under nitrogen with rigorous exclusion
of air and water by using Schlenk, vacuum line, and glove box techniques.’
Caution. Tetrahydrofuran and toluene are harmful fi inhaled or absorbed through the skin. They should be handled in a well-ventilated fume hood,
and gloves should be worn. T H F forms explosive peroxides: only fresh,
peroxide-jree material should be distilled. Potassium hydride removed from oil
suspension and K C , M e , are pyrophoric; they should be manipulated in an inert
atmosphere only,8 The compound 1 , 2-C,H41, is heat and light sensitive, as well
us sublimable.
Toluene, hexane, and T H F are distilled under nitrogen from sodium/

.

*Department of Chemistry, University of California, Irvine, Irvine, CA 92717.
‘Institut fur Anorganische und Analytische Chemie der Technischen.Universitat, Berlin, D-1000
Berlin 12, Federal Republic of Germany.
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benzophenone. The compound C,Me,H [Strem, 95x1 is dried with 4h
molecular sieves and degassed by repeated freeze-pump-thaw cycles. The
compound KC,Me, is prepared by slowly adding 5 to 7 g of C,Me,H (3%
molar excess) to a vigorously stirring suspension of the appropriate amount
of KH in -40mL of THF. Immediately upon addition of the C,Me,H, H,
evolution is evident. The reaction mixture is stirred for 10h or until H2
evolution stops. The solution is filtered through a medium porosity fritted
funnel (10-20pm) to isolate the insoluble white KC,Me,. The KC,Me, is
washed with three 5-mL aliquots of hexane and dried by rotary evaporation.*
The complex SmI,(thf), is prepared from excess Sm metal (Research
Chemicals) and l,2-C2H412 in a THF s~lution.~,’
In the air in a fume
hood, 1,2-C2H41z(Aldrich, 97%) is dissolved in diethyl ether, washed with
a sodium thiosulfate solution, and then washed with water. The ether solution
is dried with MgS04, the ether is removed by rotary evaporation, and
1,2-C2H,I, is recovered as a white powder. To remove all traces of H20,
the 1,2-C2H412is placed in a round-bottomed flask and dried on a vacuum
line. Excess samarium pieces are placed in a 500-mL round-bottomed flask
equipped with a Teflon stirring bar. Approximately 2 to 3g of 1,2-C2H412
and 50 to 75 mL of THF are added to the samarium. The solution is stirred
until it is a homogeneous dark blue color without any trace of the insoluble,
yellow, samarium triiodide. The solution is then filtered through a medium
porosity fritted funnel to remove the excess metal pieces, which can be saved
and recycled. The dark blue solution is dried by rotary evaporation to yield
the dark blue solid, SmI,(thf),. This reaction is quantitative in 1,2-C2H41,.
The compound SmI,(thf), is very sensitive to oxidation. Solid SmI,(thf), is
stable if stored under N2. Solutions should be stored with a small amount
of metal present.+

-

Procedure
In the glove box,* KC,Me, (2.01 g, 1lSmmol) and SmI,(thf), (3.06&
5.58 mmol) are placed in a 125-mL Erlenmeyer flask equipped with a Teflon

-

stirring bar. The powders are mixed thoroughly, and while stirring, 25 mL of
THF is added. The mixture is allowed to stir for 12h. The purple solution
is filtered through a medium porosity fritted funnel (10-20pm). The potassium
*The checkers prepared KC,Me, from C,Me,H and KNH, in THF or with potassium in
1.2-dimethoxyethane(DME).
‘The checkers recommended that the SmI,(thf), be freshly prepared.
:All of the rollowing procedures were done in the nitrogen atmosphereofa Vacuum/Atmospheres
HE-553 Dri-Lab glove box equipped with an oxygen- and water-getter and an atmosphere
recirculation system. The checkers used Schlenk technique with 100-mL flasks for the entire
procedure.

Bis(~'-pentamethylcycio~ntadienyl)bis(tetrahydrofuran)~ari~(ll)
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salts are washed with 5 mL of THF and discarded. The 5 mL of wash solution
is combined with the filtrate and the THF is removed by rotary evaporation
to yield a purple solid. The purple solid is dissolved in 30 mL of toluene, and
the resulting solution is allowed to stir for 6 h. The purple solution is filtered
through a fine porosity fritted funnel (4-8 pm). The purple insoluble materials
are washed with two 5-mL portions of toluene. The toluene washes are
combined with the filtrate, and the toluene is removed by rotary evaporation
to yield a greenish-purple solid. The toluene extraction procedure is repeated
(this is important to insure that all iodide containing species are excluded).
The resulting solid is dissolved in 5 mL of THF. The THF is removed from
the resulting purple solution by rotary evaporation to yield the purple solid,
Sm(C,Me,),(thf),. Yield: 2.29 g (73%).

-

Anal. Calcd. for SmO,C,,H,,:

Sm, 26.61. Found: 26.1.

Properties

The compound Sm(C,Me,),(thf), is a purple air-sensitive solid that is
soluble in both aromatic hydrocarbons and ethers. The monosolvate,
Sm(C,Me,),(thf), is a green solid; it is obtained by repeated evaporation of
toluene solutions of the disolvate. The degree of solvation is easily monitored
by integration of the absorptions in the 'H NMR spectrum in benzene-d,.
The 'H NMR shifts of these samarium(I1)complexes are concentration and
solvent dependent. The C,Me, signal is typically located between 2.0 and
3.0ppm in solutions of Sm(C,Me,),(thf), in benzene-d,. The two THF signals
are found between 12.0 to 16.0 and 1.O to 2.0 ppm. The most common impurity
formed as a result of partial decomposition is [Sm(C,Me,)2]2(p-0),9 which
has a distinctive 'H NMR signal in benzene-d, at 0.05 to 0.06 ppm.
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30. tert-BUTYLBIS($-CYCL0PENTADIENYL)(TETRAHYDR0FURAN)NEODYMIUM
Nd(CSHs),(thf) + LiC(CH,),

-

Nd(C,H,),[C(CH,),](thf)

+ LiC,H,

tetrahydrofuran = thf (ligand) and THF (solvent)
Submitted by H. SCHUMANN. and G. JESKE*
Checked by G. B. DEACON' and P. I MacKINNON'

Bis($-cyclopentadienyl)lanthanide alkyl derivatives, Ln(CsH,),R(thf), are usually prepared from a bis($-cyclopentadienyl)lanthanide chloride and an alkyllithium compound or a Grignard reagent in THF.'., However, when R is a
bulky alkyl ligand like sec-butyl or tert-butyl, the high reactivity of the
respective alkyllithium compound allows a simpler synthesis starting from
the tris(cyclopentadieny1)lanthanide complex Ln(C,H,),(thf). In contrast to
the bis(q5-cyclopentadienyl)lanthanidechloride? these complexes are available
for the whole series of the lanthanide metals. The example given here describes
the synthesis of Nd(~s-CSHs)2(t-C4H,)(thf).
The corresponding La, Sm, Yb,
and Lu derivatives can be prepared in a similar way. The air and moisture
sensitivity of the starting materials as well as of the products require working
in an atmosphere of argon dried and freed from oxygen by passing over a
BASF oxygen removal catalyst and P4010(Sicapent, Merck) and Schlenk
tube4 and/or dry box techniques using glassware flame dried under vacuum
and allowed to cool to room temperature under argon.:
Caution. Solutions of LiC(CH3), in pentane burn in contact with air.
Ln(C,H,),[C(CH,),](thf) compounds smolder in air and react violently
with water. A nearbyfire extinguisher should be ready to use.

.

Procedure
A 2.2 g (5.3 mmol) quantity of Nd(C,H,),(thf)5 is suspended in 5OmL of THF
(predried over KOH flakes, further dried over Na wire, and finally distilled
under argon from potassium) in a 250-mL three-necked flask equipped with
a stirring bar, a 10-mL pressure equalizing funnel, a reflux condenser, a
connection to a second 250-mL three-necked flask via a glass filter frit, and
a stopcock (Fig. 1). The suspension is then cooled, using an acetone-Dry Ice
*Institut fur Anorganische und Analytische Cemie, Technische Universitat Berlin,
D-1000Berlin 12. Federal Republic of Germany.
'Department of Chemistry, Monash University, Clayton, Victoria, 3168, Australia.
:The checkers used nitrogen purified by passage through BASF R 3/11 oxygen removal catalyst
and molecular sieves.

tert-dutyhis( q'-cycIopentadienyl)( tetrahydroJuran)neodymium
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Fig. 1. Reaction set up for synthesis of Nd($-C,H,),[C(CH,),](thf).

bath, to -78 "C, and 3.6 ml of a 1.5 M solution of tert-butyllithium (Janssen
Chimica) in pentane is added via the dropping funnel.* The reaction mixture
is allowed to warm to room temperature within 6 h and stirred for a further
6h. The solution is then concentrated to !OmL at room temperature in
vacuum, treated with 70mL of diethyl ether (dried over sodium wire and
finally distilled under argon from sodium benzophenone), and filtered via the
frit into the second flask.' The insoluble LiC,H, remains on the frit. The
clear solution is cooled to -30°C. A 1.6g (74%) yield of the product
crystallizes as green needles, which remain after decanting the solvent carefully
*Checkers added the tert-butyllithium solution over 0.5 h. They report that faster addition led
lo the formation of a metallic precipitate, presumably Nd metal.
'Checkers evaporated the reaction mixture to dryness. redissolved the residue in THF and added
ether (70mL). The product must be filtered cold or it redissolves. A yield 0148"; was obtained.
Repeating the extraction process recovered a further 26% in one case.
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at - 30 "C. The residual solvent is then removed under reduced pressure. The
residue is pure at this stage.
Anal. Calcd. for C,,H,,NdO:
H, 6.83; Nd, 35.26.

C, 53.56; H, 6.74; Nd,35.74. Found C, 53.72;

Propert ies

The compound Nd(qs-C,H,)~[C(CH,),](C4H8O),
a green crystalline
material, reacts violently wlth water. The 'HNMR spectrum of
Nd(C,H,),[C(CH3),](C4D80),
recorded in C4D80 at 25 "C, exhibits only
two singlet signals in an area ratio of 9: 10, with the smaller rert-butyl signal
at 6 8.84 and the larger cyclopentadienyl signal at 6 - 2.76. The IR spectrum
of the complex (KBr pellet) shows bands at 3092(m), 2980 (s), 2930 (s), 2900(s),
2870(s), 2740(vs), 2720(vs), 2660(s), 1450(m), 1385(m), 1370(w), 1345(w),
1295(w),118O(w),1152(w),112O(w),1090(m),104o(s),lOlO(~),915(m),890(s),
760(vs), 667(w), 470(w), and 400(w). The compound melts at 42°C with
decompositi~n.~.,.
References
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2. W. J. Evans, J. H. Meadows, A. L, Wayda, W.E. Hunter, and J. L. Atwood, J. Am. Chem.
Soc., 104, 2008 (1982).
3. H. Schumann. Angew. Chem., %, 475 (1984); Angew. Chem., fnt. Ed. Engl., 23,474 (1984).
4. H. Lux, Anorganisch-chemische Experirnentierkunst, Ambrosius Barth-Verlag, Leipzig, 1970,
p. 257; R. B. King and J. J. Eisch, Organometallic Syntheses, Vol. 1, Academic Press, New
York, 1981.
5. (a) G. B. Deacon, A. J. Koplick, and T. D. Tuong. Aust. J . Chem., 37, 517 (1984).
(b) G. B. Deacon, G. N. Pain, and T. D. Tuong, fnorg. Synrh., 26, 17 (1989).
6. H. Schumann and G. Jeske, Angew. Chem., 97,208 (1985); Angew. Chem., fnr. Ed. Engl., 24,
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7. H. Schumann and G. Jeske, 2.Naturforsch. Teil B, 40,1490 (1985).

31. BIS(~5-CYCLOPENTADIENYL)(TETRAHYDROFURAN)[(TRIMETHYLSILYL)METHYL]LUTETIUM AND
BIS($-CY CLOPENTADIENYL)(TETRAHYDROFURAN)~TOLY'LLUTETIUM

-

Lu(qs-C,H ,),Cl(thf)

+ LiCH ,Si(CH 3)3

Lu(q5-C,H 5)2[CH,Si(CH 3)33(thf ) + LiCl

Bis(~’-cyclopentadienyl)(tetrahydrofuran)[(trimethylsilyl)methyl]lut~tium

-
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Lu(qS-C,H,)2Cl(thf) + Li-p-C6H,CH,
LU(qS-CSH,)z[P-C6H4CHJ(thf)

+ LiCl

tetrahydrofuran = thf (ligand) and THF (solvent)
Sobmitted by HERBERT SCHUMANN*, WOLFGANG GENTHE,.
and EFTIMIOS PALAMIDIS*
Checked by G. B. DEACON’ and S. NICKEL’

The title compounds are obtained by stoichiometric exchange reactions
between chlorobis(q5-cyclopntadienyl)lutetium and [(trimethylsilyl)methyl]lithium or p-tolyl lithium, respectively. The procedure is based on the original
preparation.’.’ It can be easily adapted to the synthesis of the corresponding
derivatives of Sc, Y, La, and the other lanthanide metals as well as to
compounds of the type Ln(qS-C,H,),R(thf) with more or less bulky alkyl or
aryl groups like R=t-C,H,,’ CH,C(CH,),,2 or CH&H,.* The air and
moisture sensitivity of the starting materials, as well as of the products, require
working in an argon atmosphere using Schlenk tube and/or dry box
techniques.
Caution. The lithium alkyl and aryl compounds and the resulting
organolanthanides smolder in contact with air and react violently with water.
Afire extinguisher should be ready to use nearby.

.

A.

Lu(q5-C5Hs),[CH,Si(CH,)J
(thf)

Procedure

A 3.33-g (1 1.8 mmol) quantity of LuCl, (ref. 4) is suspended in 50mL of dry
THF (predried over KOH flakes, further dried over Na wire, and finally
distilled under argon from potassium) in a 250-mL three-necked flask
equipped with a stirring bar, a 20-mL pressure equalizing funnel, a reflux
condenser, a connection to a second 250-mL three-necked flask via a glass
filter frit (D4,20-mm diameter), and a stopcock (see diagram in the synthesis
in Section 30).’ An atmosphere of argon, purified by passage through BASF
R3-11 and molecular sieves/P40,,, is used. The glassware is flame dried
under vacuum and allowed to cool to room temperature under predried
argon. This procedure is repeated one time. A 9.2-mL volume of a 2.578 M
solution of NaC,H, (23.7 mmol)6in THF is added to the suspension at room
*Institut fur Anorganische und Analytische Chemie. Technische Universitat Berlin,

D-1000Berlin 12, Federal Republic of Germany.

‘Department of Chemistry, Monash University, Clayton, Victoria, 3168, Australia.
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temperature. The mixture is stirred for 2 h and then cooled to - 78 "C using
an acetone-Dry Ice bath. After addition of 16mL of a 0.756 M solution of
LiCH,Si(CH,), (l2mmol)' in pentane (dried by refluxing over NaH for 2
days and finally distilled from NaH under argon) and stirring for 6h at
- 78 "C, the solution is allowed to warm to room temperature. Volatile
materials are removed by vacuum, and the residue is extracted three times
with 200-mL portions of toluene,* washing the compound over the frit in
the second flask. The toluene is evaporated at reduced pressure after each
extraction, and the residue is washed four times with 200mL of dry
pentane-diethyl ether mixture (20: 1). A yellowish crystalline powder results:
4.05 g (74% yield), which gives colorless crystals after recrystallization from
12 mL of diethyl ether at -30 "C.
Anal. Calcd. for C,,H,,LuOSi: C, 46.54; H,6.29; Lu, 37.67. Found: C, 46.27;
H, 6.09, Lu, 37.96.

Properties
The compound Lu(q5-C,H,),[CH,Si(CH3)J(C4Hs0)
reacts violently with
water and it smolders in air. The 'HNMR spectrum of the compound,
recorded in C6D6at 25 "C, exhibits three singlets with an area ratio of 10:2:9
at 66.15 (C,H,), 6 - 0.68 (CH,), and 60.51 [Si(CH,),] along with the THF
multiplets at 63.16 and 1.11. The 13CNMR data (in C6D6 at 25°C) are
6 110.8 (C,H,), 28.3 (CH,), 5.9 (CH,), 72.6 (THF), and 26.0 (THF). The IR
spectrum of the complex [in Nujol-poly(chlorotrifluoroethy1ene) oil] shows
bands at 3750 (m), 3090 (w), 2945 (s), 2900 (sh), 2865 (m), 28 15 (m), 2740 (m),
1775(br), 1662(br), 1562(br), 1447(s), 1370(m), 1350(m), 1308(w), 1253(m),
1240(m),118O(w), 1040(sh),1020(s),920(w),860(s), 785(vs), 728(m),672(m),
578(w), SlO(m), 450(w), 408(m), 390(m), and 250(w). The compound decomposes between 100 and 110°C. The crystals are orthorhombic, space
group P21212,, with a = 17.381(8)& b = 12.268(3)& c = 9.170(3)1(.

B. Lu($-C,H&(C,H,CHJ-p)(thf)
Procedure
The procedure is exactly the same as for Lu(q5-C,H,),[CH,Si(CH,),](thf)
using 2.94 g (10.44 mmol) LuCl, in 50 mL of THF, 8.2 mL of a 2.54 M solution
of NaC,H, (20.8 mmol) in THF, and 22.7 mL of a 0.46 M solution of p-tolyl
lithium (10.44 mmol)(Ventron) in diethyl ether. Yield: 3.62 g (74%)of colorless
crystals.
*Checkers used 50mL of toluene per extraction.

Bis( q'-cyclopentadienyI)( tetrahydrofuran)[ (trimethglsilyl )methyl]lutetium
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Anal. Calcd. for C,,H,,LuO: C, 53.85; H, 5.38; Lu, 37.36. Found C, 53.80;
H,5.18; Lu, 36.65.*

Properties
The compound L U ( ~ ~ ~ - C ~ H ~ ) ~ ( C ~ Hreacts
~ C H violently
~ - ~ ) (with
C~H~~)
water and it smolders in air. The 'HNMR spectrum of the compound,
recorded in C6D6 at 25 "C, exhibits two singlets at 6 6.25 (C,H,)and 6 2.78
(CH,)and two doublets at 6 7.93 (HB)
and 6 7.39 (H,) ['.!(H)
= 7 Hz] in an
area ratio of 10:3:2:2, along with the T H F multiplets at S 3.21 and 1.10. The
*3CNMRdata (in C6D6 at 25 "C are 6 111.8 (C,H,),184.2 (C3, 142.2 (CB),
129.7(CY),134.3 (CJ, 22.6(CH3), 73.1 (THF), and 25.9 (THF). The IR spectrum
of the complex [in Nujol-poly(chlorotrifluoroethy1ene) oil] shows bands at
3575(m), 3098 (w), 3080 (w), 3030 (m), 2995 (s), 2950 (s), 2 9 0 (s), 2840 (sh),
2720(m), 2422(w), 2278(w), 2080(w), 1905 (w), 1770(br), 1660(br), 159O(w),
1554(br), 1445(sh), 1432(sh), 1420(m), 1350(m), 1300(w), 1250(w), 1240(w),
1228(m), 1195(s), 1175(m), 1140(w), 1070(w), 1040(sh), 1015(vs), 938(w),
920(w), 870(w), 860(s), 850(s), 795(sh), 785 (vs), 775(sh), 680(w), 630(w),
580(w), 552(m), 510(m), 482(s), 450(br), 390(w), and 25O(w)cm-'. The
compound decomposes between 110 and 120°C. The crystals are orthorhombic, space group Pnma, with a = 15.814(36)& b = 12.511(11)& c =
9.467(19)A.
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'Checkers worked at a",,
of the suggested scale. They dried their glassware with Me,SiCI
followed by purging with argon. The product obtained by toluene extraction and evaporation was
oily. It required washing with 5 x 120mL of pentane-diethyl ether (20:l. v/v) to achieve
solidification.The crystals from ether were initially colorless, but after vacuum drying gave the
title compound as a yellowish-white powder (51%).
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32. HYDROCARBON-SOLUBLE HOMOLEPTIC BULKY
ARYL OXIDES OF THE LANTHANIDE METALS [Ln(OArR),]
2LnC1,

+ 3[Li(p-0Af)(OEt2)l2

[Ln{N(SiMe,),},]

+ 3APOH

(I)THF,rcflux

(Z)suMima~ion

4 1)tolucnardlux
(2)ruMimation

2[Ln(OAP),]

+ 6LiCl

[Ln(OArR),] + 3NH(SiMeJ2

Submitted by MICHAEL F. LAPPERT,* ANIRUDH SINGH,*
and RICHARD G. SMITH*
Checked by HILMAR A. STECHER' and AYUSMAN SEN'

The chemistry of WIII),Y(III),and the 4j-metal(III) [collectively abbreviated
as Ln(III)] alkoxides is well documented.' The compounds [ {Ln(OR),},J
(R' = an alkyl group) are often hydrocarbon soluble, volatile solids or liquids
and are believed to be tetramers or hexamers, involving bridging alkoxo
ligands, although few X-ray data are available. However, until recently, the
known corresponding Ln(II1) aryl oxides were involatile solids, insoluble in
hydrocarbons, and were presumed to be high polymers.' In 1983, it was
recognized that using the greatly hindered 2,6-di-tert-butylphenoxo ligands
-OAF ( A f = C6H2t-Bu,-2, 6-R-4; R = H, Me, or t-Bu), monomerk,
volatile, hydrocarbon soluble complexes [Ln(OArR),] (1) could be prepared.,
The compounds (1) are of interest for various reasons. First, they provide
rare exampes of Ln3+ complexes having the remarkably low metal
coordination number of three; the only other examples are the
alkyls [Ln{CH(SiMe,),} ,] (ref. 4) and the bis(trimethylsily1)amides
[Ln{N(SiMe,),},].'
Second, it is clear that the bulky - 0 A P ligands confer
lipophilicity upon the complexes (1); their volatility is also noteworthy.
These ligands were introduced into coordination chemistry within the last
decade for additionally inter aliu corresponding aryl oxides of Li, Na, Be,
Mg,Al, Ti(III),Ti(IV), Zr(IV), Hf(IV),Ta(V), Cr(II), W(VI), Mn(II), Rh(1)(this
afforded the q5-cyclohexadienony1isomer), Cu(I), Ge(II), Sn(II), Pb(II), P(II),
Th(IV), and U(1V) (cJ, ref. 6). These metal aryl oxides are prepared directly
or indirectly from the parent phenols APOH; the latter are readily and
cheaply available because of their use as antioxidants.
'School of Chemistry and Molecular Sciences, University of Sussex, Brighton BNI SQJ,
United Kingdom.
'Department of Chemistry, The Pennsylvania State University, University Park, PA 16802.
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General Procedures

All operations, including those of Section B, are carried out in an atmosphere
of pure dry argon [used directly from a cylinder (Air Products)]. Solvents
are of reagent grade or better, and are rigorously freed from oxygen and
moisture (by heating with sodium benzophenone under reflux), and are freshly
distilled under nitrogen [white spot; used directly from a cylinder (Air
Products)J and freeze degassed prior to use. Glassware is successively
oven-dried, flame-dried in uacuo, and sealed under argon. All manipulative
procedures are performed using standard Schlenk techniques.’ Each of the
phenols ArROHis purified by passage of a hexane or pentane solution through
a basic alumina (Aldrich, “Brockmann I”-150mesh, 58 A) column (50-cm
length, 3-cm diameter), and removal of solvent from the eluent by heating
in UQCUO.
The sublimation apparatus is illustrated in Fig. 1. It comprises a horizontal
Pyrex tube divided into three compartments A-C, terminating in a B14
socket D. There is an attached side arm and tap E. The sample is introduced
into A using Schlenk techniques. Similarly, a glass wool plug F is inserted
through D, its function is partly to clean the walls of Sections B and C of
the tube, and also to retain the sample in A when sublimation in uucuo is in
progress. The tube is placed in a horizontal furnace G, with the collection
area exposed to ambient temperature. The sample gradually collects into this
collection area during the course of the sublimation. When sublimation is
complete, the tube is removed from the furnace and while still under vacuum
is allowed to reach ambient temperature. Argon is introduced through the
stopcock E and the tube is cut midway along the constricted section B; A is
discarded. Using Schlenk techniques under argon, under ambient conditions,
the solid sample is scraped through Section B, by removal of the stopper at
D, into a Schlenk tube placed around B.
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Fig. 1. Sublimation apparatus.
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FROM A LITHIUM ARYL OXIDE

Procedure
Anhydrous samarium(II1) chloride [Rare Earth Products, Johnson Matthey]
(2.40 g, 9.40 mmol) is placed in a 200-mL Schlenk tube containing a magnetic
stirring bar. Tetrahydrofuran (THF) (100mL) is introduced via a cannula at
20 "C. The mixture is stirred at 20 "C for 2 h. Solid (2,6-di-tert-butylphenoxo)lithium-diethyl etherate* (8.1 3 g, 28.4 mmol) is added to this slurry at 20°C.
A reflux condenser is then fitted to the Schlenk tube, and the reaction mixture
is heated under reflux for 8 h. After - f h , the solid dissolves to yield a
clear yellow-green solution. The solvent is removed at 25 "C and lo-' torr,
leaving a yellow-green solid, which is scraped from the sides of the Schlenk
tube with a spatula and transferred to a sublimation tube. Sublimation at
255-260 "C and lo-, torr affords yellow crystals of tris(2,6-di-tert-butylphenoxo)samarium. Yield: 4.46 g (62%).*

-

-

Anal. Calcd. for C,,H,,O,Sm:
C, 65.8; H, 8.29. Found: C, 65.9; H, 8.20.
'H NMR (external SiMe,): 6 8.45 and - 0.81 (broad).

B. FROM A PHENOL
Procedure

Tris[bis(trimethylsilyl)amido]lanthanum9 (3.82 g, 6.16 mmol) in toluene
15 min from a dropping funnel fitted
(20 mL) is slowly added during
with a pressure equalization attachment to 2,6-di-tert-butyl-4-methylphenol
(4.18 g, 18.97 mmol) in toluene (50 mL) at 20 "C in a 200-mL Schlenk tube.
The dropping funnel is replaced by a reflux condenser, and the mixture
is heated under reflux for -48h.' Volatiles are removed at lo-, torr.
Sublimation of the white residue at 250-260°C and lo-' torr affords white
crystals of tris(2,6-di-tert-butyl-4-methylphenoxo)lanthanum.
Yield: 3.30g
(63%).

-

Anal. Calcd. for C,,H,,O,La:
C, 67.8; H, 8.73. Found: C, 67.4; H, 8.68.
'H NMR: 6 1.49, 2.23, and 6.97 (multiplet).

*The checkers tested this procedure with Ce instead of Sm. and obtained a 69% yield of product
with purity >95",;; they found that prestirring prior to addition of the lithium aryl oxide was
unnecessary.
'The checkers found that refluxing wits not required, and that the product was purified by
heating the solid to 120 to 140°C for 8 to 12 h under vacuum.
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Preparation oj Related Compounds

Procedures A and B can be employed to prepare a wide range of compounds
[Ln(OArR),]. The lithium aryl oxide procedure has the advantage that
[Li@-OArR)(0Et,)l2 is readily prepared* from ArROH and LiBu (available
as a hexane solution) in diethyl ether. The lanthanide metal(II1) amide route
has the advantage of greatest ease of removal of by-product, in this case of
the volatile NH(SiMe,),; however, because these metal(II1) amides are highly
hindered, substantial reflux times may be required. Data on some selected
aryl oxides are summarized in Table I.
Properties
Compounds I are exceedingly sensitive to air or moisture. In an inert
atmosphere they are thermally stable, melting without decomposition at high
temperatures (Table I), and subliming at 250 "C and lo-' torr. They are
soluble in hydrocarbons and are monomers in benzene (cryoscopy).
The structures of crystalline [Ln(OC,H2t-Bu2-2,6-R-4),], determined
by single crystal X-ray diffraction, confirm their structure, with LnO, in a

-

TABLE I Yields, Physical Properties, and Analyses for [Ln(OC,H2r-Bu,-2, 6-Me-4),]
(In) and [Ln(OC,H,r-Bu2-2, a),] (lb)
Yield

Ln in 1

Calculated (%)

Found

(%I

Melting
point ("C)

Color

C

H

C

H

52
42
68
70
68
70

150-152
178-180
195-197
200-204
220-22 1
214-216
198-200
180- 182
215-218

White
White
White
Pale yellow
Blue-violet
White
Pale yellow
Pink
Maroon

76.9
72.4
67.8
67.7
67.4
65.0
65.7
65.5
65.0

9.89
9.31
8.73
8.71
8.67
8.48
8.45
8.43
8.37

76.8
72.1
67.4
67.1
67.0
65.4
65.4
65.2
65.0

9.93
9.42
8.68
8.50
8.25
8.24
8.41
8.38
8.28

85
72
69
62

140-142
188-192
242-245
200-205

White
White
White
Yellow

76.3
71.6
66.8
65.8

9.61
9.01
8.41
8.29

76.1
71.8
67.6
65.9

9.56
9.17
8.83
8.20

(X)"

18

sc
Y

La
Pr

Nd

DY

Ho
Er

Yb

89
68

40

Ib

sc
Y

La
Sm

'The quoted yields refer to sublimed material.
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planar tngonal environment [for Ln = Sc (R = Me), or Y (R= H)"] or
pyramidal [for Ln = Ce (R = Me)"]; compare pyramidal LnC, or LnNJ in
[Ln{CH(SiMe,),},] (Ln = La or Sm)4 or [Ln(N(SiMe,)2},].5
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33. B I S [ ~ S - SBI~TRIMETHY
~,
LSILYL)CY CLOPENTADIENYL]CHLOROLANTHANIDE(III) COMPLEXES,
[(LnCp",(p-Cl)},] AND [LnCp",(p-CI), Li(thf), J
LnC1,

+ 2LiCp"

(I)WF - 2 O T

(2) 25 'c, 10-

2[LnCp",(p-CI),Li(thf),]
(1)

[LnCp",(p-Cl),Li(thr),l

ION

1.4w15o~C

3h

(1)

[(LnCp",(p-Cl)),]
(2)

tetrahydrofuran = THF (solvent) and thf (ligand)
Cp" = tj5-C5H3(SiMe3)2-l,3
Submitted by MICHAEL F. LAPPERT' and ANIRUDH SINCH*
Checked by JOSEF TAKATS'
+Schoolof Chemistry and Molecular Sciences, University of Sussex. Brighton, BN19QJ,United
Kingdom.
'Department ofChemistry, University of Alberta, Edmonton, Alberta, Canada T6G 2G2.

Among the 4f-block metals and their Group 3 congeners Sc and Y (collectively
abbreviated as Ln), the metallocene(II1) chlorides [{ LnCp,@-Cl)},]
(Cp=qS-C,H,) have proved to be useful precursors to a wider range of
organometallic compounds of formula LnCp,X.' These chlorides are not
available for the early lanthanide metals (Ln = La, Ce, Pr, or Nd); attempts
to make them from the appropriate Ln3+ ( f 0 , f ' , f 2 , or f') chloride and
2NaCp gave the products of redistribution, SLnCp, + fLnC1,. The instability
of these lanthanocene(II1) chlorides has been attributed to kinetic factors,
favored by the greater ionic character of the f 0 - f 3 Ln3+ complex than that
of their f'-f'* counterparts. This led to the development of the
qs-C,H,-,(SiMe,),series of ligands: qs-C,H,SiMe,- (abbreviated as
Cp'-), qS-CsH,(SiMe3),-l, 3 (Cp"-), and qS-CSH,(SiMe,)3-l,2,4 (Cp"-).
The Cp"- ligand is sterically more demanding than qs-C,MeS-,* and
often confers lipophilicity on its metal complexes.
General Procedures
All experiments are performed in an atmosphere of pure dry argon [used
directly from a cylinder (Air Products)], or under vacuum, using Schlenk
techniques.' Glassware is successively oven-dried, flame-dried, and cooled
under argon. Solvents are of reagent grade, or better, and are rigorously
freed from oxygen or moisture, by heating under reflux with LiCAlH,]
(hydrocarbons)or sodium benzophenone.

A. THE ~ 1 ~ 1 q 5 -~-BIS(TRIMETHYLSILYL)CYCLOPENTA1,
DIENYLJDI-p-CHLORO-LANTHANIDE(II1)BIS(TETRAHYDR0FURAN)LlTHIUM COMPLEXES,
[LnCp",(p-CI), Li(thf),] (1)
Procedure
8
Caution. All operations must be carried out under strictly anhydrous
oxygen-free conditions. Organolithium compounds in hydrocarbon solvents are
spontaneously flammable in air.
Butyllithium (33.75mL of a 1.6 M solution in hexane, 54 mmol [Lithium
Corporation]) is added dropwise with stirring during $ h to bis(trimethy1sily1)cyclopentadiene (CP"H)~(1 1.25 g, 54mmoI) in diethyl ether (500mL) at
0°C. (Becauseof the gelatinous nature of the initially formed cyclopentadienyllithium, a large excess of solvent is used.) The mixture is stirred at 20°C
for 12h. The white precipitate of LiCp" is allowed to settle during 12h at
20 "C. The precipitate is filtered off and is thorougly washed with hexane

-

-

.Y
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(3x 50mL) in order to remove any unreacted LiBu. It is dried in uacuo to
yield [$-1,3-bis(trimethylsilyl)cyclopentadienyl]lithiurn [Yield 11.25 g (96%)]
as a free-flowing white powder.

Anal. Calcd. for C11H21LiSi2:C, 61.1; H, 9.78. Found: C, 61.0; H, 9.62%.
'H NMR (C,H,N): 6 = 0.368(s) (SiMe,), 6.704(d) [4J(,H1H)= 1.8 Hz], 6.803(t)
[4J(IH,H)= 1.8 Hz]. Anhydrous ytterbium(II1) chloride [Rare Earth Products,
h) to a solution
Johnson Matthey] (6.48 g, 24.48 mmol) is added slowly (
of LiCp" (10.60g, 49.0 mmol) in THF (150 mL) at - 20 "C, with gradual color
changes from colorless, through yellow and orange to orange-red. This
reaction mixture is stirred at 20 "C for 24 h. Volatile substances are
removed at 25 "C and lo-' torr. The residue is recrystallized from n-C6HI4
(50 mL) at - 30 "C to yield orange-red crystals of [YbCp",@-Cl), Li(thf),]
(1, Ln = Yb). (Yield: 16.9g (85%); mp 102-105)"C (dec.)

-

-

-

Anal. Calcd. for C,oH,,C1,Li02Si4Yb C, 44.3;H, 7.19%. Found: C, 44.0;H,
7.30%.
Preparation of Related Compounds
The previous procedure can be employed to prepare the related compounds
of formula [LnCp",(p-Cl), Li(thf),], where Ln = Sc (72%, colorless), Y (78%,
colorless), La (colorless, 80%), Ce (yelIow, 7573, Pr (pale green, 70%), or Nd
(blue-green, 75%).
Properties
The compounds of formula (1) are exceedingly sensitive to air and moisture
and are somewhat thermally unstable.6 Thus, attempted sublimation under
reduced pressure results in loss of THF and formation of [ {LnCp",(p-Cl)),]
(2) (see Section B). The thf molecules are readily displaced by treatment
with Me,NCH,CH,NMe, (tmeda), yielding [LnCp",(p-Cl), Li (tmeda)].
The structure of crystalline [NdCp",(p-Cl), Li(thf),], determined by X-ray
diffraction, confirms the formulation as (1) (Ln = Nd)?

B. THE TETRAKIS[~5-1,3-BIS(TRIMETHYLSILYL)CYCLOPENTA-

DIENYLI-DI-p-CHLORODILANTHANlDE(III)
COMPLEXES,
C{LnCP",(P-C1)),1 (2)

.

Procedure

Caution. Note Caution in Section A
n-Butyllithium (35.1 mL of a 1.6 M solution in hexane, 56.01 mmol) is add-

ed dropwise to bis(trimethylsi1yl)cyclopentadiene (11.79 g, 56.01 m m ~ l in
)~
hexane (250mL) at 0 "C. The mixture is stirred at 25 "C for 12 h. The white
precipitate is collected and THF (100mL) is slowly added. This solution is
slowly (during 1 h) added to a cooled (0°C) slurry of neodymium(II1)
chloride [Rare Earth Products, Johnson Matthey] (7.02 g, 28.01 mmol) in
THF (100mL). The resulting clear blue-violet reaction mixture is stirred at
-20°C for -48h. After removal of volatile substances at 25°C and
lO-'torr, the residue is heated at 100°C for 1h and then at 140-150°C for
3 h. The green-blue residue is sublimed at 240-260°C and
torr (see Fig.
1 and general procedure in Section 32) to afford green-blue crystals of
[{NdCp",(p-Cl)),]. Yield: 12.6g (75%).

-

-

Anal. Calcd. for C,, H4,C1NdSi4:C, 50.9; H, 7.47. Found: C, 50.8; H, 7.36.
The compound has a mp 295-297 "C.
Preparation of Related Compounds

The previous procedure can be employed to prepare the following related
compounds Clanthanocene(II1)chlorides], as summarized in Table I. Instead
TABLE I Yields, Physical Properties, and Analysis for [{ LnCp",(p-CI)),](2)

Ln in

Yield
C~LnCP"z(P-C~)J,l (77)"

!k
Y
La
Ce
Pr

Nd
Sm
Eu

Gd

Tb

DY

Ho
Er

Tm
Yb

Lu

69
78
50
55
68
75
69
45
65
70
74

70
78
72
82
65

Melting
Point
f"C)

Calculated (%) Found (%)
Color

198-200
White
White
325-327
White
238-240
265-268
Yellow
Yellow
280-282
Green-blue
295-297
302-304
Yellow
(1 15-120)* Brown-violet
White
295-297
White
312-315
White
310-312
Pink (pale)
333-335
Pink
322-323
295-297
Yellow
285-287
Maroon
White
313-315

C

H

C

H

52.9
48.6
44.5
44.4
44.4
44.1
43.1
43.6
43.2
43.1
42.8
42.7
42.5
42.4
42.1
42.0

8.48
7.79

52.5
48.6
44.4
44.1
44.3
44.2
43.7
42.7
43.3
43.0
42.6
42.6
42.2
42.4
42.5
41.1

7.98
7.89
7.32
6.58
7.17
6.89
6.97
7.11
6.78
7.01
6.70
6.96
6.52
6.11
6.64
6.11

7.14

7.12
7.11
7.07
7.00
6.98
6.92
6.90
6.86
6.84
6.81
6.79
6.75
6.73

'The quoted yields refer to sublimed material, except for La and Ce which relate to recrystallized
material.
'This is a decomposition temperature.
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of the final sublimation, an alternative purification procedure involves
extracting the crude product into hot toluene, and cooling the toluene
solution to -30°C; this is recommended particularly for the La and Ce
complexes, which undergo redistribution upon attempted sublimation.
Properties

The lanthanocene(II1)chlorides are exceedingly sensitive to air and moisture
but are thermally stable. They are stable in hot toluene.
The structures of crystalline [{ LnCp”,(p-Cl)}2] [(2) Ln = Sc,” Pr,7sNd,7b
and Yb”], determined by single crystal X-ray diffraction, confirm the
formulation (2).
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34. BIS[qS-1, SBIS(TR1METHYLSILYL)CYCLOPENTADIENYL]HALOURANIUM(IV) AND -THORIUM(IV),
[MCp”2C12] AND [UCpf’2X2]
MCl, -t2LiCp”
3[UCp”,C12]

THF,ZO”C

+ 2BX3

[MCp”,Cl,]

“-CIHI4

M “C

Cp” = q5-C,H3(SiMe,),-l, 3
tetrahydrofuran = THF (solvent)

+ 2LiCl

3[UCp”,X2]

+ 2BC1,

M = Th or U

X = Br or I

Ri.s[q’-l, 3-his(trime~hylsilyl)cyclopentaiiienyl]halouranium( 1 V)
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Substituted bis(q5-cyclopentadienyl)uranium(IV)chlorides and their thorium
analogs (Th and U are collectively abbreviated as M) are of interest because
of the inaccessibility of the parent compounds MCp,Cl, (Cp = q5-C5H5).’
Thus, attempts to make them from MClo + 2LiCp gave the products of redistribution: iMCp,Cl+ iMCpCI,. However, stable peralkylated complexes
such as [M(qs-C,Me,),Cl,] and [U(q5-C5Me,Et),C1,] have been obtained.
We had previously used the $-l, 3-bis(trimethylsilyl)-cyclopentadienyl ligand
(abbreviated as Cp”-) to prepare the stable early lanthanocene(II1) chlorides
[(LnCp”,(p-Cl)},] (Ln = La, Ce, Pr, or Nd) (corresponding complexes
LnCp,CI redistributed to yield SLnCp, + iLnCl,).’ Using the same ligand,
the complexes [MCp”, Cl,] were obtained and used as convenient precursors
to a range of complexes: [UCp”,(Cl)NMe,] and [UCp”,Y,] (Y = NMe,,
CH, Ph, or CH SiMe, [{ UCp”, (p-F) (p,-BF,)} 1: C { UCp“, (p-cl)} 1,’
and [ T h c ~ ” , ] . ~
The use of boron tribromide or triiodide as a convenient reagent for
converting an anhydrous metal chloride into the appropriate heavier halide
was introduced in 1967.’

,

,

General Procedures
The experiments are all performed in an atmosphere of pure dry argon [used
directly from a cylinder (Air Products)] using Schlenk techniques.’ Glassware
is successively oven-dried, flame-dried, and cooled under argon. Solvents are
reagent grade, or better, and are rigorously freed from oxygen or moisture
by heating under reflux with sodium benzophenone.
A. BIS[qs-l, 3-BIS(TRIMETHYLSILYL)CYCLOPENTADIENYL]DICHLOROTHORIUM(IV)
Procedure

Caution. All operations must be carried out under strictly anhydrous
oxygen-jiree conditions. Organolithium compounds in hydrocarbon solvents are
spontaneously flammable in air. All uranium and thorium compounds are toxic.
*School of Chemistry and Molecular Sciences, University of Sussex, Brighton BN1 SQJ,
United Kingdom.
‘Department of Chemistry. Wesleyan University, Middletown, CT 06457.
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These substances should be manipulated in a well-ventilated fume hood, and
gloves should be worn.
Solid [qs-l, 3bis(trimethylsilyl)cyclopentadienyl]lithium (LiCp”, 7.26 g,
33.6mmo1, prepared as in Section 33A)9 is added via an addition tube to a
stirred, cooled (0”C) slurry of anhydrous thorium(1V) chloride (Cerac)
(6.27 g, 16.8 mmol) in diethyl ether (250mL). The mixture is stirred at 25 “C
for 15 h. Volatile substances are removed at 25 “C and lo-’ torr. The resultant
off-white foam is extracted into warm (50°C) hexane ( - 150mL), and the
extract is filtered. The filtrate is concentrated (to 75 mL), then cooled to
-30°C to yield colorless crystals of [ThCp”,CI,] (1). Yield: 4.45g (40%).
A further crop of crystals is obtained from the mother liquor (total yield,
60%). For its characterization, see Table I.

-

B. BIS(q5-l, 3-BIs(TRIMETHYJSILYL)CYCLOPENTADIENYL]DICHLOROURANIUM(1V)
Procedure
A solution of [$-I, 3-bis(trimethylsilyl)cyclopentadienyl]lithium is prepared
in siru, using the procedure described in Section 33.A, from butyllithium
(18.0mL of a 1.5 M solution in C,H,,, 29 mmol) and bis(trimethylsi1yl)cyclopentadiene (5.89g, 28mmol) in THF (100mL). This solution is added
dropwise during -$h to a stirred, cooled (OOC) solution of uranium(IV)
chloride (5.45g, 14mmol) in THF (100mL). The mixture is stirred at 25°C
for 12 h. Removal of the solvent at 25 “C and 10 torr affords a sticky brown
residue; this residue is warmed to 60°C at
torr. The brown involatile
solid is extracted into warm toluene (l00mL), and the extract is filtered. The
brown filtrate is concentrated (to 50 mL), then cooled to - 30 “C to yield
large orange-brown crystals of [UCp”2Cl,] (2).Yield: 6.1 g (60%).Two further
crops of crystals are obtained from the mother liquor (total yield, 90%).*
For its characterization, see Table I.

-

C. BIS[qS-l, 3-BIS(TRIMETHYLSILY L)CYCLOPENTADIENYL]DIBROMOURANIUM(1V)
Procedure

Caution. Boron tribromide (like B I , ) reacts violently with water to
yield hydrogen bromide (or H I from B I , ) and orthoboric acid. I t must be
handled with care, avoiding contact with air or moisture.
*The checkers found it easier to obtain the product by crystallization from hexane. Three crops
gave a total yield of 80%.

150-152
140-147 (dec)
160-163
180-183

Compound

uhCp",CI,] (1)
[UCp",Cl,] (2)
[UCp"2Br,] (3)
[UCp",I,] (4)

H
5.9
5.8
5.0
4.6

C
36.6
36.3
32.4
29.0

Calculated (%)

36.6
36.0
32.3
29.1

C
6.0
5.6
5.2
4.8

H

Found (%)

+6.93(d)

H'=H2

+0.74(~) -36.2(~)

- 2.55 (s) - 33.4 (s)
- 1.78(~) -37.1(~)

+0.35(s)

SiMe,

+99.5(~)
+99.7(~)

+7.32(t)

+ 87.3 (s)

H3

lH NMR Chemical Shifts (6)"

'In toluene - d , at 80MHz at 305K; Hi and H2are signals from protons attached to C-4 and C-5, while H3is attached to C-2 of
the 1,3-bis(trimethylsilyl)cyclopentadienylligand (abbreviations:s = singlet, d =doublet, t = triplet).

White
Orange-brown
Red-brown
Dark red

Melting Point
("C)
Color

TABLE I Some Properties of [MCp",CI,] (M = Th or U) and [UCp",X,] (X = Br or I)

176

Lunrhanide and Actinide Complexes

A sample of [UCp",Cl,] (2.73 g, 3.8 mmol) is placed in a 200-mL Schlenk
tube containinga magnetic stirrer. Hexane (100mL) is added from a dropping
funnel, fitted with a pressure equalization attachment. Boron tribromide
(0.4 mL, an approximate twofold excess) in hexane (10mL) is introduced into
the dropping funnel and is added dropwise to the solution of [UCp",CI2]
in C6H 14 at 20 "C. The mixture is stirred at 20 "C for 2 h and filtered. The
filtrate is concentrated (to 25 mL) at 20 "C and 10torr. It is then cooled
to - 30"C to yield red-brown needles of [UCp",Br,] (3).Yield: 2.67 g (87%),
which are washed with cold ( - 78 "C) C5H12, and dried in uacuo. For its
characterization, see Table I.

-

D. BIS[$-l, 3-BIS(TRIMETHYLSILYL)CYCLOPENTADIENYL]DIIODOURANIUM(IV)
Procedure

Using the procedure and apparatus described in Section C (Note the Caution
in Section C), boron triiodide (1.13g, 2.9mmol) in hexane (10mL) is added
gradually to a stirred solution of [UCp",Cl,] (2.lOg 2.9mmol) in CsH,,
(100mL) at 20 "C. The mixture is stirred at 20" C for 4 h, filtered, and the
filtrate is concentrated to 20 mL. Cooling the filtrate to - 30 "C yields red
cubes of [UCp",I,] (4). Yield: 2.17g (82%), which are washed with cold
( - 78 "C) C5H12 and dried in uacuo. For its characterization, see Table I.

-

Properties of the Metallocene(IV) Halides ( I ) to ( 4 )

Compounds (1) to (4) are sensitive to air or moisture but are thermally stable.
Some data are summarized in Table I.
The structures of crystalline [MCp",Cl,] [M = Th (1) or U (2)] and
[UCp",X,] [X = Br (3) or I (4)], determined by single crystal X-ray
diffraction, confirm them to have a distorted tetrahedral geometry around
the metal atom (taking the centroid of the Cp"- ligand as occupying a single
coordination site).'
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Hunter, and H. Zhang, J. Chem. SOC.Dalton Trans., in press.

35. TRIS(q'-CYCLOPENTADIENYL) [(DIMETHYLPHENYLPHOSPHORANYL1DENE)METHYL]URANIUM(IV)

-

[P(CH,),(C,H,)JI

+ 2CH3Li

Li(CH,)(CH,)P(CH,)(C6H5) + 2CH,

-

+ LiI

u(q5-c5 H!i)3Cl+ Li(CH2)(CH2)P(CH3)(C6H 5
U(q5-C5H,),[CHP(CH,),(C6H,)] LiCl

+

Submitted by ROGER E. CRAMER,* JONG HWA JEONG,* RICHARD B.
MAYNARD,* and JOHN W. CIUE*
Cbecked by DWIGHT D. HEINRICH' and JOHN P. FACKLER, JR.'

The only compounds yet reported that contain an f-element carbon multiple
bond are the phosphoylide complexes U(qs-C5H5)3[CHP(CH3)3],U(u5c5
S)3 [CHP(CH J)Z(C6 5 1
1, and U(q5-CSH513. CCHP(CH3)(C6H 5 )51*! The
most general preparative route which has been developed to date is the
reaction of U(qs-C5H,),C1 with Li(CH,)(CH,)PRR'? Obviously this method
can be applied only to ylides that form well-defined lithio derivatives. Since
*Department of Chemistry, 2545 The Mall, University of Hawaii, Honolulu, HI 96822. The
support of this work by the National Science Foundation through Research Grants CHE
83-10244 and CHE 85-19289 and by the donors of the Petroleum Research Fund, administered
by the American Chemical Society, is gratefully acknowledged.
'Department of Chemistry, Texas A & M University, College Station. TX 77843.

178

Lanthanide and Actinide Complexes

many phosphoylides are prone to substituent exchange during lithiation, or
undergo lithiation at several sites; there are combinations of R and R that
are unsuited for the preparation, and so far only the three compounds
mentioned above are well characterized.
Although the direct reaction of H,C=P(CH,), with U(qS-CsH5)3CIdoes
produce U(q5-C5H ,), [CHP(CH ,),I,

similar reactions do not occur with less basic ylides. For example,
U(qS-C5Hs)3[CHP(C6Hs)3] has not been isolated from the reaction of
U(q5-CsH,),UCl with H,C=P(C,H,),?
Corresponding reactions have failed to produce thorium analogs,’ even
though the chemistries of Th(qs-CSH5)3Cl and U(qS-C,H,)3C1 are often
similar.

.

Procedure

Caution. All reactants and products are very moisture andlor oxygen
sensitive. Consequently, solvents and glassware must be carefully dried and
deoxygenated before use, and all operations must be performed under an
anhydrous nitrogen or argon atmosphere. Although the physiological eflects
of the materials used in this synthesis are unknown,all uranium and many phosphorus compounds are toxic. The compounds Li(CH,) (CH2)P(CH,)(C6H5)
are pyrophoric and produce fine
and U(~s-C,HS)3[CHP(CH,)2(C6Hs)]
dusts and volatile substances upon exposure to air. Care should be taken to
avoid ingesting or breathing these substances, and manipulations should be
carried out in a fume hood or in a well-vented dry
A. Li(CH2
)P(CH3 )(c6HS)
The compound [(CH,),P(C,H,)]I
is obtained from the reaction of
(CH,),P(C,H,) (ref. 6)with CH,I using the procedure described for the preparation of [P(CH,),]Br.’ The lithio derivative, Li(CH,)(CH,)P(CH,)(C,H,),
is conveniently prepared in a dry box by a method that appears in the
literature.’ Using an addition funnel, 28mmol (18mL of a 1.6M solution)
of CH,Li in diethyl ether (Aldrich) is added dropwise to a stirred suspension
of 4.0g (14mmol) of [(CH,),P(C,H,)]I and 50mL of diethyl ether in a
200-mL flask.
Caution. In order to avoid pressure buildup resulting from the
formation of CH4 in this reaction, the apparatus should not be tightly closed.

.
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Since methyllithium converts the diethyl ether insoluble [(CH,),P(C,H,)]I
into the diethyl ether soluble ILi.CH2P(CH,),(C6Hs), a clear yellow solution
results after the addition of one equivalent of CH,Li. As the remaining CH,Li
is added, Li(CH,)(CH,)P(CH,)(C,H,) precipitates. After the CH,Li addition
is complete, the solution is stirred for 5 h. The white precipitate is separated
by filtration through a fine porosity frit and washed with 300mL of diethyl
ether in order to remove any LiI. Yield: 1.8g (SO%)* of white, pyrophoric
Li(CH,)(CH,)P(CH,)(C,H,). This material is extremely basic, and reacts
readily with proton sources to form yellow CH,=P(CH,),(C,H,).
Samples
of Li(CH,)(CH,)P(CH,)(C,H,) which have a distinct yellow coloration are
partially decomposed and should not be used in the following preparation.
However, tetrahydrofuran (THF) solutions of Li(CH,)(CH,)P(CH,)(C,H,)
are yellow so that coloration need not indicate decomposition in such
solutions.
B. U(~’~C5H5)3~CHP(CH~)~(C6H5)1
In a dry box, a pressure-equalizing addition funnel containing a solution of
0.314g (1.99mmol) of Li(CH,)(CH,)P(CH,)(C6Hs) in lOmL of THF is
attached to a 1WmL Schlenk flask containing a stirring bar and 0.932g
(1.99mmol) of U(q’-C,H,),Cl (ref. 9) dissolved in 15mL of THF.The flask
is removed from the dry box, attached to a Schlenk double-manifold vacuum
line,’ and placed in an acetone-Dry Ice bath. The Li(CH,)(CH,)P(CH,).
(C&) solution is added dropwise over 30min to the well cooled, stirred
U(qS-CsH,),Cl solution. After 3 h, the mixture is allowed to warm, while
volatile components are evaporated under vacuum. In order to prevent the
formation of side products, the flask should not be allowed to reach room
temperature until all of the solvent has been removed. The green solid residue
Caution. Benzene is a human
is extracted with 25mL of benzene.
carcinogen. It should be handled only in a well-ventilated hood, and gloves
should be worn. The benzene is then evaporated in vacuo, leaving 0.935g
which, by NMR,
(1.60mmo1, 80”/,)+ of U(q’-C,H,),[CHP(CH,),(C,H,)I
contains only minor impurities.
Further purification is achieved by stirring the crude material with 15 mL
of toluene for 15 min, filtering the solution, and adding 30 mL of heptane
to the filtrate. Long, dark green needles of U(q’-CSHs)3[CHP(CH,)2(C~Hs)]
form after this solution has been stored at - 15 “C for a day. After filtration,
washing with 20mL of hexane, and drying under vacuum, 0.605g (52%)
U(q5-C,H,),[CHP(CH,),(C,H5)] is obtained. After evaporation of the

.

-

*The checkers obtained a 61% yield.
‘The checkers obtained a 70”A yield.

-
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filtrate, extraction of the residue with 5 mL of toluene, and addition of lOmL of
heptane, a second crop of product, 0.160 g (14%),is obtained by an analogous
recrystallization.
Anal. Calcd. for UPC2,H2,: C, 49.31; H; 4.67; P; 5.30. Found: C, 49.53; H,
4.91; P 5.22.
Properties

The complex U(qs-CSHs)3[CHP(CH3)2(c6Hs)]
is a dark green solid that
is very oxygen and moisture sensitive and pyrophoric. It is soluble in ethereal
and aromatic solvents, but almost insoluble in aliphatic hydrocarbons.
'H NMR (23 "c, C6D6, ppm from TMS): P(C,H,), 18.0(dd) (ortho), 11.1 (t)
(meta), 9.1 (t) (para); PCH,, -8.5(d) J , = 12Hz; (C,H,),U, - 12.7(s);
PCH, - 1 17 (d), J , = 16 HZ.
The preparations of U(qs-C,H,),[CHP(CH3),]
and U(qS-C,H,),.
[CHP(CH,)(C,H,),]
are exactly analogous to the one for U(qsC,H,),[CHP(CH3)2(C6H,)1. The 'H NMR spectra of these compounds are,
U(qS-C,H,),[CHP(CH,)J:
PCH,, - 2.9d J,, = 12Hz; (qS-C,H,),U,
- 13.2(~);PCH, - 108(d) J,, = 13 Hz. U(qs-CsH,),[CHP(CH,)(C6H,)J:
P(C,H,), 10.8(dd)(ortho), 8.4(t) (meta), 7.5(t) (para);(qS-C,H,),U, - 12.1 (s);
PCH,, - 13.8 (d) J,, = 12 Hz; PCH, - 131(d), J,, = 16 HZ.
The purity of the U(q5-CSHs),[CHP(CH,)2(C6Hs)]
depends on careful
control of the temperature and stoichiometry of the reactants. If an excess
of U(qS-C,H,),Cl is used it will remain as an impurity that is difficult to
remove from the find product. If Li(CH2)(CH2)P(CH3)(C6H,)is in excess
or if the temperatures exceed those described, U(q5-C,H5)2[(CH)P(CH3)*
(C6Hs)(CH2112 u(q5-cs
Hd2 and/or U(q5-C5Hs [(CH2)(CH2)P(CH3)'
(C6H5)], may form.2 The presence of these materials is indicated by NMR
resonances of their (qS-C,H,) groups: U(qs-CsHs)3UCl, -2.8 ppm;
u ~ ~ s ~ c S H S ~ 2 ~ ~ C H ~ P ~ C H 3 ~ ~ C 6 H S ~ ~ ~ ~ 2~ 26.8
~ ~ Uppm;
~ ~ s and
~ C S H
u(q5-CSHS)[(CH2)(~H2)P(CH3)(C6HS)j3,
- 16.3 ppm. The impurities
CH 2 =P(CH312 (CsH5)s LiI * CH ~=P(CHP)Z(CL
H?1, Cs H,, and/or (C, H6)2,
which will form if traces of moisture or other protic solvents are present, are
indicated if the 'H NMR spectrum contains peaks between 8 and - 1ppm.
Although recrystallization of U(q5-CsH~)3[CHP(CH,)2(C6H,)]from a 1:2
toluene-heptane mixture removes the bulk of these impurities, it is difficult
to eliminate all traces of them.
The uranium-carbon multiple bond has an extensive insertion chemistry
with polar unsaturated molecules including carbon monoxide," nitriles,'
isocyanides,12 and isocyanates." Metal carbonyls also insert into this bond
which undergo novel reactions
to form metailaphosphoniumenolates,14~15

S ~ 2 ~
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including C - 0 bond cleavage,16metal migrations,' and carbonyl coupling
reactions." The carbon atom is nucleophilic and can deprotonate weak acids
to form CpJU complexes of the conjugate base of the acid."
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Chapter Five

TRANSITION METAL CLUSTER COMPLEXES

36. TETRAIRON CARBIDO CARBONYL CLUSTERS
Submitted by ERNESTINE W. HILL* sad JOHN S. BRADLEY*
Checked by JUANITA CASSIDY' and KENTON H. WHITMIRE'

The reactivity of the p,-carbido ligand in butterfly shaped tetrairon clusters
has given rise to an intriguing class of organometallic clusters in which the
organic fragment is bound to an open fourfold cluster site.' The utility of
this chemistry for syntheses is determined by the ease of access to the Fe,C
starting materials. During our investigationsinto the chemistry of p,-carbido
clusters, we have developed a preparative procedure for these materials which
allows the isolation of the clusters in reproducibly high yields, from readily
available starting materials.
The common precursor to Fe,(CO),,C, [Fe4(CO),,CJ2-, [HFe,(CO),,C]-,
and HFe,(CO),,CH is [Fe,(CO),,C(CO,CH,)]-, prepared in good yield
from [Fe,(CO), 6c]'-. The latter is readily available by published procedures
from Fe(CO)S.2The syntheses of both the precursor clusters are included
here, with those minor modifications to the published methods that have
proved useful in our hands.
Caution. All manipulations involving metal carbonyls must be carried
out in a well-ventilated fume hood. All of the procedures described here should
be performed using standard Schlenk glassware under an atmosphere of

.

*Exxon Research and Engineering Company, Annandale, NJ 08801.
'Department of Chemistry, Rice University, Houston, TX 77251.
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nitrogen,' although the clusters, once isolated, can be handled for short periods
in air. However, it i s not uncommon in the manipulation of reduced iron cluster
compoundsfor minute amounts of pyrophoric iron to be formed, and to preclude
the loss byfire of carefully prepared material, inert handling techniques' should
be employed whenever possible.
A. BIs(TETRAETHYLAMM0NIUM) CARBIDOHEXADECACARBONYLHEXAFERRATE(2-), (Et,N),[Fe,(CO) laCJ

Procedure
A solution of 9.Og (0.041 mol) of Na[Mn(CO) J 5 (ref. 4) in 200mL of diglyme*
(dried by refluxing over sodium for 24 h and then distilling) is prepared under
nitrogen in a dry 500-mL three-necked round-bottomed flask fitted with a
reflux condenser, a nitrogen inlet, and a rubber septum. To the magnetically
stirred solution is added 16.0mL (23.8g, 0.122mol) of Fe(CO)5 from a
hypodermic syringe, and the solution is heated to reflux for 4 h. During this
time the color of the reaction mixture changes to dark brown (after 10min),
deep blue (characteristic of the intermediate [MnFe,(CO), ,I-), and finally
deep red-purple. The solution is cooled to room temperature, added to
800mL of water, and filtered through a 2-cm deep bed of CeliteB (Ace
Scientific). The Celite is washed with water until the washings are colorless,
and a saturated solution of l o g of Et,NBr in water is added to the filtrate.
The resulting purple precipitate is collected by filtration on a bed of Celite
as above, and washed with l00mL of water. After drying under reduced
pressure (0.1 torr) in a vacuum dessicator the solids are extracted into
methanol (1 L), and the product is crystallized by reducing the volume of
the resulting solution to 250 mL. The black crystalline product is filtered,
washed with 15mL of cold methanol, and dried under reduced pressure
(0.1 torr). Yield: 18.5g (86% based on Fe(CO),). The initial filtration and
washing procedures may be carried out in air for convenience; the small
amount of orange oxidation product, which forms on the solid product, is
easily removed by washing with 0.1 N HCl and water prior to drying and
recrystallization. This procedure yields a product of adequate purity for use
in the next step.

* Diglyme = I . I'-oxybis(2-methoxyethane).
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Anal. Calcd. for C33H,,01,N2Fe,: C, 37.53; H, 3.82; N, 2.65. Found: C,
38.16; H, 3.82; N, 2.65.
Salts of the cluster dianion with other cations may be isolated by use of
the appropriate water soluble salt in place of Et,NBr.
Propert ies
The compound (Et4N)z[Fe6(C0)16C]is a black slightly air sensitive crystalline solid, soluble in polar organic solvents to give deep purple solutions.
Infrared (CH,CI,): 2032.3 (w), 1966.7(s), 1929.6(sh), and 1767.0(w)cm-'.
13CNMR [(CD,),CO]: 228 ppm (carbonyl),and 485 ppm (carbide).(All 13C
spectra are at 25"C, 25MHz.) The structure of the dianion has been
determined by single crystal X-ray diffraction.' It comprises a distorted
octahedron of iron atoms surrounding a central carbon atom, with 12
terminal and 4 bridging carbonyl groups.

B. TETRAETHYLAMMONIUMDODECACARBONYL[&-(METHOXYCARBONYL)METHYLIDYNE]TETRAFERRATE(1 -), Et,N[Fe,(CO) ,C(C02 Me)]

+ 6Fe3+4- MeOH
-Et,N[Fe,(CO),,C(CO,Me)]
+ 8Fe2++ H + + Et4N+ + 3CO

(Et4N)2[Fe,(CO),,C]

Procedure

Various oxidizing agents are effective in this reaction, but the presence of
bromide ion is essential to ensure fragmentation of the cluster to the Fe,
(lO.Og, 9.5 mmol) in 700mL
stage.6 A solution of (Et,N),[Fe,(CO),,C]
methanol is prepared in a 2-L two-necked flask fitted with a nitrogen inlet.
Tetraethylammonium bromide (10 g, excess)is added, followed by anhydrous
ferric chloride (10.8 g, 7 equiv) in portions of 1 g over a period of 15 min.
The purple solution of the starting material becomes green-black, and after
a further 15 min the reaction mixture is evaporated to dryness under reduced
pressure (- 10 torr) and washed with distilled water. The black residue is
dried under reduced pressure (0.1 torr) for 1 h, washed with diethyl ether until
the washings are colorless, and recrystallized from dichloromethane-hexane
(50:50)by slow evaporation in a stream of nitrogen. Yield: 5.2g (70%).

-

Anal. Calcd. for C2,H,,01,Fe,N:
36.50; H, 3.04, N, 1.84.

C, 36.31; H, 3.04, N, 1.84. Found C,
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Properties

Et,N[Fe,(CO), ,C(CO,Me)] is a black, slightly air-sensitive crystalline solid,
soluble in polar organic solvents to give dark green solutions. Infrared
(CH,Cl,): 2068(w), 2025(s), 1993(s), 1986(sh), 1921(m), and 1650(w)cm-'.
"C NMR (CD,Cl,): 237 ppm (methylidyne), 214 ppm (carbonyl), and
175ppm (carbomethoxy carbonyl). The crystal structure of the anion has
been determined by single crystal X-ray diffraction' to comprise a butterfly
shaped array of iron atoms with the (methoxycarbony1)methylidyne group
located between the wingtips of the butterfly, in the plane of the backbone
of the butterfly, the methylidyne carbon atom being essentially equidistant
from the four iron atoms. The 12 carbonyl ligands are all terminal.

C. CARBIDOTRIDECACARBONYLTETRAIRON,Fe,(CO), 3C

,,C(CO ,Me)] + CF SO,H
-Fe,(CO),,C
+ MeOH + (Et4N)(03SCF,)

Et,N[Fe,(CO)

.

Procedure

Caution. Trifluoromethanesuljonicacid causes severe skin and eye
burns; its vapor is an eye and respiratory irritant. Wear gloves and safety
goggles, and work in a well-ventilated fume hood when handling this reagent.
Dichloromethane (100 mL) is added to Et,N[Fe,(CO),,C(CO,Me)]
(Log, 1.3mmol) in a 250-mL flask fitted with a nitrogen inlet and a rubber
septum. Trifluoromethanesulfonic acid (0.25 mL) is added, and the dark
brown mixture is stirred for 5 min. Distilled water (100 mL) is added, and
the two-phase mixture is stirred rapidly for several minutes. The organic
layer is collected and evaporated to dryness. The residue is extracted with
warm hexane (50 "C, 3 x 50 mL) and the brown hexane solution is cooled to
-20 "C for several h in a refrigerator. The product crystallizes as black prisms
that are collected by filtration, washed with cold hexane (10 mL), and dried.
Yield: 0.75 g (95%).

Anal. Calcd. for C1,013Fe4: C, 28.04, Fe, 37.26. Found C, 27.56; Fe, 37.28.
Properties

The compound Fe,(CO),,C is a black, slightly air-sensitive solid, soluble in
organic solvents to give brown solutions, which react readily with alcohols'
to form anionic clusters of the type [Fe,(CO),,C(CO,R)] -. Infrared
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(CH,Cl,): 2060(sh), 2049(s), 2032(s), 2009(sh), 1983(w), and 1895(m)cm-';
(hexane) 2060(s), 2048(s), 2038(s), 2031 (s), 2012(w), 1998(m), 1987(m),
1954(w),and 1898(m) cm- '. "C NMR (CD,Cl,): 208.4 ppm (carbonyl),and
468.9ppm (carbide). The structure of the cluster has been determined by
single crystal X-ray diffraction' to comprise a butterfly core of four iron
atoms with the carbide carbon atom situated between the wingtips of the
butterfly, within bonding distance of all four iron atoms. Twelve carbonyls
are terminal, 3 on each iron atom, and the 13th bridges the 2 iron atoms on
the backbone of the butterfly.
D. TETRAETHYLAMMONIUM CARBIDODODECACARBONYG
HYDRIDOTETRAFERRATE(1 -), Et,N[HFe,(CO),,C]

.

Procedure
Caution. BH,. THF reacts with water to liberate flammable gases. I t
should be stored in a refrigerator, protected from atmospheric moisture by a
rubber septum, and handled in a well-ventilated hood.
To a solution of Et,N[Fe,(CO),,C(CO,Me)]
(l.Og, 1.3 mmol) in dry
(distilled from sodium benzophenone under dry nitrogen) tetrahydrofuran
(THF) (50 mL) is prepared in a 100-mL flask fitted with a nitrogen inlet and
a rubber septum. To the solution is added 1.5mL of a 1.0 M THF solution of
BH,.THF (Aldrich). The solution is stirred at room temperature for 30 min,
during which time the initially green solution becomes dark red. After removal
of the solvent under reduced pressure the gummy residue is extracted into
CH,Cl, (25 mL) and hexane (10 mL) is added. The volume of the solution
is slowly reduced to 15mL in a steam of nitrogen, and crystallization is
completed by cooling to - 20 "C in a refrigerator for several h. Yield: 0.85 g
(93%).
Anal. Calcd. for C21H21012Fe4N
C, 35.88; H, 3.00, N, 1.99. Found C,
35.38; H, 3.00; N, 1.95.
Properties
The compound Et,N[HFe,(CO),,C] is a deep red slightly air sensitive solid,
soluble in polar organic solvents to give red quite air sensitive solutions.
Infrared (THF): 2015(s), 2007(s), 1988(s), 1977(sh), and 1933(m)cm-'. 'H
NMR (CD,CI,): - 26.5 ppm (hydride). ',CNMR (CD,CI,): 464.2 ppm
(carbide), 216.0, and 214.9 ppm (carbonyl). The molecular structure of the
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anion has been determined by X-ray diffraction* to comprise a butterfly core
of four iron atoms each bonded to the carbide carbon atom that sits between
the wingtips of the cluster. Three terminal carbonyl groups are bonded to
each iron atom, and the hydride ligand bridges the backbone of the butterfly.

E BIS(TETRAETHYLAMM0NIUM) CARBIDODODECACARBONYLTETRAFERRATE(2-), (Et,N), [Fe,(CO), C]

,

+ KOH + Et4NBr
-(Et,N),[Fe,(CO),,C]
+ KBr + H,O

Et,N[HFe,(CO),,C]

Procedure
A solution of Et,N[HFe,(CO),,C] (l.Og, 1.4 mmol) in methanol (100mL),
containing excess Et,NBr (0.60 g, 2.9 mmol) is prepared in a 250-mL flask
fitted with a nitrogen inlet and a rubber septum. To the solution is added
a solution of potassium hydroxide (0.08 g, 1.4 mmol) in the minimum amount
of methanol. After stirring for 15 min, the red-brown crystalline precipitate
of(Et,N),[Fe,(CO),,C] is collected by filtration, washed with cold methanol
(2 x 10 mL) and diethyl ether (2 x 10 mL), and dried under reduced pressure
(0.01 torr). A second crop of the dianion salt can be obtained by cooling the
filtrate to - 20 "C. Yield: 0.90 g (77%). The air sensitive crystals may be
recrystallized from acetone-Zpropanol(60:40) by slow evaporation.

Anal. Calcd. for C29H,,0,,Fe,N,:
40.54; H, 4.85; N, 3.44.

C, 41.87; H,4.85; N, 3.36. Found: C,

Properties
The compound (Et4N),[Fe4(CO), ,C] is a black, somewhat air-sensitive,
crystalline solid, soluble in polar organic solvents to give brown solutions.
Infrared (THF): 2024(w), 1968(s), 1945(s), 1917(w), and 1892(w)cm-'.
13CNMR (CD,Cl,): 478.0 ppm (carbide), 222.8, and 220.8 ppm (carbonyl).
The dianion has characteristic butterfly geometry, with three terminal
carbonyl ligands on each iron atom and the carbide carbon midway
between the wingtip iron atoms. Keaction with iodomethane yields
[Fe,(CO), ,CC(O)CH,] -.9
References
1. J. S. Bradley, Adu. Organomet. Chem., 22, 1 (1983).
2. M. R. Churchill, J. Wormald, J. Knight, and M. J. Mays, J . Am. Chem. Soc., 93, 3073 (1971).

188

Transition Metal Cluster Complexes

3. D. F. Shriver, The Manipulation ojAir-Sensitive Compounds,McGraw-Hill, New York, 1969.
4. R. B. King and F.G. A. Stone, Inorg. Syn., 7, 198 (1963).
5. M. R. Churchill and J. Wormald, J. Chern. Soc. Dalton Trans., 1974,2410.
6. J. S. Bradley, E.W. Hill, G.B. Ansell, and M. A. Modrick, Organometallics, 1, 1634 (1982).
7. J. S. Bradley, G.B. Ansell, M.E. Leonowicz, and E.W. Hill, J. Am. Chem. Soc., 103,4968
(1981).
8. E.M.Holt, K.H.Whitmire, and D. F. Shriver, J. Organornet. Chem., 213, 125 (1981).
9. J. H.Davis, M. A. &no, J. M.Williams, J. Zimmie, M. Tachikawa, and E.L. Muctterties,
Proc. Natl. Acad. Sci. USA, 78,668 (1981).

37. TETRAETHYLAMMONIUM DODECARBONYL
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Checked by PIERRE BRAUNSTEIN,' ANNE DEGREMONT,' and JACKY ROB'

2Fe(CO), + ;Co,(CO),

A

.aIOllc

[Co(solvent),] [F~CO,(CO)~~],
+ 14CO

[Co(solvent),] [FeCo,(CO),,],

____*

CHICll

+ 2Et4NI

Ph,PAuFeCo,(CO),,

+ Et4NN0,

A* CEt4Nl c F ~ o , ( c o ) l , l
The anion [F~CO,(CO),~]-was first prepared by Chini et al. in 1960' and
was one of the first mixed metal clusters reported. The procedure outlined
here is based on Chini's original method although the quantities involved
have been cut 10-fold and less temperature control is specified.

*Department of Chemistry, State University of New York at Stony Brook, Stony Brook NY
11764.

'Laboratoire d e Chimie de Coordination, UA 416 CNRS, Institut Le &I,
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Procedure

Caution. Reactions and transfer of iron pentacarbonyl are done in a
well-ventilatedfume hood because of the high toxicity of iron pentacarbonyl
and carbon monoxide. The compound Co, ( C O ) , is pyrophoric and is weighed
out into the reaction flask in a dry nitrogen filled glove box.
A 3.00 g sample of Co2(C0), (Alfa)(8.77 mmol) is placed, with a magnetic
stirring bar, into a 250-mL round-bottomed side-arm flask inside a nitrogen
filled glove box. The flask is then capped with a septum, brought out of the
glove box, and attached to a standard dual manifold Schlenk vacuum-nitrogen
line. A 1.04 g sample of Fe(CO), (Alfa) (0.73 mL, 5.31 mmol) is added to the
flask via a cannula. Then, 95mL of deareated acetone is added dropwise
through the cannula while the reaction mixture is stirred. After the acetone
has been added, the septum is removed and is quickly replaced with a
condenser. The solution is heated at reflux for 14 h, after which it is red-brown.
The solvent is then removed by vacuum at room temperature, and the residue
is pumped on for at least an additional 1.5 h to remove any unreacted iron
pentacarbonyl. The remaining black powder is dissolved in the minimum
amount of acetone (40-50 mL) and filtered through a Schlenk filter to remove
any possible contaminents. A solution of 1.25 g of Et4NI (Aldrich) in 75.0 mL
of deareated distilled H,O is added dropwise via a syringe. A red-brown
precipitate of [Et4N] [FeCo,(CO),,] forms immediately. It is filtered out of
the solution through a Schlenk filter and dried in uacuo. The color of the
filtrate should be light pink. If there is any dark color, then more Et4NI is
added to precipitate additional [Et4N] [FeCo,(CO),,]. The precipitate is
washed with water and dried in vacuum for at least 5 h. Yield: 3.33 g (95%
based on Co,(CO),).The compound may be recrystallized by dissolving a
sample in warm dichloromethane followed by addition of an equal volume
of hexane and cooling.
Anal. Calcd. for C,,H,,FeCo,012N:
2.60.

C, 34.37; H, 2.88. Found: C, 34.47; H,

Properties
The compound [Et4N] [FeCo,(CO),,] is a reddish-brown powder. It is air
stable in the solid state and in solution. It is soluble in tetrahydrofuran
(THF) and dichloromethane and very soluble in acetone. It is sparingly
soluble in chloroform. The IR spectrum of this compound contains the following C-0 stretching vibrations (CH,Cl,): 2063(w), 2007 (s), 1976(m),
1929(m),and 1812(m)cm-'. Acidification of solutions of the [F~CO,(CO),~]anion produces the hydride compound [HFeCo,(CO), ,] as reported by
Chini.
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B. Ph3PAuFeCo3(CO),

The synthesis of Ph,PAuFeCo3(CO),, was reported by Lauher and Wald
in 1981., The reported synthesis involved mixing Aum03)(PPh3) and
[Et4N] [FeCo,(CO),,] in acetone. It was subsequently found that the
reaction occurs as easily in dichloromethane. Since the product eventually
dissociates in acetone, dichloromethene is the solvent of choice. The silver
analog of this compound has been synthesized in the same manner.’ The
compound Ph,PRuCo,(CO),, was reported by Braunstein in 1982.4 It was
synthesized by adding a diethyl ether solution of AuCl(PPh,) to a toluene
suspension of Na[RuCo,(CO),,]. The same procedure can be used with
K[FeCo,(CO),,] to produce the title c ~ m p o u n d . ~
The Au(NO,)(PPh,) starting material is prepared by a simple AgN03
metathesis reaction with commercial AuCl(PPh,) using a procedure first
reported by Malatesta, et al,’
Caution. Benzene is a human carcinogen, and chloroform is a suspected
carcinogen. Protective gloves should be worn, and all manipulations should be
carried out in a well-ventilated fume hood.
In a open beaker, 0.72-g of AuCl(PPh,) (Alfa) (1.46 mmol) is dissolved in
10 mL of dichloromethane, an ethanol solution of AgNO, (0.25 g, 1.47 mmol)
is added and the resulting silver chloride precipitate is filtered off. The filtrate
is evaporated to dryness by vacuum, and the residual product,
Au(N03)(PPh3),’ is dissolved in 30.0mL of dichloromethane. Under a
nitrogen atmosphere using standard Schlenk techniques, the solution of
Au(N03)(PPh3) is added via cannula to a solution of 1.Oog of
[Et4N][FeCo3(CO),,] (1.43mmol) dissolved in lOmL of CH,CI, in a
100-mlround-bottomed sidearm flask containing a magnetic stirring bar. The
color of the solution immediately changes from red-brown to a deep purple.
After 5 min of stirring the solvent is removed at room temperature in vacuum
leaving a dark residue. This residue is extracted under a nitrogen atmosphere
with 10-mL aliquots of a 7:3 benzene-chloroform solution until the extracts
are colorless (50-80 mL total should be required). The extracts are combined,
and the solvent is removed in vacuum, leaving a dark black crystalline solid.
Yield: 1.35g(91%). The compound may be recrystallized by dissolving a
sample in warm toluene followed by the addition of an equal quantity of
hexane and cooling.

.

Anal. Calcd. for C3,H,,AuFeCo3PO12: C, 35.05; H, 1.47. Found: C, 35.26;
H, 1.53.
Properties
The compound Ph,PAuFeCo,(CO),,

is a deep purple-black color in the
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solid state. In solution, the color is a very intense purple. It is soluble in
acetone, dichloromethane, chloroform, benzene, diethyl ether, and toluene.
It is slightly soluble in hexane. In polar solvents, such a acetone, the compound dissociates into [Au(PPh,)(solvent)] cations and [FeCo,(CO),,] anions. This process may be reversed by decreasing the polarity of the
solution. The compound is air stable in the solid state and moderately air
stable in solution. The IR spectrum of the compound in dichloromethane
contains the following C - 0 stretching vibrations: 2072 (m), 2016 (vs),
1990(m),and 1860(s)cm-'.
The molecular structure of this compound consists of a trigonal bipyramid
of the metal atoms as determined by X-ray analysis. Solutions of the compound
instantly dissociate upon addition of phosphines producing [Ph, PAuPR,]
cations and [FeCo,(CO), ,I- anions. Similar chemistry has been observed
by Braunstein et al. for P~,PAURUCO,(CO),,.~
+

+
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chemical pathways can be investigated. The bases for these developments
are pioneering studies of organic interconversions in the ligand sphere3and
of elementary cluster framework reactions4 Further developments are to be
expected using functional cluster frameworks and ligands with multicenter
attachment. Described herein are the syntheses of two clusters combining
these two properties. Both have chiral tetrahedral frameworks consisting of
an organic p3-ligand and three different metal atoms, and in both cases the
organic p, unit (alkylidine or alkyne) lends itself to further interconversions.
The approach in these syntheses is based on metal exchange,, which allows
the formation of chiral clusters with different transition metals and different
p3 units.
General Procedures and Techniques
All materials are handled under an inert gas atmosphere in Schlenk-type
vessels and in well-ventilated hoods. All solvents must be dried by Na-K
alloy, degassed, and distilled. The silica gel for chromatography (MachereyNagel 0.06-0.2mm) is dried for 12h at 160°C in high vacuum. For thin
layer chromatography (TLC) tests, silica gel on aluminum (Merck-60 F254)
is used. The term “hexane” is used for the petroleum ether fraction boiling
between 60 and 70 ‘C.
The syntheses of the starting clusters ( ~ , - M ~ C ) C O ~ ( C(ref.
O ) ~6) and
RUCO,(CO)~(ref. 7)are well documented. The reagents N~[Mo(C,H,)(CO)~]
(ref. 8) and [C,H,Ni(CO)], (ref. 9) can be prepared according to published
procedures. 2-Butyne is commercially available. All intermediate and product
clusters have been fully characterized including elemental
8
Caution. The complex [ ( C , H , ) N i ( C O ) ] , is volatile and should be
handled with the caution associated with Ni(CO),, from which it is made.
Synthesis and handling of [(C,H,)Ni(CO)], should be carried out in a
well-ventilated hood. Benzene is a human carcinogen. It should be handled only
in a well-ventilated hood and gloves should be worn. Replacing benzene by
toluene in these preparations requires longer reaction times and longer columns
for chromatography.

A. CYCLO-)I,-ETHYLlDYNEl :2 :~-K’C-PENTACARBONY
LIK ~ C ,
2K3C-BIS[1, 3(q5)-CYCLOPENTADIENYL]COBALTMOLYBDENUMNICKEL(Co-Mo) (Co-fVi) (Mo-Ni),

(Ir3-CH,C)NiCoMo(C,H,)2(CO),

This chiral cluster l o is obtained in a two-step metal-exchange sequence with
an average yield of 25% based on (p3-CH,C)Co3(C0)9:
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Procedure
1- (C~-CH~C)CO,
Mo(CsHs) (COh

A 100-mL Schlenk flask fitted with a magnetic stirring bar is charged
with 2.00 g (4.38 mmol) of (p3-CH3C)Co3(C0),,6 1.90 g (7.09 mmol) of
Na[Mo(C,H,)(CO),], and 50 mL of tetrahydrofuran (THF), and closed with
a pressure equalizing bubbler. The mixture is stirred for 2 h after which
time TLC spot tests with hexane indicate that no further product is formed.
The solvent is removed in an oil pump vacuum, the residue is dissolved in
50mL of benzene, and the solution is filtered through a D3 frit filled with
a 3-cm layer of silica gel. After washing with three 20-mL portions of benzene,
the dark green combined filtrate is reduced in volume to 5 mL by a rotary
evaporator. A 50-mL volume of hexane is added, and the solution is cooled
to - 35 "Cin a refrigerator. Quick filtration through a medium porosity frit
and washing with 5 mL of cold hexane yield 1.58 to 1.74 g (68-75%) of blackgreen, crystalline, air sensitive (p3-CH3C)Co,Mo(C,H,)(CO),.
The compound can be identified by its IR bands at 2086(vw), 2072(m),
2043(sh),2032(vs), 2016(m),2003(vs),1990(m),1948(m),and1890(vw,br)cm-'
in C,H,, and by its NMR signals at 3.56 (CH,) and 4.50 (C,H,) ppm versus
int TMS in C,D,.

-

2. (JI~-CH~C)N~COMO(C~H,),(CO),
A 100-mL Schlenk flask fitted with a magnetic stirring bar is charged with
0.76 g (1.43mmol) of (p3-CH3C)Co,Mo(C,H,)(CO),, 1.30g (4.28 mmol) of
[C,H,Ni(CO)],, and 40mL of benzene. A reflux condenser closed with a
pressure equalizing bubbler is attached, and the mixture is heated with stirring
in an oil bath kept at 60°C for 5 days, after which time TLC spot tests with
hexane indicate that the amount of starting cluster is not becoming any less.
The solvent is removed in an oil pump vacuum. The residue is suspended
in 30mL of hexane and chromatographed with benzene-hexane (1:5) on a
3.5 x 50-cm column filled with silica gel. In the first, dark green, fraction
-0.3g (-40%) of the starting cluster is recovered. The second, brown,
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fraction, after evaporation to dryness in a rotary evaporator, leaves behind
0.21-0.3Og (28-41%) of brown (p3-CH3C)NiCoMo(CsHs)2(CO)s.This
material is spectroscopically pure. Recrystallization from hexane at - 35 "C
to obtain analytically pure material reduces the yield to 0.17-0.24 g (21-33%).
Taking the recovery of the starting cluster into account, the isolated amount
of 0.30 g corresponds to a yield of 67%.
Properties

Air sensitive (p3-CH3C)NiCoMo(CSHS),(CO),forms dark brown crystals.
It is reasonably soluble in all nonpolar solvents except aliphatic
hydrocarbons. It shows IR bands at 2053(m), 2034(s), 2005(m), 1990(vs),
1976(s), 1968(s), 1947(vw), 1934(m), 1916(w), 1898(vw),and 1870(vw)cm-'
in C6Hlzand NMR signals at 3.70 (CH,), 4.68 (CsHs), and 4.84 (CsH,) ppm
versus int TMS in C6D6. It is the basis compound for a series of
(p,-RC)NiCoMo clusters the properties of which, including enantiomer
separation, have been investigated.'

B. CYCL0-~3-l(t12):2(r12):3(t12)-2-BUTYNE]
OCTACARBONYGIK~C,
2 ~C,
' 3~'C-cI($ )-CY CLOPENTADIENYLICOBALTMOLYBDENUMRUTHENIUM(CO-MO) (CO- Ru)(Mo- Ru),
(cI3'cZ (CH3)2)MoRuCo(CS HS)

(co)8

This cluster,12 which is a chiral example of the large class of alkyne bridged
trinuclear clusters, is obtained from the ternary metal carbonyl RuCo2(CO),
by a two-step sequence involving a capping reaction and a metal exchange,
with an overall average yield of 42%:

Procedure
(C3~2(CH3)2)RUC02(C0)9
A 0.80-g quantity (1.52 mmol) of RuCo,(CO), (ref. 7) is dissolved in 100mL
of hexane in a 250-mL Schlenk flask containing a magnetic stirring bar and
cooled to 5 "C in an ice bath. To this solution 0.12 g (2.22 mmol) of 2-butyne
is added, and the flask is closed with a pressure equalizing bubbler. (Because
of the volatility of 2-butyne it is convenient to use it as a 0.5 M solution in
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hexane prepared by condensing the appropriate quantity of 2-butyne into a
Schlenk flask at - 78 "C and then diluting it with the appropriate amount
of hexane.) The mixture is stirred for 6 h with cooling. Then the solution is
filtered and reduced in volume to 5-10 mL in a ratory evaporator. After
cooling to -35°C in a refrigerator, quick filtration through a medium
porosity frit, and washing with 5 mL of cold hexane, 0.60-0.68 g (7545%)
of red, crystalline, air sensitive, (~,-C,(CH,),)RUCO~(CO)~
is obtained.
The compound can be identified by its IR bands at 2091 (w), 2056(vs),
2041(vs), 2029(s), 2020(w), 2006(w), and 1900(w,br)cm-' in C,H,, and its
single NMR resonance at 2.49 ppm versus int TMS in CDCl,.

@3'c2

(CH3 12 )MoRuCo(C5

5) (co)8

A 100-mL Schlenk flask fitted with a magnetic stirring bar is charged with

0.68 g (1.30 mmol) of (p3-C,(CH,),)RuCo2(CO)9,
0.45 g (2.22 mmol) of
Na[Mo(C,H,)(CO),], and 30 mL of THF. A reflux condenser, closed with

a pressure equalizing bubbler, is attached, and the mixture is stirred for 15 h
at room temperature and then for 2 h in an oil bath kept at 40 "C. The mixture
is reduced in volume to lOmL in an oil-pump vacuum and transferred to a
2.5 x 30-cm column filled with silica gel, which was introduced as a slurry
in benzene-hexane (1 :4). Chromatography with benzene-hexane (1:4) elutes
firsta red-brown band containing some remaining (p3-C2(CH3)2)R~C~2(C0)9
and then a red band containing a small amount of [(C5H5)Mo(CO),],.
Benzene-hexane (1:4) then elutes the product cluster as a red band. The
eluate is evaporated to dryness in a rotary evaporator, leaving behind
0.40-0.55 g (51-70%) of red (~,-C,(CH,),)MORUC~(C~H~)(CO)~,
which is
spectroscopically pure. Recrystallization from hexane at - 35 "C to obtain
analytically pure material reduces the yield to 0.35-0.47 g (4540%).
Properties

The compound (~,-C2(CH,),)MoRuCo(C5H5)(CO),
forms air sensitive red
crystals. It is reasonably soluble in all nonpolar solvents except aliphatic
hydrocarbons. It shows IR bands at 2079 (s), 2046(vs), 2029 (sh), 2020(s),
2011 (sh), 1989(w),1977(m), 1898(w,br), and 1874(w,br)cm-' in C,H12 and
NMR signals at 2.38 (CH,), 2.47 (CH,), and 5.24 (C5H5)ppm versus int
TMS in CDCl,. In solution it decomposesvery slowly, producing a precipitate
and [(C,H,)Mo(CO),],. It is the basis compound for a series of chiral alkyne
and vinylidene bridged trimetal clusters for which the chemical and stereochemical features of hydrogenations and dehydrogenations of the organic
ligands have been investigated.',
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39. NONACARBONYL-TRI-p-HYDRIDO-p3METHYLIDYNE-TRIRUTHENIUMAND -TRIOSMIUM
Submitted by JEROME B. KEISTER,* JOHN R. SHAPLEY,' and DEBRA
A. STRICKLAND'
Checked by LINGSHWU HWANG and YUN CHI*

Much of the early work in metal cluster chemistry concerned syntheses and
reactions of alkylidynetricobalt clusters of the general formula [cO,(p3CX)(CO),], where X = H, alkyl, aryl, halo, carboalkoxy, and others.' Until
the last few years alkylidyne clusters of other metals were limited to a few
examples with X = H or CH,; no other series of functionalized methylidyne
clusters was available for physical and chemical studies.
The first alkylidynetriruthenium cluster, [Ru,H,(p-CCH,)(CO),],
was
with
prepared in 1972 in 12% yield by the reaction of [Ru,H,(CO),J
ethylene.' The structure was shown by a variety of techniques to be comprised
of a triangle of ruthenium atoms capped by an p,-ethylidyne moiety; each
of the three hydride ligands bridges one Ru-Ru edge., The osmium analog
has been prepared by a two-step synthesis from O S ~ ( C O ) ,first
~ , heating
*Department of Chemistry, University at Buffalo, State University of New York, Buffalo, NY
14214.

