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Reactions of nitrosoarenes containing
electron�withdrawing substituents with coordinated CO.
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The reaction of tetranuclear Pd4(µ�COOCH3)4(µ�CO)4 cluster (1a) with p� and
o�chloronitrosobenzenes was found to give dinuclear nitrosoamide complexes, Pd2(OAc)2(p�
ClC6H4N[p�ClC6H3NO])2 (4) and Pd2(OAc)2(о�ClC6H4N[о�ClC6H3NO])2 (5), respectively.
The formation of complexes 4 and 5 is accompanied by evolution of CO2, resulting from
oxidation of CO coordinated in cluster 1. Complexes 4 and 5 were characterized by elemental
analysis and IR and 1H NMR spectroscopy; their structures were studied by EXAFS. The
reactions of dinuclear complex 4 with molecular hydrogen and CO were studied. The major
products of reduction of 4 with hydrogen include metallic palladium, acetic acid, cyclohex�
anone, and molecular nitrogen. Treatment of complex 4 with CO under mild conditions
(1 atm, 20 °C) affords p�chlorophenyl isocyanate.
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Palladium complexes containing nitrosoarene ligands
are few and far in between.1—8 Some of these have been
prepared in our study dealing with the reactions of PdI

carbonyl carboxylate clusters Pd4(µ�COOR)4(µ�CO)4
(R = Me (1a), CF3 (1b), But (1c), and Ph (1d)) with
nitrosobenzene9,10 and o�nitrosotoluene.10,11 In this work,
we studied the reactions of cluster 1a with p� and
o�chloronitrosobenzenes.

Results and Discussion

Early, we found9—11 that the reactions of clusters 1
with nitrosobenzene and о�nitrosotoluene proceed
through deoxygenation of the nitrosoarene molecule by
the coordinated CO group to give CO2 and an arylnitrene
species, [o�R´C6H4N:] (R´ = H and Me, respectively).

In the case of nitrosobenzene, the phenylnitrene spe�
cies formed react with a second nitrosobenzene molecule,
yielding finally dinuclear complex Pd2(µ�COOR)2(η2�
PhNC6H4NO)2 (2a—c), where the η2�coordinated ligand
can be considered as both a nitrosoarene derivative and
an amide ligand containing a nitroso group. R = Me (a), CF3 (b), But (c), Ph (d)
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The reaction of 1 with о�nitrosotoluene furnishes the
nitroso complexes Pd2(µ�COOR)2(η2�CH2C6H4NO)2
(3a—d) in which each Pd atom bears an о�nitrosotoluene
molecule metallated at the Me group.

We assumed that the introduction of electron�with�
drawing substituents into the nitrosoarene molecule can
change the reaction pathway and the composition of prod�
ucts. Therefore, we studied the reactions of cluster 1a
with о� and p�chloronitrosobenzenes in which the sub�
stituents have similar electron�withdrawing properties but
somewhat different steric factors.

Reactions of cluster 1a with p� and о�chloronitroso�
benzenes. The reaction of cluster 1a with p�chloronitroso�
benzene at 50 °C is completed over 10—15 h (reaction
with nitrosobenzene requires 4—5 h at the same tempera�
ture). Some of the coordinated carbonyl groups are oxi�
dized to CO2, the amount of the gas evolved being at most
half the amount calculated from the stoichiometry (based
on cluster 1). By fractional crystallization, a greenish�
brown powder was isolated from the reaction mixture.
The elemental analysis of this product was in good agree�
ment with the composition C14H10Cl2N2O3Pd. This gross
composition corresponds to a compound containing one
acetate group per Pd atom and one nitrosoamide ligand
p�ClC6H4N[p�ClC6H3NO] (similar to the ligand, which
arises upon the interaction of cluster 1 with nitroso�
benzene). The 1H NMR spectrum exhibits a signal for the
acetate�group protons as a broadened singlet with a maxi�
mum at δH 2.1 and signals for the Ph�group protons as a
broad multiplet with a maximum at δH 7.2. The ratio of
the integral intensities of the proton signals of these ligands
equals ∼3 : 7, which confirms the presence of one acetate
group (3 H) and one nitrosoamide group (7 H). Accord�
ing to IR spectroscopy data, the resulting complex con�
tains bridging acetate groups (νas(COO) = 1552 cm–1,
νs(COO) = 1420 cm–1, ∆ν(COO) = 127 cm–1) and, hence,
the complex is at least a dimer. The composition of the
complex can be described as Pd2(OAc)2(p�ClC6H4N[p�
ClC6H3NO])2 (4), i.e., p�chloronitrosobenzene reacts
with palladium carbonyl acetate in the same way as
nitrosobenzene. The yield of complex 4 was ∼50% based
on cluster 1, while the rest of Pd was found as Pd black
(the yield of Pd black was also ∼50%).