'Department of Chemistry, University of Illinois, Urbana, IL 61801.
:Department of Chemistry, National Tsing Hua University, P.O.Box 2-46 Hsinchu, Taiwan
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with ethylene to give [OS,H,(CCH~)(CO)~]
and then hydrogenating to give
the ethylidyne p r ~ d u c t .The
~ complex [Os,H,(p,-CH)(CO),] has been
prepared by pyrolysis of the tautomeric mixture [Os,H(CH,)(CO),,]/[OS,H,(CH,)(CO),,],~ and has also been isolated from the reaction of
[Os,(CO),,] with acetaldehyde.6 The ruthenium analog, [Ru,H,(pCH)(CO),], has been identified as a minor component of the product mixture
formed by reduction of [Ru,(CO),,] with sodium tetrahydroborate(1 - ).7
We describe here syntheses of [Ru,H,(~,-CX)(CO)~](X = OCH,, C1, and
Br) and [Os,H,(p,-CX)(CO),] (X = OCH,, CO,CH,, C1, and Br)." Also
reported are syntheses for the precursors [RU,H(~-COM~)(CO),~],
[Os,H(p-COMe)(CO),,], and the tautomeric mixture [Os,H,(p-CH,)(CO),o]/[Os,H(p-CH,)(CO),o].
These compounds have been used as
precursors for the syntheses of [M,H(CR)(CO),,] (M = Os, X = H (ref. 9) or
Ph (ref. 10); M = Ru, X = NR, (ref. 11) or H (ref. 12)) and [M3H3(p3CX)(CO),] (M = Ru, X = Ph,l'bCOzMe,l'bOEt,llbH,llb
or SEt (ref. 13);
M = Os, X = Ph, H,' or F (ref. 14). Related clusters prepared by other methods
include [Os,H(CX)(CO),,], X = NR, (ref. 15) or CH2CHMez,16[Os,H,(pCC0,H)(CO),],17 and [{OS~H~(CO)~(~~-CO)}~(B~O~)].~~
These compounds are of interest because of the comparisons and contrasts that can be
made with the physical and chemical properties of the analogous cobalt
clusters and because of the additional properties associated with the three
hydride ligands. A review of the chemistry of these compounds has
appeared.I
Most of the syntheses of the [M,H,(p,-CX)(CO),] clusters given here
begin with the preparation of the appropriate [M3H(p-COCH3)(CO),,]
cluster by methylation with methyl fluorosulfonate* of the corresponding
[M,H(CO),,] anion, which is derived from [M,(CO),,]. The synthesis of
[Ru,H(p-COCH,)(CO),,] has also been accomplished by methylation with
trimethyloxonium tetrafluoroborate of the [Ru,H(CO), ,] anion, which was
prepared by reduction of [Ru,(CO), ,] with sodium tetrahydroborate( 1 -)."
The osmium cluster has been prepared by reaction between methyl fluorosulfonate and the [Os,H(CO), ,I1- ion, derived by reduction of [Os,(CO),,]
with potassium hydroxide in methanol." These procedures are fully comparable in yield and convenience to the syntheses given here. All procedures
are best carried out using a vacuum-nitrogen double manifold.', Although
these syntheses are performed under a nitrogen atmosphere unless otherwise
indicated, the work-ups may be done without the exclusion of air.
Caution. All manipulations involving metal carbonyls must be carried
out in a well-ventilated fume hood.
*Methyl fluorosulfonate is no longer commercially available. The checkers substituted methyl
trifluorornethanesulfonate and obtained satisfactory results.
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A. DECACARBONYL+-HYDRIDO+-(METHOXYMETHYL1DYNE)-TRZANGULO-TRIRUTHENIUM

Procedure
A 500-mL three-necked round-bottomed flask is equipped with a magnetic
stirring bar, a reflux condenser topped with a stopcock connected to a
nitrogen line, a Vigreux column topped with a stopcock connected to a
vacuum trap, and a 50-mL, pressure equalizing addition funnel. In the flask
under dry nitrogen is placed dodecacarbonyltriruthenium (1.045 g,
1.64 mm01)'~and tetrahydrofuran (THF) 100mL, (Fisher reagent grade, used
without purification, previously deoxygenated by saturation with a stream
of nitrogen gas). Then triethylamine (20mL) and water (20mL), both
deoxygenated by nitrogen saturation, are added from the addition funnel.
The resulting mixture is stirred under nitrogen and heated with an oil bath
at 60 to 70°C. The color of the solution rapidly changes from orange to
dark red, characteristic of the [Ru3H(CO),,]'- ion. After 1 h the solution
is cooled to room temperature, and the triethylamine and THF are removed
by closing the stopcock for the nitrogen inlet and opening the stopcock to
the vacuum trap, which is cooled with liquid nitrogen or with a Dry
Ice-acetone bath. When only water and a brick red precipitate of
[NH(C,H,),] [Ru,H(CO), ,] remain, most of the water is removed with a
pipet or filter stick under a nitrogen blanket, and the remainder of the water
is evaporated with vacuum. The product must be thoroughly dry before
proceeding to the next step; residual water will react with methyl
fluorosulfonate to produce, ultimately, [RU,(CO)~2 ] and triethylammonium
fluorosulfonate.
9
Caution. The methylating agents, methyt fluorosulfonate or methyl
trijluoromethanesulfonate. used in this procedure are highly toxic and volatile.
Because methyl fluorosulfonate, used in the original procedure, is no longer
commercially available, the checkers have successfully replaced this reagent
with methyl trijluoromethanesuronute. Although less hazardous than methyl
fluorosulfonate, methyl trijluoromethanesu!fonate is an extremely dangerous
chemical: Inhaling its vapors or absorption through the skin can cause a
potentially fatal pulmonary edema fi not promptly treated. All work with either
of these reagents should be done in a well-ventilated fume hood, and suitable
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protective clothing should be worn. Small amounts of unreacted methyl
trifluoromethanesuljonate can be destroyed b y hydrolysis with alcoholic KOH
(4g KOH in 100mL methanol or ethanol). The hydrolyzing mixture should
be allowed to stand for at least 1 day. Excess methyl fluorosulfonate can be
destroyed in a similar manner b y treatment with a suspension of potassium
carbonate in methanol.
Next a solution of methyl fluorosulfonate (500pL, 7mmol)* in dry
dichloromethane (50mL) is added under nitrogen from the addition funnel.
The resulting solution is stirred under nitrogen for 24h. Finally, the
dichloromethane and unreacted methyl fluorosulfonate are vacuum
transferred to a trap cooled with liquid nitrogen, and the methyl
fluorosulfonate is destroyed by treatment with a suspension of potassium
carbonate in methanol (- 100mL, allowed to stand for 24h). Methanol
(25mL) is added to the product residue, and after stirring for 1h under
nitrogen the [Ru3H(p-COCH3)(C0),,1 is extracted from [Ru3(CO),,] with
a minimum amount of methanol (- 25 mL). The solution is cooled to - 16 "C
to give orange-yellow crystals of [Ru3H(p-COCH3)(CO),,1 (461 mg). The
mother liquor is evaporated to dryness by using a rotary evaporator at room
temperature and the residue is purified by preparative thin layer
chromatography (TLC) on silica gel, eluting with hexanes or cyc1ohexane.t
Additional product is obtained by extraction of the second, orange band
with dichloromethane and evaporation of this solution to dryness. The
product may be contaminated with a small amount of dark red
[Ru,H,(CO),,], but it is pure enough for use in the following syntheses.
Very pure material is obtained by careful preparative TLC or by
recrystallization from methanol.* Total yield is 749 mg(73X).

-

Anal. Calcd. for Ru3C12H,0,,: C, 22.95; H,0.64,
Ru,48.35. Found C, 22.95;
H,0.71; Ru, 48.49.
The major side product is Ru,(CO),,. Yield: 144mg (14%).

*The checkers substituted an equivalent amount of methyl trilluoromethanesulfonate(Aldrich).
Yield: 67%.
'Thin layer Chromatography is carried out by using 20 x 20-cm preparative TLC plates made
with silica CKieselgel6OG (EM Science)or Silica Gel GF (IOpm, Analtech)] to an approximate
thickness of0.5mm. The mixtures are applied as dichloromethane solutions using a drawn-out
Pasteur pipet. Development of the plates is conducted in air. The capacity of each plate is
,.. 100mg.
:All recrystallizations are conducted by saturating a methanol solution of the compound at
room temperature and cooling the solution to - 16°C in a freezer.
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Properties
The complex [RU,H(~-COCH,)(CO),~]
is an orange-yellow,crystallinesolid
that is slightly air sensitive and is very soluble in common organic solvents.
The 1R spectrum of [RU,H(~-COCH,)(CO),~]
in cyclohexane exhibits sharp
bands at 2104(w), 2064(vs), 2054(s), 2030(vs), 2018(m), 1990(w), and
1968(w)cm-'. The 'H NMR spectrum of [RU,H(~~-COCH~)(CO),~]
in
chloroform-d solution consists of singlets at 5 4.56 and - 14.85 in a 3: 1ratio.

B. NONACARBONYL-TRI+-HYDRIDO-~~-(METHOXYMETHYL1DYNE)-TRZANCULO-TRIRUTHENIUM
[Ru,H(~-COCH~)(CO),~]H, +[Ru,H,(p,-COCH,)(CO)cj]

+

+ CO

8
Caution. Hydrogen gas is highly flammable. The following procedure
should be carried out in a well-ventilated hood and well awayfrom any potential
source of ignition.

Procedure
Hydrogenation of [Ru,H(p-COCH,)(CO),,] is carried out in a 250-mL
three-necked round-bottomed flask equipped with a condenser topped with
a gas outlet to an oil bubbler, a magnetic stirring bar, and an inlet tube for
introduction of hydrogen gas into the solution. A solution of [Ru,H(pCOCH,)(CO)lo] (209mg, 0.13 mmol) in hexane (100mL) is heated at reflux
for 2 h with hydrogen bubbling through the solution. The solvent is then
removed with a rotary evaporator, and the red-orange residue is recrystallized
from methanol (see the footnote in the procedure in Section A) to give bright
orange crystals. The mother liquor is evaporated to dryness, and the residue
is purified by preparative TLC on silica gel eluting with cyclohexane (see
the footnote in the procedure in Section A). The second, orange to red band
is extracted with dichloromethane to give additional product. Yield 186mg
(93%).
Anal. Calcd. for RuJCllH6010:C, 21.95; H, 1.01; Ru, 50.43. Found C, 22.19;
H, 1.11; Ru, 50.26.
Properties
The compound [RU,H,(~,-COCH,)(CO)~]forms bright orange crystals that
are mildly air sensitive. It dissolves readily in common organic solvents to
give somewhat more air-sensitive solutions. Its IR spectrum in cyclohexane
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is 2106(vw), 2078(s), 2075(s), 2036(vs), 2028(m), 2018(sh), 2014(rr), and
2000(w)cm- '; its 'H NMR spectrum in chloroform-d solution consists of
two singlets of equal intensities at 63.77 and - 17.53. The compound
decomposes slowly in air to form initially a dark red, insoluble compound
of unknown formulation. This impurity may be removed by extraction of
H,Ru,(p,-COCH,)(CO),
with methanol or cyclohexane or by chromatography.

C. ~j-(BROMOMETHYLIDYNE)-NONACARBONYLTRI-~HYDRIDO- TRIANGUL.0-TRIRUTHENIUM

Procedure
To a stirred solution of [Ru,H,(~,-COCH,)(CO)~](128 mg, 0.208 mmol) in
dichloromethane (100 mL) is added boron tribromide (50pL,0.54mmol)
under nitrogen.
Caution. Boron tribromide reacts violently with water, is very toxic by
inhalation, and causes severe burns. A well-ventilated fume hood must be used
and suitable protective clothing should be worn.
After 30 min the solution is evaporated to dryness under vacuum, and
methanol (1OmL) is added to the residue to destroy any remaining boron
tribromide. The product mixture is purified by preparative TLC (see the
footnote in the procedure in Section A), eluting with dichloromethane/
hexanes (1 : 5 v/v). A single, bright yellow band yields [Ru,H,(~-CB~)(CO)~]
(1 16 mg, 86%) after extraction with dichloromethane.

.

Anal. Calcd. for Ru,C,,H,O,Br:
18.56; H, 0.43; Br, 11.97.

C, 18.46; H, 0.46; Br, 12.31. Found: C,

Properties
The complex [Ru,H,(p,-CBr)(CO),] is a bright yellow, air-stable, crystalline
solid, which is very soluble in dichloromethane and soluble in most other
common organic solvents. Its IR spectrum in cyclohexane solution displays
sharp bands at 2087 (s), 2080 (w), 2040 (s), 2030(m), 2000 (vw), and
1992(vw)cm-'; its 'H NMR spectrum in chloroform-d consists of a singlet
at 6 - 17.80.
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D. DECACARBONYL-p-HYDRIDO-p-(METHOXYMETHYL1DYNE)-TRIANGULO-TRIOSMIUM

Procedure
A 1000-mL three-necked round-bottomed flask is equipped with a magnetic
stirring bar, a stopcock connected to a nitrogen line, a reflux condenser
topped with a stopcock connected to an oil bubbler, and a 500-mL
pressure-equalizing addition funnel. Dodecacarbonyltriosmium (1.513g,
1.67mrn01)’~is placed in the flask and T H F (320mL, distilled from sodium
benzophenone under nitrogen) is added under a stream of nitrogen.
Triethylamine (80mL) and distilled water (80mL), both deoxygenated by
nitrogen saturation, are added from the addition funnel. The resulting mixture
is heated at 60 “C with an oil bath while stirring under nitrogen, causing the
color of the solution to change from yellow to dark red within 10 min. After
2 h the solution is allowed to cool, and tetraethylammonium chloride (l.Og,
6.06 mmol) in deoxygenated water (20 mL) is added. The triethylamine and
T H F are removed by closing the stopcock for the nitrogen inlet and
connecting the remaining stopcock to a liquid nitrogen-cooled vacuum trap.
The cloudy aqueous layer that remains is removed from the brick red
precipitate of [N(C,H,),] [Os,H(CO),
with a pipet, and the residue is
washed with two 10-mL portions of deoxygenated water, again removing
the water with a pipet. The flask is placed under vacuum overnight to remove
all traces of water.
Caution. The methylating agents, methyl fluorosulfonate or methyl
trijluoromethanesulfonate, used in this procedure are highly toxic and volatile.
Because methyl fluorosulfonate, used in the original procedure, is no longer
commercially available, the checkers have successfully replaced this reagent
with methyl trijluoromethanesulfonate. Although less hazardous than methyl
fluorosulfonate. methyl trifluoromethanesulfonate is an extremely dangerous
chemical: Inhaling its vapors or absorption through the skin can cause a
potentially fatal pulmonary edema fi not promptly treated. All work with either
of these reagents should be done in a well-ventilated fume hood, and suitable
protective clothing should be worn. Small amounts of unreacted methyl
trifluoromethanesulfonate can be destroyed by hydrolysis with alcoholic KOH
( 4 9 K O H in l00mL methanol or ethanol). The hydrolyzing mixture should

,]
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be allowed t o stand for at least 1 day. Excess methyl jluorosulfonate can be
destroyed by treatment with a suspension of potassium carbonate in methanol.
Next, a solution of methyl fluorosulfonate (400 pL, 5.6 mmol, stored
over anhydrous sodium carbonate)* in dry dichloromethane (400 mL) is
placed in the addition funnel and added to the dry solid. The resulting
solution is stirred under nitrogen for 1 h, during which time the solution
changes from red to bright yellow. The dichloromethane and unreacted
methyl fluorosulfonate are vacuum transferred to a liquid nitrogen-cooled
trap, and the methyl fluorosulfonate is destroyed by treatment with a
suspension of potassium carbonate in methanol (20 mL, allowed to stand for
can be collected after
24h). Most of the [Os,H(p-COCH,)(CO),,]
crystallization from methanol (see the footnote in the procedure in Section A).
The mother liquor is then evaporated to dryness and purified by preparative
scale TLC (see the footnote in the procedure in Section A) eluting with
petroleum ether (bp 30-60 "C). Additional product is obtained after the first
yellow band, trailing a trace of purple [Os,H,(CO),,], is extracted with
dichloromethane. Yield: 1.108g (74%).

-

Anal. Calcd.forOs,C,~H,O,,:C, 16.10;H,0.45.Found:C, 16.16,H,0.41.
Variable amounts of the impurity [Os,H(p-C(0)OCH,)(CO)lo] (ref. 25)
('H NMR spectrum (CDCI,): 6 3.65 (s, 3H) and - 14.30 (s, 1H)) may also be
formed. This impurity does not affect the following procedure and is easily
removed by TLC after hydrogenation of [Os,H(p-COMe)(CO),,]
to
[OS,H,(~,-COM~)(CO)~];
however, [Os,H(p-C(O)OCH,)(CO),,1 may be
removed from [Os,H(p-COMe)(CO), ,]with difficulty by very careful TLC.
Properties

[Os,H(p-COCH,)(CO),,] is an air-stable, bright yellow, crystalline solid.
The compound is very soluble in common organic solvents. The IR spectrum
in cyclohexane includes sharp bands at 2109 (w), 2064(s), 2057 (m),2025 (s),
2012(m), 1998(m), and 1982(w,sh)cm-'. The 'HNMR spectrum in
chloroform-d consists of singlets at 64.59 and - 16.41 in a 3: 1 ratio.

E. NONACARBONYGTRI-p-HYDRIDO-p,-(METHOXYMETHYLIDYNEkTRZANGULO-TRIOSMIUM

+

[OS,H(~-COCH,)(CO)~O] Hz

-

+

[OS,H,(~~-COCH,)(CO)~]CO

*The checkers substituted an equivalent amount of methyl trifluoromethanesulfonate(Aldrich).
Yield 52%.
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Caution. Hydrogen gas is highly flammable. The following procedure
should be carried out in a well-ventilated hood and well awayfrom any potential
source of ignition.
Procedure

Hydrogenation of [Os,H(p-COCH,)(CO)lo] is carried out in a 500-mL
three-necked round-bottomed flask equipped with a magnetic stirring bar,
a reflux condenser topped with a stopcock connected to an oil bubbler, and
a fixed inlet tube for introduction of hydrogen gas into the solution. A solution
of [Os,H(p-COCH,)(CO),,] (315 mg, 0.35mmol) in decane (270mL) is
heated at 120°C for 1 h, with hydrogen bubbling vigorously through the
solution, to produce a somewhat paler yellow solution. The solvent is
removed by vacuum into a Dry Ice-2-propanol cooled trap.* Purification
of the the residue is accomplished by preparative scale TLC (see the footnote
in the procedure in Section A) eluting with petroleum ether (bp 30-60°C).
Extraction of the second major yellow band trailing purple [OS,H,(CO)~~]
provides [OS,H,(~~-COCH,)(CO)~].
Yield from [Os,H(p-COCH,)(CO),,-,]
is 264mg (86%).The compound can be recrystallized from methanol (see the
footnote in the procedure in Section A).
Anal. Calcd. for Os3C1,H,O,,: C, 15.20; H, 0.70. Found: C, 15.08; H, 0.67.
Properties

The compound [Os,H,(p,-COCH,)(CO),1 is a very light yellow, air-stable,
crystalline solid that is soluble in most organic solvents. The IR spectrum
in cyclohexane displays sharp bands at 2107 (w), 2077 (s), 2074 (s), 2022 (vs),
2013 (m), 2008 (m), and 1995(w,v)cm- l . Its 'H NMR spectrum consists of
singlets of equal intensities at 6 3.80 and - 18.58.

F. NONACARBONYETRI-pHYDRIDO-Cr,-(METHOXYCARBONYLMETHYLIDYNE)- TRZANGLILO-TRIOSMIUM

-

+

[ O S ~ H , ( ~ , - C B ~ ) ( C O )AICl,
~]

+ CO + 4CH,OH

+

[Os3H3(p3-CCO,CH3)(CO),] Al(OCH,),

+ 3HC1+ HBr

*The checkers report that evaporation of decane is excessively slow. They found that the
synthesis works equally well using xylenes as solvent, and the evaporation is more elfcient.
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Procedure

In a nitrogen-purged glove bag [Os,H,(p,-CBr)(CO),] (336 mg, 0.37 mmol)
and aluminum trichloride (510mg, 3.8mmol) are added to a 250-mL
three-necked round-bottomed flask equipped with a magnetic stirring bar,
a gas outlet with a stopcock, and two septum stoppers. Dry dichloromethane
(5mL) is added by cannuia, producing a cloudy orange solution. The gas
outlet is then connected to an oil bubbler and a septum stopper is replaced
by a gas inlet tube. Dichloromethane is added to total volume of l5OmL
while carbon monoxide is bubbled vigorously through the stirred solution
at room temperature. After 55 min, methanol ( 5 mL; distilled from potassium
carbonate) is added, causing an immediate color change to bright yellow.
The solution is poured into 5% aqueous HCl (200mL), the organic layer is
separated by using a separatory funnel, and the aqueous layer is extracted
with two 10-mL portions of dichloromethane. The combined organic
fractions are dried over magnesium sulfate, filtered, and evaporated to dryness
with a rotary evaporator. The yellow residue is applied to a fluorescent
preparative scale thin layer chromatography plate (see the footnote in the
procedure in Section A). Elution with petroleum ether (bp 30-60°C)dichloromethane (3:2) produces a bright yellow band followed by a colorless
band observed with an UV lamp). Extraction of this second band provides
198 mg [Os,H,(p,-CC0,CH3)(CO),] (60%). The compound can be
recrystallized from methanol (see the footnote in the procedure in Section A).
Anal. Calcd. for Os,C,,H,O,
H, 0.60; Os, 64.65.

,:C, 16.07; H, 0.67; Os, 63.63. Found: C, 16.30;

Properties

The compound [ O S ~ H ~ ( ~ , - C C O ~ C H , ) ( CisO )a~ ] very pale yellow,
air-stable, crystalline solid that is soluble in common organic solvents,
particularly dichloromethane. Its IR spectrum in cyclohexane displays bands
at 2116(vs), 2089(vs), 2081 (w,sh), 2030(s), 2025(vs), 2015(w), and
1688(vw)cm-'. Its 'H N M R spectrum in chloroform-d consists of singlets
of equal intensity at 63.83 and - 19.39.

G. NONACARBONYL-a,-(HALOMETHYLIDYNE)-TRI-pHYDRIDO- TRIANGULO-TRIOSMIUM
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Procedure

To a stirred solution of [Os,H,(p,-COCH,)(CO)9J (1 12 mg, 0.13 mmol) in
dry dichloromethane (50 mL) under nitrogen is added boron tribromide
(200pL of a 2 M solution in pentane; 0.4mmol) by syringe.
Caution. Boron tribromide reacts violently with water, is very toxic by
inhalation, and causes severe burns. A well-ventilated fume hood must be used
and suitable protective clothing should be worn.
An immediate color change to a very pale gold is observed. After 5min
the solution is evaporated to dryness with a rotary evaporator, and methanol
(10mL) is added to the residue to destroy any remaining boron tribromide.
Purification of the product is accomplished by preparative scale TLC (see
the footnote in the procedure in Section A) on fluorescent silica gel, eluting
with petroleum ether (bp 30-60°C). The complex [Os,H,(p,-CBr)(CO),]
(l00mg, 90%) is obtained after extraction of the single colorless band with
dichloromethane.
The chloride derivative of the osmium compound is prepared in a similar
fashion. The complex [Os,H,(p(,-CCI)(CO),] is obtained in 73% yield after
a solution of [Os,H,(p3-COCH,)(CO),1 and boron trichloride (obtained as
a 1.OM solution in CH,CI,) is stirred for 40min, followed by the work-up
described previously.
Properties

The compounds [Os,H,(p,-CBr)(CO),]
and [Os,H,(p,-CCI)(CO),] are
very pale yellow air-stable crystalline solids that are soluble in common
organic solvents. Their IR spectra in cyclohexane consist of bands at
2087(vs), 2079(m,sh), 2027(vs), 2015(m), and 1986(w)cm-'. The 'HNMR
spectra in chloroform-d consist of sharp singlets at 6 = - 18.90 for
H,Os,(p,-CBr)(CO), and at 6 - 18.80 for the chloro derivative.
H. DECACARBONYL-DI-~-HYDRIDO-~I-METHYLENETRIANGULO-TRIOSMIUM AND ITS HYDRIDOMETHYL
TAUTOMER

Caution. Diazomethane is highly toxic, extremely volatile and
potentially explosive. This synthesis should be done in a well-ventilated hood and
suitable protective clothing should be worn. Diazomethane should be used only
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in dilute solution and contact with ground glass joints should be avoided. Excess
can be destroyed by treatment with dilute acetic acid.
Procedure

A solution of ethereal diazomethane is prepared in a minidistillation
apparatus consisting of a dropping funnel, Teflon stopcock, 10-mL flask, and
Clear-Seal 14/20 joints (Wheaton). A solution of 2-(2-ethoxyethoxy)ethanol
(cabitol, 3.5 mL), diethyl ether (2.0mL), and potassium hydroxide (0.6 g) in
water (1.0 mL) is added to the distillation flask. N-methyl-N-nitroso-ptoluenesulfonamide [Diazald (Aldrich), 2.15 g, 10mmol] is dissolved in
diethyl ether (20 mL) and the solution is placed in the dropping funnel. The
receiving flask, containing diethyl ether (4.0mL), is immersed in an ice bath.
When the distillation flask is set in a water bath preheated to 68 “C, the ether
begins to distill. The Diazald solution is added through the dropping funnel
over a 20-min period. Ether and diazomethane codistill at this temperature
to give a bright yellow distillate that can be stored in a Clear-Seal stoppered
flask for periods of several weeks at - 10°C in the dark.
The compound [Os,H,(CO),,]
(40mg, 0.047 m m 0 1 ) ~is~ dissolved in
dichloromethane (5 mL) in a 50-mL three-necked round-bottomed flask
equipped with a magnetic stirring bar, a gas inlet-outlet tube connected to
a nitrogen line, and a 25-mL pressure equalizing addition funnel. Ethereal
diazomethane is added dropwise from the addition funnel to the stirred
solution of [Os,H,(CO),,] until the color change from purple to yellow is
prepared in this way
complete (- 5 min). Samples of “[Os,(CH,)(CO),,]”
contain some polymethylene as an impurity, the amount of which can be
minimized by not adding an excess of diazomethane and by keeping the rate
of addition slow. The product is purified by preparative scale TLC (see the
footnote in the procedure in Section A) eluting with hexanes. A single yellow
band is observed, which is extracted with dichloromethane. Contact time
with the silica should be kept to a minimum. Yield: 31.3 mg (77%).
Anal. Calcd. for Os3C,,H,0,,:
15.25.

Os, 64.83; C, 15.24. Found: Os, 65.13; C,

Propert ies
The crystalline compound [Os,H,(CH,)(CO),,],
in solution exists as a
mixture of methyl and methylene tautomers. A fully equilibrated sample in
cyclohexane displays IR bands at 2126(w), 2108 (vw), 2089(s), 2067 (sh),
2059(vs), 2021 (vs), 2005(vs), 2005(sh), 1985(m), and 1978(m)cm-’. The
‘H NMR spectrum in chloroform-d exhibits four multiplets of equal
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intensities at 65.12,4.32, - 15.38, and - 20.71 attributable to the methylene
isomer, and weaker signals at 6 - 3.65 (d) and - 15.02 (9)in a 3: 1 ratio
due to the methyl isomer.
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40. ANIONIC AND HETERONUCLEAR TRIOSMIUM
CLUSTERS
Submitted by KEVIN BURGESS* and ROSS P. WHITE
Checked by RICHARD D. ADAMS’ and JAMES E. BABIN

It has been suggested’ that electronic similarities between hydride and
gold(1)phosphine “ligands” are reflected in the structures of cluster
compounds related by interchange of these fragments. An ideal compound
for the study of such isolobal relationships is the dihydride OS~(~-H),(CO),,.~
Coordinative unsaturation in this molecule causes it to be activated towards
a veriety of substrates hence it is a useful starting material for syntheses of
many other cluster^.^ Mono- and di-gold homologs of OS,(~-H)~(CO),,,
that is, Os3(p-H)AuPR,(CO),,, and Os,(AuPR,),(CO),, (R = Ph and Et),
have been prepared from the anions [Os,(p-H)(p-CO) (CO),,]- and
Similarities between the hydridotriosmium
[Os,(CO), J 2 - , re~pectively.~*’
cluster and its gold analog were confirmed. The syntheses of these
gold-triosmium clusters have been outlined previ0usly.4*~detailed
procedures appear here.
The relatively stable polymetallic Os,(CO),, (ref. 6) may be activated by
conversion to anionic derivatives. Reduction of Os,(CO), with potassium
benzophenone gives the reactive, air-sensitive triosmium dianion
[Os,(CO), ,I2-’. Generally, it is convenient to generate and use this complex
immediately, without isolation; Section B describes an example of this
procedure
8
Caution. Carbon monooxide and osmium compounds are highly toxic.
These reactions should be carried out in well-ventilated fume hood. Potassium
reacts violently with water: care should be taken to ensure anhydrous conditions.
Furthermore, potassium oxides can be explosive, so that only fresh samples
with little or no surface oxide should be cut as described here.

,

A. DECACARBONYGp-HYDRIDO-p-[ (TRIPHENYG
PHOSPHINE)GOLD]TRIOSMIUM AND DECACARBONYLp-HYDRIDO-p-[ (TRIETHYLPHOSPHINE)COLD]TRIOSMIUM

R = Ph or Et
*Department of Chemistry, Rice University, P.O. Box 1892, Houston, TX 77251.
‘Department of Chemistry, University of South Carolina, Columbia, SC 29208.
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Procedure
A 0.0024-g (0.12 mmol) sample of AgCBF,] (Aldrich) is weighed, in a glove
bag filled filled with nitrogen, and placed in a vial. The vial is removed from
the glove bag, and the silver salt is introduced, against a moderate Ilow of
nitrogen, into a 50-mL, oven-dried Schlenk tube containing a magnetic stirrer.
A 0.060-g (0.12mmol) sample of Au(PPh,)Cl (weighed in air)' is introduced
in the same way. The Schlenk tube is capped with a septum and alternately
evacuated and flooded with nitrogen three times. Dichloromethane (0.7 mL,
distilled from CaH, and taken directly from the still head under nitrogen) is
introduced by syringe, and the mixture is stirred for 15 min at 20 "C, during
which time AgCl forms as a lilac-white precipitate. Meanwhile, 0.142g
(0.10mmol) of [(PPh,),N] [Os,(p-CO)(CO),,] (weighed in the air)' is
introduced into another 50-mL, oven-dried Schlenk tube equipped with a
magnetic stirrer. This vessel is capped with a septum and successively
evacuated and flooded with nitrogen three times. Dichloromethane (0.7 mL)
is added by syringe, and the mixture is stirred, giving a red solution. When
the suspension of silver salts has been stirred for 15min, it is cannulated into
the red solution via a needle with a small circle of filter paper wired onto
the end immersed in the silver salt suspension. Any solution remaining with
the precipitate is washed through with two 1-mL portions of dichloromethane. The Schlenk tube containing the mixture of silver and osmium
complexes is then immersed in an oil bath at 45 "C, and maintained at that
temperature with stirring for 30min. A dark brown-green solution forms and
removal of the solvent under vacuum gives a brown-green residue. The residue
is dissolved in a minimum volume ( 0.5 mL) of dichloromethane (in air).
This solution is then taken up into a drawn-out pipette and loaded as thin
lines onto six 20-cm2 silica thin layer ( 2 mm thick) chromatography (TLC)
plates* and eluted with
150mL of 1:4 dichloromethane-hexane (in air).
An intense green band, r f = 0.4, is isolated and extracted from the silica with
25mL of dichloromethane. Removal of the solvent under vacuum affords
0.088 1 g (63% based on the triosmium anion) of decacarbonyl-p-hydrido-p[(triphenylphosphine)gold]triosmium. Recrystallization from warm hexane
gives 0.068 g (51% overall yield) of this compound as well-formed dark green
crystals.

-

-

Anal. Calcd. for C,8Hl,AuOl,0s,P:C,
25.35; H, 1.14; P,2.49.

-

25.65; H, 123; P, 2.37. Found: C,

Decacarbonyl-p-hydrido-p-[(triethylphosphine)gold]triosmium is prepared in the same way from 0.042g (0.12mmol) of Au/PEt,)Cl,' giving a
green band rf =0.4 (solvent as above); 0.059g (51% yield) before
'These plates were prepared in the laboratory; 20-cm2. silica-coated glass plates from Merck
can also be used and these give better results.
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recrystallization from warm hexane, 0.037 g (32% overall yield) after
crystallization.
Anal. Calcd. for C16Hl,AuOloOs,P:C, 16.46; H, 1.37. Found: C, 16.70; H,
1.54.
Properties

Solid decacarbonyl-~-hydrido-~-[triphenyIphosphine)gold]triosmium is
stable in air for several weeks; in solution it is stable for several hours. It is
soluble in tetrahydrofuran (THF), diethyl ether, and dichloromethane, but
only slightly soluble in hydrocarbons. This complex is less reactive than
) , ~react slowly
Os3(pH),(CO),,; for instance, O ~ , ( ~ H ) ( A U P P ~ , ) ( C Owill
with carbon monoxide under 2-3 atm of pressure over a period of 1 h, whereas
the dihydride adds carbon monoxide instantaneously at room temperature
and atmospheric pressure. The IR spectrum of Os3(p-H)(AuPPh,)(CO),,
contains several bands corresponding to terminal carbonyl groups (hexane
cm-'):2090(m), 2047(s), 2040(m), 2008(m), 1997(s), and 1944(vw). The 'H
NMR spectrum (250 MHz, dichloromethane-d,, S in parts per million
downfield from TMS, ambient temperature) consists of a broad multiplet at
7.5 due to aromatic protons and a sharp metal hydride singlet at - 11.9.
The "C NMR spectrum (250 MHz, chloroform-d,, S in parts per million
downfield from TMS, ambient temperature) contains signals at 186.2, 185.3,
183.6, 178.7, 178.6, 134.0, 133.7, 131.4, 130.5, 129.8, 129.3, 129.2. Low
resolution mass spectra of this compound exhibit a molecular ion peak at
m/z = 1316 (1960s and 19'Au).
Decacarbonyl-~-hydrido-~-[(triethylphosphine)gold]triosmium
has similar
properties and spectral characteristics. IR (hexane cm- '):2089(m), 2045(s),
2039(m), 2008(s), 1995(s), 1978(s), and 1943(vw). The 'H NMR spectrum
(250 MHz, chloroform-d,, 6 parts per million downfield from TMS, ambient
temperature) shows a doublet of triplets ( J = 19 and 9 Hz) at 1.15 resulting
from the methyl hydrogen atoms, a multiplet at 1.85 for the methylene
protons, and a sharp hydride singlet at - 11.84. Low resolution mass spectra
of this compound contain a peak at m/z = 1172 corresponding to the
molecular ion (19'Os, 19'Au).

-

B. DECACARBONYLBIS{p-[(TRIPHENYLPHOSPHINE)GOLD]}TRIOSMIUM AND DECACARBONYLBIS{p-[ (TRIETHYG
PHOSPH1NE)GOLDI}TRIOSMIUM
OS~(CO),,
+ 2K -Os,(CO),
O S ~ ( C O ) , ~+K
2Au(PR,)Cl
~

-

,K,

+ CO

O S ~ ( A U P R ~ ) , ( C+O2KC1+
) ~ ~ CO
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Procedure
A moderate flow of nitrogen is passed through an oven-dried Schlenk tube
containing a magnetic stirrer and 0.91 g ( 5 mmol) of benzophenone (Aldrich);
0.39 g (10 mmol) of potassium (cut into small pieces and weighed under dry
heptane) is introduced. The Schlenk vessel is capped with a septum and
alternately evacuated and flooded with nitrogen three times. Tetrahydrofuran
(10 mL, distilled from sodium benzophenone and taken directly from
the still head under nitrogen) is added via syringe. A purple-blue color
develops, and intensifies as the suspension is stirred for 1h at 20°C. During
that interval a second 50-mL, oven-dried Schlenk tube containing a magnetic
stirrer and 0.091 g (0.1 mmol) of finely ground Os,(CO),, (ref. 6) is capped
with a septum and successively evacuated and flooded with nitrogen three
times. Tetrahydrofuran (5 mL) is then added via syringe, and the mixture is
stirred vigorously at 60 "C to dissolve as much of the cluster as possible. The
resulting solution [with some undissolved Os,(CO), ,]is allowed to cool to
20 "C. Approximately 0.45 mL of the purple-blue benzophenone radical anion
solution is introduced via syringe, dropwise over lOmin, into the stirred
solution of OS,(CO),, until an "end point" is reached. This is judged as
follows: the solution of OS,(CO),, initially is yellow; as drops of the radical
anion solution are added it becomes more orange until, at the end point, a
green solution forms and remains that color on stirring for 5min. It is
important that the radical anion should be added slowly. If it is introduced
too fast diminished yields result. This solution is then stirred for an additional
hour, during which time the deep orange color reforms, indicative of
[Os,(CO), J2-. The septum is then removed, and 0.108 g (0.22mmol) of
Au(PPh,)CI (ref. 8) is introduced rapidly against a moderate flow of nitrogen;
the septum is immediately replaced. The reaction vessel is then immersed in
an oil bath at 65"C, and maintained at that temperature, with stirring, for
3 h. During this time the solution darkens to brown-green. Removal of the
solvent gives a brown-green residue, which is then dissolved in a minimum
volume ( 0.5 mL) of dichloromethane (in air). This solution is introduced
as thin lines on six 20 x 20-cm' silica TLC plates (- 2mm thickness) and
eluted with 150mL of 11:9 dichloromethane-hexane. The intense green
band that develops ( r / 0.5) is isolated and extracted with 25 mL of
dichloromethane. Removal of the solvent under vacuum gives 0.132 g [75%
yield based on Os,(CO), '3 of decacarbonylbis{p-C(tripheny1phosphine)gold] }triosmium. Recrystallization from warm hexane affords 0.080 g (46%
yield overall) of well-formed dark green crystals.

-

-

-

Anal. Calcd. for C,,H,,Au,O,,Os,P,:C,
31.23; H, 1.76; P, 4.04.

31.23; H, 1.71; P,3.50. Found: C,
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Decacarbonyl bis{ p-[(triethylphosphine)gold] } triosmium is prepared in the
same way from 0.077g (0.22mmol) of Au(PEt,)CI, giving a green band,
rf = 0.6 (solvent as before), from which 0.082 g (55% yield) of the product is
extracted and affords 0.061 g (41% overall yield) of green crystals after
recrystallization from hexane.
Anal. Calcd. for C2,H,,Au20,,0s,P,:C,
H, 2.04.

17.84; H, 2.04. Found: C, 18.1 1;

Properties
Decacarbonylbis{p-[(triphenylphosphine)gold]} triosmium is air stable in
the solid state for several weeks and in solution for several hours. It is soluble
in THF, diethyl ether, and dichloromethane and sparingly soluble in
hydrocarbons. This cluster is less reactive than Os3(p-H),(CO),, or
Os,(p-H)(AuPPh,) (CO),,. For example, dichloromethane solutions of
Os,(AuPPh,) (CO), remain unchanged after prolonged periods at 45 "C
under 2 to 3 atm of carbon monoxide. The IR spectrum (hexane, cm-')
shows five terminal carbonyl stretching bands: 2071 (m),1029(s), 1985(s),
1968(w), and 1946(m).The 'H NMR spectrum (250 MHz, dichloromethaned l , 6 in parts per million downfield from TMS, ambient temperature) consists
of a multiplet at 7.5 resulting from aromatic protons. The 13CNMR spectrum
(250MHz, chloroform-d,, 6 in parts per million downfield from TMS,
ambient temperature) shows signals at 196.6, 189.1, 186.0, 183.0, 182.8, 134.1,
134.0, 133.9, 132.2, 132.1, 131.3, 131.0, 130.6, 129.6, 128.6, 128.4. Low-solution
mass spectra of this complex have a peak at m/z = 1774, corresponding to
the molecular ion ( 1 9 2 0 s , 19'Au).
Decacarbonylbis{ p-[(triethylphosphine)gold] } triosmium has similar
properties and spectral characteristics. IR (hexane, cm- '):2068(m),201 5(s),
1980(s), 1968(w), and 1943(m).The 'H NMR spectrum (250 MHz, chloroformd1,6 in parts per million downfield from TMS, ambient temperature) shows
a doublet of triplets at 1.1 ( J = 19 and 7 Hz) for the methyl protons and a
multiplet at 1.77 for the methylene protons. Low-resolution mass spectra of
this complex contain a molecular ion peak a m/z = 1486 (1920s, I9'Au).
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41. HEXACHLORODODECAKIS(TR1PHENYL

PHOSPHINE)PENTAPENTACONTAGOLD,
AuS5[P(C6H5)31

1Zc16

Submitted by GUNTER SCHMID*
Checked by BRUCE D. ALEXANDER, JURGEN BARTHELMES,
ANN M. MUETING, and LOUIS H. PIGNOLET'

The compound A u , , [ P ( C ~ H , ) ~ ] ~(ref.
~ C ~1)~was the first full-shell cluster
with the magic number of 55 metal atoms to be described. A few examples
with the magic number 13 have been described before.' Full-shell clusters
consist of cubic or hexagonal close packed structures; less dense icosahedral
structures are observed in A u , ~units. Two-shell clusters with 55 atoms
(13 + 42 atoms, corresponding to 10'n + 2 atoms for the nth shell) have fewer
ligands than surface atoms, since atoms in planes cannot each be coordinated
by a ligand. In Au,,[P(C,H,),],~C~, and other M,, clusters only the vertices
bind large ligands, normally phosphines, gaps are occupied more or less by
C1 atoms.
Conditions for the successful synthesis of full-shell clusters are first, the
possibility of unhindered collisions of the metal atoms, and second, the
prevention of a local ligand excess, leading to smaller clusters and complexes.
The only method of fulfilling these conditions hitherto described is the use
of diborane(6) as a reducing agent for metal halides and additionally as a
Lewis acid to bind phosphine to such an extent that only very small amounts
of free ligand molecules are present in solution.
fur Anorganische Chemie, Universitat Essen, Universitatsstr. 5-7, 4300 Essen 1.
Federal Republic of Germany.
'Department of Chemistry. University of Minnesota Kolthoff and Smith Halls, 207 Pleasant
Street. S. E., Minneapolis, MN 55455.

* Institut

Hexachlorododecakisf~rip~eny~p~osphine
)puntapentacontayold
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Procedure
Caution. Diborane(6) is a very toxic,flammable, and ill-smelling gas.
I t has an autoignition tempeature of 38 to 52°C. Some people cannot smell
diborane( 6 ) ; for those individuals, the handling of this compound may be
especially dangerous. All work with diborane(6) must be carried out in a
well-ventilated fume hood.
The solvents used are previously dried by reflux over potassium (benzene)
or LiCAlH,] (dichloromethane, 1,2-dimethoxyethane, pentane) and distilled
under nitrogen. All operations are carried out in an atomsphere of pure
nitrogen, unless diborane(6) fills the flasks.

A. DIBORANE(6)
3NaBH,

+ 4BF,.0(C2H5)2

-

3NaBF,

+ 2B2H6+ 4(C2H5),0

Diborane(6), used for the synthesis of Au,,[P(C,H),], ,CI6, is generated
according to the equation,, using an apparatus as shown in Fig. 1. The
500-rnL three-necked round-bottomed flask A is equipped with a
pressure-equalizing dropping funnel (D), a Dry Ice condenser (E), a vacuum

. L

E

A

B

Fig. 1. Laboratory apparatus for the preparation of A U ~ ~ [ P ( C ~ H , ) J , , C I , .
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stopcock (F), and a Teflon-coated magnetic stirring bar (C). The condenser
E is fitted with a gas exit tube. A flexible polyethylene tube (L) leads to a
trap (G),cooled with Dry Ice. The trap G is connected with a 250-mL
three-necked flask (B) by another flexible polyethylene tube ending in a gas
inlet tube (M). In addition, B is fitted with a reflux condenser (I), which is
connected with a mercury safety valve (K) to avoid any air contact, a
thermometer (H), and a magnetic stirrer (C). Before charging, the whole
apparatus is evacuated and backfilled with dry nitrogen gas. Then, under a
stream of nitrogen, D is filled with lOOmL of BF,-ether, while A is charged
with 20g of NaCBH,] and 100mL of 1,2-dimethoxyethane. The low
temperature reflux condenser E is filled with methanol-Dry Ice. To generate
diborane(6), the BF,-ether is dropped into the stirred mixture of Na[BH,]
and 1,Zdimethoxyethane at such a speed that the 100-mL volume is used
after -40min for the reaction with AuCl[P(C,H,),] (see below).
To avoid venting excess of diborane(6) into the fume hood, it may be
absorbed by passing it into a trap containing triethylamine.

This compound is prepared by reaction of AuCl[P(C6H,),] with B,H6 in
warm benzene. Besides the cluster itself, only (C,H,),P-BH,
has been
identified as a product. The formation of chlorinated boranes is assumed but
not proven. A stoichiometrically correct equation for the reaction cannot be
given. The three-necked flask B in Fig. 1 is charged with 3.94g of
AuCl[P(C,H,),] (see Section. 42.A), and 150mL of benzene.
Caution. Benzene is a human carcinogen. Wear gloves and work in a
well-ventilated fume hood!
A stream of diborane(6), generated as described previously, is passed
through the solution and the temperature is increased to 50 "C.After 40min
the diborane evolution should be finished. During that time the originally
colorless solution becomes dark brown. After cooling to room temperature,
a dark precipitate is obtained and the solution is almost colorless. Now, the
atmosphere of diborane in the apparatus is driven out by a stream of nitrogen.
After that, the precipitate in flask B is removed by filtration and is then
treated with 100mL of dichloromethane. The red-brown solution is filtered
to separate small amounts of insoluble matter, and then filtered a second
time, through a 5-cm column of Celite@to remove any traces of colloidal
gold. The compound Au5,[P(C,H5),],,CI6 is precipitated by adding 250mL
of pentane to the stirred solution over a period of 2 h. This slow rate of
pentane addition is very important, since the triphenylphosphine ligands are
partially dissociated from the cluster in solution. Rapid precipitation therefore
yields products with fewer ligands. The precipitate is collected and vacuum
dried. Yield: 0.6 g (29%).

-

-

He.uachlorododecakis(triphenylphosphine)pentopentacontagold
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A n d . Calcd. for C,l,H,,,AU,,CI,Pl,:C,
18.28; H, 1.28; Au, 76.33; c1, 1.50;
P, 2.62. Found: C, 17.66; H, 1.28; Au, 76.10; C1, 1.70; P, 2.60.
The reaction mixture in flask A can be hydrolyzed with moist
42-dimethoxyethane under an atmosphere of nitrogen in a fume hood.
Properties

The compound Au,,[P(C,H,),],,Cl,
is a dark brown powder soluble in
dichloromethane and pyridine, insoluble in petroleum ether, benzene, and
alcohols. It is air stable, but on warming it decomposes in the solid state as
well as in solution into AuCl[P(C,H,),] and metallic gold. The IR spectrum
of A u ~ ~ [ P ( C , H , ) ~ ] , ~ Cshows
I,
the Au-Cl vibration at 280cm-' (Nujol
mull). A ,'PNMR signal is observed as a singlet at 32+0.5ppm versus
H$O, (dichloromethane). The Mossbauer data agree with the presence of
4 different kinds of gold atoms5:13 central Au atoms:IS = - 1.4mms-'; 24
QS = 1.4 mm s- ';
uncoordinated peripheral Au atoms: IS = 0.3 mm s12 Au atoms coordinated to triphenylphosphine: IS = 0.6 mm s- '; QS =
7.1 mm s- '; 6Au atoms coordinated to chlorine: IS = 0.1 mm sQS =
4.4mms-' (4.2K, 19'Pt). The cluster size is proven by molecular weight
determinations with an ultracentrifuge and by high resolution transmission
electron microscopy.6
The 12 triphenylphosphine ligands in Au,,[ P(C6Hs)3]12C16 can be
completely exchanged by 12 of the m-sulfonated derivative molecules
P(C,HS),C,H4S0,Na,7 by stirring a dichloromethane solution of Au,,[P(c,H,),] 1 2 ~ 1 6with an aqueous solution of P ( C , H , ) ~ C , H ~ S O J N ~ . ~
The cluster moves from the organic phase into the water layer to give
Au,,[P(C,H,),C,H,SO,Na]
12c16,
which is completely dissociated into
12Na' cations and the 12 fold negative anion Au,,[P(C,H,),C,H,SO,-],~c16.

';

';

Analogous Complexes

The M,,L,,Cl, and M,,L,,C120 clusters with M = Rh,8*9R u , and
~ Pt (ref. 9)
can be prepared by similar procedures. The ligands vary from P(C6H5),, and
P(t-C,H9), to As(t-C,H,),; the number of C1 ligands is 6 when L is P(C,H,),
and is 20 for L = P(t-C,H,), and As(t-C,H,),.
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42. A PLATINUM-GOLD CLUSTER CHLORO-1~
CfBIS(TR1ETHYLPHOSPHINE-~KP)BIS(TRIPHENYE
PHOSPHINE)-ZKP,~KP-TRIANGULO-DIGOLDPLATINUM(1 + ) TRIFLUOROMETHANESULFONATE
Submitted by PIERRE BRAUNSTEIN,* HANS LEHNER,*
and DOMINIQUE MATT*
Checked by KEVIN BURGESS,' and MICHAEL J. OHLMEYER'

There is a considerable interest in heterometallic molecular clusters
containing gold. This includes the development of methods of synthesis, the
study of their bonding, and their chemical and catalytic rea~tivities.'-~
Furthermore, metal-metal bonded compounds of gold represent an
important aspect to the chemistry of this element.
The high-yield synthesis of the first platinum-gold cluster' is reported here
and involves the reaction of chlorohydridobis(triethylphosphine)platinum(II)
with the cation [Au(PPh,)] +,itself generated from chloro(tripheny1phosphine)gold(I).
A.

AuCI(PPh,)

Procedure$

HAuCl,

+ 2PPh, + H,O

AuCl(PPh,) + 3HCI + O=PPh,

This synthesis is performed under an atmosphere of argon and derives from
the original preparation.6" The solvents are degassed prior to use by bubbling
*Laboratoire de Chimie de Coordination, UA 416 CNRS. lnstitut Le Bel, Universite Louis
Pasteur, 4 rue Blaise Pascal, F-67070 Strasbourg CMex, France.
'Department of Chemistry, Box 1892, Rice University, Houston. TX 77251.
:The following procedure appears to give consistently better yields of AuCl(PPh,) than the
procedure in fnorg. Synth., 26, 324 (1989).

A Platinum-gold Clusrer
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argon for 2 min. Hydrogen tetrachloroaurate [HAuCI,.xH,O,x
3 (Johnson
Matthey), l.OOog, 2.54mmol of Au, or prepared from gold metal according
to ref. 71 is introduced into a 250-mL round-bottomed Schlenk flask equipped
with a stopcock side arm and containing a magnetic stirring bar. The flask
is then evacuated and backfilled twice with argon. Degassed 95% EtOH
(technical grade, 35 mL) is added to dissolve the hydrogen tetrachloroaurate.
To this solution is added under argon a solution of PPh, (l.j64g, 5.20mmol)
in 50 mL of degassed 96% EtOH, using a glass pipette.* The reaction mixture
immediately becomes colorless, and a white precipitate appears after a few
seconds. The mixture is stirred for 2min, and the product is then removed
by filtering through a glass frit (medium porosity), washed with Et,O
(technical grade, three 15 mL portions), and dried in uacuo. The solid on the
frit is then directly dissolved into a 250-mL Schlenk flask with
CH,CI,(lOmL). Slow addition of pentane (60mL) and cooling to - 25°C
result within a few minutes in the formation of white needles of AuCI(PPh,).
Yield: 1.156 g (92%).
Anal. Calcd. for C,,H,,AuCIP:C, 43.70; H, 3.06. Found: C, 43.75; H, 3.00.
Mp 236-237 "C (lit6 242 "C).+

Properties
The gold(1) center in chloro(triphenylphosphine)gold(I) has linear two
coordination. It is stable in air and soluble in organic solvents such as
dichloromethane, chloroform, or tetrahydrofuran (THF).The 31P{ H} NMR
(CDCI,) spectrum displays a peak at 33.7 ppm (external reference H,PO,).

Procedure
AuCI(PPh,)

+ Ag(CF,SO,)

trans-[PtHCI( P(C2H5)3 } 2 ]
[PtC1 iAuP(C6

%[Au(~~~){P(C,H~)~}](CF~SO~)
+ AgCl

+ 2[Au(thf) ( P ( c 6H,),}](CF,SO,)

} {
5 13 } 2 1 (CF3
tetrahydrofuran = thf(1igand) and THF(so1vent)
_*

513 2 p(c2

*Checkers used an aluminum cannula.
'Checkers obtained a m p 242 to 243 "C.

) + CF3S03
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All operations are performed in an atmosphere of argon dried over molecular
sieves (4 A) (Merck 5708). Tetrahydrofuran and diethyl ether are freshly
distilled from sodium benzophenone under argon. Pentane is freshly distilled
over sodium wire.
The chlorotriphenylphosphine gold complex (0.990 g, 2.00 mmol) is
introduced into a 250-mL round-bottomed Schlenk flask equipped with a
stopcock side arm and fitted with a Teflon-encased magnetic stirring bar.
The round-bottomed flask is evacuated and backfilled twice with argon.
Freshly distilled T H F (30mL) is added to dissolve the AuCl(PPh,)
completely. To this solution is added under argon a solution of AgCF3S03
(Aldrich) (0.501 g, 1.95 mmol) in T H F (20 mL) using a pipette or Teflon
cannula. After being stirred at room temperature for 2 min, this mixture is
filtered under argon through a Celitem-padded glass frit (medium porosity)
into a 500-mL round-bottomed Schlenk flask equipped with a stopcock side
arm and a Teflon-encased magnetic stirring bar, and containing a solution
of trans-PtHCl(PEt,), (prepared according to ref. 8) (0.468 g, 1.00 mmol) in
T H F (20mL), which has been precooled to - 78 "C in a Dry Ice-acetone
bath. Upon stirring the reaction mixture at - 78 "C, a white precipitate is
rapidly formed. After 15 min of stirring at - 78 "C, cold ( - 78 "C) pentane
(100mL) is added, and the resulting white suspension is rapidly filtered under
argon through a glass frit (porosity 4). The precipitate is sometimes
contaminated with a yellow-cream oil. In this case, it should be treated with
a small portion of a cold ( - 20°C) 1: 1 THF-pentane mixture ( - 15mL),
which dissolves the yellow impurity while the oil transforms into a white
powder. After filtration, the white solid is washed on the frit with distilled
diethyl ether (2 portions of 10mL) and dried in uacuo. This solid is then washed
directly into a 250-mL Schlenk flask using T H F (30 mL). Addition of distilled
pentane (100 mL) and cooling to - 25 "C result in the formation of a white
microcrystalline powder of [PtCIAu,(PPh,),(PEt,),](CF,SO,) (1.380 g, 90%
based on Pt). Spectroscopically pure samples may have a slight cream color.
If desired, a second recrystallization from T H F (minimum amount)-pentane
can be performed. This complex appears to be air stable for several days
and can be stored under inert atmosphere at 0 ° C in the dark for months.
Anal. Calcd. for C,,H6,Au,ClF,0,P,PtS:C,
H, 3.98.
Mp 149°C(dec.)*

38.35; H, 3.94. Found: C, 38.2;

*Checkers obtained a 27q, yield, mp 138 "C. They believe that their low yield is a result of the
loss of product when the yellow-cream oil is removed by treatment with THF.
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Properties

This platinum-gold cluster, of core composition triangulo-PtAu,, is a white
product, which is soluble in THF, CH,CI,, and CHCI,. The compound is
best characterized by its "P { 'H} N M R spectrum [in CH,Cl, distilled from
P4010, external reference H,PO, and external D,O lock, 835.7 (t with
'"Pt satellites, PEt,, 35(pp, 4Hz, lJ(pp,t= 2197 Hz), 42.0 (t with lg5Pt
satellites, PPh,, 'JOp, 4 Hz, 2J(pp,,= 792 Hz)]. The crystal structure of this
cluster has been reported.' The core of the molecule is that of an almost
isosceles triangle, with Au-Pt distances of 2.600(3) and 2.601(4)A, and an
Au-Au distance of 2.737(3)A, much shorter than in gold metal (2.884A).
The structure has been described as involving two-electron three-center
bonding, and a detailed molecular orbital calculation has been performed
on this and related rnolec~les.~

- -
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Chapter Six

PHOSPHORUS COMPLEXES AND
COMPOUNDS

43.

CHLORO(~\~-TETRAHEDRO-TETRAPHOSPHORUS)BIS(TRIPHENYLPHOSPHINE)RHODIUM(I)
RhCI(PPh,),

+ P, ,-78oc, RhCl(q’-P,)(PPh,), + PPh3
CHZCI,

Submitted by W. E. LINDSELL* and A. P. GINSBERG’

Checked by A. L. BALCH,*S. ROWLEY? and S. REIMER:

The reactive, tetrahedral allotrope of elemental phosphorus, P,, has long
interested theoreticians and is an important intermediate in the commercial
preparation of phosphorus compounds.’ Its strained, unsaturated bonding
enables P, to coordinate to transition metal centers either as a simple
monohapto ligand’ or, as in the complex described here, in a dihapto mode.’
Such coordination to rhodium in [RhCl(qz-P,)(PPh,),] causes significant
stabilization of P, to oxidation in the solid state, although the P, molecule
is readily displaced by other ligands, including CO and 1,2-bis(diphenylphosphino)ethane, in ~ o l u t i o n The
. ~ following preparative method can also
be employed, under identical conditions, to prepare bromo and iodo
Department of Chemistry, Heriot-Watt University, Riccarton, Edinburg, United Kingdom.
‘Work done AT & T Bell Laboratories; present address: P.O. Box 986, New Providence,
NJ 07974.
:Department of Chemistry, University of California, Davis, CA 95616.
222

derivatives [RhX(q2-P4)(PPh,),] (X = Br and I) (ref. 3) by using the
corresponding molar quantities of [RhX(PPh,),] (X = Br and I*) (ref. 4) as
precursors.
Procedure

All operations are performed under dry deoxygenated nitrogen, using
conventional Schlenk techniques.' Solvents are dried by distillation under
nitrogen after being heated at reflux over appropriate drying reagents: P4OlO
for CH,CI,; LiCAIH,] for diethyl ether. White (yellow) phosphorus, freshly
cut from the center of a stick (Alfa), is washed well with distilled water and
dried under vacuum (lo-, torr) for 20min before use.
m Caution. White phosphorus is extremely toxic and causes severe burns.
All operations should be carried out in a well-ventilated hood, and gloves should
be worn when handling the solid or solutions. Disposal of small amounts of
white phosphorus, kept safely under water, can be carried out b y drying and
controlled burning in an efjicient hood or in an open, isolated area.
Chlorotris(triphenylph~sphine)rhodium(I)~(Strem) (0.50 g, 0.54 mmol)
dissolved in CH,Cl, (15mL) is stirred in a 250-mL Schlenk tube cooled to
- 78 "C by a Dry Ice-acetone bath. A solution of white phosphorus (0.070 g,
0.56mmol) dissolved in CH2C12 (20mL) is added dropwise to the cold
solution from a pressure equalizing dropping funnel over 15min. Stirring is
continued for a further 45 min at - 78 "C, during which time the solution
changes from deep red to yellow. Dropwise addition of diethyl ether (200 mL)
from the dropping funnel to the cold solution precipitates the yellow
microcrystalline product. This solid is collected by Schlenk filtration of the
cold reaction mixture on a fritted funnel and washed well at ambient
temperature with diethyl ether. The product tends to retain solvents, which
can be removed by drying under vacuum (10-3torr) for 16h in a drying
pistol at 82°C (bp of 2-propanoi). Yield: 0.305g (72%)'; mp 171 to 173 "C
(with dec).
Anal. Calcd. for C,,H,,CIP,Rh:
54.8; H, 4.0; P, 23.5; C1, 4.7.

C, 54.95; H, 3.8; P, 23.6; CI, 4.5. Found: C,

Properties

Chloro(q2-tetrahedro-tetraphosphorus)bis(triphenylphosphine)rhodium(I) is
a yellow solid that is stable under nitrogen or vacuum at ambient temperature.
*Small amounts of [Rh,l,(PPh,),] in [Rhl(PPh,),] do not appear to affect the preparation of
the iodo complex.
'The checkers obtained a yield of 20%.
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It is recovered unchanged after short exposures to air, although slow aerial
oxidation does occur. It forms a 1:2 solvate, as amber prismatic crystals
from CH2C12at - 78 "C, which slowly desolvates at ambient temperature. It
is soluble in CH,Cl, and CHCI,, buy solutions darken and decompose with
ligand dissociation at temperatures > - 20 "C, even under inert atmospheres.
The IR spectrum (Nujol mull) shows, in addition to typical coordinated PPh,
bands, v(Rh..-ct) at 276(s)cm- and bands associated with the coordinated
P, at 569(s), 433(s), 387(m), 376(sh), and 349(w)cm-'; oxidized samples
show broad absorptions in the region 900 to 1200cm-'. 3'P(1H}NMR
( - 22"C, CD,CI,, 6 relative to 85% H,PO,): 6 + 43.2, complex doublet,
lJIRh._p,
= 115.3 Hz (PPh, ligands); multiplet around 6 - 280 [A2B2
resonance of q2-PtP: with 8[p..) - 279.4, dIpe)- 284.0, lJ(Rh-p~)
= 33.9Hz,
1J[+ +B, = 175 H
z). A study by X-ray diffraction has established q2-P,
coordination in this ~ o m p l e x . ~

-
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44. TETRACARBONYLBIS(q5-CYCLOPENTADIENYL)(~-t12-DIPHOSPHORUS)DIMOLYBDENUM(I)
AND

DICARBONYL(~5-CYCLOPENTADIENYL)(r\3-~y~f~-TRIPHOSPHORUS)MOLY
BDENUM(1)

Submitted by 0.J. SCHERER,* J. SCHWALB,* and H. SITZMANN*
Checked by W. E. LINDSELL'
tolucnc

[M~(v~-CSH~)(CO
+ )P, ]4~- 4
A

- CMo2(q5-C5H5)2(co)4~P-~2-p2)l
+ [Mo(q5-C,H5)(C0),(q3-P,)] + polymer
Fachbereich Chemie, Universitat Kaiserslautern, D-6750 Kaiserslautern, Federal Republic of
Germany.
'Department of Chemistry, Heriot-Watt University, Edinburgh EH14 4AS, United Kingdom.

Terracarhonylhis(tf -cyclopentudienyl ) (~-r1'-diphosphorus)dimol~~bdenurn(
I)
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The concepts of diagonal relationship and "isoelectronic families" point to a
manifold analogy between carbon and phosphorus compounds. l C Besides
P,, the diphosphorus molecule, cyclo-P,, cyclo-P, -, and cycb-P6, the
all-phosphorus analogs of the carbocyclic n systems C,H,+, C,H5-, and
C6H6, as well as white phosphorus, P,, can be stabilized in the coordination
spheres of different transition metal complex fragments.'

Procedure
The reaction must be performed under argon (or N,). Prior to use, toluene,
pentane, and heptane are freshly distilled from sodium; dichloromethane is
distilled from P4OlO.Basic aluminum oxide (Brockman activity I) is heated
for 6 h at 200 "C under an oil pump vacuum; after cooling, 2% H,O is added.
White phosphorus (P,) is dried in an oil pump vacuum.
Caution. White phosphorus is extremely toxic and causes severe burns.
All operations should be carried out in a well-ventilated hood, and gloves should
be worn when handling the solid or solution.
In a 100-mL two-necked round-bottomed flask equipped with a magnetic
stirring bar, an argon inlet, and a reflux condenser connected to a mineral
oil bubbler, [Mo(~,?-C,H,)(CO),]~ (Strem) (l.Og, 2.0mm01)~is dissolved in
dry toluene (60 mL). The mixture is heated with stirring to gentle reflux (static
Ar atmosphere) for 12 h {formation of [MO(~~-C,H,)(CO),]~
(Mo=Mo)'}.
Freshly dried white phosphorus (0.5 g,4.0mmol) is added at room
temperature through the second neck of the flask (argon input through the
reflux condenser), which is then closed with the argon inlet. The mixture is
stirred and heated to maintain gentle reflux for 10 h. Then this mixture is
poured, under argon, into a centrifuge tube. After centrifugation* to remove
the brown precipitate (0.56 g, insoluble in all usual solvents), the solution is
evaporated to 10mL, stirred with aluminum oxide (- IOmL, basic, 2%
H,O), and dried under an oil pump vacuum until a freely flowing powder
is obtained. The powder is applied under argon to a column (25 x 2.0cm),
which is filled with alumina (basic, 2% H 2 0 ) and pentane. Elution with
pentane-toluene (10: 1) affords a faint yellow fraction', which after
evaporation to dryness and recrystallization from heptane ( - 16 "C), affords
flat yellow crystals of [Mo(qS-C,H,)(CO),(q3-P3)]. Yield: 65 mg (5%) based
on CMO(~~-C~H,)(CO)~I,.

.

-

Anal. Calcd. for C,H,Mo02P,:C, 27.12; H, 1.63. Found: C, 26.80;H, 1.63.
*The checker separated the brown precipitate by decantation and filtration through a hit.
'The checker notes that the faint yellow band of [Mo($-C,H,)(CO),(rj3-P,)] is almost
impossible to see on the column during chromatography, but the onset of elution of yellow
solution is quite clear.
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Dichloromethane elutes an orange-red fraction, which, after evaporation
and drying under an oil pump vacuum gives NMR spectroscopically pure
[ ( M O , ( ~ ~ - C ~ H , ) , ( C O ) ~ ( ~ - ~Recrystallization
~-P,)].
from heptane ( - 16 "C)
affords orange-red to red crystals. Yield: 250mg (25%) based on
[M0(t15-csH~)(co)~l~.
Anal. Calcd. for CI,HloMo20,P,:C, 33.90; H, 2.03. Found: C, 33.10; H,2.04.
Properties

DicarbonyI(~5-cycIopentadienyl)(~3-cyclo-triphosphorus)molybdenum(I)
is
a yellow crystalline solid that may be handled briefly in air, but it should
be stored in an inert atmosphere. It dissolves readily in benzene, toluene,
dichloromethane, diethyl ether, and acetonitrile. The crystals are moderately
soluble in pentane and hexane. The ' H N M R spectrum (200MHz, C6D6)
shows a quartet at ST,,4.21 (3.1,p,, = 0.5 Hz). The "P {'H} NMR spectrum
85% H3PO4 as reference) shows a singlet at 6-351.1.* The IR
(C,&,
spectrum (C6H6)shows vco = 1995 and 1938cm-'. The molecular structure
has been determined by X-ray diffraction studies4
Tetracarbonylbis(q5-cyclopentadienyl)
(p-q2-diphosphorus)dimolybdenum(1) is an orange-red to red solid that may be handled briefly in air
but should be stored in an inert atmosphere. It dissolves readily in benzene,
toluene, and dichloromethane; it is sparingly soluble in pentane and hexane
at room temperature. The 'HNMR spectrum (200MHz, C6D6) shows a
singlet at &4.54.
The 31P{HJNMR spectrum (C,De, 85% H 3 P 0 4 as
reference) shows a singlet at S - 42.9. The IR spectrum (CH,Cl,) shows
vco = 1990 (small shoulder), 1965 and 1913 cm-I. The complex, the molecular
structure of which has been determined by X-ray diffraction studies,' can be
used as a ligand.6
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'The checker reports d - 347.4. He suggests that the variation from the submitters result may
be due to a concentration effect.
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45. TRILITHIUM HEPTAPHOSPHIDE, DILITHIUM
HEXADECAPHOSPHIDE, AND TRISODIUM
HENICOSAPHOSPHIDE
Submitted by M. BAUDLER* and K. GLINKA*
Checked by RICHARD A. JONES'

Trilithium heptaphosphide, dilithium hexadecaphosphide, and trisodium
henicosaphosphide are polyphosphides with isolated P,"- anions in the solid
state as well as in solution. These metalated polyphosphorus compounds are
of interest because of their structural relationship to the phosphorus hydrides
(phosphanes) P,H, and organophosphanes P,R, and particularly because
of their potential use as building blocks for the syntheses of polyphosphorus
compounds.
The structural peculiarity of trilithium heptaphosphide is its fluctuating
anion.'.' O n account of the structural similarity to the hydrocarbon
b~llvalene,~
the P,3- ion is capable of a degenerate Cope rearrangement
and at room temperature has to be described by 1680 valence-tautomeric
forms of equal structure.
The ions
and P Z L 3 -exhibit a striking resemblance to structural
units of Hittorfs p h o s p h ~ r u s . ~

p73-

p213-

The increasing complexity of these homoatomic anions is well reflected
by the following systematic names:
'lnstitut fur Anorganische Chemie der Universitit Koln, Greinstr. 6, D-5000Koln 41, Federal
Republic of Germany.
'Department of Chemistry, The University of Texas at Austin, Austin, TX 78712.
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Tricyclo[2.2.1 .02*6]heptaphosphide(3- )
Octacyclo[7.7.0.02~6
.03,8.
05-,.O'O*l4 .O1 ' * 6 . 0' '1 hexadecaphosphide(2 - )
&cacyclo[9.9. 1.02.10.03.7.04.9.06.8.01 2.20.013.1 7.014. 19.016.18]henicosaphosphide(3 - )

'*

The compound Li,P, was first prepared by the action of butyllithium on
diphosphane.' The route given below, however, is a much better approach;
it is based on a nucleophilic cleavage of white phosphorus with lithium
dihydrogen phosphide.' The latter is readily available by the reaction of
butyllithium and phosphine.6
A high yield of Li2P16is obtained in the reaction of P, and LiPH, if the
stoichiometric ratio of reactants and the reaction time are significantly
modified., The formation of the
ion has also been observed in the
reaction of Na,P, with (Ph,P)Cl (ref. 8) and in the decomposition of Li2HP,
and LiH,P,.'
The compound Na,P,, is formed when sodium sand is allowed to react
with white phosphorus at a Na:P ratio of 1:2 (not 1:7!).lo
The three polyphosphides precipitate in the form of definite solvent
adducts. This is also observed for the starting compound LiPH,.6 On drying,
the adducts lose a part of the solvent with concomitant decomposition of
the salts.
A. TRILITHIUM HEPTAPHOSPHIDE
1. Lithium Dihydrogen Phosphide
n-C,H,Li

+ PH,

monoglymc

n-C,Hl0

+ LiPH,.l

monoglyme

Procedure

Caution. All operations involving the use of butyllithium and phosphine
gas must be carried out in an inert atmosphere and inside a well-ventilated
hood. Phosphine has a foul odor and is very toxic (threshold limit value in air
is 0.3 ppm). A gas mask approved for use with phosphine should be immediately
available in case of emergency.
Through one of the side arms of a clean, dry, 1-L three-necked
round-bottomed flask (Fl, Fig. 1) a gas inlet device (D) is inserted consisting
of an inlet tube, which is fitted with a three-way stopcock (T-bore) and a
septum.
The septum will allow the introduction of a steel wire reaching through the
plug to the bottom of the tube. The inlet device is connected with a phosphine
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Fig. 1. Apparatus for synthesis of LiPH,: A, PH, cylinder; B, bubble counter; C,
mercury safety valve; D, inlet tube with three-way stopcock and septum; E, adapter
with stopcock and septum; F1, flask with two parallel sidenecks;F2, flask with lateral
stopcock; G , sintered glass funnel with lateral stopcocks; Hl-H3, stopcocks.

gas cylinder (A) via a bubble counter (B, paraffin oil) and a mercury safety
valve (C) using polyethylene tubing. A magnetic stirring bar is inserted
through the main neck of the flask, which is then cquipped with a stopcock
(E) topped by a septum. The other side arm is connected with a filtering device
consisting of a sintered-glass funnel (G, 50(1 rnL. medium porosity) and a 1-L
round-bottomed flask (F2), which are both equipped with lateral stopcocks
(Hl,H3). A vacuum line, including anothcr mercury valve and a supply of
purified nitrogen or argon, is connected to the stopcocks H1, H2, and H3.
The exits of both mercury values arc ctmbined by polyethylene tubing and
-:
The tube is mounted
terminate in a short glass tube (1.0. -3rnm).
horizontally within a 2-cm distaficc of the flanic of a Bunsen burner, which
must be burning throughout the following steps of the procedure to ensure
the complete combustion of any phctsphinc gas leaving the safety valves.
The apparatus, including the conncxtiim 90 the gas cylinder and the
volumes between plug and septum in D aitd Li, is evacuated and refilled with
inert gas five times. Under reduced pressure 300mL of monoglyme
(1,2-dimethoxyethane; dried over potassium) is sucked into the reaction flask
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via a cannula bridge" through the septum inlet of the main neck. The flask
is cooled to - 78 "C (Dry Ice-acetone) and commercial 1.6 M butyllithium
solution in hexane (300 mL, 0.48 mol) is slowly added in the same manner.
Caution. Exothermic reaction! When the addition is complete, the
main neck is connected with the vacuum line (under inert gas flow).
While maintaining the low temperature, a moderate stream of phosphine
gas is passed through the solution with vigorous stirring. The precipitation
of white LiPH, monoglyme begins immediately. If the inlet tube should be
plugged by this salt, the tube can be opened easily by moving the steel wire
up and down. The reaction is complete as soon as the phosphine gas is no
longer absorbed by the solution but is flowing through the mercury valves.
After an additional l5min the phosphine supply is cut off. The reaction
mixture is stirred and allowed to slowly warm to room temperature over
2 h. As it warms, a considerable amount of excess phosphine gas evolves
and is burned.
The monoglyme suspension is poured into the filter by turning the entire
apparatus upside down (H1closed), while its ground glass joints are held
together by appropriate clips. Filtration proceeds by evacuating the 1-L flask
via the lateral stopcock H3 and is followed by three washings with 20-mL
portions ofcold monoglyme. Cautious drying of the white LiPH,-monoglyme
is effected at 10torr by passing a stream of inert gas through the filter cake
for 1 min. In a typical experiment a yield of 56.5g (90.5%)* of lithium
dihydrogen phosphide monoglyme adduct is obtained. The purity of the
product is easily checked by its 3'P{1HJNMR spectrum (singlet at
6-283). Although the salt can be stored in the pure state, it is more
convenient to store and use it either in the form of a 1 to 2 M solution in
tetrahydrofuran (THF) or as an
0.3 M solution in monoglyme. The
solutions are stable at room temperature for some weeks but should be
estimated prior to use by titration with 0.1 N HCI.

-

-

2. Trilithium Heptaphosphide
3P,

+ 6LiPH, -2Li,P,.3
monoglyme

monoglyme + 4PH,

.

Procedure

Caution. White phosphorus must be handled with care because it ignites
spontaneously on contact with oxygen, causes severe burns on the skin, and is
*The checker obtained a yield of 82%. He notes that LiPH,.monoglyme can be recrystallized
from monoglyme at - 20°C and that pumping on LiPH,monoglyme results in loss of PH,
and formation of Li,PH.6
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toxic. All operations must be carried out in a well-ventilated hood under a flow
of inert gas.
A clean, dry, 500-mL three-necked round-bottomed flask is equipped with
a reflux condenser and a pressure-equalizing dropping funnel topped by a
septum adapter. The third neck is connected via a selector valve with a
source of inert gas (including a mercury bubbler) and an oil pump,
respectively. The apparatus is repeatedly evacuated and filled with inert gas.
A suspension of4.1 g of freshly distilled white phosphorus" (33.1 mmol based
on Ps) in 50mL of dry monoglyme is transferred to the flask while maintaining
an inert atmosphere. The dropping funnel is charged with a solution of 9.6 g
(73.8 mmol) LiPH,.monoglyme in 270mL of dry monoglyme via a cannula
bridge. '
With vigorous magnetic stirring the suspension is heated so that the solvent
refluxes. The LiPH2 solution is added dropwise over a 2-h period during
which time the generated PH, gas leaves the apparatus via the mercury
bubbler and burns in the flame of a Bunsen burner (see Section A.l). As the
addition proceeds, the color of the reaction mixture changes from red to
black (maximum viscosity) then to red again. The final mixture is allowed
to reflux for a further 30min. After this period a clear, orange-yellow solution
is present. Lowering the temperature to 0°C for a 40-min period and to
- 20°C for 30 min leads to precipitation of Li3P,.3monoglyme.*
At - 2 0 ° C the reflux condenser and the dropping funnel are replaced
under a countercurrent inert gas flow with a stopper and a sintered glass
funnel (250mL, medium porosity), which is connected to a 1-L
round-bottomed flask. The funnel and flask each bear a lateral stopcock (see
Fig. 1) and have previously been evacuated and filled with inert gas five
times. The filtration as well as the washings (3 x 15-mL portions of cold
monoglyme) are carried out at - 78 "C under reduced pressure and as rapidly
as possible. Both flasks at the ends of the frit are replaced with socket caps
under inert gas flow via the stopcocks of the frit (corresponding to H1 and
H2 in Fig. 1). The frit is evacuated at room temperature for 5 min and refilled
with inert gas three times. This drying operation is interrupted as soon as
the slightest reddish color of the substance becomes visible. Yield: 8.4 g (75%).
Anal.' Calcd. for C,,H,oLi,O,P,:C, 28.37; H, 5.95; Li, 4.10 P, 42.68. Found:
C, 28.36; H, 5.72; Li, 3.96; P, 42.65.

*The checker reports that after the reaction mixture was refluxed for 30min an unidentified
red oil had formed. This was removed by cooling the solution to 0°C and decanting the
supernatant solution into another flask. Further cooling of the solution to -30°C gave
crystalline needles of Li,P,.3monoglyme. Yield: 58%.
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Properties

Trilithium heptaphosphide is formed as an adduct with 3 mol of monoglyme.
It is a bright beige solid, which is stable under inert gas at room temperature.
On contact with air the compound ignites spontaneously. It is readily soluble
in THF, monoglyme, and diglyme. Its "P NMR spectrum exhibits a singlet
at 6 - 122 ( + 60°C). At - 60°C this coalescence signal splits into three
separate groups of signals corresponding to the three different types of
phosphorus atoms: In the apex (6 - 57), in the bridges (6 - 103), and in the
three-membered ring (6 - 162)of the P73- ion. The Raman and the IR spectra
of Li3P7 have also been described.'
The reaction of trilithium heptaphosphide with bromomethane in THF
at - 60 "C leads to trimethylheptaphosphane, P,(CH,),. Yield: 93%.1*'3The
condensation of Li P, with the diphosphane C1(t-C,H g)P- P(t-C,H,)CI
yields the tetracyclic nonaphosphide LiP,(t-C,H,),, which has a skeleton
analogous to that of the hydrocarbon delta~yclane.'~

B. DILITHIUM HEXADECAPHOSPHIDE
23P,

+ 12LiPH2%6Li2P,,.8THF + 8PH3

Procedure
Following the precautions and using equipment analogous to that employed
in the preparation of Li3P7 (see Section A.2), a clean, dry, 250-mL
round-bottomed flask is charged with 2.82 g (22.76 mmol) of freshly distilled
white phosphorus and 150mL of T H F (dried over potassium). Under reflux
and with vigorous magnetic stirring, a solution of 1.54g (11.84mmol) of
LiPH,.monoglyme in 10.6mL of dry T H F is injected by means of a syringe
within 3s. The reaction mixture immediately turns dark brown to black;
simultaneously a violent evolution of phosphine gas ( 175 mL) takes place.
All ground glass joints are carefully secured by appropriate clips so that PH3
leaves the apparatus via the mercury safety valve and is burned as described
in Section A. The reaction mixture is allowed to reflux for another 3min
with stirring. The hot mixture is filtered, and the precipitate is washed with
four 20-mL portions of THF. After drying under oil-pump vacuum for some
minutes a yield of 6.2 g(96%) of dark red-brown LizP16.8 T H F is obtained.

-

Anal.7 Calcd. for C J ~ H , , L ~ , O ~ P ~ ~35.38;
: C , H, 5.94; Li, 1.28; P, 45.62.
Found: C, 35.10; H, 5.52; Li, 1.23; P, 44.95.
Extension of the reaction time favors the formation of by-products,
although under these conditions a small amount of red octahedral crystals
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of the title compound can be isolated from the filtrate after standing for some
hours.
Properties

Dilithium hexadecaphosphide is formed as an adduct with 8mol of T H F
and is stable under inert gas at room temperature. It dissolves in
N,N-dimethylformamide (DMF) and dimethyl sulfoxide (DMSO), but shows
slight decomposition in both solvents. The compound is insoluble in ethers
as well as in aliphatic and aromatic hydrocarbons. On heating, the crystals
lose a part of the solvent of crystallization with concomitant deepening of
their color. The Raman spectrum of Li,P,, is similar to that of Li,P, and
exhibits two additional bands of medium intensity at 340 and 401 cm-1.7
A solution of Li,P,, in D M F shows a "P NMR spectrum with six signal
groups at 6 + 60, + 38, +6, -34, - 134, and - 172 (intensity ratio
2:1:1:1:1:2).9~5
The reaction of a solution of Li,P,, with bromomethane and
bromoethane, respectively, yields the diorgano-hexadecaphosphanes P16Rz
(R = CH, and C2H5).16

C. TRISODIUM HENICOSAPHOSPHIDE
21P4 + 12Na %4Na,Pz,.1STHF
Procedure
8
Caution. Careful handling of white phosphorus and powdered sodium
under an atmosphere of dry, deoxygenated inert gas at all times is strongly
recommended because of their spontaneous inflammability.
Sodium powder is prepared by melting 5 g of carefully cleaned cut sodium
metal in 250mL of boiling xylenes. After removal of the heating bath a slow
stream of nitrogen is passed over the solvent, and a high speed stirrer
(20,000rpm, e.g., Ultra-Turrax, model T 18/10)*is introduced and run for 15 s.
The finely divided metal is filtered and washed (three 15-mL portions of
pentane) under inert gas and sucked dry. It can be stored in a dry box for
months without loss of activity.'
Trisodiurn henicosaphosphide is obtained using equipment similar to that

*Janke & Kunkel GmbH, D-7813 Staufen, Federal Republic of Germany.
'The checker prepared sodium powder by washing Na dispersion in light oil (Aldrich 21,
712-3) with hexane until the oil had been removed.
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employed in the preparation of dilithium hexadecaphosphide (Section B). A
3.0g (24.2 mmol) quantity of freshly distilled white phosphorus, and 1.1 g
(47.8mmol) of powdered sodium in 150mL of dry THF are stirred slowly
and heated under reflux for 2.5 h under inert gas. The solution turns red,
and a fine black precipitate separates. After removal of the solid by filtration
(slightly reduced pressure) at room temperature, the filtrate is cooled to
- 20 "C for 12 h. The crude product is removed by filtering in the cold
(without reduced pressure!) and washed five times with 10-mL portions of
cold ( - 20°C) THF. Dissolution in 20mL of THF at 0°C and repeated
crystallization at - 20°C yield pure Na,P,,- 15THF, which is filtered cold
and dried under oil pump vacuum for 15s. Yield: 3.0 g Na3P,,- 15THF (36%).
A further amount of the compound can be obtained from the mother liquor.

-

Anal. Calcd. for C60H120Na3015PZl:C,
40.01; H, 6.72; Na, 3.83; P, 36.12.
Found: C, 41.22; H, 6.57; Na, 3.82; P, 37.28.
Properties
Trisodium henicosaphosphide is obtained as an adduct with 15 mol of THF
and forms orange needle-shaped crystals, which liquefy above - 10°C. At
room temperature the melt undergoes a slow disproportionation. The crystals
are slightly sensitive to oxidation but strongly sensitive to hydrolysis. A
solution of Na,P,, in THF-DMF ( - 2: 1) exhibits a 31P NMR spectrum
with seven signal groups at 6 72, 61, - 15, - 108,- 118, - 146, and
- 169 (intensity ratio 2:8:2: 1:2:2:4)."
In the alkylation or silylation of trisodium henicosaphosphide the
monometalated henicosaphosphanes(3)NaP,,R, [R = CH,, C,H,, i-C,H,,
and (CH,),Si] have been obtained as the final products. A substitution on
the central one-atom bridge of the Pz13- ion does not occur for steric
reasons.

+

+
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46. PHOSPHORUS COMPOUNDS CONTAINING
STERICALLY DEMANDING GROUPS
Submitted by ALAN H. COWLEY,* NICHOLAS C. NORMAN,'
and MAREK PAKULSKI*
Checked by G. BECKER,: M. LAYH,: E. KIRCHNER,' and M. SCHMIDT'

Stable compounds containing unsupported double bonds between phosphorus and/or arsenic atoms have been isolated recently. This has been
achieved by the use of sterically demanding substituents that offer a high
degree of kinetic and thermodynamic stability.' The synthesis of representative examples of these compounds is described in Section 47.2 Herein are
described the preparations of the relevant starting materials.
Caution. Phosphines. and their chloro-substituted derivatives, are toxic
and air-sensitive. Silyllithium phosphides, (naphthalene)sodium, and alkyllithium reagents are very sensitive to oxygen and moisture. All operations
involving these materials should be carried out under an inert atmosphere and
in a well-ventilated fume hood.
*Department of Chemistry, The University of Texas at Austin, Austin, TX 78712.
'Department of Inorganic Chemistry, University of Newcastle upon Tyne Newcastle upon Tyne,
NEl 7RU, United Kingdom.
'Institut fiur Anorganische Chemie der Universitat Stuttgart Pfaffenwaldring 55, D-7000 Stuttgart
80, Federal Republic of Germany.
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l-BROMO-2,4,6,-TRI- TER T-BUTY LBENZENE
2,4, 6-t-BU,C6H,

-

+ Br,

(MeO),P=O -I-HBr

1-Br-2,4, 6-t-Bu,C6H,

+ HBr

MeBr + (MeO),POOH

Procedure
This procedure is a modification of that published by Pearson et aL3 A 1.5-L
two-necked flask equipped with a reflux condenser, magnetic stirrer bar, and
surrounded by aluminum foil (to minimize exposure to light) is charged with
tri-terr-butyltrimethyl phosphate (Aldrich)(1 L) and dessicator dried (P205)
benzene (Aldrich) (76g, 0.3 mol). The mixture is then stirred and warmed to
85°C by means of an oil bath until the hydrocarbon dissolves. The
temperature is lowered to 70 "C and bromine (56 g, 18 mL, 0.35 mol) is added
rapidly.
Caution. Bromine is toxic b y inhalation and causes severe burns. I t
must be handled in a well-ventilated fume hood, and rubber gloves and safety
goggles should be worn.
The temperature is then maintained at 65-70 "C and stirring is continued
for 30h. The exclusion of air is not vital; however, the reaction must be
carried out in moisture-free conditions and a nitrogen atmosphere is advised.
After completion of the reaction, the solution is allowed to cool to room
temperature, and it is then added to 1 L of water at 0 "C (no further precautions
to exclude air are required), causing immediate precipitation of the product.
Extraction with 5 x 200-mL portions of hexane, followed by evaporation of
the combined fractions affords the product as a white solid, crude yield, 92g
(95%). Further purification can be achieved by double recrystallization from
ethanol-2-propanol mixtures at - 20"C, first from 1 L of 5 : 1, then from
500mL of 1:5, affording white crystals. Yield: 54g (55%); mp 172-174°C.
'H NMR (C,D6):6 1.35 (s, 9H, p-t-Bu), 1.58 (s, 18H, o-t-Bu), 7.42 (s, 2H, m-H).

B. (2,4,6-TRI- TER T-BUTYLPHENYL)PHOSPHONOUS
DICHLORIDE
1-Br-2,4,6-t-Bu,C,H2 + n-BuLi
1-Li-2,4,6-t-Bu,C6H,

-

1-Li-2,4,6-t-Bu,C6H,

+ PCI, - + ( 2 , 4 , 6-r-Bu,C6H,)PCI,

+ BuBr
+ Licl

Procedure
This procedure is a modification of that published by Yoshifuji et aL4 A
solution of l-Br-2,4, 6-t-Bu3C,H, (16.27g, 0.05 mol) in dry (potassium
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benzophenone), degassed T H F (200mL) is added to a 250-mL Schlenk
flask equipped with a rubber septum and magnetic stirrer bar. The flask and
contents are cooled to and maintained at - 78 "C by means of a Dry
ice-ethanol bath. A hexane solution of BuLi (Aldrich) (34.4mL of 1.6 M ,
0.055 mol) is then added via syringe over a period of a few minutes and the
resulting mixture is stirred for 2 h and maintained at low temperature. After
this time the solution, containing 1-Li-2,4, 6-t-BU,C6H,, is transferred via a
cannula to a second 250-mL Schlenk flask containing a stirred solution of
PCI, (7.6g, 5mL, 0.055mol) in T H F (10mL) over a period of 30min. The
temperature of both flasks is maintained at - 78 "C throughout this process.
After complete addition, the flask is allowed to warm to room temperature
and the mixture is stirred for 2 h. All volatile substances, including excess
PCIJ, BuBr, and traces of BuPCI,, are removed in vacuo (30°C/10-4
torr), resulting in an essentially quantitative yield of white crystalline
(24, 6-t-Bu,C6H,)PCI, of suitable purity for further use. Extraction of the
solid with Et,O (200 mL), followed by filtration through Celitem, affords the
product free of LiCI. Further purification may be achieved by recrystallization
from saturated Et,O solution at - 78 "C. "P NMR G(THF) 155.

Procedure

The phosphonous dichloride (2,4, 6-t-Bu,C,H2)PC1,( 13.9 g,40 rnmol) in T H F
(170 mL), contained in a 250-mL Schlenk flask, is slowly added via a cannula
to a second similar flask of 500-mL capacity containing a stirred slurry of
LiAIH, (3 g, 80 mmol) in T H F (1 80 mL) at - 5 "C. The resulting suspension
is allowed to warm to room temperature and is then refluxed for 2 h. After
cooling to 0 "C, 120 mL of 20% HCI is added carefully with stirring.
Caution. Addition must be slow to avoid excessive gas evolution.
After complete addition, the mixture is allowed to warm to room
temperature. When stirring is stopped, an upper yellow organic layer
separates from the lower aqueous layer, and the former is then removed via
a cannula to a separate flask.* This solution is then dried by addition of
anhydrous MgSO,, filtered through Celite.8 and finally all volatile substances

.

*If good separation of the organic and aqueous layers does not occur, the addition of 3 x 50-mL
portions of pentane is recommended.
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are removed in uucuo, affording a crude yellow-white product. Recrystallization from i-PrOH affords pure 2,4,6-t-Bu3C6H2PH,. Yield: 8.9g (80%);mp
144-146°C. ,lPNMR (CHZCl,): 6 - 132 (t’ JpH=209H~).

D. (2,4,6-TRI-TERT-BUTYLPHENYL)
(”RIMETHY LS1LYL)PHOSPHINE
RPH,

+ n-BuLi

--

RPHLi + CISiMe,

RPHLi + C,H,,,
RP(SiMe,)H

+ LiCl

R = 2,4,6-t-BU,C6H,

Procedure
A solution of 2,4, 6-t-Bu,C,H2PH2 (5.57 g, 20.0 mmol) in 250 mL of THF is
placed in a 500-mL Schlenk flask equipped with a rubber septum and a
magnetic stirrer bar. A solution of BuLi (13.8 mL, 1.6 M )is added dropwise
with stirring at 0°C. After warming to room temperature and stirring for
30min, the reaction mixture is recooled to 0°C and Me,SiCl (2.39g.
22.0 mmol) is added by means of a syringe. After stirring the reaction mixture
for 1 h at room temperature, the solvent and volatile substances are removed
in uucuo. The white solid residue is extracted with 150mL of hexane and
filtered to remove LiCl. Evacuation of the hexane leaves colorless, oily
(2,4, 6-t-Bu,C6H,)P(SiMe,)H, which crystallizes on cooling to 0 “C.
,lPNMR: (hexane) 6 - 127.5, ‘.IpH= 212 Hz.Yield: 6.7g(95%).

E. TRIS(”RIMETHYLs1LYL)METHANE

-

+ 2Li (Me,Si)Li + LiCl
3(Me,Si)Li + CHCl, -(Me,Si),CH
+ 3LiCl
Me,SiCl

Procedure
This procedure is a modification of that published by Merker and Scott.’ A
carefully over-dried and argon purged apparatus consisting of a 5-L threenecked flask attached to a Friedrichs condenser, a 500-mL addition funnel,
and an overhead stirrer is assembled. The flask is charged with 50g (7.2 mol)
of lithium wire (Alfa) pressed from sticks (l-mm diameter), Me,SiCI (Aldrich)
(1080 mL, 8.54 mol) and T H F (2800mL). The resulting mixture is stirred and
brought to reflux. The contents of the addition funnel, previously charged
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with CHCI, (94.74mL, 1.176mol) and T H F (400mL), are added dropwise
to the main reaction vessel over a period of 5 h with continuous refluxing.
8
Caution. Chloroform is a suspected carcinogen. I t should be handled
in a well-ventilated fume hood, and protective gloves should be worn.
After complete addition, refluxing is maintained for 2 days, followed by
2 more days at room temperature with continuous stirring. At the end of
this time most of the solvent is removed by distillation (- 3 L). The precipitate
of LiCl is allowed to settle, and the liquid portion is decanted into a 2-L
flask. This solution is quenched with water (500 mL), after which the organic
layer is transferred to a new flask and dried overnight with 50g of MgSO,.
Vacuum distillation of the resulting liquid affords 197 g (72% yield based on
CHCI,) of (Me,Si),CH in pure form (bp 104 "C at 20 torr). 'H NMR: (C6D6)
6 1.32 (s, 9H, P-C-BU), 1.60 (s, 18H, o-c-Bu),4.22 (d, 2H, PH, ' J p H = 209 Hz),
7.52 (d,2H, C6H2, 45pH = 2.3 Hz); mp 144-146 " c .

F. [TRIS(TRIMETHYLSILYL)METHYL]PHOSPHONOUS

DICHLORIDE

(Me,Si),CH

+ MeLi

[(Me,Si),CfLi

--

+ PCI,

+ CH,
[(Me,Si),C]PCI, + LiCl

[(Me,Si),C]Li

Procedure

This is a modification of the procedure published by Issleib et aL6 To a 500-mL
round-bottomed flask is added l00mL of THF, 17 mL of Et20, (Me,Si),CH
(18.25 g, 78.6 mmol) and (dropwise) 62 mL of 1.4 M (86.8 mmol) MeLi (Aldrich)
in Et,O solution.
The reaction mixture is stirred overnight at room temperature by which
time it assumes a clear orange-red color. Refluxing the solution for an
additional 4 h destroys any unreacted MeLi and results in the development
of a deep red color. Upon cooling to room temperature the (Me,Si),CLi will
remain stable for periods up to 24 h.
The solution of (Me,Si),CLi is cooled to 0°C and is added dropwise oia
a cannula* at 0 "C to a stirred solution of PCI, (6.7 mL, 78.6 mmol) in T H F
(40mL). The mixture is warmed to room temperature, allowed to stir for
2 h, and the solvents are removed in vacuo. The residue is extracted with
100mL of pentane and the extract is filtered through a fine frit. After removal
of pentane, the product is recrystallized from dry (magnesium), deoxygenated
methanol. Yield: 17.5 g (67%) of waxy white crystals of [(Me,Si),C]PCl,
*Checkers used a dropping runnel.
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is obtained. ,'P NMR, 6 233;
'JPH= 1 Hz); mp, 158 "C (dec).

' H NMR

(C6D6) S 0.44 (d, 27H, Me,Si,
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BONDS
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Recently, compounds with unsupported double bonds between phosphorus
and/or arsenic atoms have become available.' This development has been
achieved by the use of sterically demanding groups such as 2,4, 6-t-Bu3C6H2,
(Me,Si),C, and (Me,Si),CH. Essentially two strategies are available for the
synthesis of diphosphenes (RP=PR) and diarsenes (RAs=AsR), namely,
reductive cleavage of dihalides (REX,, E = P and As), and the base-promoted
dehydrohalogenation of equimolar mixtures of REXz and REH,. The latter
method is also appropriate for phosphaarsene (RP=AsR) syntheses; however, better yields are realized if REX, is treated with the silyllithium reagent,
RP(Li)(SiMe,).
The preparations of the starting materials [(Me,Si),C]PCl,, (2,4,6-tBu3C6H,)PC1,, (2,4, 6-t-Bu3C,H,)PH,, and (2,4,6-t-Bu,C,H,)P(SiMe,)H
are described in Section 46., The compound [(Me,Si),CH]PCl, is prepared
as described in ref. 3 and 4.

Caution. Phosphines and their chloro-substituted derivatives are toxic
and air sensitive. Silyllithiumphosphides, (naphtha1ene)sodium. and alkyllithium
*Department of Chemistry, The University of Texas at Austin, Austin, TX 78712.
'Department of Inorganic Chemistry, University of Newcastle upon Tyne, Newcastle upon Tyne
NEl 7RU, United Kingdom.
'Institut f i r AnorganischeChemie der Universitat Stuttgart Pfaffenwaldring 55, D-7000Stuttgart
80, Federal Republic of Germany.
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reagents are very sensitioe to oxygen and moisture. All operations inoolving
these materials should be carried out under an inert atmosphere and in a
well-uentilated jume hood.
A. BIS[TRIS(TRIMETHYLSILYL)METHYL]DIPHOSPHENE AND BIS(2,4,6-TRI-TERT-BUTYLPHENYL)DIPHOSPHENE

-

1. (Naphtha1ene)sodium Method

2RPC1,

+ 4Na[CloH8]

RP=PR

+ 4NaCI + 4CloH8

R = (Me,Si),C or 2,4,6-t-Bu,C,H2
Procedure

This method is suitable only for small scale (5 mmol or less) preparations of
these diphosphenes because of the dificulties involved in removing larger
quantities of naphthalene from the product.
A solution of [(Me,Si),C]PCl, (1.67g, 5.0mmol) in dry, degassed T H F
(100mL) is added to a nitrogen-filled 150-mL Schlenk flask equipped with
a rubber septum. In a separate 50-mL Schlenk flask (also fitted with a
rubber septum), a solution of (naphtha1ene)sodium' in tetrahydrofuran
(THF) (20mL, 0.5M)is cooled to -78°C (Dry Ice-acetone). The
(naphtha1ene)sodium solution is transferred dropwise by means of a cannula
to the flask containing the [(Me3Si),C]PC12. The reaction mixture is
maintained at - 78 "C during the addition, after which it is allowed to warm
gradually to room temperature. Monitoring of the reaction by ,'P NMR
spectroscopy indicates the quantitative conversion of [(Me,Si),C]PCl, to
[(Me,Si),C]P=P[C(SiMe,),]. Removal of the solvent in vacuo leaves a brown
residue, from which the naphthalene is removed by dynamic vacuum
torr) for 12 h. The residue is then dissolved in 100 mL
sublimation (55 "C,
of hexane and the NaCl is removed by filtration through a 3-cm length of
Celite@under N,. Further purification of the solution is effected by column
chromatography under N, on a 30-cm length of silica gel, using hexane as
eluant.* The leading (orange-yellow) band is collected and evaporated to
mp
dryness to afford a 63% (0.83 g) yield of [(Me,Si),C]P=P[C(SiMe,),],
152°C (dec). If desired, further purification can be carried out by
recrystallization from a saturated solution in toluene at 0 "C.
*Checkers indicate that column chromatography is not always required.
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Anal. Calcd. for C,,H,,P,Si,:
C,45.76; H, 10.37. Found: C, 45.80; H, 10.95.
3 1 P NMR: 6
599.6.
The corresponding aryl-substituted diphosphene, (2,4, 6-t-Bu,C6H2)
P=P-(2,4,6-t-Bu,C,H2), mp 175-176"C, is made by the same method in
72% yield using (2,4, 6-t-Bu,C,H2)PCI, (1.74g, 5.0 mmol).* If necessary,
additional purification can be carried out by recrystallization from hexane
at - 10 "C.

+

Anal. Calcd. for C,,H,,P,:
,'PNMR S +494.

C, 78.28; H, 10.58. Found: C, 78.19; H, 10.60.

2. Magnesium Method

Procedure
This is essentially the preparation reported by Yoshifuji et a1.,6 the only
significant modification being the use of ultrasonics to minimize the reaction
time. A mixture of (2,4, 6-t-Bu,C,H2)PCI, (3.47 g, 10mmol) and Mg turnings
(0.27 g, 11 mmol) in 25 mL of T H F is placed in a 100-mL Schlenk flask under
a nitrogen atmosphere and closed with a rubber septum. The flask is placed
in an ultrasonic bath for 30 to 50min.' Evacuation of the T H F leaves an
orange-yellow residue that is extracted with 3 x 50-mL portions of hexane.
Removal of the MgCI, and residual Mg is achieved by means of a
cannula, the tip of which is covered with filter paper held in place by copper
wire. Orange crystals of (2,4, 6-t-Bu,C6H,)P=P(2, 4, 6-t-Bu,C6H,), mp
175- 176 "C, form upon reduction of the solution volume by -40 mL followed
by storage at - 10°C. A second crop of the diphosphene is obtained
after column chromatographic work-up of the mother liquor as described
previously. The combined yield of product is 1.50g (54%).'
*Checkers recrystallized from hexane at - 20°C. Yield: 68%. Chromatography was not
employed.
'The irradiation time is highly dependent on the power of the ultrasonic device. A color change
of the reaction mixture from orange-brown to deep purple indicates reduction of the diphosphene
to the corresponding anion radial. If this occurs, the nask should be removed from the ultrasonic
bath. Addition of few drops of MeOH restores the orange color.
:Checkers remove MgCI, by filtration through sintered glass and indicate that column
chromatography is not required.
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48. TRIS(TRIMETHYLS1LYL)PHOSPHINE AND LITHIUM
BIS(TR1METHYLSILYL)PHOSPHIDE B I S
(TETRAHYDROFURAN)

Submitted by GERD BECKER,* HELMUT SCHMIDT,* GUDRUN UHL,*
and WERNER UHL*
Checked by MANFRED REGITZ,t WOLFGANG ROSCH,' and
UWE-JOSEF VOGELBACHERt

Tris(trimethy1silyl)phosphine' and its more reactive derivative lithium bis(trimethylsilyl)phosphide~2tetrahydrofuranZ
are very useful reagents for the

preparation of compounds with a single or a multiple element phosphorus
bond. They react readily with various element halides,,-' with carboxylic
acid chlorides,6 and with carboxylic esters,' as well as with other organic
electrophiles' uia a substitution of lithium and/or a cleavage of the weak
polar Si-P bonds.
A.

TRIS(TRIMETHYLS1LYL)PHOSPHINE

M = Na, K; DME = 1,2-dimethoxyethane
*Institut fur Anorganische Chemie der Universitat Stuttgart, PfaKenwaldring 55, D-7000
Stuttgart 80, Federal Republic of Germany.
'Fachbereich Chemie der Universitat Kaiserslautern, Erwin-Schrodinger-Strak, D-6750
Kaiserslautern, Federal Republic of Germany.
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Caution. Sodium and particularly potassium react violently with water
and may ignite in air. The incrustations of potassium may be explosive; only
potassium with little or no incrustation should be cut, and care should be taken
to ensure anhydrous conditions. Sodium-potassium alloy as well as malodorous
tris( trimethylsily1)phosphine are pyrophoric and extremely sensitive to moisture.
Therefore the entire procedure must be carried out in an atmosphere of dry
argon in a well-ventilated fume hood. In case of emergency a sand bath should
be available to catch the liquid alloy. 1,2-Dimethoxyethane and tetrahydrofuran
( T H F ) mayform explosive peroxides. Onlyfresh, peroxide-free material should
be used.
These solvents must be deoxygenated and freed from traces of water before
use by refluxing over sodium wire in the presence of benzophenone in a slight
stream of argon. When the color has changed to deep blue, the solvent is
distilled off. Pentane is purified in a similar way with lithium tetrahydridoaluminate.
Procedure
The complete equipment used in this procedure must first be evacuated and
then filled with argon. All joints are greased with H-grease (Apiezon Products).
When stoppers are removed and compounds are transferred from one flask
to the other, a slight stream of argon must be maintained.
A 46-g quantity (2.0 mol) of sodium and 59 g (1.5 mol) of potassium are
purified by removing their incrustations under petroleum ether. The metals
are cut into pieces and placed in a 500-mL two-necked round-bottomed flask
provided with a 500-mL pressure equalizing dropping funnel and connected
to the argon-vacuum supply via a side arm with a stopcock (see Fig. 1).
After evaporation of the residual organic solvent in vacuo, the sodiurnpotassium alloy is formed by warming the metals cautiously with a hair

Fig. 1. Apparatus for preparing sodium-potassium alloy.
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Mechanical stirrer
Reflux condenser

Stopper

Fig. 2. Apparatus for preparing sodium-potassium phosphide and reacting it with
chlorotrimethylsilane.

dryer, while the flask is shaken occasionally. The alloy is then poured into
the dropping funnel.

.

Caution. White phosphorus is extremely toxic and causes severe burns;
gloves should be worn when handling the solid or solution.
A 2-L three-necked flask is equipped with a reflux condenser* and a
mechanical stirrer, which is sealed with paraffin oil. The condenser is fitted
with a three-way stopcock connecting to an argon-vacuum supply and to
two wash bottles filled with paraffin oil (see Fig. 2). Small pieces of white
phosphorus (31 g, 1 mol) are placed in the flask and freed from traces of water
in U U C U O . ~After adding 1 L of DME the dropping funnel with the liquid alloy
*The use of a reflux condenser with a metallic coil is strongly recommended.
'The checkers report white phosphorus can also be freed from traces of water by washing with
50mL of DME.
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is mounted on the free neck of the flask, and the stopcock is switched from
the argon supply to the wash bottles. The solvent is heated to 50 "C and the
alloy is added slowly, in the beginning drop by drop, over a period of 1 h to
the vigorously stirred emulsion. To complete the formation of black sodiumpotassium phosphide the suspension must be heated at reflux with a heating
mantle for 24 h.
A slight excess of freshly distilled chlorotrimethylsilane (353 g, 3.25 mol)
is added carefully to the phosphide suspension while stirring and refluxing.
These conditions are maintained for another 24 h. During this period, the
reaction mixture becomes increasingly viscous,* and its color changes from
black to gray. The dropping funnel is exchanged for an argon inlet; the reflux
condenser and stirrer are removed in a slight stream of argon. After filtration
(see Fig. 3) through sintered glass (porosity 50pm), the residue is washed
several times with a total of 2 L of DME. Finally, the solvent is distilled off
at atmospheric pressure, and the remaining tris(trimethylsily1)phosphine is
purified by vacuum distillation (30-cm-Vigreux column). Bp 30-35 "C/
mbar. Yield: 188g (75%).
Anal. Calcd. for C9H,,Si3P:C, 43.1; H, 10.9; Si, 33.6; P, 12.4. Found: C, 43.3;
H, 11.0; Si, 33.5; P, 12.0.
9
Caution. On cooling, the pure distillation product may crystallize
rapidly and block the apparatus. The residues from the filtration and distillation
may contain either pyrophoric sodium-potassium alloy or tris( trimethylsily1)phosphine and trimethylsilyl-substituted cyclic polyphosphines.' For safety
reasons all residues must be treated very cautiously with a mixture of ethanol
and petroleum ether ( 1 : l o ) under an inert atmosphere in a well-ventilatedfume
hood.
Propert ies

Tris(trimethylsily1)phosphine is a colorless compound with a melting point
near room temperature. Characteristic NMR data for a DME solution are
bclH)0.30; ' J , = 4.4 cps; 6(,,,,-251. In reactions with alcohols and water
bis(trimethylsily1) and (trimethylsily1)phosphine can be synthesized;' acetyl
chloride in a molar ratio of 1 :3 gives triacetylphosphine." For the important
reaction with 2,2-dimethylpropionyl chloride see Section 49.

In case ofinsuficient stirring, incrustation and subsequent decomposition of tris(trimethylsilyl,phosphine may occur. Therefore, the whole process should be continually supervised.

-

Direction
of rotation

To argon/
vacuum supply

Sintered
glass plug

-t-----To argon/
=-vacuum

supply

Fig. 3. Filtration of the reaction mixture after formation of tris(trimethylsily1)phosphine.

241

248

Phosphorus Complexes and Compounds

B. LITHIUM BIS(TR1METHYLSILYL)PHOSPHIDEBIS(TETRAHY DROFURAN)2
t &H 3CLi),:(THF)

[(H3C)3SiI3P
-(H,C),Si
' [(H,C),Si],PLi.2 T H F
T H F = tetrahydrofuran
Caution. Methyllithium and lithium bis(trimethylsilyl)phosphide.bis(tetrahydrofuran) are very sensitive to moisture, and even in solution they are
Jlammahle in air. Therefore the entire procedure must be carried out in an
atmosphere of dry argon in a well-ventilated fume hood. Solvents should be dried
and deoxyyenated as described previously.

Procedure

In a single-necked 1-L flask connected to the argon-vacuum supply oia a
side arm with a stopcock and equipped with a pressure equalizing dropping
funnel and a magnetic stirring bar, 62.6 g (0.25mol) of tris(trimethylsily1)phosphine is dissolved in 300 mL of T H F and cooled to 0 "C. An 1 M
solution of methyllithiurn* in diethyl ether (0.245mol'), the molarity of which
has been determined by titration,t is added over a period of 1 h. After allowing
the reaction mixture to warm to 20°C and stirring if for another 8h, all
volatile compounds are distilled off under reduced pressure at room
temperature. The brown residue is covered with 400mL of pentane. While
stirring the suspension, T H F ( 20mL) is slowly added until complete
dissolution has been achieved. At - 30°C colorless to pale yellow crystals
of lithium bis(trimethylsilyl)phosphide.bis(tetrahydrofuran) precipitate. The
liquid phase is carefully removed from the cold solution with a pipette. The
precipitate is ground under argon with a flattened glass rod, and the remaining
solvent is removed in uacuo (minimum pressure 0.3 mbar). The mother liquor
is worked-up as above to get another crop of crystals. The exact T H F content
must be determined by 'H N M R spectroscopy. Yield: 64g (80%).

-

-

*Solutions of methyllithium are prepared before use from methyl chloride and pieces of lithium
in diethyl ether."
With solutions of methyllithium in diethyl ether, either commercially available or prepared
from lithium and methyl chloride, the checkers obtained lithium bis(trimethylsilyl)phosphide.
bis(tetrahydr0furan) in only 40or 50% yield. Therefore they advise preparing the compound with
. ~ submitters report reproducible yields of 80%.
n-butyllithium as described in the li te r a t ~ r e The
'Since excess tris(trimethylsily1)phosphine can easily be removed by recrystallization of the
product, a slight deficiency of methyllithium is recommended.
:A 10-mL quantity of the solution is cautiously hydrolized in 25-mL of 1 M HCI. Excess acid is
determined by back titration with a 1 M solution of sodium hydroxide.
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Properties
Lithium bis(trimethylsilyl)phosphide.bis(tetrahydrofuran) is a colorless crystalline compound that has been used by several research groups for
~-~
NMR
introducing the bis(trimethylsily1)phosphinyl g r o ~ p . Characteristic
- 298.
data of the T H F solution are bclH)0.53, 'JPpH = 4.Ocps;
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49. (2,2-DIMETHYLPROPYL1DYNE)PHOSPHINE
Submitted by GERD BECKER,* HELMUT SCHMIDT,* GUDRUN UHL,*

and WERNER UHL*
Checked by MANFRED REGITZ,+ WOLFGANG ROSCH,' and
UWE-JOSEF VOGELBACHERt

(2,2-Dimethylpropylidyne)phosphine is the first compound with a
phosphorus-carbon triple bond stable at room temperature.' Since the
electronegativities of phosphorus (2.2) and carbon (2.5) differ substantially
from the value of nitrogen (3.0),the compound is more likely to react as the
analog of an alkine than of a nitrile. Thus far, the reactivity of the phosphine

* Institut fur Anorganische Chemie der Universitat Stuttgart, Pfaffenwaldring 55, D-7000
Stuttgart 80, Federal Republic of Germany.
'Fachbereich Chemie der Universitat Kaiserslautern, Erwin-Schrodinger-Strak, D-6750
Kaiserslautern. Federal Republic of Germany.
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towards transition metal complexes with the metals in low oxidation states2
and towards organic 1, 3-dipolar3 or Diels-Alder
has been
studied. With halides of main group and subgroup elements’ numerous
insertion reactions have been observed; from the addition of lithium
bis(trimethylsilyl)phosphide~2tetrahydrofuran(THF) in 1,2-dimethoxethane
(DME), lithium 3,5-di-tert-butyl-l, 2,4-triphospholid.3DME can be
~btained.’.~
A.

[Z, 2-DIMETHYL-l-(TRIMETHYLSILOXY)PROPYLIDENE](TRIMETHYLSILYL)PHOSPHINE’**

(H,C),S\
+

,0-Si(CH,),

P=C

.

Caution. [2,2-Dimethyl-l-( trimethylsiloxy )propylidene]( trimethylsilyl)phosphine, a malodorous liquid, is extremely sensitive to moisture and
ignites in air. Therefore, all procedures must be carried out under an atmosphere
of dry argon in a well-ventilated fume hood.
Procedure

In a 500-mL round-bottomed flask connected to the argon-vacuum supply
via a side arm with a stopcock, 50.0g (0.20mol) of tris (trimethylsily1)phosphine (see Section 48) is dissolved in 200mL of LiAIH,-dried pentane. At
room temperature, 26.5 g (0.22 mol; 10% excess) of 2,2-dimethylpropionyl
chloride distilled over calcium hydride before use,’ is slowly added to the
stirred solution. Although the reaction is usually complete after 24 h, its
progress should be followed by NMR spectroscopy* in order to ensure
Starting materials for the corresponding adamant-1-ylderivative are lithium bis(trimethylsily1)phosphide.2tetrahydrofuran and adamantoyl chloride.’
‘This purification is necessary to remove traces of hydrogen chloride that otherwise would
catalyze a rapid formation of tris(2,2-dimethylpropionyl)phosphine.’
:Since the ‘H chemical shift values depend strongly on the solvent used, the compounds
tri(trimethylsi1y)phosphine (I) and [2,2-dimethyl-l-(trimethylsiloxy)propylidene] (trimethylsily1)phosphine(11) can best be identified by their ’.l,,
coupling
-”
constants (1:4.4cps;II:3.8cps),
or by their CS,.,~~, values (I: - 251; 11: + 120).

(2.2-Dimethylypropylidyne)phosphine
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complete consumption of tris(trimethylsily1)phosphine and to avoid further
substitution.* After removing the volatile compounds under reduced pressure,
the residual yellow alkylidenephosphine is purified by vacuum distillation.
Bp 45-48 "C/lO-'mbar. Yield: 47.2g (90%).
Anal. Calcd. for C,,H,,OSi,P: Si, 21.4; P, 11.8. Found: Si, 21.5; P, 11.7.
Properties

[2,2-Dimethyl- 1-(trimethylsiloxy)propylidene](trimethylsi1yl)phosphine is a
yellow viscous liquid. Characteristic NMR data for a solution in benzene
~5,,~,0.27;
(H3Ci3Si-P
are (H,C),C btlH,1.25, 43p-H= 1.5; (H,C),Si-0
6(,,,0.31, 'JP . H = 3.8cps; b(,lp) + 120. Substitution of another trimethylsilyl
group by the 2,2-dimethylpropionyl moiety leads to (2,2-dimethylpropionyl)[2,2-dimethyl-l-(trimethylsiloxy)propylidene]phosphine, which is the starting material for the keto-enol isomeric bis(2,2-dimethylpropionyl)pho~phine,~
whereas reaction with alcohols gives (2,2-dimethylpropionyl)phosphine. O

B. (2,2-DIMETHYLPR0PYLIDYNE)PHOSPHINE'.
(H,C),S\

'

,O-Si(CH,),
(NaOH,); 110- 140°C

P=C

\C(CH,),

' PrC-C(CH3)3

- (H3C)3Si---O-SSi(CHJ)3

Caution. [2,2-Dimethyl-1 -(trimethylsiloxy )propylidene]( trimethylsilyl jphosphine is extremely sensitive to moisture and ignites in air. Therefore,
all procedures must be carried out under an atmosphere of dry argon in a
well-ventilated fume hood.
Procedure

The apparatus (Fig. 1) consists of a two-necked 250-mL flask, one neck
of which is equipped with a 100-mL pressure equalizing dropping funnel and
a stopcock connected to the argon-vacuum supply, while the other neck is
connected to a 200-mL cooling trap via a bent glass tube.' After adding
*The checkers report reaction times of 6 to 7 h using cyclohexane as the solvent and heating
under reflux.
'Instead of a bent glass tube the checkers used a reflux condenser with running water.
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Fig. 1. Apparatus for preparing (2,2-dimethylpropylidyne)phosphine.

50.0g (0.19 mol) of [2,2-dimethyl- I-(trimethylsiloxy)propylidene](trimethylsily1)phosphine to the dropping funnel and
log of granular sodium
hydroxide to the 250-mL flask, the pressure within the apparatus is reduced
to 1 mbar, and the catalyst is heated to 110-140 "C with an oil bath. The
alkylidenephosphine is then added very slowly over a period of 2 h in order
to achieve a complete elimination of hexamethyldisiloxane. All volatile
compounds are collected at - 196"C and separated later by fractional
distillation under normal pressure.* Bp 52-57 "C. Yield after distillation:
14.0 g (74%).

-

-

Anal. Calcd. for C,H,P: C, 60.0; H, 9.1; P, 30.9. Found: C, 60.2; H, 9.0 P, 30.3.
Properties

(2,2-Dimethylpropylidyne)phosphine is a fairly volatile compound that

is scarcely oxidized by air. Characteristic IR'*12 and NMR data' are
FcSp 1533cm- I ;
1.15, 45p-H= 0.9cps; S(,lp)- 69. Its chemical properties
have recently been surnmarized.'*I3

*Because of its high vapor pressure at room temperature, the distillate should be cooled with
an ice bath.
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50. TRIPHOSPHENIUM SALTS
Submitted by ALFRED SCHMIDPETER,* and SIEGFRIED LOCHSCHMIDT*
Checked by ALAN H. COWLEY,' and MAREK PAKULSKIt

2R3P + PCl,

+ 2e- -R,P=P-Pr,+

+ 3C1-

-'

No defined P(1)chloride is obtained from the reduction of PC13' at ambient
ternperat~re.~*
In the presence of phosphanes, however, a clear-cut two-electron
reduction is observed, and triphospheniurn ions are
They may
be viewed as R,P complexes of P+. Although the triphosphenium chlorides
are unstable, stable representatives are obtained with the help of a chloride
acceptor such as AICI, (Section A) or by exchange of the chloride ion by a
nonbasic anion such as [BPh4]- (Section C). The phosphane (Section A and
C) or SnCl, serves as the reducing agent; the oxidation of the latter gives
*Institut fur Anorganische Chemie, Universitat Miinchen, Meiserstrak I, D-8000 Miinchen 2,
Federal Republic of Germany.
'Department of Chemistry, The University of Texas at Austin, Austin. TX 78712.
:Reduction of PCI, by magnesium or lithium hydride in polar solvents at -40°C results in
(PC1)6 which is stable however only in diluted solutions at low temperature?
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SnCI, which acts as a chloride acceptor (Section B).

-

+ C1- R,PCI+ + 2eSnC1, + 4C1- -SnCl,'+ 2eR,P

Five-membered cyclic and amino substituted triphosphenium ions (Section B
and C, respectively) are much less sensitive towards heat and chloride than
the hexaphenyl triphosphenium ion Section (A).
Caution. AlCl, and PCI, cause severe skin and eye burns; the latter
is also a respiratory irritant. Chloroform is a suspected carcinogen. Work in a
well-ventilated fume hood and wear protective gloves and goggles.
A.

l , l , 1,3,3,SHEXAPHENYLTRIPHOSPHENIUM
TETRACHLOROALUMINATE~

3Ph,P

+ (PClPh,)[AlCI,]

+ PCI, + 2AlC1, -(Ph3P=P-PPh,)[A1Cl4]

Procedure

Dichloromethane is dried by passing it through a column (80-cm long, 2.5-cm
i.d.) of 4-A molecular sieves at a rate of 1 L h-'. Phosphorus trichloride is
distilled, Ph,P and AlCI, are used as commercially available. The equipment
is oven dried, evacuated and flushed with Ar or N,.
A 1000-mL round-bottomed flask with an inert gas inlet is equipped with
a magnetic stirrer (- 2-cm long) and closed with a paraftin oil bubbler. To
a solution of 53.0 g (204.0 mmol) Ph,P in 500 mL CH,CI, at 0 "C is added
22.0 g (163.0 mmol) AlCI, without agitation. Immediately thereafter, 6.00 mL
(68.8 mmol) PCl, is added with stirring within 5 min. (To avoid reactions in
the system Ph,P/CH,Cl,/AlCl,, stirring should be started only when the
PCl, is added.) Successful reaction may be checked by ,'P { 'H}N M R
Ph,PCl+ (singlet, S 65.3) and (Ph,P),P+ (A,B, SA30,SB - 174, JAB= 502Hz,
J A A = - 26 Hz) in a 1:1 ratio. The reaction is complete after all of the AICIS
has dissolved, approximately within 10min. The solution is evaporated.under
reduced pressure to 2 of its volume and kept under Ar or N, at 3°C for 2
weeks. During this time its volume is further reduced, by successive
evaporations of not more than 25 mL each time, to 200 mL. The compound
[(Ph,P),P] [AlCl,].~CH,Cl, separates as large pale yellow crystals, which
float in the solution. (Their size depends on the rate of evaporation. The
larger the crystals, the smaller is the loss during the subsequent washing; see
below.) Also, some (PClPh,)[AlCl,] precipitates as very fine crystals. The

-
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two products are easily and cleanly separated by filtration through a coarse
glass frit (pore size 100pm). The recovered [(Ph,P),P][AICI,] is rapidly
washed with 5 mL of precooled CHCI, and immediately dried in a vacuum.
Yield: 36.1 g (68.5%).
Anal. Calcd. for C,6H,,P3[AlC14].~H,C~, (766.8): C, 57.17; H, 4.07.
Found: C, 56.92; H, 4.13.
Properties

The crystals of [(P~~P)zP][AICI~]*:CHZCI~,
mp 78 "C, can be stored under
Ar or N, without decomposition at 0°C for months and at - 20°C for a
year or longer, but they decompose at room temperature to an orange powder
within a week or so.
The crystals can be redissolved in CH,CI,. In this solution
[(Ph,P),P][AICI,] decomposes with a half-life of 10-12 h at 25 "C under
Ar or N,, giving an orange precipitate roughly according to the equation
4[(Ph,P),P] [AICI,] -6Ph,P

+ 2AIC1, + (PCIPh,)[AICI,]

+ (R,PP,CI) [AlClJ
The decomposition can be prevented by adding $-mol equivalent of AICI,.
Solutions prepared this way remain unchanged at room temperature for 1
month. Crystals of [(Ph,P),P][AICI,] can be handled in air for up to 30min
without obvious change. On longer exposure to air the crystals darken and
partially decompose; when dissolved in dichloromethane they unavoidably
give some orange precipitate.
More basic phosphanes will replace Ph,P in [(Ph,P),P] [AICI,] to
produce other triphosphenium tetrachloroaluminates.6*8 The triphosphenium ions can be protonated and alkylated to triphosphane-l,3-diium

ion^.^.^
B.

1,1,3,3-TETRAPHENYL-I,2,3-TRIPHOSPHOLENYL
HEXACHLOROSTANNATE'

A

3Ph2P

PPh,

+ 2PC1, + 2SnC12

256

Phosphorus Complexes and Compounds

Procedure

A dry 50-mL round-bottomed flask with an inert gas inlet is equipped with
a magnetic stirrer (1-cm long), closed with a parafin oil bubbler, and flushed
with Ar or N,. Anhydrous SnCI, (0.57g, 2.8mmol) and Ph,PC2H4PPhz
(1.69g, 4.2mmol) in 15mL CH,CI, (dried as in Section A) react to yield a
voluminous white precipitate. This precipitate redissolves when 0.24 mL
(2.8 mmol) PCI, is added with stirring. After 20 min the solution is evaporated
under reduced pressure (oil pump) to 3 its volume and is then kept at - 25 "C
for 7 days. The white precipitate of Ph,PC2H4PPh2.SnC14,9dllP17.3,
J~ll,,119SnP)
= 827, 865 Hz, is removed, and the filtrate is concentrated to
5 mL. The product separates as colorless crystals within a few days. The
crystals are collected on a glass frit, washed quickly twice with 2 mL of cold
CH,CI,, and dried in a vacuum. Yield: 0.61 g (45%).

-

Anal. Calcd. for [CS,H4,P6][SnC16].2CH,CI,(1360.1): c,47.69; H,3.85; c1,
26.07. Found: C, 47.90; H, 3.87; C1, 24.60.
Properties

The crystals, mp23O0C, are stable at room temperature in air for at least 1
week, and they may be heated to 120°C for a short time without
decomposition. The 31P{ 'H}NMR: A,B, 6, + 64,ds - 232, J,, = 454.
The corresponding tetrachloroaluminate can be obtained from [(Ph,P),P]
[AIC14] (see Section A) and bis(dipheny1phosphino)ethane.'
C.

1,1,1,3,3,3-HEXAKIS(DIMETHYLAMINO)TRIPHOSPHENIUM TETRAPHENYLBORATE'

-+

3P(NMe,), f PCl,

+ 2Na[BPh4]

[(Me,N),P=

P-P(NMe,),l

[(Me,N),PCl][BPh,]

[BPhJ

+ 2NaCl

Procedure
Caution. I , 2-Dimethoxyethane ( D M E ) may form explosive peroxides. Use fresh, peroxide-jiree material.
1,2-dimethoxyrnethane, with some benzophenone (2.0g) added, is heated
at reflux with excess sodium (N, atmosphere, copper condenser) until the
blue color persists and is then distilled. Dichloromethane is dried as in
Section A. Phosphorus trichloride is freshly distilled under normal pressure.
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Hexamethylphosphorous triamide is used as commercially available, for
larger quantities it is economically prepared from PCI, and Me,NH. All
equipment is oven-dried, evacuated, and flushed with N, or Ar.
A solution of 6.00g (17.4mmol) Na[BPh,] and 4.74mL (26.1 mmol)
P(NMe,), in 120 mL of DME is prepared in a 250-mL round-bottomed flask
equipped with a nitrogen inlet. Under a slight pressure of N2 (or Ar), 0.78 mL
(8.4 mmol) PCI, is added dropwise with stirring at room temperature within
1 min (magnetic stirring is sufficient; however, as a thick precipitate forms,
a large magnetic bar is necessary). After 2 h of stirring under inert gas, the
colorless precipitate is removed by filtering (glass frit pore size -30pm,
filtration takes 2-3 h) and then returned to the reaction flask. It is stirred
with lOOmL of CH,Cl, for 15min and filtered through the same frit. The
dichloromethane is then concentrated to
of its volume under reduced
pressure at room temperature. The precipitate that forms is separated by
filtering through a glass frit, washed with a mixture of 3 mL of diethyl ether
and 3 mL of dichloromethane, and dried in uucuo. Yield: 3.92 g (69%).
Anal. Calcd. for [ClZHJ6N6P3]C24H20B
(676.6): C, 63.91; H, 8.34; N, 12.42.

Found: C, 63.61; H, 8.46; N, 12.02.
Properties

The compound { [Me,N),P],P}[BPh,]
forms colorless crystals, mp 161 "C,
soluble in dichloromethane and benzonitrile, less soluble in tetrahydrofuran
(THF) and chlorobenzene. "P { 'H) NMR: A,B, S, 85, 6 , - 194,
JAB = 513 Hz, J,, = - 30 Hz. It is air stable for a short time and can be
heated in solution to 120°C for 5 days without change. It is not sensitive to
even a high C1- concentration. More basic anions X-, such as CN-, SnPh,-,
PPh,-, POPh,-, will replace one or both P(NMe,), groups to give
neutral (Me,N),P = PX or anionic PX,-, respectively." The compound
{ [(Me,N),P],P) [BPh,] transfers P + to very electron-rich olefins giving
2-phosphaallylic cations.'
The preparation of the corresponding chloroaluminate { [(Me,N),P],P}[AICI,], by analogy to Section A, is complicated by side reactions.' It is best
prepared from [(Ph,P),P] [AICI,] (see Section A) by Ph,P/P(NMe,),
exchange.6

+
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c~~-~,~-DI-TERT-BUTYL~,~-DICHLORO1,3,2,4DIAZADIPHOSPHETIDINE

Submitted by WAN AHMAD KAMIL* and JEAN'NE M. SHREEVE*
Checked by ROBERT R. HOLMES' and KUMARA SWAMY'

Although the first preparation of a four-membered P(II1)-N ring system was
reported in 1894,'it was not until 1969that cis-l,3-di-tert-butyl-2,4-dichloro1,3,2,4-dia~adiphosphetidine,~**
I, was fully characterized. Its derivatives
have been studied extensively as precursors to other interesting compounds
as well as for structural reasons. Because of the lability of the phosphoruschlorine bond, a large number of derivatives can be obtained conveniently.
*Department of Chemistry, University of Idaho, Moscow, ID 83843.
'Department of Chemistry, University of Massachusetts, Amherst, MA 01003.
:Cyclodiphosph(III)azanes is commonly used nomenclature, but the more systematic ring name
1,3-di-tert-butyl-2, Cdichloro- 1,3,2,4diazadiphosphetidine is used for indexing purposes.

cis-l,3-Di-rerr-buryl-2,4-dichloro-l.3.2,4-diazadiphospheridine259

Although other routes to I have been reported,,., the use of such inexpensive
starting materials as Pel, and t-C4H,NH2 in a relatively simple procedure
makes this synthesis particularly attractive., The X-ray crystal structure
shows that the cis isomer is formed excl~sively.~
Caution. Phosphorus trichloride and tert-butylamine cause severe skin
and eye burns and are respiratory irritants. The reaction should be carried out
in a well-ventilatedfume hood, and gloves and safety goggles should be worn.

.

Procedure
Into a 250-mL three-necked flask, equipped with a mechanical stirrer, reflux
condenser and dropping funnel, is added 15 mL (169 mmol) of phosphorus
trichloride in 50mL of anhydrous diethyl ether (distilled over LiCAlH,]) under
an anhydrous nitrogen stream. The flask is cooled t o -78°C (Dry
Ice-ethanol), and 53 mL (507 mmol) of tert-butylamine dissolved in 120 mL
of anhydrous diethyl ether is added dropwise from the dropping funnel over
a period of 1 h. The mixture is stirred continuously during this time. Using
standard Schlenk techniques,6 the mixture is filtered through a medium
porosity frit to remove the solid tert-butylammonium chloride, t- C,H9NH,Cl.
The filtrate is concentrated to a volume of 50mL under vacuum. It is
necessary to redissolve the concentrate in diethyl ether (- 75 mL) and filter
again in order to remove additional t-C,H,NH,Cl before completing the
removal of solvent. The remainder of the solvent is separated by passing
anhydrous nitrogen over the surface of the liquid. The crystals form after
1 day. Yield: 10.1-10.5 g (- 45%) of product with purity 2 95%. A small
amount of t-C4H,NH3Cl may be present.
Anal. Calcd. for C8HI8CI2N,P,: C, 34.90; H, 6.55. Found: C, 34.10; H, 7.01.
Properties

cis-l,3-Di-tert-butyl-2,4-dichloro-l,
3,2,4-diazadiphosphetidine,I, is a colorless crystalline solid (mp 40-41 "C) that is soluble in diethyl ether, pentane,
and benzene.' It is mildly sensitive to hydrolysis and oxidation. The N M R
spectra taken in CDCl, show for 31P{'H} 6207.7(s) and 'H 6 1.39(t);
J,- = 0.98 Hz. The electron impact mass spectrum has a molecular ion m/e
at 274,1.3%. Other fragments found are 239 (M+-Cl) 2.4%, 104 (M+-2C1)
I%, 102 (PNC4Hg') 10.4%, 71 (NC,H9+) 4%, 57 (C4H9) 100%.
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Chapter Seven

TRANSITION METAL COMPLEXES OF
BIOLOGICAL INTEREST

52. REVERSIBLE COBALT(I1) AND IRON(I1) DIOXYGEN
CARRIERS OF TOTALLY SYNTHETIC LACUNAR
CYCLIDENE COMPLEXES
(2,3, 10, 11, 13, 19-Hexamethyl-3, 10, 14, 18, 21,25-hexaazabicyclo[10.7.7]hexacosa-I, 11, 13, 18, 20, 25-hexaene-~~N'~*'
'*25)cobalt(II)Hexafluorophosphate and (3,11-Dibenzyl-14,2Odimethyl-2,12diphenyl-3,11,15,19,22,26hexaazatricycto[l1.7.7.1 5-9]octacosa-l,5,7,9(28), 12,14,19,21,26-nonaeneK ~ N'*' ' 9*22*26)iron(II)
Hexafluorophosphate
Submitted by COLIN J. CAIRNS and DARYLE H. BUSCH*
Checked by CAROL A. BESSEL' and KENNETH J. TAKEUCHI'

The most common dioxygen carriers of nature, the heme proteins hemoglobin
and myoglobin, bind O2in a characteristic structure. The O2 molecule binds
to the metal atom through one of its atoms, and the M - 0 - 0
unit is
angular in shape. Studies on small molecules that bind O2 in this way have
concentrated on two classes of ligands, porphyrins and Schiff bases.'-j In
the first case, bulky superstructures are usually appended to the porphyrin
ligand; this superstructure inhibits autoxidation of the metal atom in the
'Department of Chemistry, The Ohio State University, Columbus, OH 43210.
'Department of Chemistry, University at Buffalo, Buffalo, NY 14214.
26 1
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same way as the protein in the natural product. Only the cobalt complexes
of the Schiff bases react reversibly with O2 without such protective structural
features, under ordinary conditions. The most common Schiff base ligands
are bis(salicylal)ethylenediimine and bis(acetylacetonyl)ethylenediimine, and
related substances.
The lacunar cyclidene ligands are the first family of totally synthetic ligands
The molecular structure
to form both iron(I1) and cobalt(I1) O2
of the lacunar cyclidene complexes is most simply represented by the flat
projection (Ia), while the stereochemistry is shown in Ib. Cyclidene refers to
the parent macrocycle encircling the metal ion and the lacuna is the permanent
void created by bridging the cleft arising from the saddle shape of the cyclidene
macrocycle.

la

Ib

The syntheses of two complexes are described here: the cobalt(I1) lacunar
and Rz = R3 = --CH3, and
cyclidene complex in which R’ = -(CH2)6the iron(I1) complex in which R’ = rn-xylylene, R2 = -CH2C6H5, and
R3 = -C6HS. The former is the most studied example of a lacunar cyclidene
oxygen carrier, and the latter represents the first nonporphyrin iron complex
capable of forming a stable dioxygen adduct at room temperature.
The starting material for both of these target molecules is the neutral
5,9,13-tetraazacyclohexanickel(I1)complex [3,1l-diacetyl-4,10-dimethyl-l,
deca-1, 3, 9, 11-tetraenato(2 - )-~~N’.~*~*’~]nickeI(II),
( [Ni(Ac2Me,[16]-tetraenatoN,) 3). This complex is prepared by the procedure described earlier.’
The lacunar cyclidene ligands are constructed on the nickel(I1) ion, and the
formation of the second macrocyclic ring is a template reaction. The first
two reactions in the Scheme are required unless R3 is to be methyl. Thus,
the synthesis of the cobalt complex does not require these steps, whereas
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that for the iron complex does. The third reaction creates the novel functional
group that makes these syntheses possible. Reaction with a powerful
methylating agent* converts the acyl function into a methoxy substituted
vinyl group. Because the vinyl group is in conjugation with the imine groups,
the electron-withdrawing effect of the metal ion affects the vinyl carbon atom
to which the methoxy group is attached. This enhances the electrophilic
character of the vinyl carbon, leading to facile addition-elimination reactions
that closely resemble those of carboxylate esters. Thus, the fourth reaction
involves nucleophilic substitution of amino groups for the methoxy groups.
At this point, the ligand is a cyclidene. Several crystal structures have
shown that the conformations of the 16-membered cyclidene rings, in their
complexes, are saddle shaped. This facilitates the fifth reaction, the bridging
process. Since the presence of the metal ion is required to produce this saddle
conformation, the process is indeed a template reaction. The lacunar ligand
is then removed from the nickel(I1) ion (sixth reaction) and used to form a
cobalt or iron complex (last reaction). The procedures for forming the iron
and cobalt complexes are different; the scheme exemplifies the reactions used
to synthesize the iron(I1) complex.

'x-.

i.

In place of methyl trifluoromethanesulfonate,the checkers used triethyloxonium tetrafluoroborate, obtained from Lancaster Synthesis Inc., as the alkylating agent.
Caution. Trierhyln.ronium rerrajluoroborare is a corrosive. moisture sensirire solid.
Conruci with rhis reagenr should be uooided.
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~M1C6M5

Iv.

V.

vi.

CH,C,M,

SCHEME (Continued)

A. A LACUNAR CYCLIDENE COMPLEX OF COBALT(I1)
1. [2,12-Dimethyl-3, ll-bis(l-methoxyethylidene)-1,5,9,13-tetraazacyclohexadeca-I, 4,9,12-tetraene-~~N'*~~~~~~nickel(II)]
Hexafluorophosphate,
[Ni( (MeOEthi),Me, [16]tetraeneN4)] (PF&

(":.o

1. c F3S03CH3/CHpClp

2.NH4Pk/MeOH

cN)f3
N

IPFelp

I

II
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Procedure
The starting diacetylated nickel(I1) complex I (24 g, 0.102 mol)* is dissolved
in 400mL of dry dichloromethane (distilled from CaH,) in a 1-L one-necked
round-bottomed flask equipped with a stirring bar. To this red solution is
added 30 g (0.052mol) of methyl trifluoromethanesulfonate.
Caution. Methyl triJluoromethanesui$onate is an extremely dangerous
chemical: Inhaling the vapors andlor absorption of a single drop through the
skin can cause a potentially fatal pulmonary edema ifnot promptly treated. Skin
contact should be avoided by the use of proper clothing. Avoid breathing the
vapors by carrying out the reaction in a well-ventilated laboratory hood. Small
amounts of unreacted alkylating agent; for example, residue in the glass vial
in which the chemical is sold, can be destroyed by addition to (immersion, in
the case of the vial) alcoholic K O H . We have found that a solution of 20 g
KOH in 500 m L of methanol or ethanol hydrolyzes the residual reagent. I t is
advisable to let the hydrolyzing solutioii and its contents (e.g., the vial) stand
for at least 1 day. Since Aldrich sells the reagent in units of 10 and 50 g we usually
carry out the methylation reaction on a scale such that a complete vial is used.
If a smaller amount is used, a gas-tight syringe should be used to transfer the
appropriate amount of reagent to the solution of nickel( 11) reagent.
A calcium chloride drying tube is inserted into the ground glass joint of
the flask, and the solution is stirred at room temperature for 16 h (overnight
is convenient), during which time the color of the reaction mixture changes
from deep red to a very dark olive green.
Excess alkylating agent is destroyed by the addition of -25mL of
methanol, followed by stirring for an additional 45min. The solvent is
removed by rotary evaporation, using an aspirator and a protecting trap.
(Note: Placing 25 mL of methanolic KOH in the receiving flask guards
against the presence of inadvertently undestroyed methy1 trifluoromethanesulfonate, which might transfer during rotary evaporation.) The residual thick
green oil is redissolved in the minimum amount of methanol. Ammonium
hexafluorophosphate+ (30g, 0.183 mol, dissolved in 100 mL of methanol) is
slowly added to this mixture, with vigorous stirring. The light green crystalline
product should form within a few minutes. The reaction mixture is refrigerated
( 5 "C) for
6 h, and the product is collected by suction filtration. This
product is adequate for use without purification, but it can be recrystallized
from 1 :2 acetonitrile-methanol to give bright green needles. A small amount
of deacetylated material is removed in this way. Yield: 24g (55%).

.

-

-

-

-

+Checkers ran the reactions with one fifth the amounts of reactants specified here.
'Checkers report that the compound can be isolated as the tetraflllOrObO~dte.
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A n d . Calcd. for NiC2,H3,N,O2P2F1,: C, 33.87; H, 4.56; N, 7.90. Found:
C, 34.07; H, 4.63; N, 7.77.

Properties

Recrystallized samples of this diamagnetic square planar nickel(I1) complex,
11, are reasonably stable, but they gradually decompose over a period of
several months, presumably resulting from a slow hydrolysis reaction. The
compound is soluble in acetonitrile, less so in methanol or ethanol, and
insoluble in less polar solvents. Its IR spectrum, measured with a KBr pellet,
shows two characteristic bands of almost equal intensity at 1615 and
1565 cm- l, due to C=C and C=N stretching vibrations. This pattern is
useful in judging the purity of the product. The most likely impurity is the
deacetylated nickel(I1) complex, which gives a rather different IR spectral
pattern in this region, with a strong band at 1675cm-' and a much weaker
one at 1640cm-'. An X-ray crystal structure has been reported on the
analogous 15-membered cyclidene derivative.' The 3C NMR spectroscopy
is also useful in identifying the product and in judging its purity; in fact, it
is the most effective method of characterizing all of the nickel(I1) complexes
discussed here. The following resonances are observed in CD3N02:6 181.1,
174.3, 164.4, 118.2, 58.3, 57.7, 52.2, 30.5, 29.8, 22.5, and 15.7 relative to TMS.
Almost identical values are observed in CD3CN as solvent, although the
resonance at 6 118.2 is obscured by the broad solvent peak.

2. [2,12-Dimethyl-3,11-bis[l-(methylarnino)ethylidene]-l, 5,9,13tetraazacyclohexadeca-l,4,9,12-tetraene-~~N'*~~~*'~nickel(II)]
Hexafluorophosphate, [Ni((MeNHEthi), Me, [16] tetraeneN,)] (PF,),
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Procedure
A sample (10 g, 0.014 mol)* of the methoxycyclidene complex 11, prepared as
described in Section A l , is dissolved in 400mL of acetonitrile in a 1-L
Erlenmeyer flask. An excess of methylamine hydrochloride' (4 g, 0.042 mol)
is added, followed by 6 mL (0.043 mol) of triethylamine. The color of the
reaction mixture changes immediately from light green to a dark red-brown.
The mixture is stirred at room temperature for 45min, during which time
the color lightens somewhat to an orange-red. Filtration, to remove excess
methylamine hydrochloride, is followed by concentrating the filtrate by rotary
evaporation at reduced pressure. Upon reduction of the volume below
50 mL most of the triethylamine hydrochloride by-product precipitates.
This is removed by suction filtration, and the filtrate is diluted with an equal
volume of methanol. The mixture is concentrated again; the aminocyclidene
product usually begins to crystallize from the mixture during this process.
If crystals do not appear, crystallization can be induced by repeating the
procedure of diluting with methanol and reducing the volume. Refrigeration
of the reaction mixture, followed by suction filtration, gives the yellow
crystalline product, 111, which is washed with methanol and dried in U ~ C U O
over P 4 0 o . This product can be used without further purification; however,
recrystallization from an acetonitrile-methanol mixed solvent removes any
residual triethylamine hydrochloride and gives analytically pure material.
Yield: 7.5 g (76%).

-

Anal. Calcd., for NiC20H34N,P2F12:C, 33.96; H, 4.86; N, 11.89. Found: C,
33.63; H, 4.88; N, 12.22.
Properties

Product 111 is a square planar diamagnetic complex, which is readily
soluble in acetonitrile or acetone, but less so in methanol or ethanol. Its IR
spectrum (KBr pellet) shows a strong characteristic absorption at 3390cmassociated with the N-H stretching vibration, and a rich pattern in the
double bond region (164O-1570cm- '). The presence of triethylamine
hydrochloride impurity can be assessed by the presence of bands in the
2400-2800-cm-' region of the spectrum. The 13CNMR (CD,CN):: 6 170.0,
168.3, 159.9, 112.4, 56.2, 51.5, 31.8, 30.6, 30.2, 20.9, and 15.5 relative to TMS.
The peaks at 6 170.0, 112.4, 31.8, and 15.5 are broad as a result of rotation
about the C-N bond.
+Checkers used 4.7g instead of log.
'Monomethylamine gas was used by checkers instead of methylamine hydrochloride.
:Checkers report ' H N M R (CD,CN): 67.9 (s, 2H). 5.5 (4.4H). 3.1 (m. 8H). 2.5 (s, 6H). 2.3
(s, 6H). 1.2 (1. 68).
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3. (2,3,10,13,19-Hexamethyl-3,10,14,18,21,25hexaazabicyclo[10.7.7]hexacosa-1,11,13,18,20,25-

hexaene-~~N'~*'
8*21*25)nickel(II)
Hexafluorophosphate,
[Ni( (CH,),(MeNEthi)* [161tetraeneN,)] (PF,),

1. NaOMe/ MeOH
W
~.TsOICH&OTS/MOCN

IV

111

Procedure
The following standard procedure can be adapted to synthesize polymethylene-bridged nickel(I1) complexes where R' ranges from -(CH2)4to -(CH2)12-.Five grams (7.1 mmol)* of the aminocyclidene product 111
from Section A.2 is dissolved in 300 mL of acetonitrile (500-mL Erlenmeyer
flask) with stirring under an atmosphere of dry nitrogen, forming a yellow
solution. A sodium methoxide solution prepared by reaction of 0.33 g
(14.3 mmol) of sodium metal in lOmL of methanol is added. The yellow
solution turns a deep red immediately upon addition of the sodium
methoxide, which removes the amine hydrogen atoms. Another solution,
containing 3.20 g (7.5 mmol) of 1,6-hexanediyl bis(p-toluenesulfonate)" in
300 mL of acetonitrile (500-mL Erlenmeyer flask) under nitrogen, is prepared,
and these two solutions are added at a rate of 1mLmin-' to a 1-L
three-necked round-bottomed flask containing 200 mL of stirred acetonitrile
maintained under N2 at reflux temperature. A peristaltic pump is suitable
for this transfer. Pressure equalizing dropping funnels can be used but require
almost constant attention. After addition is complete ( 5 h) the deep red
reaction mixture is maintained at a gentle boil for an additional 5 h, after
which time a copious precipitate of sodium p-toluenesulfonate is observed.
The mixture is cooled to room temperature and filtered. The solvent is
removed by rotary evaporation under reduced pressure to give a viscous
dark red-brown oily residue. This residue is redissolved in the minimum
amount of acetonitrile, and the solution, filtered if necessary, is applied to a

-

+Checkers reduced amount to 3.6g.
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8 x 25-cm neutral alumina column (activity grade 1)loaded using acetonitrile.
The mixture is eluted slowly with acetonitrile, and the deep yellow band is
collected. The eluate is concentrated to 25 mL and diluted with an equal
volume of methanol. Repetition of this concentration-dilution procedure
leads to crystallization of the bridged product, IV, which is collected by
suction filtration, washed with methanol, and dried in U ~ C U Oover P4OlO.
Yield: 3.5 g (62%).

-

Anal. Calcd. for NiC,6H,,N6P,F,,:
39.46; H, 5.53; N, 10.60.

C, 39.56; H, 5.62; N, 10.65. Found: C,

Properties
Like virtually all of the lacunar aminocyclidene complexes, this nickel(I1)
product is soluble in polar solvents such as acetonitrile. Its IR spectrum is
useful in verifying that complete reaction has occurred, as there should be
no N-H stretching band in the 3200-3500-cm-' region. The spectral
properties of these complexes have been studied thoroughly."The
''CNMR is most useful for identification of the pure product: 6 173.3, 167.5,
160.1, 110.9, 57.5, 56.1, 51.3, 40.2, 30.7, 30.3, 25.0, 24.0, 20.7, and 19.7 in
CDJCN relative to TMS.

4. [2,3,10,11,13,19-Hexamethyl-3,10,14,18,21,25hexaazabicyclo[l0.7.7]hexacosa-l, 11,13,18,20,25-hexaene]
Hexafluorophosphate, [H, ((CH,), (MeNEthi),Me, [161tetraeneN,)] (PF&

1. HCllgl /MeCN
2.NHqPF6\aql

0

Procedure
Two and &g* (3.2mmol) of the nickel(I1) complex, IV, prepared as described
*Checkers reduced amount to 0.95 g.
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in Section A.3, is dissolved in 75mL of acetonitrile in a 250-mL flask, and
anhydrous hydrogen chloride is bubbled through the solution. After 10 min
of bubbling the solution has changed in color from yellow-orange to a
turquoise blue. The solvent is removed by rotary evaporation, and the gummy
residue is redissolved with stirring in 50mL of water containing 5mL of
ethanol. The mixture is cooled to
5 "C in an ice bath, and a solution
containing 5 g (0.03mol) of ammonium hexafluorophosphate in 20 mL of
water is added in small portions over 1 h. The cream colored solid that
precipitates during this addition is collected by suction filtration and washed
with a small amount of cold water followed by diethyl ether, to remove
residual acid. Drying in U ~ C U Oover P40,, gives 1.6g (58%) of an off-white
ligand salt, V, which, although not analytically pure, is suitable for
preparation of the cobalt(I1) complex.

-

Properties

When using the procedure reported here, ligand V is isolated as a
tris(hexafluorophosphate)salt. In some procedures with other complexes the
ligand can be isolated as a mixed chloride tris(hexafluorophosphate)salt. In
general, this does not interfere with the synthesis of new metal complexes.
These ligand salts are relatively fragile materials that have commonly been
used without thorough characterization.*

5. (2,3,10,11,13,19-Hexamethyl-3,10,14,18,21,25hexaazabicyclo[l0.7.7]hexacosa-l, 11,13,18,20,25-hexaeneK4~14,L8,21.25
)cobalt(lI) Hexafluorophosphate,
[Co((CH,),(MeNEthi),
[16] tetraeneN,)] (PF,),

3

y43

1. CdOAc12/MeOH

P.NaOAc/MeOH

V

I
CH3

*

VI

CH3

*Checkersreport * H NMR (CD,CN): 6 7.6 (s, 2H), 3.3 (s, I8Hj. 2.5 (s, 6Hj, 2.0(s, 6H), 1.6(rn. 12Hj.
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Procedure

This reaction is carried out under oxygen-free nitrogen in an inert atmosphere
glove box using piedried and degassed solvents. The ligand salt V
(1.7 g, 1.95 mmol),* prepared as described in Section A.4, is slurried in 50 mL
of methanol in a 125-mL flask, and the mixture is heated to boiling. A
solution containing 0.49 g (1.95 mmol) of cobalt(I1) acetate tetrahydrate and
0.27 g (1.95 mmol) of sodium acetate trihydrate in 30 mL of hot methanol is
added to the suspension. The color of the mixture changes quickly to a deep
orange as the ligand salt dissolves, and the product begins to crystallize
within a few minutes. The reaction mixture is boiled gently for 10min and
cooled to room temperature. Suction filtration gives an orange
microcrystalline solid, VI, which is washed with a little methanol and dried.
Yield: 1.30g (83%).
Anal. Calcd. for COC~~H,,N,P,F,,: C, 39.55; H, 5.62; N, 10.64; Co, 7.46.
Found C, 39.31; H, 5.75; N, 10.47; Co, 7.41.
Properties

The cobalt(I1) cyclidene product VI is reasonably stable toward autoxidation
in the solid state, and a solid state IR spectrum can be obtained under aerobic
conditions.+ The cobalt(11) complex is best identified' by its ESR spectrum
in an acetonitrile- 1.5 M N-methylimidazole solution, frozen to a glass at
- 196 "C;yI x 2.3 and gI1x 2.00. Exposure of the thawed solution to 0, then
causes replacement of this spectrum with that of the 1: 1 0 , adduct; g1 z
g2 x 2.01 and g3 = 2.08. At 20°C in 2.5 M aqueous N-methylimidazole the
complex binds dioxygen reversibly with an equilibrium constant KO*=
1.6 torr- '. An X-ray structure of the cobalt(I1) complex confirms the presence
of the commodious lacuna, which protects the coordinated dioxygen from
autoxidation in polar solvent^.'^ An X-ray structure determination of the
dioxygen adduct, prepared by recrystallization of the complex from aqueous
N-methylimidazole exposed to the atmosphere, confirms the existence and
nature of the 0, adduct.',

*Amount was reduced to 1.54g by checker.
'Checker reports that the cobalt(l1) product gives a quasireversible voltammogram in CH,CN
with E , , 2 of +0.83 V versus silver wire reference electrode.
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B. A LACUNAR CYCLIDENE COMPLEX OF IRON(I1)

1. [4,10-Dimethyl-l, 5,9,13-tetraazacyclohexadeca-l,3,9,11tetraenato(2-)-w4W * 5 * 9 . ]nickel(II), [Ni(Me, [16]tetraenatoN4)]

1. TsOH/ MeOH

2.NaOH/MeOH

VII

Procedure
The diacetylated nickel(I1) complex I used in Section A.l is also the starting
material for the series of steps leading to the lacunar iron(I1) cyclidene
complex. The first reaction removes the original R3 group. This procedure
can be carried out in two steps with isolation of an intermediate deacetylated,
protonated nickel(I1) complex. However, a higher overall yield is realized in
the one-step procedure that is described here. The diacetylated nickel(I1)
Complex I(19.5 g, 0.050mol)* is dissolved in 250mL of dry methanol (dried
using magnesium turnings) in a 500-mL round-bottomed flask under
nitrogen. p-Toluenesulfonicacid (16.3 g, 0.085 mol) is added to this solution,
and the reaction mixture is heated at reflux for 45 min. After cooling the
mixture in a Dry Ice-acetone bath, a solution of 8 g (0.2mol) of sodium
hydroxide in lOOmL of dry methanol is added under nitrogen from a pressure
equalizing funnel. The mixture is then removed from the cooling bath and
stirred for 30min. A greenish-red solution and a precipitate result.
The methanol is removed by rotary evaporation at reduced pressure under
a nitrogen atmosphere,+and 50 to lOOmL of dry benzene: (sodium dried) is
added.
Caution. Benzene is a human carcinogen. It should be used only in a
well-ventilated fume hood, and protective gloves should be worn.
‘Checker reduced amount to Sg.
‘All subsequent manipulations in this procedure are performed in an inert atmosphere.
:Checkers used toluene in place of benzene in this and all subsequent reactions.
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This mixture is again taken to dryness to remove residual methanol, and
a further 100-mL aliquot of dry benzene is added. The mixture is filtered
quickly under nitrogen through a pad of Celite filter aid, using dry benzene
to aid in the product transfer and to wash the sodium p-toluenesulfonate
by-product. The filtrate is concentrated under nitrogen to
50mL and
chromatographed on a column of -5-cm diameter, using no more than
-8cm of activity grade 1 neutral alumina and dry benzene as the eluant.
The fastest moving band is collected, and the benzene is removed by rotary
evaporation under nitrogen to give 10-12g (65-75%) of a deep red-black
product, VII.
@

-

Properties

The deacetylated Product VII is moisture sensitive and should not be exposed
to the atmosphere. Analytical data are not normally obtained, and the
intermediate is used immediately for the following step. The chemical and
physical properties of the compound have been extensively studied.*

'

2. [3,11-Bis(benzoyl)-Z, ftdirnethyl-l,5,9,13-tetraazacyclohexadeca1,3,9,1l-tetraenato(2 - ) - K ~ N ' *'Jnickel(II),
~.~*'
[Ni(Me,Bzyl,[16]tetraenatoN,) J

VII

Vlll

Procedure

Ten grams* (0.033mol) of the deacetylated nickel(I1) Complex VII, freshly
prepared as described in Section B.l, is dissolved in 400mL of dry degassed
*Checkers reduced amount to 1.2g
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diethyl ether (distilled from CaH,) in a I-L three-necked round-bottomed
flask equipped with a stirring bar. An 11.5-mL volume (0.082mol) of
triethylamine is added to the mixture. A solution containing 8.2mL
(0.070mol) of benzoyl chloride in 250mL of dry diethyl ether is added to
the reaction mixture, dropwise via a pressure equalizing funnel, over a period
of 30min. As the acid chloride is added, an orange precipitate forms. The
mixture is stirred for an additional 1 h, and the precipitate is collected by
suction filtration. This crude product is washed three times with 150-mL
portions of water to remove the triethylarnine hydrochloride, followed by
three washings with 100-rnL volumes of diethyl ether containing lOmL of
ethanol. The solid is dried for 12 h in a vacuum oven at 50°C. To purify
the material it is dissolved in the minimum amount of chloroform* and
chromatographed on a 8 x 30cm, activity grade 1, neutral alumina column
using chloroform as the eluant.
Caution. Chloroform is a suspected carcinogen and may cause adverse
reproductive effects. I t should be used only in a well-ventilated fume hood, and
protective gloves should be worn.
A dark brown band remains on the column while the broad orange band
is collected. The eluate is concentrated by rotary evaporation, and ethanol
is added to induce precipitation of the product. The Product VIII is collected
by suction filtration and dried in V ~ C U Oover P4014. Yield: 11.9g (70%).

-

.

Anal. Calcd. for NiC,,H3,N40,:
65.32; H, 5.89; N, 10.89.

C, 65.52; H. 5.89; N, 10.91. Found: C,

Propert ies

The neutral nickel(I1) complex VIII has similar physical properties to those
of the analog where R 3 = -CH,. Infrared and 13C NMR data are useful
for identification. The IR spectrum (KBr disk) has characteristic bands
at 1615 (v(C=O)), 1545 (v(C=N)), and 1599, 1581, and 1498cm-'
(v (C=C)). The I3C NMR (CD,CN): 6 192.9, 167.8, 160.9, 143.1, 129.7, 128.4,
128.1, 115.2, 54.7, 50.3, 30.5, 29.2, and 19.9 relative to TMS. The compound
should be dried thoroughly because it has a tendency to retain benzene as
a solvate.

*Checker substituted dichloromethane for chloroform in this and all subsequent reactions.
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3. [3,1 1-Bis(a-methoxybenzylidene)-2,12-dimethyI-l, 5,9,13tetraazacyclohexadeca-l,4,9,12-tetraene-~~N'*~*~"
'lnickel(I1)
Hexafluorophosphate, [Ni( (MeOBzi), Me, [16] tetraeneN,)] (PF6)2

C6H5Y0

c""5K
OCH3

1.C F3S 03CH3 /CH,C Iz
2. NH4PF6/MeOH

Vlll

IX

Procedure
A 1-L one-necked round-bottomed flask containing a stirring bar is charged
with 10.5 g (0.020mol)* of the product VIII from Section B.2, which has been
dried in a vacuum oven overnight. A 250-mL volume of dry dichloromethane
is added, giving a red solution. To this solution is added l o g (0.06mol) of
methyl trifluoromethanesulfonate.t
Caution. This is a dangerous reagent; see instructions in Section A.l.
A calcium chloride drying tube is used to protect the contents of the flask
from atmospheric moisture, and the reaction mixture is stirred for 18 h.
Subsequently, 50mL of methanol is added to the brown mixture, which
is stirred for an additional 45 min. The mixture is concentrated to 50 mL
by rotary evaporation using an aspirator and a protecting trap, and a solution
of 8.2 g (0.05mol) of ammonium hexafluorophosphate in 40 mL of methanol
is added by gravity filtration. The mixture is stirred for 45 min, and the yellow
solid that precipitates is collected by suction filtration, washed with a little
cold methanol, and dried in uacuo over P,Olo. Recrystallization may be
effected from acetonitrile-methanol if desired, although the product I X is
sufficiently pure for the following reaction. Yield: 13.4g (79%).

-

*Checkers used 2.9 g.
'Checkers again used triethyloxonium tetrafluoroborate (see note in Section A. 1).

-
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Properties
The physical and chemical properties of this material IX parallel those of
the analog where R3 = -CH,. Analytical data are not obtained as the
complex is rather less stable toward acid and moisture than the aforementioned analog. 3CNMR (CD,CN)*: 6 175.9, 171.2, 162.4, 130.9, 130.0, 127.7,
127.5, 116.6, 57.7, 53.6, 48.9, 27.2, 26.2, and 19.7 relative to TMS.

4. [3,1 l-Bis(a-(benzyIamino)benzylidene)-2,1 Zdimethyl-I, 5,9,13tetraazacyclohexadeca-1,4,9,12-tetraene-~~N'.~.~.'
Inickel(I1)
Hexafluorophosphate, [Ni( (BzlNBzi), Me, [16]tetraeneN4)] (PF,),

CH2C6H5

IX

X

Procedure
A 6.0-g (7.2 mmol)' sample of the methoxycyclidene IX prepared as described
in Section B.3 is dissolved in lOOmL of acetonitrile in a 250-mL flask, and
1.6 g (15 mmol) of benzylamine is added dropwise over 5 min to give a deep
orange solution. The mixture is stirred at room temperature for 30min, and
solvent is removed (rotary evaporator) to give a yellow residue. The product
can be recrystallized by dissolution in boiling methanol* to give deep yellow
crystals X in 95% yield (6.73 g).
*Checkers report 'H N M R (CD3CN):6 7.6 (m, IOH), 4.1 (q.4H). 3.1 (s. 6H). 1.4 (1. 6H).
'Checkers reduced amount lo 3.76g.
:Checkers isolated this material as a yellow solid by dissolving in a minimum amount of hot
methanol and dropping into stirring water.

Reversible Cobalr(ll) and I r o n l l l ) Dioxygen Curriers
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Properties
The product X exhibits similar physical and solubility properties to those of
the analogous complex with R3 = -CH,. The I3C NMR spectroscopy is
used to demonstrate complete reaction: 6 170.1, 169.7, 162.8, 137.2, 133.2,
131.3, 130.3, 130.1, 129.6, 127.6, 116.0, 56.1, 52.0, 51.7, 30.3, 30.1, and 21.2
relative to TMS. Only seven of the eight peaks expected in the aromatic
region, 125-140 ppm, are resolved.

5. [3,Il-Dibenzyl-l4,20-dimethyl-2,12diphenyl-3,11,15,19,22,26-

hexaazatri~yclo[l1.7.7.1~*~]octacosa-1,5,7,9(28), 12,14,19,21,26nonaene-~~N'
s*19*22~26]nickel(II)
Hexafluorophosphate, [Ni((mxylylene)(BzlNBzi), Me, [16]tetraeneN4)] (PF,),

2'6%

1. NaOMdMeOH
2. Br- R -Br/ MeCN

pF6'2

C H ~ C ~ H ~

X

CH2CeHs

XI

Procedure
The procedure followed here is similar to that described in Section A.3. A
5.0-g (0.0051 mol)* sample of the Complex X, obtained by the procedure in
Section B.4, is dissolved in 300mL of dry acetonitrile (purified by distillation
from CaH,) in a 500-mL Erlenmeyer flask under nitrogen, and a solution
prepared by the reaction of 0.24 g (0.01mol) of sodium in lOmL of methanol

*Checkers reduced amount to 1.32g.
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is added. The resulting solution, and one containing 1.35 g (0.0051 mol) of
a,a'-dibromo-m-xylene in 300 mL of acetonitrile, are added dropwise at a
1 mLmin-* to 200mL of refluxing acetonitrile repidly stirred
rate of
under nitrogen in a three-necked round-bottomed flask. The addition takes
5 h, and the reaction mixture is maintained at reflux temperature for a
further 26 h, after which time the mixture is deep orange and a precipitate
of sodium bromide is evident. The mixture is cooled to room temperature,
filtered through Celite, and the solvent is removed by rotary evaporation.
The residual gum is redissolved in the minimum amount of acetonitrile and
applied to an alumina column (8 x 25 cm, activity grade 1, neutral alumina).
Acetonitrile is used as the eluant and the fast-moving yellow band is collected.
The eluate is removed by rotary evaporation, and the residue X I is
recrystallized from acetonitrile-ethanol. Yield: 2.6 g (47%) of large deep
yellow crystals.

-

-

Anal. Calcd. for NiC,,Hs2N,P2Fl,: C, 55.32; H, 4.83; N, 7.74; Ni, 5.41.
Found: C, 55.47; H, 4.89; N, 7.58; Ni, 5.37.
Properties

This lacunar nickel(I1) cyclidene Complex X I possesses similar physical
properties to those already described. Although IR spectroscopy can be used
to verify that the reaction has gone to completion, 13C NMR spectroscopy
is the most useful characterization technique. An X-ray crystal structure
determination on this complex illustrates the demanding steric requirements
placed upon the lacuna by the bulky peripheral substituents." I3C NMR
(CD,CN)*: 6 172.7, 168.3, 162.4, 137.8, 135.4, 134.0, 133.4, 132.4, 131.2, 130.9,
130.5, 130.2, 130.0, 128.4, 126.4, 115.5, 57.8, 56.5, 30.1, 29.4, and 21.2 relative
to TMS.
6.

[3,1l-Dibenzyl-14,20-dimethyl-2,12diphenyl3,11,15,19,22,26-hexaazatricyclo[11.7.7.1 s'g]octacosa1,5,7,9(28), 12,14,19,21,26-nonaene] Hexafluorophosphate,
[H3(
(m-xylylene)(BzlNBzi), Me, [16]tetraeneN,)] (PF,),

Procedure
The ligand salt of the nickel(I1) Complex XI, the preparation of which is
described in the preceding section, is made in a manner entirely analogous
*Checkers report 'H N M R (CD,CN): d 7.4 (m, 24H), 2.4 (s, 8H), 2.0 (s. 6H).

‘eH5

XI

A

C

CH2C6H5

N
I

y H 2 ‘eH5

H

2

IPFd2

1. HCIISl/MeCN
2.NH4PFs laq I

xi1

c n2C6 H5

YH2‘gH5
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to that used in Section A.4. Two grams (1.842mmol)* of the nickel(I1)
Complex X I prepared as described in Section B.5 is dissolved in lOOmL of
acetonitrile, and anhydrous hydrogen chloride is bubbled through the
solution for 1Ornin. At the end of this time, the solution has a blue-green
color. Solvent is removed by rotary evaporation, and the residue is dissolved
in the minimum amount of water. This solution is stirred and cooled in an
ice bath, and an aqueous solution containing 1.20g (7.37mmol) of ammonium
hexafluorophosphate is added by gravity filtration. The resulting off-white
precipitatet is collected by suction filtration and washed, first with water
and then with 95% diethyl ether-5% ethanol. The Product XI1 is dried
in uacuo over P4010and used for metal insertion without further purification.
Yield: 1.95g (90%).
7. [3,1 l-Dibenzyl-l4,2O-dimethyl-2,12diphenyl-3,11,15,19,22,26hexaazatricy~lo(l1.7.7.1~*~]0ctacosa-1,5,7,9(28),12,14,19,21,26nonaene-K4,y1 5.19.22.26 ]iron(II) Hexafluorophosphate,
[Fe( (m-xylylene)(BzlNBzi),Me, [16]tetraeneN4)] (PF6)2

Procedure
This reaction is carried out under oxygen-free conditions in an inert
atmosphere glove box, using dry degassed solvents. One gram (0.85 mmol)t
of the ligand salt XII, prepared as described in Section B.6, is slurried in
20 mL of acetonitrile along with 0.29 g (1.0 mmol) of bis(pyridine)iron(II)
chloride in a 125-mL Erlenmeyer flask.16*$
Addition of 0.38 g (3.76 mmol) of
triethylamine produces a clear red solution, which is boiled gently for lOmin,
cooled, and filtered through Celite. The solvent is removed, and the residue
is dissolved in the minimum amount of hot methanol. The solution is stirred
as it cools. Red crystals of the desired iron(I1) Product XI11 form by this
procedure; they are removed by filtering and dried in vacua An additional
crop of the product can be obtained by slow addition of a saturated ethanolic
solution of ammonium hexafluorophosphate. Yield: 0.59 g (64%).
Anal. Calcd. for FeC,2H,5N,P,F,2.2.5 CH,OH: C, 54.41; H, 5.43; N, 8.16;
Fe, 4.65. Found C, 54.28; H, 5.17; N, 8.25; Fe, 4.54.

*Checkers reduced amount to 0.6 g.
'Checkers report that the precipitate appeared yellow in color.
:Checkers reduced amount to 0.3g.
$Checkerssubstituted white FeCI, for bis(pyridine)iron(Il)chloride.
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Properties

The iron(I1) complex XI11 crystallizes as the bis(hexafluorophosphate) salt
with acetonitrile as the fifth, axial, ligand. This composition appears to be
dictated largely by the relative solubilities of the salts of the possible anions
in the mixed solvent. Most of the iron(I1) lacunar complexes crystallize as
the chloride hexafluorophosphate mixed salts, in which the chloride occupies
the axial site. The complex is high spin and five coordinate in the solid state
and in coordinating solvent^.^ In N-methylimidazole at 20°C the title
complex binds dioxygen reversibly with KO2= 0.0012 torr- *. In 3: 1: I
acetone-N-methylimidazole-water the half-life toward irreversible autoxidation is 24 h at room t e m p e r a t ~ r e This
. ~ complex constitutes the first
example of a nonporphyrin iron(I1) complex that can act as a dioxygen
carrier at room temperature.*

-
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53. [Pt( 1,2-CYCLOHEXANEDIAMINE)(ASCORBATO-

c2,05)1

K,[PtCI,]

+ 4KI + dach

[Pt(dach)I,]

+ 2AgN0,

[Pt(dach)(H 20),]
(NO,),

-

-+

+ 2KI + 4KC1
[ P t ( d a ~ h ) ( H ~ O ) ~ ] ( N o+, )2AgI
,
[Pt(dach)I,]

H20

-

+ Na(ascorbate)
[Pt(dach)(ascorbato-C', 0')I

dach = 1,2-~yclohexanediamine
Submitted by L. STEVEN HOLLIS,' SHERYL L. DORAN,* ALAN R.
AMUNDSEN,* and ERIC W. STERN*
Checked by KAZI J. AHMED' and STEPHEN J. LIPPARD'

The importance of metal-carbon binding in the reactions of vitamin C with
transition metals was first demonstrated from structural studies on
[Pt(diamine)(ascorbato)] complexes.'.' In these studies, complexes of the
general formula [Pt(dach)(ascorbato-Cz,05)], were isolated and shown,
through X-ray crystallography and N M R spectroscopy, to contain an
ascorbate ligand bound to platinum through the Cz carbon and the
deprotonated O 5 hydroxyl group. The structure of the diamine
platinum-ascorbate chelate is depicted in 1.

Each of the three isomeric forms of the dach ligand, trans-(R,R)-dach,
trans-(S,S)-dach, and cis-dach, gives a platinum-ascorbate chelate that has
unique physical properties. A detailed procedure is given here only for the
synthesis of [Pt(trans-(R, R)-dach)(ascorbato-C', 05)].3H20. With minor
variations, the same method is used in the syntheses of the platinumascorbate complexes of trans-(& S)-dach and cis-dach.
*Research and Development. Engelhard Corporation, Menlo Park. Edison, NJ 088 18.
'Department of Chemistry, Massachusetts Institute of Technology, Cambridge, M A 02139.
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Procedure
A.

[Pt(truns-(R, R)-dach)I,]

[Pt(trans-(R, R)-dach)I,] is formed by slow addition of trans-(R, Rtdach
(1.14g, 10mmol) (Alfa) to a freshly prepared solution of K,[PtCl,] (4.15g,
10mmol in 100 mL of water in a 250-mL beaker) and KI (6.64 g, 40mmol
in lOmL of water) at room temperature. The iodide complex precipitates
from solution during the reaction. After -45 min, the precipitate is collected
by vacuum filtration on a glass frit (10-15pm), washed with water and
ethanol, and dried under vacuum. Typical yields are in excess of 95%.
B. [Pt(truns-(R, R)-dach) (ASCORBATO-C2,05)].3H20
A 0.2 M solution of [Pt(trans-(R, R)-dach) (H20)2] (NO,), is prepared by
the reaction of [Pt(trans-(R, R)-dach)I,] (5.63 g, 10 mmol) with AgNO,
(3.40g,20mmol) in 5OmL water in a 100-mL beaker. The mixture is stirred
at 45 "C for 1.5 h, and the resulting AgI is removed by filtration through a
nylon filter (0.45 pm). The filtrate is placed under nitrogen, and ascorbic acid
(3.52g, 20 mmol) and NaOH (0.80g, 20 mmol in 5 mL H 2 0 ) are added with
stirring. The solution is stirred for 24 h at room temperature, during which
time the product precipitates from solution. The mixture is placed in the
refrigerator overnight at 4 "C, and the resulting crystals are collected by
filtration. A second crop is obtained after concentrating the filtrate through
rotary evaporation at 50 "C. The resulting products are recrystallized from
water (80-90 "C) at a concentration of 20-25 mgmL- '. Hot filtration,
through a nylon filter (0.45 pm), is recommended to remove traces of platinum
metal. A yield of 3.35 g (64%)is obtained after recrystallization. HPLC data:
retention time = 1.6 min, at a flow rate of 6mLmin- in H,O on a Novapak
C18 column (radial-compression Z module), A = 254nm.
Anal. Calcd. for C12H2,N20,Pt: C, 26.82; H, 4.88; N, 5.21; Pt, 36.30. Found:
C, 26.21; H,4.96; N, 5.00; Pt, 36.16.

C. MODIFICATIONS FOR cis-DACH AND fruns-(S, S)-DACH
PLATINUM ASCORBATE COMPLEXES
The individual isomers of dach [cis-, trans-(R, R)-, and trans-(S, S)-] may be
purchased (Alfa) or can be resolved from an isomeric mixture using the
following methods: cis- and trans- 1,2-dach can be separated usingNiC1,.6H20,
,~
the separate trans-R, R- and transaccording to published n ~ e t h o d s while
S, S-dach isomers can be isolated by allowing the racemic trans-dach
mixture to react with either D- (for S, S) or L- (for R, R) tartaric acid.4

[ Pi('I.2-C~cfohe-canediaritie)
( Ascorhato-Cz. O')]
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In the resolution procedure, racemic trans-dach (60g) is dissolved in
200mL of water along with 20g of the appropriate (D or L) tartaric acid
and 40mL of acetic acid. The resulting dach-tartrate precipitate is
collected and recrystallized two to three times from hot water. The
resolved dach isomer is then liberated by treating the salt with excess
20% NaOH (aq) and extracting the free base into CHCI,.
Caution. Chloroform i s a suspected carcinogen. Work in well
ventilated fume hood and wear gloves.
The CHCI, is evaporated under reduced pressure, and the product
is distilled under vacuum (bp 79-81 "C/ISmm). The pure, S , S - or
R, R-dach isomers are obtained as colorless liquids that crystallize as
white solids at room temperature. [a]:'
= + 35" ( S , S ) , -35" ( R , R ) .
The trans-(S, S)-dach complex, [Pt(trans-(S, S)-dach)(ascorbato-C2, O')],
can be prepared by using the method described in Section B. This
complex is more soluble in water than the trans-(R, R)-dach complex,
and it is necessary to concentrate the solution of the S, S-dach complex
to induce crystallization. Yields of up to 45% are typical for this isomer.
HPLC data: retention time = 1.8 min (under the conditions reported
previously).
The reaction of [Pt(cis-da~h)(H~O),]~+
with sodium ascorbate gives
a white precipitate that contains two isomeric forms of the [Pt(cis-dach)(ascorbato-Cz,0 5J) chelate (due to a lack of rotational symmetry in the
cis-dach ligand).' The two isomers have different HPLC retention times
and solubility properties, and may be separated by using the following
method.
The mixture of [Pt(cis-dach)(ascorbato-C2,0 5 ) ]isomers (1.5g) is dissolved
with stirring in 13mL of ethylene glycol, and the solution is filtered. The
filtrate is poured into 50 mL of water and the resulting solution is placed in
the refrigerator (4 'C). A white precipitate (0.8 g, isomer 1) is collected by
filtration after
30min. HPLC data: retention time = 1.7min (with
above conditions). The second isomer is obtained by treating the resulting
filtrate with -500mL of acetone and leaving this mixture in the freezer
( - 5 T ) for several h. The resulting precipitate (0.4g, isomer 2) is collected
by filtration. HPLC data: retention time = 1Smin. Both isomers are
characterized by using a combination of N M R (195Ptand 13C)and single
crystal X-ray diffraction techniques (isomer 2).'-2

-

Properties
The compound [Pt(trans-(R, R)-dach)(ascorbato-C', 0 5 ) ]and its analogs
containing other amines are white, crystalline solids that are stable in air.
They are only slightly soluble in water, with the exception of the complex
of the (S.S)-dach analog (solubility: 18 mg mL-I). The complexes are soluble
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in dimethyl sulfoxide (DMSO), and they are stable in this solvent for at least
24 h.
The I3CNMR spectra, obtained in d6-DMSO,show the following chemical
shifts: [Pt(trans-(R, R)-dach) (ascorbato)], 198.7 (Cl), 69.1 (CZ), 175.6 (C3),
80.7 (C4), 85.8 (C5), 64.9 (C6); [Pt(trans-(S, S)-dach) (ascorbato)], 198.0 (Cl),
69.5 (C2), 175.4 (C3),80.5 (C4),85.5 (C5), 64.8 (C6); [Pt(cis-dach)-(ascorbato)]isomer 1, 196.5 (CI), 69.5 (C2), 175.7 (C3), 80.7 (C4), 85.2 (C5), 64.8 (C6);
[Pt(cis-dach) (ascorbato)]-isomer 2, 199.5 (Cl), 69.1 (C2), 174.6 (C3), 80.5
(C4), 85.5 (C5), 64.8 (C6). Chemical shifts are measured in ppm relative to
d6-DMSO at 39.5 PPm.
References
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Chapter Eight

MISCELLANEOUS TRANSITION METAL
COMPLEXES

54. (DITHIOCARBONATO)[ 1, 1, 1-TRIS(DIPHENYLPH0S-

PHINOMETHYL)ETHANE]RHODIUM(III) TETRA-

PHENYLBORATE SOLVATE
[( 1,5-C8H,2)RhCl],

+ 2H,CC(CHZPPh,), + 2Et,PCS,
Triphos*

--

2RhCl(S2CPEt,}(triph0~)+ 2(1,5-C8H,z)

+

RhCl(S,CPEt,)(triphos)+ 0,

RhCl(S,CO)(triphos)+ NaCBPh,]

RhCl(S,CO)(triphos)+ OPEt,
[Rh(S,CO)(triphos)] [BPh,]

+ NaCl

Submitted by C. BIANCHINI' and A. MELI'
Checked by Y. OHGOMORIt

(Dithiocarbonato)[1, 1, l-tris(diphenylphosphinomethyl)ethane]rhodium(III)
tetraphenylborate has been prepared in 39% yield by a four-step reaction
involving, as a starting point, the synthesis of the q2-CS, complex
'Triphos = 1.1.1 -tris(diphenylphosphinomethyl)ethane. lUPAC name:[t-[(diphenylphosphino)methyll-2-methyl-1,3-propanediyl]bis(diphenylphosphine).
'lstituto per lo Studio della Stereochimica ed Energetica dei Composti di Coordinazione, CNR,
Via J . Nardi 39, 50132, Firenze, Italy.
'Central Research Laboratory, Mitsubishi Petrochemical Co. Ltd., 8-3 Chu-ou, Ami, Ibaraki
300-03.Japan.
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RhCl(q2-CS,) (triphos).' In the present preparation, the number of steps has
been reduced to three while the yield has been increased to 73%.
(Dithiocarbonato)[l, 1, I-tris(diphenylphosphinomethyl)ethane]rhodium(111) tetraphenylborate is a coordinatively and electronically unsaturated
complex containing an electrophilic metal center and three potential nucleophilic sites, namely, the sulfur and oxygen atoms of the chelate dithiocarbonate
ligand. Because of its dual nature the compound is capable of cleaving hydrogen
in heterolytic fashion2 and can react by metathesis with polarizable molecules
such as the heteroallenes COS, CS,, and SCNR.3 Also, (dithiocarbonato)
[ 1, 1,1-tris-(diphenylphosphinomethyl)ethane]rhodium(III)tetraphenylborate
undergoes photochemically,4 thermally, or chemically5 the chelotropic
elimination either of C O or of COS. As a result, highly reactive6 homo- and
heterobimetallic bis(pS) and bis(p-S,) complexes can be obtained?

.

Procedure

Caution. Benzene is a human carcinogen. I t should be handled only in
a well-ventilated fume hood, and gloves should be worn.
Under a nitrogen atmosphere, a 500-mL Schlenk flask is charged
successively with 250 mL of deoxygenated benzene (freshly distilled under
nitrogen from sodium benzophenone), triphos' (Strem) (1.24 g, 2 mmol), and
dichlorobis( 1, S-cyclooctadiene)dirhodium(I)' (0.49 g, 1 mmol). The mixture is
stirred at room temperature for 10 min. Solid Et,PCS, (0.43 g, 2.2mm0l)~**~*'
is added do the resultant yellow solution, which immediately turns to deep
blue. Within 20min RhCI(S,CPEt,)(tnphOS).C,H, begins to precipitate as
air-sensitive blue crystals. The compound may separate as an oil which,
however, rapidly crystallizes by addition of very few preformed crystals. When
the color of the solution becomes light green (-3 h), the crystals are collected
by filtration on a Schlenk f i t , washed with a deoxygenated 2:l mixture of
benzene and petroleum ether and deoxygenated petroleum ether, and dried
in a stream of nitrogen. Yield: 1.84g (89%). IR (Nujol) 103qm) and
1045(m)cm-

'.

Anal. Calcd. for C48H54CIP4RhS,-C,H,: C, 62.64; H, 5.84; Rh, 9.93; S, 6.19.
Found: C, 62.38; H, 5.78; Rh, 9.91; S, 6.23.
A slow stream of oxygen is passed through the deep blue solution of
RhCI(S,CPEt,)(triphOS).C,H, (1.03g, 1 mmol) in l00mL of CH,CI, for 1 h,
during which time the color turns to orange. The solution is concentrated under
*Et,PCS, immediately precipitates as red crystals in the time of pipetting neat PEt, (0.73mL,
5mmol). under a nitrogen atmosphere, into a solution of CS2 (0.3mL. 5mmol) in 30mL of
diethyl ether. Yield 98%.

[Rh( S , CO ) ( triphos) ][B Ph,]
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vacuum to -30mL and treated with l00mL of benzene to precipitate the
product. The yellow microcrystalline precipitate of RhCl(S,CO)(triphos) is
collected by filtration on a Biichner filter, washed with benzene and petroleum
ether, and dried in vacuum. Yield: 0.74g (87%). IR (Nujol) 1720(m), and
1600(vs)cm-'. "P { 'H) NMR spectrum (32.2 MHz, CH,CI,, 20 "C)AM,Q
spin system with 6, 23.30 (d of t, J , = 28 Hz, J,, = 107.1 Hz) and 6, -5.04
(d of d, J,,, = 96.6 Hz).
Anal. Calcd. for C4,H,,C10P,RhS2: C, 58.99; H, 4.59; Rh, 12.03; S, 7.49.
Found: C, 58.81; H, 4.51; Rh, 11.87; S, 7.48.
A solution of NaCBPh,] (0.68 g, 2 mmol) in 20mL of ethanol is added to a
stirred solution of RhCI(S,CO)(triphos) (0.85 g, 1 mmol) in lOOmL of
CH,Cl,. There is an immediate color change from yellow to red-brown. The
resulting mixture is stirred for a further 15min, and then 80mL of ethanol
l00mL,
is added. On gentle concentration under reduced pressure to
analytically pure [Rh(S,CO)(triphos)] [BPh4].CH2C12 precipitates as red
crystals. These are collected by filtration on a sintered glass frit, and washed
with ethanol, water, ethanol, and petroleum ether. Yield: 1.16g (95%). The
compound can be recrystallized from 1 :3 THFlbutanol or acetone/butanol
mixtures to give the corresponding monosolvate (THF or acetone)
derivatives.

-

Anal. Calcd. for C,,H,,BOP,RhS,.CH,C1,:
C, 65.75; H, 5.02; Rh, 8.40; S,
5.23. Found C, 65.67; H, 4.99; Rh, 8.29; S, 5.08.

Properties
(Dithiocarbonato)[l, 1 , 1-tris(diphenylphosphinomethyt)ethane]rhodium(III)
tetraphenylborate is air stable both in the solid state and in solution at
ambient temperature. It is soluble in chlorinated solvents, acetone, THF, and
DMF. The IR (Nujo1)shows two bands in the C=O stretching region at
168qvs) and 16OO(vs)cm- which are indicative of a chelated dithiocarbonate ligand. The 31P{H}NMR (32:2 MHz, 20 "C) spectrum in CH,CI,, DMF,
and acetone consists of doublets centered at 35.22 ppm (J,,, = 98.7 Hz),
12.19 ppm (J,,, = 102.7Hz) and 37.07 ppm (J,,, = 98.1 Hz), respectively.
A,(nitroethane) 44 R - ' cm2-mol-

',

'.

Rejerences
1. C. Bianchini. C. Mealli, A. Meli,and M. Sabat,J. Chem. Soc. Chem. Commun., 1024(1985).
2. C. Bianchini and A. Meli, Inorg. Chem.. 26,4268 (1987).
3. C. Bianchini, A. Meli, and F. Vizza, Angew. Chem. fnr. Ed. Engl., 26, 767 (1987).

290

Mi.scellancous Transition M e t a l Compleses

4. C . Bianchini and A. Meli, fnorg. Chem., 26, 1345 (1987).
5. C . Bianchini, A. Meli, F. Laschi, A. Vacca, and P. Zanel1o.J. Am. Chem. Soc., 110,3913(1988).
6. C. Bianchini, C. Mealli, A. Meli, and M. Sabat, lnorg. Chem., 25, 4617 (1986).
7. W. Hewertson and H. R. Watson, J . Chem. Soc., 1490 (1962).
8. G. Giordano and R. H. Crabtree, Inorg. Synrh., 19, 218 (1979).

9. A. W. Hofmann, Liebigs Ann. Chem. Suppl., I, 1 (1861).
10. C. U. Pittman, Jr., and M. Narita, Bull. Chem. Sor. Jpn., 49, 1996 (1976).

55. THE VASKA-TYPE RHODIUM COMPLEXES,
tratts-RhX(CO)L,
Submitted by YUJI OHGOMORI* and YOSHIHISA WATANABE*
Checked by MARTIN A. CUSHING' and STEVEN D. ITTELt

The complex trans-RhX(CO)L, (ref. 1) is an important type of rhodium
complex, which is used as an air stable catalyst precursor in organic
syntheses., A number of syntheses for these rhodium complexes have been
s u m m a r i ~ e d .Among
~
recent methods of synthesis, the most useful, using
RhCI(CO)L,, Ag,CO,, NH,F, and MX (alkali metal salt), was reported by
Vaska et aL4
We describe here a more convenient method for preparing the rhodium
complexes. A series of the rhodium(1) complexes can be prepared by direct
combination of the components in an aprotic solvent at room temperature.
The scope of this reaction is very large. The complexes are obtained in good
yields by a simple procedure and can be isolated easily. Among the products,
the hydrogen phthalato and 1methoxy- 1,3-butanedionato-0 complexes
possess an unusual anionic ligand. The former complex is the first example
of RhX(CO)L, in which the X moiety has a carboxyl group, and the latter
complex is the first example of an enolato rhodium complex.
Caution. Thefollowing syntheses involve the use or evolution of carbon
monoxide, metal carbonyls, and tertiary phosphines. These are toxic materials,
and the syntheses must therefore be carried out in a well-ventilated fume hood.
Reagent Preparation

Dodecacarbonyltetrarhodium was used as the starting material for syntheses
of trans-RhX(CO)L,. This cluster compound can be purchased (Strem), or
*Tsukuba Research Center. Milsubishi Petrochcmical Co., Ltd.. 8-3 Chu-ou, Ami, lbaraki
300-03. Japan.

'Central Research and Development Department, E. 1. du Pont de Nemours and Co..
Wilmington. DE 19898.
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it can be prepared from rhodium trichloride trihydrate by the method given
by Martinengo, Chini, and Giordano.'
A 1000-mL two-necked flask equipped with a frit diffuser tube (CO inlet),
a two-way stopcock (CO outlet) and a magnetic stirring bar is used as the
reactor. Rhodium trichloride trihydrate (2.63 g, 10.0mmol) and potassium
chloride (2.24g. 30.0 mmol) are dissolved in 500 mL of water in the reactor.
Copper powder (2 g) is added, and the solution is bubbled with CO for 12 h
with stirring at room temperature. To the resultant solution is added 2.94g
of trisodium citrate dihydrate, and stirring is continued for an additional
12h under a CO atmosphere. The precipitate is collected under N2 and
extracted with CO saturated hexane five times. Dodecacarbonyltetrarhodium
(1.46g, 1.96mmol) is obtained by evaporation of the hexane on a rotary
evaporator (78% yield). IR (in hexane): 2072, 2070, 2043, and 1 8 8 6 ~ m - I . ~
A.

CARBONYL(HYDROGEN PHTHALATO)BIS(TRICYCLOHEXY LPHOSPHINE)RHODIUM(I)
C02H
Rh4(CO),2 4 &CO2H

+

-+

+ 8P(CyCbC6Hl,),

C0,H
4Rh( ~ C O , ) ( C O ) [ P ( c y c l o - C , H l l ) , 1 ,

+ 2H2 + 8CO

Procedure
A 50-mL two-necked flask equipped with a dry nitrogen inlet, a stopper,
and a magnetic strring bar is used as the reactor. To this reactor, 0.56g
(0.75mmol) of dodecacarbonyltetrarhodium and 30 mL of freshly distilled
1,3-dimethylimidazolidin-2-one
(DMI) are added under a nitrogen atmosphere. To the resulting solution, 1.68g (6.0 mmol) of tricyclohexylphosphine
and 0.50g (3.0mmol) of phthalic acid are added, and the mixture is stirred
for 5 h at room temperature. A yellow precipitate is slowly formed. The
precipitate is collected, washed with 30mL of cold diethyl ether, and dried
in uacuo. The product is dissolved in 60 mL of hot ( - 70 "C) toluene-hexane
(1/2 vol ratio), followed by filtration on a Biichner funnel under N,. Yellow
micro crystals are obtained by allowing the filtrate to stand under N,
overnight at O"C.* The crystals are collected and dried under vacuum (2 torr)
at room temperature for 6 h. The yield is 2.05 g (80%).
'Checkers used 40 mL of hot I : 1 toluene-hexane for the recrystallization. After filtering, the
solution was placed in a - 3 O ' C freezer with an N, atmosphere. No product formed. The
solution was then concentrated until cloudy ( - 15 mL) and returned to the freezer. Yellow
crystals formed overnight. Yield: 1.60 g (627;).

292

Miscellaneous Transition Metal Complexes

TABLE I Syntheses of trans-RhX(CO)L,
X

La

Reaction
Solventb

Recrystallization
Solvent (v/v)

PhCO,
3-F-CeH4COz
CH,CO,
PhO
p-TsO
I
C5H4N-4-C02

Pcy,
PPh,
Pi-Pr,
P i-Pr,
Pcy,
Pcy,
P i-Pr,

DMI
Toluene-hexane (1 :2)
TMUd
Toluene-hexane (1 :5 )
Diethyl ether"' Pentane
Diethyl ethee Hexane
DMI
Toluene
DMI
Toluene
Diethyl ether

Yield (W
79
62
50
53
75
75
19

'cy = cyclohexyl.
bDMI = 1,3-dimethylimidazolidin-2-one;
TMU = 1,1,3,3-tetramethylurea.
'Based on rhodium.
'Solvent was evaporated under reduced pressure, followed by recrystallization.

Anal. Calcd. for Rh(H02C-C,H,C02)(CO)[P(C,H,

1)3]2:

C, 63.07; H,

8.35; P, 7.23; Rh, 12.01. Found: C, 63.10; H, 8.84; P, 7.35; Rh, 11.65.

Similar procedures are applicable to the preparation of a number of
complexes, as listed in Table I.

B. CARBONYL(1-METHOXY-1,3-BUTANEDIONATO-O)BIS

(TRIISOPROPYLPHOSPHINE)RHODIUM(I)

-

+

Rh4(C0),2 4CH,COCH2C0,CH3

+ 8P(i-C3H,),

NEt,

4Rh [OC(CH ,)=CHC02CH ,](CO)[P(I-C3H ,)J2

+ 2H2 + 8CO
Procedure

The same reactor described in Section A is used. A 15-mL volume of a diethyl
ether solution of Rh4(CO)I (0.56 g,0.75 mmol), triisopropylphosphine (0.96 g,
6.0 mmol), methyl acetoacetate (0.52 g, 4.5 mmol), and triethylamine (1.5 mL)
are stirred for 3 h at room temperature under a nitrogen atmosphere. The
initially deep red solution turns to yellow, and yellow microcrystals are
formed.* The crystals are collected, washed with 15 mL of diethyl ether, and
*Checkers report that the solution turned brown-yellow; they obtained a yellow precipitate

(700 m& 41%).
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dried (2 torr, room temperature, 6 h). Yield: l.OOg (59%). This product gives
a satisfactory analysis without further purification.
Anal. Calcd. for Rh[OC(CH,)CHCO,CH,](CO)[P(C,H,),I,: C, 50.88; H,
8.72; P, 10.94; Rh, 18.17. Found: C, 50.97; H, 8.98; P, 11.5; Rh, 18.4.

Properties

Carbonyl(hydrogenphthalato)bis(tricyclohexylphosphine)rhodium(I) is stable
in air; it can be handled in air not only in the solid state but also in solution.
Its principal IR absorption in CH,CI, solution is
= 1945cm-'. The 'H
NMR spectrum in CDCI, exhibits a single sharp resonance at 6 18.5 (standard
TMS). The ,'PNMR spectrum in CDCI, solution shows a doublet at
38.30ppm with a
value of 123.1 Hz (standard: H,PO4). The major
fragments in the mass spectrum at 70eV are MH+ ( m / e = 857),
MH+-C02H (m/e = 812), MH+-[CO,H + P(C,H,,),] (m/e = 532), and
P(C,HI,)l (m/e = 280).
Carbonyl( 1-methoxy- 1,3-butanedionato-O)bis(triisopropylphosphine)rhodium(1) is stable in air in the solid state. An IR band at 1949cm-' is
observed for v ( , ~ ) .The 'H NMR spectrum in CDCI, shows: 6 4.75 [lH, s, CHI,
3.55 [3H,s,OCH,], 2.22 [6H,m,CH(CH,),], 2.12 [3H,s,CH3], and 1.34
[36H, dd, J,,,, = 7 Hz, J,,,, = 14 Hz, CH(CH,),]. The I3CNMR spectrum
170.84 [=CH-CO-CO,CH,],
shows: 6 187.57 [-O-C(CH,)=CH-],
90.90 [-C= CH -CO -],49.35 [-C02 CH,], 24.76 [-0-C(CH,)=
CH-1, 24.48 [-CH(CH,),],
and 20.07 [-CH(CH,),]
(standard TMS).
The "PNMR spectrum in CDCI, (standard: H,PO4) shows a doublet at
647.99 with a J,R,-,, value of 127.0Hz. This complex is reduced to afford
[Rh(CO),]- under an atmospheric pressure of CO-H, (1:1) in hexamethylphosphoric triamide (HMPA) solution at room temperature.'
References
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2. I. Wender and P. Pino, Organic Synthesis via Metal Carhonyls. Wiley, Vol. 2. 1977, p. 136.
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56. POTASSIUM HEXAIODORHENATE(1V)
Submitted by M. C. CHAKRAVORTI* and T. GANGOPADHYAY*

Checked by R. J. ANGELIC17 and M. G. CHOI'
KReO,

+ KI + 8HI

-

K,[ReI,]

+ :Iz + 4H,O

Hexahalorhenates(IV), M\[ReX,], where X = Cl, Br, and I, are among the
commonest complex compounds of rhenium(1V). They can be prepared
readily, are stable in air, and serve as starting materials for the preparation
of many Re(IV) and Re(V) complex compounds. Two preparations of
K,[ReCl,] and one of K,[ReBr,] have appeared in Inorganic Syntheses.'**
As a source material of Re(IV), potassium hexaiodorhenate(1V) offers some
advantages over the chloro complex because of its solubility in many organic
solvents and the labile nature of the iodide groups. The compound K,[ReI,]
has been prepared by reducing potassium perrhenate with hydriodic acid in
the presence of potassium iodide or hypophosphite, or by evaporating
K, [ReCI,] with successive portions of hydriodic a ~ i d . A~ simple
- ~ procedure
for the preparation of K,[ReI,] in high yield is described here.
Procedure
Caution. Hydriodic acid is toxic and corrosive; all operations with it
should be carried out in a well-ventilated fume hood.
A 22-mL sample of freshly distilled hydriodic acid (57%) is placed in a
100-mL beaker (tall form),and 3.5 g(21.1 mmol) of finely powdered potassium
iodide is added to it. The beaker is covered with a watch glass and gently
heated over a hot plate for
lOmin, until all of the potassium iodide
dissolves.After removing the watch glass, 3.0 g (10.4 mmol) of finely powdered
potassium perrhenate is added with stirring. Immediately, the color of the
solution turns deep brown, iodine vapor is evolved, and a deep brown solid
separates. The beaker is partly covered with the watch glass, and the mixture
is gently boiled for 15min with occasional stirring. Within this period,
evolution of iodine vapor ceases, and the volume is reduced to 12 mL.:
The mixture is allowed to stand overnight at room temperature and then
filtered on a sintered glass funnel (porosity 4) under suction. The suction is
continued for 2 h, and then the funnel along with the product is kept in vacuo
over fused calcium chloride. After 2 days the product is transferred to a

-

-

-

'Department of Chemistry, Indian Institute of Technology, Kharagpur 721302, India.
'Department of Chemistry, Iowa State University, Ames, IA 5001 1.
:The checkers round that 30min of boiling is required to reduce the volume 10 I2mL.
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container and dried further under vacuum in the same desiccator for 2 days.*
Yield: 90%.

Anal. Calcd. for K,[ReI,]:
17.65; I, 73.72.

K, 7.56; Re, 18.13; I, 74.23. Found: K, 7.54; Re,

Properties
Potassium hexaiodorhenate(1V) is a deep brown, nearly black, crystalline
substance. It dissolves in methanol, ethanol, and acetone to give dark purple
solutions. It can be recrystallized from hot hydriodic acid (57%).It is stable
when kept in a desiccator, but in moist air it undergoes slow hydrolysis. The
hydrolysis is rapid in neutral or alkaline medium. The magnetic moment at
room temperature is 3.43 BM. The high 0 value suggests antiferromagnetic
interaction.' The absorption spectrum in methanol gives bands at 425, 465,
and 510 nm and shoulders at 540 and 645 nm. The spectrum in hydriodic
acid (57%) shows bands6 at 434 (6980), 444 (6920), 48 1 (4700), 520 (6850),
572(5090), and 659 (2280)nm and shoulders at 423 (6280), 457 (5850),
533(6140), 592(4310), and 690(1860)nm (the values in parenthesis are the
molar extinction coeflicients).
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57.

GROUP 6 PENTACARBONYL ACETATES AS THEIR

p-NITRIDO-BIS(TRIPHENYLPHOSPHORUS)(
1 + ) SALTS

Submitted by DONALD J. DARENSBOURG,t SUSAN A. MORSE, CESAR
OVALLES, and HOLLY C. PICKNER
Checked by WAYNE L. GLADFELTERf and DANIEL R. MANTELL

The chemistry of low valent Group 6 metal acetate complexes has been
extensively investigated in the past several years.'-4 It has been p r o p o ~ e d ' . ~
'Thc checkers obscrved the sublimation of I , during the drying process.
'Department of Chemistry. Texas A & M University. College Station. TX 77843.
:Departmcnl of Chemistry. University of Minnesota, Minneapolis, M N 55455.
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that the pentacarbonyl acetato derivatives of the Group 6 metals are possible
intermediates in the reactions of the metal hexacarbonyls with acetic acid,
which eventually afford metal dimers and trimers. More importantly, acetato
complexes have been key species in studies involving the activation of carbon
dioxide.'-' In particular, the insertion of C 0 2 into the M-CH, bond to
produce the corresponding acetato complexes has been studied in detail in
our laboratorie~.~-'The C 0 2 insertion reaction into M-C bonds is of
significance since it represents one of the primary steps' in the catalytic
conversion of CO, (the cheapest and most abundant of the carbon oxides)
into interesting and useful chemicals. In addition, tungsten and chromium
pentacarbonyl acetate anions have been used for the stoichiometric production
of methyl,' ethyl,' and butyl" acetates and as precursors for the catalytic
production of alkyl formates (methyl' or butyl formates").
The two methods of synthesis previously reported in the literature involved
or silver(1)' acetates. These
the reaction of [M(CO),Cl] - with thalli~m(1)~
methods not only require the synthesis of the metal halide from M(CO)6,
but they also have the disadvantages of the extreme toxicity of thallium(1)
salts and the high price of silver salts.
The method presented herein possesses the following advantages in
comparison with those available in the literat~re"~:(1) One-step synthesis,
(2) cheaper starting materials (alkali salts vs Ag salts) and high yields of
products (80-90%), (3) (PPN) acetate where PPN = p-nitrido-bis(tripheny1phosphorus)(l+)* is a stable compound and no special procedures are
needed, and (4) no by-products are generated in any of the steps described.
A. )I-NITRIDO-BIS(TRIPHENYLPHOSPHORUS)(l) ACETATE

+

Procedure
The procedure followed was first reported by Martinsen and Songstang and
was performed with minor modifications." In a general preparation, 11.64 g
(0.02028 mol) of(PPN)CI (Aldrich) is dissolved by heating in 120 mL of distilled
and deionized water in a 250-mL Erlenmeyer flask. A 40-g quantity (0.4 mol)
of potassium acetate in 50 to 60mL of water is added to the hot (PPN)CI
solution. The reaction mixture is stirred for 2 h and then placed in an ice
bath for another hour. After filtration, the white solid is washed with cold
water (3 x 1 mL) and then with cold diethyl ether (3 x 1 mL). The solid is

-

*The common name of this cation is bis(tripheny1phosphine)iminium.
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dried under vacuum overnight. Typically, 10.45 g (0.01751 mol) of product
is isolated [86.2% based on (PPN)Cl]. Integration of the aromatic to methyl
protons of the 'HNMR spectrum was found to be 30:2.0, and a drop of
AgNO, solution when added to an aqueous solution of(PPN) acetate yielded
a positive test for chloride ion.
To decrease the chloride ion contamination, the (PPN)acetate was reprecipated with excess potassium acetate in the followingmanner. A 10-g (0.01 mol)
sample of (PPN) acetate was dissolved in a minimum amount of hot deionized
and distilled water (- 12 mL at 90"C). Approximately 40g (0.4 mol) of
potassium acetate was dissolved in 14mL of deionized and distilled water.
This solution was added dropwise, while stirring, to the hot (PPN) acetate
solution.The reaction mixture was allowed to reach room temperature slowly,
then placed in an ice-water bath for about 1 h. After filtering, the solid was
washed with cold water (3 x 1 mL) and then cold diethyl ether (3 x 1mL).
After drying under vacuum overnight, the complex was ground into a powder.
The solid was further dried by heating at 70°C under vacuum for a few days,
to yield a white powder with a decomposition point greater than 190°C.
Although an aqueous solution of this solid still gave a positive chloride
ion test with AgNOJ, the NMR aromatic-methyl integrations were 30:2.7,
indicating less chloride ion contamination. A sample of (PPN) acetate was
examined for chloride ion by elemental analysis (Galbraith) and it was
determined to contain 3% (PPN)Cl by weight.
IR(KBr pellet): 1568(C-O), 1439(P-Ph), 1259, 11 16, and 1005
(aromatic)cm-'. 'H NMR: 1.95 ppm (cTMS).

B. p-NITRIDO-BIS(TRIPHENYLPHOSPHORUS)(
1+)

PENTACARBONYL ACETATO GROUP 6 METAL
M(CO), + (PPN)OzCCHj +(PPN)[M(CO),(OzCCH,)]
M = Cr, Mo,or W

.

+ CO

Procedure

Caution. Metal carbonyls are volatile and toxic. The thermolysis of
metal carbonyls in solution produces carbon monoxide. Hence, all reactions
should be carried out in a well-ventilated fume hood.
All operations are carried out under nitrogen, with rigorous exclusion of
air and moisture. Solvents are dried and deoxygenated by distillation from
sodium benzophenone solution and collected under an Nz atmosphere.
One gram (0.0017 mol) of (PPN)O,CCH, and 0.71 g (0.0020mol) of
W(CO), (or 0.53 g of MO(CO)~or 0.44g of cr(co)6] are placed in a 100-mL
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Schlenk flask equipped with a condenser. [All M(CO), compounds were
purchased from Strem Chemicals.] After evacuating and backfilling with N2
three times, 35 mL of degassed DME (1,2-dimethoxyethane) is added, and
the solution is degassed again. The reaction mixture is stirred under nitrogen
and heated at reflux for 25 min. The resulting orange solution is cooled to
room temperature, and one half of the solvent is removed under vacuum.
After the slow addition of 30mL of hexane, the solution is left in a freezer
overnight. The resultant solid is collected by filtration under nitrogen and
dried under vacuum overnight. For the chromium or molybdenum derivatives,
the procedure is exactly the same with the exception that the refluxing time
is only 12 min for molybdenum. The yields and melting points for the acetate
complexes are shown in Table I.
The IR absorption bands for the three pentacarbonyl acetato compounds
can be seen in Table 11. Four bands are found in the CO stretching region,
C
and two bands are attributed to the acetate moiety. The proton and '
NMR resonance peaks are listed in Table 111for this family of compounds.
TABLE1 Percent Yields and Melting Points for the
Acetato Complexes, (PPN)[M(CO),(O,CCH,)]
Yield

M

%

Melting Point Range" ("C)

Cr

89
89
85

139-141
137- 142
137-142

MO

Wb

"Sealed capillary tube.
*Elemental analysis (Galbraith). Anol. Calcd. for [PPNI[W(CO),(O,CCH,)]: C, 56.05;H, 3.61. Found:C. 55.40; H, 3.60.

TABLE 11 Infrared Frequencies for the Acetato Complexes"
~~~

~~

"(CO)

M

Cr

MO

W

4'W
2053
2060
2059

Ww)

1964
1967
1955

m-'1
E(s)
1915
1917
1907

V(C01)

A,*(m)

Asym

1845
1845
1842

1606
1608
1616

(cm-

Sym
1373
1370
1370

*v4c02:

233
238
246

'Spectra taken in THF solutions. The peak positions are accurate to & 1 Em-'. IR taken on
a FT-IR IBM-32.
unidentate complexes the separation between the two qm2, vibrations is larger than that
in the free ion. where A ~ , ~ , , = 2 0 0 c m - whereas
',
the opposite trend is seen in bidentate
complexes. See, for example. Nakamoto, K. Injrored and Ramon Specrru oj Inorganic and
Coordinorion Compounds, 3rd ed.. Wiley-Interscience. New York. 1977.
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TABLE 111 NMR Frequencies for the Acetato
Compounds'

* H N M R (&TMS) i 3 c NMR (+TMS)
M
Cr

Mo

W

~OICCHJ)

1.80
1.95
1.90

4'Jco,
224.6
217.8'
206.4'

216.2'
2059
2009

'CDCI, solution, TMS as reference, measured on a Varian
EM-390 spectrometer ('HNMR) and a Varian XL-200
(I3C NMR) at ambient temperatures.
bTrans with respect to the acetate ligand.
'Cis with respect to the acetate ligand.

In general, the acetato complexes of the Group 6 metals are stable in the
solid state, but they must be stored in a freezer for prolonged periods. Their
solutions are very air sensitive, and after several days the M(CO), complex
is formed even under a N, atmosphere. The Group 6 acetato complexes are
soluble in organic ethers [tetrahydrofuran (THF), diethyl ether, etc.3, acetonitrile, dichloromethane, and in other polar solvents such as methanol and
ethanol. These complexes are insoluble in hydrocarbon solvents, for example,
hexane or benzene.
The acetate moiety is found to behave as a cis CO labilizing ligand,' and
the reaction of exchange of CO for "CO occurs at a relatively fast rate. In
the same way, THF solutions of the acetato complexes (where M = W) lose
CO under photolysis conditions to generate the species [M(CO),(O,CCH,)(THF)]- or [M(CO),(O,CCH,)]-, where the acetate ligand is chelating.',
These adducts are believed to be active species for the hydrogenation of
aldehydes and ketones under high H, pressure.12 Addition of PR, to the
solvent adduct, the tetracarbonyl chelate, or the pentacarbonyl acetate
complex produces the phosphine substituted cis-[M(CO),(O,CCH,)(PR,) 3-.
One of these compounds (where M = W and R = ethyl) has been synthesized,
and its crystal structure has been reported.,
Group 6 pentacarbonyl acetato complexes have been also found to
undergo addition of alkyl halides (MeI) to produce alkyl acetates and the
pentacarbonyl halide metal complex. When allyl halides are used instead of
alkyl halides, an oxidative addition product is formed,' which contains the
allyl, halide, and acetate ligands bonded to the metal.
Alcohol solvents have been found9 to interact strongly with the acetate
ligand producing a shift in the IR frequencies, for example, the strong band
of the tungsten derivative shifts from 1906 to 1920cm-'. Interactions like
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this serve to neutralize the negative charge on the acetate moiety in much
the same manner as alkali metal ions.I3 Disruption of this weak interaction
was observed upon vacuum removal of the solvent methanol and redissolving
in aprotic solvents.
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58. BIS(ORGANOIMID0) COMPLEXES OF TUNGSTEN(V1)
Submitted by A. J. NIELSON*
Checked by B. L. HAYMORE'

Organoimido complexes are currently of interest in studies of ligands multiply
bonded to transition metal centers. It is now possible to prepare a variety
of monoimido complexes for a diversity of the early transition metals,'*2but
bis(organoimid0) complexes are less well known, inasmuch as routes for their
synthesis have been less well developed. The bis(organoimid0) moiety is
isoelectronic with the cis-dioxo group that is commonly found for higher
oxidation states, and it shows potential utility as a stable source of nitrenes
in organic syntheses.'
*Department of Chemistry, University of Auckland, Private Bag, Auckland, New Zealand.
*Momanto Co., 800 N. Lindbergh Boulevard, St. Louis, MO 63167.
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Detailed below are procedures for preparing bis(organoimid0) complexes
of tungsten(V1) containing two different organoimido ligands. The initial
synthesis makes use of the silylamine Me,SiNHCMe,, which reacts with
tetrachloro(pheny1imido)tungsten dimer to generate two cis oriented amido
ligands from which imido and amine ligands form by an intramolecular
proton transfer. The resulting complex is the dimer [W(NCMe,) (pNPh)C12(NH2CMe3)2]2(refs. 3 and 4) which, when allowed to react with
2,2'-bipyridine or trimethylphosphine, gives the monomeric complexes
[W(NCMe,)(NPh)CI,L,] in which the two chloro ligands are oriented trans
or ciss O n a smaller scale than that given here, the monoimido dimer
complexes [W(NR)CI,], (R = Ph, CHMe,, and Me) and the silylamines
Me,SiNHR'(R' = Ph, CMe,, CHMe,, and Et) have given the complexes
[W(NR)(NR')Cl,(NH,R')]z,4 producing a range of bis(organoimido)
complexes that are useful materials for further syntheses.
Starting Materials and General Procedure

The compound [W(NPh)CI,], is prepared by heating WOCI, with
isocyanoatobenzene in benzene.6 Petroleum ether (bp fraction 40-60 "C),
benzene, and toluene are distilled from sodium wire under dry oxygen-free
is prepared by reaction
nitrogen. 1, 1-Dimethyl-N-(trimethylsily1)ethanamine
of 1,l-dimethylethanamine with chlorotrimethylsilane (see Section. 65).'
Trimethylphosphine (Strem) is prepared by reaction of MeMgI with P(OPh),
in diethyl ether.* All manipulations are carried out under moisture- and
oxygen-free nitrogen, using normal techniques for air sensitive compounds.*
When solutions are transferred between flasks, a stainless steel transfer tube
is used. Each flask is fitted with a gas inlet tap and a serum cap through
which the transfer tube passes. The nitrogen supply to the receiving vessel
is turned off and a vent needle placed through the septum. With the transfer
tube placed below the level of liquid, a positive nitrogen pressure is used to
force the solution into the receiving flask.
A. TETRACHLOROBIS(1,l-DIMETHY
LETHANAM1NE)BIS[ (1,l-DIMETHY LETHYL)IMIDO]BIS(p-PHENY LIMID0)DITUNGSTEN(V1)

-

[W(NPh)Cl,],

+ 4Me,SiNHCMe3

[W(NCMe,) (p-NPh)CI,(NH,CMe,)],

+ 4Me,SiC1

'The checker worked in a good dry box, and obtained yields similar to those reported by the
submitter.
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Procedure

Caution. Benzene is a human carcinogen. I t should be used only in a
well-ventilated hood, and protective gloves should be worn.
Tetrachloro(phenylimido)tungsten(VI) (5g, 12.0mmol) is placed in a
250-mL two-necked flask fitted with a gas inlet tap and a rubber serum cap.
Benzene (60mL) is added with a syringe, and the mixture is cooled to just
above the freezing point of benzene with an ice-water bath. I, l-DimethylN-(trimethylsily1)ethanamine (4.8mL, 24.8mmol) is added with a syringe to
benzene (50mL)in a 100-mL two-necked round-bottomed flask also fitted
with a gas inlet tap and serum cap. The solution is cooled in an ice-water
bath and then added slowly to the chilled suspension of tetrachloro(pheny1imido)tungsten(VI) in benzene using a stainless steel transfer tube. The
serum cap is replaced by a greased glass stopper, the ice-water is removed,
and the reaction mixture is stirred for 17-18 h at ambient temperature,during
which time the yellow product precipitates. The complex is filtered under
N,, washed first with benzene (3mL) chilled in an ice-water bath and then
with petroleum ether (40mL),and dried under vacuum for 1 h with the flask
immersed in a hot-water bath maintained at 60-70°C. The complex is
analytically pure, but it contains varying amounts of benzene solvate,
depending on the drying period. Yield: 4.8-5.0 g (80-83%).
Anal. Calcd. for C,,H,,Cl,N,W,~fC,H,:C,
35.5; H, 5.7; N, 8.5.

35.8; H, 5.2; N, 8.4.Found C,

Properties

The complex is not particularly air or moisture sensitive, but it is best handled
and stored under nitrogen. The melting point is 85-90°C. The complex is
insoluble in petroleum ether, slightly soluble in benzene, and very soluble in
chloroform or dichloromethane. An X-ray crystal structure determination3
has shown the complex to be dimeric, with terminal (1,l-dimethylethy1)imido
and 1, l-dimethylethanamine ligands, bridging phenylimido ligands, and
cis-oriented dichloro groups. In the IR spectrum, the cis-dichlorides give rise
to strong absorption at 308 and 280cm- I . The 'H NMR spectrum (CDCl,)*
shows the phenyl group protons at 6 (ppm from TMS) = 7.50-8.66, the
tert-butyl group methyl resonances as singlets at 1.28 and 1.37,and the NH
proton resonances at 3.4and 5.8. l3CNMR spectrum in CDCIJ (ppm from
TMS): 30.0 (Me,), 54.9 (H,NC), 71.3 (N-C), 120.6 (C-ortho, C,H5), 124.8
(C-para, C,H,), 127.2 (C-meta, CbH,), and 162.9 (c-iPS0, C,H,).,
'The checker determined ' H N M R spectra in CD,CI,. His results were similar to the reported
spectra in CDCI,.
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Using the preparative procedure above, yields of the complexes [W(NR)(pNR’)CI,(NH,R’)], (R = Ph, CHMe,, Me; R’ = Ph, CMe,, Et) range from 60
1 g of monoorganoimido complex is used.4 In cases where
to 80% when
the reaction product is soluble in benzene, the solution volume is reduced
until precipitation occurs. The IR spectra show cis-W-C1 absorptions in
the vicinity of 310 and 260cm-’, and the I3CNMR spectra show alkylimido
a-carbon resonances at 68-71 ppm with alkylamine a carbon atoms at
54-66 ppm. No distinction between bridging and terminal alkylimido groups
is indicated by the I3CNMR spectra, but the less sterically hindering group
is expected to form the bridge. For phenyl groups, a terminal imido ligand
is indicated by an aromatic ring ipso-carbon resonance in the vicinity of
162ppm, a bridging imido ligand at I50 ppm, and a terminal amine ligand
at 148 ppm.

-

B. (2,2’-BIPYRIDINE)DICHLORO[(l,
1-DIMETHYLETHYL)IMIDO] (PHENY LIMIDO)TUNGSTEN(VI)

[W(NCMe3)(p-NPh)CI,(NHzCMe3)-JZ
+ 2C,oH,N,

-

2[W(NCMe3)(NPh)CI,(C, oHsNz)] + 2Me3CNHz

Procedure
8
Caution. Benzene i s a human carcinogen. I t should be used only in a
well-ventilated hood, and protective gloves should be worn.
Tetrachlorobis( I , I-dimethylethanamine)bis[( I , 1-dimethylethyl)imido]bis(phenylimido)ditungsten(VI)(2 g, 2 mmol) is placed in a 250-mL two-necked
round-bottomed flask fitted with a gas inlet tap and a rubber serum cap,
and benzene (60mL) is added via a syringe. Benzene (40mL) is added with
a syringe to 2,2’-bipyridine (0.7g, 4.5mmol) contained in a 100-mL
round-bottomed flask also fitted with a gas inlet tap and serum cap, and the
solution is transferred to the flask containing the tungsten complex. Several
boiling chips are added, and a reflux condenser, which is fitted at the top
with a gas inlet tap, is connected. The system is attached to a nitrogen line
containing a gas bubbler, and the entire system is thoroughly purged with
nitrogen before heating to reflux. After several minutes, the gas inlet tap
fitted to the condenser is closed off, and a vacuum is applied to the solution
via the gas tap fitted to the flask. Nitrogen is readmitted to the flask, the
gas tap attached to the condenser is opened, and refluxing under nitrogen
is continued. This evacuation process is repeated three more times at 15-min
intervals during the reflux, in order to remove liberated 1, l-dimethylethanamine (bp 46°C). Refluxing is continued for 2h, and then the deep red
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solution is cooled and filtered and the solvent is removed under vacuum.
The red microcrystalline product is washed several times with hot petroleum
ether to remove excess 2,Y-bipyridine. Pure trans-dichloro complex is
obtained by dissolving the solid in hot toluene (lOOmL), filtering, and
allowing the solution to stand at - 20°C. After removing the product by
filtration, the volume of the filtrate is reduced under vacuum and the
crystallisation procedure is repeated. The yield of dark red crystalline complex
after successive crops is up to 1.6g (70%).
Anal. Calcd. for C,,H,,CI,N,W:C,
3.9; N, 9.4.

41.9; H, 3.9; N, 9.8. Found: C, 41.6; H,

Properties
The complex is not particularly air or moisture sensitive, but it is best handled
and stored under nitrogen. The melting point is 120°C. The complex is
insoluble in petroleum ether and soluble in benzene and chloroform. An
X-ray crystal structure determination9 shows cis- oriented organoimido
ligands, trans chloro groups, and the 2,Y-bipyridine nitrogen atoms
coordinated trans to the imido functions. In the IR spectrum, the
trans-W-C1 absorption occurs at 210cm-'. The 'H NMR spectrum
(CDCI,) of pure trans-dichloro complex shows the tert-butyl methyl group
resonance as a singlet at 1.42ppm (from TMS), the phenyl group and
2,Y-bipyridine y protons as a multiplet between 6.72 and 7.60, the
2,Y-bipyridine /? protons as a multiplet between 7.80 and 8.20 ppm, and the
two 2,Y-bipyridine a protons as doublets centered at 9.2 and 9.48ppm.
13CNMR spectrum in CDCI, (ppm from TMS): 31.8 (Me,); 67.5 (N-C);
121.2 (C-ortho, C,H,); 122.3, 122.5, 122.9 (C-8, bipy); 126.5 (C-para, C,H,);
128.1 (C-meta, C,H5); 139.7, 139.9 (C-y, bipy); 150.6, 151.6 (C-ipso; bipy);
152.5, 154.1 (C-a, bipy); 158.0 (C-ipso, C6H,).'
C. DICHLORO[ (1,1-DlMETHYLETHYL)IMIDO]
(PHENYL-

IMIDO)BIS(TRIMETHYLPHOSPHINE)TUNGSTEN(V1)

-

+
2[W(NCMe,)(NPh)C1,(PMe3),] + 2Me,CNH,

[W(NCMe,)(p-NPh)C1,(NH2CMe3)], 4PMe,

.

Procedure
Caution. Benzene is a human carcinogen and should be handled in a
well-ventilated hood with suitable gloves. Trimethylphosphine is spontaneously
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flammable in air. It has a vile odor and is very toxic by inhalation. It must be
kept under an inert atmosphere and manipulated in a well-ventilated hood.
Petroleum ether (100mL) is added with a syringe to tetrachlorobis( 1, l-dimethylethanamine)bis[( l,l-dimethylethyl)imidobis(phenylimido)ditungsten(VI)(2 g, 2 mmol) contained in a 250-mL two-necked round-bottomed flask
fitted with a gas inlet tap and a rubber serum cap. A solution of trimethyl
phosphine (1.2mL7 10.9mmol) in petroleum ether (40mL) in a 100-mL
two-necked round-bottomed flask fitted with gas inlet tap and rubber septum
is transferred to the suspension of the tungsten complex in petroleum ether.
The serum cap is replaced by a greased glass stopper, and the mixture is
stirred for at least 24 h. The dark red complex is removed by filtering, washed
twice with petroleum ether (30mL), and dried under vacuum. Yield: 2.1 g
(91%).
Anal. Calcd. for C,,H,,Cl,N,P,W:C,
H, 5.9; N, 5.5.

33.8; H, 5.7; N, 4.9. Found: C, 33.1;

Properties
The complex is air and moisture sensitive, but it can be stored for long
periods under N, without decomposition. It melts at 128-130°C and is
soluble in benzene and chloroform. In the IR spectrum v(,,--,-,) occurs at
240cm-'. The 'H NMR spectrum in CDCI, shows the tert-butylimido
methyl protons at 1.40 (ppm from TMS), the trimethylphosphine methyl
protons as a 1 :2: 1 triplet centered at 1.78 (,J, = 5 Hz), and the phenyl
group protons as a multiplet between 6.78 and 7.50. I3CNMR spectrum
(ppm from TMS): 14.9, 15.9, 17.0 (1:2:1 triplet, lJc-.p= 16.1 Hz, PMe,); 32.6
(Me,); 69.4(NC); 121.7, 124.5, 128.2 (C-ortho, meta, para, C,H,); 156.9
(C-ipso, C,H,). The ,'PNMR spectrum shows a singlet at h = 9.89 (external
H,PO,), indicating a trans configuration of p h ~ s p h i n e s . ~
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59. RELATIVELY AIR-STABLE M(I1) SACCHARINATES,
M = V, or Cr
Submitted by F. ALBERT COTTON,* EDUAHDO LIBBY,’
CARLOS A. MURILLO,+ and GRETTEL VALLE’
Checked by: M. BAKIR,’ D. R. DERRINGER,’ and R. A. WALTON’

In studies of the chemistry of vanadium(I1) compounds, it has been found
that one of the major limitations for the advancement of the field is the lack
of suitable starting materials, particularly those that could be used in
nonaqueous solvents.’.’ It is desirable for a good starting material to be
reactive, soluble, easily accessible and stable enough to be handled without
complex manipulations.
The synthesis of a vanadium(I1) saccharinate complex, namely,
tetraaquabis( 1,2-benzisothiazol-3(2H)-one 1 , l -dioxidato)vanadium(II) dihydrate that satisfies all of these characteristics’ and can be stored even in
the presence of air for a few weeks, without apparent decomposition, is
presented here. However, if it is to be kept for long periods of time, it is
better to store it under an inert gas.
Also included in this section are procedures for the synthesis of the
chromium analog and a pyridine substituted vanadium(I1) saccharinate. All
of these compounds are potentially useful in the synthesis of other metal(I1)
compounds. They are prepared in good yields and with high purity.
General Procedures and Techniques

The majority of the solutions are oxygen sensitive. Therefore, all reactions
are done under a nitrogen or argon atmosphere, using standard Schlenk-type
techniques. Water and 95% ethanol are refluxed under nitrogen prior to
*Contribution from Department of Chemistry and Laboratory lor Molecular Structure and
Bonding, Texas A & M University, College Station, TX 77843.
‘Department of Chemistry, University of Costa Rica, Ciudad Universitaria. Costa Rica.
:Department of Chemistry, Purdue University, West Lalayette. IN 47907.
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distillation. The rest of the solvents are dried and deoxygenated thoroughly
prior to use.
Starting Materials

Vanadium(I1)sulfatehexahydrate, VS04.6H,0, is prepared according to the
reported procedure,' as is also the Cr(I1) stock solution: except that for
the latter, the chromium metal is allowed to stand in contact with the
0.6 M HCl for 5 h at 70 "C while stirring.
All other reagents are used as received.

A. TETRAAQUABE( 1,2-BENZISOTHIAZOL-3(2H)-ONE
l,l-DIOXIDATO)VANADIUM(II)DIHYDRATE

-

VS04.6H,0

+ 2NaC,H4N0,S

[V(C7H4N03S)2(H,0)4].2H20
+ NaZSO,

Procedure
A solution of 8.0g (31 mmol) of VS04.6H,0 is prepared in 25mL of water
at 0 "C. Separately, a solution of 16.6 g (68 mmol) of sodium saccharinate
dihydrate is made in 27 mL of water. The latter solution is cooled to 10-15 "C
and is added to the vanadium sulfate. Upon mixing, the color changes to
red. To the reaction mixture is added 20mL of chilled 95% ethanol. After
24 h at 0 "C a crop of crystals is obtained. The red solid is thoroughly washed
with five portions of 20mL of cooled water and is dried under vacuum for
2 h. Yield: 4.3 g (26%).
The mother liquor which does not include the water from the washings,
is stored at 0°C for 6 days. Another crop of crystals is obtained. They are
cleaned as before. Yield: 2.5 g (1 5%).
Higher yields of 75% can be secured if the reaction mixture is allowed
to crystallize at - 18 "C for 2 weeks. However, it is more difficult to free the
product of the large crystals of sodium sulfate that are also formed, and
more washings with water are needed to obtain the pure product.

-

Anal. Calcd. for V(C7H4N0,S),.6H,0:V, 9.73; saccharin, 69.6, sulfate, 0.00,;
Found: V, 9.65; saccharin, 69.0; sulfate, 0.00.
Properties

Tetraaquabis( 1,2-benzisothiazol-3(2H)-one1, 1-dioxidato)vanadium(II) dihydrate is a compound with a remarkable stability toward air, particularly
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when it is crystalline. After some weeks exposed to the air, a green coating
begins to form on the compound. This may be eliminated by washing with
a mixture of water: ethanol: 18M H2S04 in a 5:5:1 ratio, until the green
color disappears. The product is then washed with water, ethanol, and diethyl
ether, and finally it is dried.
In spite of its d3 electronic configuration, the substitution reactions of the
complex are relatively fast. It is soluble in ethanol but is virtually insoluble
in water. However, it sometimes forms supersaturated solutions in water,
and may take very long periods of time to crystallize.
Single crystal X-ray analysis shows that the compound crystallizes in
the monoclinic space group P2Jc with a=7.936(2)& b = 16.149(5)&
c = 7.731(2)& f l = 99.84(2), V = 976.2(8)A3, and Z = 2. There is a centre
symmetric arrangement of two saccharinate nitrogen atoms and four
water molecules around the vanadium center.
Solid state (KBr pellet) IR spectra5 show the following main bands:
3600-3000 (s,b), 1620 (s), 1580 (s), 1460 (m), 1345 (m), 1285 (s), 1260 (w), 1150
(s), 1120 (m), 1050 (m), 950 (m), 880 (w), and 750 (m)cm-'.

B. BIS(I,2-BENZISOTHIAZOL3(2H)-ONE 1,l-DIOXIDAT0)TETRAKIS(PYRIDINE)VANADIUM(II)-DIPY
RIDINE

Procedure
Caution. To be done in a hood
In a distillation apparatus, 140 mL of pyridine is added to 7.73g (14.8mmol)
of V(C7H4N03S)2(H20)4]~2H20.
The deep red solution is warmed, and
60 mL of the solvent is removed by distillation at slightly above ambient
pressure (regulated by a mercury bubbler). The flask and its contents are
cooled to room temperature, and a layer of 135mL of hexane is carefully
placed on the reaction solution. The flask is cooled to - 20°C and after 1
day at this temperature a large crop of crystals forms. The mixture is shaken
to mix the liquid phases and is returned to the freezer. The next day, the
resulting black crystals are filtered and washed with four 20-mL portions of
hexane and are dried under vacuum for 5 min. Yield: 13.0 g (99%).

-

Anal. Calcd. for V(C,H4N03S),.6C5H5N:V, 5.72; saccharin, 40.9. Found
V, 5.75; saccharin, 41.0.
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Properties

Bis(l,2-benzisothiazol-3(2H)-one1,l-dioxidato)tetrakis(pyridine)vanadium(11)-dipyridine forms deep red crystals (almost black). As obtained by the
above procedure, the crystals are relatively large, and can be exposed to air
for a few minutes without any apparent decomposition. They can be weighed
in air without any problem. The compound is soluble in pyridine, ethanol,
and, to a lesser extent, in warm tetrahydrofuran (THF), from which it is
recrystallized as [V(C,H4N0,S)z(C,H,N)4]~2Hz0.2
Single crystal X-ray analysis shows that the compound crystallizes in the
orthorhombic space group Pbna with a = 15.430(6)& b = 18.323(4)A, c =
15.966(5)& V = 4514(2)A3,and Z = 4. The coordination of the metal atom is
octahedral, with deviations from regularity. There is a square set of four
pyridine nitrogen atoms and two trans oxygen atoms from the carbonyl
groups of the saccharinate ligands surrounding the vanadium atom.
The solid state KBr pellet IR spectrum shows the following main bands:
3600-3100 (s, b), 1605 (s), 1560 (s), 1480 (w), 1455 (m), 1440 (m), 1370 (m),1290
(s), 1150 (s), I1 15 (m), 1045 (m), 935 (m), and 745 (m)cm- '.
C. TETRAAQUABIS(1,2-BENZISOTHIAZOL-3(2H)-ONE
1,lDIOXIDATO)CHROMIUM(II) DIHYDRATE
Cr2+sq+ 2NaC7H4N0,S

-

[Cr(C7H4N03S)2(H,0)4].2H,0
+ 2Na+,,

Procedure

-

-

To 60mL of a stock Cr(I1) solution cooled to 0°C is added a solution of
sodium saccharinate at 12 "C. The latter is prepared by adding 36 mL of
water to 24.2g of sodium saccharinate hydrate and then adding 70mL of
absolute ethanol.
The yellowish-green solution is allowed to stand at - 20°C for 2 days.
The green crystals that form are filtered and washed with two portions of
I5 mL of cold water. The filtrate is almost colorless. The crystals are dried
at room temperature under vacuum for 3 h. Yield: 6.45 g.
Anal. Calcd. for Cr(C,H4N0,S),.6H,0:Cr,
Found: Cr, 10.2; saccharin, 69.7; C1, 0.00.

10.0; saccharin, 69.5; CI, 0.00.

Properties
Tetraaquabis( 1,2-benzisothiazol-3(2H)-one 1, l-dioxidato)chromium(II) dihydrate is a quite air-stable compound. Its crystals remain unaltered for days
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when exposed to the air, but the powder tends to decompose a little more
rapidly. Its substitution reactions are relatively fast.3 Its solubility in water
is low, but it is more solubie in pyridine. The addition of polar solvents such
as ethanol, THF, or acetone transforms the compound to a metal-metal
bonded dimer.6
Single crystal X-ray analysis shows that the compound is isomorphous
with its vanadium analog, as well as the other divalent transition metal
saccharinates. It crystallizes in the monoclinic space group P 2 , / c with
u = 8.042(4)A, b = 16.032(8)& c = 7.804(4)A, = 100.90(4), V = 9881(8)A3,
and Z = 2.
The solid state IR spectrum is almost identical to its vanadium analog.
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60.

PYRIDINIUM FLUOROTRIOXOCHROMATE(VI),
(CSH5NH)CCrO3FI
CrO,

+ H F + C5H,N -(C,H,NH)[CrO,F]

Submitted by MANABENDRA N. BHATTACHARJEE* and MlHlR
K. CHAUDHURI*
Checked by JAY H. WORRELL' and THOMAS LI'

One of the main interests in chromium(V1) chemistry is the synthesis of new
chromium(V1) compounds suitable for the effective and selective oxidation
of organic substrates, especially alcohols, under mild conditions. Pyridinium
*Department of Chemistry, North-Eastern Hill University, Shillong 793 003, India. Financial
support by the Department of Atomic Energy, Government of India, is gratefully acknowledged.
'Department of Chemistry, University of South Florida, Tampa, FL 33620.
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fluorotrioxochromate(VI), (C,H,NH)[CrO,F] (PFC),' is one of several
newly synthesized chromium(V1) compounds that has been shown to be a
very effective reagent,'.' exhibiting some specific advantages'.' over other
similar compounds used for the oxidation of organic substrates. The method
developed for the synthesis of PFC' involves the reaction of chromium(V1)
oxide, CrO,, with 40% hydrofluoric acid and pyridine. The method is rapid
and can be scaled up to larger quantities if desired.
Caution. HydroJluoric acid is toxic and causes severe skin and eye
burns. Protective gloves and goggles should be worn when handling it. The
synthesis should be carried out in a well-uentilated fume hood.
Procedure
A 5.0-g (50mmol) sample of chromium(V1) oxide, CrO,, and 3.5 mL (70mmol)
of 40% hydrofluoric acid are added to 12 mL of water in a 50 mL polyethylene
beaker. The mixture is stirred for 2-5 min, yielding a clear orange colored
solution. A 4.1-mL volume (50mmol) of distilled pyridine is added, in small
portions, to this solution with stirring. The mixture is heated on a steam
bath for 10-15 min to give bright orange, crystalline pyridinium
fluorotrioxochromate(V1). The compound is separated by filtration
(Whatman No. 41 paper) on a polyethylene funnel and is washed three times
with hexane. It is dried by pressing between the folds of a filter paper and
finally put under vacuum. Yield: C,H,NHCrO,F 8.9 g (90%).

Anal. Calcd. for H,FO,C,NCr: C, 30.16; H, 3.04; N, 7.04; F, 9.54; Cr, 26.12.
Found: C, 30.1; H, 3.07; N, 6.96; F, 9.6; Cr, 26.2.
Properties

Pyridinium fluorotrioxochromate(V1) is a bright orange, highly crystalline,
diamagnetic compound. It exhibits a melting point in the 106--108"C range.*
The compound is stable at ambient temperatures and may be stored for
prolonged periods in a sealed polyethylene bag.' It can be checked
periodically by estimation of either chromium or C, H, and N. Pyridinium
fluorotrioxochromate(V1) is soluble in water and acetone, less soluble in
dichloromethane and acetonitrile, and only sparingly soluble in benzene,
chloroform and hexane. The compound is an excellent oxidant'-, for organic
substrates.

-

*The checkers observed a melting point of 102-I08"C, with an orange to orange-brown color
change begining at 85 "C.
'The checkers stored the compound in plastic vials and observed no decomposition over several
months.
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The IR spectrum (KBr pellet) shows bands (cm-') at 952 (vl, Cr-0
980 (v,,
sym), 640 (v2, Cr-FFslrclch), 340 (v3, 0-Cr-0,
0-Cr-F),
and 260 (v6, 0-Cr-F).
Molar
Cr-Oasymrlrctch),375 ( v 5 , 0-Cr-0),
conductance of a 1 x
M solution in water at 25°C: AM=
128R-'cm2rnol-'. pH of a 1 x 10-'M solution in water is 2.45.
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61. DIPOTASSIUM TRIFLUOROSULFATOMANGANATE(II1)

+ ZHCHO + K2S04+ 4HF
K,[MnF,(SO,)] + K F + ZHCOOH + 2 H 2 0

KMnO,
-+

Submitted by MANABENDRA N. BHATTACHARJEEI and MIHIR
K. CHAUDHURI*
Checked by THOMAS LIt and JAY H. WORRELL'

Dipotassium trifluorosulfatomanganate(III),K,[MnF,(SO,)], was obtained
for the first time' in small amounts as a by-product from a preparation of crystals of dipotassium pentafluoromanganate(II1) monohydrate, K,[MnF,].H,O,
by an adaptation of Palmer's method.' This
result represents a rare example of a manganese(II1) compound having a
tetragonally compressed octahedral structure.' No method dedicated to the
preparation of K,[MnF,(SO,)] was available in the literature until recent1y.j
It was reported in 1984 that this interesting compound could be synthesized3
by allowing KMnO, to react with 40% H F and K,SO, in the presence of
formaldehyde, or from the reaction of MnO(0H) with 40% H F and K2S04.
Alternatively, the compound can be synthesized by the reaction of MnO(0H)
with 40% H F and K,S20,. The procedure presented here is based on the
reaction of KMnO, with aqueous hydrofluoric acid and K2S04 in the
presence of formaldehyde. The method is direct and can be scaled up if desired.
*Department of Chemistry, North-Eastern Hill University, Shilling 793 003, India. Financial
support by the Department of Atomic Energy, Government of India, is gratefully acknowledged.
'Department of Chemistry, University of South Florida, Tampa, FL 33620.
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8
Caution. Hydrofluoric acid and formaldehyde are toxic and cause
severe skin ( H F ) and eye ( H F and H C H O ) burns. Protective gloves and
goggles should be worn, and the synthesis should be carried out in a
well-ventilated fume hood.

Procedure
A 2.0-g (12.7mmol) sample of potassium permanganate and 2.25g
(12.93mmol) of potassium sulfate are ground together. The mixed powder
is transferred to a 200-mL polyethylene beaker and is dissolved in 40 mL of
a very dilute solution of hydrofluoric acid, made up of 4 m L (80mmol) of
40% hydrofluoric acid and 36mL of water, by warming over a steam bath
for 5-l0min. The mixture is then filtered through Whatman No. 41 filter
paper on a polyethylene funnel. The filtrate is collected in a 200mL of
polyethylene beaker and again warmed over a steam bath. A 4-mL amount
of 38% formaldehyde solution is added to the warm solution in small portions
with constant stirring, to obtain a deep brown solution. The solution is
25 mL by heating* on a steam bath; pink crystalline
concentrated to
K,[MnF,(SO,)] begins to appear in a few minutes. As the reaction proceeds
the solution color fades. The solution is allowed to cool to room temperature
1 h, to give pink crystalline K,[MnF3(S0,)].'*3 The compound is
for
separated by filtration on a polyethylene funnel and is washed three times
with ethanol. It is dried under vacuum. Yield: K,[MnF,(SO,)] 2.9 g(80.6%).

-

-

Anal. Calcd. for K,[MnF,(SO,)]: K, 27.32; Mn, 19.2; F, 19.92; SO,, 33.56.
Found: K, 27.5; Mn, 19.5; F, 20.2; SO,, 33.4.
Properties

The K2[MnF3(S0,)] is a pink crystalline compound that is unstable in
water and attacks glass surfaces very slowly in the presence of moist air. The
compound can be stored for prolonged periods in a sealed polyethylene
envelope. Its purity can be ascertained periodically by estimation of
manganese. The chemically estimated oxidation state3 of manganese is
between 2.9 and 3.1, supporting the presence of the metal in its + 3 state.
The pefI of the compound at 288K is 4.0 BM, a value higher than that
observed for the corresponding binary fluoromanganate(II1) compound
K,[MnF,].H,0.4 The IR spectrum (KBr pellet) shows bands (cm-') at
*The checkers note that if the mixture is heated rapidly on a hot plate and/or cooled rapidly,
an impure product is obtained that contains a gray-pink powder mixed with the desired dark
red-pink crystals.
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1240(s), 1150(s) and 1020(s) (v3), 970(s) (vl), and 684(s), 636(s), and 605(s)
and v4 are all S-0 modes]; 520(s) (vMulnPF).

(v4) [ v l , vjr
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62. cis-DICHLOROBIS( 1,2-ETHANEDIAMINE)PLATINUM(1V) CHLORIDE
2HCI + [Pt(en),]Cl,

conc HCI

trans-[Pt(en.HCI),C1,]

trans-[Pt(en*HCl),CI,]

A.7h

+ H,O,

--+

A.2h

cis-[Pt(en),CI2]C1,

+ 2H,O

en = 1,2-ethanediamine
Submitted by ROBERT M. KUKSUK,* WADE A. FREEMAN,* and
PIERRE R. LEBRETON*
Checked by GEORGE B. KAUFFMAN' and MATTHEW L. ADAMS'

The synthesis of the cis-dichlorobis( 1,2-ethanediamine)platinum(IV)ion was
first claimed by Heneghan and Bailar.' Later, Liu and Doyle2 reported the
optical resolution, physical (IR, NMR,and ORD) and chemical characterization of the complex ion, expressing doubt that the Heneghan and Bailar
procedure worked. Liu and Ibers3 confirmed the characterization of the
resolved complex with an X-ray diffraction study, and Liu and YOO*reported
some of its substitution reactions. The details of the synthesis of this complex
ion do not appear in refs. 2 to 4, but only in a more obscure referen~e.~
Perhaps because of this, little work with this interesting complex has
appeared, and some workers6 have attempted to use the original Heneghan
and Bailar synthesis, which, according to Liu,' yields only the trans isomer.

*Department of Chemistry, University of Illinois at Chicago, Chicago IL 60680.
'Department of Chemistry, California State University, Fresno, Fresno, CA 93740.

cis-Dichlorohis( I . 2-ethunediumine)platinum(l V ) Chloride
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In view of the continuing interest in the substitution reactions of
cis-dichloroplatinum(I1) complexes, we now report an improved procedure
for the synthesis of this related platinum(1V) complex. The synthesis uses the
approach designed by Doyle,5 but alters the details of the reaction conditions
so that the procedure is more reliable.
Procedure*

Caution. Concentrated HCl and 30% H 2 0 2 cause burns and have
irritating vapors. A well-ventilated fume hood, gloves. and safety glasses are
required when these materials are used.
8

A. t~a~s-DICHLOROBIS(1,2-ETHANEDIAMINE
MONOHYDROCHLORIDE)PLATINUM(II)
A 11.46-g (30.00mmol) quantity of bis( 1,2-ethanediamine)platinum(II)
chloride (Alfa) is dissolved in a minimal amount of water in a 500-mL
Erlenmeyer flask. [The bis( 1,2-ethanediamine)platinum(II)chloride must
first have been carefully recrystallized twice to insure its purity. Recrystallization is best accomplished by dissolving the solid in 50 mL of water, gravity
filtering, and allowing the filtrate to evaporate slowly. Pure [Pt(en),]Cl,
gives a colorless (not brown or yellow) solution when dissolved in water.
Impure [Pt(en),]Cl, drastically lowers the yield of this procedure.] A 200-mL
volume of concentrated HC1 is added, and the solution is heated to 89°C
for 7 h. The solution must not be boiled. The reaction mixture is allowed to
cool to room temperature, then it is chilled in an ice-water bath. The solid
that forms is collected by vacuum filtration, and the filtrate is set aside for
platinum recovery. The solid is then washed with lOOmL of water acidified
with five drops of concentrated HCI. The product dissolves in this washing,
and some insoluble yellow by-product, which is [Pt(en)CI,], remains on the
paper. This second filtrate is treated with 200mL of concentrated HCI at
room temperature, which precipitates the pure product. Yield: 4.65 g (30%).

-

Anal. Calc. for [Pt(C2H,N,.HCI),C1,]:
C, 10.46; H, 3.95; N, 12.20; C1,
30.89. Found: C, 10.47; H, 3.92; N, 12.25; CI, 30.89.
trans-Dichlorobis( 1,2-ethanediamine monohydrochloride)platinum(II) is
a pale yellow solid. The 13CNMR spectrum shows two peaks: S 39.8 and
43.4 (ppm relative to TMS), measured against an external reference of 5%
p-dioxane, which gives a single peak at 67.4 ppm.
*Note: The synthesis may be scaled down by proportional adjustment of the amounts of
reagents used.
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B. cis-DICHLOROBIS(l,2-ETHANEDIAMINE)PLATlNUM(IV)
CHLORIDE
cis-Dichlorobis( 1,2-ethanediamine)pIatinum(IV)chloride is prepared by the
controlled oxidation of trans-dichlorobis( 1,2-ethanediamine monohydrochloride)platinum(II). A 1.92-g (4.2 mmol) quantity of pure trans[Pt(en.HCI), CI,] is dissolved in a solution of three drops of concentrated
HCI in 20 mL of water in a 100-mL beaker. A 1.32-mL volume of commercial
30% H,O, is added. (A three- to sevenfold excess of H,O, works.) The
mixture is heated to 89 "C for 2 h. It must not be boiled. It is then evaporated,
at room temperature, under a gentle stream of air, until some crystals appear.
The addition of approximately five times the volume of the solution of icecold absolute ethanol precipitates the bulk of the crude product. A second
crop can be obtained by repeating these steps. The crude solid is collected
by vacuum filtration, and washed, first with absolute ethanol, then with
diethyl ether.
The solid is dissolved in a minimal amount of a solution prepared by
mixing l00mL of water with 15 drops of concentrated HCl. The solution is
cooled in an ice-water bath for 15 min and vacuum filtered. This removes
a red by-product that appears in some experiments. The pure product is
obtained by evaporating the solution to crystallization on a steam bath,
cooling it slowly to ice temperatures, and then adding five times the volume
of the solution of ice-cold absolute ethanol.

-

Anal. Calcd. for [Pt(C,H,N,),CI,]Cl,:
C, 10.51; H, 3.54; N, 12.26; C1, 31.02.
Found: C, 10.79; H, 3.54; N, 12.38; C1, 30.67. Yield: 1.35 g (70.6%).*

Properties
cis-Dichlorobis( 1,2-ethanediamine)platinum(IV) chloride is a white (sometimes off-white) solid, soluble in water. The I3C NMR spectrum shows two
peaks: 646.6 and 49.9 (ppm relative to TMS), measured against an external
reference of 5% p-dioxane. Bands in the IR spectrum are 2988(vs), 1640(m),
1553(m), 1522(m), 1445(m), 1304(m), 1176(s), 1136(m), 1053(s), and
988 (w) cm- Recrystallization from water (slightly acidified with HCI) gives
colorless prisms with an optic axial angle, 2V, equal to 80".

'.
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63. BIS(1,1,1,5,5,5-HEXAFLURO-2,4-PENTANEDIONAT0)PALLADIUM AND ITS COMPLEXES WITH
2,2'-BIPYRIDINE AND BIS[2-(DIPHENYLPHOSPHINO)ETHYLJPHENYLPHOSPHINE
Submitted by A. R. SIEDLE*
Checked by X. L. LUO and R. H. CRABTREE'

Bis(1,1,1,5,5,5-hexafluoro-2,4-pentanedionato)palladium
has an extensive
acid-base chemistry. Reactions with nucleophilic ligands lead to sequential
Pd-0
bond cleavage and formation of complexes of the type
Pd(CF,COCHCOCF,),(ligand), (n = 1-4)'
The ionic complex with
2,2'-bipyridine (bipy) may be represented as [Pd(bipy)(O, 0-CF,COCHCOCF,)] [CF,COCHCOCF,]; the coordinated [CF,COCHCOCF,] ligand in it is readily displaced by other ligands so that the complex is a
source of Pd(bipy)2+.2The semichelating CF,COCHCOCF, ligand in
[Pd[Ph2PC2-H4P(Ph)C,H4PPhJ(CF,COCHCOCF,)][CF,COCHCOCF,]
similarly undergoes facile displacement, and this compound provides a
source of Pd(Ph,PC,H,P(Ph)C,H4PPh2)2 +., Bis (hexafluoropentanedionato)
palladium is also useful in preparing formazan palladium chelates4and orthometalated compounds such as P d ( C 6 H , N = N C 6 H S ) ( C F , C ~ ~ ~ ~ ~ ~ ~ ~ ) .
It reacts readily with condensed phase donors such as alumina to form a
surface complex that is easily reduced to catalytically active coatings of
metallic palladium.' Unlike its nickel(I1) analog, the palladium complex has
a low affinity for oxygen donors and is obtained from aqueous media in
anhydrous form. The palladium starting material used here, PdCl,, was
selected on account of availability and relatively low cost. However, hydrated
Pd(NO,), or the Li+ or Na+ salts of PdCI4'- may be substituted.

*3M Corporate Research Laboratories, St. Paul, MN 55144.
'Department of Chemistry, Yale University, New Haven, CT 06520.
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A. BIS(1, ,1,1,5,5, IHEXAFLUORO-2,4-PENTANEDIONATO)PALLADIUM

2Na[CF,COCHCOCF,]

+ PdC1,

-

Pd(CF,COCHCOCF,),

+ 2NaCI

.

Procedure
Caution. Contact with liquid hexafluoroacetylacetone or its vapor or
with PdCl, dust should be avoided. These materials are toxic and should be
handled with gloves in a well-ventilated hood.
The preparation is conveniently carried out in a 500-mL creased flask
fitted with a paddle stirrer or, alternatively, in a blender. Smaller scale
preparations may be conducted in an Erlenmeyer flask using a magnetic
stirrer. Because PdCl, is only sparingly soluble in water, the mixture is
heterogeneous and the amount of time required for completion of the reaction
varies with efficiency of stirring.
A solution of Na[CF,COCHCOCF,]
is prepared by adding 22.7g
(0.11 mol) commercial 1,1,1,5,5,5-hexafluoro-2,4-pentanedione
to 1 10mL of
1 M aqueous sodium hydroxide and stirring until the diketone dissolves.
Powdered palladium(I1) chloride, 9.8 g (0.055mol) is then added in four
portions with vigorous stirring. The reaction mixture thickens as the product
separates, and 50mL of water is added to reduce the viscosity and facilitate
stirring. After stirring for 12-14 h, the reaction mixture is filtered through a
medium porosity glass frit. The solids are sucked dry (because of the volatility
of the product, the yield is reduced if this operation is prolonged) and then
extracted with 50 mL of dichloromethane. The yellow dichloromethane
solution is separated from a small amount of water by decantation or with
a separatory funnel, filtered through paper, and evaporated to dryness under
water aspirator vacuum. Sublimation at 50"C onto a 0 "C cold finger using
a mechanical pump provides 19.2 g (67%) of product as dense, yellow-orange
needles. Insertion of a small plug of glass wool beneath the cold finger
prevents contamination by a small amount of black, fluffy nonvolatile
residue. Prolonged sublimation under dynamic vacuum results in some loss
of the product into the cold trap. (The checkers ran the reaction on one fifth
this scale and, using a water aspirator vacuum, obtained a yield of 72%.)

Anal. Calcd. for C,oH,F,,O,Pd C, 23.1; H, 0.4; F, 43.9;Pd, 20.4. Found:
C, 23.0;H, 0.5; F, 43.8;Pd, 20.7.
Properties

The compound is readily soluble in hydrocarbons such as hexane and toluene,
in chlorinated hydrocarbons such as dichloromethane and chloroform, and
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in tetrahydrofuran, acetonitrile, and methanol. Solubility in water is
very low. Solutions in aliphatic alcohols slowly decompose with deposition
of metallic palladium.' Bis(1,1,1,5,5,5-hexafluoro-2,4-pentanedionato)palladium is quite volatile and is best purified by sublimation. The melting
point, determined by differential scanning calorimetry, is 99.6 "C, but, because
of the volatility of this material, melting points measured in capillaries are
not reliable criteria of purity and this is better determined by NMR and
elemental analyses. The 'H and I9FNMR spectra [in CDCl, relative to
internal (CH,),Si and CFCl,] comprise singlets at 6.42 and - 73.6ppm,
respectively. The IR spectrum (Nujoi mui1) contains strong bands at 1600,
1450,1265,1230,1210,1175, 1155, 1105, and 810cm-'. The crystal structure
has been reported.'

B. (Z,Z'-BIPYRIDINE)(l,1,1,5,5,5-HEXAFLUORO-2,4PENTANEDIONATO)PALLADIUM(II) I91,1,5,5,5-HEXAFLUORO-2,4-DIOXO-3-PENTANIDE

-

(CF3COCHCOCF3)ZPd + C,oH,Nz
[Pd(C ,H,N,)(CF,COCHCOCF,]

[CF,COCHCOCF,]

Procedure
A solution of 0.26 g (0.5mmol) bis(hexafluoropentanedionato)palladium in
8 mL of toluene is added to 0.08 g (0.5 mmol) 2,2'-bipyridine in 3 mL of the
same solvent. The product separates as yellow crystals that are collected on
a filter, washed with toluene then pentane, and vacuum dried using a
mechanical pump. Yield: 0.32 g (95%). mp 193 "C (dec).
Anal. Calcd. for C,,H,,F,~N,O,Pd:
H, 1.4; N, 4.0.

C, 35.5; H, 1.5; N, 4.1. Found: C, 35.2;

Properties
The compound is soluble in dichloromethane, methanol, and acetonitrile,
slightly soluble in chloroform and insoluble in water and aromatic
hydrocarbons. At 24 "C, the 94.2 MHz I9F NMR spectrum in CD,CN
comprises a singlet at - 74.7 ppm (w/2 = 240 Hz). The 100 MHz NMR
spectrum in acetone-d, contains peaks at 8.96 (dd, 1.4, 8.3), 8.56 (dt, 1.5, 7.9),
8.56 (dd, 1.5, 5.8), and 8.03 (ddd, 1.3, 5.7, 8.0Hz) due to the bipy ligand and
a broad singlet at 6.1ppm due to the methine protons in the exchanging
CF,COCHCOCF, groups. The IR spectrum (Nujol mull) contains strong
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bands at 1670, 1630, 1610, 1455, 1275, 1215, 1155, 1130, and 780cm-'. The
crystal structure has been reported.'

C. [BIS[2-(DIPHENYLPHOSPHINO)ETHYL]PHENYG
PHOSPHINE](l,l, 1,5,5,5-HEXAFLUORO-2,4PENTANEDIONATO)PALLADIUM(II) 1, 1, 1,5,5,5-

HEXAFLUOR0-2,4-DIOXO-IPENTANIDE

(CF3COCHCOCF3)'Pd

+ (PhzPC2H4)zPPh

[Pd[(PhzPCzH4)zPPh] (CF,COCHCOCF,)] [CF,COCHCOCFJ

.--*

Procedure

A solution of 0.52g (1 mmol) Pd(CF,COCHCOCF,), in 3 mL of toluene is
added with stirring to 0.53g (1 mmol) (Ph,PC2H,),PPh (triphos) in lOmL
of warm toluene. Methylcyclohexane, 15 mL, is added to the resulting orange
solution. After standing for 1 h at room temperature, the reaction mixture is
cooled in a wet ice bath, then filtered to provide 0.68 g of product as fibrous,
cream colored needles. These are suficiently pure for synthetic purposes.
Analytically pure material, mp 192"C, results from recrystallization by slow
rotary evaporation of a dichloromethane-hexane solution of the compound.
The yield of the recrystallized complex is 0.60g (57%). (The checkers ran this
reaction under argon on one half the above scale and obtained a 71% yield
after recrystallization.)
Anal. Calcd. for C,,H,,F,,O,P,Pd
C, 50.3; H, 3.2; P, 8.5; Pd, 10.3.

C, 50.1; H, 3.3; P, 8.8; Pd, 10.0. Found

Properties

The complex is soluble in dichloromethane, acetonitrile, acetone and
methanol. The coordinated semichelating CF,COCHCOCF, group undergoes an intramolecular rearrangement and also exchanges with the noncoordinated [CF,COCHCOCF,]-. Therefore, the 'H and "FNMR spectra
are temperature and field dependent. At 27 "C, the 400 MHz 'H spectrum in
CDCl, contains two broad singlets at 5.62 and 5.23 ppm of unit area due to
the methine protons in the nonequivalent CF,COCHCOCF, groups (the
checkers observed 5.62 and 5.19 ppm at 250 MHz). The ,'P NMR spectrum
shows peaks at 108.2 (d) and 48.6 (t, J,, = 9.5 Hz) (external 85% H,P04
reference).The IR spectrum (Nujol mull) contains strong bands at 1670, 1550,
1535, 1255, 1210, 1185, 1135, and 480cm-'.
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Chapter Nine

LIGANDS AND OTHER MAIN
GROUP COMPOUNDS

64. HYBRID TERTIARY PHOSPHINE AMINE AND AMIDE
CHELATE LIGANDS N-[2-(DIPHENYLPHOSPHINO)PHENYLIBENZAMIDE AND 2-(DIPHENYLPHOSPHIN0)N-PHENY LBENZAMIDE
Submitted by DAVID HEDDEN* and D. MAX ROUNDHILL*
Checked by BRUCE N. STORHOFF' and M. BRIAN ARNOLD'

Functionalized tertiary aryl phosphines play an important role in transition
metal coordination chemistry. These compounds have been used as Iigands
in synthesis, catalysis, mechanistic studies, and in the study of coordination
compounds as structural models.' In this contribution the syntheses of two
new types of these ligands, tertiary aryl phosphines functionalized by an
amide group, are detailed. The published coordination chemistry of these
compounds includes the study of intramolecular N-H oxidative addition,
the synthesis of chelates stabilized amido complexes, and the preparation of
complexes with both five- and six-membered chelate rings.2
The starting materials for these ligand syntheses are known phosphines
that can be modified by standard synthetic methodology. Furthermore, these
synthetic routes are general methods since the reagent that modifies the
nitrogen group of the starting phosphine (synthesis in Section A), or which
introduces the nitrogen functionality into the ligand (synthesis in section B)
*Department of Chemistry, Tulane University, New Orleans, LA 701 18.
'Department of Chemistry, Ball State University, Muncie, IN 47306.
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can be replaced by a homolog reagent. In this manner, the steric and/or
electronic properties of the nitrogen group can be controlled.

A. N-[2-(DIPHENYLPHOSPHINO)PHENYL]BENZAMlDE

tetrahydrofuran = T H F (solvent)

.

Procedure
Caution. Tetrahydrofuran is extremelyflammable and forms explosive
peroxides: only fresh peroxidegree material should be used. Pyridine, benzoyl
chloride, and dichloromethane are harmful fi inhaled. Benzoyl chloride causes
severe skin and eye burns. All manipulations should be carried out in a wellventilated fume hood; protective gloves and goggles should be worn.
Tetrahydrofuran is dried over sodium benzophenone and a fresh sample
is distilled under nitrogen into the reaction vessel immediately before use.
Pyridine is sequentially dried over powdered KOH and CaH, for a total of
12 h. The CaH,-dried sample is distilled under nitrogen into a flask containing
activated 4 ~ 4molecular sieves (Aldrich). The flask is stoppered under a
nitrogen blanket. Benzoyl chloride is distilled under nitrogen and is used
immediately.
2-(Dipheny1phosphino)ben~enamine~(2.46 g, 8.9 mmol) and pyridine
(2.12 g, 26.7 mmol) are dissolved in dry T H F (10 mL) contained in a 25-mL
two-necked round-bottomed flask fitted with a Suba-Seal rubber septum
(Strem), an oil bubbler connected to a nitrogen source, and a magnetic stirring
bar. Freshly distilled benzoyl chloride (1.25 g, 8.9 mmol) is rapidly added to
the stirred solution via a syringe through the rubber septum. A white precipitate
of pyridine hydrochloride is formed immediately. The suspension is stirred
under nitrogen for 30 min. The white precipitate is removed by filtration in
air and then washed with THF (4 x 20mL). Removal of the solvent from
the combined washings and filtrate using a rotary evaporator gives a viscous
white oil. Unreacted pyridine is removed by washing the oil with water
(6 x 25 mL) using a separatory funnel.* The remaining oil is dissolved in
*The checkers dissolved the oil in 50mL of dichloromethane and then washed the solution
with 2 x 25mL of 5% (aq) HCI. This procedure reduced the pyridine odor.
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dichloromethane (1 5 mL) and the solution is dried over anhydrous MgSO,
for 12 h. After filtering off the solids and washing them with dichloromethane
(20mL), the volume of the solution is reduced to
3 mL on a rotary
evaporator. Hexane (100mL) is added, and the cloudy solution is stored
overnight at - 10°C. The resulting white needles are collected by filtration,
lightly washed with hexane (lOmL), and dried in uacuo (1 torr, 24 h, 25 "C).
Yield: 2.81 g (83%); mp 107 to 108 "C.

-

Anal. Calcd. for C2,H,,NOP C, 78.7;H, 5.29; N, 3.67;P, 8.12.Found:C,
78.8; H, 5.47; N, 3.67;P, 8.22.
The previous procedure has been scaled up by a factor of 10 with no
decrease in yield or product purity.
Properties

The crystalline solid has been stored in air for several months without any
detectable decomposition. It displays the solubility properties expected for
a tertiary aryl phosphine: It is soluble in ethers, chloroform, toluene, and acetone, but insoluble in hexane and ethanol. IR(Nujo1 mull): v , ~ " )= 3350cm-',
v(col = 1680cm-'. 'H NMR(CDC1,): 68.80 (NH, l H , broad): 8.53-8.45,
7.7-6.9 (ArH, 19H, multiplet). 31PNMR(CDCI,): 6 - 20.3.
This synthesis yields exclusively the 2 rotational isomer of the amide as
Conversion to the E isomer cannot be
determined by IR ~pectroscopy.~
induced by either deprotonation-protonation of the NH group, or by heating
in vacuo at 220°C.
N-[2-(Diphenylphosphino)phenyl]acetamide has been synthesized by
substituting benzoyl chloride by acetyl chloride. It should also be possible
to use other types of N-acylating reagents such as acid anhydrides5

B. E(DIPHENYLPHOSPHIN0)-A'-PHENYLBENZAMIDE

Procedure

Caution. Chloroform is a suspected carcinogen and may cause adverse
reproductive effects. Anifine may cause cyanosis and may be fatal ifabsorbed
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through the skin. Dicyclohexylcarbodiimide may cause allergic skin reactions.
Protective gloves and goggles should be worn, and all manipulations should be
carried out in well-ventilated fume hood.
A 250-mL two-necked round-bottomed flask is equipped with a Teflon
coated magnetic stirring bar and a 125-mL pressure equalizing dropping
funnel that is capped with an oil bubbler. The oil bubbler is connected to a
nitrogen source. Chloroform (50mL of reagent grade) is then placed in the
flask and is deoxygenated with nitrogen. Under a nitrogen flush,
2-(diphenylphosphino)benzoicacid (6.12g, 20 mmol)6 and freshly distilled
aniline (0.93g, 20mmol) are added to the flask through the open neck. The
flask is immersed in an ice bath, and the solids are dissolved with stirring
to give a yellow solution. While the mixture in the flask is cooling, the
dropping funnel is charged with a nitrogen saturated solution of
N,N'-dicyclohexylcarbodiimide(Aldrich) (4.12 g, 20 mmol) in CHCI, (50mL).
The solution is added dropwise over a 30-min period to the stirred, cooled
solution in the flask. A white precipitate, N , N'-dicyclohexylurea, forms. The
reaction mixture is allowed to warm to room temperature, and it is then
stirred under nitrogen for 2 h. The suspension is vacuum filtered through a
medium porosity glass frit, and the white solids left on the frit are washed
with CHCI, (2 x 20mL). Rotary evaporation of the combined filtrate and
washings gives a yellow oil. Product isolation is achieved by column
chromatography on silica gel (230-400 mesh silica gel, 6 x 40-cm column).*
Elution with CH,Cl, gives two colorless, mobile bands. The eluant is collected
in 10-mL fractions. The progress of the chromatogram is monitored by thin
layer chromatography (TLC) (CH,C12 eluant; silica gel 6OFZs4TLC plates
(EM Reagents); Band 1: R,=0.6, Band 2: R,= 0.35). The leading band
contains the product. The fractions that test positive for the product are
combined, and solvent is removed by rotary evaporation to give the product
as a white powder. Yield: 3.41 g (56%based on reacted 2-(diphenylphosphino)benzoic acid, see below),+ mp 179- 180 "C. An analytical sample is prepared
by the addition of hexane to a saturated CH,Cl, solution of the compound.
The fluffy, white needles are isolated by filtration and dried in vacuo (1 torr,
25 "C, 24 h).
'The checkers isolated the product by standard flash separation chromatography on Bakerflex
flash-grade silica. Unreacted 2-(diphenylphosphino)benzoic acid was obtained as the first band,
and the product was obtained cleanly as the second band. An unidentified phosphorus compound
was detected in the column wash by "PNMR.
'The checkers obtained a yield of 1.44g (19%). and observed only a trace of
N, N'-dicyclohexylurea precipitate during addition of the carbodiimide. They attribute the low
yield to contamination of their nitrogen gas with water, a condition discovered after the
experiments were completed. The submitters note that, over the 30-min addition period, water
in the nitrogen gas would hydrolyze the moisture sensitive N. N'-dicyclohexylcarbodiimide and
would thus reduce the yield.
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Anal. Calcd. for C,,H,,NOP: C, 78.7; H, 5.29; N, 3.67; P, 8.12. Found: C,
78.8; H, 5.34; N, 3.66; P, 8.06.
The (amide I) second chromatographic band is discarded. The yellow band
that remains at the top of the column is removed by elution with CH,CN.
Solvent removal gives 1.2 g unreacted 2-(diphenylphosphino)benzoic acid.
The above procedure has been scaled up by a factor of 10 without any
decrease in yield or product purity when the product mixture is
chromatographed in portions.
Properties
The E rotational isomer of the amide is the sole product of this reaction, as
determined by IR ~pectroscopy.~
IR (Nujol mull): v ( ~=~3240cm-';
)
v ! ~ =~ ,
1650cm-'. 'H NMR(CDC1,): 67.8-6.8 (ArH and NH, 20H, multiplet).
"PNMR(CDC1,): 6 -9.8.
Sublimination (1 torr, 250 "C) of the E isomer results in a thermally induced
E -,Z isomerization. For the Z isomer: mp 145-146 "C.
Anal. Calcd. for C,,H,,NOP: C, 78.7; H, 5.29; N, 3.67; P, 8.12. Found: C,
78.6; H, 5.35; N, 3.64; P, 7.99.
IR(Nujolmul1): v(NH)= 3360cm-'; vco!= 1650cm-'.
Both isomers are air-stable crystalline solids that are soluble in ethers,
chloroform, benzene, and acetone.
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65. 1,l-DIMETHY L-N-(TRIMETHYLSILYL)ETHANAMINE
Submitted by A. J. NIELSON*
Checked by B. L. HAYMORE'

Medic1 + 2Me3CNH2

pclroleurncthcr

O'T

P

Me,SiNHCMe3

+ Me,CNH3CI

N-(Trimethylsily1)alkanamines(Me,SiNHR) are important reagents for the
synthesis of alkylimido complexes (MENR) of the earlier transition metals.
In particular, they are useful in the preparation of bis(organoimid0)
complexes of tungsten(VI).2 The silylamines have been prepared by alcohol
elimination3 and tran~amination~
reactions, but the most convenient method
is the reaction between chlorotrimethylsilane and a primary a l k ~ l a m i n e , ~
although the yields have generally been low. The following procedure for
the synthesis of t ,1-dimet hyl-N-(trimethy1silyl)et hanamine, employing
strictly anhydrous conditions, gives a yield in excess of 80%. The method is
applicable to a variety of N-(trimethylsily1)alkanamines.
Starting Materials and General Procedure

Petroleum ether (bp fraction 40-60°C) is dried over sodium wire, and
chlorotrimethylsilane (Aldrich) is used without further purification.
1,l-Dimethylethanamine is dried over and distilled from calcium hydride
and stored and handled under nitrogen under strictly anhydrous conditions.
Commercial oxygen-free dry nitrogen is used. When solutions are transferred
between flasks, or between flask and dropping funnel, a stainless steel transfer
tube is used. Each flask is fitted with a gas inlet tap and a serum cap through
which the transfer tube passes. The nitrogen supply to the receiving vessel
is turned off, and a vent needle is passed through the septum. With the
transfer tube placed below the level of liquid, a positive nitrogen pressure is
used to force the solution into the receiving flask. All glassware is oven dried
and completely flushed with nitrogen before use.

.

Procedure

Caution. Chlorotrimethylsilane and 1 1 -dimethylethanumine are
extremelyj7ammahie. high vapor pressure, toxic irritants. They can cause severe
I

*Department of Chemistry, University of Auckland, Private Bag, Auckland, New Zealand.
'Monsanto Co., 800 N. Lindbergh Boulevard, St. Louis, MO 63167.
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skin and eye burns. Chlorotrirnethylsilane reacts violently with water. The
synthesis should be carried out in well-ventilated fume hood, and protective
gfoves and goggles should be worn.
Petroleum ether (400mL) is placed in a 1-L three-necked round-bottomed
flask, fitted with a gas inlet tap, a 250-mL dropping funnel, and a mechanical
stirrer. 1,l-Dimethylethanamine [135 mL (94 g). 1.28 mmol] is added by
syringe to the petroleum ether; the flask is then flushed with N, and cooled
with an ice bath. Chlorotrimethylsilane [75 mL (64.2 g), 0.59 mmol] in
petroleum ether (l00mL) is transferred to the dropping funnel, and the
pressure is equalized to the flask. The silylchloride is added dropwise to the
1,l-dimethylethanamine-petroleumether solution over a period of 2 h, while
the mixture is rapidly stirred and the ice bath maintained. A dense precipitate
of 1, I-dimethylethanamine hydrochloride forms during the reaction. After
the addition is complete, stirring is continued for a further 4 h with the ice
bath removed, and the reaction mixture is then allowed to stand overnight
under N,. The solution is quickly filtered in the air through a sintered filter
funnel into another I-L three-necked round-bottomed flask equipped with
a gas inlet tap and stopper. The amine hydrochloride is washed twice with
petroleum ether (100mL), and the flask is then stoppered and flushed with
nitrogen. (Approximately 60 g of the amine hydrochloride is obtained after
drying in an oven at IOO"C, indicating that the reaction has gone to > 90%
completion.) The flask is set up for distillation through an 18-in. fractionating
column, keeping all the apparatus flushed with nitrogen, and the petroleum
ether is distilled off. (Note: the distillation should not be discontinued until
the temperature of the solution reaches 90 "C because some of the petroleum
ether fraction is retained at this temperature.) The contents of the flask are
transferred under N, to a 250-mL two-necked round-bottomed flask fitted
with a gas inlet tap and rubber serum cap. The flask is set up for distillation
through an 18-in. fractionating column, which is well lagged or heated, and
the fraction is collected when the thermometer reads 110 to 120°C but no
higher than I25 "C. The yield of 1, 1-dimethyl-N-(trimethylsily1)ethanamine
is 93mL (82%).* (Note: Depending on the efficiency of the column some
product will collect with the fraction obtained up to 110°C. This may be
recovered by refractionation, bringing the yield to 90%.)

-

Propert ies
The product obtained from the above procedure is pure enough for most
applications, but it should be redistilled through a fractionation column, and
*The checker obtained a yield of 72y0 using glassware that had not been oven dried. Dried
glassware improved the yield to 7602. Dried glassware and freshly distilled Me,SiCI gave 89%
yield.

the distillate collected at 120-122 "C, if extremely pure amine is ryquired.
1,l-Dimethyl-N-(trimethylsilyl)ethanamine
is hydrolytically sensitive and
should be stored under N, in a Schlenk tube fitted with a rotoflow cap and
transferred with a syringe. The 'H NMR spectrum shows equal intensity
methyl group singlets at 0.0 and 1.1 ppm from TMS. Physical data for a
series of N-(trimethylsily1)alkanamines are shown in Table I.
TABLE 1 Physical Data for N-(Trimethyl~ilyI)alkanamines~~~
Me,SiNHCMe,
Me,SiNHCHMe,
Me,SiNHEt
Me,SiNHMe

bP("C)

NU20

d20

121-122
102-103
90-9 1
71

1.4076
1.3950
1.3929
1.3901

0.754
0.733
0.730
0.739
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66. ETHYNYLPENTAFLUOR0-k6-SULFANE (SF5C=CH)

-

+ HC=CH s7 -c
SF,CH=CHBr + KOH
SF,Br

SF,CH=CHBr
pclrolium ether

SFSC=CH

+ KBr + H,O

Submitted by ROBIN J. TERJESON,* JO ANN CANICH,* and GARY L. CARD*
Checked by MARK R. COLSMAN,' MARK A. UREMOVICH,' and STEVEN H.
STRA USS+

It is known that the introduction of SF, groups into molecular systems can
bring about significant changes in their physical, chemical, and biological
*Department of Chemistry, Portland State University, Portland, OR 97207.
'Department of Chemistry, Colorado State University, Fort Collins, C O 80523.
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properties. These properties are manifested by various applications, such as
solvents for polymers, perfluorinated blood substitutes, surface-activeagents,
fumigants, and as thermally and chemically stable systems.' The syntheses
of these compounds are the subjects of ongoing studies. One compound of
particular interest is ethynylpentafluoro-A6-sulfane(SF,C=CH), which has
been used as the starting reagent for the syntheses of a number of novel and
interesting SF, derivative^.^.^
The two-step procedure described here represents a convenient, facile
synthesis that produces S F S C s C Hin high yields."
Procedure

Caution. Sulfur bromide pentafluoride is an extremely toxic and
moisture sensitive compound. This material should be handled in a wellventilated fume hoods or on vacuum lines. Acetylene is a reactive gas, and care
must be taken to avoid the presence of oxygen and pressure build-up; in closed
reaction vessels, the total pressure must be under 30 atm.
A. SF,CH=CHBr

Into an evacuated 150-mL Hoke stainless steel vessel equipped with a Whitey
stainless steel value, SF,Br* (5.69 g, 27.5 mmol) and CH=CH (l.OOg, 38.5
mmol; Airco, technical grade, used as received) are condensed at - 196 "C.
The mixture is heated at 55 f 2 "C for 3.8 days. The pure, hydrolytically and
thermally stable product, SF,CH=CHBr (5.13 g, 22.0 mmol) is obtained by
distillation in a Kontes (14/20), all glass apparatus, at atmospheric pressure
(bp 86 +_ 2 "C). Yield 80%:'

B. SF,C=CH
The apparatus that is used for the dehydrobromination of SF,CH=CHBr
consists of a 250-mL three-necked round-bottomed Pyrex glass vessel,
equipped with a Teflon stirring bar, an addition funnel (125mL), a nitrogen
*SF,Br can be prepared by the interaction of BrF (45 mmol) with SF4 (45 mmol) in the presence
of CsF (13mmol) in a 30-mL Hoke stainless steel vessel at 80-90"C for 24h. The reaction
products are separated under dynamic vacuum by a trap-to-trap system with traps cooled to
-95 and - 112°C. The SF,Br is collected in the -112°C trap (Yield -75%). The compound
BrF is prepared by equilibration of BrF, (16mmol) and Br, (16mmol) in a 150-mL stainless
steel vessel at room temperature., The chemicals SF, and CsF may be purchased from Peninsular
ChemResearch (PCR), BrF, from Ozark-Mahoning and Br, from Mallinckrodt.
'The checkers vacuum distilled the product and collected it in a -35 "C trap. Yield 65%. They
noted the presence of a small amount of nonvolatile solid when the product is frozen at - 196°C
and then warmed to room temperature.

Ethynylpentajluoro-lb-suljane(SF,C

= CH)
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inlet tube, and a West (Kontes) reflux condenser. A 100-mL Pyrex glass
vacuum trap (cooled to - 196"C) is connected to the condenser and protected
from the atmosphere by a mercury bubbler. In the reaction vessel, 80 mL of
petroleum ether (90-120°C fraction; Baker)* is heated to reflux, and KOH
(11.5 g, 205 mmol; Baker) is added. The compound, SF,CH=CHBr (20.0g,
85.8 mmol) is added slowly over 0.8 h, and additional KOH (17.1g, 305 mmol)
is added during this period (the KOH turns brown and sludgelike). The
mixture is allowed to heat at reflux under slow nitrogen flow for an additional
2 h. The product is transferred under vacuum (< 1 torr) at - 78 "C to another
100-mLvacuum trap cooled to - 196 "C. The product, SFSC=CH, is collected in a 49% yield (6.38g, 42.0mrn01).~*'The IR spectrum agrees with that
previously reported.f
Properties

Ethynylpentafluoro-A6-sulfaneis a hydrolytically and air stable colorless gas
with a boiling point of 6 OC.'
The IR spectrum4 contains the following bands (cm-'): 3338 (ms), 2118
(m), 1613 (vw), 1506 (vw), 1344 (w with sh at 1338), 893 (vs, b), 730 (w), 720
(w), 674 (ms), 628 (m), 621 (m), and 590 (ms). The very strong band centered
at 893 cm- ' is characteristic of the S-F stretching vibration; the absorption
band at 620cm-' is attributed to the S-F deformation mode.6 The
acetylenic(-C==C-)
and the C-H absorptions occur at 2118 and
3338cm-', respectively. The 19FNMR spectrum: $71.8 (SF), and 480.3
(SF,) are multiplets with JsF,- = 151.8 Hz. The 'H NMR spectrum: 62.67
= 3.15 H z ) . The
~ positive ion mass spectrum for SF,C=CH has
(pentet;
been determined: (SF5C2H)+,(SF4C2H)+,(SF,)', (SF,)', and (C2HF)+.2
References
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*The checkers used octane.
'The checkers used 3 g ofSF&H=CHBr in the dehydrobromination step; their yield was 25%.
They note that the use of a - 196°C trap in the gaseous nitrogen stream causes condensation
of liquid nitrogen as well as the product. They attribute their low yield to loss of products as
the liquid nitrogen in the trap boils away during the vacuum transfer, and they suggest using
a - 131 "C (pentane slush) trap to avoid this problem.

332

Ligands and Other Main Group Compounds

4. J. M. Canich, M. M. Ludvig, W. W. Paudler, G. L. Gard, and J. M. Shreeve, fnorg. Chem.,
24, 3668 (1985).
5. K . 0.Christe, E. C. Curtis, and C. J. Schack, Spectrochim. Acta, 33A, 69 (1977).
6. H.L. Cross, G. Cushing, and H. L. Roberts, Spectrochim. Acta, 17, 344 (1961).

67. IODINE AND BROMINE POLYSULFUR
HEXAFLUOROARSENATE(V)AND
HEXAFLUOROANTIMONATE(V)
Submitted by M. P. MURCHIE,* J. PASSMORE,* and C.-M. WONG*
Checked by T. GRELBIG' and K. SEPPELT' (Sections A and B)

M. WIT"' and H. W. ROESKY' (Sections C and D)
Neutral binary sulfur iodides have low stability and are in fact only stable
at low temperatures, for example, S J , (refs. 1,2) at 183 K and SI, at 9 K.'
Bromides are more stable, and S,Br, compounds (x = 2 to 10) are known,
of which only S,Br, has been isolated as a pure compound and is well
~haracterized.~
Binary sulfur-bromine salts include [SBr,] [MF,] (M = As
and Sb)5 and the unstable NH4SBr.4 A number of iodine polysulfur and
bromine polysulfur cations have been prepared quantitatively in recent years,
as salts of very weakly basic [AsF,]- and [SbF,]- anions. The iodine
containing salts are more stable than their bromine counterparts. In addition,
the [SbF,]- salts are more stable than those of [AsF,]-, although they are
more dificult to prepare because of the difficulties of handling SbF,. Below,
the preparations of [S71] [MF,] (M =As and Sb),6[(S71)21][S~F,],.~ASF,,~
Cs7Brl [MF61,8 [(s7hS4] [AsF616,7 and ~ ( S - I B ~ ) ~[AsF,],
S,]
(ref. 8) are
described. These syntheses involve the oxidation of mixtures of sulfur and
halogen (iodine or bromine) with either arsenic pentafluoride or antimony
pentafluoride in an appropriate solvent (arsenic trifluoride or sulfur dioxide).

-

General Procedures
The apparatus used in the preparations consists of a two-bulbed reaction
vessel equipped with a Teflon-stemmed Pyrex valve (J. Young) and a coarse
sintered glass frit between the bulbsg In the case of compounds containing
*Department of Chemistry, University of New Brunswick, Fredericton, New Brunswick, Canada
E3B 6E2.
'Freie Universitat Berlin, Institut f i r Anorganische und Analytische Chemie, Fabeckstrasse
34-36. IOOO, Berlin 33, Federal Republic of Germany.
:Institut f i r Anorganische Chemie der Universitat Gottingen. Tammannstrasse 4, D-3400
Gottingen, Federal Republic of Germany.
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antimony, a medium glass frit can be used if high purity of products is needed.
The transfers become more difficult with the medium frit, and total yields
will be less but the purity will likely be higher. Volatile reagents are
manipulated in a preconditioned metal vacuum line.' Air sensitive,
nonvolatile materials are manipulated in a good dry box [e.g., Vacuum
Atmospheres Dri-Lab with Dri-Train (HE-493)].
Sulfur dioxide (Matheson)is dried and stored over CaH,. Sulfuryl chloride
fluoride (Aldrich) and arsenic trifluoride (Ozark-Mahoning) are stored over
4 A molecular sieves and NaF, respectively.
In order to avoid by-products that cannot be separated from the salts, it
is absolutely necessary to maintain the correct stoichiometry, unless a slight
excess of one of the reactants is specified in the procedures. (The checkers
recommend monitoring the drop in vapor pressure on pumping, for example,
by a Pirani vacuum guage, as small amounts of SO2 are retained by the
crystalline solids. However, very extended pumping on some salts can lead
to some decomposition.)
Caution. All reactions should be conducted in a well-ventilated fume
hood with appropriate precautions. Arsenic and antimony pentafluoride and
arsenic trijluoride are very poisonous and hydrolyze readily to form HF.''.' '
Bromine is corrosive and is harmful to the skin and mucous membranes. Sulfur
dioxide is poisonous and can generate 3 to 4 atmospheres pressure at room
temperature. Well-constructed glass vessels or metal systems must be employed
to prevent pressure bursts. The use of rubber gloves, safety glasses, and face
shields is recommended.
Unfortunately, there is no very easy way to identify these salts. An IR
spectrum establishes the presence of [AsF,]- (699 cm- ') and [SbF,](669 cm- ' ) . I 2 Idealy, Raman spectroscopy would be the identification tool
of choice, but these compounds decompose in the laser beam even at liquid
nitrogen temperature. The product weights themselves are a good
identification of the product formed, as are elemental analyses. However, the
latter can be unreliable, particularly for the antimony containing salts. Cell
dimensions obtained from single crystals provide an unambiguous method
of identification, although it is rather inconvenient. The reader is referred to
the original publications for these data.

A. IODO-CYCLO-HEPTASULFUR HEXAFLUOROARSENATE(V),
&I] [A!#,]
AND IODO-CYCLO-HEPTASULFUR
HEXAFLUOROANTlMONATE(V), [S,I] [SbF,] (REF. 6)

-

+ 1, + 3AsF, 2[S71] [AsF,]
yS8+ 31, + IOSbF, -6[S,I][SbF,]
$3,

-tAsF,

+ (SbF,),.SbF,
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Procedure [ S , I ] [ A s F , ]

Elemental sulfur (Fisher) (2.16 g, 8.45 mmol) is introduced into the two-bulbed
vessel by removing the Teflon value stem. The assembled vessel is connected
to the vacuum line and evacuated (- 1 h). Elemental iodine (BDH Chemicals)
(2.23 g, 8.77 mmol) is introduced into the vessel in a similar manner to that
described for sulfur, and the vessel is dried by gentle heating. Arsenic trifluoride
(6.5 mL) is condensed into the bulb containing the sulfur-iodine mixture
by cooling the bulb in a liquid nitrogen bath (- 196°C). Arsenic pentafluoride (Ozark-Mahoning) (1.89 g, 11.1 mmol), the limiting reagent, is
condensed onto the mixture in aliquots from a premeasured volume at a
known pressure.' 3,14 On warming to room temperature, an intense orangebrown solution over a dark solid is noted. After 72 h, the solution is transferred
through the sintered glass frit into the second bulb. Approximately 50% of
the AsF, is condensed back onto the solid remaining in the first bulb by
cooling the first bulb at - 196°C. On warming to room temperature, some
of the solid dissolves in the AsF,, and the solution is again poured through
the frit into the second bulb. This process is repeated ( - 5 times) until all
soluble material has been transferred to the second bulb. The volatile materials
are then slowly removed under dynamic vacuum, with the solution being
held at 0 "C, producing a dark brown microcrystalline solid.
Anal. Calcd. weight of [S,I] [AsF,], based on AsF,: 4.00 g. Found: 3.89 g.
Calcd. weight of unreacted sulfur and iodine: 1.79g. Found: 1.78g.
Procedure [ S , l ] [SbF,]

Sulfur (2.98 g, 11.6mmol) and iodine (1.89g, 7.46mmol) are added to the
glass vessel in a manner similar to that described for [S,I][AsF,].
Sulfur
dioxide (5.5 mL) is condensed onto the sulfur-iodine mixture at - 196"C.
This results in the formation of a transparent purple solution over unreacted
sulfur and iodine at room temperature. The solubility of iodine in SO, at
0.005 g g-', and sulfur is essentially insoluble.
room temperature is
Antimony pentafluoride (4.67 g,21.5 mmol),* the limiting reagent, is transferred
to a separate vessel, and then quantitatively transferred into the reaction
vessel containing the mixture, which is held at - 196°C. On warming to
room temperature, an intense orange-brown solution over a dark solid is
obtained. After 48 h with stirring, the soluble and insoluble materials are
separated by filtration and extraction with SO2as described for [S,I] [ASF,].

-

*Antimony pentafluoride (Ozark-Mahoning)is triply distilled in uacuo in a rigorously dried
glass apparatus and stored in a Pyrex round-bottomed flask fitted with a stainless steel valve
[Whitey (1KS4)]and Teflon compression fittings (Swagelok)."
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In order to facilitate the formation of a crystalline product, S0,ClF (1.45 g)
is condensed onto the solution in the second bulb at - 196 'C. After warming
to room temperature, the solvent (SO,/SO,CIF) is slowly condensed back
onto the insoluble materials producing a dark brown crystalline solid. This
is achieved by cooling the bulb containing the insoluble material with running
tap water ( - 1 1 "C) while the bulb containing the solvent-solute mixture is
held at room temperature (- 20 "C) overnight. The volatile materials are
then removed under dynamic vacuum.
Anal. Calcd. weight of [S,I][SbF,],
based on SbF,: 7.58 g. Found: 7.58 g.
Calcd. weight of insoluble materials [i.e., (SbF3),*SbF, and unreacted sulfur
and iodine]: 1.96g. Found: 2.01 g.
Properties

Solutions of [s,I][MF,] (M=As and Sb) in SO, or AsF, are stable for
several weeks at room temperature. The solids, in sealed glass tubes under
an atmosphere of dry nitrogen, are indefinitely stable ( > 1 year) at - 20 "C.
Solid [S,I][AsF,] decomposes after several months at 5 "C, and more quickly
(several weeks) at room temperature, as indicated by loss of crystallinity and
evolution of iodine. Solid [S,I][SbF,] appears to be stable under the same
conditions.

B. )I-IODO-BIS(~-IODO-CYCLO-HEPTASULFUR)
TRIS(HEXAFLUOROANTIM0NATE) BIS(ARSEN1C
TRIFLUORIDE), [(S,I),I)[SbF,],.2AsFj
(REF.7)

Sulfur (1.01 g, 3.96 mmol) and a slight excess of iodine are added to the glass
reaction vessel. The excess iodine is slowly removed on evacuation leaving
the required amount of I, (0.88 g, 3.47 mmol). Arsenic trifluoride ( 5 mL) and
antimony pentafluoride (2.49 g, 1 1.25 mmol) are condensed onto the sulfuriodine mixture in a similar manner to that described for [S,I][ASF,] and
[S,I][SbF,]. After stirring for 72 h, a brown solution containing solids is
obtained. The products are separated by filtration and extraction as previously
described, and the volatile materials are removed. This produces a white
insoluble solid, identified as (SbF3)3.SbFSby Raman spectroscopy,16 and a
soluble microcrystalline red-orange solid identilied as [(S71)21][SbF,],.2AsF,.7
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Anal. Calcd. weight of [(S71),1] [SbF6],.2AsF,, based on sulfur: 3.48 g.
Found: 3.67 g. Calcd. weight of (SbF,),.SbF,: 0.86 g. Found: 0.66g.
The discrepancy in weights may be due to some transfer of (SbF,),.SbFS
through the coarse frit. If more nearly pure material is required a medium
sintered frit is recommended. The [(S,I),I] [SbF6],.2AsF, is stored under
an atmosphere of dry nitrogen in a glass sample tube at - 20 "C.

Properties

Solid [(S71)~2][SbF6],~2AsF3
slowly (- 0.1 g/day) loses AsF, and iodine on
prolonged pumping at room temperature, with loss of crystallinity. Solutions
of [(S71)21][SbF,], in AsF, are stable for several weeks at room temperature.
C. BROMO-CYCLO-HEPTASULFUR HEXAFLUORARSENATE(V),
IS7Br] [ASF,] AND BROMO-CYCLO-HEPTASULFUR
HEXAFLUOROANTIMONATE(V), [S,Br] [SbF,] (REF. 8)

--

yS8+ Br2 + 3AsF,
yS8+ 3Br, + lOSbF,

+ AsF,
[SbF,] + (SbF,)3.SbF,

2[S7Br] [AsF,]
6[S,Br]

Procedure j S , B r ] f A s F , ]

Arsenic pentafluoride (2.40 g, 14.1 mmol) is condensed onto a mixture of sulfur
(2.79 g, 10.9 mmol) and AsF, ( 5 mL) in a glass reaction vessel as described for
[S,I][AsF,]. After 12 h, bromine (0.77 g, 4.81 mmol), which has been stored
over P205,is quantitatively condensed onto the solution at - 196°C from
a vessel containing the preweighted quantity of bromine. [Note: Reactions
carried out by adding bromine before the AsF, give material of very poor
quality. In addition, an exact stoichiometry for AsF, and Br, is required, to
avoid contamination with S,Br, and [(S,Br),S,] [(AsF6),]. The solution is
warmed to room temperature and stirred for 2 h, yielding a red-brown
solution containing solids. The products are separated by filtration, and the
volatile materials are very slowly (1 h) removed, producing a noncrystalline
soluble red-brown solid and unreacted sulfur.
Anal. Calcd. weight of [S,Br] [ASF,], based on AsF,: 4.64 g. Found: 4.64 g.

Procedure [ S , B r ] [ S b F , ]

Typically, SbF, (3.04 g, 14.0mmol) is condensed onto sulfur (3.03 g, 1 1.8 mmol)
in SO, (6 mL), and the mixture is stirred for 1 h. A preweighted quantity of
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bromine (0.73 g, 4.56 mmol) is then transferred quantitatively to the mixture,
and the resulting red-brown solution is stirred for a further 2 h (an exact
stoichiometry for SbF, and Br, is required). The soluble and insoluble
products are separated, and S0,ClF (3.01 g) is added to the solution to
facilitate crystal formation as described for [S,Br] [SbF,]. The volatile
materials are slowly (- 12 h) removed under dynamic vacuum at O"C,
yielding a crystalline red-brown soluble solid and a mixture of sulfur and
(SbF,), -SbF,.
Anal. Calcd. weight of [S7Br][SbF,], based on SbF,: 4.54g. Found: 4.51 g.
Calcd. weight of insoluble solid [i.e., unreacted sulfur and (SbF,),.SbF,]:
2.20 g. Found: 2.28 g.
Properties
Solid [S,Br] [AsF,], under an atmosphere of dry nitrogen in a sealed glass
tube, decomposes at room temperature after several days, while [S,Br] [SbF,]
is stable under the same conditions for several weeks. In situ samples of both
[S,Br] [ASF,] and [S,Br] [SbF,] in concentrated (SO,) solution deposit a
yellow solid (presumably S,) with the evolution of a dark red liquid
(presumably S,Br,) on standing at room temperature for several weeks. Both
pure [S,Br][AsF,]
and [S7Br][SbF,] in the solid phase can be isolated
only from fresh solutions. As solids, they are stable for at least several months
at - 20 "C.

D. [(S71)4s4] [ASF,], AND [(S,Br),S,] [ASF6]6 CONTAINING
THE IODO-CYCLO-HEPTASULFUR(1 + ), BROMO-CYCLOHEPTASULFUR(1 +), AND TETRASULFUR(2+) CATIONS

+

4s8 + 2x2 9AsF,

2[(S,X),S,][AsF,],

+ 3AsF,

(X = I or Br)

Procedure [(S,~),S,][ASF~]~(ref. 7)
Arsenic pentafluoride (3.12g, 18.4mmol) is condensed onto a mixture of
sulfur (2.04 g, 7.95 mmol) and iodine (1.01 g, 3.98 mmol) in SOz (3 mL) in a
two-bulbed glass reaction vessel. (The I,:S, ratio of 1:2 is necessary together
with a slight excess of AsF,.) After 24 h, a brown solution over brown needlelike crystals is obtained. The volatile material is removed by pumping slowly
under dynamic vacuum (1 h), producing 5.25 g of the needlelike crystals.
Calcd. weight for [(S,I),S,] [ASF,],: 5.30 g.
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Procedure [(S,Br),S,][AsF,],

(ref: 8 )

Arsenic pentafluoride (2.18g, 12.8mmol) is condensed onto a mixture of
sulfur (1.34 g, 5.22 mmol) and SO2 (6 mL) in a two-bulbed glass vessel. After
1 h, a preweighted quantity of bromine (0.48 g, 2.92 mmol) and S02ClF
(2.95 g) are added to the solution. (A slight excess of AsF, and Br2 over S,
seems to lead to a purer product.) On warming to room temperature, a dark
green-brown solution over a dark precipitate is obtained. After 12 h, the
solution becomes dark red with a trace of green. The solvent is slowly (4
days) condensed into the other side of the reaction vessel with a temperature
gradient of 10°C between the two bulbs. This results in the formation of red
needlelike crystals. The volatile material is then removed under dynamic
vacuum.
Anal. Calcd. weight of [(S,Br),S, J [ASF,],,
3.44 g.

based on sulfur: 3.25 g. Found:

Propert ies

Crystalline (S,I),S,(AsF,), and (S,Br),S4(AsF6),, stored in glass sample
tubes under an atmosphere of dry nitrogen, show no signs of decomposition
after several weeks at room temperature.
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68. TRIMETHYLBORANE
n
AIMe,(hexane) + O(n-Bu),

AlMe,:O(n-Bu),

+ BBr3

-

AIMe,:O(n-Bu),

hcxanc
+

O(n-Bu)*

BMe,

+ AlBr,:O(n-Bu),

Submitted by WILLIAM S. REES, JR.,* MICHAEL D. HAMPTONJ
STEPHEN W. HALL,* and JERRY L. MILLS*
Checked by PHILLIP NIEDENZU' and SHELDON G. SHOREt

Trimethylborane is a volatile pyrophoric compound that is frequently
employed as a Lewis acid. This compound was first prepared by Stock and
Zeidler by direct gas phase combination of BCl, with ZnMe, (ref. 1) at room
temperature. The reaction resulted in high yields of BMe, but had to be
performed on a very small scale to avoid explosions. Other attempts to
produce BMe, on a laboratory scale have involved extreme conditions and
resulted in low yield^.^-^ Preparations involving temperatures up to 800 "C
have been r e p ~ r t e d , as
~.~
have methods requiring a catalytic bed of heated
(325-350 "C)Zn or Al.'.* The Grignard method, which produces moderate
yields, is not particularly compatible with vacuum line techniques, where
considerable difficulty is had in separating the BMe, from the conventional
Grignard solvents, diethyl ether or tetrahydrofuran (THF).'
The preparation reported here produces high yields (98-99% based on
BBr,) of pure BMe, at room temperature in a short time. The need for
refluxing, heated catalysts, or extreme conditions is eliminated.
Caution. The reactants and products of this synthesis are spontaneously
flammable in the presence of oxygen and/or moisture. Trimethylborane is highly
toxic. Thus, the reactants BBr, and AlMe,, as well as the product BMe,, must
be handled with great care. These compounds must be manipulated only in the
dry, inert atmosphere of a glove bag, dry box, or vacuum line. Further, combination of the reactants AlMe, and BBr, neat or in a less strongly complexing
solvent than O(n-Bu), may result in explosion.

.

*Department of Chemistry and Biochemistry, Texas Tech University, Lubbock, TX 79409.
'Department of Chemistry, University of Central Florida, Orlando, FL 328 16.
*Departmentof Chemistry, The Ohio State University, Columbus, OH 43210.
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Procedure

The vacuum line used in this synthesis is a standard, calibrated, high vacuum
system equipped with a two stage mechanical forepump and a dual stage
mercury diffusion pump. The operation pressure in this system is lO-'torr
or lower."
Boron tribromide reacts with most brands of stopcock grease, necessitating
the use of reaction vessels which have Teflon stopcocks.
In the dry nitrogen (extra dry grade, 99.5% purity) or argon (high purity
grade, 99.995% purity) atmosphere of a glove bag, 10.0mL of dibutyl ether,*
previously dried over either sodium napthalene or sodium benzophenone"
is introduced by syringe into a 1.0-L reaction bulb containing a Teflon-coated
magnetic stirring bar (Fig. 1).
A 7.8-mL volume of 2.0 M trimethylaluminum (15.6 mmol) in hexane'
(Aldrich or Texas Alkyls) is carefully syringed into the reaction bulb in the
glove bag. (Vapor transfer of AlMe, on a vacuum line is unsatisfactory
because of the low volatility and long monomer-dimer, liquid-vapor
equilibration time of this compound.) The stopcock of the reaction bulb is
then closed, and the bulb is removed from the glove bag and is placed on
the vacuum line.
Caution. Some trimethylaluminum may remain in the
syringe, so it must be handled with extreme care. The syringe should be rinsed
with butanol before further cleaning. The solution is then stirred for 5 min to
effect dissolution of the trimethylaluminum.
Caution. Trimethylaluminum must be dissolved in the dibutyl ether before the BBr, is added. If
AlMe, is added instead to a complex of BBr, with the solvent dibutyl ether,
the reaction is so exothermic that an explosion may result. After the
trimethylaluminum is dissolved, the solution is freeze-thaw degassed three
times by standard procedures.'O
Following the third degassing step, the reaction vessel cold finger is cooled
to - 196°C. Then, exactly 10mmol of BBr,: (Aldrich) is vapor transferred

.

*Dibutyl ether is the only solvent suitable lor this reaction. Dibutyl ether has relatively
low volatility and complexes with trimethylaluminum without solvent decomposition. Dibutyl
ether complexes with BBr, suficiently strongly to slow the rate of reaction of BBr, with AIMe,
to a safe rate. Boron tribromide reacts explosively with trimethylaluminum in diethyl ether or
anisole solutions because of the weak complexation between these solvents and BBr,. Tetrahydrofuran and p-dioxane undergo decomposition reactions with trimethylaluminum, and thus
are unsuitable as solvents in this synthesis.
'When dissolved in hexane or other hydrocarbon solvents, trimethylaluminum is much less
pyrophoric. Complete safety and handling information is available from Texas Alkyls.
:Born tribromide is used as received. I t is photosensitive. but can be purified by storage over
elemental mercury, followed by storage in the dark. The use of the boron halides BF, and BCI,
results in much lower yields and dilliculties with purification, and they are therefore considered
to be unsatisfactory for this reaction.

w

-
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Standard taper ground
glass joint

-Teflon

high vacuum

stopcock

1 Liter bulb

bar

I+-+
25 mm

Fig. 1 Reaction vessel.

into the reaction vessel using standard high-vacuum line procedures." The
liquid nitrogen is then removed from around the cold finger, which is allowed
to warm slowly to room temperature (- 20 min). The solution is stirred at
ambient temperature for 30 min.
With the reaction bulb finger cooled to 0 "C, the trimethylborane product,
together with hexane, is transferred under static vacuum into the vacuum
line. All other species should remain in the reaction bulb because of low
vapor pressures.
The BMe3 is purified by passage through a - 112 "Ctrap (CS2slush) into
a - 196 "C trap (liquid nitrogen) under a dynamic vacuum. Hexane is retained
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in the - 1 12 "Ctrap, and the BMe, is retained in the liquid nitrogen-cooled
trap. Typical yields are 98-99%, based on the quantity of BBr, used. If an
excess of BBr, is used, trace quantities of BBr,Me and BBrMe, may result.
The use of a stoichiometric quantity of BBr, in the reaction results in pure
BMe,, as indicated by IR spectroscopy, "B and 'H NMR spectroscopy,
and vapor pressure data.
Properties

Trimethylborane is a colorless liquid that is air and moisture sensitive. It is
stable for long periods of time in vacuum. Its vapor pressure curve is given
by log P = - 1393.3/T + 1.75 log T - 0.007735T + 6.1385, where T is in
Kelvins.' The IR spectrum of BMe, exhibits a very strong absorbance at
1330, strong absorbances at 3010 and 1185 cm- a peak of medium intensity
at 1210cm-', and weak absorbances at 1010 and 990cm-'.
The ''B NMR spectrum of BMe, exhibits a singlet at 85.98 ppm downfield
from BF, etherate,' ' The 'H NMR spectrum exhibits a singlet at 0.53 ppm
relative to TMS."

',
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List of addresses for the suppliers mentioned in the Syntheses.
Ace ScientificSupply Co., 40-A Cotters Lane, East Brunswick, NJ 08816
Airco Special Gases, 575 Mountain Ave, Murray Hill, NJ 07974
Air Products and Chemicals, Inc., Speciality Gas Department, Hometown
Facility, P.O. Box 351, Tamaqua, PA 18252
Aldrich Chemical Co., 940 West St., Paul Avenue, Milwaukee, WI 53233
Alfa Products, 152 Andover St., Danvers, MA 01923
Analtech Inc., P.O. Box 7558, Newark, DE 19714
Apiezon Products-see Biddle Instruments
J. T. Baker Chemical Co., 222 Red School Lane, Phillipsburg, NJ 08865
BASF Corp., Chemicals Div., 100 Cherry Hill Rd., Parsippany, NJ 07054
BDH Chemicals Ltd.-see Gallard-Schlesinger
Biddle Instruments, 510 Township Line Rd., Blue Bell, PA 19422
Cerac Inc., 407 N. 13th St., P.O. Box 1178, Milwaukee, WI 53201
Eastman Kodak Co., Laboratory and Research Products Division,
Rochester, NY 14650
EM Science, 1 1 1 Woodcrest Rd., Cherry Hill, NJ 08034
Fisher Scientific Co., 71 1 Forbes Ave., Pittsburgh, PA 15219
Gallard-Schlesinger Chemical Manufacturing Co., 584 Mineola Ave.,
Carle Place, NY 115 14
Hoke Inc., 1 Tenakill Park, Cresskill, NJ 07626
Johnson Matthey Aesar Group, Eagles Landing, P.O. Box 1087, Seabrook,
NH 03874
Kontes, Spruce St., P.O. Box 729, Vineland, NJ 08360
Lithium Corp. of America, 449 N. Cox Rd., P.O. Box 3925, Gastonia,
NC 28053
Mallinckrodt, Inc., Science Products Div., P.O. Box 5840, St. Louis,
MO 63134
Merck & Co., Inc., P.O. Box 2000, Rahway, NJ 07065
E. Merck, Darmstadt-see EM Science
Matheson Gas Products, 30 Seaview Dr., Secaucus, NJ 07094
Ozark-Mahoning Co., 1870 South Boulder, Tulsa, OK 741 19
PCR, Inc., P.O. Box 1466, Gainesville, FL 32602
Rainin Instrument Co., Mack Rd., Woburn, MA 01 801-4628
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Rare Earth Products, Widnes, Cheshire, England
Research ChemicaIs, Phoenix, A 2
Sigma Chemical Co., P.O. Box 14598, St. Louis, M O 63178
Strem Chemicals, Inc., 7 Mulliken Way, P.O. Box 108, Newburyport,
MA 01950
Swagelok Co., 31400 Aurora Rd., Solon O H 44139
Texas Alkyls, P.O. Box 600, Deer Park, TX 77536
Vacuum/Atmospheres Co., 4652 W. Rosecrans Ave., Hawthorne, CA 90250
Ventron-see Alfa Products
Wheaton Scientific, 1301 N. Tenth St., Millville, NJ 08332
Whitey Co., 318 Bishop Rd., Highland heights, OH 44143
J. Young (Scientific Glassware) Ltd., 11 Colville Rd., London W3 8BS,
England
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SUBJECT INDEX

Prepared by THOMAS E. SLOAN*

Names used in this Subject Index for Volumes 26-30 are based upon IUPAC Nomenclafure
of fnorganic Chemistry, Second Edition (1970), Butterworths, London; IUPAC Nomenclature
of Organic Chemisrry, Sections A, B. C , D, E, F, and H (1979). Pergamon Press, Oxford,
U.K.;
and the Chemical Abstracts Service Chemical Substance NameSelertion Manual (l978),
Columbus, Ohio. For compounds whose nomenclature is not adequately treated in the above
references, American Chemical Society journal editorial practices are followed as applicable.
Inverted forms of the chemical names (parent index headings) are used for most entries in
the alphabetically ordered index. Organic names are listed at the “parent” based on Rule
C-10, Nomenclature of Organic Chemistry, 1979 Edition. Coordination compounds, salts and
ions are listed once at each metal or central atom “parent” index heading. Simple salts and
binary compounds are entered in the usual uninverted way, e.g., Sulfur oxide (S,O). Uranium(lV) ch/oride (UCI,).
All ligands receive a separate subject entry, e.g., 2,4Pentanedione, iron complex. The headings Ammines, Carbonyl complexes, Hydride complexes, and Nifrosyl complexes are used for
the NH,, CO, H, and NO ligands.

Acetaldehyde, iron complex, 26:235
Acetic acid, chromium, molybdenum, and
tungsten complexes, 27:297
palladium complex, 26:208
rhodium complex. 27:292
tungsten complex, 26:224
-,
chloro-, ruthenium complex, 26:256
-,
trichloro-, ruthenium complex,
26:256
, trifluoro-, ruthenium complex,
26:254
tungsten complex, 26:222
Acetone, iridium complex, 26: 123
, molybdenum and tungsten complex, 26: 105
Acetonitrile, molybdenum and tungsten
complexes, 26: 122, 133
osmium complex, 26:290
palladium complex, 26:128
ruthenium complex, 26:356
ruthenium(I1) complex, 2659

Acetylene, diphenyl-, molybdenum complex, 26:102
Acyl isocyanide, chromium complexes,
26:31
Ammines. ruthenium, 26:66
Ammoniodicobaltotetracontatungstotetra-

arsenate (23 -), [(NH,)As,W,O,,,[Co(H,0)l2]“-, tricosaamonium, nonadecahydrate, 27: 119
Ammonium ammoniodicobaltotetracontatungstotetraarsenate(23 - ), ((NH,)>1[(NH,)As,W,,O,,,[Co(H,O)I*),
nonadecahydrate, 27: 119
Ammonium [(lR)(endo, anfi)-3-bromo1,7-dimethyl-2-oxobicyclo[2.2.l)heptane-7-methanesulfonate. 26:24
Ammonium dihydrogen pentamolybdobis[ (4-aminobenzyl)phosphonate]
(4-1, [ ( N H J ) H~[Mo&~
(NH,C,H,CH:PO,),]], pentahydrate,
27: I26

‘Chcmical Abstracts Servicc. Columbus.OH.
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Ammonium pentamolybdobis(ethy1phosphonate)(4-), [(NH,),[Mo.O,,(C:HsPOi):]], 27: 125
Ammonium pentamolybdobis(methylphosphonate)(4 - ). [(NH,),[Mo,O,,(CHIPOI)?]).dihydrate. 27: 124
Ammonium pentamolybdobis(pheny1phosphate)-(4 - 1. [(NH,),[Mo,O,,(C,H,POi),]], pentahydrate. 27: 125
Ammonium pentamolybdobis(phosphonate)
(4 - ), [(NH,),[ (HPO,),Mo,O,,], tetrahydrate, 27:123
Ammonium sodiohenicosatungstononaantimonate( 18- ), (NH,),#[NaSb,W,,O,], te tracosahydra te.
27: 120
Ammonium sodiotricontatungstopentaphosphate( 14-), (NH,),,[ NaP,W,,O,,,,], hentricontahydrate,
27: 1 I5
Aromatic ketones, metallation of, 26:155
Arsine, 1,2-diphenylbis(dimethyl)-, gold
complex, 26239
Aryl oxide complexes of lanthanide metals,
27: 164
Ascorbic acid, platinum complex, 27:283
Aurate( I), bis(pentafluoropheny1)-,bis[ 1.2phenylcnebis(dimethylarsine)]gold(I),
26539
, chloro(pentafluoropheny1)-, (benzyl)triphenylphosphonium,26:88
Azide, p-nitrido-bis(tripheny1phosphorus)
( I +), 26:286
Azobenzene, manganese complex, 26:173
palladium complex, 26: 175
Benzamide. 2-(diphenylphosphino)-Nphenyl-. 27:324
, N-[2-(diphenylphosphino)phenyl]-,
27:323
Benzenamine, tungsten complex, 27:301
Benzene, 1,2-bis[(trimethylsilyl)methyI]-.
26: 148
-,
1,2-bis[(trimethylsilyl)methyl]-,
lithium complex, 26:148
I-bromo-2,4,6-tri-ierr-butyl-. 27:236
, I ,3-butadiene-1,4-diyIbis-,cobalt
complex, 26: 195
, 1.2-diiodo-, iridium complex,
26: 125

.

, 1,2-ethenediylbis-, platinum complex, 26:140
, 1 , I ’-( 1.2-ethynediyl)bis-, cobalt
complex, 26:192
ethynyl- ytterbium complex, 27:143
, hexamethyl-, ruthenium complex,
26:181
, 2-isocyano-l.3-dimethyl-,
iron complexes, 2653-57
, methyl-, cobalt complex. 26~309
lutetium complex, 27: 162
manganese complex. 26: 172
, pentafluoro-, gold complexes,
26:86-90
Benzenemethanamine. N,N-dimethyl-. lithium complex, 26: 152
lutetium complex, 27: 153
palladium complex, 26~212
, N,N,2-trimethyl-lithium complex,
26: I53
-,
N.N.4-trimethyl-lithium complex,
26: I52
Benzenemethanol, 2-phenylphosphino-,
manganese complex, 26: 169
Benzenesulfonic acid, 4-methyl-, rhodium
complex, 27:292
Benzenerhiol, osmium complex, 26:304
1,2-Benzisothiazol-3(2H)-one,I. I-dioxide,
chromium and vanadium complexes,
27:307. 309
Benzoic acid, rhodium complex, 27:292
, 3-flUOrO-, rhodium complex,
27:292
Benzonitrile. platinum complex, 26:345
ruthenium(I1) complex, 2 6 7 0
Benzo[h]quinoline, ruthenium complex,
26: 177
Benzoyl isocyanide, chromium complex,
26:32, 34. 35
2.2’-Bi-1,3-dithiolo[4,5-b][
1.4ldithiinylidene. 263386
2.2‘-Bi-1,3-dithiolo[4,5-b][
1.4ldithiinylidene
fluorosulfate, 26:393
Bicyclo[2.2. IIhepta-2.5-diene. ruthenium,
complex, 26:250
Bicyclo(2.2.l]heptane-7-methanesulfonate,
3-bromo-l,7-dimethyl-2-0~0-,
[( 1R)(endo, onri)]-, ammonium, 26:24
2,2’-Bipyridine, palladium complex, 27:319
ruthenium complex, 2 6 3 2
tungsten complex, 27:303

.
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Bis(2.2'-bi- I .3-dithiolo[4,5-b][ I .4]dithiinylidene)perrhenate. superconducting,
26:391
Borane, trimethyl-. 27:339
Borate( 1 - ), tetradecahydronona-, potassium, 26: 1
-,
tetrafluoro-, iridium(1II) complexes, 26: 117
molybdenum and tungsten complexes,
26: 96
ruthenium complex, 26: 108
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molybdenum and platinum. 26:345
molybdenum and tungsten, 26:96
nickel, 26:312
nickel, osmium, and ruthenium, 26:362
osmium. 26: 187
osmium, and ruthenium, 27:196-207
platinum, 263316
platinum-rhodium, 26:373
rhenium, 26377, 107, 1 I 1
rhodium, 27:291
ruthenium, 26:259
( + )-a-Bromocamphor-n-sulfonate, See
tungsten, 27:4. 40
Bicycle[ 2.2. I jheptane-7-methanesulCerium, bis[r)l"-l.3-bis(trimethylsilyI)cyclofonate. 3-bromo-l,7-dimethyl-2-0~0-,
pentadienylldi-pchloro-bis(tetrahydr0[( IR)-(endo. anti)]-, 26:24
furan)lanthanum-. 27: 170
Butanoic acid. 3-OXO-, methyl ester, rhotetrakis[q'- 1,3-bis(trimethylsilyI)cydium complex, 27:292
clopentadienyl]di-pchloro-di-, 27: 17 1
3-Butenamide, nickel complex, 26:206
Cesium. decatungstophosphate(7 - ).
2-Butenedioic acid. 2-(dimethylphosphino(CS~[PW,,,O.*]).
27: 101
Cesium p-divanadodecatungstophosthioy1)-. dimethyl ester, manganese
complex. 26: 163
phate(5 -), (Cs,[p-PV,W,,,O,,]), 27: 103
I-Butyne, 3.3-dimethyl-, mercury-molybdeCesium pentatungstodiphosphate(6- ),
num-ruthenium complexes. 26:329
(Cs#"W,O,,]),
27:101
2-Butyne. cobalt-molybdenum-ruthenium,
Cesium a-1.2.3-trivanadononatungstophos27: I94
phate(6-), (CSJ~-PV,W&~]), 27: I00
Cesium vanadodecatungstophosphate(5 - ).
Carbide, iron complex, 26:246
(Cs,[y-PV:W,,lO,,]). 27: 102
Carbido carbonyl ruthenium clusters.
Chalcogenide transition metal complcxes.
26:280
27:39
Carhon, ruthenium cluster complexes,
Chiral compounds, irinuclearmetal clusters.
26:281
27:i91
Carbonyl complexes, chromium, 26:32. 34,
Chromate( I - ), (acetato)pentacarhonyl-. F35
nitrido-bis(triphenyIphosphorus)( 1 + ).
chromium, molybdenum and tungsten,
27:297
hydridononacarbonyliron-, p n i 26:343. 27:297
trido-bis(triphenylphosphorus)( 1 + ).
cobalt, copper. and ruthenium, 26:358
26:340
cobalt, iron, and ruthenium, 26:352
cobalt-gold-iron. 27: 188
tricarbonyl(q'-cyclopentadieny1)-.
cobalt-gold-ruthenium, 26:327
sodium, compound with 1.2-dimethoxyethane(l:2), 26:343
cobalt-molybdenum-ruthenium, 27: 194
cobalt-molybdenum-nickel, 27: 192
Chromate(2 - ), nonacarbonyliron-. bis[pcobalt-platinum, 26:370
nitrido-bis(triphenyIphosphorus)( 1 + I].
cobalt and ruthenium, 26:176. 177
26:33Y
Chromate(3 - ) nonabromodi-. triccsium.
gold-osmium, 27:2W, 21 I
26:379
iridium, 26: 117
nonahromodi-. triruhidiuni. 26:37!,
iron, 2653-57, 232. 27:183, 185
nonachlorodi-, tricesiuni. 26:379
iron with Group 15 ligands, 2659-63
Chromate(V1). fluorotrioxo-. pyridinium.
iron-tungsten, 26:336
27:310
manganese, 26: 114, 162
Chromium. (benzoyl isocy;inidc)dicilrmercury-molybdenum-ruthenium. 26:329
honyl(r)"-methyl hcnzoutc)-. 26:32
molybdenum. 2h:XJ. 27:3. 224

.
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(benzoyl is0cyanide)pentacar,cyclo-prethylidyne-l :2:3-~’C-penbonyl-, 26:34, 35
tacarbonyl-1 K2C,2K’C-biS[1 ,3(7’)-CyCIO(pdisulfido-S: S)(p-qz:+disulpentadienyl]molybdenumnickel-,(Cofido)bis(v’-pentamethylcyclopentaMo)(Co-Ni)(Mo-Ni),
27: 192
dieny1)-p-thio-di-, (Cr-Cr), 27:69
-,
heptacarbonyl[ 1,ZethanediylChromium carbonyl acyl isocyanides,
bis(diphenylphosphine)]platinumdi-,
26:31
26:370
Chromium( 11). cis-dichlorobis( 1.2-ethanedi, nonacarbon yl( p,-phen ylphosphiniamhe)-, chloride, resolution of, 26:24,
dene)irondi-, 26:353
27
, nonacarbonyl-p,-thio-irondi-.
26:245, 352
-,
dichlorobis( 1,2-ethanediamine)-, Acir-. chloride, monohydrate, resolution
, nonacarbonyl-p,-thio-rutheniumdi-,
of, 2628
26352
, tetraaquabis( 1,2-benzisothiazol, octacarbonyl(qs-cyclopentadienyl)3(2H)-one 1 ,I-dioxidato)-, dihydrate,
*,-ethylidynemolybdenumdi-, 27:193
27:309
-,
tricarbonyl[2-(phenylazo)phenylCluster compounds, chiral, 27:191
C’,N?]-, 26~176
molybdenum-sulfur, 27:47
, tris(q’-cyclopentadienyl)bis( p3transition metal, 27:182
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P)-tri-p-hydrido-osmium-, 27:29
Rhodium(I), (acetato)carbonylbis(triisopropy1phosphine)-, 27:292
, (benzoato)carbonylbis(tricyclohexy1phosphine)-, 27:292
, carbonyl(3-fluorobenzoato)bis(triphenylphosphine)-,
27:292

-,

, carbonyl(hydr0gen phthalato)bis(tricyclohexy1phosphine)-,
27:291
-,
carbonyliodobis(tricyclo-hexylphosphine)-, 27:292
, carbonyl(4-methylbenzene-sulfonato)bis(tricyclohexyIphosphine)-,
27:292
, carbonyl(methy1 S-oxobutanoatoO)bis(triisopropylphosphine)-, 27:292
, carbonylphenoxobis(triisopropy1phosphine)-, 27:292
, carbonyl(4-pyridinecarboxy1ato)bis(triisopropy1phosphine)-, 27:292
, chloro(q*-tetrahedra-tetraphosphorus)bis(triphenylphosphine)-, 27:222
Rhodium(III), I[Z-[(diphenylphosphino)methyl]-2-methyl-l.3-propanediyl]bis(diphenylphosphine)l(dithiocarbonato), tetraphenylborate( 1- ), 27:287
Ruthenate(2 - ), p5-carbido-tetradecacarbonylpenta-, bistp-nitrido-bis( triphenylphosphorus)(l +)I, 26:284
, ps-carbido-tetradecacarbonylpenta-,
disodium. 26:284
, decacarbonyl-lK"C,2K-'C.3~'C-l*-hydrido-l:2~'H-bis(triethylsilyl)i~Si,2~Si-lriangulo-tri-,
p-nitridobis(triphenylphosphorus)( 1 + ),
26:269
, dodecacarbonyltricobalt-,tetraethylammonium, 26:358
hexadecacarbonylnitridohexa-, pnitrido-bis(triphenyIphosphorus)(l + ) *
26:287
, tetrachlorobis(acetonitri1e)-. tetraethylammonium, 26:356
-,
tetradecacarbonylnitridopenta-,pnitrido-bis( triphenylphosphorus)( i + ),
26:288
Ruthenium, (acetonitrile)dodecacarbonyltricobaltcopper-. 26:359
(p3-bromomethy1idyne)-nonacarbonyltri-p-hydrido-triangulo-tri-,
27:201
, bromononacarbonyl(3,3-dimethyl1-butyny1)mercurytri-. 26:332
-,
(p3-2-butyne)nonacarbonyl-dicobalt-, 27:194
, CYC~O-[p3-1(q') :2(q2):3(q2)-2-butynel-octacarbonyl-1 K'c,2K3c,3K3c-

.
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, undecacarbonyltetrahydrido[tris(4methylphenyl) phosphiteltetra-, 26:277
Ruthenium dinuclear carboxylate com-,
plexes, 26:249
Ruthenium mixed-metal clusters, 26:356
Ruthenium(II), p-aqua-bis(pch1oroacetato) bis((chloroacetato)(q'-cyclo-oacta1,5-diene)-, 26:256
, p-aqua-bis(ptrich1oroacetato)bis[(q'-bicyclo[2.2.l]hepta-2,5diene)(trichloroacetato)-. 26:256
-,
, p-aqua-bis(p-trifluoroacetato)bis[(q4-cycloocta-l,5-diene)(trifluoroacetato)-, 26:254
, decacarbonyl-p-hydrido(pmethox, (q'-bicyclo[2.2.l]hepta-2,5ymethy1idyne)-rriangulo-tri-,27: 198
diene)bis(q3-2-propnyl)-, 26:251
-,
decacarbonyl[methylenebis(di, (q'-bicyclo[2.2.l]hepta-2,5pheny1phosphine)ltri-, 26:276
diene)dichloro-, 26:250
,bis(acetonitrile)dichloro(q'-l 5 - c ~ -,
dodecarbonyltetra-p-hydrido-tetra,
26:262
c1ooctadiene)-. 26:69
-,
dodecacarbonyltri-, 26:259
, bis(benzonitrile)dibrorno(q'- 15 c y c1ooctadiene)-. 26:7 1
-,
dodecacarbonyltris(tripheny1phosphine)cobalttrigoldtri-. 26:327
, bis(benzonitrile)dichloro(q'-l,5-~yc1ooctadiene)-, 26:70
, (pethynediylbis(dipheny1phosphine)]bis[undecacar, bis(benzo[h]quinolin-10-ylC1".N)dicarbonyl-.cis-. 26: 177
bonyltri-, 26:277
, (p,-mercury)bis(nonacarbonyl-(p3, chloro(qh-hexamethy1benzene)hy3,3-dimethyl-l-butynyl)-friangu/o-tri-,
drido(tripheny1phosphine)-, 26: 181
26:333
, (q'-cycloocta- 1 ,5-diene)bis(q3-2nonacarbonyl(q'-cyclopefltapropeny1)-, 26:254
dienyl)tri-p-hydrido-nickeltri-,
-,
(q~-1,5-~yciooctadiene)tetrakis26:363
(hydrazinc)-, bis[ tetraphenyl, nonacarbonyl( p1-3.3-dimethyl-l-buborate( 1- )], 26:73
tyn yl)-p-hydrido-friangulo-tri-,
, (q'- 1,5-~yclooctadiene)
tetrakis26:329
(methy1hydrazine)-. bis[ hexafluororo, nonacarbonyl(3,3-dimethyl-l-b~phosphate(1 -)I. 26:74
tynyl)(iodomercury)-friangufo-tri-,
-,
(q'-l,5-~yclooctadiene)tetrakis26:330
(methylhydrazine), bis[te traphenylbor, nonacarbonyl(pl-3,3-dimethyl-l
-buate(1 -)I, 26:74
tynyl{p-[tricarbonyl(q'-cyclopenta, (~'-cyclopentadienyI)[2-[(diphenoxdienyl)molybdenum]mercury}yphosphino)oxy]phenyI-C,P](triphenyl
friangulo-tri-, 26:333
phosphite-P)-, 26: 178
, nonacarbonyl-p-hydrido-(p-diphen, dichloro(q'-cycloocta- I .5-diene)-,
ylphosphid0)-tri-, 26:264
26:253
, nonacarbonyl-p,-thio-dicobalt-,
, di-p-chloro-(q'- 1,5-cycloocta26:352
diene)-, polymer, 26:69
, nonacarbonyl-tri-phydrido-( p,-,
[2-(dipheny1phosphino)phenylmethoxymethylidyne)-friangulo-tri-,
C1,P](qh-hexamethylbenzene)hydrido-,
27:200
26: 182
, undecacarbonyldicobalt-,26:354
tetrakis(acetonitri1e) (q'- 1.5-cy, undecacarbonyl(dimethylpheny1c1ooctadiene)-. bis(hexafluorophosphosphine)tri-, 26:273
phate( I -)I, 26:72
[ l(ql')--cycle-pentadienyl]cobaltmolybdenum-( Co-Mo)(Co--Ru)(Mo-Ru), 27:194
p.-carbido-heptadecacarbonylhexa-,
26:281
, pl-carbido-pentadecacarbonylpenta-. 26:283
, decacarbonyt(dimethy1phenylphosphine)(2-isocyano-2-methylpropane)
tri-, 26:275
decacarbonyl(dimethyIpheny1phosphine)tetrahydrido[ tris(4-methylphenyl) phosphiteltetra-,
26:278

.

Sodiotetrdcontatungstotetraarsenate(27-).
[NaAsJW,,OI,,]"-, heptacosasodium,
hexacontahydrate, 27: 118
Sodiotricontatungstopentaphosphate(14-),
[NaPIWI,OII,I]l'-,tetradecaammonium.
hentricontahydrate, 27: 115
Sodium, cyclopentadienyl-. compound with
I .2-dimethoxyethane( 1: I), 26:341
Sodium henicosaphosphide. (Na,PII),
27:227
Sodium nonatungstophosphate(9- ),
(Na,[A-PW,O,], hydrate, 27: 100
Saccharinates. of chromium and vanadium,
Sodium a-nonatungstosilicate( 10- ),
27 :306
(Na a-SiW,O,]), 27237
Samarium, tetrakis[q'- 1,3-bis(trimethylsily1)- Sodium P-nonatungstosilicate( 10 -), (Na,Hcyclopentadienyl]di-p-chloro-di-,
[P-SiW,O,]), tricosahydrate. 27:88
27:171
Sodium a-pentadecatungstodiphosphatc, trichlorobis(tetrahydrofuran)-.
(12-), (Na12[a-P2W150~],
tetracosahy27: 140
drate, 27: 108
, tris(2,6-di-ferf-butylphenoxo)-,
Sodium sodiotetracontatungstotetraarsen27: 166
ate(27-), (N~~,[N~As,W,,O,,~].
hexaSamarium(I1). bis(q5-pentamethylcyclopencontahydrate, 27:118
tadienyl)bis( tetrahydrofuran)-, 27: 155
Sodium tetramethylammonium dihydrogen
Samarium(lIl), tris(q'-cyclopentapentamolybdobis[ (2-aminoethy1)phosdienyl)(tetrahydrofuran)-, 26:2 1
phonatel(4 - ), Na[(CH,),N]Hz[MosO,,Samarium trichloride-2tetrahydrofuran-,
(NH,C,H,PO,),]. pentahydrate,
27: 140
27: 126
Scandium, bis[~'-l,3-bis(trimethylsilyI)cyclo- Sodium PI-undecatungstosilicate(8 - ),
pentadienyljdi-p-chloro-bis(
tetrahy27:90
(NaR[p,-SiW I
drofuran)lithium-, 27: 170
Solid state synthesis, 26:377
, tetrakis[$-l,3-bis(trimethylsilyl)A'-Sulfane. (2-bromoethenyl)-pentafluoro-,
cyclopentadicnyl1di-pchloro-di-,
27:330
27:171
A"-Sulfane, ethynylpentafluoro-, 27:329
, tris(2,6-di-/ert-butyl-4-methylphcn- Sulfur, chromium complex, 27:69
0x0)-. 27: 167
cobalt, iron, and ruthenium complexes,
, tris(2.6-di-ferf-butyl-phenoxo)-,
26:352
iron complex, 26:244
27:167
molybdenum complex, 27:41, 42. 48, 49
Selenium, osmium carbonyl clusters,
molybdenum cluster complex, 27:48, 47,
26:308
49
titanium complex, 27:61
osmium complex, 26:305
Silanamine. l,l,l-trimethyl-N-(trimethyltitanium complex, 2752
silyl)-, ytterbium complex, 27: 148
Sulfur oligomers, 27:332
Silane, bromotrimethyl-, 26:4
Superconductors from synthetic metals,
, methoxytrimethyl-. 26:44
26:386
, tetramethyl-, lutetium complex,
Synthetic metals, 26:386
27:161
, triethyl-. ruthenium complex,
26:269
Terbium, tetrakis[q5-l,3-bis(trimethylsilyI)Sodiohenicosatungstononaantimonate(I&),
cyclopentadienylldi-p-chloro-di-,
[NaSb,W,,O,]'" ~,octadecaammonium,
27: 171
tetracosahydrate, 27: 120
, tris(acetonitrile)bromo($- 1.5-cyc1ooctadiene)-. hexafluorophosphatc( 1 -), 26:72
, tris(acetonitrile)chloro(q'-1 .5-cyc1ooctadienc)-. hexafluorophosphate(1 -), 26:71
Ruthenium(lI1). tetraamminedibromo-.
cis-, bromide, 26:67
tetraammincdichloro-, cis-, chloride, 26:M

.
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I .S,Y,13-Tetraazacyclohexadeca-l,3,9,I I-tetraene, 3.1 I-bis(benzoyl)-2,12-dimethyl-. nickel complex. 27973
-,
4.10-dimethyl-, nickel complex,
27:272
1 ,5,9,13-Tetraazacyclohexadeca1,4,9,12-tetraene, 3, I I-bis[cr-(benzy1amino)benzylidene]-2,12-dimethyl-,nickel complex, 27:276

2H-1.2-Thiaphosphorin-2-ium.te-
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trakis(methoxycarbonyl)-2,2-dimethyl-,
manganese complex, 26: 165
Thio osmium clusters, 26:301
Thiocarbonyls, osmium, 26: 185
Thiocyanate. gold complex, 26:90
Thiophene. tetrahydro-, gold complexes,
26% -87
Thiophenetetracarboxylic acid, tetramethylester, 26: I66
-,
3.1 I-bis(amethoxyhenzy1idene)2,12-dimethyl-. nickel complex, 27275
Thorium(1V). bis[q'- 1,3-bis(trimethyl2,12-dimethyl-3,11-bis[ I-(methylsilyl)cyclopentadienyl]dichloro-,
amino)ethylidene]-. nickel complex,
27:173
27~266
Thulium, tetrakis[q'-l,3-bis(trimethylsilyI)-,
2.12-dimethyl-3. ll-bis( I-methoxycyclopentadienyl]di-k-chloro-di-.
27:171
ethylidene), nickel complex, 27:264
Tetrabutylammonium pr[(q'-cyclopentaTitanate(3 - ), nonabromodi-. tricesium.
26:379
dienyl)trioxotitanate(IV)]-A-P-1,2,3, nonabromodi-, trirubidium. 26:379
trivanadononatungstosilicate(4 - ),
, nonachlorodi-, tricesium. 26379
[[(C,HU),N],IA-P-(q'-C,H,)TiSi
W,VxOal]],27:132
, nonachlorodi-. trirubidium, 26:379
Tetrabutylammonium decatungstate(V1).
Titanium, bis(q'-methylcyclopentadienyl)(pentasulfido-S':S'). 2752
[(CJH,)JN]J[Wiiiov]. 27:U 1
Tetrabutylammonium dimolybdate(V1).
Titanium bromide(TiBr,). 26:382
Titanium(1V). bis(q'-cyclopentadirnyl)[(C~Hv),N],[MoO].27:79
Tetrabutylammonium y-dodecatungstosilibis(hydrogen su1fido)-, 27:M
, bis(q'-cyclopentadieny1)Ipentacate(4 - 1, ([(c,H,)JN],[v-SiW,?o~l]).
27:95
sulfido(2 -)I-, 27:W
Tetrabutylammonium hexamolybdate(V1).
-,
bis(v'-pentamethylcyclopentadienyl)[trisulfido(Z -)I-, 27:62
[ ( C I H ~ ) J N ] ~ [ M ~ C27~77
,OI~].
Titanium(V), bis(q'-cyclopentadieny1)Tetrabutylammonium hexatungstate(V1).
[pentaselenido(2 -)I-, 27:61
[(C~Hv)J'J]Z[WbOiv]r27:80
Transition metal chalcogenide complexes,
Tetrabutylammonium octamolybdate(V1).
27:39
[(C,Hv)J],[MonO~,]. 27:78
Transition metal complexes with weakly
Tetrabutylammonium trihydrogen decavanbonded anions. 26:92
adate(V). [ (C,Hq),N],Hi[Vii,O,n]), 2733
Transition metal polyoxo anions. 27:71
Tetrabutylammonium trihydrogen A-PTributylammonium pentatungsto1.2,3-trivanadononatungstosiIibis(phenylphosphonate)(4 - ),
cate(7 -), [[(C,H,),N],Hl[A-p-SiWqV,O,ll]],27:131
[[(C,H,),NHIJIW,O,,(C,H,POI),IJ,
27: 127
Tetramethylammonium dihydrogen pentaTricyclo[Z.2. I .0'.h]heptaphosphide(3- ).
molybdobis[(4-aminobenzyl)phospho27:228
natel(4 - ), [(CHl),N],H2[ Mo,OlcTrinuclear complexes. 26:243
(NH,C6H,CH,P03)L]],tetrahydrate,
Triphenyl phosphite. ruthenium complex.
27:127
26: 178
Tetrasulfur(2 + ), bromo-cyclo-hepatsulTriphosphenium. I , I . I .3.3.3-hexakisfur( 1 +) hexafluoroarsenate( I - )
(dimethylamino)-. tetraphenylbor(l:4:6), 27:338
ate( 1 - ), 27:256
Tetrasulfur(2 + ), iodo-cyclo-heptasul. I.1.1.3.3.3-hexaphenyl-. Ictriichlofur( 1 + ) hexafluoroarsenate( I - )
roaluminate( I - ). 27:2.54
(l:4:6).27:337

-.
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Triphosphenium salts, 27:253
lH-l.2,3-Triphospholium,3,3,4,5-tetrahydro- 1,1,3,34etraphenyl-, hexachlorostannate(2-)(2:1), 27:255
Tris(4-methylphenyl) phosphite, ruthenium
complex, 26:277
Tungstate( 1 - ), (acetato)pentacarbonyl-, pnitrido-bis(triphenyIphosphorus)( 1 + ),
27:297
, hydridononacarbonyliron-, p-nitrido-bis(triphenylphosphorus)( 1 +),
26:336
, tricarbonyl( v'-cyclopentadieny1)-,
sodium, compound with 1.2-dimethoxyethane(l:2), 26:343
Tungstate(2 - ), nonacarbonyliron-, bis[pnitrido-bis(triphenyIphosphorus)( 1 + )],
26:339
Tungstate(4 - ), aquadihydroxohenhexacontaoxobis[ trioxoarsenato( 1II)jhenicosa- ,
tetrarubidium, tetratricontahydrate,
27:113
Tungstate(V1). [W,Ol,]z-, bis(tetrabuty1ammonium), 27:80
l W , l 1 0 3 2 ~tetrakis(tetrabuty1-,
ammonium), 27231
Tungsten( 1 + ), (acetone)tricarbonyl(q'-cyclopentadieny1)-, tetraflouroborate(1 -). 26:105
, pentacarbonyl[(diethylamino)methylidynej-. tetrafluoroborate( 1 - ),
26:40
Tungsten, aquahexahydroxoheptapentacontaoxobis[trioxoarsenato(111) Jhenicosa-,
hydrate, 27: 112
, dicarbonyl(v'-cyclopentadieny1)hydrido(tripheny1phosphine)-, 26:98
, dicarbonyl($-cyclopentadieny1)[tetrdfluoroborato(1 )](triphenylphosphine)-. 2698
tetracarbonyl[(diethylamino)mcthylidyneJ(isocyanato)-, trans-,
26:42
tricarbonyl($-cyc1oheptatriene)-,
27:4
-,
tricarbonyl(q'-cyclopentadicnyl)[retrafluoroborato(l - )I-, 2696
. tricarbonyl(dihydrogen)bis(tricyclohexy1phosphine)-. 27%
-.
tricarbonyl(dihydrogen)bis(triisopropy1phosphine)-. 27:7

.

-

.

-.

tricarbonyltris(propanenitri1e)-,
27:4
, trichlorotrimethoxy-. 26:45
, trimethoxy-, trichloride, See tungsten, trichlorotrimethoxy-, 26:45
Tungsten carboxylate dinuclear complexes,
26:219
Tungsten(II), tetrakis(acetat0)di-, (W-'-W),
26:224
, tetrakis(acetonitri1e)dinitrosyl-,cis-,
bis[tetrafluoroborate(l -)I, 26:133
,tetrakis(2,2-dimethyIpropanoato)di-, (W-'-W), 26:223
, tetrakis(trifluoroacetato)-di-,
(W-'W),26~222
Tungsten(IV), bis($-cyclopentadienyl)bis(hydrogen sulfide)-, 27:67
, tetrahydridotetrakis(methy1dipheny1phosphine)-, 27:lO
Tungsten(V1). (2,2'-bipyridine)dichloro[( 1,l-dimethy1ethyl)imidol(phenylimid0)-. 27:303
, dichloro[( 1.1-dimethylethyl)imido]( phen ylimido)bis( trimethylphosphine)-, 27:304
, hexahydridotris(dimethylpheny1phospine)-, 27:ll
, tetrachlorobis( 1, l-dimethylethanarnine)bis[ (1,l-dirnethylethyl)imido]bis(p-pheny1imido)di-. 27:301
, trichloro( 1.2-dimethoxyethane)(2.2dimethylpropy1idyne)-, 2650
, tris(2,2-dimethylpropy1)(2,2-dimethylpropy1idyne)-, 26:47
Tungsten tetrachloride. 26:221
Tungstobis(phenylphosphonate)(4 - ),
[ WsO15(C6H,P0,)z]'-, tetrakis(tributylammonium), 2 7 127
Tungstodiphosphate(6 -), [P2W302J]6-,
hexacesium, 27:lOl
Tungstodiphosphate(6 -), [PzW111062]h-,
hexapotassium, tetradecahydrate,
27: 104
Tungstodiphosphate( 10 - ), [a2-P2Wl,061]"1-),
decapotassium, eicosahydrate, 27:
107
Tungstodiphosphate( 12-), [a-P2WlIOSbjrl2-,
dodecasodium, tetracosahydrate,
27: 108
Tungstooctaphosphate(40-), [P,W,,O,,)"-,
pentalithium octacosapotassium hep-,
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tahydrogen, dononacontahydrate.
27: 110
Tungstophosphate(7 -), [PW1110.~]7-,
heptacesium, 27:101
Tungstophosphate(9 - ), (A-PW,O,JY-,
nonasodium. hydrate, 27:lOO
Tungstophosphates, vanadium(V)-substituted. 27:96
Tungstosilicate(4 - ), [y-SiWl,Ou,]‘-, tetrakis(tetrabuty1ammonium). 27:95
Tungstosilicate(4 - ), [a-SiWi20u,]l-,tetrapotassium, heptadecahydrate, 27:93
Tungstosilicate(4 -), [p-SiW,,O,,,]’-, tetrapotassium, nonahydrate, 27:94
Tungstosilicate(8 - ), [a-SiW,,O,p-, octapotassium, tridecahydrate, 27239
Tungstosilicate(8 - ), [Pl-SiW,,Ow~-,
octapotassium, tetradecahydrate, 27:91
Tungstosilicate(8 -), [pl-SiW,,Ow~ octapotassium, tetradecahydrate, 27:92
octaTungstosilicate(8 - ), [y-SiWlI,O,~~~,
potassium, dodecahydrate, 27:88
Tungstosilicate(8 - ), [p ,-SiW, ,O.$ - ,octasodium, 27:W
Tungstosilicate( lo-), [a-SiW,O,,]“’-, decasodium, 27237
Tungstosilicate(l0-), [p-SiW,O,]l‘’-, nonasodium hydrogen, tricosahydrate, 272%
Tungstosilicic acid, (H,[a-SiWl,Ou,]), hydrate, 27:93
Tungstosilicic acid, (H,[P-SiW,,O,,]), hydrate, 27:94
Tungstosilicic acids, a-, p-. y, 2735

Vanadium, bis(q’-methy1cyclopentadienyl)(pdisulfido-S:S’)( p$:$-disulfid0)pthio-di-, 2754
, (pdisulfido-S:S’)bis(q‘-methyl cyclopentadieny1)di-p-thio-di-,2755
Vanadium( ]I), bis( 1,2-benzisothiazol3(2H)-one I I-dioxidat0)tetrakis(pyridine)-, -2pyridine. 27:308
, tetraaquabis( 1.2-benzisothiazol3(2H)-one 1,l-dioxidato)-. dihydrate,
27:307
Vanadium(V)-substituted dodecatungstophosphates, 27:96
Vanadodecatungstophosphate(5 -), [pPVIW,,,Ou,]’-, pentacesium, 27:103
, [-y-PV~WillOUl],
pentacesium, 27: 102
Vanadononatungstophosphate(6 - ), [a1,2,3,-PV,W,O,,,Jh , hexacesium,
27: 100
Vanadononatungstosilicate(4 -), p,-[(q’-cyclopentadieny1)trioxotitanate(IV)]-A-p-l-.2.3-tri-, [A-p-(q’C,H,)TiSiW,V,O,,]l -,tetrakis(tetrabutylammonium), 27: 132
Vanadononatungstosilicate(7 - ), [A+1,2,3-SiW,V,O,,,)’-, hexapotassium hydrogen, trihydrate, 27:129
, [A-P-I ,2,3-SiW,V,OU,]’-, tetrakis(tetrabutylammonium) trihydrogen, 27:131
Vanadoundecatungstophosphate(4 - ), [aPVW,,O,,,]‘-, tetrapotassium, hydrate,
279
Vaska-type rhodium complexes, 27:290

Uranium (IV), bis(q5-l,3-bis(trimethylsilyI)cyclopentadienyl]dibromo-, 27: 174
, bis(qs-1,3-bis(trimethylsi1yl)cyclopentadienyl]dichloro-, 27: 174
-,
his(+ 1,3-bis(trimethylsily1)cyclopentadienyljdiiodo-, 27: 176
-,
tris(q’-cyclopentadienyl)[(dimethyl-

Water, iridium complex, 26:124
ruthenium complex. 26:254
vanadium and chromium complexes,
27:307, 309

-.

phenylphosphoranylidene)methyl]-,

27: 177

Vanadate(3 -), nonabromodi-, tricesium,
261379
, nonabromodi-, trirubidium, 26:379
, nonachlorodi-, tricesium, 26:379
, nonachlorodi-, trirubidium, 26:379
Vanadate(V). [Vll,O1$, tris(tetrabuty1ammonium) trihydrogen, 27:83

~

1,2-Xylylene, magnesium complex, 26: 147
1.2-Xylylene transfer reagents, 26: 144
Ytterbium, bis[ bis(trimethylsilyl)amido]bis(diethy1 ether)-, 27:148
, bis[q‘- 1,3-bis(trimethylsilyl)cyclopentadienylldi-p-chloro-bis(tetra hydrofuran)lithium-, 27: 170
, (diethyl ether)bis(q’-pentamethylcyclopentadieny1)-, 27: 148
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tetrakis[+ 1,3-bis-(trimethylsilyl)cyclopentadienyl]di-p-chloro-di-,
27:171
trichlortris(tetrahydrofuran)-,
27:139
, tris(2,6-di-tert-butyl-4-methylphen0x0). 27~167
Ytterbium(lI), bis(q’-cyclopentadienyl)( 1.2dime thoxye thane)-, 26:22
, bis(phenylethny1)-, 27: 143
Ytterbium diiodide, 27:147
Ytterbium trichloride-3tetrahydrofuran.
27: I39
Yttrium, bis[~’-l,3-bis(trimethylsilyI)-,

-.

cyclopen tadienyl)di-p-chloro-bis(
tef rahydr0furan)lithium-, 27: 169
, tetrakis[v’-l.3-bis( trimethylsily)cyctopentadienyildi-p-chloro-di-,
27:171
, tris(2,6-di-terf-butyl-4-methylphenOXO)-, 27:167
, tris(2,6-di-?erf-butyl-phenoxo)-,
27: 167
Zirconium, bis[ 1.1 (q5)-cyclopentadienyl]tris(dimethylphenylphosphine-2~P)-trip-hydrido-1-hydrido-1KH-osmium-,
27:27
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FORMULA INDEX

Prepared by THOMAS E. SLOAN*

The Formula Index, as well as the Subject Index, i s a Cumulative Index for Volumes 26-30.
The Index is organized to allow the most efficient location of specific compounds and groups
of compounds related by central metal ion or ligand grouping.
The formulas entered in the Formula Index are for the total composition of the entered
compound. e.g., F,NaU for sodium hexafluorouranate(V). The formulas consist solely of
atomic symbols (abbreviations for atomic groupings arc not used) and arranged in alphabetical
order with carbon and hydrogen always given last, e.g., BrICoN,C,H16.To enhance the utility
of the Formula Index, all formulas are permuted on the symbols for all metal atoms, e.g.,
FeOl3RuzClzHIl
is also listed at Ru,FeO13CL3H,,.Ligand groupings are also listed separately
in the same order, e.g., N,C,H,, 1,2-Ethanediamine. cobalt complexes. Thus individual
compounds are found at their total formula in the alphabetical listing; compounds of any
metal may be scanned at the alphabetical position of the metal symbol; and compounds of
a specific ligand are listed at the formula of the ligand, e.g., NC for Cyano complexes.
Water of hydration, when so identified, is not added into the formulas of the reported
compounds, e.g., CI,,,,N,PtRb,C, . 3HzO.
AICI,P,C,H,, Aulminate( 1 - ). tetrachloro-, 1, I , I ,3,3,3-hexaphenyl-triphosphenium, 27:254
AsBrF,S,, Arsenate( 1 - ) hexafluoro-, cyc/o-heptasulfur(1 +), hromo-, 27:336
AsF,IS,, Arsenate( 1 - ), hexafluoro-. iodocyclo-heptasulfur(1+). 27:333
AsFe0,C,zH15,Iron, tetracarbonyl(triphenylarsine)-. 26:61
As,C,,,H,,, Arsine, 1.2-phenylenebis(dimethyl-, gold complex, 26239
As,H,O,,,Rb,W,, uH,O, Tungstate (4-),
aquadihydroxohenhexacontaoxobis[trioxoarsenato(lIl)]henicosa-. tetrarubidium, tetratricontahydrate.
27:113
As,H,O,,W,, xH,O, Tungsten, aquahexahydroxoheptapentacontaoxobis[trioxoarsenato(lll)]henicosa-, hydrate,
27:112
As,Au,F,,,Cl,Hl,, Gold( I), his(1.2-phenylenebis(dimethy1arsine)l-, bis(pentafluorophenyl)aurate(I), 26:89

AS,CO,H~,,~N,,O,,~W,,
19H,0,Ammoniodicobaltotetracontatungstotetraarsenate(23 - ), tricosaammonium. nonadecahydrate, 27: 119
As,Na2nOl,lW,, 60H20,Sodiotetracontatungstotetraarsenate(27 -), heptacosasodium, hexacontahydrate, 27: 118
AshBr,FMSlz,
Arsenate( 1 -), hexafluoro-,
bromo-cyclo-heptasulfur(1+ ) tetra-sulfur(2+) (6:4:1), 27:338
As,F,I,S,,. Arsenate( 1 -), hexafluoro-,
iodo-cyclo-heptasulfur(1+ ) tetra-sulfur(2 + ) (6:4: l ) , 27:337
AuCIF,PC,,H,~,Aurate( I), chloro(pentafluoropheny1)-, (benzy1)triphenylphosphonium, 26388
AuCIPCl,Hlq,Gold, chloro(tripheny1-phosphine)-. 26:325. 27:218
AuCISC,H,, Gold(1). chloro(tetrahydrothiophene). 26:86
AuColFeO,,PCu,Hl~.
Gold(l +), (triphenylphosphine)-. dodecacarbonyltricohaltferrate(1-), 27:188

'Chcrnic;tl Ah\lrrcls Scrvicc. Columhus. OH.
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AuFSC,,,H,, Gold( I), (pentafluoropheny1)(tetrahydrothi0phene)-. 26:86
AuF,,SC,,H,, Gold(II1). tris(pentafluor0phenyl)(tetrahydrothiophene)-, 26237
AuHO,,,Os,PC,,H,,, Osmium. decacarbonyl-p-hydridolp-(triethylphosphine)gold]tri-, 27210
AuHO,,,OslPC~H,,,Osmium, decacarbonyl-p-hydrido[p(triphenylphosphine)gold]tri-. 27:209
AuMn,O,P,C,H,,. Gold, octacarbonyl1K'C,-~K'C-~L-(
dipheny1phosphino)1 : 2 f-(
~ triphenylphosphine)-3~f
4riangab-dimanganese-, 26:229
Au&jFiKitHi?, Gold(1). bis[ 1.2-phenylenebis(dimethylarsine)]-, bis(pen tafluorophenyl)aurate(I), 26:89
Au,CIF,O,P,PtSC,H,,, Gold( 1+ ), chloro1Kcfbis( triethytphosphine-1ttf')bis(triphenylphosphine-)-2~f ,3Kffriangulo-platinumdi-, trifluoromethanesulfonate, 27:218
Au,F,NPSC,~H,,, Gold([), (pentafluoropheny1)-p-thiocyanato-(triphenylphosphine)di-, 26:90
AuzOI,IO~IP~C~2HIllr
Gold, decacarbonylbis( trie thylphosphine)triosmiumdi-,
27:211
Au,O,,,OslPzC,,H,,, Osmium, decacarbonylbis[ p-(triphenylphosphine)gold]tri-,
27:211
AuxBF,OP,CqH,,, Gold( 1 + ), ~3-0x0-tris[(triphenylphosphine)-, tetrafluoro-borate(1-), 26:326
Au,CoOlzPlRu1C,H,,, Ruthenium, dodecacarbonyltris(tripheny1phosphine)cobalttrigoldtri-, 26:327
Au,,CI,P,,C2,,H,,,, Gold, hexachlorododecakis( tripheny1phosphine)pentapentaconta-, 27:214
BAu,F,OP,C,H,,, Gold( 1+), p3-0x0-tris[(triphenylphosphine)-, tetrafluoroborate( 1 -), 26:326
BC,H,, Borane, trimethyl-, 27:339
BCIFJIrN2N2PZCsH3,,
Iridium(III), chloro(dinitrogen)hydrido[tetrafluoroborato(1 - )]bis(triphenylphosphine)-, 26: 119
BCIFJIrOPzC,,H,I,Iridium(II1). carbonylchlorohydrido[tetrafluoroborato( 1 - )]bis(tripheny1phosphine)-, 26: 117

BCIF,IrOP,C,,H,,. Iridium(III), carbonylchloromethyl[tetrafluoroborato( 1 - )]bis[triphenylphosphine)-. 26: 118
BF,, Borate(1 -), tetrafluoro-, molybdenum and tungsten complexes, 26:%105
BF,H,Ir2CHHH,Iridium(1 + ), [ 1.4-butanedibis(dipheny1phosphine)ldi-, tetrafluoroborate( 1 -), 27:26
BF,HSIr2P,C,,H,,, Iridium( 1 + ), pentahydridobis[1,3-propanediylbis(diphenylphosphine)]di-, tetrafluoroborate( 1 - ),
27:22
BF,IzIrC,zHH,Iridium(II1). (1.2-diiodoben-

zene)dihydridobis(triphenylphos-

phine)-, tetrafluoroborate( 1 - ), 26:125
BF,Ir02PzCmHa,Iridium(III), diaquadihydridobis(tripheny1phosphine)-, tetrafluoroboratefl-), 26:124
BF,Ir02P2C,zH,J,Iridium(II1). bis(acetone)dihydridobis(tripheny1phosphine)-,
tetrafluoroborate( 1 -). 26:123
BF,IrP2C3,Hw,Iridium( 1 +). (qJ-1,5-cyclooctadiene)[1.3-propanediylbis(diphenylphosphine)]-, tetrafluoroborate-(I -), 27:23
BF,IrP,C,,H,,, Iridium(I), (+I .5-cyclooctadiene)bis(triphenylphosphine)-, tetrafluoroborate(1 -), 26:122
BF,MoOC,H,,, Molybdenum(1 + ), carbonyl($-cyclopen tadienyl)bis(diphenylacety1ene)-, tetrafluoroborate( 1 - ),
26: 102
BF,MoOPCMH,,, Molybdenum(1 +), carbonyl(q5-cyclopentadienyl)(diphenylacetylene)(tripheny1phosphine)-,
tetrafluoroborate(1 -), 26:104
BF,Mo02PC2,Hm.Molybdenum, dicarbonyl(v'-cyclopentadienyl)[ tetrafluoroborato( 1- )](triphenylphosphine)-, 26:98
BFjMoO,C,H,, Molybdenum, tricarbonyl(qs-cyclopentadienyI)[tetrafluoroborato(1 -)I-, 26:96
BFjMoO,C,OH,, Molybdenum(1 + ), tricarbonyl(qJ-cyclopentadienyl)(qz-ethene)-,
tetrafluoroborate(1- ), 2 6 102
BF,MOO,C,~H~~.
Molybdenum(1+). (acetone) tricarbonyl(q5-cyclopentadienyl)-,
tetrafluoroborate(1 -), 26:105
BF,NO,WC,,,H,,, Tungsten( 1 + ), pentacar-
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bonyl[(diethylamino)methyfidyne]-, tetrafluoroborate( 1 -), 26:40
BF,O,PWC,,H,, Tungsten, dicarbonyl(qscyclopentadienyl)[te trafluoroborato( 1 - )]triphenylphosphine)-, 26:98
BFJOtWC,H,, Tungsten, tricarbonyl(q’-cyclopentadienyl)[tetrafluoroborato(1 -)I-, 26:96
BFJO,WC,,H,l, Tungsten(1 +), (acetone)tricarbonyl(q’-cyclopentadieny1)-,
tetrafluoroborate( 1 -), 26: 105
BF,O,ReC,, Rhenium, pentacarbonyl[tetrafluoroborato(l -)I-. 26:108
BF,O,ReC,H,, Rhenium( I + ), pentacarbonyl(q?-ethene)-, tetrafluoroborate(]-), 26:110
BH3P,PtzC,H,,, Platinum(II), p-hydridodihydridotctrakis(triethy1phosphine)di-,
tetraphenylborate( 1 -), 27:32
BH3P,Pt2CJ,H,,,Platinum(II), di-p-hydridohydridotetrakis( triethy1phosphine)di-,
tetraphenylborate(1 -), 27:34
BH,P,Pt&H,,, Platinum(II), di-p-hydridohydridotetrakis(tripheny1phosphine)di-,
tetraphenylborate(1 -), 27:36
BN,P,C,H,,
Borate( I - ), tetraphenyl-.
1.1 . I .3,3,3-hexakis(dimethylamino)t riphosphenium, 27:256
BOP,RhS,C,H,,
Borate(1 -), tetra
phenyl-. “2-[(diphenylphosphino)methyl]-2-methyl-l,3-propanediyl]bis(diphenylphosphine)](dithiocarbonato)rhodium(III), 27:287
BOzP,PtC,,H,,, Platinum(II), (3-methoxy-3oxo-KO-propyl-KC’)bis(triethylphosphine)-, tetraphenylborate(1- ),
26: 138
BP,PtC,H,,, Platinum(lI), (q’-cyclooctenyl)bis(triethyiphosphine)-, tetraphenylborate( 1 -), 26: 139
BP,PtC,,H,,, Platinum(I1). p-hydrido-hydridophenyltetrakis( triethy1phosphine)di-. tetraphenylborate( I -), 26:136
B2F,H,Ir3P,C,,H,Z, Iridium(2 + ), tris[ 1,2ethanediylbis(diphenylphosphine))heptahydridotri-, bis[tetrafluoroborate( 1 -)I, 27:25
B,F,H,Ir,P,c,,H,,, Iridium(2 + ), heptahydridotris( 1.3-propanediylbis(diphenylphosphine)]tri-, bis[ tetrafluoroborate(1 -)I, 27:22
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B2F,MoN,O,C8Hl2,Molybdenum(I1). tetrakis(acetonitri1e)dinitrosyl-, cis-,
bis[tetrafluoroborate(l - )]. 26:132
B,F,N,PdC,H,, , Palladium(II), tetrakis(acetonitrile)-, bis[tetrafluoroborate(1 -)I. 26:128
B2FIN,02WC8H,2r
Tungsten(II), tetrakis(acetonitri1e)dinitrosyl-, cis-.
bis[tetrafluoroborate(I - )], 26:133
BLH,, Diborane(6), 27:215
B2N,RuC,H,, Ruthenium(I1). (+I S-cyclooctadiene)tetrakis( hydrazine)-,
bis[tetraphenylborate( 1 -)I, 26:73
B,N,RuC,H,,
Ruthenium(I1). (?,-I 3 c y clooctadiene)tetrakis(methylhydrazine)-, bis(tetraphenylborate( 1 - )].
26:74
B,H,,K, Borate( 1 - ), tetradecahydronona-,
potassium, 26: 1
BrAsF,S,, cycfo-Heptasulfur(1 + ), bromo-,
hexafluoroarsenate( 1 -), 27:336
BrCH,, Methane, bromo-, osmium and
ruthenium complexes, 27:201, 205
BrC,,H,, Benzene, I-bromo-2,4,6-tri-rerfbutyl-, 27:236
BrFcSC,HI, hb-Sulfane, (2-bromoetheny1)pentafluoro-, 27:330
BrF,N,PRuC,,H,,, Ruthenium(lI), tris(acetonitrile)bromo(q4-l,5-cyclooctadiene)-, hexafluorophosphate( 1 - ),
26:72
BrF,S,Sb, cyclo-Heptasulfur(1 + ), bromo-.
hexafluoroantimonate( 1 -), 27:336
BrH,0uOs3C,,,,Osmium, (p,-bromomethylidyne)nonacarbonyltri-p-hydrido-rriangulo-tri-, 27:205
BrH,O,Ru,C,, Ruthenium, (p,-bromomet hy1idyne)nonacarbonyI-tri-p-hydridorriangulo-tri-, 27:201
BrHgO,Ru,C,,H,, Ruthenium. (bromornercury)nonacarbonyl(3,3-dirnethyl- I-butynyl)-Niangulo-tri-, 26:332
BrNO,SC,,,Hl,. Bicyclo[2.2. Ilheptane7-methanesulfonate, 3-bromo-l.7dimethyl-2-oxo-, [( 1R)-(ENDO,
ANTI)]-, ammonium, 26:24
BrSiGH,, Silane, bromotrirnethyl. 26:4
Br2N2RuC2.HZ2,
Ruthenium(I1). bis(benzonitrile)dibromo(qJ-I ,5-cyclooctadiene), 26:71
Br,Si2UC,ZH,2,Uranium(1V). bis(q‘-I .3-
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Br&UC,IH,, (Continued)
bts(trimethylsilyl)cyclopen tadienyljdibromo-, 27: 174
Br,H,,N,Ru, Ruthenium(Il1). tetramminedibromo-. cis-, bromide, 26:67
BrlTi, Titanium tribromide. 26:382
BrJAs6F&. cyclo-Heptasulfur( 1 + ),
bromo-, tetrasulfur(2 + ) hexatluoroarsenate(l-)(4:1:6), 27:338
BruCr,Cs,, Chromate(3 -), nonabromodi-,
tricesium, 26:379
Br,Cr,Rb,, Chromate(3 -), nonabromodi-.
trirubidium, 26:379
Br,Cs,Ti,, Titanate(3 - ), nonabromodi-,
tricesium, 26:379
Br,CslV2. Vanadate(3 -1, nonabromodi-,
tricesium. 26:379
Br,Rb,Ti,, Titanate(3 -), nonabromodi-,
trirubidium, 26:379
BruRblV2,Vanadate(3 - ), nonabromodi-,
trirubidium, 26:379
C, Carbide, iron complex, 26:246
ruthenium cluster complexes, 26:281-284
CHFI02,Acetic acid, tritluoro-, tungsten
complex, 26:222
CHF1OS, Methanesulfonic acid, trifluoro-,
iridium, manganese, and rhenium com.
plexes, 26:114, 115, 120
platinum complex, 26:126
CHOSI, Dithiocarbonic acid, 27:287
CH,, Methylene, osmium complex, 27:2M
CH?O,, Formic acid, rhenium complex,
26:112
CH,Br, Methane, bromo-, osmium and
ruthenium complexes, 27:201. 205
CH,, Methyl, iridium complex, 26: 118
CH,, Methyl, manganese complex, 26: 156
osmium complex, 27:206
rhenium complexes, 26: 107
CH,CI, Methane, chloro-, osmium complex, 27:205
CHjO, Methanol, platinum complexes,
26: 135
tungsten complex, 26:45
CNa,O,,Ru,C,,. Ruthenate(2 - )p,-carbidotetradecacarbonyl-, disodium, 26:284
CO. Carbon monoxide, chromium, 26:32,
34, 35
chromium, molybdenum, and tungsten
complexes, 26:343, 27:297

cobalt, copper, and ruthenium, 26:358.
259
cobalt-gold-ruthenium, 26:327
cobalt-iron complex, 27:188
cobalt and iron, 26:244
cobalt, iron, and ruthenium, 26:352-355
cobalt-molybdenum-nickel complexes,
27: 192
cobalt-molybdenum-ruthenium complex,
27:194
cobalt, platinum, and rhodium, 26:370
cobalt and ruthenium, 26:176, 177
gold-osmium complexes, 27: 109, 21 1
iridium complex, 26:117-120
iron complexes, 2653-57, 232-241, 246,
27: 183-187
iron complexes with Group 15 ligands,
26:59-63
iron-tungsten complexes, 26:336-340
manganese complexes, 26: 156-158, 162173, 226230
manganese and rhenium complexes,
26:114, 115
mercury-molybdenum-ruthenium complexes, 26:329-335
molybdenum complexes, 2634, 27:3, 224
molybdenum, palladium, and platinum,
complexes, 26:345
molybdenum and tungsten, 26:96-105
nickel complex, 26:312
nickel, osmium and ruthenium complexes, 26:362-367
osmium complexes, 26:187, 188. 290293, 295-301, 304-307
platinum complex, 26:316-322
rhenium complexes, 26:77, 82, 83, 107
rhodium complexes, 27:291
ruthenium complexes, 26:259, 262, 264,
269, 273,275-278.281-284, 287, 288
ruthenium and osmium complexes,
27: 198-207
tungsten complexes, 26:40,42, 27:4, 6,
7
CO1, Carbon dioxide, rhenium complex,
26:111
CO,,P,Ru,C,,H,,. Ruthenate(2 - ), p5-carbido-tetradecacarbonylpenta-,bis[pnitrido-bis(triphenyIphosphorus)( 1 + )],
26:284
CO,,RLI,C,~,Ruthenium, G-carbido-pentadecacarbonylpenta-, 26:283
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COI7Ru,C,,, Ruthenium, p,-carbido-heptadecacarbonylhexa-, 26281
CS, Thiocarbonyls, osmium, 26:185-187
C,HCIIOz. Acetic acid, trichloro-, ruthenium complex, 26256
CzHF,Ot, Acetic acid, trifluoro-, ruthenium
complex, 26254
C,HF,S, A'-Sulfane, ethynylpentafluoro-,
27:329
C,H,BrF5S, A'-Sulfane, (2-bromoetheny1)pentafluoro-, 27:330
C,HICIOz, Acetic acid, chloro-, ruthenium
complex, 26256
C,H,N, Acetonitrile, cobalt, copper, and
ruthenium complexes, 26:356, 359
molybdenum, palladium, and tungsten
complexes, 26: 128-133
osmium complex, 26290. 292
ruthenium(I1) complexes, 26:69-72
C,H,, Ethene, molybdenum complex,
26:102-105
rhenium complexes, 2 6 110
C2H,0, Acetaldehyde, iron complex,
26:235-241
C,H,O,, Acetic acid, chromium, molybdenum, and tungsten complexes, 27297
palladium complex, 26:208
rhodium complex, 27292
tungsten complex, 26:224
C,H,, Ethane, cobalt-molybdenum-nickel
complex, 27: 192
C2H,0, Dimethyl ether, ruthenium complex, 27:198
C,H,PS, Phosphine sulfide, dimethyl-.
26:162
manganese complex, 26:162
C,H,N,, 1.2-Ethanediamine. chromium
complex, resolution of, 26:24-27
platinum complexes, 27:314, 315
CH,N, Propanenitrile, tungsten complex,
27:4
C,H,, I-Propene, ruthenium complex,
2625 I
C,H,O, Acetone, iridium complex,
26: 123
molybdenum and tungsten complexes,
26: 105
CIH,O,, Methyl acetate, iron complex,
27: 184
osmium complex, 27:204
C H , B , Borane, trimethyl-, 27:339
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C3H,P, Phosphine, trimethyl-, tungsten
complex, 27:304
C,H,PO, Trimethyl phosphite. iron complex, 26:61
C,H,, 2-Butyne, cobalt-molybdenum-ruthenium complex, 27:194
C,H,O,, 2-Propenoic acid, methyl ester,
platinum complex, 26:138
C,H,NO, 3-Butenamide, nickel complex,
26206
C,H,O. Furan, tetrahydro-, gold complexes, 26:85-87
iron complex, 26232
lanthanide-lithium complexes, 27: 170
lutetium complex, 27:152. 161, 162
magnesium complex, 26: 147
neodymium complex, 27: 158
neodymium and samarium complexes.
26:20
samarium complex, 27:155
C,H,NO, 2-Propenamide, 2-methyl-. nickel
complex, 26205
C,H,,,, Propane, 2-methyl-, neodymium
complex, 27:158
C,H,,,O, Diethyl ether, ytterbium complex.
27: 148
CJH,,,02,Ethane, 1.2-dimethoxy-, ytterbium complex, 2622
solvates of chromium, mo9bdenum. and
tungsten carbonyl cyclopentadienyl
complexes, 26343
tungsten complex, 2650
C,H,,OZ NaCIH,. Ethane. l,Z-dimethoxy-.
compd with cyclopentadienylsodium.
26:341
C,H,,N. Ethanamine, 1.1-dimethyl-, tungsten complex, 27:301
C,H,,OSi, Silane, methoxytrimethyl-, 26:44
C,H,,Si, Silane, tetramethyl-, lutetium complex, 27: 161
C5F6O2HZr
2.4-Pentanedione. 1.1, I .5.5.5hexafluoro-. palladium complexes,
27:3 18-320
C,H,S,, 1,3-Dithiol0[4.5-b][ 1,4)-dithiin-2thione, 26:389
C5H5N,Pyridine, vandium complex, 27:308
C,H,, 1.3-Cyclopentadien, cobalt complex,
26:309
chromium, molybdenum. and tungsten
complexes, 26:343
cobalt complex. 26: 191-197
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C,H, (Continued)
cobalt-molybdenum-nickel complex,
27: 193
iron complex, 26232-241
lutetium complex, 27:161, 162
mercury-molybdenum-ruthenium complex, 26:333
molybdenum complex, 27:63, 224
molybdenum, palladium, and platinum
complexes, 26:345
molybdenum and tungsten complexes,
26:96- 105
neodymium complex, 27: 158
neodymium, samarium, and ytterbium
complexes. 26:20
nickel, osmium, and ruthenium complexes, 26:178, 362-367
osmium-zirconium complex, 27:27
titanium complex, 27:60, 61, 66
tungsten complex, 2 7 5 7
uranium complex, 27: 177
C,H,S, 2.4-Pentadienthia1, osmium complex, 26: 188
C,H,O,, Butanoic acid, 3-0x0-, methyl ester, rhodium complex, 27:292
C,H,N, Propane, 2-isocyant-2-methyl-,
ruthenium complex, 26:275
C,H,P, Phosphine, (22-dimethylpropylidyne)-, 27:249, 251
C,H,llO,, Propanoic acid, 2,2-dimethyl-,
tungsten complex, 26:223
C,H12,Propane, 2.2-dimethyL. magnesium
and tungsten complexes, 26:46, 47, 50
C,H,,N, Ethanamine, N-ethyl-N-methyl-,
tungsten complex, 26:40, 42
C,HF,, Benzene, pentafluoro-, gold complexes, 26236-90
C,H,I,, Benzene, 1,Z-diiodo-, iridium complex, 26:125
ChH5,Phenyl, platinum complex, 26: 136
C,H,N, Pyridine, osmium complex, 26991
C,,H,NO,, 4-Pyridinecarboxylic acid, rhodium complex, 27292
C,*H,,O,Phenol, rhodium complex, 27292
C,*H,,S.Benzenethiol, osmium complex,
2h:3W
C,,H-N. Benzenamine, tungsten complex,
27:301
C,.H-P. Phosphine, phenyl-, cobalt-iron
complex. 26:353

Cc,H,, 1,3-Cyclopentadiene, 1-methyl-,
preparation and purification of,2 7 5 2
titanium complex, 2 7 5 2
vanadium complex, 2754, 55
C,H,O,. Ascorbic acid, platinum complex,
27283
C,H,,, 1-Butyne, 3,3-dimethyl-, mercurymolybdenum-ruthenium complex,
26:329-335
C,,H,,N,, 1,2-Cyclohexanediamine1 cis-,
tram-(R,R)-, and trans-(S,S)-,platinum
complex, 27283
C,H,,P, Phosphine, triethyl-, gold-osmium
complexes, 27:209, 21 1
gold-platinum complex, 27:218
platinum complexes, 26:126, 135-140,
27:32, 34
C,HISPO,Triethyl phosphite, iron complex,
26:61
CJ-I,6N,, 1,2-Ethanediamine, N,N,N,N'-tetramethyl-, lithium complex, 26:148
C,H,,Si, Silane, triethyl-, ruthenium complex, 26969
C,,HI,LiPSi,.20C,H,, Phosphide, bis(trimethylsi1yl)-, lithium, -2tetrahydrofuran, 27943, 248
C,H,FO,, Benzoic acid, 3-flUOrO-, rhodium
complex, 27292
C,H,N. Benzonitrile, platinum complex,
26:345
ruthenium(l1) complexes, 26:70-72
C,HsN03S, 1,2-Benzisothiazol-3(2H)-one,
l,l-dioxide, chromium and vanadium
complex, 27~307,309
C7H602.Benzoic acid, rhodium complex,
27992
C,H,, Benzene, methyl-, cobalt complex,
26:309
lutetium complex, 27:162
manganese complex, 27: 172
C,H,, Bicycle[ 2.2.1]hepta-2,5-diene, ruthenium complex, 26250, 251, 256
C,H,O,S, Benzenesulfonic acid, 4-methyl-,
rhodium complex, 27:292
C,H,, Cycloheptatriene, tungsten complex,
27:4
C7HYN,Pyridine, 3,5-dimethyl-, palladium
complex, 26210
C,H,,PS,, Phosphonium (dithiocarb0xy)triethyl-, rhodium complex, 27:288

Formula Index

C,HlqNSi, Ethanamine, 1*l-dimethyl-N-(trimethylsi1yl)-. 27:327
C,H,NO, Benzoyl isocyanide. chromium
complex, 26:32, 34, 35
CnH,, Benzene, ethynyl, ytterbium complex, 27: 143
C,H,O,, Phthalic acid, rhodium complex,
27:291
C,H,, 1.3,5,7-Cyclooctatetraene,lutetium
complex, 27:152, 153
CnHnO, Ethanone, I-phenyl-, manganese
complex, 26: 156-158
C,H,O,, Methyl benzoate, chromium complex, 26:32
C,H,,,. o-Xylylene, magnesium complex,
26: 147
C,H,,P, Phosphine. dimethylphenyl-, iron
complex, 26:61
molybdenum complex, 27: 11
osmium complex, 27:27
osmium-rhodium complex, 27:29
osmium-zirconium complex, 27:27
ruthenium complex, 26:273
CnH,,, 1.5-Cyclooctadiene. iridium complex, 2 6 122. 2 7 2 3
osmium-rhodium complex, 27:29
ruthenium complexes, 26:69-72, 253-256
C,H,,O,PS, 2-Butenedioic acid, 2-(dimethylphosphinothioy1)-, dimethyl ester,
manganese complex, 26:163
C,H,,, Cyclooctene, platinum complex,
26: 139
C,HqN, Benzene, 2-isocyano-l,3-dimethyl-,
iron complexes, 2 6 5 3 5 7
C,H,,N, Benzenemethanamine, N,N-dimethyl-, lithium complex, 26:152
lutetium complex, 27: 153
palladium complex, 26212
C,H,,P, Phosphine, cthylmethylphenyl-,
lithium complex, 27: 178
C,H,,P, Phosphorane, dimethylmethylenediphenyl-, uranium complex, 27:177
C,H,,P, Phosphine, triisopropyl-, rhodium
complex, 27:292
tungsten complex, 27:7
C,H,,PSi,, Phosphine, tris(trimethylsily1)-,
27:243
CloHnN,, 2,2’-Bipyridine, palladium complex, 27:319
rhenium complex, 26232, 83
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tungsten complex, 27:303
ClIlH,O,, 2.3-Naphthalenediol, in prepn. of
cis-tetraamminedihaloruthenium( 111)
complexes, 26:66, 67
, 2-Propynoic acid, 3-phenylmethyl
ester, cobalt complex, 26:192
C,oH,Sn. 2,2’-Bi-1,3-dithiolo[4,5-b)[
1.41dithiinylidene. 26:386
ClIlH,N. Quinoline, 8-methyl-, palladium
complex, 26:213
ClllH15N,
Benzenemethanamine, N,N,Z-trimethyl-, lithium complex, 26:153
, Benzenemethanamine, N.N.4-trimethyl-, lithium complex, 26:152
C I I I H 1 6 AArsine.
~zr
1.2-phenylenebis(dimethy1-. gold complex, 26239
C,,,H,,. 1,3-Cyclopentadiene, 1,2,3,4,5-pentamethyl-, chromium complex, 27:69
iridium complex, 27: 19
samarium complex, 27: 155
titanium complex, 27:62
ytterbium complex, 27: 148
C,,,H,,BrNO,S. Bicyclo(2.2. Ijheptane-7methanesulfonate. 3-bromo- 1.7-dimethyl-2-oxo-, [( 1R)-(ENDO,
A N T f ) ] - ,ammonium, 26:24
CIl,H,,CI,PSi,, Phosphonous dichloride,
[tris(trimethylsilyl)methyl]-, 27:239
CIIIHBSi),Me thane, tris(trimethy1silyl)-,
27:238
CI,H,,Si,, 1.3 Cyclopentadiene, 1,3-bis-(trimethylsily1)-, lanthanide-lithium complexes, 27:170
CIIHZ70PSilr
Phosphine, [2,2-dimethyl-l(trimethylsiloxy)propylidene]( trimethylsily1)-, 27:250
CIZHIIIN~,
Azobenzene. cobalt and palladium complexes, 26:175, 176
manganese complex, 26:173
C,,HIIN, Pyridine, 2-(phenylmethy1)-, palladium complex, 26:208-210
CI2HIIP,
Phosphine, diphenyl-, manganese
complex, 26: 158, 226-230
ruthenium complex, 26:264
C,,H,,O,S, Thiophenetetracarboxylic acid,
tetramethyl ester, 26: 166
C,,H,,N, Naphthalenamine, N,N-dimethyl-,
lithium complex, 26: 154
C,,H,,, Benzene, hexamethyl-. ruthenium
complex, 26:181, 182
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ClzHz,P, Phosphine, tributyl-, iron complex,
26:61
C,,H,N, Benzo[ blquinoline, ruthenium
complex, 26:177
C,,H,,P, Phosphine, methyldiphenyl-, iron
complex, 2661
molybdenum complex, 27:9
tungsten complex, 27:lO
C,,H,,, Acetylene, diphenyl-, molybdenum
complex, 26: 102-105
C,,H,,, Benzene, 1.l’-( 1,2-ethanediyl)-bis-,
26: 192
platinum complex, 26:140
C,,H,,O,P, 1H-Phospholium, 2,3,4,5-tetrakis( methoxycarbonyl)3,2-dimethyl-,
manganese complex, 26167
C,,H,,O,PS, 2H-1.2-Thiaphosphorin-2ium,3,4,5,6-tetrakis(methoxycarbonyl)2,2-dimethyl-, manganese complex,
26: 165
C,,H2,0. Phenol, 2.6-di-ferf-butyl-, actinide
and lanthanide complexes, 27:166
C,,H2,N,, 1,5.9,13-Tetraazacyclohexadeca1,3,9,11-tetraene, 4,1@dimethyI-,
nickel complex, 27:272
C,,H2,Siz, Benzene, 1,2bis[(trimethylsilyl)methyl]-, 26: 148
lithium complex, 26148
, 2,4-Hexadienedioic acid, 3-methyl4-phenyL. dimethyl ester, cobalt complex, 26:197
C,,H,,O,, 2-Pentenedioic acid, 3-methyl-2(phenylmethy1)-, dimethyl ester, cobalt
complex, 26:197
C,,H,,O. Phenol, 2,6-di-ferf-butyl-4methyl-, actinide and lanthanide complexes, 27:166
C,,H,,As, Arsine, triphenyl-. iron complex,
26:61
C,,H,,O,P, Triphenyl phosphite, ruthenium
complex, 26:178
C,,H,,P. Phosphine. triphenyl-, cobalt complex. 26:190-197
cobalt-gold-iron complex, 27: 188
cobalt-gold-ruthenium complex, 26:327
gold complex, 2 6 9 , 325, 326, 27:214
gold and manganese complex, 26:229
gold-osmium complcxes. 27:209, 21 1
gold and platinum complex, 27:218
iridium complexes, 26:117-120. 122-125,
201. 202

iron complexes, 26:61, 237, 241
molybdenum and tungsten complexes,
26~98-105
molybdenum, palladium, and platinum
complexes, 26:347
osmium complex, 26: 184-188
platinum complex, 27:36
rhenium complex, 27:15, 16
rhodium complex, 27:222, 292
ruthenium complex, 26:181, 182
C,,H,,P, Phosphine, triphenyl-ruthenium
complex, 26:181, 182
CIRHIsPO,Triphenyl phosphite, iron complex, 26:61
C,,HIsSb, Stibine, triphenyl-, iron complex,
2661
C,,H,,, Benzene, 1,3-butadiene-l ,4-diylbis-, cobalt complex, 26:195
C,,H,Br, Benzene, I-bromo-2,4,6-tri-rertbutyl-, 27~236
C,,H,IP, Phosphine, (2,4,6-tri-rert-butylpheny1)-, 27:237
CI8H,,P, Phosphine, tricyclohexyl-, iron
complex, 26:61
molybdenum complex, 27:3, 13
nickel complexes, 26:205, 206
rhodium complex, 27:291
tungsten complex, 27:6
C,,HI,,OP, Benzenemethanol, 2-(diphenylphosphino)-, manganese complex,
26: 169
C&zN,Oz, 1,5,9,13-Tetraazacyclohexadeca-l,4,9,12-tetraene, 2,12-dimethyl3,11-bis( 1-methoxyethy1idene)-, nickel
complex, 27:264
C,,H,,N,. 1,5,9,13-Tetraazacyclohexadeca1,4,9,12-tetraene, 2,12-dimethyl-3,11bis[ 1-(methy1amino)eth ylidenel-, nickel
complex, 27:266
C,H,,P,Si,, Diphosphene,
bis(tris(trimethylsilyl)methyl]-, 27:241,
242
Cz,HzlO,P,Tris(4-methylphenyl) phosphite
ruthenium complex, 26277,278
CzIHRPSi,Phosphine, (2,4,6-tri-ferr-butyIphenyl)(trimethylsilyl)-, 27:238
C,,H,,NOP, Benzamide, 2-(diphenylphosphino)-N-phenyl-, 27:324
, Benzamide, N-[2-(diphenylphosphino)phenyl]-, 27:323
CZ,HzzPz,Phosphine, methylene-

Formula index

bis(dipheny1-, ruthenium complex,
26:276
C,,,H,,PL, Phosphine, ethynediylbis(dipheny1-, ruthenium complex.
26:277
C,,H2,Pz. Phosphine. 1.2-ethanediylbis(dipheny1-. iridium complex, 27:25
molybdenum complex, 26%
platinum complex, 26:370
C,H,,N,, 3,10,14,18.21,25-Hexaazabicyclo[ 10.7.7]hexacosa-l,ll,13,18.20,20,25-hexaene, 2,3,10,11,13,19-hexamethyl-, cobalt complex, 27:270
nickel complex, 27:268
C,,H,,F,,N,P,, 3,10,14,18,21.25-Hexaazabicyclo[ I0.7.71hexacosa-1.1 1,13,18,20,25hexaene, 2,3,lO,Il. l3,19-hexamethyl-,
tris[hexafluorophosphate(I-)], 27:269
C,,H,,P,, Phosphine, 1,3-propanediyIbis(dipheny1-. iridium complex, 27:22,
23
C2RHznPzr
Phosphine. 1.4-butanediylbis(dipheny1-, iridium complex, 27:26
C,,H,,N,O,, 1,5,9,13-Tetraazacyclohexadeca- 1.3.9.1 1-tetraene, 3.1 1-dibenzoyl2,12-dimethyl-, nickel complex,
27:273
CxP,N40z, 1,5,9,13-TetraazacycIohexadeca-l,4.9,12-tetraene. 3,11-bis(amethoxybenzylidene)-2,12-dimethyl-,
nickel complex, 27:275
CMHIIP3,Phosphine, bis[2-(diphenyLphosphino)ethyl]phenyl-, palladium complex, 27:320
C,H,,N,P,, Phosphorus( 1 + )p-nitrido-bis(triphenyl-, azide, 26:286
C,H,,P,, Diphosphene, bis(2,4,6-tri-rerf-butylpheny1)-, 27:241
C~H13NOzPz,
Phosphorus( 1 + ), p-nitridobis(tripheny1-, acetate, 27:296
C,,H,,P,, Phosphine, [24 (diphenylphosphino)methyl]-2-methyl-l,3-propanediyljbis(dipheny1-, rhodium complex,
27:287
C,,H,N,, 1,5,9,13-Tetraazacyclohexadeca1,4,9,12-tetraene, 3.1 1-bis[a-(benzylamino)benzylidene]-2,12-dimethyl-,
nickel complex, 27:276
C,H,,N,, 3,Il. 15,19.22,26-Hexaazatricyclo[1 1.7.7.1 s.Y]octacosa1,5,7,9(28),
12,14,19,21,26-nonaene, 3,l l-dibenzyl-
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14,20-dimethyl-2,12-diphenyl-,
iron
complex, 27:280
C,,H,,N,, 3,11,15,19,22,26-Hexaazatricyclo[ 11.7.7. I'~v]octacosa-l
,5,7,9(28),
l2,l4.l9,2l.26-nonaene, 3.11 -dibenzyl-

l4,2O-dimethyl-2,12-diphenyl-.

nickel complex 27:277
C,,H,,F,,N,P,, 3.1 1 15,19,22,26-Hexaazatricyclo[l 1.7.7.1~~Y]octacosa-l.5,7,9(28). l2,14.l9,2l,26-nonaene. 3.1 I-dibenzyl-14,20-dimethy1-2.12-di-phenyl-,
tris[hexafluorophosphate( 1-)I, 27:278
CeClzLiO,Si,C,,H,,, Cerium, bis[q5-l.3bis(trimethylsilyl)cyclopentadienyl]dip-chloro-bis(tetrahydr0furan)-lithium-,
27: 170
Ce,CI,Si,C,H,,, Cerium, tetrakis[q5-l,3bis(trimethylsilyl)cyclopentadienyl]dip-chloro-di-, 27: 171
CIAUF,PC,,H~~,
Aurate(I), chloro(pentafluoropheny1)-. (benzy1)triphenylphosphonium, 26%
CIAuPC,,H,,, Gold, chloro(tripheny1phosphine)-, 26:325, 27:218
CIAuSC,H,. Gold(1). chloro(tetrahydrothiophene)-, 26:86
CIAu,F,OIP,PtSC,H,,, Platinum( 1+),
chloro-l-rC/bis( triethylphosphine1rP)bis( triphenylphosphine)-2~P,3~Prriungulo-digold-, trifluoromethanesulfonate, 27:218
CIBF,IrN,P,C,, , Iridium (111). chloro-(dinitrogen)hydrido[tetrafluoroborate(1 -)]bis(triphenylphosphine)-, 26:119
CIBF41rOP2Cl,H,,,Iridium(II1). carbonylchlorohydrido[tetrafluoroborato( 1- )]bis(tripheny1phosphine)-, 26: 117
CIBF,IrOP,C,,H3,, Iridium(Ill), carbonylchloromethyl[tetrafluoroborato(1 - )]bis(tripheny1phosphine)-, 26: I18
CICH,, Methane, chloro-, osmium complex, 27:205
CICoP3Cs4H4,,Cobalt, chlorotris(tripheny1phosphine)-, 26:190
CIF,03PtSCI,HM,Platinum(II), chlorobis(triethylphosphine)( trifluoromethanesulfonat0)-. cis-. 26:126
CIF&PRuCI,H2,, Ruthenium(I1).
tris(acetonitrile)chloro(q'-l,5-~yclooctadiene)-, hexafluorophosphate( 1- ),
26:71
I
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CIH,O,Os,C,,,, Osmium, nonacarbonyl(p,chloromethylidyne)tri-p-hydrido-rriungulo-tri-, 27205
CIHgMn,O,PC,,,H,,,,Manganese, p-(chloromercuri0)-p(diphenylphosphin0)bis(tetracarbony1-, (Mn-Mn),
26230
CllrP,C,H,,, Iridium(1). chlorotris(tripheny1phosphine)-. 26:201
, lridium(III), chloro[2-(diphenylphosphino)phenyl-C',f]hydridobis(tripheny1phosphine)-, (OC-6-53)-.
26202
CILuOC,,Hl,, Lutetium, chloro(qn-l,3,5,7cyclooctatetraene) (tetrahydrofuran)-,
27: 152
CIMgC,H,,, Magnesium, chloro(2,Z-dimethylpropy1)-, 26:46
CIN,PdC,,H,,, Palladium(II), chloro[2-(2pyridinylmethyl)phenyl-C',N](3.5-dimethy1pyridine)-, 26:210
CIOP,RhS,C,,H,, Rhodium, chloro[(Z-[(diphenylphosphino)methyl]-2-methyl1.3propanediyl]bis(diphenylphosphine)](dithiocarbonato), 27989
CIO,C,H,, Acetic acid. chloro-, ruthenium
complex, 26256
CIPRuCv,Hy, Ruthenium(l1). chloro(qhhexamethylbenzene)hydrido(tripheny1phosphine)-, 26: 181
CIP,PtC,,H,, Platinum(II), chloro-(cis-l.Zdiphenylethenylbis(triethy1phosphine)-,
trans-. 26:140
CIP,RhS,C,,H,, Rhodium, chloro[[Z-[(diphenylphosphino)methyl]-2-methyl-1,3-

propanediyl]bis(diphenylphosphine)][(dithiocarboxy)triethylphosphoniumatol-, 27988
CIP,RhCxHn, Rhodium(I), chloro(q'-retrahedro-tetraphosphorus)bis( triphenylphosphine)-, 27:222
CI,CeLiO,Si,C,,H,,, Cerium, bis(q5-1,3bis(trimethylsilyl)cyclopentadienyl]dip-chloro-bis(tetrahydrofuran)-lithium-,
27:170
CIzCezSi,C,H,, Cerium, tetrakis[q'- 1,3bis(trimethylsilyl)cyclopentadienyl]dip-chloro-di-, 27:171
CIzDyzSi,C,H,,, Dysprosium, tetrakis[qs1,3-bis(trimethylsilyl)cyclopentadi-

enylJdi-p-chloro-di-, 27: 171
CI,Er,Si,C,H,,, Erbium, tetrakis[q'-l,3bis(trimethylsilyl)cyclopentadienyl]di-

p-chloro-di-, 27:171
CI,Eu,Si,C,H,,, Europium, tetrakis[q,-l ,3bis( trimethylsilyl)cyclopentadienylJdip-chloro-di-, 27: 171
CI,Gd,Si,C,H,,, Gadolinium, tetrakis[qs1.3-bis(trimethylsilyl)cyclopentadienylldi-p-chloro-di-. 27: 171
CI,Ho,Si,C,,H,,, Holmium, tetrakis[vT-l,3bis(trimethylsilyl)cyclopentadienyl]di-

p-chloro-di-, 27:171
CI,LaLiO,Si,C,,H,,, Lanthanum, bis[qs-l,3bis( trimethylsilyl)cyclopentadienyl]dip-chloro-bis(tetrahydr0furan)lithium-.
27: I70
CI,La,Si,C,H,,, Lanthanum, tetrakis[q'-l,3bis(trimethylsilyl)cyclopentadienyl]dip-chloro-di-, 27:171
CI,LiNdOzSi,C,,Hs,. Neodymium, bis[qs1,3-bis(trimethylsilyl)cyclopentadienylldi-p-chlorobis(tetrahydr0furan)lithium-. 27:170
ClzLiO~PrSi,CX,Hs8,
Praseodymium, bis[q'1,3-bis(trirnethylsilyl)cyclopentadienylldi-p-chlorobis(tetrahydrofuran)lithium-, 27: 170
CI,LiO,ScSi,C,,H,,, Scandium, bis[q5-l,3bis(trimethylsilyl)cyclopentadienyl]dip-chloro-bis(tetrahydr0furan)lithium-,
27: 170
CIzLiOzSi,YC,H5,, Yttrium, bis[q5-1,3bis(trimethylsi1yl)cyclopentadienyl Jdip-chloro-bis(tetrahydr0furan)lithium-,

27: 170
Cl2LiO2Si,YbCw,Ha,Ytterbium, bis[q5-l,3bis( trimethylsilyl)cyclopentadienyl]dip-chloro-bis(tetrahydrofurdn)lithium-,
27:170
CIzLuzSi,C,H,,, Lutetium, tetrakis[q5-l,3bis( trimethylsilyl)cyclopentadien ylldipchloro-di-, 27:171
C12NzPzC,HIR,
1,3,2,4,-Diazadiphosphetidine, 1,3-di-ferr-butyl-2,4-di-chloro-,
c~s-, 27:258
CI2N,PZWC,,H,,, Tungsten(V1). dichloro[( 1,l-dimethylethyl)imido](phenylimido)bis(trimethy1phosphine)-,
27:304

Formulu index

CI,N,Pd,C,,H,, , Palladium(II), di-p-chlorobis[2-[(dimethylamino)methyl]phenylC1,wdi-,26:212
C~zN2PdzCmH,6,
Palladium(II), di-p-chlorobis( 8-quinolylmethyl-C,N)di-, 26:2 13
C12NzPd2C24H2,1,
Palladium(II), di-p-chlorobis[2-(2-pyridimylmethyl)phenylC1,N]di-,26:209
CI,N,PtC,,H,,, Platinum, bis(benzonitri1e)dichloro-. 26:345
C12N,RuC,2H,x,Ruthenium(II), bis(acetoni trile)dichloro(qJ-1 ,5-cyc1ooctadiene)-,
26:69
CIzNzRuCzzH~z,
Ruthenium(II), bis(benzonitrile)dichloro(qJ-1,5-cyclooctadiene)-, 2670
CI,N,Pd,C,,H,,. Palladium, di-p-chloro-

bis[2-(phenylazo)phenyl-C',fP]di-,

26: 175
CI,N,WC,H,,, Tungsten(V1). (2,2'-bipyridine)dichloro[(1.1-dimethylethyl)imido](phenylimido)-, 27:303
CI2Nd2SiJCuHn,,
Neodymium, tetrakis[q'1,3-bis(trimethylsilyI)cyclopentadienylldi-p-chloro-di-, 27: 171
Cl,OsP,C,,H,~, Osmium(II), dichlorotris(tripheny1phosphine)-, 26:184
C120sP,SC,,H,,, Osmium(II), dichloro(thiocarbonyl)tris(triphenylphosphine)-.
26: 185
C12PCI,H,, Phosphorus dichloride, (2,4,6tri-tert-butylpheny1)-, 27236
CI,PSi,C,,H,,, Phosphorus dichloride,
[tris(trimethylsilyl)methyl]-, 27239
CI,P,PtC,,H,,, Platinum dichloro[1Jethanediylbis(diphenylphosphine)]-,
26:370
CIzPrzSi,C,,Hw,Praseodymium, tetrakis[q'1,3-bis(trimethylsilyI)cyclopentadienylldi-p-chloro-di-. 27: 171
CI,RuC,H,, Ruthenium(I1). (ql-bicycloI2.2. I]hepta-2,5-diene)dichloro-,
26:250
C I , R u ~ H , , ,Ruthenium(II), di-p-chloro(q'1,5-~yclooctadiene)-,polymer, 26:69
, Ruthenium(I1). dichloro(q'-cycloocta-1.5-diene)-, 26:253
CI,Sc,Si,C,,H,,, Scandium, tetrakis[r("-l,3bis( trimethylsilyl)cyclopentadienyl]dip-chloro-di-, 27: 171
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CIISizThC22HJ2,
Thorium(1V). bis(qs-l,3bis( trimethylsily1)-cyclopentadienyl]dichloro-, 27: 173
CI,Si2UC22H,,,Uranium(IV), bis(qs-l ,3bis(trimethylsily1)- cyclopentadienyl]dichloro-, 27: 174
CIzSi,Sm,CuHn4.Samarium, tetrakis[qs-1.3bis( trimethylsilyl)cyclopentadienyl]dip-chloro-di-, 27: 171
CI,Si,Tb,C,H,,, Terbium, tetrakis[q'- 1.3bis(trimethylsilyl)cyclopentadienylIdip-chloro-di-, 27: 171
C12SiJTmzC,H,, Thulium, tetrakis[q'-l,3bis( trimethylsilyl)cyclopentadienyl]dipchloro-di-, 27: 171
CI,Si,Y,C,H,,, Yttrium, tetrakis[q5-l,3bis( trimethylsilyl)cyclopentadienyl]dip-chloro-di-, 27:171
CI,Si,Yb,C,H,,
Ytterbium, tetrakis[q'-l,3bis( trimethylsilyl)cyclopentadienyl]dip-chloro-di-, 27: 171
CI,CrN,C,H,,, Chromium(lII), dichlorobis(1 ,2-ethanediamine)-, A-cis-, chloride,
and monohydrate, resolution of, 2624,
27, 28
CllEr.7/2C4HXO,Erbium trichloridetetrahydrofuran(2:7), 27: 140
CI,H,,N,Ru, Ruthenium(III), tetraamminedichloro-, cis-, chloride, 26:M
CI,Nd.3/2CjH,O, Neodymium trichloridetetrahydrofuran(2:3), 27: 140
CI,O,C,H. Acetic acid, trichloro-. ruthenium complex, 26256
C130zSmC8H,6.
Samarium, trichlorobis(tetrahydrofuran)-, 27: 140
CI,02WCHlp,Tungsten(VI), trichloro( 1 2 dimethoxyethane)(2,2-dimethylpropylidyne)-, 2650
CI,O,WC,H,, Tungsten, trichlorotrimethoxy-, 26145
CI3O,YbCI2H2,,Ytterbium, trichlorotris(tetrahydrofuran)-, 139
Cl,OsP,Cz,H,,, Osmium(111). trichlorotris(dimethylpheny1phosphine)-. mer-,
2727
CI,Sm.2CJH,0, Samarium trichlorideZtetrahydrofuran. 27: 140
CI3Yb.3C,H,O. Ytterbium trichloride3tetrahydrofuran. 27: 139
CI,AIP,C,,H,,, Aulminate( 1 - ), tetrachloro-,
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CI,AIP,C,,Hu, (Continued)
1.1, I ,3,3,3-hexaphenyltriphosphenium,
27254
CI,N,RuC,,H,,, Ruthenate( 1 - ). tetrachlorobis(acetonitri1e)tetraethylammonium.
263356
CI,N,PtC,H,,. Platinum(1V). dichlorobis(1.2ethanediamine)-, dichloride, cis-,
27:314
CI,N,PtC,H,,, Platinum(I1). dichlorobis(1.2ethanediamine monohydrochloride)-,
from-,27:315
CI,N,W,C,H2,. Tungsten(V1). tetrachlorbis(1,l-dimethylethanamine)bis[( 1.1-dimethylethyl)imido]bis(p-phenylimido)di-, 27:301
CI,0VRu2Cz,HM,.
Ruthenium(1I)p-aquabis(p-chloroacetato)bis[(chloroacetato)q'-cycloocta- 1,5-diene)-, 26:256
CI,W, Tungsten tetrachloride, 26:221
CI,H,MoN,O, Molybdate(V), pentachloro0x0-, diammonium, 26:36
CI~U~,P,,C,,,H,,,,Gold, hexachlorododecakis(tripheny1phosphine)pentapentaconta-. 27:214
CI,Er20,C,Hlb, Erbium, hexachloroheptakis(tetrahydr0furan)di-, 27: 140
CI,Nd,O,C,,H,,. Neodymium, hexachlorotris( tetrahydrofuran)di-, 27: 140
CI,P,SnC,,H,,, Stannate(1 -), hexachloro-.
3,3,4,5-tetrahydro- 1.1.3.3-tetraphenyllH-l.2,3-triphospholium.27255
CI,Cr,Cs,, Chromate(3 - ), nonachlorodi-,
tricesium, 26:379
C19Cs,Ti2,Titanate(3 -), nonachlorodi-, tricesium, 26:379
CI,Cs,V,, Vanadate(3 - ), nonachlorodi-,
tricesium, 26:379
CI,Rb,Ti,, Titanate(3 -), nonachlorodi-,
tricesium, 26:379
CI,Rb,V,, Vanadate(3 -), nonachlorodi-,
trirubidium, 26:379
C1120YR~2C22HII,
Ruthenium(II), p-aquabis( p-trichloroacetato)bis[q'-bicyclo[2.2.I]hepatadiene)(trichloroacetato)-,
26:256
CoAu,Ol2P3Ru1CMH,,,
Ruthenium, dodecacarbonyltris(tripheny1phosphine)cobalt
trigoldtri-, 26:327
COCIP~C~H,~,
Cobalt, chlorotris(tripheny1phosphine)-, 26: 190

CoF,,N,P,C,,H,, Cobalt(I1).
(2,3,10,11,l3,l9-hexamethyl3.10,14,18.21,25-hexaazabicyclo[ 10.7.7]hexacosa-1,11,13,18,20,25hexaene-K'N".'n.21,2")-,bis[hexafluorophosphate( 1 -)I, 27:270
CoMoNiO5Cl7Hl3,
Nickel, cycfo-p,-ethylidyne-1:2:3-~'C-pentacarbonyl1K2C.2K'C-bis[ 1,3(+-cyclopentadienyl]cobaltmolybdenum-,(Co-Mo)
(Co-Ni) ( M o - N i ) , 27: 192
CoMoO,RuC,,H,, , Cobalt, cyclo-[p3l(q?):2($):3(qz)-2-butyne]octacarbonyl-1KzC,2dC,3K'C-[1($)-CyClOpentadienyl]molybdenumruthenium-,
(Co-Mo) (Co-Ru) (Mo-Ru),
27:194
CoN,O,C,,H,, Cobalt, tricarbony@-(phenylazo)phenyl-C1,N2]-,26:176
Co02PC,,Ha,, Cobalt, (qz-2-propynoate)(tripheny1phosphine)-,26: 192
CoO,PCnHM, Cobalt, (q(syc1opentadienyl)(1,4-bis(methoxycarbonyl)-2methyl-3-phenyl-l,3-butadiene-l,4diyl](triphenylphosphine)-, 26:197
CoO,PCMHM,Cobalt, (v'-cyclopentadienyl)[l,3-bis(methoxycarbonyl)-2methyl-4-phenyl-l.3-butadiene-l,4diyll(tripheny1phosphine)-, 26: 197
CoPC3,HxI.Cobalt, (q'-cyclopentadienyl)
[+l, 1'-(1.2-ethynediy1)bisbenzene)(tripheny1phosphine)-, 26: 192
CoPC4,H,,, Cobalt, ($-cyclopentadienyl)[q2-1.1'-(1,2-ethynediyl)bisbenzene](triphenylph0sphine)-, 26: 192
CoPC,,Hw, Cobalt, ($-cyclopentadienyI)(2.3-dimethyl-1,4-diphenyl-l,3-butadiene-l.4-diyl)(triphenylphosphine)-,
26: 195
CoP,C,H,,, Cobalt, ($-cyclopentadienyl)bis(tripheny1phosphine)-, 26: 191
CO,AS,H~,~,N~,O,,~W,~.
19H20,Ammoniodicobaltotetracontatungstotetraarsenate(23 - ), tricosaammonium. nonadecahydrate, 27:119
Co,FeO,PC,sHs, Iron, nonacarbonyl(p3pheny1phosphimidene)dicobalt-,26:353
Co,FeO,SC, Iron, nonacarbonyl-pdhiodicobalt-, 26:352
Co,FeO,SG, Iron, nonacarbonyl-pdhiodicobalt-, 26245
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Co,MoO,C,,H,, Cobalt, octacarbonyl(+-cyclopentadieny1)-p,-ethylidynemolybdenumdi, 27:193
Co,O,PzPtC3,H2,,Cobalt, heptacarbonylI1.2ethanediylbis(diphenyIphosphine)]-platinumdi-, 26:370
Co,O,RuC,,H,, Cobalt. p3-2-butyne-nonacarbonylrutheniumdi-, 27: 194
Co,O,RuSG, Ruthenium, nonacarbonyl-p,thio-dicobalt-, 26:352
Co20,,RuCl,.Ruthenium, undecarbonyldicobalt-, 26:354
Co,AuFeOllPC3,H,,. Cobalt(1 -), dodecacarbonylirontri-, (triphenylphosphine)gold(l +), 27:188
ColCBH2,,Cobalt, tris($-cyclopentadienyl)bis(p-phenylmethy1idyne)tri-,
26:309
ColCuNOIzC,,H,, Ruthenium, (acetonitrile)dodecacarbonyltricobaltcopper-,
26:359
CoIFeNOl2C2,H,,,,
Ferrate( 1 - ), dodecacarbonyltricobalt-, tetraethylammonium,
27: I88
Co.,NOIzRuCIzH,,,,
Ruthenate( 1 -), dodecacarbonyltricobalt-, tetraethylammonium, 26358
CrCI,N,C,H,,, Chromium(II1). dichlorobis( 1,2-ethranediamine)-, A-cis-,
chloride. and monohydrate resolution
of, 26:24, 27
CrFNO,C,H, Chromate(V1). fluorotrioxo-,
pyridinium, 27:310
CrFeN09P2C,5H31,
Chromate( 1 -)hydridononacarbonyliron-, p-nitrido-bisftriphenylphosphorus)(1 + ), 26:338
CrFeN,O,P,C,,H,,, Chromate(2 - ), nonacarbonyliron-, bis[p-nitrido-bis(triphenylphosphorus)(1 +)I, 26:339
CrNO5CIRHI3,
Chromium, (benzoyl isocyanide)dicarbonyl(q6-methyl benzoate)-,
26:32
CrN06Cl,H,, Chromium, (benzoyl isocyanide)pentacarbonyl-, 26:34. 35
CrNO,P,C,,H,,, Chromate( 1 - ), (acetate)pentacarbonyl-, p-nitrido-bis(tripheny1phosphorus)(l +), 27:297
CrN,O,,,S,C,,H,,.2H,O. Chromium(II),
tetraaquabis( 1,2-benzisothiazol-3(2H)one 1.1-dioxidato)-, dihydrate, 27:309
CrNa0.,C~H5,C,Hll,0~,
Chromate( I - ), tri-
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carbonyl(qb-cyclopentadienyl)-,
sodium,
compd with 1,2-dimethoxyethane(1:2),
26:343
Cr2Br,Cs,, Chromate(3 - ), nonabromodi-.
tricesium, 26:379
Cr2Br,Rbl, Chromate(3 -), nonabromodi-,
trirubidium. 26:379
Cr,CIvCs,, Chromate(3 -), nonachlorodi-,
tricesium, 26:379
CrzS5Cn1Hn,
Chromium, (p-disulfido-S:S)(p-q~:~2-dis~lfido)bis(rl(-pentamethylcyclopentadieny1)-p-thio-di- ( Cr-Cr),
27:69
Cs,Br,Cr,, Chromate(3 - ), nonabromodi-,
tricesium, 26:379
Cs,BrvTiz,Titanate(3 -), nonabromodi-.
tricesium, 26:379
Cs,Br,V,, Vanadate(3 - ), nonachlorodi-.
tricesium, 26:379
Cs,C19Cr2,Chromate(3 -), nonachlorodi-,
tricesium, 26:379
Cs,C19Ti,, Titanate(3 -), nonachlorodi-. tricesium, 26:379
Cs,CI,Vz, Vanadate(3 - ), nonachlorodi-,
tricesium. 26:379
Css0,PVzW,,,, Divanadodecatungstophosphate(5 - ), p-. pentacesium, 27: 103
Cs,O,,PV,W,,,, Divanadodecatungstophosphate(5-), y, pentacesium, 27:102
Cs60z,P,Ws, Pentatungstodiphosphate(6 - ).
hexacesium, 27: 101
Cs,O,,PV,W,, Trivanadononatungstophosphate(6-), u-1.2,3-, hexacesium.
27: 100
Cs,O,PW,,,, Decatungstophosphate(7- ),
hexacesium. 27:101
CuCo,NO12CI,H,.Ruthenium, (acetonitrile)dodecacarbonyltricobaltcopper-,26:359

Dy0,CJ5H,. Dysprosium, tris(2.6-di-rerfbutyl-4-methylphenoxo)-,27: 167
DyzCIzSi,C,,H,, Dysprosium, tetrakis[q'1,3-bis(trimethylsilyl)cyclopentadienylldi-p-chloro-di-. 27: 171
ErCl, ,/,C,H,O, Erbium trichloride-tetrahydrofuran(2:7), 27: 140
Er0,CJ5Hw,Erbium. tris(2.6-di-ferr-butyl-Jmethylphenox0)-. 27: 167
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Er,CI,Si,C,H,,
Erbium, tetrakis[$-1.3bis( trimethylsilyl)cyclopentadienyl]dip-chloro-di-, 27:171
Er2C&O&&, Erbium, hexachloroheptakis(tetrahydr0furan)di-, 27: 140
Eu2CI,Si,C,,H,, Europium, tetrakis-[q'-l,3bis( trimethylsilyl)-cyclopentadienyl]dipchloro-di-, 27:171
FCrNO,C& Chromate (VI), fluorotrioxo-,
pyridinium, 27:310
FNO$C,,H,, Fluorosulfate, tetrabutylammonium, 26:393
FN201ReC13HH,
Rhenium, (2,2'-bipyridine)tricarbonylfluoro-, 26232
FO?C,H,, Benzoic acid, 3-fluoro-, rhodium
complex, 27:292
FOIP,RhC,Hl,, Rhodium(I), carbonyl(3fluorobenzoato)bis(triphenylphosphine)-, 27:292
FO,S,C,,,H,, 2,2'-Bi-1,3-dithiolo[4,5-b]I1,cljdithiinylidene fluorosulfate, 26393
F,HO,P, Phosphorodifluoridic acid, rhenium
complex, 26533
F,N,O,PReC,,H,, Rhenium, (2.2'-bipyridine)-tricarbonyl(phosphorodifluoridato)-, 26:83
F,Au,CIOIP,PtSC,~H,,, Platinum( 1 + ),
chloro- I-K Chis( triethylphosphine1 ~P)bis(triphenylphosphine)-2~f
,3Kftriangulo-digold-, trifluoromethanesulfonate, 27:218
F,CIO,PtSC,,H,,. Platinum(II), chlorobis(triethylphosphine)(trifluoromethanesulfonat0)-, cis-, 26:126
F,K,MnO,S, Manganate(III), trifluorosulfato-. dipotassium, 27:312
F,MnO,SC,, Manganese(I), pentacarbonyl(trifluoromethanesu1fonato)-, 26: 114
F,O,CH, Acetic acid, trifluoro-. tungsten
complex, 26:222
F,O,C,H, Acetic acid, trifluoro-, ruthenium
complex. 26:254
F,O,SCH, Methanesulfonic acid, trifluoro-,
iridium, manganese and rhenium complexes, 26:114, 115, 120
platinum complex, 26: 126
F,0,P2PtSC,,H,,, Platinum(II), hydrido(methanol)bis(triethylphosphine)-,
trans-, trifluoromethanesulfonate,
26: I35

F10,ReSC6, Rhenium(1). pentacarbonyl(trifluoromethanesu1fonato)-,26: 115
F,P, Phosphorus trifluoride, 26: 12
F,AUIBOP~C%H,S,
Gold(l+), pioxo[tris[(triphenylphosphine)-. tetrafluoroborate(1 -), 26326
F,BCIIrN2P2C,HlI, Iridium(III), chloro(dinitrogen)hydrido[tetrafluoroborato( 1 - )Ibis(tripheny1phosphine)-,
26:119
F,BClIrOP2Cl,HlI, Iridium(III), carbonylchlorohydrido[tetrafluoroborato(1 - )]bis(triphenylphosphine)-, 26: 117
F,BClIrOP2Cl,Hll. Iridium(III), carbonylchloromethyl[tetrafluoroborato(1 - )]bis(tripheny1phosphine)-. 26: 118
F,B, Borate(1 - 1, tetrafluoro-, molybdenum
and tungsten complexes, 26:96-105
F,BH51r2C~HS6,
Iridium( 1 +). [ 1.4-butanedibis(dipheny1phosphine)jdi-, tetrafluoroborate(1-), 27:26
F,BH,lr,P,C,H,,,
Iridium(1 + ), pentahydridobis[1,3-propanediyIbis(diphenylphosphine)]di-, tetrafluoroborate( 1 -),
27:22
F,BIzIrC,2Hm,Iridium(II1). (1,2-diiodobenzene)dihydridobis(triphenylphosphine)-, tetrafluoroborate( 1 -),
26: 125
F,BIr02P2C,H,, Iridium(III), diaquadihydridobis(tripheny1phosphine)-, tetrafluoroborate(1 -), 26:124
F,BIr02P2C,2H,,,Iridium(III), bis(acetone)dihydridobis(triphenylphosphine)-, tetrafluoroborate( 1 -), 26:123
F,BIrP2Cl,HM,Iridium( 1+), (+1,5-cyclooctadiene)[ 1,3-propanediylbis(diphenylphosphine)]-, tetrafluoroborate(1-), 27:23
F,BIrP,C,,H,,, Iridium([), (q4-1,5-cyclooctadiene)dbis(triphenylphosphine)-, tetrafluoroborate(1-), 26:122
F,BMoOCMH2$,
Molybdenum(1+), carb~nyl(r(~-cyclopentadienyl)bis(dipheny1acetylene)-, tetrafluoroborate(1-), 26:102
F,BMoOPC,H,,
Molybdenum(1 + ), carbonyl(q5-cyclopentadienyl)(diphenylacetylene)(tripheny1phosphine)-, tetrafluoroborate( 1 - ), 26: 104
F,BMoO2PCzSH,,,Molybdenum, dicar-
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bonyl(q'-cyclopentadienyl)( tetrafluoroborato( 1 - )](triphenylphosphine)-,
26:98
F,BMoO,C,H,, Molybdenum, tricarbonyl
(qkyclopentadienyl)[tetrafluoroborato( 1 - )I-. 26:Y6 .
F,BMoO,C,,,H,. Molybdenum(1 + 0, tricarbonyl(q'-cyclopentadienyl)(q~-ethene)-, tetrafluoroborate( 1 -), 26: 102
F,BMoO,C,,H,,, Molybdenum(1+). (acetone)tricarbonyl(q'-cyclopentadieny1)-,
tetrafluoroborate( 1 - ), 26:105
F,BN05WC,,,H,,,,Tungsten( 1 + ), pentacarbonyl[(diethylamino)methylidyne]-,
tetrafluorohorate( I - ). 26:40
F,BO,PWC,,H,, Tungsten, dicarbonyl(q'cyclopentadienyl)[tetrafluoroborato( 1 -)]triphenyl-, 26:98
F,BOIWC,H,, Tungsten, tricarbonyl(q'-cyclopentadienyl)[tetrafluoroborato(1 - )I-. 26:Y6
F,BO,WC,,H,,, Tungsten(! +), (acetone)tricarbonyl(?'-cyclopentadieny1)-,
tetrafluoroborate(1 -), 26:105
F,BO,ReC,, Rhenium, pentacarbonyl[tetrafluoroborato(l -)I-, 26: 108
F,BOcReC7H,,Rhenium( I + ), pentacarbonyl(qz-ethene)-, tetrafluoroborate(! -), 26:llO
F,Ol,Re,C,,.4H,O, Rhenium, dodecarbonylte trafluorote t ra-, te t rah ydrate , 26: 82
F,AuCIPC,,H,,, Aurate(I), chloro(pentafluoropheny1)-, (benzy1)triphenylphosphenium, 26:88
F5AuSCI,,H,,Gold(l), (pentafluoropheny1)tetrahydrothiophene)-, 26236
F5Au,NPSC,,H ,(,Gold(I), (pentafluoropheny1)-p-thiocyanato(triphenylph0sphine)-di-, 26:90
F,BrSC,H,. A'-Sulfane, (2-bromoetheny1)pentafluoro-, 27:330
F,CH. Benzene, pentafluoro-, gold complexes, 26386-90
F,SC,H, A6-sulfane, ethynylpentafluoro-,
27:329
F,AsBrS7, Arsenate( 1 - )hexafluoro-, cycloheptasulfur(1 +), bromo-, 27:336
F,AslS7, Arsenate( 1 - ), hexafluoro-, iodocyclo-heptasulfur(I +), 27:333
F,BrN3PRuCI4H2,,Rutheniurn(II),
tris(acetonitrile)bromo(.rl)-1,5-cyclooc-
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tadiene)-, hexafluorophosphatc( 1 - ).
26:72
F,BrS7Sb, Antimonate( 1 -), hexafluoro-,
bromo-cyclo-heptasulfur(1 + ), 27:336
F,CIN3PRuCI,H2,,Ruthenium(Il),
tris(acetonitrile)chlor(q'-1.5-cyclooctadiene)-, hexafluorophosphate( 1 - ),
26:71
F,,FeMo0,P2C,H,, Iron( 1 +), p-acetyl~ K:T
1KO-tetracarbonyl-IK'C'
h*C-bis[1,2(q7-cyclopentadienyl)](triphenylphosphine-1K P)molybdenum-, hexafluorophosphate( I - ),
26:24 1
F.,FeMoO,PC,,H,,, Iron(1 +), p-acetyl2KC'KO-pentaCarbOnyl-~K1c,~Kzc-

bis[ 1,2(~f-~yclopentadienyl)]molybdenum-, hexafluorophosphate( 1 - ),
26239
F,FeO,PC,,H,,, Iron( 1 +), ($-cyclopentadienyl)dicarbonyl(tetrahydrofuran)-,
hexafluorophosphate( 1 - ), 26:232
F,Fe,O,P,C,,,H,,, Iron( 1 + ), p-acetylKC' : IKO-tricarbonyl-IK'C,~KCbis[ 1.2-(q5-cyclopentadienyl)](triphenylphosphine-ZKP)di-. hexafluorophosphate( 1 - ), 26:237
F,Fe,O,PC,,,H,,, Iron(1 +), p-acetyl-C:Obis[dicarbonyl(q-cyclopentadieny1)-,
heasfluorophosphate( 1 -), 26:235
F,IS,Sb, Antimonate( 1 - ), hexafluoro-,
iodo-cyclo-heptasulfur(1 + ), 27:333
F,IrO,P,S,C,,H,,, Iridium(lII), carbonylhydridobis(trifluoromethanesu1fonato)bis(tripheny1phosphine)-,26: 120
F,N,NiP,C,,H,,, Nickel(II), [3,1 I-bis(a(benzylamino)benzylidene]-2,12-dimethyl-I ,5,Y.13-tetraazacyclohexadeca1,4,9,12-tetraene-~'N'~~.~~~~]-.
bis[hexafluorophosphate( 1 -)I, 27276
F,O,C,H,, 2,4-Pentanedione, 1,1,1,5.5,5hexafluoro-, palladium complexes,
27:318-320
F,MoO,P,C,H,,. Molybdenum(II), dicarbonylbis[1,2-ethanediylbis(diphenylphosphine)]fluoro-, hexafluorophosphate(1-), 26244
F,,BzH71r,P,C7nH7z,
Iridium(2 + ), tris[ 1,2et hanediylbis(diphenylphosphine)]heptahydridotri-, his[ tetrafluoroborate( 1 -)I, 27%
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F,B,H,Ir3P,C,lH,N, Iridium(2 + ), heptahybicycle[ 10.7.7)hexacosa-1,11,13,18,20,
dridotris[1,3-propanediylbis(diphenyl2~-heXaene-~'~''~~"~'")-,
bisthexafluphosphine)]tri-. bis[tetrafluoroborateorophosphate(1- )], 27:268
( 1 - )], 27:22
FI~N,NiP2CwH,z,
Nickel(II), [3,1l-dibenzylF,B,MoN,O,C,H,,, Molybdenum(11).
14.20-dimethyl-2.12-diphenyl-3,11,15,
19.22,26-hexaazatricyclo-[ 11.7.7.1'.']tetrakis(acentonitri1e)dinitrosyl-, cis-,
octacosa-1,5,7,9(28),12,14,19,21,26bisItetrafluoroborate(1 -)I, 26: 123
nonaene-KJNIS.
19.22.26I-, bis[ hexafluoroF,B,N,PdC,H,,. Palladium(II), tetrakis(acetonitri1e)-, bisltetrafluorophosphate(1 -)I, 27277
Fl,N,PLRuCI,H~,
Ruthenium(I1). (q'-cycloborate( I -)I. 26: 128
octadiene)tetrakis( methy1hydrazine)-,
F,B,N,O,WC,H,,, Tungsten(I1). tetrakis(acetonitri1e)dinitrosyl-,cis-,
bis[hexafluorophosphate(1 -), 26:74
bis[tetrafluoroborate( 1 -)I. 26:133
F120,P,PdCuH,S,Palladium(I1). [bis[Z-(diF,,,As,AuC1,H2>,
Gold( I), bis( I,Z-phenylpheny1phosphino)ethyIlphenylphosenebis(dimethylarsine)]-, bis(pentaphine]( 1,1,1,5,5,5-hexafluoro-2,4-penfluorophenyl)aurate(I), 26239
tanedionato), 1,1,1,5,5,5-hexafluoro2,4-dioxo-3-pentanide, 27:320
F12CoN,P2C2,Hu,
Cobalt(II), (2,3.10,11,13,
I9-hexamethyl-3,10,14,18,21
,25-hexaFl2O,PdC,,,H,,Palladium, bis( 1,1,1,5,5,5azabicyclo[10.7.7]hexacosa-l , I 1.13.
hexafluoro-2,4-pentanedionato)-,
1 8 " 0 " 5 - h e x a e n e - ~ ~ N ~ ~ . ~ "bis[
~ ~hexa~~~')-,
27:318
fluorophosphate(1 -)I, 27270
Flz0,W2C,,Tungsten(I1). tetrakis(trifluor0acetato)di-, (W+W),
26:222
Fl,FeN,P2C,,H,,, Iron(I1). [3,1l-dibenzylRuthenium(I1). p-aqua14.2O-dimethyl-2.12-diphenyl-3,11,15, FI~OVRU&JH~,
bis( p-trifluoracetato)bis[(q4-cycloocta19,22,26-hexaazatricyclo[11.7.7.15."]1.5-diene)(trifluoroacetato)-, 26:254
octacosa-1,5,7,9-(28),12,14.19.2 126F,,AuSC,H,, Gold(III), tris(pentafluor0nonaene-~'N~~.~~.~~.'~]]-,
bis(hexafluorophenyl)(tetrahydr0thiophene)-, 26:87
phosphate(1 -)I. 27:280
Fl,I,SlrSb,ZAsF,, Antimonate( 1- ), hexaF12NLOJPdC~,,Hl,,,
Palladium(II), (2,2'-bipyrfluoro-, ~-iodo-bis(4-iodo-cyclo-heptaidine)(l,l,1,5.5,S-hexafluoro-2,4-pentanedionato), 1,1,1,5.5.5-hexafluorosulfur)(3 +)(3: 1). --;?(arsenic trifluor2,4-dioxo-3-pentanide, 27:3 19
ide), 27:335
FIzN,NiO,P,C,,H,,, Nickel(II), [2, 12-diF,,N,P,C,H,,, 3,10,14.18.21 .ZS-Hexaazabicyclo[ 10.7.71hexacosa- 1,11,13,18,20,25.
methyl-3.1I-bis( 1-methoxyethy1idene)1,5.9,13-tetraazacyclohexadeca-I ,4,9,
hexaene, 2.3.10.1 1,13,19-hexamethyl-,
12-tetraene-~~N'.~.~."]-,
bis[hexafluorotris[hexafluorophosphate(1-)I, 27269
phosphate(1 -)I, 27964
F,,N,P,C,,H,,, 3,11,15,19,22,26-HexaazatriF1zNJNi02PZCY,H3h,
Nickel(I1). (3,11-bis(acyclo[ 11.7.7.15.y]octacosa-1,5.7.9( 28),
methoxybenzylidene)-2,1Z-dimethyl12.14.19,21,26-nonaene. 3-1 l-dibenzyl1,5,9,13-tetraazacyclohexadeca1,4.9
14,20-dimethyl-2,12-diphenyl-,tris1 2 - t e t r a e n e - ~ ' ~ ~ ~bis[hexafluoro.~.~~]-,
(hexafluorophosphate(1- )], 27278
phosphate(1 -)I, 27975
FMAsbBr&, Arsenate( 1 - ), hexafluoro-,
F12N,P,R~Cl,Hz,,Ruthenium(II), tetrakisbromo-cyclo-heptasulfur(1+ tetrasul(acetonitrile)(q'-l,5-~yclooctadiene)-,
fur(2+)(6:4: I), 27:338
bis[hexafluorophosphate(1 - )], 26:72
F.HAs,J4S32r
Arsenate( 1 - ), hexafluoro-,
FlzN,NiP,C,H,, Nickel(I1). [2,12-dimethyliodo-cyclo-heptasulfur(1 + ) tetrasul3.1 1-bis[ 1-(meth ylamino)ethylidenelfur@+) (6:4:1), 27:337
1,5,9,13-tetraazacyclohexadeca1,4,9,
FeAsO,Cz,HIs, Iron, tetracarbonyl(triphen12-tetraene-~'N'.~.~."I-,
bis(hexafluoroylarsine)-, 2661
phosphate(1 -)I. 27:266
FeAuCo,O,,PC&,,, Ferrate(1 -), dodecaFlzNbNiP2C,bH,.Nickel(II), (2.3.10,11,13,19carbonyltricobalt-, (triphenylphoshexamethyl-3 10,14,18,21,Z-hexaazaphine)gold( 1 + ), 27: 188
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FeN302CnHn,Iron, dicarbonylt ris( 2-isocyFeCo,O,PCI,H,, Iron. nonacarbonyl(p,ano-l,3-dimethylbenzene)-,2656
pheny1phosphinidene)dicobalt-, 26353
FeN,0C31H16rIron, carbonyltetrakis(2-isoFeCo20,SC,, Iron, nonacarbonyl-p,-thiodicyano-l,3-dimethylbenzene)-,2657
cobalt-, 26:245, 352
FeN,C,,H,,, Iron, pentakis(2-isocyano-1.3FeCo3N0,2C~lH2,,,
Ferrate( 1 - ), dodecacardimethylbenzene)-. 2657
bonyltricobalt-, tetraethylammonium,
FeO,C,H,, Iron, acetyldicarbonyl(q’-cyclo27:188
pentadieny1)-, 26:239
FeCrNO,P,C,,H,, , Chromate( 1 - )hydridononacarbonyliron-p-nitrido-bis(
triphenFeO,PC,,H,,, Iron, tetracarbonyl(dirnethy1pheny1phosphine)-, 2661
ylphosphorus)(1 +). 26:338
FeO,PC,,H,,, Iron, tetracarbonyl(tributy1FeCrN,O,P,C,,H,I, Chromate(2 -), nonaphosphine)-, 26:61
carbonyliron-, bis[pnitrido-bis(triphenylphosphorus)( 1 +)I, 26:339
FeO,PC,,H,,, Iron, tetracarbonyl(methy1dipheny1phosphine)-. 2651
FeF6Mo05P2C,,Hz8.
Iron( 1 + ), p-acetyl-2~C1:1~O-tetracarbonyl-l~’C,2~’C-bis- FeO,PCz2H,, Iron, tetracarbonyl(triphenylphosphine), 26:61
[ 1,2-(qs-cyclopentadienyl)](triphenFeO,PC,,H,,, Iron, tetracarbonyl(tricyc1oylphosphine-lrp molybdenum-, hexahexy1phosphine)-, 26:61
fluorophosphate( 1 -), 26:241
FeO,SbC,,H,,. Iron, tetracarbonyl(triphenFeFbMoO,PCIlH,,,Iron(] +), p-acetylylstibine)-, 26:61
KC' :-1~O-pentacarbonyl-l~’C,2~?CFeO1PC,H,. Iron, tetracarbonyl(trimethy1
bis[ 1,2-q~-cyclopentadienyl)]molybphosphite)-, 2661
denum-, hexanuorophosphate(1- ),
26:239
FeO,PC,nH,,, Iron, tetracarbonyl(triethy1
phosphite)-, 26:61
FeF,O,PC,,H,,, Iron( I + ), ($-cyclopentaFe0,PC2tH,,, Iron, tetracarbonyl(tripheny1
dienyl)dicarbonyl(tetrahydrofuran)-,
phosphite)-, 26: 6 1
hexafluorophosphate(1 -), 26:232
FeF,,N,P,C,,H,,. Iron( 11). [3.1 1-dibenzylFe,F,O,P,C,,H,,, Iron( 1+). pacetyI-2~C’:Id-tricarbonyi- 1KzC.2KC-biS[1,2-(q‘14,20-dimethyl-2,12-diphenyl-3,11,15,
19,22,26-hexaazatricyclo[
11.7.7.15.”]cyclopentadienyl))(triphenylphosphineoctacosa-l,5.7,9(28),12,14,19,21,262~-P)di-.hexafluorophosphate( 1 - ),
n0n~en~-~ihll5.IP.ZZ.~b
I-, bis(hexafluoro26:237
phosphate( I - )j, 27:280
FetF60sPC16HI,.Iron(] +), pacetyl-CObis[dicarbonyl(?-cyclopentadieny1)-,
FeMoNO,P,C,,H,,, Molybdatef1- ), hydrihexafluorophosphate( 1 - ), 26:235
dononacarbonyliron-, pnitrido-bisFe,0$C,H21ron. nonacarbonyldihydrido(triphenylphosphorus)(1 +), 26:338
PI-. 26:244
FeMoN20yP,C,,H,, Molybdate(2 - ), nonacarbonyliron-bis[p-nitrido-bis(triFe,HNO&,H,n. Ferrate( 1 - ). carbidododecacarbonylhydridotetra-, tetraethylphenylphosphorus)( 1 + )], 26:339
ammonium, 27:186
FeNO,C,,H,, Iron, tetracarbonyl(2-isocyFe,NO,,P,C,,H,,, Ferrate(2 - ), p,-carbidoano-l,3-dimethylbenzene)-,2653
dodecacarbonyltetra-. bis[p-nitridoFeNO,P,C,H,,, Ferrate( 1 -), hydridotetrabis(triphenylphosphorus)(1 +)I. 26:246
carbonyl-. p-nitrido-bis[triphenylphosFe,NOI,C,JH~3.Ferrate( 1 - ), dodecacarphorus)(l +), 26:336
bon yl[ p,-(methoxycarbonyl)-meth yliFeNO,WC,,H,,, Tungstate(1- ), hydridodynejtetra-. tetraethylammonium.
nonacarbonyliron-. p-nitrido-bis(tri27: 184
phenylphosphorus)(1 + ), 26:336
Fe,N,O,,C,H,,. Ferrate(2 - ), carbidododeFeN,O,C,,H,,, Iron, tricarbonylbis(2-isoycacarbonyltetra-. bis(tetraethy1ammonano-l,3-dimethylbenzene)-,2654
ium), 27:187
FeN,O,P,WC,,H,I. Tungstate(2 - ), nonacarbonyliron-, bis[p-nitrido-bis(triphen- Fe,O,,C,,. Iron, carbidotridecacarbonyltetra-, 27: 185
ylphosphorus)(1 +)I, 26:339
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Fe,N20,,C3,H,,, Ferrate(2 - ), carbidohexadecacarbonylhexa-, bis( tetraethylammonium), 27: 183
Gd,CI2Si,C,,H,, Gadolinium, tetrakis[$1,3-bis(trimethylsilyl)cyclopentadienylldi-p-chloro-di-, 27: 171
HAu01,10s,PC16Hl,.
Osmium, decacarbonyl-p-hydrido[p-( triethylphosphine)gold]tri-, 27210
HAuO,,,Os~PC,,H,!, Osmium, decacarbonyl-p-hydrido[ p-(triphenylphosphine)gold]tri-, 27209
HBCIF,IrNzP,C,H,,, Iridium(III),
chloro(dinitrogen)hydrido[ tetrafluoroborato( 1 - )]bis(triphenylphosphine-,
26119
HBCIFJlrOP2C3,H31,Iridium(III), carbonylchlorohydrido[tetrafluoroborato(1 -)Jbis(triphenylphosphine)-, 26:117
HCIIrP,C,,H,,, Iridium(IlI), chloro[Z(diphenylphosphino)phenyl-C1,Plhydridobis(tripheny1phosphine). (OC-6-53)-.
26202
HCIPRuC3,HJ3,Ruthenium(II), chloro(qOhexamethylbenzene)hydrido( triphenylphosphine)-, 26: 181
HF,O,P, Phosphorodifluoridic acid, rhenium complex, 2633
HF,O,P,PtSC,,H,,, Platinum(II),hydrido(methanol)bis(triethylphosphine)-,
trans-, trifluoromethanesulfonate,
26: 135
HF,I2O7P2S,C3,H,,.Iridium( III), carbonylhydridobis(trifluoromethanesulfonato)bis( tripheny1phosphine)-, 26: 120
HFeN0,P2C,,H,,. Ferrate( 1 - ), hydridotetracarbonyl-, p-nitrido-bis(tripheny1phosphorus)(l +), 26:336
HFeNO,WC,,H,,. Tungstate( 1 - ), hydridononacarbonyliron-, p-nitridobis(triphenylphosphorus)( 1 + ), 26:336
HFe,N0,,C2,H,,,. Ferrate( 1 - ), carbidododecacarbonylhydridotetra-, tetraethylammonium, 27:186
H. Hydride. iridium complex, 26:117, 119.
120. 123-125. 202
iron complex. 26:244
iron-tungsten complex, 26:336-340

manganese complex, 26226
molybdenum and tungsten complexes,
26198-105
nickel, osmium, and ruthenium complexes, 26:362, 363, 367
osmium complex, 26:186. 293, 301, 304
platinum complexes, 26:135, 136
ruthenium complex, 26:181, 182, 262,
264,269,277, 278, 329
H&OarSiV3Wv3Hz0, 1,2,3-Trivanadononatungstosilicate(7 - ), A-p-, hexapotassium hydrogen, trihydrate, 27: 129
HMn20,PCzl,H,,, Manganese, p-(diphenylphosphino)-p-hydrido-bis(tetracarbonyl-, (Mn-Mn, 26:226)
HMoO2PCZ5H3,,
Molybdenum, dicarbonyl($-cyclopentadienyl)hydrido( tripheny1phosphine)-, 2698
HNO,.P,Ru,SizC,,H,,, Ruthenate(l-), decacarbonyl-1~~C,2~~C,3~'C-)l-hydrido1:2~'H-bis(triethykilyl)-1~Si,2KSitriangalo-tri-, p-nitrido-bis(tripheny1phosphorus)( I +), 26969
HNa,O,SiW, 23H,O, Nonatungstosilicate( 10- ), p-, nonasodium hydrogen,
tricosahydrate, 27:88
HOZPWCnH,,, Tungsten, dicarbonyl($-cyclopentadienyl)hydrido( triphenylphosphine)-, 26:98
HO,ReC,, Rhenium, pentacarbonylhydrido-, 26:77
HO,PRu,C,,Hlll, Ruthenium, nonacarbonylp-hydrido-( p-dipheny1phosphido)tri-,
26:264
HO,Ru,CI,HIa. Ruthenium, nonacarbonyl( pj-3,3-dimethyl-l-butynyl)-p-hydridoviangalo-, tri-, 26:329
HO,,,Os,C,lH3,Osmium, decacarbonylhydridomethyltri-, 27:206
HOll10~3SC16H5.
Osmium, (p-benzenethiolato)decacarbonyl-p-hydrido-tri-,
26:304
HOIIOs3ClZH,.
Osmium, decacarbonyl-phydrido( p-methoxymethy1idyne)-rriangulo-tri-, 27:202
HPRuC,,HjZ, Ruthenium(I1). 12-(diphenylphosphino)phenyl-CI ,P]($-hexamethy1benzene)hydrido-, 36: 182
HRu30,,C12H3,Ruthenium, decacarbonylp-hydrido( p-methoxymethy1idyne)rriangulo-tri-, 27: 198

Formula Index
H,BF,121rC,2Hl,, Iridium(lII), ( I ,Z-diiodobenzene)dihydridobis(triphenylphosphine). tetrafluoroborate(1 -), 26: 125
H,BF,IrO,P,C,H,,, Iridium(ll1). diaquadihydridobis(tripheny1phosphine)-,
tetrafluoroborate( I -), 26: 124
H,BF,IrO,P,C,,H,,, Iridium(Il1). bis(acetone)dihydridobis(triphenylphosphine)-, tetrafluoroborate( 1 - ),
26: 123
H,BP,PtC,,H,,, Platinum(I1). p-hydrido-hydrido-phenyltetrakis(triethy1phosphine)ditetraphenylborate( 1 -), 26:13h
H,Fe,O,SC,, Iron. nonacarbonyldihydridop,-thiotri-, 263244
H?, Hydrogen, molybdenum complex, 27:3
tungsten complexes, 27:6, 7
H,LiP, Lithium dihydrogen phosphide,
(LiH,P), 27:228
H,O, Water. chromium and vanadium complexes, 27:307, 309
iridium complex, 26:123
ruthenium complex, 26:254-256
H2OI,,0s,C,,,,Osmium, decacarbonyldihydridotri-. 26:367
H,O,,,Os,C,,H,, Osmium, decarcarhonyl-dip-hydrido-p-methylene-rriangulo-tri-.
27206
HIOl,Os,C,,, Osmium, octadecacarbonyldihydridohexa-, 26: 30 1
HtOsP3SCsrH4r,Osmium( 11). dihydrido(thi0carbonyl)tris(triphen y1phosphine)-,
26: 186
H,S. Hydrogen sulfide, titanium complex,
27:66
tungsten complex, 27, 67
HIBP,Pt,C,,H,,, Platinum(lI), p-hydridodihydridotetrakis( triethy1phosphine)di-,
tetraphenylborate(1 -), 27:32
, Platinum( 11). di-p-hydrido-hydridotetrakis(triethy1phosphine)di-, tetraphenylborate( 1 - ), 27:34
H,BP,Pt,GH,,. Platinum(II), di-p-hydrido-hydridotetrakis( triphenylphosphine)di-, tetraphenylborate( 1 - ),
27:36
H3Br0,0s,C,,,, Osmium, (p,-bromomethylid yne)nonacarbonyltri-p-hydrido-triungulo- t ri- 27 :205
H3BrOYRu,CIII,
Ruthenium, (p,-hromome-

.
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thylidy ne)nonacarbonyl-tri-p-hydridorriungulo-tri-. 27:2O 1
HIC1O,Os,C,,,, Osmium, nonacarbonyl(p,chloromethy1idyne)tri-p-hydrido-rriangulo-tri-, 27:205
H,NiO,Os,C,,Hs. Osmium, nonacarhonyl(q5-cyc1opentadienyl)tri-p-hydrido-nickeltri-, 26:362
H,NiO,Ru,C,,H,. Ruthenium, nonacarbonyl( q’-cyclopen tadieny1)tri-p-hydrido-nickeltri-. 26:363
H,O,,,OslCIIH,,Osmium, nonacarbonyl-trip-hydrido( K,-methoxymethylidyne)triungulo- tri- , 27:203
HIO,,,Ru,C,,HI.Ruthenium, nonacarbonyltri-b-hydrido(p>-methoxymethylidyne)rriungdo-tri-. 27:200
HJOI,0~,CI~H
Osmium,
3,
nonacarbonyl-trip- hydrido[ p,-methoxycarbon yl)met hylidynel-friungulo-tri-,27:204
H,OsRhP,C,,H,,, Rhodium, [2(q1)-1,5-cyclooctadiene]tris(dimethylphenylphosphine-lKP)-tri-p-hydrido-osmium-,
2729
H,As,O,,,Rb,W,, 34H20,Tungstate(4 - ),
aquadihydroxohenhexacontaoxobis[trioxoarsenato(III)]henicosa-, tetrarubidium, tetratricontahydrate. 27: 113
H,1rC,,,Hl5,Iridium, tetrahydrido($-pentamethylcyc1opentadienyl)-, 27: 19
H,MoP&H,,. Molybdenum(1V). tetrahydridotetrakis(methyldipheny1phosphine)-, 27:Y
H,N, Hydrazine, ruthenium(I1). complexes,
26:72
H,O,,Os,C,,, Osmium, dodecacarbonyltetra-p-hydrido-rerruhedro-tetra-.
26993
H,O,,Ru,C,,, Ruthenium, dodecacarbonyltetra-p-hydrido-tetra-, 26:262
H,01,P2R~&YH32.
Ruthenium, decacarbonyl(dimethylpheny1phosphine)tetrahydrido[tris(4-methylphenyl)phosphiteltetra-, 26278
H,O,,PRu,C,,H,,, Ruthenium, undecacarbonyltetrahydrido[ tris(4-methylphenyl)
phosphiteltetra-, 26277
H,O,,SiW,, xH,O. Dodecatungstosilicic
acid, p-, hydrate, 27:94
H,O,,SiW,, xH20, Dodecatungstosilicic
acid, a-,hydrate, 27:93

392

Formula Index

H,OsPtZrC,JH,t, Zirconium. bis[ 1.1 ($)cyclopentadien ylJtris(dimethylpheny1phosphine-ZlcP)-tri-phydrido-hydridoIdi-osmium-. 2727
HjP,WC,,H,,. Tungsten(1V). tetrahydridotctrakis(methyldipheny1phosphine)-.
27: 10
HIBFJIr,C,H,. Iridium( I + ). [ 1.4-butanedi-bis(diphenylphosphine)]di-. tetrafluorohrate( I -), 2726
H,BF,lr,P,C,H,,.
Iridium( 1 + ), pentahydridobis[ 1,3-propanediylbis(diphenylphosphine)]di-. tetrafluoroborate
( I - ) , 27:22
H,N,C, Hydrarine, methyl-. ruthenium(I1).
complexes, 26:72
H,B,. Diborane(6). 27:215
H&IOP~C<~H,,Molybdenum(IV), hexahydridotris(tricyclohexy1phosphine)-.
27: I3
HLP>WC:jHii. Tungsten(lV), hexahydridotris(dimethylpheny1phosphine)-, 27: 11
H7BzFnlr3P6C7mH7,,
Iridium(2 + ), tris[ 1,2ethanediylbis(diphenylphosphine) 1heptahydridotri-, bis[tetrafluoroborate
(1 -)I, 27:25
H7B,F,1r,P,Cn,H7,, Iridium(2 + ), heptahydridot ris[ 1.3-propanedi ylbis(diphenylphosphine)]tri-, bis[tetrafluoroborate
( 1 -)I. 27:22
H7KznLi,O,n,P,Ww 92H20, Octatetracontatungstooctaphosphate(40 -), pentalithium octacosapotassium heptahydrogen. dononacontahydrate, 27: I10
H7P2ReCHH,,,Rhenium(VI1). heptahydridobis(tripheny1phosphine)-, 27: 15
H,AszOn,W2,xHzO, Tungsten, aquahexahydroxoheptapentacontaoxobis (trioxoarsenato(II1)lhenicosa-, hydrate, 27: 112
HnC15MoNz0,Molybdate(V). pentachlorooxo-, diammonium, 26:36
H8P,Re2C7,Ha,,Rhenium(IV), octahydridotetrakis (tripheny1phosphine)di-, 27: 16
H,,Br,N,Ru, Ruthenium(II1). tetraamminedibromo-, ck-. bromide, 26:67
HI2CI3N,Ru,Ruthenium(III), tetraamminedichloro-. cis-, chloride, 26:66
H,,B,K. Borate( 1- ), tetradecahydronona-,
potassium, 26:l
H,,MoIN,O,,P, 4Hz0. Pentamolybdobis-

(phosphonate) (4 - ), tetraammonium,
tetrahydrate, 27: 123
H,N,,NaO,,,lP,W,, 31H,O, Sodiotricontatungstopentaphosphate( 14 - ), tetradecaammonium, hentricontahydrate,
27: 115
H7:N ,,NaO,Sb, W2,24H10, Sodiohenicosatungstononaantimonate( 18 -), octadecaammonium, tetracosahydrate, 27: 120
Hi,,,AsrCo,N:jO,,,W,, 19H20, Ammoniodicobaltotetracontatungstotetraarsenate(23 - ), tricosaammonium,
nonadecahydrate, 27: 119
HgBrO,Ru,C,,H,, Ruthenium, (bromomercury)nonacarbonyl(3,3-dimethyl- I-butynyl)-triangulo-tri-. 26:332
HgCIMn,OnPC~,,HI,IManganese, p-(chloromercuri0)-p-(diphenylphosphin0)bis(tetracarbony1-, (Mn-Mn), 26230
HgIO,RulCIcH,, Ruthenium, nonacarbon yl(3.3-dime th yl- 1-but yn yl) (iodomercury)triangu/o-tri-, 26:330
HgMoO,,RulCzlH,,. Ruthenium, nonacarbonyl(p,-3,3-dimethyl-l-butynyl) (p[tricarbonyl (q’-cyclopentadienyI)molybdenumjmercury)-triangufo-tri-, 26:333
HgOI,Ru6C31Hlm,
Ruthenium, (pJ-mercury)bis[nonacarbonyl (p3-3,3-dimethyl- I -but yn yl)-. trtangulo-tri,
26:333
Ho03C,,H,, Holmium, tris(Z,&di-tert-butyl-4-methyiphenoxo)-. 27: 167
Ho,CI,Si,C,H,,
Holmium, tetrakis[q’-1,3bis(trimethylsilyl)cyclopentadienyl]dip.-chloro-di-. 27:171
IAsF,S,, cyclo-heptasulfur( 1 +), iodo-,
hexathioroarsenate( 1 - ), 27:333
IF,S,Sb. cycfo-Heptasulfur( 1+). iodo-,
hexafluoroantimonate(1- ), 27:333
IHgOpRu3C15Hp,Ruthenium, nonacarbonyl(3,3-dimethyl-l-l-butynyl)
(iodomercury)-tri-angulo-tri-. 26:330
IOP2RhC37&, Rhodium(I), carbonyliodobis(tricyclohexy1phosphine)-, 27:292
I:BFJIrC,zHJ6, Iridium(II1). (1.2-diiodobenzene)dihydridobis(triphenylphosphine)-, tetrafluoroborate(1 -), 26:125
IzGHJ,Benzene, 1,Z-diiodo-, iridium com-

plex, 26:125

Formula Index

I,N,PtC6H,,, Platinum( 11). (lrans-(R,R)-1.2cyclohexanediamine]diiodo-,27:284
I,Si,UC,,H,,, Uranium(lV), bis[+-l,3bis(trirnethylsilyl)cyclopen tadienylldiiodo-, 27:176
I2Yb. Ytterbium diiodide, 27:147
IE,,S,,Sb, ZAsF,, cyclo-heptasulfur(3 + ), p
iodo-bis(4-iodo-, tris[ hexafluoroantimonate(1 -)] -2(arsenic trifluoride),
27:335
I,As,F,S,, , cyclo-Heptasulfur( 1 + ), iodo-.
tetrasulfur(2 + ) hexafluoroarsenate(l-)(4: 1:6), 27:337
I,K,Re, Rhenate(1V). hexaiodo-, dipotassium, 27294
IrBCIF,N,P,CxH,,, Iridium( Ill), chloro(dinitrogen)hydrido( te trafluoroborato(1 -)lbis(triphenylphosphine)-. 26:119
IrBCIFJOPzC17HI,,Iridium(III), carbonylchlorohydrido[ tetrafluoroborato(1 -)]bis(triphenylphosphine)-, 26:117
hBCIF,0P,C,H,3, Iridium(II1). carbonylchloromethyl[ tetrafluoroborato(1 -)]bis(triphenylphosphine)-, 26:118
IrBF,I,C,&, Iridium(lI1). ( 1 Jdiiodobenzene)dihydridobis(triphenylphosphine)-, tetrafluoroborate( 1 - ), 26: 125
IrBFr0,PzC.,H36, Iridium(lI1). diaquadihydridobis(tripheny1phosphine)-,tetrafluoroborate( 1 - ), 26: 124
IrBF,O,P,C,,H,, Iridium(l1I).
bis(acetone)dihydridobis(triphenylphosphine), tetrafluoroborate( 1 - ),
26: 123
IrBF,P,C,,H,, Iridium( 1 +). (q'-IS-cyclooctadiene) [ 1,3-propanediylbis(dipheny1phosphine)l-, tetrafluoroborate( 1 - ), 2723
IrBF,P2CuH,,, Iridium(1). ($- I,5-cyclooctadiene)bis(triphenyIphosphine)-, tetrafluoroborate( 1 - ), 26: 122
IrCIP,C,H,,, Iridium([), chlorotris(triphenylphosphine)-, 2620 1
IrCIPIC,H,,. Iridium(lII), chloro[2-dipheny1phosphino)phenyl-C', Plhydridobis( t riphen y1phosphine)-, (OC-6-53)-,
26:202
IrF,O,P,S,C,,H,, , Iridium(1II). carbonylhydridobis( trifluoromethanesulfonato)bis( tripheny1phosphine)-, 26: 120
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IrHJClllHIJ,
Iridium, tetrahydrido($-pentamethylcyclopentadieny1)-, 27: 19
Ir2BF,H,C,,H,,, Iridium( 1 + ), [ 1,4-butanedibis( diphen ylphosphine)]di-, tetrafluoroborate( 1 -), 2726
Ir,BF,H,P,C,H,,, Iridium(1 + ), pentahydridobis[ 1,3-propanediylbis(diphenylphosphine)]di-, tetrathoroborate( 1- ),
27:22
Ir,B,F,H,P,C,,H,,. Iridium(2 +), tris[ 1,2ethanediylbis(diphenylphosphine)]heptahydridotri-, bis[tetrafluoroborate( I - ) ] , 27:25
Ir,B,F,H7P,CN,H7,,Iridium(2 + ), heptahydridotris[ 1,3-propanediyIbis(diphenylphosphine)]tri-, bis[tetrafluoroborate( 1 -)I, 27:22
KB,H,,, Borate(1 -), tetradecahydronona-.
potassium, 26:l
K,F,MnO,S, Manganate(Il1). trifluorosulfato-, dipotassium, 27:312
K,I,Re. Rhenate(IV), hexaiodo-, dipotassium, 27294
K,O,,PVW,, xH20, Vanadoundecatungstophosphate(4 - ), a-,tetrapotassium.
hydrate, 27:99
K,O,,Si W 17H,O, Dodecatungstosilicate(4 - ), a-,tetrapotassium. heptadecahydrate. 27:93
K,O,,SiW 9H20, Dodecatungstosilicate(4 - ), p-. tetrapotassium. nonahydrate, 27:94
&HO,,SiV,W, 3H,O, 1.2,3-Trivanadononatungstosilicate(7 - ), A$-. hexapotassium hydrogen, trihydrate. 27: 129
&O,P,W,, 14H,O, Octadecatungstodiphosphate(6-), a-,hexapotassium, tetradecahydrate, 27: 105
K,O,,P2WIN19H:O. Octadecatungstodiphosphate(6- ), p-, hexapotassium, nonadecahydrate, 27: 105
K,O,SiW,,, 12H,O, Decatungstosilicate(8 -), y,octapotassium,dodecahydrate.
27:88
K,O,SiW,, 13H?O, Undecatungstosilicate(8 -), a-.octapotassium. tridecahydrate, 27239
K,O,SiW,, 14H20, Undecatungstosili-

,,
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K,O,SiW,, 14H,O (Continued)
cate(8-), p2 and p3-, octapotassium,
tetradecahydrate, 27:92
K,Li0,,PzW,,.20H~0,Lithioheptadecatungstodiphosphate(9-), a,and a2-,
nonapotassium, eicosahydrate, 27: 109
K,,H7Li,0,,P,W,.92Hz0, Octatetracontatungstooctaphosphate(40 - ), pentalithium octacosapotassium heptahydrogen, dononacontahydrate, 27:110
LaC12Li0,Si,C,,H,,, Lanthanum, bis[q’-l.3bis( trimethylsilyl)cyclopentadienylldip-chloro-bis( tetrahydr0furan)lithium-,
27:170
LaO,C,,H,,, Lanthanum, tris(2.6-di-reri-butylphenox0)-, 27:167
LaO,C,,H,, Lanthanum, tris(2.6-di-tert-b~tyl-4-methylphenoxo)-, 27: 166
La,CI,Si,C,,H,,, Lanthanum, tetrakis(v’-l,3bis( trimet hylsilyl)cyclopentadienyl]dip-chloro-di-, 27: 171
LiCI,CeO,Si,C,,H,,, Cerium, bis[q5-1.3bis( trimet hylsilyl)cyclopentadienyl]dip-chloro-bis( tetrahydr0furan)lithium-,
27:170
LiCI,LaO,Si,C,,H,,. Lanthanum, bis[q’-l,3bis(trimethylsilyl)cyclopentadienyl]dip-chloro-bis(tetrahydrofuran)lithium,
27: 170
LiCI,NdO,Si,C,,H,, Neodymium, bis[q‘1,3-bis(trimethylsilyl)cyclopentadienyl]di-p-chloro-bis( tetrahydrofuran)lithium-. 27: 170
LiCI,O,PrSi,C,,H,,, Praseodymium, bis[q5I ,3-bis( trimethylsilyl)cyclopentadienyl]di-p-chloro-bis(tetrahydrofuran)lithium-. 27: 170
LiCI,02ScSi,C,,H,,. Scandium, bis[q5-l,3bis( trimethylsilyl)cyclopentadienyl]dip-chloro-bis( tetrahydrofuran)lithium-,
27: 170
LiCI,O,Si,YC,,H,, , Yttrium, bis[‘1J-I ,3bis(trimethylsi1y1)cyclopentadienylIdip-chloro-bis(tetrahydrofuran)lithium-,
27: 170
LiCI,O,Si,Y bC,,H,, , Ytterbium. bis[q’- 1.3bis( trimethylsilyl)cyclopentadienyl]dip-chloro-bis(tetrahydrofuran)lithium-,
27:170
Li K,,O,, P,W,,.20HL0, Lit hioheptade-

catungstodiphosphate(9 - ), a,-,
nonapotassium, eicosahydrate, 27: 109
LiNGH,,, Lithium, [2-[(dimethylamino)methyllphenyll-, 26:152
, Lithium, [2-[(dimethylamino)phenyl]methyl]-, 26: 153
LiNC,,HI,, Lithium, [2-[(dimethylamino)methyl]-5-methylphenyl]-, 26:152
LiNOC,,H,,, Lithium, (diethyl ether) 18(dimethylamino)-1-naphthyll-,26: 154
LiPCPH12,Lithium, 12-(methylphenylphosphino)ethyl]-. 27: 178
.iPSizC,H,,20C,H,, Phosphide, bis(trimethylsilyt)-, lithium, -2tetrahydrofuran, 27:243, 248
.iSi2C,,H,,, Lithium, [$--I ,3-bis(trimethylsilyl)cyclopentadienyl]-, 27: 170
.ilN1SizC2bH26r
Lithium, p-[(a,a’.I
,2-q:a,a’,l,2-q)-1,2-phenylenebis[(trimethylsilyl)methylene]]bis(N,N,
N’,
N’-tetramethyl-l,2-ethanediamine)di-, 26:148
LiLPlh,Lithium hexadecaphosphide,
(LiIP16),27:227
Li,P,, Lithium heptaphosphide, (Li3P,),
27:227
Li,H7K,,0,,P,W,.92Hz0, Octatetracontatungstooctaphosphate(40 - ), pentalithium octacosapotassium heptahydrogen, dononacontahydrate, 27:110
LuCIOC12H16,
Lutetium, chloro(q”-l,3,5,7cyclooctatetraene) (tetrahydrofuran)-,
27:152
.uNOCz,Hz8,Lutetium 1(2-[(dimethylamino)methyl]phenyl-C1,N]
(?,-I ,3,5,7cyclooctatetraene) (tetrahydrofuran),
27: 153
, U O C ~ ~ Lutetium,
H ~ ~ . bis(q’-Cyclopentadienyl) (tetrahydrofuran)-p-tolyl-,
27:162
LuOSiCIRHZY,
Lutetium, bis(+cyclopentadienyl) (tetrahydrofuran) [(trimethylsilyl)methyl]-, 27: 161
Lu,CI,Si,C,H,,
Lutetium, tetrakis[q’-l.3bis( trimethylsilyl)cyclopentadienyl]dip-chloro-di-, 27:171
MgCIC,H,, , Magnesium, chloro(2.2-dimethylpropy1)-, 26:46
Mg20,C4,H7,, Magnesium, cyclotri[pl,2-

Formula Index

phenylenchis(methylene)]hexakis(tetrahydr0furan)tri-, 26: 147
MnF,K,O,S, Manganate(Il1). trifluorosulfato-, dipotassium. 27:312
MnFIO,SCh, Manganese([), pentacarbonyl(trifluoromethanesu1fonato)-,
26:114
MnN,O,C,,Hq. Manganese, tetracarbonyl[2(pheny1azo)phenyl-C', NLI-,26: 173
MnO,PC,,H,,, Manganese. octacarbonyl1K'C.2K'C-p-[CarbOnyI-2KC: 1 KO-6-(diphenylphosphino-2~P
)-o-phenylene2KCl: I~C'jdi-,26:158
MnO,C,H,, Manganese, pentacarbonylmeIhyl-, 26~156
MnO,C,,H,, Manganese, (2-acetylphenylC,-0)tetracarhonyL. 26: 156
Mn0,C12H,, Manganese, benzylpentacarbonyl-, 26:172
MnO,PC,,H,,, Manganese, tetracarbonyl{[2-(diphenylphosphino)phenyl]hydroxymethyl-C,P}-, 26: 169
MnOnPSCl2Hl2.
Manganese, tetracarbonyl[2-(dimethylphosphinothioyl)-1.2bis(methoxycarbony1)ethenyl-C,S]-,
26: I63
M I I O ~ ~ P C , ~Manganese,
H,~,
tricarbonyl[q?2,3,4,5-tetrakis(methoxycarbonyl)-2.2dimethyl-I H-phospholiumj-, 26: 167
MnO,,PSC,,H,,, Manganese, tricarbonyl[+
3,4,5,6-tetrakis(methosycarbonyl)-2,2dimethyl-2H-1,2-thiaphosphorin-2iumj-, 26:165
Mn,AuO,PZC,H,,, Gold, octacarbonyl1~'C,2~'C-p-(diphenyIphosphino)I :2~f-(triphenylphosphine)-3~
Ptriangulo-dimanganese-, 26:229
Mn,CIHgO,PC,,H,,I, Manganese, p.-(chloromercuri0)-p-(diphenylphosphin0)bis(tetracarbon yl-, (Mn-Mn),26:230
MnlNO,P,CMH,,, Manganate( 1 - ), p-(diphenylphosphin0)-bis(tetracarbonyl-,
(Mn-Mn),p-nitrido-bis(tripheny1phosphorus)(l +), 26:228
Mn,N,O,C,,H,, Manganese, p-(azodi-2,1phenylene-CI,N': C',N')octacarbonyldi-, 26: 173
Mn,O,PC,H,, , Manganese, p-(diphenylphosphino)-p-hydrido-bis(tetracarbonyl-. (Mn-Mn), 26:226
Mn20,PzS,C,,H,,, Manganese, octacarb-
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onyl-bis( F-dimethylphosphinothioylf,S)di-, 26:162
MoBF,0C3,H?,. Molybdenum( I +), carbonyl(q5-cyclopentadienyl)bis(dipheny1acetylene)-. tetrafluoroborate( I - ),
26: 102
MOBF,OPC.~H.~~,
Molybdenum(1 + ), carbonyl($-cyclopentadienyl) (diphenylacetylene)(tripenylphosphine)-. tetrafluoroborate( 1 - ), 26: 104
MoBF,O2PC2,H,,, Molybdenum. dicarbonyl(q5-cyclopentadienyl) Itetrafluoroborato( 1 - )j(triphenylphosphine)-.
26:98
MoBF,01CnH5,Molybdenum, tricarbonyl(q'-cyclopentadienyl) [ tetrafluoroboratof 1 -)I-, 26:96
MoBF,OC,,,H,, Molybdenum(1+ ), tricarbonyl(q5-cyclopentadienyl)(+ethme)-, tetrafluoroborate( 1 -), 26: 102
MoBF,O,C,,H,,, Molybdenum(l+). (acetone)-tricarbonyl(rI'-cyclopentadienyI)-,
tetrafluoroborate( 1 -), 26:105
MoB2F,,N,O~C,H,,,Molybdenum([[), tetrakis(acetonitri1e)dinitrosyl-, ch-,
bis[tetrafluoroborate( 1 -)I. 26:132
MoCI,HIN,O, Molybdate(V), pentachlorooxo-, diammonium. 26:36
MoCoNiO,C,,H,,, Nickel, cyclo-p3-ethylidyne-1:2:3-~'C-pentacarbony1-1~~C,
2~'C-bis[1,3(~')-cyclopentadienyl]cobaltmolybdenum-, (Co-Mo)
(Co-Ni) (Mo-Mi), 27:192
M o C O O ~ R ~ C , ~Molybdenum,
H,,,
cyclo-[p3I(q') :2(q2):3(qz)-2-butyne]octaCarbOflyl-IK'C, 2K'c, 3K'c-[ I(q')cyclopentadienyl]cobaltruthenium-,
(CO-Mo) (CO-Ru) (Mo-Ru), 27:194
MoCozOnC15H,,.
Molybdenum, octacarbonyl(q'-cyclopentadieny1)-p,-eth ylidynedicobalt-, 27:193
MoF,FeO,P,C,H,,,
Iron( 1 +), p-acetylZKC': IKO-tetracarbonyl-IK'c, ~ K ' C bis[ 1 .2(q5-cyclopentadienyl)](triphen-

ylphosphine-1KP)molybdenum-,
hexafluorophosphate( 1 - ), 26:241
MoF,FeO,PC,,H,,, Iron(1 +). p-acetyl2KCl: 1KO-pentacarbonyt-1K'C. ~ K T -

bis[ 1,2-(q'-cyclopentadienyl)]molybdenum-, hexafluorophosphate(1 - ),
26:239
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MoF,O,P,C,,H,,, Molybdenum(II), dicarbonylbis[ 1,2-ethanediylbis(diphenylphosphine)]fluoro-. hexafluorophosphate(1-), 26:84
MoFeNOuP,C,,H,,, Molybdate( 1 - ), hydridononacarbonyliron-, p-nitridobis(triphenylphosphorus)( 1 +). 26:338
MoFeN,O,P,C~,H,, Molybdate(2 - ), nonacarbonyliron-, bis[p-nitrido-bis(triphenylphosphorus)( 1 +)I, 26:339
MoH,P,C,,H,, , Molybdenum(IV), tetrahydridotetrakis(methyldipheny1phosphine)-. 27:9
MoH,P,C,,H,,
Molybdenum( IV), hexahydridotris( tricyclohexy1phosphine)-,
27:13
MoHdO,,Ru,C,,H,,, Ruthenium, nonacarbonyl(p,-3,3-dimethyl-l-butynyl)
{p1tricarbonyl(q’-cyclopentadienyl)
molybdenum]mercury}-triungulo-tri-.
26333
MoNO,P,C,,H,,, Molybdate(1 -), (acetat0)pentacarbonyl-, p-nitridobis(triphenylphosphorus)(l + ), 27:297
MoNa03C,HcZC,H,I102,
Molybdate( 1 - ), tricarbonyl(q5-cyclopentadienyl)-, sodium, compd with 1.2-dimethoxyethane(] :2), 26:343
MoOLPC,,H,, , Molybdenum, dicarbonyl(q’cyclopentadienyl)hydrido(triphenylphosphine)-, 26:98
MoO,P,C,H,, Molybdenum(1). dicarbonyl(q’-cyclopentadienyl) (q’-cyclo-triphosphorus)-, 27:224
MoO,P,C,H,, Molybdenum, tricarbonyl(dihydrogen)bis(tricyclohexylphosphine)-. 27:3
MoP&C,,H,,. Molybdate(V1). tetrathio-,
bis(tetrapheny1phosphonium). 27:41
MoS,C,,,H,,,, Molybdenum(IV), bis(q’-cyclopentadienyl) [tetrasulfido(2 - )I-.
27:63
MoLN,0,.PtCy,H3,.Molybdenum, [bis(benzoni trile)platinum] hexacarbonylbis(q’-cyclopentadieny1)di-, (2Mo-PI).
26:345
Mo,N207C,,H,, , Dimolybdate( VI),
bis(tetrabutylammonium), 27:79
Mo,N,S,H, :H,O. Molybdate(V). bis(y-sulfido)tetrakis(disulfido)di-. diammonium. dihydratc. 27:48. 49

Mo70,P,C,,H,,,. Molybdenum(I), tetracarbonylbis(q’-cyclopentadienyl)(p-$: q?diphosph0rus)di-. 27:224
Mo,O,P,Pd,C,Hu,, Molybdenum, hexacarbonylbis(q’-cyclopentadienyl)bis( triphenylphosphine)dipalladiumdi-,
26:348
Mo,0,Pt2C,H,,, Molybdenum, hexacarbonylbis(q’-cyclopentadienyl)bis(tripheny1phosphine)diplatinumdi-,26:347
Mo,P,S,C,,H,,,, Molybdate(V), di-p-thiotetrathiodi-, bis(tetraphenylphosph0nium). 27:43
Mo,P,S,C,,H,,, Molybdate(IV,VI), (q,-disulfido)di-p-thio-trithiodi-,
bis( tetraphenylphosphonium), 27:44
Mo,P,S,C,H,,,
Molybdate(V), bis(q’-disulfido)di-p-thio-dithiodi-, bis(tetraphenylphosphonium), 27:45
Mo,PISD,,,oC,,Hu,, Molybdate(2 -), thio-.
(Mo,S,,,&, bis(tetraphenylphosph0nium), 27:42
Mo,P,SI,,&,,HHI.Molybdate(2 - ), thio-.
(MozSI,,w)2 -,bis(tetraphenylphosph0nium), 27:42
Mo,N,S,,H, XH,O), Molybdate(IV), tris(pdisulfido)tris(disulfido)-p,-thio-friangdo-tri-, diammonium, hydrate, 27:48,
49
Mo,H,,N,02,P, 4H20, Pentamolybdobis(phosphonate)(4 -), tetraammonium,
tetrahydrate, 27: 123
Mo,N,0,,P2CxH, 5H,O, Pentamolybdobis[(2-aminoethyl)phosphonate](4- ),
sodium tetramethylammonium
dihydrogen, pentahydrate, 27:126
Mo5N,O,,P,CzH2,2HZ0,Pentamolybdobis(methylphosphonate)(4 - ),
tetraammonium. dihydrate, 27: 124
Mo,N,O,,P,C,H,, Pentamolybdobis(ethylphosphonate)(4 - ), tetraammonium, 27:125
Mo~N,021PZC,2H2b
5H,O, Pentamolybdobis(phenylphosphate)(4- ), tetraammonium, pentahydrate, 27:125
Mo,N,O,,P2C,,Hzb5H,O, Pentamolybdobis[(4-aminobenzyl)phosphonate](4- ),
diammonium dihydrogen, pentahydrate, 27:126
MO,N,O~,P,C,,H,~4H,O, Pentamolybdobis[(4-aminobenzyl)phosphonate](4- ),

Formulu Index
bis(tetramethylammonium) dihydrogen, tetrahydrate, 27:127
MO,N,O~,C,~H,~,
Hexamolybdate(V1).
bis(tetrabutylammonium), 27:77
Mo,NjO:,C,Hi,j. Octamolybdate(VI),
tetrakis(butylammonium), 27:78
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NC,,,H,, Quinoline, &methyl-, palladium
complex, 26213
NC,,,H,,, Benzenemethanamine, N.N.2-trimethyl-, lithium complex, 26:153
, Benzenemethanamine, N.N.4-trimethyl-, lithium complex, 26:152
NCI2H,,,Pyridine, 2-(phenylmethy1)N, Nitride, ruthenium, cluster complexes,
palladium complex, 26208-210
26287, 288
NCI2HI3,
Naphthalenamine, N,N-dimethyl-,
N A U ~ F~ PS C ~Gold(1)
~ H, , , (pentafluorolithium complex, 26: 154
pheny1)-p-thiocyanato-(triphenylphosNC,,H,, Benzo[h]quinoline, ruthenium
phine)di-, 2 6 9
complex. 26:177
NCo,CuOlzCI,H,, Ruthenium, (acetoniNBF,O,WC,,,H,,,,Tungsten( 1 + ) pentacarhonyl[(diethylamino)methylidyne]-,
tri1e)dodecacarbonyltricobaltcopper-,
tetrafluoroborate( 1 - ), 26:40
26:359
NBrO,SC,,,H,,, Bicyclo[Z.Z.Ilheptane-7NCo,FeOl2C3,H~,,,
Ferrate( I - ) * dodecacarmethanesulfonate, 3-bromo-l,7-dibonyltricobalt-, tetraethylammonium,
methyl-2-0x0-, [( 1R)-(ENDO,ANT/)]27:188
ammonium, 2624
NCo301,RuClzHz,,,
Ruthenate( 1 - ), dodecaNCzH3,Acetonitrile. cobalt, copper, and
carbonyltricobalt-, tetraethylammonruthenium complexes, 26:356, 359
ium, 26:358
NCzH3,Acetonitrile, molybdenum, pallaNCrFO,C,H,, Chromate(V1). fluorotrioxo-,
dium, and tungsten complexes,
pyridinium, 27:310
26~128-133
NCrFeOyP2CJ5H,,,Chromate( 1 - ), hydridoosmium complex, 26:290, 292
nonacarbonyliron-, p-nitrido-bis(triruthenium complex, 26:69-72
phenylphosphorus)(1 + ), 26:338
NC3H5,Propanenitrile, tungsten complex,
NCr0,C18H13,
Chromium, (benzoyl isocyan27:4
ide)dicarbonyl(+methyl benzoate)-,
NCJHi,, Ethanamine, 1 ,I-dimethyl-, tung26:32
sten complex, 27:301
NCr07PzC,3H33.
Chromate(1 -), (aceNC,Hc, Pyridine, vanadium complex,
tat0)pentacarbonyl-, pnitrido27:308
bis(triphenylphosphorus)( 1 + ), 27997
osmium complex, 26291
NFOlSC16Hr,Fluorosulfate, tetrabutylamNCcH,N, Propane, 2-isocyano-2-methyl-,
monium, 26:393
ruthenium complex, 26975
NFeMoNO,PzC,sH,,, Molybdate(1 - ), hyNC,H,,. Ethanamine, N-ethyl-methyl-,
drido-nonacarbonyliron-p-nitridotungsten complex, 26:40, 42
bis(triphenylphosphorus)(1 + ), 26:338
NC,H,, Benzenamine, tungsten complex,
NFeO,P,C,,H,,, Ferrate( 1 - ), hydridotetra27:301
carbonyl-, pnitridoNC7Hc,Benzonitrile, platinum complex,
bis(triphenylphosphorus)(l +), 26:336
26:345
NFeO,WC,,H,,, Tungstate( 1 - ), hydridoruthenium(l1) complexes, 26:70-72
nonacarbonyliron-, p-nitridoNC7Hy,Pyridine, 3,5-dimethyl-, palladium
bis(triphenylphosphorus)( 1 + ), 26:336
complex, 26210
NFe,H0,,C,,H2,,. Ferrate( 1 - ), carbidcdoNC9Hy,Benzene, 2-isocyano-l,3-dimethyl-,
decacarbonylhydridotetra-.tetraethyliron complexes, 2653-57
ammonium, 27:186
NC,H,,, Benzenemethanamine, N,N-diNFe,O,,P,C,,H,, Ferrate(2 - ), p,-carbidomethyl-, lithium complex, 26: 152
dodecacarbonyltetra-, bis[ p-nitridopalladium complex, 26:212
bis(triphenylphosphorus)( 1 +)I, 26246
NCH,,. Benzenemethanamine, N,N-diNFeJOIIC23H2J,
Ferrate(1- ), dodecacarmethyl-, lutetium complex, 27~153
bonyl[pJ-(methoxycarbony1)methyli-
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NFe,O,,C,,H,, (Confinued)
dyneltetra-, tetraethylammonium,
27: I84
NH,. Ammines, ruthenium(II1). 26:66, 67
NLiC,HIL,Lithium, (2-((dimethylamino)phenyl]methyl]-. 26: 153
, Lithium, [Z-[(dimethylamino)methyl]phenyl]-. 26: 152
NLIC,,,H,,, Lithium. 12-[(dimethylamino)methyl]-5-methylphenyl]-,26: 152
NLiOC,,H,,. Lithium, (diethyl ether)[8-(dimethylamino)-I-naphthyll-. 26: 154
NLuOC,,H,,, Lutetium, [(f-[(dimethylamino)methyl]phenyl-C' , N](+ 1,3.5.7cyclooctatetraene)(tetrahydrofuran)-.
27: 153
NMn,OnPIC,H,,, Manganate( 1 -), p-(diphenylphosphin0)-bis(te tracarbonyl-,
(Mn-Mn), p-nitrido-bis(triphenylphosphorus)( 1 + ), 26:228
NMo07P,C,,H13,Molybdate( 1 -), (acetat0)pentacarbonyl-, p-nitrido-bis(triphenylphosphorus)(1 + ), 27297
NNiOPC,,H,,, Nickel(l1). [Z-methylpropanamidato(2 - )-C',N](tricyclohexylphosphine)-, 26:205
NNiOPC,,H,,, Nickel(I1). [butanamidato(2- ) - C , N ] (tricyclohexylphosphine)-, 26:206
NO, Nitrosyls, molybdenum and tungsten,
26:132. 133
NOC, Cyanate, tungsten complex, 26:42
NOC,H7, 3-Butenamide, nickel complex,
26:206
NOCjH,, 2-Propenamide, 2-methyl-, nickel
complex, 26:205
NOC,H,, Benzoyl isocyanide, chromium
complex, 26:32, 34. 35
NOPC,,H,,, Benzamide, 2-(diphenylphosphino)-N-phenyl-, 27:324
NOPC2<HIz,Benzamide, N-[Z-(diphenylphosphino)phenyl]-, 27:323
NO,C,H,, 4-Pyridinecarboxylicacid, rhodium complex, 27:292
NOzP2C3RH33,
Phosphorus( 1 + ), p-nitridobis(tripheny1-, acetate, 27296
NO,P,RhC,H,, Rhodium(I), carbonyl(4pyridinecarboxylato)bis( triisopropylphosphine)-, 27292
NOISGH,, 1,2-Benzisothiazol-3(2ff)-one,

1, I-dioxide, chromium and vanadium
complex, 27:307, 309
NOJReClnHB.Perrenate, tetrabutylammonium, 26:391
NO,P,WC,,H,, Tungstate( 1 -), (acetate)pentacarbonyl-. p-nitrido-bis(triphenylphosphorus)(1 + ), 27:297
NOIIIPR~1C,3H,,.
Ruthenium, decacarbonyl(dimethylpheny1phosphine) (2-isocyano-2-methy1propane)tri-,26275
NOI,,P~Ru,Si~C,nI-&,I.
Ruthenate( 1 -), decacarbonyl-l ~~C,2~~C,3~.'C-p-hydrido1 :2-KZH-biS(triethylSilyl)-lKSj,2KSjfriangulo-tri-, p-nitrido-bis(tripheny1phosphorus)( 1 + ), 26969
NOl10s3C,,H,,Osmium, (acetonitrile)
undecacarbonyltri-, 26:290
NOl10s.,C,,H5,Osmium, undecacarbonyl(pyridine)tri-. 26991
NSC, Thiocyanate, gold complex, 2 6 9
NSiC,H,,, Ethanamine, 1,l-dimethyl-N-(trimethylsily1)-, 27:327
NSi,C,H,,, Silanamine, l,l,l-trimethyl-N(trimethylsily1)-. ytterbium complex,
27: I48
NIBCIF,IrP2CMH3,,
Iridium(III), chloro(dinitrogen)hydrido[tetrafluoroborate(1 - )]-bis(tripheny1phosphine)-, 26:119
N,Br,RuC,,H,,. Ruthenium(II), bis(benzonitrile)dibromo(qJ-1,5-cyclooctadiene)-, 26:71
N,C,H,, 1,2-Ethanediamine. chromium
complex, resolution of, 26:24,27.28
platinum complexes, 27:314, 315
NIC,H,,, 1.2-Cyclohexanediamine,cis-,
trans-(R,R)-, and trans-(S,S)-, platinum complex, 27:283
N&H16, 1,ZEthanediamine. N,N,N' ,N'tetramethyl-, lithium complex, 26:148
N,Cl,,H,, Z,Z'-Bipyridine, palladium complex, 27:319
rhenium complexes, 2682, 83
tungsten complex, 27:303
N,C,2Hl,, Azobenzene, cobalt and palladium complexes, 26:175. 176
N,Cl,Hl,, Azobenzene, manganese complex, 26:173
N2CIPdCIYHI9.
Palladium(II), chloro[2-(2pyridinylmethy1)phenyl-C', N](3.5-dimethy1pyridine)-, 26910

Formula Irtdrx
N?CI,P,C,H,,, 1,3,2,4-Diazadiphosphetidine, 1,3-di-terr-butyI-2,4-dichloro-,
cis-,27:258
N,CI,P,WC,,H,,, Tungsten(VI), dichloro[( 1.1-dimethylethyl)imido] (phenylimido)bis(trimethylphosphine)-, 27:304
N,CI,Pd,C,,H,,, Palladium(I1). di-p-chlorobis[24 (dimethy1amino)methyllphen ylCl,NJdi-, 26:212
N,CI2Pd,C,,HIb,Palladium(II), di-p-chlorobis(8-quinolylmethyl-C,N)di-,
26:213
N,CI,Pd,C,,H,,, Palladium( 11). di-p-chlorobis[2-(2-pyridinylmethy1)phenyl-C' ,N]di-, 26:209
N,CI,PtClrH,,, Platinum, bis(benzonitri1e)dichloro-, 26:345
NzCIzR~CIzHIR,
Ruthenium(II), bis(acetonitrile)dichloro(qJ-l.5-cyclooctadiene)-,
26:69
N,C11R~C22Hzzr
Ruthenium(II), bis(benzonitrile)dichloro(qJ-l,5-cyclooctadiene)-, 26:70
N,ClcHnMoO. Molybdate(V), pentachlorooxo-, diammonium, 26:36
N,CoO,C,,H,, Cobalt, tricarbonyl[2-(phenyIazo)phenyl-C', MI-, 26: 176
N,CrFeO,P,C,,H,,, Chromate(2 - ), nonacarbonyliron-. bis[p-nitrido-bis(triphenylphosphorus)( I +)I, 26:339
N,CrO,,,S,C,,H,, ,H,O, Chromium(II),
tetraaquabis( 1,2-benzisothiazoI-3(2H)one 1.1-dioxidato), dihydrate, 27:309
N,FOIReCIIH,. Rhenium, (2.2'-bipyridine)tricarbonylfluoro-, 26:82
N2F2O2PReC,,H,.Rhenium, (2,2'-bipyridine)tricarbonyl(phosphorodifluoridate)-, 26:83
N~FI2O,PdC,,H,, Palladium(II), (2.2'-bipyridine)(l,1,1,5,5,5-hexafluoro-2,4-pentanedionato). 1,1,1.5,5,5-hexafluor0-2,4dioxo-3-pentanide. 27:319
N,FeMoO,P,C,,H,,, Molybdate(2 -), nonacarbonyliron-, bis[ p-nitrido-bis(triphenylphosphorus)( 1 + )], 26:339
N,FeO,Cz,H,,, Iron, tricarbonylbis(2-isocyano-l,3-dimethylbenzene)-,2654
N,FeOvP,WC,,H,,, Tungstate(2 - ), nonacarbonyliron-, bis[p-nitrido-bis(triphenylphosphorus)( 1 + )]. 26:339
N2Fe,0,,C,H,,. Ferrate(2 - ) * carbidodode-

399

cacarbonyltetra-, bis(tetraethy1ammonium), 27:187
N,Fe6OIbC,,Han.Ferrate(2 - ), carbidohexadecacarbonylhexa-, bis( tet raethylammonium). 27:183
N,Hj, Hydrazine, ruthenium(I1) complexes,
26:72
N,H,C, Hydriazine. methyl-, ruthenium(I1)
complexes, 26:72
N,I,PtC,H,,, Platinum(I1). [rrans-(R,R)-l,2cyclohexanediamine]diiodo-,27:284
N,MnO,C,,H,, Manganese, tetracarbonyl[2(phenylazo)phenyl-C1,iV]-,26:173
N,Mn,O,C,H,, manganese, p-(azodi-2,lphenylene-C', M :C',M)octacarbonyldi-, 26:173
N,Mo,0,PtC,H20, Molybdenum, [ bis(benzoni trile)platinum]hexacarbonylbis(q'-cyclopentadieny1)di-. (2Mo--Pt), 26:345
NIM~,0,C,2H,2,Dimolybdate(V1).
bis(tetrabutylammonium), 27:79
N,Mo,S,,H, ,H20, Molybdate(V), bis( p-sulfido)tetrakis(disulfido)di-, diammonium. dihydrate, 27:48, 49
N?Mo,SI,H, XH,O. Molybdate(IV), tris(pdisulfido)tris(disulfido)-p,-thio-triangulo-tri-, diammonium, hydrate, 27:48,
49
N:Mo,O,,C~~H,,. Hexamolybdate(V1).
bis(tetrabuty1ammonium). 27:77
N,Ni6OI2CWIHIJ,
Nickelate(2 - ), hexa-p-carbonyl-hexacarbonylhexa-. bis( tetramethylammonium), 26:312
N202R~C28H16r
Ruthenium( II), bis( benzo[h]quinolin-lO-yl-C'",Nldicarbonyl-.
cis-,26:177
N,O,Si,YbC,,H,, Ytterbium, bis[bis( trimethylsilyl)amido]bis(diethyl ether)-.
27:148
N,O,Pd,C,,H,,
Palladium(II), di-p-acetato-

bis[2-(2-pyridinylmethyl)phenyl-C'.

Nldi-, 26:208
N,05WCl,,Hl,,.Tungsten, tetracarbonyl[(diethylamino)methylidyne] (isocyanat0)-,
t r a w 26: 42
N,O,PtCI2H,,, Platinum(I1). [ascorbato(2 -)] (cis-l,2-~yclohexanediamine)-.
27:283
, Platinum(I1). [ascorbato(2 - )]trans(S.S)-I ,2-cyclohexanediamine]-,27:283

.
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N,O,PtC,,H,,, Platinum(I1). [ascorbato(2 - )]lrrans-(R, R ) - I ,2-cyclohexanediaminel-, 27:283
N,O Il,Os,C,,H,, Osmium, bis( acetonitrile)decacarbonyltri-, 26:292
N,O,,S,VC,,H,, ,H20, Vanadium(I1). tetraaquabis( I .2-benzisothiazol-3(2H)-one
1 ,I-dioxidat0)-, dihydrate, 27:307
N,O,,P,PtRh,C,H,,,
Rhodate(2 - ), dodecacarbonylplatinumtetra-, bis[p-nitridobis(triphenylphosphine)( I +)I, 26:375
N,0,,Pt,C,H72, Platinate(2 -), hexa-p-carbonyl-hexacarbonylhexa-,bis(tetrabutylammonium). 26316
N,01,P,Ru5Cr,H3,, Ruthenate( 1 - ), tetradecacarbonylnitridopenta-,p-nitridobis(triphenylphosphorus)( 1 + ), 26:288
N,OI,P,PtRhJCMH,,. Rhodate(2 - ), tetradecacarbonylplatinumte tra-, bis[ p-nitridobis(triphenylphosphorus)( 1 + )],
26:373
N,O,cOs,P,C,IH,,, Osmate(2 - )pentadecacarbonylpenta-, bis(p-nitrido-bis(triphenylphosphorus)( 1 +)I, 26:299
NZO16P2R~C5zHllr
Ruthenate( 1 - ), hexadecacarbonylnitridohexa-.p-nitridobis(triphenylphosphorus)( 1 + ), 26:287
N20,,0~P,G,,H,,. Osmate(2 - ), octadecacarbonylhexa-, bis[p-nitrido-bis(triphenylphosphorus)(l +)I, 26:300
N,O,,Pt,C,H,,
Platinate(2 -), tris[tri-pcarbonyl-tricarbonyltri-, bis( tetraethylammonium), 26:322
N20z,Pt12C,,,Hro,Platinate(2 - ), tetrakis[trip-carbonyl-tricarbonyltri-,bis(tetraethylammonium), 26:321
N,O,,Pt,,C,,H,,, Platinate(2 - ), pentakis[trip-carbonyl-tricarbonyltri-,bis(tetraethylammonium), 26:320
N,W60,,C3ZH,z,Hexat ungstate(V1).
bis(tetrabutylammonium), 27:80
N,BrF6PRuC14H2,,Ruthenium(II), tris(acetonitrile)bromo(~'-l,5-~yclooctadiene)-,
hexafluorophosphate( 1 - ), 26:72
N3CIF6PRuC14H2,,
Ruthenium(II), tris(acetonitrile)chloro(qJ-l,5-cyclooctadiene)-, hexafluorophosphate( 1 - ),
26:71
N.ICI,R~C12H26.
Ruthenate(1 -), tetrachlorobis(acetonitri1e)-tetramethylammonium, 26:356

N,FeO,C,H,,, Iron, dicarbonyltris(2-isocyano-l,3-dimethylbenzene)-,2656
N,Mo,O,P,C,H,, 5H,O, Pentamolybdobis[(2-aminoethyl)phosphonate](4-), sodium tetramethylammonium dihydrogen, pentahydrate, 27:126
N,0,WC,2H,5, Tungsten, tricarbonyltris(propanenitrile)-, 27:4
N,V,,,O,C,,H,,,, Decavanadate(V), tris(tetrabutylammonium) trihydrogen,
27:83
N,B,F,PdC,H,,, Palladium(I1). tetrakis(acetonitrile)-, bis(tetrafluorobora1e( I - ) ] , 26:128
N,BrJH12Ru,Ruthenium(III), tetraaminedibromo-, cis-,bromide, 26:67
N,C,,H,,, 1,5.9,13-Tetraazacyclohexadeca1,3,9,1 I-tetraene, 4,10-dimethyl-,
nickel complex, 27:272
N,Cl,Pd,C,,H,,. Palladium, di-p-chlorobis[2-(phenylazo)phenyl-C',Midi-.
26: 175
N,Cl2WCx,Hn, Tungsten(V1). (2,2'-bipyridine)dichloro[( 1,I-dimethylethyl)imido](phenylimido)-, 27:303
N,CI,CrC,H,,, Chromium(III), dichlorobis(1,2-ethanediamine)-, A-cis-, chloride,
and monohydrate. resolution of, 26:24,
27, 28
N,CI,H,,Ru, Ruthenium(III), tetraaminedichloro-, cis-. chloride, 2666
N,CI,PtC,H,,, Platinum(IV), dichlorobis(1,2-ethanediamine)-, dichloride, cis-,
27:314
N,CI,PtC,H,,, PIatinumfII), dichlorobis(l.2ethanediamine monohydrochloride)-,
trans-, 27:3 I5
N,F,,Ni02P2C&32. Nickel(II), [2,12-dimethyl-3.1 1-bis(1methoxyethylidene)1,5,9,13-tetraazacyclohexadeca-l,4,9,
12-tetraene-~'M..'.~.~~]-,
bis[hexafluorophosphate(1 -)I, 27:264
N,F12Ni02P2C&Ir. Nickel(II), [3,11-bis(amethoxybenzylidene)-2,12-dimethyl1,5,9,13-tetraazacyclohexadeca-l,4,9,
12-tetraene-~'M".~."]-,bis[hexafluorophosphate(1 -)I, 27:275
N,FI2P2RuC,,H2,,Ruthenium(II), tetrakis(acetonitrile) (q'-, 1,5-cyclooctadiene)-, bisjhexafluorophosphate(1 -)I,
26:72

Formula Index

N,FeOC,,H,, Iron, carbonyltetrakis(2-isocyano- 1,3-dimethylbenzene)-, 2657
N,Hl,MosOzlPz4 H z 0 , Pentamolybdobis(phosphonate)( 4 - ) , tetraammonium,
tetrahydrate, 27:123
NJLizSizCz6H~.
Lithium, p-[(a,a’,
1.2-q: a,a’,l,2-q-1,2-phenylenebis[(trimethylsilyl)methylene]]bis(N,N,N’,N‘tetramethyl-l,2-ethanediamine)di-,
26: 148
NjMo,OzIP,CzHZz 2 H z 0 , Pentamolybdobis(methylphosphonate)(4 - ),
tetraammonium, dihydrate, 27: 124
N,MosOzlPzC,H,, Pentamolybdobis(ethylphosphonate)(4 - ), tetraammonium, 27:125
N,Mo,O,,PzC,,Hz,,SHzO, Pentamolybdobis(phenylphosphate)(4 - ), tetraammonium, pentahydrate, 27: 125
N,Mo5OZIPzCI,H2,
5 H z 0 , Pentamolybdobis[(4-aminobenzyl)phosphonate](4- ),
diammonium dihydrogen, pentahydrate, 27: 126
N , M O ~ O ~ ~ P ? 4CH~2~0H, Pentamolyb,~
dobis[(4-aminobenzyl)phosphona te](4 - ), bis(tetramethy1ammonium)dihydrogen. tetrahydrate, 27: 127
N,Mo,Oz,C,Hl,.
Octamolybdate(V1). tetrakis(butylammonium), 27:78
N,NiC,,Hzz, Nickel(I1). [4,10-dimethyl1,5,9,13-tetraazacyclohexadeca1.3.9.1 I-tetraenato(2 - ) - K W ~ . ~ . ”
27:272
N,NiO,C,,H,,. Nickel(I1). [3.1 l-dibenzoyl2.12-dimethyl-1 ,5,9,13-tetraazacyclohexadeca-l,3,9,1l-tetraenato(2- )K 4 N l . 5 . Y . 1 3 I-, 21:273
NJ02CalHa,1,5,9,13-tetraazacyclohexadeca1.4.9.12-tetraene, 2,12-dimethyl-3,11bis( 1-methoxyethy1idene)-, nickel complex, 27:264
N,OzCznH,z. 1,5,9,13-Tetraazacyclohexadeca-l,3.9,ll-tetraene. 3,l l-dibenzoyl2.12-dimethyL. nickel complex, 27:273
N,O,C,,H,, 1S ,9,13-Tetraazacyclohexadeca-1,4,9,12-tetraene, 3.1 1-bis(amethoxybenzylidene)-2,12-dimethyl-.
nickel complex, 27:275
N , 0 z l P z W 5 ~ l H Pentatungstobis(phenlz~,
ylphosphonate)(4 - ), tetrakis(tributy1ammonium), 27: 127
1-7
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N,0,SiTiV,W,C,Hl,9.
1.2.3-Trivanadononatungstosilicate(4 - ), p,-[(~’-cyclopentadienyl)trioxotitanate(IV)]-, A+-,
tetrakis( tetrabutylammonium), 27: 132
N&SiV,W,C&,j,,
1,2.3-Trivanadononatungstosilicate(7 - ), A$-. tetrakis(tetrabutylammonium) trihydrogen,
27:131
N,O,,SiW,,C,H,,,
Dodecatungstosilicate(4 -), y, tetrakis(tetrabuty1ammonium), 27:95
N,P?C,H,,, Phosphorus( 1 + ), p-nitridobis(tripheny1-, azide, 26:286
N,W1,lO,zC,HIU, Decatungstate(V1).
tetrakis(tetrabuty1ammonium). 27:81
N5FeC,5H,5,Iron, pentakis(2-isocyano-1,3dimethylbenzene)-, 2637
N,BP,C,,H,.
Triphosphenium, 1,1,1,3,3.3hexakis(dimethy1amino)-, tetraphenylborate(l-), 27:256
N,BzF,MoO,C,Hlz, Molybdenum(II),
tetrakis(acetonitri1e)dinitrosyL. cis-,
bis[tetrafluoroborate(l -)I, 26: 132
N,BzF,OzWC,H,,, Tungsten(I1). tetrakis(acetonitri1e)dinitrosyl-,cis-, bis(tetrafluoroborate(1 -)I, 26:133
N,C,Hjj, 1,5,9,13-Tetraazacyclohexadeca1,4,9,12-tetraene, 2.1-2-dimethyl-3, I1bis[ 1-(methy1amino)et hylideneI-. nickel
complex, 27:266
N,C,H,,
3,10,14.18.21,25-Hexaazabicyclo[ 10.7.7.]hexacosa-l,1 I , 13.18.20.25hexaene, 2,3,10,11.13,19-hexamethyl-.
cobalt complex, 27:270
nickel complex, 27:268
N,C,,H,, 1,5,9,13-Tetraazacyclohexadeca1,4,9,12-tetraene, 3,11-bis[a-(benzylamino)benzylidene]-2,12-dimethyl-.
nickel comlex, 27:276
N,C,,H,,, 3.1 1,15.19,22.26-Hexaazatricyclo[11.7.7.1s~~]octacosa-1,5,7,9(28).
12,14.19,21,26-nonaene, 3.1 I-dibenzyl14,20-dimethyl-2,12-diphenyl-,
iron
complex, 27:280
nickel complex, 27:277
N,CI,W,C,,H,,, Tungsten(V1). tetrachlorobis(1.I-dimethylethanamine)bis[(1.Idimethylethyl)imido]his( p-phenylimido)di-, 27:301
N,CoFIIP,C,,H,,. Cobalt(l1). (2.3.10.1 1.13.
19-hexamethyI-3.10.l4. 18.2 I .
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N,CoF,,PIC,,H, (Continued)
OAU~BF,P&H,,, Gold(1 + ), ~ 3 - 0 ~ 0 [tris((triphenylphosphine)-,tetratluoro25-hexaazabicyclo[10.7.7)hexacosa26:326
1.1 1 , 1 3 , 1 8 . 2 0 . 2 ~ - h e x a e n e - ~ ~ ~ ' ~ ' ~ ~ ~ ~borate(1-),
~*~)-,
OBCIF,IrP2C3,H31,
Iridium(II1). carbonbis[hexafluorophosphate(1-)I, 27270
ylchlorohydridoItetrafluoroboratoN6FbNiP2C,,HJb,
Nickel(I1). [3,l 1-bis[a(1 - )]bis(triphenylphosphine)-, 26:117
(benzylamino)benzylidene]-2,12-dimethyl-l,5,9,l3-tet~aazacyclohexadeca- OBCIF,IrPzCIRH,3, Iridium(111). carbonylchloromethyl[tetrafluoroborato( 1-)]1.4,9,12-tetraene-~"W~~~.'~]-,
bis[hexabisItripheny1phosphine)-,26: 118
fluorophosphate(1 -)I, 27276
OBF~MoC~jH
Molybdenum(l+),
~,
carN,F,,FeP,C,H,,, Iron(I1). [3,1l-dibenzylbonyl(q'-cyclopentadienyl) bis14,20-dimethyl-2,12-diphenyl(diphenylacety1ene)-,tetrafluorobo3,11,15,19,22,26-hexaazatricyrate(1-), 26:102
clo[ 11.7.7.15~Y]octacosa-l
,5,7,9(28),
Molybdenum(1+), car12,14,19,21 , 2 6 - n o n a e n e - ~ ' ~ ~ . ' ~ . ~ ~ . ~OBF4MoPCIRHm,
*]-,
bonyl($-cyclopentadienyl)(dibis[hexafluorophosphate( 1-)I. 27:280
phenylacetylene)(tripheny1phosphine)-,
N,F,,NiP,C,H,,
Nickel(ll), (2.3,10,11,13,
tetrafluoroborate(1- ), 26:104
19-hexamcthyl-3,10,14,18,21,
OBP3RhS2C,H,, Rhodium(III), "24 (di25-hexaazabicyclo[10.7.7]hexacosa1.1 1.~3.18.20,2~-hexaene-~'N''~'~~~'~~~)-,phenylphosphino)methyl]-2-methyl-1,3propanediyl]bis(diphenylphosbis[hexafluorophosphate(1 -)I, 27268
phine)](dithiocarbonato)-, tetraphenylN$,,NiP,C,,H,,, Nickel(II), [3,1l-dibenzylborate( 1-), 27287
14,20-dirnethyl-2,12-diphenyl-3,11,15,OCH,, Methanol, platinum complexes,
19,22,26-hexaazatricyclo[
11.7.7.15.']26: 135
octacosa-1,5,7,9(28), 12,14,19,21,26tungsten complex, 26:45
nonaene-K'N'~.ly.z'.M]-,
bis[hexafluoroOC2H,, Acetaldehyde, iron complex,
phosphate(1 -)I. 27977
26235-24 1
N,F,,P,C,,H,,, 3,10,14,18.21.ZS-Hexaazabicyclo(10.7.7]hexacosa-1,11,13,18,20,25- OC2H6,Dimethyl ether, ruthenium complex, 27:198
hexaene, 2,3,10,11,13,19-hexamethyl- ,
OC,Hb, Acetone, iridium complex, 26123
tris[hexafluorophosphate(l-)I, 27269
molybdenum and tungsten complexes,
N,F,,P,C,,H,,, 3,11,15,19,22,ZbHexaazatri26: 105
cyclo[ 11.7.7.lJ~Y]octacosa-l
,5,7,9(28),
OC,H,, Furan, tetrahydro-, iron complex,
12,14,19,21Jdnonaene, 3.1 l-dibenzyl26:232
14,2O-dimethyl-2 12-diphenyl-,
lanthanide-kithium complexes, 27: 170
tris[hexafluorophosphate(1 -)I, 27978
lutetium complex, 27:152, 161, 162
N,NiP,F,,C,,H,, Nickel(lI), [2,12-dimethylneodymium complex, 27: 158
3,11-bis[1-(methylamino)ethylidene]neodymium and samarium complexes,
1,5,9,13-tetraazacyclohexadeca-1,4,9,
1 2 - t e t r a e n e - ~ ~ ~ . ~bis[hexafluoro.~.I~]-,
26:20
samarium complex, 27:155
phosphate(1 -)I, 27:266
N,0,S2VC,H2, 2NC,HI, Vanadium(III),
OC,H,,, Diethyl ether, ytterbium complex,
27:148
bis( 1.2-benzisothiazol-3(2H)-one1.1OC6H6,Phenol, rhodium complex, 27:292
dioxidato)tetrakis(pyridine)-, -2 pyridine, 27:308
OC,H,, Ethanane, 1-phenyl-manganese
complex, 26:156-158
N,B,RuC5&, Ruthenium( 11). ($-1 S-cyclooctadiene)tetrakis(hydrazine)-,
OCl,HZ2,Phenol, 2,6-di-tert-butyl-, actinide
and lanthanide complexes, 27:166
bis[tetraphenylborate(l -)I, 26:73
N,B,RuCN,H,,, Ruthenium(I1). (~'-1,S-cyOCI,H2,, Phenol, 2.6-di-tert-butyl-4methyl-, actinide and lanthanide comclooctadiene)tetrakis(methylhydroplexes, 27:166
zine)-, bis[tetraphenylborate( 1- )I,
26:74
OCILuC,,H,,, Lutetium, chloro(qR-l,3,5,7~

Formiclu Index
cyclooctatetraene)(tetrahydrofuran)-,
27: 152
OCIP,RhS,C,,H,, , Rhodium, chloro[[2[(diphenylphosino)methyl]-2-methyl1,3-propanediyl]bis(diphenylphosphine)](dithiocarbonato)-, 27:289
OCI,H,MoN,, Molybdate(V), pentachlorooxo-, diammonium, 26:36
OFeN,C,,H,, Iron, carbonyltetrakis(2-isocyano-1,3-dimethylbenzene)-, 2657
OIP,RhC,H,,
Rhodium(I), carbonyliodobis(tricyclohexy1phosphine)-,27:292
OLiNC,,H,,, Lithium, (diethyl ether)[8(dimethylamino)-1-naphthyll-,26: 154
O L U C , ~ HLutetium,
~~,
bis(q’-Cyclopentadienyl)(tetrahydrofuran)-p-tolyl-,
27: 162
OLuNC,,H,,, Lutetium, [(2-[(dimethylamino)methyl]phenyl-C’,N] (+1,3,5,7cyclooctatetraene)(tetrahydrofuran)-,
27: 153
OLuSiCI,Hz,. Lutetium, bis(q’-cyclopentadienyl)(tetrahydrofuran)I( trimethylsilyl)methyl]-, 27: 161
0.Oxide, gold complex, 26:326
ON, Nitrosyls, molybdenum and tungsten,
26:132, 133
ONC, Cyanate, tungsten complex, 26:42
ONC,H7, 3-Butenamide, nickel complex,
26:206
ONC4H,, 2-Propenamide, 2-methyl-, nickel
complex, 26:205
ONC,H,, Benzoyl isocyanide, chromium
complex, 26:32, 34, 35
ONNiPC,,H,,, Nickel(II), 12-methylpropanamidato(2 -)-C3, N](tricyclohexy1phosphine)-, 26:205
ONNiPC,,H,,, Nickel(ll), [butanamidato(2 - )-C‘, N](tricyclohexylphosphine), 26:206
ONPC23H21,r
Benzamide, 2-(diphenylphosphino)-N-phenyl-, 27:324
ONPCzsHzz,Benzamide, N-[
24diphenylphosphino)phenyl]-, 27:323
ONdC,,H,, , Neodymium, tert-butylbis($cyclopentadienyl)(tetrahydrofuran)-,
27: I58
ONdC,,H,,, Neodymium(lll), tris(q’-cyclopentadienyl)(tetrahydrofuran)-,
26:20
OOsP,SC,,H,. Osmium, carbonyl(5-thioxo-
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1,j-pentadiene-l .5-diyl-C1,C’,S)bis(tripheny1phosphine)-. 26: 188
OOsP3SC,H,,, Osmium, carbonyl(thi0carbonyl)tris(triphenylphosphine)-, 26:187
OPC,H,, Trimethyl phosphite iron complex, 26:61
OPC,H,,, Triethyl phosphite, iron complex,
26:61
OPC,,HIc. Triphenyl phosphite, iron complex, 26:61
OPC,,H,,, Benzenemethanol, 2-(diphenylphosphine)-. manganese complex,
26: 169
OPSizCl,H,,, Phosphine. [2,2-dimet hyl- 1(trimethylsiloxy)propylidene](trimethylsily1)-,27:250
OS,CH, Dithiocarbonic acid, 27:287
OSiC,H,,, Silane, methoxytrimethyl-,
26:44
OSmC,,H,,, Samarium(lII), tris($’-cyclopentadienyl)(tetrahydrofuran)-, 2621
OYbC,,H,,,, Ytterbium, (diethyl ether)bis($-pentamethylcyclopentadicnyl)-, 27:148
OzBF,IrPzC,H16,Iridium(IlI), diaquadihydridobis(tripheny1phosphine)-, tetrafluoroborate(1 -), 26:124
OZBF,IrP2C,,H~,,Iridium(II1). bis(acetone)dihydridobis(triphenylphosphine)-. tetrafluoroborate( 1 -), 26: 123
OzBF,MoPCz,Hm,Molybdenum, dicarbonyl(q’-cyclopentadienyl)[tetrafluoroborato( 1 -)](tripheny1phosphine)-, 26:98
O2BF4PWCZ5Hm,
Tungsten, dicarbonyl($’cyclopentadienyl)[tetrafluoroborato(1 - )](triphenylphosphine)-, 26:98
O,BP,PtC,H,,, Platinum(I1). (3-methoxy-3oxo-KO-propyI-KCl)bis(triethylphosphine)-, tetraphenylborate( 1-),
26: 138
OzB2FRMoN6CRHI2,
Molybdenum(I1). tetrakis(acetonitri1e)dinitrosyl-, cis-,
bis[tetrafluoroborate( 1 -)I, 26:132
0,B,F8N,WC8H,,, Tungsten(II), tetrakis(acetonitri1e)dinitrosyl-, cis-,
bis[tetrafluoroborate(l -)I, 26:133
OzCHz,Formic acid, rhenium complex,
26: 112
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OzC, Carbon dioxide, rhenium complex,
26:111
OzC2H,,Acetic acid, chromium, molybdenum, and tungsten complexes, 27:297
palladium complex, 26:208
rhodium complex, 27:292
tungsten complex, 26:224
02C3H6,Methyl acetate, iron complex,
27:184
osmium complex, 27:204
OzC,H6.2-Propenoic acid, methyl ester,
platinum ester, 26:138
O,C,H,,, Ethane, 1,2-dimethoxy-,solvates
of chromium, molybdenum, and tungsten carbonyl cyclopentadienyl complexes, 26:343
tungsten complex, 2650
ytterbium complex, 26:22
OzC,H,,NaCSH,, Ethane, 1,2-dimethoxy-,
compd with cyclopentadienylsodium( 1:l), 26:341
O2CSHIO,
Propanoic acid, 2,2-dimethyl-,
tungsten complex, 26:223
OzC,H6,Benzoic acid, rhodium complex,
27:292
O2GHllrMethyl benzoate, chromium complex, 26:32
O,C,,,H,, 2,3-Naphthalenediol, in prepn. of
cis-tetraamminedihaloruthenium(I1I)
complexes, 2656, 67
, 2-Propynoic acid, 3-phenyl-, methyl
ester, cobalt complex, 26:192
02CIC2H3,Acetic acid, chloro-, ruthenium
complex, 26:256
02CI,CeLiSi,C,J-l,, Cerium, bis[qs-l,3bis( trimethylsilyl)cyclopentadienyl]dip-chloro-bis(tetrahydr0furan)lithium-.
27:170
OZCI,LaLiSi,C,,H,, Lanthanum, bis[qS-l.3bis( trimethylsilyl)cyclopentadienyl]dip-chloro-bis(tetrahydr0furan)lithium-,
27: I70
O,CI,LiNdSi,C,,H,,. Neodymium, bis[qs1.3-bis(trimethylsilyI)cyclopentadienylldi-p-chloro-bis(tetrahydrofuran)lithium-, 27:170
02C12LiPrSi,C1,H,,, Praseodymium, bis[qS1.3-bis(trimethylsilyl)cyclopentadienylldi-p-chloro-bis(tetrahydrofuran)lithium-, 27:170
OICI,LiScSi,C,,H,, , Scandium, bis[v’-l,3-

bis( trimethylsilyl)cyclopentadienyl]dip-chloro-bis(tetrahydrofuran)-lithium-,
27: 170
OzC12LiSi,YCwHm,
Yttrium, bis[qs-l,3bis(trimethylsilyl)cyclopentadienyl]dip-chloro-bis(tetrahydr0furan)lithium-,
27:170
OZCIzLiSi4YbCwHs,
Ytterbium, bis(qS-l,3bis(trimethylsilyl)cyclopentadienyl]dip-chloro-bis(tetrahydr0furan)lithium-,
27: 170
O~CI$mC&6, Samarium, trichlorobis(tetrahydr0furan)-, 27:140
O2CI3WGH19,Tungsten(VI), trichloro(1,2-

dimethoxyethane)(2,2-dimethylpropyli-

dyne)-, 2650
02CoPC33Hz8,
Cobalt, (q’cyclopentadienyl)(methyl 3-phenyl-q2-2-propynoate)(triphenylphosphine)-, 26: 192
O,FC,Hs, Benzoic acid, 3-flUOro-, rhodium
complex, 27:292
02FzHP,Phosphorodifluoridic acid, rhenium complex, 26:83
OzF3CzH,Acetic acid, trifluoro-, ruthenium
complex, 26:254
tungsten complex, 26:222
oZF6C5Hz,
2.4-Pentanedione, 1,1,1,5-5,5hexafluoro-, palladium complexes,
27:318-320
OzF6FePCI,H,,,Iron(] +), (q’-cyclopentadienyl)dicarbonyl(tetrahydrofuran)-,
hexafluorophosphate(1 - ), 26:232
OZF,MOP~C~H,.
Molybdenum(I1). dicarbonylbis[1 ,Zethanediylbis(diphenylphosphine)]fluoro-, hexafluorophosphate(1-), 26:84
OzF,2N,NiPzCmH3,,
Nickel(lI), [2,12-dimethyl-3.1 1-bis(1-methoxyethylidene)1,5,9,13-tetraazacyclohexadeca1,4,9,12-tetraene-~‘N~,~~~~~~]-,
bis[hexafluorophosphate( 1 -)I, 27:264
02FlzN,NiPzCmHa,Nickel(II), [3,1I-bis(u-

methoxybenzylidene)-2,12-dimethyl1,5,9,13-tetraazacyclohexadeca1,4,9,12-tetraene-~‘”.’.~.”j-,
bis[hexafluorophosphate(l - )], 27275

OZFeN3CBH2,,
Iron, dicarbonyltris(2-isocyano-l,3-dimethylbenzene)-,2656
OZMoPCz5H2,,
Molybdenum, dicarbonyl(q’cyclopentadienyl)hydrido( triphenylphosphine)-, 26:98

Formula Index
OzMoP3C7H5,
Molybdenum(I), dicarbonyl(qs-cyclopentadienyl)(q3-cyclo-triphosphorus)-, 27:224
O,NC,H,, 4-Pyridinecarboxylic acid, rhodium complex, 27:292
O,NP,C,H,,. Phosphorus(1 +). p-nitridobis(tripheny1-. acetate, 27:2%
OZNIRuCUIHIO,
Ruthenium(II)bis(benzo[h 1-quinolin-10-yl-C”’,Nldicarbonyl-,
c&-. 26:177
O,N,Si,YbC,,H,, Ytterbium, bis(bis(trimethylsilyl)amido]bis(diethyl ether)-,
27: 148
OzN4CmH32,
1,5.9,13-tetraazacyclohexadeca-l,4,9,12-tetraene, 2,12-dimethyl3.1 1-bis(1-methoxyethy1idene)-,nickel
complex, 27:264
0,N,C2,H3,. 1,5,9,13-Tetraazacyclohexadeca-l,3,9.1l-tetraene. 3.11-dibenzoyl2,lt-dimethyL. nickel complex, 27:273
02N,C,,,HYI. 1,5,9,13-Tetraazacyclohexadeca-1,4,9,12-tetraenet 3.1 1-bis(a-me-

thoxybenzylidene)-2.12-dimethyl-,

nickel complex, 27:275
O,N,NiC,,H,, Nickel(I1). [3,1l-dibenxoyl2,12-dimethyl-l,5,9,13-tetraazacyclohexadeca-1,3,9,1l-tetraenato(2-)K4N1.S.9.13I-, 27~273
O,PWC,H,, ,Tungsten, dicarbonyt(q’-cyclopentadienyl)h ydrido(triphenylphosphine)-, 26:98
0,P2RhC25H,7,Rhodium(I), carbonylphcnoxobis(triisopropy1phosphine)-,27:292
O,SC,H,. Benzenesulfonic acid, 4-methyl-,
rhodium complex, 27:292
OzSmCUIH,,Samarium(II), bis(qJ-pentamethylcyclopentadienyl)bis(tetrahydrofuran)-, 27: 155
OzYbCl4H,,,Ytterbium(I1). bis(q’-cyclopentadienyl)(1,2-dimethoxyethane)-,
26:22
O,Au,CIF,P,PtSC,H,,
Platinum(1 + ),
chloro-1-r Clbis(triethy1phosphinelu P)bis(triphenylphosphine)-2~p . 3 P~
friangufo-digold-, trifluoromethanesulfonate, 27:218
0,BF4MoC8HJ.Molybdenum, tricarbonyl(q5-cyclopentadienyl)[ tetrafluoroborato(1 -)I-, 26:96
O,BF4MoCInH9,Molybdenum(1 + )tricarbonyl-(q5-cyclopentadienyl)(qz-eth-
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ene)-, tetrafluoroborate( I -),
26: 102
O,BF,WC,H,, Tungsten, tricarbonyl(q’cyclopentadienyl)[tetrafluoroborato(1 -)I-, 26:96
OjC3H8, Butanoic acid, 3-OXO-, methyl ester, rhodium complex, 27:292
03ClF3PtSC,,H*,,Platinum(II), chlorobis(triethylphosphine)(trifluoromethanesu1fonato)-, cis-. 26: 126
OICIIWC,H,, Tungsten, trichlorotrimethOXY-,
26:45
O,Cl3YbClZHz~,
Ytterbium, trichlortris(tetrahydrofuran)-, 139
O,CI,Nd,C,,H,,, Neodymium, hexachlorotris(tetrahydr0furan)di-, 27: 140
O,CoN,C,,H,, Cobalt, tricarbonyl(2-(pheny1azo)phenyl-C’.N]-. 26: 176
O,CrFNC,H,, Chromate(V1). fluorotrioxo-,
pyridinium, 27:310
03CrNaC,HI2C,HI,,O2,Chromate(1 -), tricarbonyl(q’-cyclopentadienyl)-, sodium, compd. with 1.2-dimethoxyethane(l:2), 26:343
O,DyC,,H,, Dysprosium, tris(2,6-di-rerrbutyl-4-methylphenoxo)-,27: 167
O,ErC,,Hno, Erbium, tris(2.6-di-ferf-butyl-4methy1phenoxo)-, 27: 167
O,FNSC,,H,, Fluorosulfate, tetrabutylammonium, 26:393
0,FN2ReC13Hn,Rhenium, (2,2’-bipyridine)tricarbonylfluoro-, 26:82
O,FP,RhC,.H,,
Rhodium(1). carbonyl(3fluorobenzoato)bis(triphenylphosphine)-, 27:292
O,FS,Cl0H,, 2,2’-Bi-1,3-dithiolo[4,5-b][
1,4]dithiinylidene fluorosulfate, 26:393
O,FSCH, Methanesulfonic acid, trifluoro-,
iridium, manganese and rhenium complexes, 26:114, 115, 120
platinum complex. 26:126
O,FeGH,, Iron, acetyldicarbonyl(q’-cyclopentadieny1)-, 26:239
0,FeN,C2,H,,, Iron, tricarbonyIbis(2-isocyano-l,3-dimethylbenzene)-,2654
O,HOC,~H~,
Holmium, tris(2,6-di-ferf-butyl-4-methylphenoxo)-,27: 167
O3LaC4,H,, Lanthanum, tris(2,6-di-terf-butylphenox0)-, 27: 167
O,LaC,,H,, Lanthanum, tris(2,6-di-ferr-butyl-4-methylphenoxo)-,27:166
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OIMoNaC,HI 2C,H,,,0L,Molybdate( 1 - ),
tricarbonyl(q’-cyclopentadieny1)-, sodium, compd. with 1,2-dimethoxyethane( 1:Z). 26:343
O,MOP:C,~H,. Molybdenum, tricarbonyl(dihydrogen)bis(tricyclohexy1phosphine)-. 27:3
OINP?RhC,,H,. Rhodium(1). carbonyl(4pyridinecarboxylato)bts(triisopropylphosphine)-, 27292
OlNSC7H,, 1,2-Benzisothiazol-3(2ff)one,
1,I-dioxide, chromium and vanadium
complex, 27:307, 309
OINIWC,zH,,,Tungsten, tricarbonyltris(propanenitrile)-, 27:4
O,NaWCnH,2C,Hl,,02,Tungstate( 1- ), tricarbonyl(q’-cyclopentadieny1)-, sodium, compd. with 1.2-dimethoxyethane(l:2), 26:343
O,NdC,,H,, Neodymium, tris(2.6-di-rerfbutyl-4-methylphenoxo)-,27: 167
OiPC,nH,,, Triphenyl phosphite. ruthenium
complex, 26:178
OIPCz,Hz,,Tris(4-methylphenyl)phosphite,
ruthenium complex, 26977, 278
OJ’zRhC,lH,s, Rhodium(I), (acetato)carbonylbis(triisopropy1phosphine)-,
27992
0,PzRhCuH7,,Rhodium(I), (benzoato)carbonylbis(tricyclohexy1phosphine)-,
27992
O,PzRhCuH,l, Rhodium(I), carbonyl(4methylbenzenesulfonato)bis(tricycl0hexy1phosphine)-, 27292
O,PzWCz,H,, Tungsten, tricarbonyl(dihydrogen) bis( triisopropy1phosphine)-,
27:7
O,P,WC,H,,
Tungsten, tricarbonyl(dihydrogen)bis(tricyclohexy1phosphine)-,
27:6
OIPrC,sH,, Praseodymium, tris(2,6-di-fertbutyl-4-methylphenoxo)-, 27: 167
O,ScC,,H,, , Scandium tris(2,6-di-rerr-butylphenoxo)-, 27: 167
O,ScC,,H,, Scandium, tris(2,6-di-fert-butyl4-methylphenoxo)-, 27: 167
O,SmC,,H6,, Samarium, tris(2.6-di-feerf-butylphenox0)-. 27:166
OlWCl,,H9,Tungsten, tricarbonyl(q%ycloheptatriene)-, 27:4

0jYC,,H,,, , Yttrium, tris(2,6-di-rerr-butylphenoxo)-, 27:167
O,YC,,H,, Yttrium, tris(2.6-di-rerr-butyl-4methylphenox0)-, 27: 167
O,YbC,,H,, Ytterbium, tris(2,6-di-ferr-butyl-4-methylphenoxo)-, 27: 167
0,AsFeCz2H,,, Iron, tetracarbonyl(tripheny1arsine)-, 26:61
O,BF,MoC,,H,, , Molybdenum(1+). (acetone)tricarbonyl(q’-cyclopentadieny1)-,
tetrafluoroborate(1 -), 26:105
OJBFJWC,,H,,,Tungsten(1 +). (acetone)tricarbonyl(qs-cyclopentadieny1)-,
tetrafluoroborate(1 -), 26:105
OJBrNSCloH18,
Bicyclo[2.2.Ilheptane-7methanesulfonate, 3-bromo-1,7-dimethyl-2-oxo-, [(1 R)-(ENDO,ANTI)]-,
ammonium, 2624
O,C,H,, Phthalic acid, rhodium complex,
27291
O,C,,H,,, 2,CHexadienedioic acid, 3methyl-4-phenyl-, dimethyl ester, CObalt complex, 26:197
, 2-Pentenedioic acid, 3-methyl-2(phenylmethy1)-, dimethyl ester, cobalt
complex, 26:197
O,CoPC,HM, Cobalt, (q‘-cyclopentadieny1)-[1,3-bis(methoxycarbonyl)-2-

methyl-4-phenyl-l,3-butadiene-l,4diyl](triphenylphosphine)-, 26:197
, Cobalt, (q5-cyclopentadieny1)[1,4bis( methoxycarbonyl)-2-methyl-3phenyl-1.3-butadiene-1,Cdiyl](tripheny1phosphine)-,26: 197
O,F,K,MnS, Manganate(III), trifluorosulfato-, dipotassium, 27:312
0,FlP2PtSCIIHIr Platinum(II), hydrido(methanol)bis(triethylphosphine)-,
trans-, trifluoromethanesulfonate,
26: 135
0,F6Fe~PzCI3Hz8,
Iron( 1 + ), p-acetylKC' :l~O-tricarbonyl-l~~C,2~Cbis[ 1,2-(q’-cyclopentadienyl)](triphenylphosphine-ZKP)di-, hexafluorophosphate(1-), 26:237
O,Fl2NzPdCmH Palladium(II), (2,2‘-bipyridine)(l,1,1,5,5,5-hexafluoro-2,4pentanedionat0)-, 1,l.l ,5,5,5-hexafluoro-2,4-dioxo-3-pentanide,
27:319
O,FlZP,PdC,Hj,, Palladium(II), [bis[Z-(di-

Formula Index

pheny1phosphino)ethyllphenylphosphine](l,1,1,5,5,5-hexafluoro-2,4pentanedionat0)-, 1,1,1,5,5,5-hexafluoro-2,4-dioxo-3-pentanide,
27:320
O,F,,PdC,,H2, Palladium, bis( 1,I ,1333hexafluoro-2,4-pentanedionato)-,
27:318
O,FeNP,C,H,, , Ferrate( 1- ), hydridotetracarbonyl-, p-nitrido-bis(tripheny1phosphorus)( 1 +), 26:336
O,FePCI2HII,Iron, tetracarbonyl(dimethylpheny1phosphine)-, 26:61
O,FePC16Hz7, Iron. tetracarbonyl(tributy1phosphine)-, 26:61
O,FePC,,H,,, Iron, tetracarbonyl(methy1dipheny1phosphine)-,26:61
O,FePC,,H,,, Iron, tetracarbonyl(tripheny1phosphine)-, 26:61
O,FePC1,H,,, Iron, tetracarbonyl(tricyclohexy1phosphine)-, 26:61
O,FeSbCz2HI5,Iron, tetracarbonyl(tripheny1stibine)-, 26:6 1
OSMg3CUIH7,,
Magnesium, cyclotri[p-l,2phenylenebis(me thylene)]hexakis(tetrahydrofuran)tri-, 26:147
0,MnNzC116HIY.
Manganese, tetracarbonyl[2-(phen y1azo)phenyl-C’,N2]-,
26: 173
0,MnPC2,H,, , Manganese, octacarbonyl1K4C.2K‘C-p-[Carb0ny~-2Kc:
1~O-6-(diphenylphosphino-2~P)-o-phenylene2KCl: l~C’]di-,26:158
0,Mo,P2C,,H,,, Molybdenum(1). tetracarbonylbis(q5-cyclopentadienyl)( p-q2:q2diphosphorus)di-, 27:224
O,NReC,,H,, Perrenate, tetrabutylammonium, 26:391
0,NzPd2Cz8Hz6,
Palladium(II), di-pacetatobis[2-(2-pyridinylmethy1)phenylC1,N]di-,26:208
O,PSC,H,,, 2-Butenedioic acid, 2-(dimethylphosphinothioy1)-, dimethyl ester,
manganese complex. 26:163
0,P2RhC2,H4y,Rhodium(I), carbonyl( 1methoxy-l,3-butanedionate-o)bis(triisopropy1phosphine)-. 27:292
O,S&C~H,,, Bis(2,2’-bi-1,3-dithiolo[4,5b][ 1,4]dithiinylidene) perrhenate,
26:391
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O,BF,ReC,, Rhenium, pentacarbonyl[tetrafluoroborato(1 -)I-, 26:108
0,BF,ReC7H,, Rhenium( 1+ ), pentacarbonyl($-ethene)-, tetrafluoroborate(1-), 26:llO
05BF4WCloHlo,
Tungsten(1 +). pentacarbonyl[(diethylamino)methylidyne]-, tetrafluoroborate(1- ), 26:40
O,CoMoNiCI,Ht,, Nickel, cyclo-k,-ethylidyne-1 :2: 3-~~C-pefltaCarbOnyl1K2C,2K3C-biS[
1,3(~‘)CyClOpelltadienyl]cobaltmolybdenum-,(Co-Mo)
(Co-Ni)(Mo-Ni), 27: 192
0,CrNC18H13,Chromium, (benzoyl isocyanide)dicarbonyl(q6-methylbenzoate)-,
26:32
OSF2N2PReC13H,,
Rhenium, (2,2’-bipyridine) tricarbonyl(phosphorodifluoridato)-, 26:83
O,F,FeMoP,C,H,,.
Iron( 1+ ), p-acetyl2Kc’ :1~O-tetracarbonyl-1~~C,2~~Cbis( 1,2-(q5-cyclopentadienyl)](triphenylphosphine-1KP)molybdenum-.
hexafluorophosphate(1- ), 26:241
O,F,Fe,PC,,H,,, Iron( 1 +). p-acetyl-C:Obis[dicarbonyl(q-cyclopentadieny1)-,
hexafluorophosphate( 1 - ), 26:235
05HReCS,Rhenium, pentacarbonylhydrido-, 26:77
0,MnC,H3, Manganese, pentacarbonylmethyl-, 26~156
O5MnCI2H7,Manganese, (2-acetylphen ylC,O)tetracarbonyl-, 26:156
05MnC12H7,
Manganese, benzylpentacarbonyl-, 26: 172
OsMnPC,,H,,, Manganese, tetracarbonyl{2(diphenylphosphino)phenyl]hydroxymethyl-C,P}-, 26: 169
O,NzWC,l~lo.
Tungsten, tetracarbonyl[(diethylamino)methylidyne]( isocyanato)-. mans-. 26:42
O,P,RhC,,H,, , Rhodium(I), carbonyl(hydrogen phthalato)bis(tricyclohexylphosphine)-. 27:291
0,ReC6H,, Rhenium, pentacarbonylmethvl-, 26:107
O,C,H,, Ascorbic acid, platinum complex,
27:283
06CrNCI,H5,Chromium, (benzoyl iso-cyanide)pentacarbonyl-. 26:34, 35
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0,F6FeMoPC17H,,,Iron( 1 + ), p-acetylKC' : 1~0-pentacarbonyl-1
K3c,2K’cbis[ 1,2-($-cyclopentadienyl)]molybdenum-, hexafluorophosphate( 1 -),
26:239
0,Mo,N2PtCulH,,, Molybdenum, [bis(benzonitrile)platinum]hexacarbonylbis($-cyclopentadieny1)di-, (2Mo-Pt).
26:345
0,Mo,P,Pd2C,,H,,, Molybdenum, hexacarbonylbis(v’-cyclopentadienyl)bis(tripheny1phosphine)dipalladiumdi-.
26:34a
06MozP,Pt,C5,H,,, Molybdenum, hexacarbonylbis(v’-cyclopentadienyl)bis(tripheny1phosphine)diplatinumdi-,
26:347
O6N2PtCI2H,,,Platinum(II), [ascorbato(2 - )](cis-l,2-~yclohexanediamine-,
27:283
, Platinum(II), [ascorbato(2 -)I[trans-(R,R)-1.2-cyclohexanediamine]-, 27:283
, Platinum(I1). [ascorbato-(2-)I[trans-(S.S)-1,2-~yclohexanediamine]-,
27:283
0,N6S,VCMH,,2NC5HS,Vanadium(III),
bis( 1,2-benzisothiazol-3(2H)one 1.1dioxidato)tetrakis(pyridine)-, -2pyridine, 27:308
0,PlRuC41HM,Ruthenium( 11). (q5-cyclopentadienyl)[2-[(diphenoxyphosphino)oxy]phenyl-C.P](triphenyl phosphite-P)-, 26:178
O,ReC,H, Rhenium, tetracarbonylcarboxy-, 26~112
O,CI,Er,C,H,,
Erbium, hexachloroheptakis(tetrahydr0furan)di-, 27: 140
O7Co2PzPtCI3Hz4,
Cobalt, heptacarbony111,Zethanediylbis(diphenylphosphine)]platinumdi-, 26:370
07CrNPzC,lHl~.Chromate(1 -), (acetato)pentacarbonyl-, p-nitrido-bis(triphenylphosphorus)(l +), 27:297
07F61rPzSzCJPHlI,
Iridium(III), carbonylhydridobis(trifluoromethanesulfonato)bis( tripheny1phosphine)-,26: 120
O,FePC,H,, Iron, tetracarbonyl(trimethy1phosphite)-,26:61
O,FePCInH,,, Iron, tetracarbonyl(triethylphosphite)-, 26:61

07FePC,zH,,,Iron. tetracarbonyl(tripheny1
phosphite), 26:61
O,MoNP,C,,H,,, Molybdate(1-), (acetato)pentacarbonyl-, p-nitrido-bis(triphenylphosphorus)(l+)*27:297
07MozN,C3zH72,
Dimolybdate(VI), bis(tetrabutylamonium), 27:79
07NPzWC,lH,,, Tungstate(1 -), (acetato)pentacarbonyl-, p-nitridobis(triphenylphosphorus)(l +). 27:297
OnAuMnzP2C,Hz5,Gold, Octacarbonyl1~‘C,2~‘C-p-(diphenyIphosphino)1:2KP-( triphenylphosphine)-3~P-triungulo-dimanganese-, 26:229
OnCIHgMnZPCmHlo,
Manganese, p-(chloromercuri0)-p-(dipheny1phosphino)bis(tetracarbony1-, (Mn-Mn), 26:230
OnCoMoRuC17H,,,Ruthenium, cyclo-[plI($) :2(q2):3(q2)-2-butyne]octacarbonyl- 1K2C,2K3C,3K3C-[
1($)-CyClOpen tadienyl]cobaltmolybdenum-,
(co-Mo)(co-Ru)(Mo-Ru),
27:194
OnCozMoClzHn,
Molybdenum, octacarbonyl($-cyclopentadieny1)-p,-ethylidynedicobalt-, 27:193
OnFIMnSC,, Manganese(I), pentacarbony](trifluoromethanesulfonato)-,
26: 114
0,F,ReSC6, Rhenium(1). pentacarbony](trifluoromethanesulfonato)-,
26:115
OnF12W,C,,Tungsten(II), tetrakis( trifluoroacetato)di-, (W-4-W), 26:222
OnMnPSC12Hlz.
Manganese, tetracarbonyl[2-(dimethylphosphinothioyl)-1.2-

bis(methoxycarbonyl)ethenyl-C.S]-,

26: 163
08MnzNP,C~HUI,
Manganate(1 -), p-(dipheny1phosphino)-bis(tetracarbony1-,
(Mn-Mn), p-nitrido-bis(tripheny1phosphorus)( 1 + ), 26:228
OnMn2N2Ca,H,,
Manganese, p(azodi-2,lphenylene-C’,W: CI’,NI)octacarbonyldi-, 26:173
OnMnzPCmHll,
Manganese, p-(diphenylphosphin0)-p-hydridobis(tetracarbonyl-, (Mn-Mn), 26:226
OxMn,P,SzClzH,,,Manganese, octacarbonylbis( pdimethylphosphinothioylP,S)di-, 26:162

Formula Index
OxPC,,H,,, 1H-Phospholium, 2,3,4,5-tetrakis(methoxycarbonyl)-2.2-dimethyl-,
manganese complex, 26:167
OnPSC,,H,i, 2H-1.2-Thiaphosphorin-2-ium.
3.43.6- tetra kis(methoxycarbony1)-2.2dimethyl-, manganese complex, 26:165
O,SC,,H,,, Thiophenetetracarboxylicacid,
tetramethyl ester, 26: 166
0,W2CnH,,, Tungsten(I1). tetrakis(acetato)di-. (W-4-W), 26:224
O,W,C,,H,, Tungsten(I1). tetrakis(2.2-dimethy1propanoato)di-, (W-4-W),
26:223
OuBrH,Os,C,,,,Osmium, (p,-bromomethylidyne)nonacarbonyltri-k-hydrido-friarrgulo-tri-, 27:205
O,BrH,RurC,,,, Ruthenium, (p,-bromomethy1idyne)nonacarbonyl-tri-p-hydridorriangulo-t ti-, 27 :20 1
O,BrHgRulCItH,, Ruthenium, (bromomercury)nonacarbonyl(3,3-dimethyl-I-butyny1)rriangulo-tri-,26:332
OuCIHzOszCl,l,
Osmium, nonacarbonyl(plchloromethy1idyne)tri-p-hydrido-friangulo-tri-, 27:205
OuCI,Ru?Cz,Hw,Ruthenium(I1). p-aquabis( p-chloroacetato)bis((chloroacetato)(q'-cycloocta-1,5-diene)-, 26:256
O,CI,,Ru,C,,H,,. Ruthenium(I1). p-aquabis(p-trichloroacetato)bis[(q'-bicycIo(2.2.1]heptadiene)(trichloroacetato)-, 26:256
O.,CoFeSCq. Iron, nonacarbonyl-p-l-thiodicobalt-. 263245, 352
O,Co,FePC,H,, Iron, nonacarbonyl(p,pheny1phosphinidene)dicobalt-.26:353
OVCo2RuCIJH,,.
Ruthenium, p3-2-butynenonacarbonyldicobalt-, 27: 194
O,Co,RuSC,. Ruthenium, nonacarbonylpl-thio-dicobalt-, 26:352
OuCrFeN,P,Cn1H,,,Chromate(2 - ), nonacarbonyliron-bis(p-nitrido-bis(triphenylphosphorus(1 + )], 26:339
0,F,,Ru2C2,H2,.Ruthenium(Il), p-aquabis(p-trifluoroacetato)bis[(q'-cyclooctal.S-diene)(trifluoroacetat0)-. 26:254
OvFeMoNP,C,,H1,,Molybdate( 1 -), hydridononacarbonyliron-, p-nitridobis(triphenylphosphorus)( 1 + ).
26:338
O,FeMoNzP,Cx,H,,, Molybdate(2- ), nona-
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carbonyiiron-bis[p-nitrido-bis(triphenylphosphorus)(1 + )]. 26:339
0,FeNWC,5H,,, Tungstate( I - ), hydridononacarbonyliron-, p-nitrido-bis(triphenylphosphorus)(I + ), 26:336
O,FeNzP,WC,,H,, Tungstate(2 -), nonacarbonyliron-, bis[p-nitrido-bis(triphenylphosphorus)(l + )], 26:339
09Fe,SGH2,Iron, nonacarbonyldihydridop,-thiotri-, 26:244
09HgIRu,C,,H,, Ruthenium, nonacarbonyl(3,3-dimethyl-1-butynyl)(iodomercury)-triangulo-tri-, 26:330
OqNCrFeP2C,,H,,, Chromate( 1 - ), hydridononacarbonyliron-. p-nitridobis(triphenylphosphorus)(1 + ),
26:338
OqNiOs&,Ha, Osmium, nonacarbonyI($cyclopentadieny1)tri-p-hydrido-nickeltri-, 26:362
O,NiRu,C,,H,, Ruthenium, nonacarbonyl($-cyclopentadieny1)tri-p-hydrido-nickeltri-, 26:363
OoNi,0s,C24H,,,Osmium, nonacarbonyltris(ql'-cyclopentadienyl)rrinickeltri-,
26:365
OqOs,S2Cq,Osmium, nonacarbonyldi-p,thio-tri-. 26:306
OPPRu&HII. Ruthenium, nonacarbonylp-hydrido-(p-dipheny1phosphido)tri-,
26:264
OuRu,C15H,,,,
Ruthenium, nonacarbonyl(p33.3-dimethyl-1-butynyl)-p-hydridofriangulo-tri-, 26:329
0,,,AuHOs,PC,,H,5, Osmium, decacarbonyl-p-hydrido[p-(triethylphosphine)gold]tri-, 27:210
OIIAuHOs,PC2.H15.Osmium, decacarbonyl-p-hydridolp-(triphenylphosphine)gold]tri-. 27:209
Oll,Au20s~PzCz2Hs,
Osmium, decacarbonylbis[ p-(triethy1phosphine)goldltri-,
27:211
O,,,Au,Os,P,C,H,,, Gold. dccacarbonylbis( tripheny1phosphine)triosmiumdi-.
27:211
0,11CrN2SzC,,Hl,
2H20, Chrornium(l1l. tetraaquabis( 1,2-benzisothiazol-3(2HIone 1.1-dioxidat0)-. dihydratc. 27:204
OI,,HOs.,C,,HI. Osmium. dcciicarhoiiylh! dridomethyltri-. 27:3K
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Ol,,H~0s3CllHz,
Osmium, decacarhonyl-dip-hydrido-p-methylene-triangulo-tri-,
27:206
0,,,HIOs,ClIH3, Osmium, nonacarbonyl- triphydrido( ~l-methoxymethylidyne)mriangulo-tri-, 27203
O,,HIRulCl,H,, Ruthenium, nonacarbonyltri-p-hydrido( pl-methoxymethy1idyne)triungulo-t ri- , 27: 200
0,,,NPRulCz3H,, Ruthenium decacarbonyl(dimethylphenylphosphine)(2-isocyano-2-methy1propane)tri-,26975
0,,,NP2Ru,SizC,,Hb,,Ruthenate( 1 - ), decacarbony~-1~’C,2~~C,3~1C-(*-hydrido1 :2Kz-H-bis(triethylsilyl)-l~~i,2K~ifriangulo-tri-, p-nitrido-bis(triphenylphosphorus)(l +), 26269
Ol,,N,0slC,,H6, Osmium, bis(acetonitri1e)decacarbonyltri-, 26292
O,ON,S,VC,,H,, 2 H z 0 , Vanadium(I1). tetraaquabis( 1,2-benzisothiazol-3(2H)one 1,I-dioxidat0)-, dihydrate, 27:307
Oll10slCl,,H2,
Osmium, decacarbonyldihydridotri-, 26:367
O,,,Os,SC,,,,p-,-carbonylnonacarbonyl-p3thio-tri-, 26:305
O,,,OS~SC,~H,,
Osmium, (pbenzenethio1ato)decacarbonyl-p-hydrido-tri-,
26:304
0,,,P2Ru3C15HzI,
Ruthenium, decacarbonyl[methylenebis(diphenylphosphine)]tri-, 26276
0,
,Co2RuCII, Ruthenium, undecacarbonyldicobalt, 26:354
OllHOs3C,zHl,Osmium, decacarbonyl-phydrido( p-methoxymethy1idyne)-trimgulo-tri-, 27:202
OIIHR~lCIzHI,
Ruthenium, decacarbonylp-hydrido( pmethoxymethy1idyne)lriungulo-tri-, 27: 198
OllH~OslClzH3,
Osmium, nonacarbonyl-trip-hydrido[ p3-(methoxycarbonyI)-methylidynel-triungulo-tri-,
27204
OllMnPC,,H,,, Manganese, tricarbonyl[q’2,3.4,5-tetrakis( methoxycarbony1)-2.2dimethyl-IH-phospholiuml-,
26:167
OI,MnPSCl7Hln,
Manganese, tricarbonyl[q23.4,5.6-tetrakis( methoxycarbony1)-2.2dimethyl-2H- 1 ,Z-thiaphosphorin-Zium]-, 26:165

OlINOs3Cl3H,,Osmium, (acetonitri1e)undecacarbonyltri-, 26:290
OIINOs3CI6H,,Osmium, undecacarbonyl(pyridine)tri-, 26991
011PRu3C19HI,,
Ruthenium, undecacarbonyl(dimethylphenylphosphine)tri-,
26273
0 1 z A ~ C ~ 3 F e P C wFerrate(1
Hl,r
-), dodecacarbonyltricobalt-, (triphenylphosphine)gold(l +), 27:188
0 1 z A u 3 C ~ P 3 R ~ 3 Ruthenium,
~H45,
dodecacarbonyltris( tripheny1phosphine)cobalttrigoldtri-, 26:327
0,,Co3CuNC,,H3. Ruthenium, (acetonitri1e)dodecacarbonyltricobaltcopper-,
26:359
0,zColFeNCzl,H2,,.Ferrate( 1 - ), dodecacarbonyltricobalt-, tetraethylammonium,
27: 188
OIzCo3NRuCIzHz,,.
Ruthenate(1 -), dodecacarbonyltricobalt-, tetraethylammonium, 26:358
012F,Re,C1z.4H20r
Rhenium, dodecacarbonyltetrafluorotetra-, tetrahydrate.
26:82
OIZFe,HNCZIHZLl,
Ferrate( 1 - ), carbidododecacarbonylhydridotetra-, tetraethylammonium, 27:186
O12Fe,NPzC,YHYII
Ferrate(2 - ), p,-carbidododecacarbonyltetra-, bis[pnitridobis(triphenylphosphorus)( 1 + )],
26946
OIzFe,N,C,H,,, Ferrate(2 - ). carbidododecacarbonyltetra-, bis(tetraethylamm0nium), 27: 187
OlzHgMoRu3Cz3H,,,Ruthenium, nonacarbonyl( p-3,3-dimethyl- 1-butynyl){p-[tricarbonyl(q5-cyclopentadienyl)molybdenum]mercury}friungulo-tri-, 26:333
0,,N2NibC,lH,,, Nickelate(2 - ), hexa-p-carbonyl-hexacarbonylhexa-,bis(tetramethylammonium), 26:312
O,,NzP,PtRh,C,,H,, Rhodate(2 -), dodecacarbonylplatinumtetra-, bis[pnitridobis(triphenylphosphine)( 1 +)I,
26:375
OIzOsJCI2HJ.
Osmium, dodecacarbonyltetra-p-hydrido-fefruhedro-tetra-,
26293
0120~,SzCIz.
Osmium, dodecacarbonyldip,-thio-tetra-, 26:307
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O12RulCI,,Ruthenium, dodecacarhonyltri-,
26:259
OI2Ru,CI2H,.Ruthenium, dodecacarbonyltetra-p-hydrido-tetra-. 26:262
0,,W2PthC,,H12,Platinate(2 - ), hexa-p-carbonyl-hexacarbonylhexa-. bis(tctrabutylammonium), 26:316
O,,Fe,C,,, Iron. carbidotridecacarbonyltetra-, 27:185
O,,Os,S,CIr, Osmium, tridecacarbonyldip,-thio-tetra, 26:307
OIIP2Ru,Cl,H,. Ruthenium, decacarbonyl(dimethylpheny1phosphine)tetrahydridoltris(4-methylphenyl)
phosphiteltetra-, 26:278
0,,Fe,NC,,H2,. Ferrate( I - ), dodecacarbony11pJ-(mcthoxycarbony1)methylidyneltetra-, tetraethylammonium
27: I84
O,,N,P,Ru,C,,H,,, Ruthenate( 1 - ). tetradecacarbonylnitridopenta-, p-nitridobis(tripheny1phosphorus)(1 +), 26:288
O,,N,P,PtRh,C,H,,. Rhodate(2 - ). tetradecacarbonylplatinumtetra-, bis( p-nitridobis(triphenylphosphorus)( 1 + )], 26:373
0,,Na2Ru,C,,. Ruthenate(2 - ), prcarbidotetradecacarbidopenta-, disodium,
26284
0,,PRu,C12H,,, Ruthenium, undecacarbonyl-tetrahydridol tris(4-methylpheny1)phosphiteltet ra-, 26:277
O,,P,Ru~C,,HI~,
Ruthenate(2 - ), p5-carbidotetradecacarbonylpenta-, bis[ p-nitridobis(triphenylphosphorus)( 1 +)I,
26:284
O,,N,Os,P,C,H,,, Osmate(2 - ), pentadecacarbonylpenta-, bis(p-nitrido-bis(triphenylphosphorus)( 1 + )], 26299
OI5Ru3CI,,Ruthenium, p,-carbido-pentadecacarbonylpenta-, 26:283
OlhFe,N2C,3HU,.Ferrate(2 - ), carbidohexadecacarbonylhexa-, bis( tetraethylammonium), 27:183
OlhNzP2R~6C,2HYl,
Ruthenate( 1 - ), hexadecacarbonylnitridohexa-, p-nitridobis(triphenylphosphorus)( 1 + )],
26:287
O,,RuhCI,, ruthenium, p,-carbido-heptadecacarbonylhexa-, 26281
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O,,HgRu,C,,H,,, Ruthenium, (p,-mercury)bis[nonacarhonyl(pI-3,3-dimethyl-l
-butynyl)-triangulo-tri-, 26:333
O,,N:Os,P,C,,H,,, Osmate(2 - ), octadecacarbonylhexa-, his[ p-nitrido-his( triphenylphosphorus)( 1 +)I, 26:300
OlnN~PtYC,,HUI,
Platinate(2 - ), trisltri-pcarbonyl-tricarbonyltri-,bis(tetraethylammonium), 26322
O,,Os,C,,H,, Osmium. octadccarbonyldihydridohexa-, 26:301
O,,O~C,,,Osmium, octadecarbonylhexa-, 26:295
O,,MO,N,C,~H,~,Hexamolybdate(VI),
bis(tetrabutylammonium), 27:77
O,,N,W,C,,H,,, Hexatungstate(V1).
bis(tetrabutylammonium), 27:80
0,,H,,Mo5N,P, 4H20, Pentamolybdobis(phosphonate)(4 - ), tetraamrnonium,
tetrahydrate, 27:123
0,,Mo,N3P,C,H,h 5 H 2 0 , Pentamolybdobis[(2-aminoethyl)phosphonate](4- ),
sodium tetramethylammonium dihydrogen, pentahydrate, 27: 126
O,,MO,N,P~C,H,~
2H20, Pentamolybdobis(methylphosphonate)(4 - ), tetraammonium, dihydrate, 27:124
O,,MO~N~P,C,H,,,Pentarnolybdobis(ethy1phosphonate)(4 - ), tetraammonium,
27:125
Oz,Mo,N,P2C,,H,, SH,O, Pentamolybdobis(phenylphosphate)(4 - ),tetraammonium,
pentahydrate, 27:125
O,,Mo,N,P,C,,H,,SH,O, Pentamolybdobis((4-aminobenzyl)phosphonate](4-), diammonium dihydrogen. pentahydrate, 27:126
0,,Mo,N,P,C,,H4, 4H2O. Pentamolybdobis((4-aminobenzyl)phosphonate](4 - ), bis(tetramethy1ammonium)dihydrogen, tetrahydrate,
27:127
02,N,P,W,C,,,,H12~,
Pentatungstobis(pheny1phosphonate)(4 - ), tetrakis(tributylammonium), 27: 127
022P2R~6C,8Hn,,
Ruthenium, Ip-ethynediylbis(diphenylphosphine)]bis[undecacarbonyltri-, 26277
O,,Re,C,, Rhenium, octadecacarbonylbis(@,-carbon dioxide)tetra-, 26: 111
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O2,CsbP2WI,Pentatungstodiphosphate(6- ),
hexacesium, 27:lOl
O,N,Pt,,C,H,,
Platinate(2 - ), tetrakis[tri-p-carbonyl-tricarbonyltri-,bis(tetraethylammonium), 26:321
O,Mo,N,C,H,,,
Octamolybdate(VI), tetrakis(butylammonium), 27:78
0,N3V,oC,,H,,,, Decavanadate(V), tris(tetrabutylammonium)trihydrogen,
2733
O3,N2Pt,&Hn, Platinate(2 -), pentakis[trip-carbonyl-tricarbonyltri-,bis(tetraethylammonium), 26:320
O,,N,Wl0C,H,,, Decatungstate(V1). tetrakis(tetrabuty1ammonium). 27231
O3,HNa,SiW,23H,O, Nonatungstosilicate
(lo-), p-, nonasodium hydrogen, tricosahydrate, 27:88
0,,Na9PWy.xHz0,Nonatungstophosphate(9 -), A-, nonasodium, hydrate,
27: 100
O,,Na,,$iW,, Nonatungstosilicate( 10- ),
a-, decasodium, 27:87
O&s,PW,,,. Decatungstophosphate(7 - ),
hexacesium. 27:lOl
O,K,Si W,,,,
12Hz0,Decatungstosilicate(8 - ),
y-. octapotasium, dodecahydrate,
27:88
OwK,SiW,, 13H20, Undecatungstosilicate(8- ). a-, octapotassium, tridecahydrate. 27:89
O,K,SiW,, i4H20, Undecatungstosilicate(8- ), PI-. octapotassium, tetradecahydrate, 27:92
O,K,Si W II 14Hz0, Undecatungstosilicate(8 - ), &-, octapotassium, tetradecahydrate, 27:91
O,Na,SiW,,, Undecatungstosilicate(8 - ),
PI-. octasodium, 2 7 9
0,,Cs9PV~WI,,.Divanadodecatungstophosphate(5-), p- and y-. pentacesium,
27:103
O,,Cs,PV,W,, Trivanadononatungstophosphate(6-). a-l.2.3-, hexacesium,
27: 100
O,,HK,SiV,W, 3H20, 1,2.3-Trivanadononatungstosilicate(7 - ), A+-, hexapotassium hydrogen. trihydrate, 27: 129
O,,H,SiW,, xH20, Dodecatungstosilicic
acid. a- and p-. hydrate, 27:94

O,,H,SiW,, xH,O. Dodecatungstosilicic
acid, a-, hydrate, 27:93
O,K,PVW,, xH,O, Vanadoundecatungstophosphate(4 - ), a-, tetrapotassium,
hydrate, 27:99
0,K,SiWI2 17H20, Dodecatungstosilicate(4 -), a-, tetrapotassium, heptadecahydrate, 27:93
O,,K,SiWIz 9&O, Dodecatungstosilicate(4 -), p-, tetrapotassium, nonahydrate,
27:94
O,,N,SiTiV,W,C,H,,y, 1,2,3-Trivanadononatungstosilicate(4 - ), p,-[($-cyclopentadienyl)trioxotitanate(IV)]-, A$, tetrakis(tetrabutylammonium), 27: 132
O,,N,SiV,W,C,H ,, 1,2,3-Trivanadononatungstosilicate(7 - ), A+-, tetrakis(tetrabutylammonium)trihydrogen,
27: 131
O,&siW,zCMH,,.
Dodecatungstosilicate(4 -), y,tetrakis(tetrabuty1ammonium), 27:95
OUNalZPIWIS
24H20, Pentadecatungstodiphosphate(l2 -), a-,dodecasodium,
tetracosahydrate, 27: 10s
06,
K,,,PzW 20Hz0, Heptadecatungstodiphosphate( lo-), az-,decapotassium,
eicosahydrate, 27:107
Ob,Li&PzW,,20Hz0, Lithioheptadecatungstodiphosphate(9-), a,-, nonapotassium, eicosahydrate, 27:109
06zK,P,W,, 14Hz0, Octadecatungstodiphosphate(6- ), a-, hexapotassium, tetradecahydrate, 27:lOS
O,K,P,W,, 19Hz0, Octadecatungstodiphosphate(6 -), p-, hexapotassium, nonadecahydrate, 27: 105
On,AszH,Rb,W,, 34H,O, Tungstate(4- ),
aquadihydroxohenhexacontaoxo-

bis[trioxoarsenato(II1))henicosa-,
tetrarubidium, tetratricontahydrate, 27: 113
On,As,H,WzlxHzO, Tungsten, aquahexahydroxoheptapentacontaoxobis[trioxoarsenato( 1II))henicosa-. hydrate,
27:112
O,H,,N,,NaSb,Wz, 24H20, Sodiohenicosatungstononaantimonate( 18 - ), octadecaammonium, tetracosahydrate, 27: 120
O,,,,H,N,,NaP,WI, 31Hr0, Sodiotriconta-
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tungstopentaphosphate( 14 - ), tetradecaammonium, hentricontahydrate,
27: 115
OI&S,Na,,W,, 6oH20,Sodiotetracontatungstotetraarsenate(27 - ), heptacosasodium, hexacontahydrate, 27: 118
Ol,2As,Co,Hl,,IN,,W,, 19H,O, Ammoniodicobaltotetracontatungstotetraarsenate(23 - ), tricosaammonium.
nonadecahydrate, 27: I19
ol,H,K,,Li,P,W,92HL0,
Octatetracontatungstooctaphosphate(40- ),
pentalithium octacosapotassium
heptahydrogen, dononacontahydrate, 27: I10
OsCIP,C,,H,,, Osmium(II), dichlorotris(tripheny1phosphine)-,26: 184
OSCIZP~SC~,H,~.
Osmium(II), dichloro(thiocarbonyl)tris(triphenylphosphine)-, 26: 185
OsCI2P,C,,H,,, Osmium(III), trichlorotris(dimethylpheny1phosphine)-, mer-,
2727
OsH,RhP,C,,H,,, Rhodium, [2(qJ)-l,S-cyclooctadiene]tris(dimethylphenylphosphine- 1Kf)-tri-p-hydrido-osmium-,
2729
OsH,P,ZrC,,H,,, Zirconium, bis[ 1,I(+)cyclopentadienylJtris(dimethy1phenylphosphine-ZKP)-tri-p-hydrido-hydrido-1KH-osmium, 2727
OsOPzSC~,HI,,Osmium, carbonyl(5-thioxo1.3-pentadiene-1,fj-diyI-C',C,S)bis(tripheny1phosphine)-,26:188
OsOP,SC,H,,, Osmium, carbonyl(thi0carbonyl)tris(triphenylphosphine)-,
26: I87
OsP,SCssH,,, Osmium(II), dihydrido(thiocarbonyl)tris(tripheny1phosphine)-,
26: 186

Os~AuHOloPCI,H1,,
Osmium, decacarbonylp-hydrido[p-(triethy1phosphine)goldltri-, 27210
O S ~ A U H O ~ ~ ~ POsmium,
C ~ , , H ~decacarbonyl~,
p-hydrido[p-(tripheny1phosphine)gold)tri-, 27209
Os~Au~OIIlPIC,2HYI.
Osmium, decacarbonylbis[p-(triethy1phosphine)gold)tri-,
27:211
O S ~ A U Z O ~ , , P ~Osmium,
C ~ H ~ , .decacarbonyl-
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bis[p-(triphenylphosphine)gold]tri-,
2721 1
Os,BrH,OuCl,,.Osmium, (p,-bromomethylidyne)nonacarbonyltri-p-hydrido-rriungulo-tri-, 27205
Os,CIH,OuCI,,,Osmium, nonacarbonyl(p,chloromethy1idyne)tri-k-hydrido-triangulo-tri-. 27905
Os~HOl,lCllH,.
Osmium, decacarbonylhydridomethyltri-, 27:20(,
Os,HOIICIzHlr
Osmium, decacarbonyl-phydrido(p-me thoxymethy1idyne)-triangulo-tri-, 27202
Os~H~OIllCl,H,,
Osmium, decacarbonyl-dip-hydrido-p-methylene-triangulo-tri-,
27206
Os~H,01,,CllH3,
Osmium, nonacarhonyl-trip-hydrido( pl-methoxymethylidyne)triangufo-tri-, 27203
OsIH3OIICl2H,.
Osmium, nonacarbonyl-trip-hydrido[pL,-(methoxycarbonyl)-methylidynel-triangulo-tri-,27204
OslNOllCl,H,, Osmium, (acetonitrile)-undecacarbonyltri-, 26990
Os,NO, ICl,H,, Osmium, undecacarbonyl(pyridine)tri-. 26291
OslN,O,,,C1,H,.Osmium, bis(acetonitri1e)decacarbonyltri-, 26992
Os,Ni09Cl,H,, Osmium, nonacarbonyl(q,cyclopentadieny1)tri-p-hydrido-nickeltri-, 26:362
Os,Ni,09C24Hls,Osmium, nonacarbonyltris(qs-cyclopentadienyl)trinickeltri-,
26:365
Os10pS2G,Osmium, nonacarbonyldi-p,thio-tri-, 26:306
Os,Ol,Cl,Hz, Osmium, decacarbonyldihydridotri-, 26:367
Os,Ol,,SCl,,,Osmium, p,-carbonylnonacarbonyl-p,-thio-tri-, 26:305
Os,OI,,SCI6H,,Osmium, (p-benzenethiolato)decacarbonyl-p-hydrido-tri-,
26:304
Os,01,C12H,,Osmium, dodecacarhonyltetra-p-hydrido-fetrahedro-tetra-.
26993
Os,012SzC12,
Osmium, dodecacarbonyldip,-t hio-tetra-, 26:307
Os,OI,S2Cl~,Osmium, tridecacarbonyldi-p,-thio-tetra. 26:307
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Os,N,O,,P,C,IH,,, Osmate(2 - ), pentadecacarbonylpenta-, bis(pnitrido-bis(triphenylphosphorus)(1 + )], 26:299
Os,N,O,,P,C~,H,,. Osmate(2 - ), octadecacarbonylhexa-. bis[p-nitrido-bis(triphenylphosphorus)( 1 + )], 26:300
O~O,,C,,H,. Osmium, octadecacarbonyldihydridohexa-. 26:301
Os,O,,C,,. Osmium, octadecacarbonylhexa-,
26:295
PAuCIC,,H,,, Gold, chloro(tripheny1phosphine)-, 26:325, 27:218
PAuCIF,C,,H2:, Aurate(1). chloro(pentafluoropheny1)-, (benzy1)triphcnylphosphorium. 2638
PAuColFeO,,CNIH,,.Ferrate( 1 -), dodecacarbonyltricobalt-, (triphenylphosphine)gold( 1 + ), 27: 188
PAuHO,,,Os,C,,H,,, Osmium, decacarbonyl-p-hydrido[ p-(triethylphosphine)gold]tri-, 27210
PAuHOII,0s3CL*H15,
Osmium, decacarhonyl-p-hydrido[ p-(triphenylphosphine)gold]tri-, 27:209
PAu,F,NSC,,H,,, Gold(I), (pentafluoropheny1)-pthiocyanato-(triphenylphosphine)di-. 26:90
PBF,MoOC,xHw, Molybdenum( 1 + ). carbonyl(q'-cyclopentadienyl)(diphenylacetylene)(triphenylphosphine)-, tetrathoroborate( 1 - ). 26: 104
P B F , M O O ~ C ~ ~Molybdenum,
H~,,
dicarbonyl(q'-cyclopcntadienyl)[tetrafluoroborato( 1 - )](triphenylphosphine)-, 26:98
PBF,02WCz5Ha1,
Tungsten, dicarbonyl($cyclopen tadien yl)[te trafluoroborato(1 - )](triphenylphosphine)-, 26:98
PBrF,N3RuCI,H2,, Ruthenium(I1). tris(acetonitrile)bromo(q'-1,5-~yclooctadiene)-,
hexafluorophosphate( 1 -), 26:72
PCIH.,, Phosphine, trimethyl-, 26:7
tungsten complex, 27:304
C H , . Phosphine, (2.2-dimethylpropylidyne)-, 27249, 251
'C6H7, Phosphine, phenyl-, cobalt-iron complex, 26:353
'C6H,,, Phosphine, triethyl-, gold-platinum
complex, 27:218

gold-osmium complexes, 27:209, 21 1
platinum complex, 26:126, 135-140,
27:32. 34
PC,HII, Phosphine. dimethylphenyl-. iron
complex, 26:61
molybdenum complex, 27:11
osmium complex, 27:27
osmium-rhodium complex, 2729
osmium-zirconium complex, 2727
ruthenium complex, 26273, 278
PCvHld,Phosphine, ethylmethylphenyl-,
lithium complex, 27:178
PC,HII, Phosphorane, dimethylmethylenephenyl-, uranium complex, 27: 177
, Phosphine, triisopropyl-, rhodium
complex, 27292
tungsten complex, 27:7
PC,,H,,, Phosphine, diphenyl-, manganese
complex, 26:158,226-230
ruthenium complex, 26:264
PCIzH27.Phosphine, tributyl-, iron complex, 26:61
PC,,H,,, Phosphine. methyldiphenyl-, molybdenum complex, 27:9. 10
iron complex, 26:61
PC,,H,,, Phosphine, triphenyl-, cobalt complex, 26190-197
cobalt-gold-ruthenium complex, 26:327
cobalt-gold-iron complex, 27: 188
gold complexes, 26:325. 326, 27214
gold and platinum complexes, 27:218
gold-manganese complex, 26229
gold-osmium complexes, 27209, 21 1
iridium complexes, 26: 117-120, 122-125,
201,202
iron complex, 26:237, 241
molybdenum, palladium, and platinum
complexes, 26:347
molybdenum and tungsten complexes,
26:98-105
osmium complexes, 26:184-188
platinum complex, 27:37
rhenium complex, 27: 15, 16
rhodium complex, 27222, 292
ruthenium complex, 26:181, 182
PC,,H,,, Phosphine, (2,4,6-tri-rert-butyIpheny1)-, 27937
PC,,H,,, Phosphine, tricyclohexyl-, iron
complex, 26:261
molybdenum complex, 27:3, 13
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bis( 1.2-(qJ-cyclopentadienyl)]molybdenum-, hexafluorophosphate( 1 - ),
26:239
PF,FeO,C,,H,,, Iron( 1 + ), (q'-cyclopentadienyl)dicarbonyl(tetrahydrofuran)-,
hexafluorophosphate( 1 -), 26:232
PFhFeTO,CIIIHllr
Iron( 1 + ), p-acetyl-C:Obis[dicarbonyl(q-cyclopentadieny1)-,
hexamethylbenzene)hydrido(trihexafluorophosphate( 1 -), 26:235
pheny1phosphine)-, 26: 181
PF,MoO,C,H,,. Molybdenum(l1). dicarPCI,C,,H,, Phosphonous dichloride, (2,4,6bonylbis[1,2-ethanediyIbis(diphenyltri-rerl-butylphenyl)-, 27:236
phosphine)]fluoro-, hexafluorophosPCIzSiICIIIH27.
Phosphonous dichloride,
phate(1-), 26:84
[tris(trimethylsilyl)methyl]-, 27:239
PFeO,C,,H,,, Iron, tetracarbonylPCoC,,H,,, Cobalt, (qs-cyclopentadienyI)(dimethylpheny1phosphine)-, 26:61
[qrl?-l
,l'-( 1,2-~thynediyI)bisbenzene]PFeO,C,,H,,, Iron, tetracarbonyl(tripheny1phosphine)-, 26: 192
(tributy1phosphine)-, 2651
PCoC,,H,,, Cobalt, (q'-cyclopentadieny1)PFeO,C,,H,,, Iron, tetracarbonyl(2,3-dimethyl-l,4-diphenyl-l,3-butadi(dimethylpheny1phosphine)-,26:61
ene-1,Cdiyl)( triphenylphosphinef-.
PFe0,C22H,,, Iron, tetracarbonyl26: 195
(tripheny1phosphine)-, 26:61
PCoO,C,,H,,, Cobalt, (qs-cyclopentaPFeO,CZ2HI,,Iron, tetracarbonyldienyl)(methyl 3-phenyl-qz-2-propy(tricyclohexy1phosphine)-, 26:61
noate)(triphenylphosphine)-, 26: 192
PFeO,C,H,, Iron, tetracarbonyl(trimethy1
PCoO,CUIHM,
Cobalt, (q'-cyclopentaphosphite)-, 26:61
dienyl)[1,3-bis(methoxycarbonyI)-2PFeO,C,,,H,,, Iron, tetracarbonyl(triethy1
methyl-Cphenyl-1,3-butadiene-1.4phosphite)-, 26:61
diyl](triphenylphosphine)-, 26: 197
PFe0,C22H15,
Iron, tetracarbonyl(tripheny1
PCoO,CMHU,Cobalt. (q5-cyclopentaphosphite)-, 26:61
dienyl)[1,4-bis(methoxycarbonyI)-2PHzLi, Lithium dihydrogen phosphide,
methyl-3-phenyl-1.3-butadiene-l.4(LiH2P), 27:228
diyl](tripheny1phosphine)-, 26: 197
PHgCIMn,0,C2,,H,,,,Manganese, p-(chloPColFeO,PC,,H,. Iron, nonacarbonyl(p>romercuri0)-p-(diphenylphosphin0)pheny1phosphinidene)dicobalt-,26:353
bis( te tracarbony1)-, (Mn-Mn),
26:230
PCs,O,V,W,,,, Divanadodecatungstophosphate(5-), J3-and y-. pentacesium,
PK,O,,VW,, xH>O. Vanadoundecatungsto27:102, 103
phosphate(4 - ), a-,tetrapotassium,
PCs,O,,V,W,, Trivanadononatungstophoshydrate, 27:99
phate(6 - ), a-1,2,3-, hexacesium,
PLiC,H,,, Lithium, [2-(methylphenylphos27:lOO
phino)ethyl]-, 27: 178
PCs7O,WllI,Decatungstophosphate(7 - ),
PLiSi2C,H,, 20C,H,, Phosphide. bis(trihexacesium, 27:lOl
methylsily1)-, lithium, -2tetrahydroPFIH02,Phosphorodifluoridic acid, rhenfuran. 27:243. 248
ium complex, 26:83
PMn0,C,2H,,. Manganese, octacarbonylPF,N,O,ReC,,H,. Rhenium, (2.2'-bipyrilK'C,2K'C-p.-[CarbOnyl-2KC 1 KO-h-(didine)tricarbonyl(phosphorodifluoridphenylphosphino-2~P)-o-phenyleneato)-, 2633
2KC'.l~C?]di-.26:158
PF1. Phosphorus trifluoride, 26: 12
PMn0,C2rH,h,Manganese. tetracarbonylPF,FeMoO,C,,H,,, Iron( 1 + ). p-acetyl{ [2-(diphenylphosphino)phenyljhyKC': 1 ~O-pentacarbonyl-l~~C.2~'Cdroxymethy I-C. P}-, 26: 169
nickel complexes, 26:205, 206
rhodium complex, 27:291
tungsten complex, 27:6
PCIF,N.IRUC,,H~,,
Ruthenium(lI),
tris(acetonitrile)chloro(q~-l,5-cyclooctadiene)-, hexafluorophosphate( 1 - )-,
26:71
PCIRUC.WH~,.
Ruthenium(l1). chloro(qO-
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PMnO,SC,,H,,, Manganese, tetracarbonyl[2-(dimethylphosphinothioyl)-l,2bis(methoxycarbonyl)ethenyl-C.S]-,
26: I63
PMnO,,C,,H,,, Manganese, tricarbonyl[q?2,3,4,5-tetrakis(methoxycarbonyl)-2,2dimethyl-lH-phospholiumJ-,
26: 167
PMnO,,SC,,H,,. Manganese, tricarbonyl[q~-3.4.5,6-tetrakis(methoxycarbonyl)2.2-dimethyl-214- I ,2-thiaphosphorin-2iuml-, 26: 165
PMn,O,CIH,,, Manganese, p-(diphenylphosphin0)-p-hydridobis(tetracarbonyl-,
(Mn-Mn), 26:226
PMoO,C,,H,,. Molybdenum, dicarbonyl(q'cyclopentadienyl)hydrido(triphenylphosphine)-. 26:98
PNNiOC,,H,,,, Nickel(I1). [2-methylpropanamidato(2-)-C1.N)(tricyclohexylphosphine)-, 26:205
PNNiOCL?H,,,Nickel(II), butanamidato(2 - )CJ,N]-(tricyclohexylphosphine)-,
26:206
PNOC,,H,,, Benzamide, 2-(diphenylphosphino)-N-phenyl-, 27:324
-,
Benzamide, N-[2-(diphenylphosphino)phenyl]-. 27:323
PNOI,,RulC?IH,i, Ruthenium, decacarbonyl(dimethylphenylphosphine)(2-isocyano2-rnethylpropane)tri-, 26:275
PNa,O,W, xHzO, Nonatungstophosphate(9 -), A-, nonasodium, hydrate,
27:lOO
POC,H,, Trimethyl phosphite, iron complex,
26:61
POC,H,,. Triethyl phosphite. iron complex,
26:61
POC,,H,,, Triphenyl phosphite, iron complex, 26:61
POC,,H,,, Benzenemethanamine, 2-(diphenylphosphin0)-, manganese complex, 26:169
POSi,C,iHZ7,Phosphine, [2,2-dimethyl-1(trimethylsiloxy)propylidene](trimethylsily1)-, 27:250
PO~WCz,Hz,.Tungsten, dicarbonyl(q'-cyclopentadienyl)hydrido(triphenylphosphine)-, 26:98
PO,C,,H,,, Triphenyl phosphite. ruthenium
complex, 26:178
PO,C,,Hz,, Tris(4-methylphenyl)phosphite,
ruthenium complex, 26:277, 278

PO,SC,H,,, 2-Butenedioic acid, 2-(dimethylphosphinothioy1)-, dimethyl ester,
manganese complex, 26:163
PO,C,,H,,, IH-Phospholium, 2,3,4,5-tetrakis(methoxycarbonyl)-2,2-dimethyl-,
manganese complex, 26: 167
PO,SC,,H,,, 2H-1,2-Thiaphosphorin-2-iurn.
3.4,5,6-tetrakis(methoxycarbonyl)-2,2dimethyl-, manganese complex,
26: 165
PO,Ru,C,,H,,, Ruthenium, nonacarbonylp-hydrido-(p-dipheny1phosphido)tri-,
26:264
PO,,Ru,C,,H,, , Ruthenium, undecacarbonyl)(dimethylphenyIphosphine)tri-,
2k273
PO,,Ru,C,,H,,, Ruthenium, undecacarbonyltetrahydrido-[tris(4-methylphenyl)
Phosphiteltetra-, 26:277
POsSC,,H,,, Osmium(I1). dihydrido(thi0carbonyl)Iris( tripheny1phosphine)-.
26: 186
PRuCylH,,. Ruthenium(11). [2-(diphenylphosphino)phenyl-C'f](q6-hexamethylbenzene)hydrido-, 36: 182
PSCIH,, Phosphine sulfide, dimethyl-, and
manganese complex, 26:162
PS,C,H,,, Phosphonium, (dithiocarboxy)triethyl-, rhodium complex,
27:288
PSiC,,H,, Phosphine, (2.4.6-tri-rerr-butylphenyl)(trimethylsily1)-,
27:238
PSi,CH2,, Phosphine, tris(trimethylsily1)-,
27:243
PUCzjH,,. Uranium(IV), tris(+-cyclopentadienyl)[(dimethylphenylphosphoranylidene)methyl]-, 27: 177
PI, Phosphorus, di-, molybdenum complex,
27:224
P?AuMnzO,CsHz,, Gold, octacarbonyl1K4c,2K'C-p-(dipheny1phosphino)1:2~f-(tripheny~phosphine)-3~f-friungulo-dimanganese-, 26~229
PIA~20100~,C22HYI.
Osmium, decacarbonylbis[p-(triethylphosphine)gold]tri-,
27:211
P,Au20,00s3CJ,HY,,Osmium, decacarbonylbis[ p-( triphen ylphosphine)gold]tri-,
27:211
P,BCIFJIrNzCJ6H,,
, Iridium(III), chloro(dinitrogen)hydrido[tetrafluorobor-

Formula Index

ato( 1 - )]bis(triphenylphosphine)-,
26:119
P,BCIF,lrOCuH,,, Iridium(III), carbonylchlorohydrido[tetrafluoroborato( 1 - )bis(tripheny1phosphine)-, 26: 117
P,BCIF,IrOC,H,,, Iridium(III), carbonylchloromethyl[tetrafluoroborato(1 - )]bis(tripheny1phosphine)-, 26: 118
PIBF,IrC,,Hw, Iridium( 1 + ), (q4-1,5-cyclooctadiene)[1,3-propanediylbis(dipheny1phosphine))-. tetrafluoroborate(1 -), 27:23
P,BF,IrC,,H,,, Iridium(I), (q'-l,5-cyclooctadiene)bis(tripheny1phosphine)-,tetrafluoroborate( 1- ), 26: 122
P2BF,lrO2CaH~,Iridium(IIl), diaquadihydridobis(tripheny1phosphine)-,tetrafluoroborate( 1 - ), 26: 124
PIBFIIrO,C,,H,,, Iridium(III), bis(acetone)dihydrodobis(tripheny1phosphine)-.
tetrafluoroborate(1 -), 26: 123
P,BO,PtC,H,, Platinum(Il), (3-methoxy-3oxo-KO-propyl-KC')bis(triethylphosphine)-, tetraphenylborate( 1 ), 26: 138
PzBPtCUHB,,Platinum(II), (q'-cyclooctene)bis(triethylphosphine)-, tetraphenylborate(1 -), 26:139
PIC2&, Phosphine, methylenebis(diphenyl-. ruthenium complex, 26:276
P2C2,,H,,Phosphine, 1,2-ethanediylbis(diphenyl-, iridium complex, 27:25
molybdenum complex, 26:84
platinum complexes, 26370
ruthenium complex, 26:277
PZCdfz6,
Phosphine, 1,3-propanediylbis(diphenyl-, iridium complex, 27:22, 23
P,Cz"H,, Phosphine, 1,4-butanediylbis(diphenyl-, iridium complex, 27:26
P2CaHs, Diphosphene, bis( 2,4,6-tri-rert-butylpheny1)-, 27:241, 242
PzCIPtCz6H,,,Platinum(II), chloro(cis-l,2diphenylethenyl)bis(triet hylphosphine)-, trans-, 26:140
P,CIZN,C,H,,, 1,3,2,4Diazadiphosphetidine, 1.3-di-rerr-butyl-2,4-dichloro-,cis.
27:258
PzC~zNzWC1bHjz,
Tungsten(VI), dichloro[ (1,l-dimethylethyl)imido](phenylimido)bis(trimethylphosphine)-, 27:304
P,CIzPtC,,H2,, Platinum, dichloro[I ,2-ethanediylbis(diphenylphosphine)]-,
26:370

-
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PZCoCuH,,, Cobalt, (q'-cyclopentadienyl}bis(tripheny1phosphine)-, 26: 191
PzCoF12NbCz6Hu,
Cobalt(11) , (2,3,10,11,13,
19-hexamethyl-3.10,14,18,2
1,25-hexaazabicyclo(10.7.7]hexacosa-1,11,13,
1 8 , 2 0 . 2 5 - h e x a e n e - ~ ' ~ ' . ~bis~.~~~~~)-,
[hexafluorophosphate(1-)I, 27:270
P,Co207PtC,,H2,,Cobalt, heptacarbonyl/1,2-ethanediylbis(diphenyIphosphine)lplatinumdi-, 26:370
P,CrFeN0,C,5Hj,, Chromate( 1 -), hydridononacarbonyliron-, p-nitrido-bis(triphenylphosphorus)(1 + ), 26:338
P2CrN07C,,H,,, Chromate( 1 -), (acetate)pentacarbonyl-. p-nitrido-bis(triphenylphosphorus)(1 + ), 27:297
PzCs602,W,,Pentatungstodiphosphate(6- ),
hexacesium, 27: 101
P,FO,RhC,,H,, Rhodium(I), carbonyl(3fluorobenzoato)bis(triphenylphosphine)-, 27:292
P2F,0JPtSCl,H,,, Platinum(II).hydrido(methanol)bis(triethylphosphine)-,
tram-. trifluoromethanesulfonate,
26: 135
P2FbFeMo0,C,uH,, Iron( 1 + ), pacetyl-2KCI:1x0-tetracarbonyl- lKz_C.2~'Cbis[ 1,2-(q3-cyclopentadienyl)](triphenylphosphine-1KP)molybdenumhexafluorophosphate(1 - ), 26:241
P,F~e,O,C,,HB. Iron(1 +), pacetyl2 ~ C ll~O-tricarbonyI-l~~C,2~C-his[
:
1.2(q5-cyclopentadienyl)](triphenylphosphine-2~P)di-,hexafluorophosphate(1 - ). 26:237
P2FbIr0,SzC,9H31,
Iridium(Ill), carbonylhydridobis(trifluoromethanesu1fonato)bis(tripheny1phosphine)-, 26: 120
P$&bNiC,&.
Nickel(II), [3.1 1- bis[a(benzylamino)benzylidene]-2.12,dimethyl-1,5,9,13-tetraazacyclohexadeca-1,4,9,12-tetraene-~'-~~~~~.''~-,
bis[hexafluorophosphate(1-)I,
27:276
P2F1zFeNbCaH22.
Iron(ll), I3.1 I-dibenzyl-

14.20-dimethyI-2,12-diphenyl-3.I1.15.
19.22.26-hexaazatricyclo-[
11.7.7.I(."]octacosa-1,5.7.9(28). I2.14.19.2 1.26nonaene-K'-"'. 1 Y . l . b I-. bis(hexafluorophosphate(1 -)I, 27:280
P?FilN,Ni0,C,,H,2.Nickel(l1). (2.12-dimethyl-3. I I-bis(I-rnethoxyethy1idenc)-
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phosphate( lo-), a2-,decapotassium,
eicosahydrate, 27: 107
P2LiK906,
W,, 20H20, Lithioheptadecatungstodiphosphate(9 - ), al-,
nonapotassium, eicosahydrate, 27:109
methoxybenzylidene)-2,12-dimethylPzMn2O8S2ClZHl2,
Manganese, octacarbonylbis(p,-dimethylphosphinothioyl1.5,9,13-tetraazacyclohexadeca-l,4,9,
P,S)di-, 26:162
12-tetr a e n e - ~ ' W ~ . ~ .bis[
~ ~hexafluoro]-,
PzMoN0,CJ3H13,Molybdate(1- ), (acephosphate(1 -)I. 27275
tato)-pentacarbonyl-, pnitrido-bisP,FlZNIRuC,,H,,, Ruthenium(II), tetrakis(triphenylphosphorus)( 1 + ), 27297
(acetoniwile)($- 1,5-cyclooctadiene)-,
P,MOO,C,~H,, Molybdenum, tricarbis[hexafluorophosphate(1 -)I, 26:72
bonyl(di hydrogen)bis(t ricyclohexylP?FI2N6NiCz6HU,
Nickel(I1). (2,3,10,11,13,
phosphine)-, 27:3
19-hexamethyl-3,10,14,18,21,25-hexaMolybdate(VI), tetrathio-,
azabicyclo[10.7.7]hexacosa-1,11,13,18, PZMoSJCYIHm,
bis(tetraphenylphosphonium), 27:41
20,25-hexaene-~'h"','~.~'.~~)-,
bis[hexaP2Mo,0,C,,H,,, Molybdenum(1). tetracarfluorophosphate(1 -)I, 27:268
bonylbis(q5-cyclopentadienyl)( p-qz:qzP,Fl,N6NiC,,H,z, Nickel(II), [3,1 l-dibenzyldiphosphorus)di-, 27:224
14,20-dimethyl-2,1Z-diphenyl-3,11,15,
P2MozOQd2C52Hm.
Molybdenum, hexacar19,22,26-hexaazatricyclo[ll.7.7.
bonylbis(q5-cyclopentadienyl)bisoctacosa-1,5,7,9(28), 12,14,19,21.26(triphenylphosphine)dipaIladiumdi-,
n o n a e n e - ~ ~ ~ ~ . 'bis[hexafluoro~.~.~~]-,
26:348
phosphate(1 -)I, 27977
P2M020,PtzC,H,, Molybdenum, hexacarP2FIzNnRuC12H~,
Ruthenium(II), (qJ-cybony1bis(qJ-cyclopentadienyl)bisclooctadiene)tetrakis(methylhydra(tripheny1phosphine)diplatinumdi-,
zine)-, bis[hexafluorophosphate(l- ),
261347
26:74
P2M02S6CUIHw.
Molbydate(V), di-p-thiotePZFeMoNOyC,,H,,,Molybdate( 1 -), hytrathiodi-, bis(tetrapheny1phosphondrido-nonacarbonyliron-p-nitridoium). 27:43
bis(triphenylphosphorus)(l + ), 26:338
P2M02S,C,H,, Molybdate(IV,VI), (qz-diP:FeNO,C,,H,,. Ferrate(1- ), hydridotetrasulfido)di-p-thio-trithiodi-, bis(tetracarbonyl-, p-nitrido-bisftriphenylphosphenylphosphonium), 2744
phorus)(l +). 26:336
PzMozSnC,H,,,, Molybdate(V), bis(q2-disulP,Fe,NO,,C,,H,, Ferrate(2 - ), p,-carbidofido)di-p-thio-dithiodi-.bis( tetraphendodecacarbonyltetra-, bis[p-nitridoylphosphonium), 27:45
bis(triphenylphosphorus)(1 +)I, 26:246
P,MO2S,,sC,H,,
Molbydate(2 - ),
P2H,ReCMH,,,Rhenium(VII), heptahythio(Mo& 16)2-, bis( tetraphenylphosdriobis(tripheny1phosphine)-, 27: 15
phonium), 27:42
P:H,nMO,NjO,, 4H,O, PentamolybdobisPZM~5N302,CnH26
5H20, Pentamolybdobis(phosphonate)(4 - ), tetraammonium.
[(2-aminoethyl)phosphonate](4- ),
tetrahydrate, 27:123
sodium tetramethylammonium dihyPJORhC,,H,, Rhodium(I), carbonyliodrogen, pentahydrate, 27: 126
dobis(tricyclohexy1phosphine)-,27:292
P2Mo,N,02,CzHn2H20, PentamolybP&O,,W In 14Hz0, Octadecatungstodiphosdobis(methylphosphonate)(4 - ), tephate(6- ), a-,hexapotassium. tetratraammonium, dihydrate, 27:124
decahydrate, 27:105
P&OuWln 19H20,OctadecatungstodiphosPzMo,N,O,,C,H,, Pentamolybdobis(ethylphosphonate)(4 - ), tetraamphate(6 -), p-, hexapotassium, nonamonium, 27:125
decahydrate, 27: 105
PZMocN,O,,C,,H,,5H20, PentamolybP,K,,,O,,W,, 20H,O, Heptadecatungstodi-

P,F,,N,NiO,C,,,H,, (Continued)
1,5,9,13-tetraazacyclohexadeca-l.4,9,
12-tetraene-~'h".~.~.~~]-,
bis[hexafluorophosphate(1 -)I, 27:264
PzF,,N,Ni02C&,, Nickel(I1). [3,1 l-bisfa-
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dobis(phenylphosphate)(4 - ), tetraammonium, pentahydrate, 27:125
P?Mo,NjO,IC,jH2, 5 H 2 0 , Pentamolybdobisf(4-aminobenzyl)phosphonatel(4 - ), diammonium dihydrogen,
pentahydrate, 27: 126
P:Mo<NjO,lC,zH,, 4Hz0, Pentamolybdobis[(4-aminobenzyl)phosphonate](4 - ), bis( tetramethy1ammonium)dihydrogen, tetrahydrate, 27:127
P,NO:C,,H,,, Phosphorus( 1+ ), p-nitridobis(tripheny1-, acetate, 27:296
P2N0,RhC2&, Rhodium([), carbonyl(4pyridinecarboxylato)bis( triisopropylphosphine)-, 27:292
P2N07WCJ,H,,. Tungstate(1 - ), (acetate)
pemtacarbonyl-, p-nitrido-bis(triphenylphosphorus)(I +), 27:297
PzN0,,IRu,Si2C5,H,,,Ruthenate( 1 -), decacarbonyl- 1dC, ~ K ’ C3~’jC-p-hydrido,
1:ZdH-bis( triethylsily1)-1K S ~2, ~ s ; friungulo-tri-. p-nitrido-bis(tripheny1phosphorus)(l i),
26:269
P,N,O,,Ru,C,,H,,, Ruthenate( 1 -), tetradecacarbonylnitridopenta-,pnitrido-bis(triphenylphosphorus)( 1 + ), 26:288
PzN~016R~hCIzH3,r
Ruthenate( 1 - ), hexadecacarbonylnitridohexa-, p-nitridobis(triphenylphosphorus)(l + ), 26:287
PzNjCMHW, Phosphorus(1 + ), b-nitridobis(tripheny1-, azide, 26:286
PzNjO2IW~CN~Hiz2,
Pentatungstobis(phenylphosphonate)(4 - ), tetrakis(tributylammonium), 27: 127
P,N,NiF12C,,Hw, Nickel(II), (2,12-dimethyl3.1 1-bis(1-(methylamino)ethylidene]1,5,9.13-tetraazacyclohexadeca1,4,9,12-tetraene-~~N’.’.~.’)j-,
bis[hexafluorophosphate( 1 -)I, 27:266
PzNaIzO~W
Is 24Hz0, Pentadecatungstodiphosphate( 12 - ) + a-,dodecasodium,
tetracosahydrate, 27: 108
Pz00sSCJ2HM,
Osmium, carbonyl(5-thioxo1,3-pentadiene-l ,S-diyl-C’, C5,S)bis(tripheny1phosphine)-, 26: 188
Pz0zRhCz5H,7,
Rhodium(1). carbonylphenoxybis(triisopropylphosphine)-, 27:292
PzO,RhCzlH,s,Rhodium(I), (acetato)carbonylbis( triisopropy1phosphine)-.
27:292
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, Rhodium(l), (benzoato)carP20,RhCJJH~,
bony1bis( tricyclohexylphosphine)-,
2‘:292
P20,RhCJJH7,, Rhodium(]). cdrbonyl(4methylbenzenesulfonato)bis(tricyclohexylphosphine)-. 27:292
PZO,WCllH,. Tungsten, tricarbonyl
(di hydrogen) bis(triisopropy1phosphine)-.27:7
P,03WCwH,, Tungsten, tricarbonyl(dihydrogen)bis(tricyclohexy1phosphine)-,
27:6
P,0,RhC2JHJ,, Rhodium(1). carbonyl( Imethoxy- 1,3-butanedionato-o)bis(triisopropy1phosphine)-, 27:292
P,0,RhCJsH7,, Rhodium(I), carbonyl(hydrogen phthalato)bis(tricyclohexylphosphine)-, 27:291
P,O,RuCj,H,j, Ruthenium( II), ($-cyclopentadien yl)[2-1(diphenoxyphosphino)oxy]phenyl-C, PJ(tripheny1
phosphite-P)-, 26: 178
P2O,,,Ru3C,,HZ2.Ruthenium, decacarbonyl[methylenebis(diphenylphosphine)]tri-,
26:276
PZO,,RujC,jHM, Ruthenium, decacarbonyl(dimethylpheny1phosphine)tetrahydrido[tris(4-me thy1phenyl)phosphiteltetra-, 26:278
PzO,jRu&,IH,,, Ruthenate(2 - ), w’-carbidotetradecacarbonylpen ta-, bis[ p-nitrido-bis(triphenylphosphorus)( 1 + )].
26:284
P,O,,Ru,C,H,,,
Ruthenium, [p-ethynediylbis(diphenylphosphine)]bis[ undecacarbonyl-tri-, 26:277
P,Si,C,,H,, Diphosphene, bis[tris(trimethylsilyl)methyl]-. 27:241
P,, Phosphorus, cyclo-tri-. molybdenum
complex, 27:224
P,AICI,C,,H,, Triphosphenium, 1.1 ,I ,3,3,3hexaphenyl-. tetrachloroaluminate(1 -), 27:254
P3Au3BFJOCaH15,Gold(1 + ), poxo-[tris[(triphenylphosphine)-, tetrafluoroborate-(I -), 26:326
P3Au,CoO12Ru,C,Ha, Ruthenium, dodecacarbonyltris( tripheny1phospbine)cobalt
trigoldtri-, 26:327
P,BN&,H,.
Triphosphenium, 1,l. 1,3,3,3-
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P1BNCIhH, (Continued)
hexakis(dimethy1amino)-, tetraphenylborate(] -), 27:256
P,BORhS2CMHs, Rhodium(III), [[2-[(diphenylphosphino)methyl)-2-methyl-l,3propanediyl]bis(diphenylphosphine)](dithiocarbonat0)-, tetraphen ylborate
(1 -), 27:287
P3C,,H,,, Phosphine, bis(2-(diphenyl-phosphino)ethyl]phenyl-, palladium complex, 27:320
P,C,,H,, Phosphine, [2-[(diphenylphosphino)methyl]-2-methyl-1,3-propanediyl]bis(diphenyl-, rhodium complex,
27:287
P,CICoC,H,,, Cobalt, chlorotris(tripheny1phosphine)-, 26:190
P,CIIrC,H,,, Iridium(l), chlorotris(tripheny1phosphine)-, 26:201
P1CIORhS2CJ2H,.Rhodium, chloro[[2-[(diphenylphosphino)methyl]-2-methyl-1.3propanediyl]bis(diphenylphosphine)]
(dithiocarbonat0)-, 27:289
PICl:OsC5jHj5, Osmium(II), dichlorotri( tripheny1phosphine)-, 26: 184
P~CI~OSSC,,H,,,
Osmium(I1). dichloro
(thiocarbonyl)tris(triphenylphosphine)-. 26:185
PEl,OsCZ,H,,, Osmium(III), trichlorotris(dimethylpheny1phosphine)-,mer-,
27:27
P,FilOJPdCwHs, Palladium(I1). [bis[2-(dipheny1phosphino)ethyllphenylphosphine](1 , I , I ,5,5,5-hexafluoro-2,4-pentanedionato). 1,l . I ,5,5,5-hexa-fluoro2,4-dioxo-3-pentanide, 27:320
P,F,gN,Cz,Hj,, 3,10,14,18.21,25-Hexaazabicyclo(10.7.7]hexacosa-1,11,13,18.20,25hexaene, 2,3,10,11,l3,19-hexamethyl-,
tris[hexafluorophosphate(1 -)I, 27:269
PIF,,N,C,,H,,. 3.1 1,15,19,22,26-Hexaazatricyclo[ 11.7.7.1~~']octacosa-l
,5.7,9(28),
12,14,19,21,26-nonaene,3,1 I-dibenzyl- I4,2O-dimethyl-2,12-diphenyl-,
tris[hexafluorophosphate(1- )], 27:278
P,Hl0sRhC,,H,,, Rhodium, [2(q3-1,S-cyclooctadiene]tris(dimethylphenylphosphine-1K P)-tri-p-hydrido-osmium-,
27:29
PMJOsZrClJHJr,Zirconium, bisI1,l ($)cyclopentadienyl]tris(dimethylphenyl-

phosphine-2~P)-tri-p-hydrido-hydrido1KH-osmium-.27:27
P,H,MoC,,H,, Molybdenum(1V). hexahydridotris(tricyclohexy1phosphine)-,
27:13
PlH6WC2,HllrTungsten(IV), hexahydridotris(dimethylpheny1phosphine)-, 27:ll
P~MnlNONCsHUlr
Manganate(1 -), p-(diphenylphosphin0)-bis(tetracarbony1-,
(Mn-Mn). p-nitrido-bis(tripheny1phosphorus)(l +), 26:228
P,MoO,C,H,, Molybdenum(1). dicarbonyl(q'-~yclopentadienyI)(~~-cyclo-triphosphorus)-, 27~224
P,OOsC,H,,, Osmium, carbonyl(thiocarbonyl)tris(tripheny1phosphine)-,
26:187
P,, Phosphorus, tefrahedro-tetra-, rhodium
complex, 27:222
PJAu2CIF,0,PtSC+,H,. Platinum(1 +),
chloro-I-KCbis(triethy1phosphine1~P)bis(triphenylphosphine)-2~
P,~KPtriangulo-digold-, trifluoromethanesulfonate, 27:218
P,BF,H5Ir,C,HSI, Iridium( 1+ ), pentahydridobis[1,3-propanediylbis(diphenylphosphine)]di-, tetrafluoroborate( 1 ),
27:22
P,BH,Pt,C,H,,
Platinum(II), p-hydridodihydridotetrakis(triethylph0sphine)di-,
tetraphenylborate(1- ), 27:32
-,
Platinum(II), di-p-hydrido-hydridotetrakis(triethy1phosphine)di-, tetraphenylborate(1 -), 27:34
PJBH,Pt2&HB, Platinum(II), di-p-hydridohydridotetrakis(tripheny1phosphine)di-,
tetraphenylborate( 1 -), 27:36
PJBPtCMHI3,Platinum(II), p-hydrido-hydridophenyltetrakis(triethy1phosphine)di-, tetraphenylborate(1- ), 26:136
P,CIRhS2C,H,, Rhodium, chloro[[2-[(dipheny1phosphino)methyl]-2-me th yl- 1,3propanediyl]bis(diphenylphosphine)][ (dithiocarboxy)triethylphosphoniumatol-, 27:288
P,CrFeN2O9CNIHbO,
Chromate(2 - ), nonacarbonyliron-, bis[p-nitrido-bis(triphenylphosphorus)(l +)I, 26:339
P,FeMoNZO9C,,H,. Molybdate(2- ), nonacarbonyliron-, bis[ p-nitrido-bis(triphenylphosphorus)(l +)I, 26:339

-
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P4FeNz0,WC,,H,I,Tungstate(2 - ), nonacarbonyliron-, bis[p-nitrido-bis(triphenylphosphorus)(l +)I, 26:339
P4H,M~C,zH12r
Molybdenum(1V). tetrahydridotetrakis( methyldiphenylphosphine)-, 27:9
P,H,WC,,H,,, Tungsten(IV), tetrahydridotetrakis(methyldipheny1phosphine)27: 10
PIH,Re2C,,H,,, Rhenium(1V). octahydridotetrakis(tripheny1phosphine)di-. 27: 16
PINzOlzPtRh4CMH,,,
Rhodate(2 - ), dodecacarbonylplatinumtetra-, bis[ p-nitridobis(triphenylphosphine)( 1 +)I, 26:375
P4N,01,PtRh,CMH,,,, Rhodate(2 -), tetradecacarbonylplatinumtetra-.bis[pnitrido-bis(triphenylphosphorus)(I + )],
26:373
P4N20150slC,7Hul,
Osmate(2 - ), pentadecacarbonylpenta-, bis[ p-nitrido-bis(triphenylphosphorus)(1 + )]. 26:299
P,N,O,,Os,C,,H,,, Osmate(2 -), octadecacarbonylhexa-, bis[p-nitrido-bis(triphenylphosphorus)(l +)I, 26:308
P,H,Nl,NaOll,,W,, 31H20, Sodiotricontatungstopentaphosphate(14 - ), tetradecaammonium, hentricontahydrate,
27:115
P,B,F,H,Ir,C,,H,,, Iridium(2 + ), tris[1.2ethanediylbis(dipheny1phosphine))heptahydridotri-, bis[tetrafluoroborate(1 -)I, 27:25
P6B,F,H,Ir3C,lH,,, Iridium(2 + ), heptahydridotris[l,3-propanediylbis(diphenylphosphine)]tri-, bis[tetrafluoroborate
(1 -)I. 27:22
PhCIRhCxHI,, Rhodium(I), chloro(q'-rerrahedro-tetraphosphorus)bis(triphenylphosphine)-, 27:222
P,C16SnC,,H,,, IH-l,2,3-Triphospholium,
3,3,4,5-tetrahydro-l,1,3,3-tetraphenylhexachlorostannate(1- ), 27:255
P,, Tricyclo[2.2.1 .P.6]heptaphosphide(3- ),
27:228
P,Li3, Lithium heptaphosphide, (Li3P7),
27:227
P,H,K,,Li,O,,W,,,H,O,
Octatetracontatungstooctaphosphate(40-), pentalithium octacosapotassium heptahydrogen. dononacontahydrate, 27: 110
Pl,Au,,C16Czl,Hl,,, Gold, hexachlorodo-
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decakis(tripheny1phosphine)pentapentaconta-, 27:214
PI,, Octacycl0[7.7.0.0~~~
. W". O'.' 0'""'.
O1l.lh. O13."]hexadecaphosphide(2 - ),
27:228
PlhLiz,Lithium hexadecaphosphide,
(LizPlh),27:227
P21,Decacyclo[9.9.I.O2"' . W7 . O'." . 00.'
0ILZil . 013 17 . 014.1'4 . Olh.lN]]henicosaphosphide(3 - ), 27:228
P,,Na3, Sodium henicosaphosphide,
(Na3PzI).27:227
PdB?FxN4CxHlz,
Palladium(Il), tetrakis(acetonitri1e)-, bis[tetrafluoroborate( 1 - )], 26: 128
PdCIN2Cl,H,,,Palladium(lI), chloro[2-(2pyridinylmethyl)phenyl-C1,NI(3.5-dimethy1pyridine)-, 26:2 10
PdF,2Nz04C~lHl,,,
Palladium(II), (2.2'-bipyridine)( 1,1,1,5,5,5-hexafluoro-2,4-pentanedionato), 1, I ,1.5,5,5-hexafluoro2,4-dioxo-3-pentanide, 27:319
PdFllO,ClllHzrPalladium, bis(1,I ,1,5,5.5-

-

hexafluoro-2,4-pentanedionato)-,

27:318
PdF,,O:P,C,,H,s,

Palladium(II), [bis(2-(di-

phenylphosphino)ethyl]phenylphosphineJ(1,I ,1,5,5,5-hexafluoro-2,4-pen-

tanedionato), 1,1,1,5,5,5-hexafluoro2,4-dioxo-3-pentanide, 27:320
Pd,CIzN2C,,H,,,Palladium(II), di-p-chlorobis[2-[(dimethylamino)methyl]phenylC',N]di-, 26:212
Pd,CIzN,Ca,H,,, Palladium(I1). di-p-chlorobis(8-quinolylmethyl-C, N)di-, 26:2 13
Pd2CIzN2Cz4Hzn,
Palladium(II), di-p-chloro-

bis[2-(2-pyridinylmethyl)phenyl-

C'.Ndi-, 26:209
PdzCIzN4C,,Hl,,Palladium, di-p-chlorobis[2-(phenylazo)phenyl-C1,MJdi-.
26: 175
PdzMo206P,zHUI.
Molybdenum, hexacarbonylbis(9'-cyclopentadienyl) bis(tripheny1phosphine)dipalladiumdi-, 26:348
PdzN20,CmHz6,
Palladium(II), di-p-acetatobis(2-(2-pyridinylmethy1)phenylC1,]Vldi-.26:208
PrCI2LiO2Si,C.&IJn,
Praseodymium, bis[q'1.3-bis(trimeth ylsilyl)cyclopentadienyl]di-p-chloro-bis(tetrahydr0furan)lithium-, 27:170
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PrO,C,,H,, Praseodymium, tris(2.6-di-rertbutyl-4-methylphenoxo)-,27: 167
Pr,CI,Si,C,H,,, Praseodymium, tetrakis[q'I ,3-bis(trimethylsilyl)cyclopentadienylldi-p-chloro-di-, 27: 171
PtAu,C1FIO,P,SCJ~H,,. Platinum(l+ ),
chloro- l-KC/bis(triethylphosphineI K P)bis(triphenylphosphine)-2;~P,3~ P-triangulo-digold-, trifluoromethanesulfonate, 27:218
PtBO,P,C,,H,, Platinum(I1). (3-methoxy-3oxo-KO-propyl-KC')bis(trie thylphosphine)-, tetrahenylborate(1 -), 26:138
PtBP,C,H,,, Platinum(I1). (q'-cyclooctene)bis(triethylphosphine)-, tetraphenylborate( 1 -), 26:139
PtBP,CuH,,, Platinum(I1). p-hydrido-hydridophenyltetrakis( triethy1phosphine)di-,
tetraphenylborate(1 -), 26:336
PtCIF,O,SC,,H,, Platinum(I1). chlorobis(triethylphosphine)( trifluoromethanesulfonat0)-, cis-, 26:126
PtCIP,C,,H,,, Platinum(I1). chloro-(cis-l,2diphenylethenyl)bis(triethylphosphine)-, trans-, 26:140
PtCI,N,C,,H,,,, Platinum, bis(benzonitri1e)dichloro-, 26:345
PtCI,P,C,,H,,, Platinum, dichloro[ 1.2-ethanediylbis(diphenylphosphine)]-,
26:370
PtCI,N,C,H,,, Platinum(IV), dichlorobis(1.2-ethanediamine)-. dichloride, cis-,
27:314
PtCI,N,C,H,,, Platinum(II), dichlorobis( 1.2ethanediamine monohydrochloride)-.
trans-, 27:315
PtCo,O,P,C,,H,,, Cobalt, heptacarbony[ 1,2ethanediylbis(diphenylphosphine)]platinumdi-, 26370
PtF,O,P,SC,,H,,, Platinum(I1). hydrido(methanol)bis(triethylphosphine)-,
trans-, trifluoromethanesulfonate,
26: 135
PtI,NzC,Hlr, Platinum(I1). [trans-(R,R)-1,2cyclohexanediamine]diiodo-,27:284
PtMo2N2O,C,,H,, Molybdenum,
[bis(benzonitrile)platinum]hexacarbonyl bis(.rlacyclopentadienyl)di-,
(21%-PI),
26:345
PtN2O6CI2Hfl.
Platinum(II), [ascorbato-

(2 -)](cis-I ,2-cyclohexanediamine-,
27:283
Pt N,O,C,,H,,, Platinum( II), [ascorbato(2 - )][rrans-(R,R)-l,2-cyclohexanediaminel-, 27:283
PtN20,,P,Rh,C,,H,,, Rhodate(2 - ), dodecacarbonylplatinumtetra-, bis[p-nitridobis(triphenylphosphine)( 1 +)I. 26:375
PtN,O,,P,RhrC,,HN,, Rhodate(2 - ), tetradecacarbonylplatinumtetra-,bislpnitrido-bis(triphenylphosphorus)( 1 + )],
26:373
PtO,N,ClzHa1,Platinum(I1). [ascorbato(2 - ))[trans-(S, S)-l,2-cyclohexanediaminel-, 27:283
Pt,BH,P,C,H.,,
Platinum(I1). p-hydridodihydridotetrakis( triethy1phosphine)di-,
tetraphenylborate(1 -), 27:32
Pt,BH,P,C,H,,,
Platinum( 11). di-p-hydridohydridotetrakis(triethy1phosphine)di-,
tetraphenylborate(1 -), 27:34
Pt,BH,P,C&H,,, Platinum(II), di-p-hydridohydridotetrakis( tripheny1phosphine)di-,
tetraphenylborate(1 -), 27:36
Pt,Mo,O,P,C,,H,.
Molybdenum, hexacarbony1bis(q'-cyclopentadienyl) bis(tripheny1phosphine)diplatinumdi-,
26:347
Pt,N,0,2C,H,z. Platinate(2 - ), hexa-p-carbonyl-hexacarbonylhexa-,bis(tetrabutylammonium), 26:316
Pt,N,O,&,H,,
Platinate(2 - ), trisltri-pcarbonyl-tricarbonyltri-, bisftetraethylammonium), 26:322
Pt,,N,O,,C,H,,,
Platinate(2 - ), tetrakis[trip-carbonyl-tricarbonyltri-,
bis(tetraethylammonium), 26:321
Pt15N20wC,H,, Platinate(2 -), pentakis[trip-carbonyl-tricarbnyltri-, bis(tetraethylammonium), 26:320
Rb,Br,Cr,, Chromate(3 -), nonabromodi-,
trirubidium, 26:379
Rb,Br9Ti,, Titanate(3 - ), nonabromodi-,
trirubidium, 26:379
Rb3Br,V,, Vanadate(3 - ), nonabromodi-,
trirubidium, 26:379
Rb,ClsTiz. Titanate(3 - ), nonachlorodi-,
tricesium, 26:379

Formula Index
RbCI,V,, Vanadate(3 - ), nonachlorodi-,
trirubidium, 26:379
Rb,As,H,O,W,, 34H20, Tungstate(4- ),
aquadihydroxohenhexacon taoxobis[trioxoarsenato(III)]henicosa-, tetrarubidium, tetratricontahydrate, 27: 113
ReBF,O,C,, Rhenium, pentacarbonyl[tetrafluoroborato( 1 -)I-, 26:108
ReBF,0,C7H,, Rhenium(1 +), pentacarbonyl(+ethene) - , tetrafluoroborate(1-), 26:llO
ReFN,O,C,,H,, Rhenium, (2,2'-bipyridine)tricarbonylfluoro-,26232, 83
ReF,N,O,PC,,H,, Rhenium, (2.2'-bipyridine)tricarbonyl( phosphorodifluoridato)-, 26233
ReF,O,SC,, Rhenium(1). pentacarbonyl(trifluoromethanesu1fonato)-,
26:115
ReF,OI2Cl24H20, Rhenium, dodecacarbonyltetrafluorotetra-. tetrahydrate, 26232
ReHO,C,, Rhenium, pentacarbonylhydrido-. 26:77
ReH,P,C,,H,, Rhenium(VII), heptahydriobis(tripheny1phosphine)-, 27: 15
ReI,K,, Rhenate(IV), hexaiodo-, dipotassium, 27:294
ReNO,CI,HM, Perrenate, tetrabutylammonium, 26:391
ReOJS,,C,H,,, Bis(2,2'-bi-I ,3-dithiolo[4.5-b][1,4]dithiinylidene)perrhenate.
26:391
ReO,C,HI, Rhenium, pentacarbonylmethyl-, 26:107
ReO,C,H, Rhenium, tetracarbonylcarboxy-, 26:112
Re,H,P,C,,H,,, Rhenium(IV), octahydridotetrakis(tripheny1phosphine)di-, 27: 16
ReJCa1Or2,Rhenium, octadecacarbonylbis(p,-carbon dioxide)tetra-, 26: 111
RhBOP,SZC,H,, Rhodium(llI), [[2-[(diphenylphosphino)methyl]-2-methyl-l,3propanediyl]bis( diphenylphosphine)](dithiocarbonat0)-, tetraphenylborate(1 -), 27:287
RhCIOP,S,C,,H,, Rhodium, chloro[[2-[(diphenylphosino)methyl]-2-methyl1,3propanediyl]bis(diphenylphosphine)](dithiocarbonat0)-, 27:289
RhCIP,S,C,,H,,, Rhodium, chloro[[2-[(di-
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pheny1phosino)methyl1-2-meth yl- 1.3propanediyl] bis(diphenylphosphine)][ (dithiocarboxy)triethylphosphoniumatol-, 27:288
RhCIP,CaHul, Rhodium(1). chloro(q?-rerrahedro-tetraphosphorus)bis(triphenylphosphine), 27:222
RhFO,P,C,,H,,, Rhodium(I), carbonyl(3fluorobenzoato)bis( triphenylphosphine)-, 27:292
RhH,0sP,C,,HJ5, Rhodium, [2(qJ)-1,5-cyclooctadiene]tris(dimethylphen ylphosphine-1K P)-tri-p-hydrido-0smium-, 27:29
RhIOP,C,,H,. Rhodium(1). carbonyliodobis(tricyclohexy1phosphine)-, 27:292
RhNO,P,C,,H*, Rhodium([), carbonyl(4pyridinecarboxylato)bis(triisopropylphosphine), 27:292
RhO,P,C,,H,,. Rhodium(1). carbonylphenoxybis(triisopropy1phosphine)-,27:292
Rh0,P,C2,H,,. Rhodium(1). (acetato)carbonylbis( triisopropy1phosphine)-,
27:292
RhO,P,C,,H,,. Rhodium(I), (benzoate)carbonylbis( tricyclohexylphosphine)-, 27:292
Rh0,P,C,,H7,. Rhodium(I), carbonyl(4methylbenzenesulfonato)bis( tricyclohexy1phosphine)-. 27:292
RhO,P2C,,HJq. Rhodium(1). carbonyl( 1me thoxy-1.3-butanedionato-o)
bis(triisopropy1phosphine)-, 27:292
RhO,P,C,,H,, , Rhodium(1). carbonyl(hydrogen phthalato)bis(tricyclohexylphosphine)-, 27:291
Rh,N,Ol,P,PtC,,H,,, Rhodate(2 - ), dodecacarbonylplatinumtetra-, bis[p-nitridobis(triphenylphosphine)( 1 +)I, 26:375
Rh,N,O,,P,PtC,HMl, Rhodate(2 - ), tetradecacarbonylplatinumtetra-, bis[p-nitrido-bis(triphenylphosphorus)( 1 + )],
26:313
RuBzNnCwH7,,Ruthenium(I1). (qJ-I ,5-cyclooctadiene)tetrakis(methylhydrazine)-, bis[tetraphenylborate( 1 - )],
26:74
RuB2N,RuCHHa, Ruthenium(I1). (-$-IScyclooctadiene)tetrakis(hydrazine)-,
bis[tetraphenylborate( 1 - )]. 26:73
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RuCoJNOl2C,,H,,,Ruthenate( 1 - ), dodecacarbonyltricobalt-. tetraethylammonium, 26:358
RuFI2N,PZCI6H2,.
Ruthenium(Il), tetrakis(acetonitrile)($- 1.5-cycIooctadiene)-,
bis[hexafluorophosphate(1-)I,
26:72
RuF,?NRPICI2Hs.Ruthenium(I1). (q'-cyclooctadiene)tetrakis(methylhydrazine)-. bis[hexafluorophosphate(1- )],
26:74
RuNzO2Cz,H,,,Ruthenium(I1). bis(benzo[h]quinolin-lO-yl-C1".N]dicarbonyl-.
cis, 26177
RuO,P,C,,H,. Ruthenium(II), (qs-cyclopentadienyl)[2-[(diphenoxyphosphino)oxylphenyl-C,P](triphenyl phosphiteP)-, 261178
RuPC,,,H,,, Ruthenium(II), [2-(diphenylphosphino)phenyl-CI,P](q6-hexamethy1benzene)hydrido-, 26: 182
Ru,CI,0,C2,H,, Ruthenium(II), p-aquabis( p-chloroacetato)bis[(chloroacetato)(q4-cycIoocta-1,5-diene)-,26:256
RuZCIIZO9C,H,,.Ruthenium(II), p-aquabis( p-trichloroacetato)bis[(q'-bicycl0[2.2.1]heptadiene)(trichloroacetatof-, 26256
R u ~ F ~ ~ O Ruthenium(I1).
~ C ~ ~ H ~ ~p-aqua,
bis( p-trifluoroacetato)bis[(q'-cycloocta1,s-diene)(trifluoroacetato)-, 26254
Ru,Au~COO~,P,C~H,~,
Ruthenium, dodecacarbonyltris(tripheny1phosphine)cobalttrigoldtri-, 26:327
Ru,BrH,09Cln, Ruthenium, (p,-bromomethy1idyne)nonacarbonyl-tri-phydridotriangulo-tri-, 27:20 1
Ru,BrHg09C15H9,Ruthenium, (bromomercury)nonacarbonyl(3,3-dimethyl-l -butynyl)-triangulo-tri-, 26:332
Ru,HO,,C,,H,, Ruthenium, decacarbonylp-hydrido( pmethoxymethy1idyne)bOny~-lK2C,2K1C$KJ~-[1(~5)-CyC~Opentriangulo-tri-, 27: 198
tadienyl]cobaltmolybdenum-,
Ru,H,OlnC,,H,, Ruthenium, nonacarbonyl(CO-Mo) (CO-Ru) (Mo-Ru) ,
tri-p-hydrido( pl-methoxymethy1idyne)27: 194
triangulo-tri-, 27:200
RuCoO,SC, Ruthenium, nonacarbonyl-p,Ru,HgIO,Cl5H,. Ruthenium, nonacarthio-dicobalt-. 26:352
bonyl(3,3-dirnethyl-l-butynyl)(iodoR~CO,O,C,~H,,Ruthenium, pJ-2-butynemercury)-trinngulo-tri-, 26:330
nonacarbonyldicobalt-, 27: 194
Ru,MoHgO,,C,,H,,. Ruthenium, nonacarR u C O ~ O ~Ruthenium,
~ C ~ ~ , undecacarbonbonyl( p,-3,3-dimethyl-l-butynyl)[p-[
triyldicobalt-, 26:354

RuBrF6NIPCI,H?,.Ruthenium(lI), tris(acetonitrile)bromo(q'- 1 ,5-cyclooctadiene)-. hexafluorophosphate( 1 -),
26~72
RuBrzN,CzzHrZ,
Ruthenium(I1). bis(benzonitrile)dibromo(q'- 1,5-cyclooctadiene)-, 26:71
RuBr,HI2N,, Ruthenium(III), tetraamminedibromo-, cis-, bromide, 2656
RuCIIH,,, Ruthenium(II), (q'-bicyclof2.2.l]hepta-2,5-diene)bis(qz-2-propenyl)-, 26:251
RuC,,H,~.Ruthenium(II), (q'-cycloocta1,5-diene)bis(v1-2-propenyl)-, 26:254
RuCIF6NIPC,,HI,,Ruthenium(II), tris(acetonitrile)chloro(q'- 1.5-cyclooctadiene)-, hexafluorophosphate( 1 - ),
26:71
RuCIPC,,H1,. Ruthenium(II), chloro(qhhexamethylbenzene)hydrido( tripheny1phosphine)-, 26: 181
RuCI,C,H,, Ruthenium(II), (q'-bicycl0[2.2.1]hepta-2,5-diene)dichloro-,
26:250
RuCI2CXHl2.
Ruthenium(II), di-p-chloro(q'1,5-~yclooctadiene)-,polymer, 26:69
, Ruthenium(II), dichloro(q'-cycloocta-l,S-diene)-, 26:253
RuC12N2C12H,,,
Ruthenium(II), bis(acetonitrile)dichloro(q'- 1.5-cyclooctadiene)-, 26:69
RuCIzNZCz2HU,
Ruthenium(I1). bis(benzonitrile)dichloro(V'-l ,5-cyclooctadiene)-, 26:70
RuCI,H12N4,Ruthenium(III), tetraaminedichloro-, cis-, chloride, 26:66
RUCI,N,C~~H~,
Ruthenate(1- ), tetrachloro-bis(acetonitri1e)-tetraethylammonium, 26:356
RuCoMoOxCIIHI,,Ruthenium, cyclo-[pJl(qz):2(qZ):3(q2)-2-butynejoctacar-

Formula Index
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carbonyl(T’-cyclopentadieny1)molybRu,N,O,,P,C,,H,,, Ruthenate( 1 - ), hexadecacarbonylnitridohexa-, p-nitridodenum]niercury}-rriungulo-tri-, 26:333
bis(triphenylphosphorus)( 1 +), 26:287
RulNOloPC,,Hm,Ruthenium, decacarbonyl(dimethylphenylphosphine)(2-isocyano- Ru,,Ol7CI,,Ruthenium, b-carbido-hepta2-methylpropane)tri-, 26:275
decacarbonylhexa-, 26:281
Ru,NO,,,P,Si,C,,H,,, Ruthenate( 1 - ), decaR u ~ O ~ ~ P Ruthenium,
~ C ~ H ~ ~[ p-ethynediyl.
bis(diphenylphosphine)]bis[ undecacarbonyl-1~’C,2~’C,3~~c-phydridocarbonyltri-, 26:277
1 :2~/f-bis(triethyIsilyI)-l~Si.2~Si-lriungulo-tri-, p-nitrido-bis(tripheny1phosphorus)( 1 + ), 26:269
S, Sulfur, cobalt and iron complexes,
26:244
Ru,NiO,C,,H,, Ruthenium, nonacarbonyl(q’-cyclopentadieny1)tri-b-hycobalt, iron, and ruthenium complexes,
drido-nickel-tri-, 26:363
26:352
osmium cluster complex, 26:305-307
R u , O ~ C ~ ~Ruthenium,
H~,~,
nonacarbonyl(p,3,3-dimethyl-l-butynyl)-p-hydridoSAuCIC,H,, gold([), chloro(tetrahydrothiophene)-, 26:86
triangulo-t ri- , 26: 329
SAuF,C,,H,, Gold(1). (pentafluorophenRu3OPPC2,HII,
Ruthenium, nonacarbonylp-hydrido-( p-diphenylphosphido)tri-.
y10( tetrahydr0thiophene)-,
26:264
26:86
RU,O~,,P~C,,H~~,
Ruthenium, decacarSAuF,,C,,H,, Gold(lII), tris(pentafluor0phenyl)( tetrahydrothi0phene)-,
bonyl[methylenebis(diphenylphosphine)]t ri-, 26:276
26:87
SAu2CIF,0,PtC,H,,. Platinum( 1 + ),
Ru3011PCIYHII,
Ruthenium, undecacarchloro-l-KClbis(triethylpl@osphinebonyl(dimethylpheny1phosphine)tri-.
26:273
1K P)bis(triphenylphosphine)-2;~P,3K P-rriungulo-digold-,trifluoromet hRu,O,,C,,, Ruthenium, dodecacarbonyltri-,
26:259
anesulfonate, 27:218
Ru,OI2Cl2H,,Ruthenium, dodecacarbonylSAulF,NPSC2,HI,.gold([), (pentafluorotetra-p-hydrido-tetra-, 26:262
pheny1)-p-thiocyanato(triphenylphosR u , 0 1 ~ P 2 C ~Ruthenium,
H~,,
decacarbonylphine)di-. 2 6 9
(dimethylpheny1phosphine)tetrahySBrFsCzH2,A+Sulfane, (2-bromoethen yl)pentafluoro-, 27:330
drido[tris(4-methylphenyl)phosphite]tetra-, 26:278
SBrNO,C,,,H,,, Bicyclo[2.2.l]heptane-7methanesulfonate, 3-bromo-1.7-diRu,O,,PC,,H,,, Ruthenium, undecacarbonyltetrahydrido[tris(4-methylpheny1)methyl-2-oxo-, [ ( IR)-(ENDO,A N T / ) ] - ,
phosphiteltetra-. 26:277
ammonium, 26:24
SC, Thiocarbonyls, osmium, 26:185-187
Ru5NzO14P2C,H,,,
ruthenate( 1 - ), tetradecSC,H,, Thiophene, tetrahydro-, gold comacarbonylnitridopenta-, pnitridobis(triphenylphosphorus)(l + ), 26:288
plexes, 26:85-87
Ru,Na201,CI,,Ruthenate(2 - ), p,-carbidoSC,H,, 2,4-Pentadienthial, osmium complex, 26:188
tetradecacarbonylpenta-, disodium,
26:284
SC6Hh,Benzenethiol, osmium complex.
26:304
RU501,C16r
Ruthenium, @,-carbido-pentaSCIF,O,PtCI,H3,, Platinum(i1). chlodecacarbonylpenta-, 26:283
robis(triethylphosphine)(trifluoronicthRu,P,O,,C,,H,,. Ruthenate(2 - ), p,-carbiane-sulfonat0)-, cis-. 26: 126
dotetradecacarbonylpenta-, bis[p-nitrido-bis(triphenylphosphorus)(1 + )],
SCI,OSP,C,~H,~.Osmium(11). dichloro26:284
(thiocarbonyl)tris(triphcnylphosphine)-, 26: 185
Ru,HgO inC,iH Ruthenium, ( p,-mercury)bis[ nonacarbonyl(p,-3.3-dimethyl-l-buSCo2FeOCu.Iron. non;ic;irhon\l-~:-thio-dicobalt-. 26:245. 352
tynyl)-friungulo-tri-,26:333
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SCo,O,RuC, Ruthenium, nonacarbonyl-p,thio-dicobalt-, 26:352
SFNO,C,,H,, Fluorosulfate, tetrabutylammonium , 26:393
SF,K,MnO,, Manganate(III), trifluorosulfato-, dipotassium, 27:312
SFlMn0,C6, Manganese(I), pentacarbonyl(trifluoromethanesu1fonato)-,
26:114
SF,O,CH, Methanesulfonic acid, trifluoro-,
iridium, manganese and rhenium complexes, 26:114, 115, 120 platinum complex, 26:126
SF,O,P,PtC,,H,,. Platinum(II), hydrido(methanol)bis(triethylphosphine)-,
trans-, trifluoromethanesulfonate,
26:135
SF,O,ReC,, Rhenium(I), pentacarbonyl(trifluoromethanesu1fonato)-, 26: 115
SF,C2H, X6-sulfane, ethynylpentafluoro-,
27:329
SFe,O,H,, Iron, nonacarbonyldihydrido-p,thiotri-, 26244
SH,, Hydrogen sulfide, titanium complex,
27~66
tungsten complex, 27:67
SMnOKPCI,Hl2,Manganese, tetracarbonyl[2-(dimethylphosphinothioyl)-l,2-bis(met hoxycarbony1)e t hen yl-C,S]-,
26: 162
SMnO,,PC,,H,,, Manganese, tricarbonyl{$3,4,5,6-tetrakis(methoxycarbonyl)-2,2dimethyl-2H-1 ,Z-thiophosphorin-Ziuml-, 26:165
SNC, Thiocyanate, gold complex, 26:W
SNOIC7H,, 1,2-Benzisothiazol-3(2H)-one
1 ,I-dioxide, chromium and vanadium
complex, 27:307. 309
SOOsPC,H,,, Osmium, carbonyl(thi0carbonyl)tris(tripheny1phosphine)-,
26: I87
SOOsP,C,,H,, Osmium. carbonyl(5-thioxo-

1,3-pentadiene-l,5-diyl-C',C,S)bis(tri-

pheny1phosphine)-, 26: 188
SO,C,H,, Benzenesulfonic acid, 4-methyl-,
rhodium complex, 27292
S0,PC.H,2, 2-Butenedioic acid, 2-(dimethylphosphinothioy1)-, dimethyl ester,
manganese complex, 26:163
SOKl!Ht2.Thiophenetetracarboxylic
acid. tetramethyl ester, 26:IM

SO,l,OsICl,,,Osmium, p,-carbonylnonacarbonyl-p,-thio-tri-, 26:305
SO,"OS,C~~H,,
Osmium, (p-benzenethiolato)(decacarbonyl-p-hydrido-tri-.
26:304
SOsP,C,,H,,, Osmium(II), dihydrido(thi0carbonyl)tris(tripheny1phosphine)-,
26: 186
SPC,H7, Phosphine sulfide, dimethyl-, and
manganese complex, 26:162
SPORCI,HB, 2H-I ,2-Thiaphosphorin-2-ium,
3,4,5,6-tetrakis(methoxycarbonyl)-2,2dimethyl-, manganese complex,
26: I65
S,BOP,RhC,H,,, Rhodium(II1). [[2-((diphenylphosphino)methyl]-2-methyl-l,3propanediyl]bis(diphenylphosphine)](dithiocarbonat0)-, tetraphenylborate( 1 -), 27:287
S,CIOPlRhC,2Hw,Rhodium, chloro[[Z-[(diphenylphosino)methyl]-2-methyl-1,3propanediyl]bis(diphenylphosphine)I(diehtiocarbonato), 27289
SzCIPJRhC,H,, Rhodium, chloro[[Z-[(diphenylphosphino)methyl]-2-methyl-1,3propanediyl]bis(diphenylphosphine)][(dithiocarboxy)triethylphosphoniumatol-, 27:288
S,CrN20,,C,,H,, 2H20,Chromium(II), tetraaquabis( 1,2-benzisothiazol-3(2H)one 1.1-dioxidato)-, dihydrate, 27:309
S2F61r0,P2CwH,,,Iridium(III), carbonylhydridobis(trifluoromethanesu1fonato)bis(tripheny1phosphine)-, 26: 120
S,MnzONPzc12H,2,
Manganese, octacarbonyl-bis(p-dimethylphosphinothioylP,S)di-, 26:162
S2N,0,11VC,,H,6
2H20, Vanadium(I1). tetraaquabis( I ,2-benzisothiazol-3(2H)one 1,l-dioxidato)-, dihydrate, 27:307
S,N,O,VC,H, ZNC,HI, Vanadium(II1).
bis( 1,2-benzisothiazol-3(2H)-one1,ldioxidato)tetrakis(pyridine)-, -2pyridine, 27:308
S,OCH, Dithiocarbonic acid, 27:287
S,0,0s3G,Osmium, nonacarbonyl-p3-thiotri-, 26:306
S,0,zOs,C,2,Osmium, dodecacarbonyldi-p,thio-tetra-, 26:307
SZO,~OS&,,Osmium, tridecacarbonyldi-p,thio-tetra-, 26:307

Formula Index

S,PC,H,,, Phosphonium, (dithiocarb0xy)triethyl-, rodium complex, 27:288
S2TiClt,H,,,Titanium( IV), bis(q’-cyclopentadienyl)bis(hydrogen sulfide)-, 27:M
S,WC,,,H,,, Tungsten(1V). bis(q5-cyclopentadienyl)bis(hydrogen sulfide)-,
2757
S,TiC.IIH,w,.
Titanium(IV), bis(q’-pentamethylcyclopentadienyl)[trisulfido(2 - )I-.
27:62
S,MoCIIIHIlI.
Molybdenum(1V). bis(q‘-cyclopentadienyl)(tetrasulfido(2 - )I-,
27x53
S,MoP,C,H,,, Molybdate(V1). tetrathio-.
bis(tetrapheny1phosphonium). 27:41
S,V,C,,H,,, Vanadium, (p-disulfidoS:S’)bis(q5-methylcyclopenradienyl)-dip-thio-di-, 27%
S,C,H,. 1.3-Dithiolo[4,5-b][1,4]dithiin-2thione. 26:389
S5Cr,C2,H,,. Chromium, ( p-disulfido-S: S)( p-qz:qz-disulfido)bis(q5-pentamethylcyclopentadieny1)-p-thio-di-,
(CrG),
27:69
S5TiClllHl,l,
Titanium(1V). bis(q’-cyclopentadienyl)[ pentasulfido(2 -)I-, 27:W
S,TiC,,H,,, Titanium, bis(v’-methylcyclopentadienyl)( pentasulfidof-Sl :S5)-.
2752
SIV,C,,H,,, Vanadium ( p-disulfido-S: S’)( p-q’:q’-disulfido)bis(q-methylcyclopentadieny1)-p-thio-di-, 2754
S,Mo,P,C,,H,,, Molybdate(V), di-p-thiotetrathiodi-, bis(tetrapheny1phosphonium), 27:43
S,AsBrF,,, cyclo-Heptasulfur( I + ), bromo-,
hexahoroarsenate( I - ), 27:336
S7AsF,I, cyclo-Heptasulfur( 1 + ), bromo-,
hexafluoroarsenate( 1 -), 27:333
S7BrFISb,cyclo-Heptasulfur( 1 + ), bromo-,
hexafliioroantimonate( 1 -), 27:336
S,F,ISb, cyclo-Heptasulfur( 1 +), iodo-, hexafluoroantimonate( I -), 27:333
S,Mo~P,C,H,,,, Molybdate(lV,VI), (+disu1fido)di-p-thio-trirhiodi-,
bis(tetraphenylphosphonium), 27:44
1,4]S,C,,,H,. 2,2’-Bi-1,3-dithiolo[4,5-6](
dithiinylidene, 26:386
SxMo,P,CjnH,,, Molybdate(V), bis(q’-disul. fido)di-p-thio-dithiodi-,bis(tetraphenylphosphonium), 27:45
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SIFO,C,,,H,. 2.2‘-Bi- I ,3-dithioIo[4,5-6][ 1.4ldithiinylidene fluorosulfate.
2fi:393
S,,,cnMo?P:C,,H,,, Molybdatc(2 - ). thio-,
(Mo,S,,,%)’-, bis(tetrapheny1phosphonium), 27:42
S,,Mo,N,H, 2H,O, Molybdate(V), bis( psulfido)tetrakis(disulfido)di-, diammonium, dihydrate, 27:48, 49
S,,Mo,N,H, xH?O. Molybdate( IV), tris( pdisulfido)tris(disulfido)-p,-thio-trimgulo-tri-, diammonium. hydrate, 27:48,
49
SI,FI,IrSb,ZAsF,, cyclo-heptasulfur(3 + ). piodo-bis(4-iodo-, tris[hexafluoroantimonate( 1 - )]-Z(arsenic trifluoride), 27:335
Sl,O,ReC,IH,, Bis(2,2‘-bi-I ,3-dithiolo[4,5-b][ I ,4]dithiinylidene) perrhenate.
26:391
S,,AshBr,FVl,cyclo-Heptasulfur( I + ),
bromo-, tetrasulfur(2 + )hexafluoroarsenate(1-)(4: l : 6 ) , 27:338
Sr,As,F,I,, cyclo-Heptasulfur( 1 + ), iodo-,
tetrasulfur(2 + )hcxafluoroarsenate(1-)(4:1:6)$ 27:337
SbBrF,,S,, Antimonate( 1 - ), hexafluoro-,
bromo-cyclo-heptasulfur(1 + ), 27:336
SbC,,H,,, Stibine, triphenyl-, iron complex,
26:61
SbF,IS,, Antimonatefl - ), hexafluoro-.
iodo-cyclo-heptasulfur( 1 + ), 27:333
SbFeOC,?H,,, Iron, tetracarbonyl(tripheny1stibine)-, 26:61
Sb,F,,I,S,, ZAsF,, Antimonate( 1 - ), hexafluoro-, p-iodo-bis(4-iodo-cyclo-heptasulfur)(3+)(3: I), -2(arsenic trifluoride), 27:335
Sb,H,,N,,NaO,W,, 24H,O, Sodiohenicosatungstononaantimonate( 18-), octadecaammonium, tetracosahydrate,
27: 120
ScCllLi0,SiJC,,H5,. Scandium, bis[qs-l ,3bis(trime thylsily)cyclopentadienyl ]di-pchloro-bis( tetrahydr0furan)lithium-,
27: I70
ScO,C,,H,,, Scandium tris(2.6-di-lerl-butylphenoxo), 27:167
ScO,C,,H,. Scandium, tris(2.6-di-rert-butyl4-methylphenoxo)-, 27: 167
Sc,CI,Si,C,,H,,, Scandium, tetrakis[q’-l,3-
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Sc,CI,Si,C,,H,, (Conrinued)
bis(trime thylsilyl)cyclopentadienyl]dip,-chloro-di-, 27:171
Se, Silenium, Osmium, carbonyl clusters,
26:308
Se,TiC,,,H,,,,Titanium(1V). bis(q2-cyclopentadienyl)[pentaselenido(2-)I-, 27:61
SiBrCtHu, Silane, bromotrimethyl-, 26:4
SiCJH,,, Silane, tetramethyl-, lutetium complex. 27:161
SiC,H,,, Silane, triethyl-, ruthenium complex, 26:269
SiC,,H?,, Benzene, 1,2-bis[(trimethylsilyl)methyl]-. lithium complex, 26:148
SiHK,,O,,V,W, 3H,O, 1,2,3-Trivanadononatungstosilicate(7 -), A+-, hexapotassium hydrogen, trihydrate, 27:129
SiHNa,ONW, 23H,,, Nonatungstosilicate( l o - ) , p-, nonasodium hydrogen, tricosahydrate, 27:88
SiH,O,,W,, xHZO, Dodecatungstosilicic
acid, p-, hydrate, 27:94
SiH,O,,W xH20, Dodecatungstosilicic
acid, a-,hydrate, 27:93
SiK,O,,W 17H,O, Dodecatungstosilicate(4 -), a-,tetrapotassium, heptadecahydrate, 27:93
SiK,O,,W 9H20, Dodecatungstosilicate(4 -), p-, tetrapotassium, nonahydrate,
27:94
SiK,O,W,,, 12H,0, Decatungstosilicate(8-), y-, octapotassium, dodecahydrate. 2738
SiK,O,W,, 13H20, Undecatungstosilicate(8 - ), a-,octapotassium, tridecahydrate. 27:89
SiK,O,W,, 14H20, Undecatungstosilicate(8- ), p,- and p,-, octapotassium, tetradecahydrate, 27:91,92
SiLuOC,,H,,, Lutetium, bis(q’-cyclopentadienyl)(tetrahydrofuran)[(trimethylsilyl)methyll-, 27: 161
SiNCH,.,. Ethanamine, 1,I-dimethyl-N-(trimethylsily1)-, 27:327
SiN,O,,TiVIWE,H,,,. 1.2.3-Trivanadononatungstosilicate(4 - ), pl-[q’-cyclopentadienyl)trioxotitanate(lV)]-, A-p-.
tctrikis(tetrahutylamrnonium), 27: 132
SiN,0,,V,W,,C,HI,7. I .2.3-Trivanadononatungstosilicatc(7 - ). A+-. tetrakis-

,,

,,

(tetrabutylammonium) trihydrogen,
27: 131
SiNJO,,WIZC,Hlu, Dodecatungstosilicate(4 - ), y-. tetrakis(tetrabuty1ammonium), 27:95
SiNa,O,W,,, Undecatungstosilicate(8 - ),
PI-, octasodium. 27:90
SiNa,,,O,W,. Nonatungstosilicate( 10- ), a-,
decasodium, 2737
SiOC,H,,, Silane, methoxytrimethyl-, 26:44
SiPC,,H,.,. Phosphine, (2,4,6-tri-ferf-butyIphenyl)(trimethylsilyl) - , 27:238
Si2BrZUC22HJ2,
Uranium(1V). bis[(q’-l,3bis( trimethylsilyl)cyclopentadienylJdibromo-, 27:174
Si2CIIHlZr
1.3-Cyclopentadiene, 1,3bis( trimethylsily1)-, lanthanide-lithium
complexes, 27:170
Si&,HZ,,, Benzene, 1,2-bis[(trimethylsilyl)methyl)-, 26:148
SiIC12ThCZ2H,,,Thorium( IV), bis[(q’- I ,3bis( trimethylsilyl)cyclopentadienyl]dichloro-. 27:173
SiICIZUC2,H,,,Uranium(IV), bis[(q’-1,3bis( trimethylsilyl)cyclopentadien yl 1dichloro-, 27:174
SiIIIUC2zH+I.Uranium(IV), bis[(q’-l,3bis(trimethylsilyl)cyclopentadienyl]diiodo-, 27:176
Si,LiC,,H,,, Lithium, [qS-l,3-bis(trimethylsilyl)cyclopentadienyl]-, 27: 170
Si2Li?N,CI,H,,, Lithium, p-[(a,a’,1.27 :a,a‘,1,2-q)-1,2-phenylenebis[(trimethyl-silyl)methylene]]bis(N,N.N’,N’tetramethyl-I ,2ethanediamine)di-, 26: 149
Si,NC,H,,, Silanamine, 1,l.l-trimethyl-N(trimethylsily1)-, ytterbium complex,
27: 148
Si,NOIIIPZRu3C~xHLIr
Ruthenate(1- ), decacarbonyl-l K‘C,~.
kappa’C,3. kappa‘C-phydrido-1 :2rZH-bis(triethylsilyl)1~Si,2~Si-rriangulo-tri.
pnitridobis(triphenylphosphorus)( 1 + ),
26:269
Si,0PCIIHZ7.Phosphine. [2,2-dimethyl-l(trimethylsiloxy)propylidene)(trimethylsi1yl)-, 27:250
SilCII,HL*,
Methane, tris(trimethylsily1)-,
27:238

Formulu Index

Si,CI,PC,,H,,, Phosphonous dichloride,
[tris(trimethylsilyl)mcthyl]-, 27:239
SiIPCUH,,.Phosphine, tris(trimethylsi1yl)-,
27:243
Si,Ce,CI,C,,H,,, Cerium, tetrakis[q’- I ,3bis(trimethylsi1yl)cyclopentadienyl)dip-chloro-di-, 27: 171
Si,CI,CeLi02C,,H,,, Cerium, bis[v’- 1.3his(trimethylsilyl)cyclopentadienyl]dip-chloro-bis(tetrahydrofuran)lithium-,
27: 170
Si,CI:Dy:C,,H,,. Dysprosium, tetrakis[q’1,3-bis(trimethylsilyI)cyclopentadienylldi-p-chloro-di-, 27: 17I
SiJCl&T:C&,, Erbium, tetrakis(q’-1.3bis(trimeth ylsilyl)cyclopentadienyl]dip-chloro-di-. 27: 171
Si,CI,EU,C,,H,,, Europium, tetrakis[v’-l,3bis( trimethylsilyl)cyclopentadienyl]dip-chloro-di-, 27: 171
Si,C12Gd,C,,H,,, Gadolinium, tetrakis(v’1,3-bis(trimethylsilyl)cyclopentadienylldi-p-chloro-di-, 27: 171
Si,CI,Ho,C,,H,. Holmium, tetrakis[q’-I,3bis( trimethylsilyl)cyclopentadienyl]dip-chloro-di-, 27:171
Si,C12LaLi02Cu,H5,,Lanthanum, bis(q’-l,3bis( trimethylsilyl)cyclopentadienyl]dip-chloro-bis(tetrahydrofuran)lithium-,
27: 170
Si,CI,La,C,,H,,, Lanthanum. tetrakis[v’-l,3bis( trimethylsilyl)cyclopentadienyl]dip-chloro-di-, 27: 171
Si,CIZLiNd0,C,H,, Neodymium, bis[q51,3-bis(trimethylsilyl)cyclopentadienyl]di-*-chloro-bis(tetrahydr0furan)lithium, 27:170
Si,CI,Li0,PrC.u,H~8,
Praseodymium, bis[q51.3-bis( t rimethylsilyl)cyclopentadien yl 1di-p-chloro-bis(tetrahydr0furan)lithium-, 27: 170
Si,C12Li0,ScCu,H5n,
Scandium, bis[q’-l,3bis(trimethylsilyl)cyclopentadienyl]dip-chloro-bis( tctrahydrofuran)lithium-,
27: 170
Si,CI$iO,YC&,.
Yttrium, bis[q5-l,3bis( trimethylsilyl)cyclopentadienyl]dip-chloro-bis(tetrahydrofuran)lithium-.
27:170
SiICl~LiO,YbCu,H,, Ytterbium, bis[q’-l,3-
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bis(trimethylsilyl)cyclopentadienyl]dip-chloro-bis(tetrahydrofuran)lithium-,
27: 170
Si,CI,Lu,C,,H,,. Lutetium. tetrakis[q’-l.3bis(trimethylsi1yl)cyclopentadienyl]dip-chloro-di-. 27: 171
SI,CI,Nd,C,,H,. Neodymium, tetrakis[q51.3-bis(trimethylsilyl)cyclopentadienyl]di-p-chloro-di-, 27: 171
Si,CI,Pr,C,H,,,
Praseodymium. tetrakis(q‘1.3-bis(t rimethylsilyl)cyclopentadienyl)di-p-chloro-di-, 27: 171
Si,CI?Sc?C,,H,,, Scandium, tetrakis[q’-l.3bis( trimethylsilyl)cyclopentadienyl]dip-chloro-di-, 27: 171
Si,CI&n2C,,H,,,, Samarium, tetrakis[q’-l,3bis( trimethylsilyl)cyclopentadienyl]dip-chloro-di-. 27:171
Si,CI,Tb,C,,H,,, Terbium, tetrakis[$-l.3bis(trimethylsilyl)cyclopen tadienyljdipchloro-di-, 27:171
Si,CI,Tm,C,,H,,. Thulium, tetrakis[$- I ,3bis(trimethylsilyl)cyclopentadienyl]dipchloro-di-, 27: 171
SiJCI,Y2CJJH,,, Yttrium. tetrakis[qs-l,3bis( trimethylsilyl)cyclopentadienyl]
di-pchloro-di-, 27: 171
Si,CI,Yb,C,H,, Y [terbium, tetrakis[q’- 1,3bis(trimethylsilyl)cyclopentadienyl]dip-chloro-di-, 27: 171
Si,N202YbC,,H,. Ytterbium. bis[bis(trimethylsilyl)amido]bis(diethyl ether)-,
27:148
Si,P,C?,,H,,, Diphosphene, bis(tris(trimethy1silyl)methyl], 27:241
SmC130zC,HI,,Samarium, trichlorobis(tetrahydrofuran), 27: 140
SmCI.,2C,H,O, Samarium trichloride2tetrahydrofurar1, 27: 140
SmOC,,H2,. Samarium( HI), tris(q’-cyclopentadienyl)(tetrahydrofuran)-, 26:21
Sm02C2,H,,, Samarium( II), bis(q‘-pentamethylcyclopentadienyl)bis(tetrahydrofuran)-, 27: 155
Sm03C,2H,I, Samarium, tris(2.6-di-terrbutylphenox0)-, 27: 166
Sm2CI2Si,C,,H,, Samarium, tetrakis[q’-l $3bis(trimethylsily1)-cyclopentadienyl]dip-chloro-di-, 27: 171
SnCI,P,C,2H,I. Stannate( 1 - ), hexachloro-,
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SnCIhP,,CI,HJ,( Conrinued)
3.3.4.5-tetrahydro- I , 1.3.3-tetraphenyl1H-l.2,3-triphospholium, 27:255

Tb,CI,Si,C,,H,,. Terbium, tctrakis-[v‘- 1.3bis( trimethylsilyl)-cyclopentadienyl]dip-chloro-di-, 27:171
ThCl,Si,C,,H,,, Thorium( IV), bis(q‘- I ,3-his
(trimethylsily)cyclopentadienyl]dichloro-. 27: 173
TiN,O,,,SiV, W,C,H
I ,2,3-Trivanadonona-tungstosilicate(4 - ), p3-[(q5-cyclopentadienyl)trioxotitanate(iV)]-, A+-.
tetrakis(tetrabutylammonium), 27: I32
TiS,C,,,HI,, Titanium(1V). bis(q’-cyclopentadicnyl)bis(hydrogen su1fido)-. 27:66
TiSIC,,,H,,, Titanium(lV), bis(q’-pentamethylcyclopentadienyl)[trisulfido(2 - )I-,
27:62
TiS,C,,,H,,,.Titanium(lV), bis(T’-cyclopentadienyl)[pentasulfido(2 - )I-. 27:60
TiS,C,,H,,, Titanium his($-methylcyclopen-

tadienyl)(pentasulfidof-S1:S’)-.27:52

TiSe,C,,,H,,,,Titanium(lV), bis(q5-cyclopentadienyl)[pentaselenido(2 - )I-, 2751
Ti,Br,Csl, Titanate(3 - ), nonabromodi-.
tricesium, 26:379
Ti,Br,Rbl. Titanate(3 -), nonabromodi-,
trirubidium. 26:379
Ti,CI,Cs,. Titanate(3 - ), nonachlorodi-, tricesium, 26:379
Ti,ClqRbl, Titanate(3 - ), nonachlorodi-,
tricesium, 26:379
Tm,CI,Si,C,,H,,
Thulium, tetrakis[q5-l,3bis( trimethylsilyl)cyclopentadienyl] dip-chloro-di-, 27:171

UBr,Si,C,,H,,, Uranium(IV), bis[(q5-l,3bis(trimethylsilyl)cyclopentadienyl]dibromo-, 27:174
UCI,Si,C,,HJ2, Uranium(IV), bis[(q5-1,3bisftrimethylsily1)cyciopentadienyljdichloro-, 27: 174
1.3-bisUI,Si,C,,H,,, Uranium( IV), bis[ (q’(trimethylsilyl)cyclopentadienyl]diiodo-, 27:176
UPC,,H,,, Uranium(lV), tris(qs-cyclopentadienyl)[(dimethylphenylphosphoranylidene)methyl]-, 27: 177

VK,O,,,PW,, xH,O, Vanadoundecatungstophosphate(4 - ), a-,tetrapotassium,
hydrate. 27:99
VN,01,,S,C,,H,,2H,0, Vanadium(I1).
tetraaquabis( 1,2-benzisothiazol-3(2H)one 1.1-dioxidato)-, dihydrate, 27:307
VN,O,S,C,,H,, 2NC,H5, Vanadium( 111).
bis( 1.2-benzisothiazol-3(2H)-one
1 , l -dioxidato)tetrakis(pyridine)-,
-2pyridine. 27:308
V,Br,Cs,, Vanadate(3 - ), nonabromodi-,
tricesium. 26:379
V,BrVRb,, Vanadate(3- ), nonabrornodi-,
trirubidium. 26:379
V,CluCsl. Vanadate(3 - )- nonachlorodi-,
tricesium. 26:379
VICI,Rbl. Vanadate(3 - ), nonachlorodi-.
trirubidium, 26:379
V,Cs,O,,,PW,,,. Divanadodecatungstophosphate(5-), p- and y-, pentacesium,
27:102. 103
V,S,C,,H,,. Vanadium. (p-disulfido-S:S’)bis(q’-meth ylcyclopentadienyl)-di-pthio-di-, 2755
V,S,Ci2H,,. Vanadium, (p-disulfi,do-S:S’)()~-q~:q~-disulfido)bis(q-methylcyclopentadieny1)-p-thio-di-, 2754
VICshO,,PW,, Trivanadononatungstophosphate(6- ), a-1.2.3-, hexacesium,
27: 100
V,HK,O,,,SiW, 3 H 2 0 , 1.2.3-Trivanadononatungstosilicate(7 - ). A+-, hexapotassium hydrogcn, trihydrate, 27: 129
VlN,0,,!3TiW,CwH,,,, 1,2,3-Trivanadononatungstosilicate(4 - ), p,-[(q’-cyclopentadienyl)trioxotitanate(IV)J-, A+-,
tetrakis(tetrabutylammonium), 27: 132
V,N,O,,,Si W,C,H,,,, 1,2,3-Trivanadononatungstosilicate(7 - ), A+-, tetrakis(tetrabutylammonium) trihydrogen.
27: 131
V,,,N~O,,C,,H,I Decavanadate(V), tris(tetrabutylammonium) trihydrogen,
2283
WBF,NO,C,,,H,,,. Tungsten( 1 +). pentacar-

bonyl[(diethylaminomethylidyne]-,

tetrafluoroborate(1 -), 26:40
WBF,O2PCZ5H2,.
Tungsten, dicarbonyl(v‘cyclopentadienyl)[tetrafluoroborato(1 - )](triphcnylphosphine)-, 26:98

Formula Index

WBF,O,CNH$, Tungsten, tricarbonyl(q’-cyclopentadienyl)[ tetrafluoroborato(1 -)I-, 26:%
WBF,O,C,,H,l. Tungsten(1 +), (acetone)tricarbonyl($-cyclopentadieny1)-,
tetrafluoroborate(1 -), 26:lOS
WB:FNN,O,C,Hlz+ Tungsten(II),tetrakis(acetonitri1e)dinitrosyl-,cis-. bis[tetrafluoroborate( 1 - )], 26: 133
WCJlH,2, Tungsten(V1). tris(2,2-dimethylpropys)(2.2-demethylpropylidyne)-,
26:47
WC12N2PIC16H12,
Tungsten(VI), dichloroI( 1,1-dimethylethyl)imido](phenylimido)bis( trimethy1phosphine)-,
27:304
WCI2N,CaH2,. Tungsten(V1). (2,2’-bipyridine)dichloro[( 1,l-dimethylethyl)imido](phenylimido)-, 27303
W C l s O z ~ H l Tungsten(VI),
y,
trichloro( 1,2dimethoxyethane)(2,2-dimethylpropy1idyne)-, 2650
WCI,03C,H,. Tungsten, trichlorotrimethOXY-, 26:45
WCI,, Tunsten tetrachloride, 26221
WFeN09C,1H11,Tungstate( 1 -), hydridononacarbonyliron-, p-nitrido-bis(triphenylphosphorus)( 1 +), 26:336
WFeN,O,P,C,,H,. Tungstate(2 -), nonacarbonyliron-. bis[p,-nitirod-bis(triphenylphosphorus)( 1 + ), 26:339
WH,P,CS2H5,.Tungsten(IV), tetrahydridotetrakis(methyldipheny1phosphine)-,
27: 10
WHhPICz,H1,,Tungsten(1V). hexahydridotris(dimethy1phenylphosphine)-. 27: 11
WN07P2C,1HJ2,Tungstate(1 -), (acetate)pentacarbonyl-, p-nitrido-bis(triphenylphosphorus)( 1 + ), 27:297
WN,05C,,,Hl., Tungsten, tetracarbonyl[(dieth ylamino)methylidyne]
(isocyanat0)-, trans-, 26:42
WN,OZCILHIZ,
Tungsten, tricarbonyltris(propanenitrile)-, 27:4
WNa03CC,H,2C,H,,102,Tungstate( 1 - ),
tricarbonyl(rl.’-cyclopentadieny1)-.

sodium, compd. with I .2-dimethoxyethane(l:2). 26:343
W0,PC2,H,I, Tungsten, dicarbonyl(q’-cyclopentadienyl)hydrido( triphenylphosphine)-, 26:98
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WOJCI,,H.,,Tungsten, tricarbonyl(qh-cycloheptatriene), 27:4
W0,P2C,,H,,, Tungsten, tricarbonyl(dihydrogen)bis( triisopropy1phosphine)-,
21:7
WO2P2CHHw.Tungsten, tricarbonyl(dihydrogen)bis(tricyclohexylphosphine)-,
27:6
WSLCIIIH12,
Tungsten(IV), bis(q5-cyclopentadienyl)bis(hydrogen sulfide)-,
27:67
W2CI,N,,CmH2.*,Tungsten(V1). tetrachlorbis(1 .I-dimethylethanamine)bis[(l,ldimethylethyl)imidoJbis(p-phenylimido)di-, 27301
W2FI2OnC8, Tungsten(I1). tetrakis(trifluoroacetato)di-. (W-4-W). 26:222
WIOnC,Hl,, Tungsten(II), tetrakis(acetato)di-. (“-4-W). 26:224
W20,CJlNH,Tungsten(II), tetrakis(2.2-dimethy1propanoato)di-, (W-4-W),
26:223
WZC~O2.,Pz.Pentatungstodiphosphate(6- ).
hexacesium. 27:lOl
W5N,0LIP2C,,,,H12,,
Pentatungstobis(pheny1phosphonate)(4- ), tetrakis(tributy1ammonium), 27:127
W,N,01UC,,H7,, Hexatungstate(V1). bis
(tetrabutylammonium). 27:SO
WvCs,,O,lPV,, Trivanadononatungstophosphate(6-), a-l.2,3-, hexacesium.
27: 100
WuH&O,,SiVt.3HZO, 1,2.3-Trivanadononatungtosilicate(7 - ), A+-. hexapotassium hydrogen, trihydrate, 27: 129
WuHNaU0,,Si.23H20, Nonatungstosilicate(l0-), p. nonasodium hydrogen.
tricosahydrate. 27%
WuN,O,,,SiTiV~CwHl,.1.2.3-Trivanadononatungstosilicate(4 - ), p,-((q‘-cyclopentadienyl)trioxotitanate( lV)]-. A+-,
tetrakis( tetrabutylammonium). 27: 132
WuN,OwSiV,CNHl,,, I ,2.3-Trivanadononatungstosilicate(7 - ), A+-. tetrakis
(tetrabutylammonium) trihydrogen.
27:131
W,Na,O,P.xH,O. Nonatungstophosphate(9-). A-, nonasodium, hydrate.
27: I 0 0
W,Na,,,O,,Si, Nonatungstosilicate( 10 - ). a-.
decasodium. 27:87
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Formula Index

W,l,Cs,O,l,PV,. Divanadodecatungstophosphate(5-), p- and y-. pentacesium.
27:102, 103
W,,,Cs70hP.Decatungstophosphate(7 - ).
hexacesium, 27: 101
W,,,K&Si. 12H,O, Decatungstosilicate(8- ). y-,octapotassium, dodecahydrate.
27%
Wl,,N,O,,C,Hl,,, Decatungstate(V1). tetrakis(tetrabutylammonium). 27:XI
W,,K,O,,PV.xH,O. Vanadoundecatungstophosphate(4 -). a-.tetrapotassium.
hydrate, 27:99
W,,K,O,Si. 13H,O. Undecatungstosilicate(8 - ), a-.octapotassium. tridecahydrate. 27:89
W,,K,O,,Si. 14H,O. Undecatungstosilicate(8-). PI-. p,-. and PI-. octapotassium. tetradecahydrate. 27:Yo. Y 1
W,,H,O,,Si.xH,O. Dodecatungstosilicic
acid. a- and p-. hydrate. 27%. 94
W,,K,O,,Si. 17H,O. Dodecatungstosilicate(4 - ), a-,tetrapotassium. heptadecahydrate. 2 7 9 3
W,,K,0,,Si.9HI0. Dodecatungstosilicate(4- ), p-. tetrapotassium. nonahydrate. 27:94
W,,N,O,SiC,,,H,,,. Dodecatungstosilicate(4 -), y-. tetrakis(tetrabuty1ammonium). 27:9S
WI,Na,~O,P,.24H,0, Pentadecatungstodiphosphate( 12 - ). a-.dodecasodium.
tetracosahydrate. 27: 108
Wl,K,,,0,,P,20H,0. Heptadecatungstodiphosphate( 10 - ). a,-.decapotassium.
eicosahydrate. 27: 107
W,LiK,O,,P, 2(1H!O. Lithi0heptadec;itungsnonapotastodiphosphate(9- ).aI-.
sium. eicosahydrate. 27: 109
W,,K,O,,P, 14H:O. Octadecatungstodiphosphate(6 -), a-.hexapotassium. tetriidecahydrate, 27: 105
W,,K,O,P, 19H,O, Octadecatungstodiphosphate(6-), p-. hexapotassium, nonadecahydrate, 27: 105
W,,As?H,OnIRb,34H,O, Tungstate(4 - ).
aquadi hydroxohenhexacon taoxobis[ trioxoarsenato(ll1)lhenicosa-.tetrarubidium, tetratricontahydrate, 27: 1 13
W,,As2H,O,,xH~O, Tungsten. aquahexa-

hydroxoheptapentacontaoxobis[tri-

oxoarsenato(Il1))henicosa-. hydrate.
27:112
W?,H,,N,,NaO,Sh, 24HI0. Sodiohenicosatungstononaantimonate( 18 -). octadecaammonium. tetracosahydrate,
27: 120
W,,H,,N,,NaO,,,,P, 31H?O. Sodiotricontatungstopentaphosphate( I4 -). tetradecaarnmonium. hentricontahydrate.
27: 11s
W,,As,Co,H,,,,N,,O,,, 19H:O. Ammoniodicohaltotetracontatungstotetraarsenate(23 - ). t ricosaamonium. nonadecahydrate. 27: I19
W,,As,Na,Ol,,6OH~O. Sodiotetracontatungstotetraarsenate(27 - ). heptacosasodium, hexacontahydrate. 27: 118
W,,H.K,,Li,O,,,P, Y2H,O. Octatetracontat ungstooc tap hosp ha te( 40 - ) . pent iilithium octacosapotassium heptahydrogen. dononacontahydratc, 27:110
YCI,LiO,Si,C,,H,,. Yttrium. bis[q'-l.3-his
(trimethylsilyl)cyclopentadienyl]di-pchloro-his( tetrahydrofuran)lithium-.
27: 170
YO,C,,H,+ Yttrium. tris(2.h-di-rerr-hutylphenoxo)-. 27: 167
YO,C,,H,, Yttrium. tris(2.h-di-rerr-hutyl-lme1hylphenoxo)-. 27: 167
Y,CI,Si,C,,H,,. Yttrium, tetrakis[q'- I .3-bis(trimethylsilyl)cyclopentadicnyl]di-pchloro-di-. 27: 171
YhC,,H,,,. Ytterbium(l1). bis(pheny1ethynyl).. 27: 143
YhCI,LiO,Si,C,H,,. Ytterhium. his[q'-l.3his( trimethylsilyl)cyclopentadienyl]dip-chloro-bis(tetrahydrofuran)lithium-.
27: 170
YhCI,O,C,,H,,. Ytterbium. trichlortris(tetrahydrofuran)-. I39
YhCI, 3C,H,O. Ytterbium trichloride3tetrahydrofuran. 27: 13Y
Yhl,. Ytterbium diiodide. 27:147
YhN,O,Si,C,,H,,,. Y tterbium. bis[his( trimethylsilyl)amido]his(diethyl ether)-.
27: I48
YhOC,,H,,,, Ytterbium, (diethyl ether)his-

Formicla Index

(q'-pentamethylcyclopentadienyl)-.
27: 14X
YbO,C,,H,,,, Ytterbium(l1). hic(q'-cyclopentadienyl)( I .2-dimethoxyethane)-.
26:22
YhO,C,,H,,,. Ytterbium tris(2.6-di-rerrbutyl-4-methylphenoxo)-. 27: 167
Yh~CI~Si,C,,f&,.
Yttcrhium. tetrakis[q'-l.3-

433

bis(trimet hylsilyl)cyclopentadienylJdi-p-chloro-di-. 27: 171

ZrHJOsP3C,,HJr,Zironium. bis[ 1 .l(q')cyclopentadienyl]tris(dimethylphenylphosphine-2~P)-tri-p-hydrido-hydrido1~ H-osmium,- 27~27