Thus, the electron�withdrawing effect of the substitu�
ent in the para�position of nitroso compound has an in�
fluence on the reaction rate but does not prevent the
interaction of the resulting chlorophenylnitrene species
with the p�chloronitrosobenzene molecule.

The reaction of carbonyl acetate cluster 1a with
о�chloronitrosobenzene proceeds similarly to the reac�
tion described above. The enhancement of the steric hin�
drance in the molecule of substituted nitrosoarene in�
creases the reaction duration at 50 °C to 15—20 h. The
amount of carbon dioxide evolved also does not exceed
half the stoichiometric amount based on cluster 1. The

C,H,N�elemental analysis data for the brown substance
isolated by fractional crystallization are in good agree�
ment with the molecular formula C14H10Cl2N2O3Pd. The
1H NMR spectrum contains a broadened singlet at δH 2.1,
corresponding to protons of the AcO groups and a poorly
resolved multiplet with a maximum at δH 7.0, correspond�
ing to protons of the Ph groups. The integral intensities of
the signals for the AcO� and Ph�group protons are related
as ∼3 : 7. In the IR spectrum of the complex, the bridging
AcO groups are responsible for the bands with νas(COO) =
1560 cm–1 and νs(COO) = 1450 cm–1 (∆ν(COO) =
110 cm–1). The data of C,H,N�analysis and IR and
1H NMR spectroscopy indicate that this complex also
contains nitrosoamide ligands, its composition being de�
scribed as Pd2(OAc)2(о�ClC6H4N[о�ClC6H3NO])2 (5).

The structures of complexes 4 and 5 were studied by
EXAFS. In the simulation, the EXAFS spectra of com�
plexes 4 and 5 were compared with the spectra of com�
plex 2, whose structure has been established by X�ray
diffraction. In all cases, good agreement to within the
accuracy of the method was attained. In the calculation,
O and N were taken as the ligands nearest to Pd and all
bond lengths for each ligand were taken to be equal. The
spectra of the complexes show a set of distances corre�
sponding to the Pd—O and Pd—N bonds in the range of
1.9—2.2 Å. This does not provide a reliable description of
the coordination environment and, in particular, gives
rise to underestimated effective coordination numbers.

The EXAFS data for complexes 2a, 4, and 5 and the
X�ray diffraction data for 2a are listed in Table 1. Com�
parative analysis of the data demonstrates that all com�
plexes are in fact dimers with relatively short distances
between the metal atoms linked by the bridging AcO
groups. The underestimation of the Pd...Pd distance
(2.74 Å) in the EXAFS spectrum of complex 2a with
respect to the distance derived from the X�ray diffraction
data (2.84 Å) can be attributed to the large Debye factor
caused by the pronounced nonrigidity of the complex

Table 1. Comparative analysis of the EXAFS data for complexes
2a, 4, and 5 and X�ray diffraction data for complex 2a

Com� Bond EXAFS (X�ray diffraction) data
plex

Bond length/Å CN* Debye factor

2a Pd—N 2.05 (2.02, 1.98) 1.1 (2) 0.008
Pd—O 1.99 (2.06) 1.1 (2) 0.001
Pd—Pd 2.74 (2.84) 0.7 (1) 0.025

4 Pd—N 2.11 1.2 0.006
Pd—O 2.00 1.3 0.004
Pd—Pd 2.78 0.6 0.017

5 Pd—N 2.12 0.8 0.001
Pd—O 2.01 1.4 0.001
Pd—Pd 2.77 0.9 0.027

* The number of bonds of this type.
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molecule and by the great amplitude of thermal vibrations
of the metal atom. Apparently, the same situation holds
for complexes 4 and 5. Each metal atom is chelated by a
nitrogen�containing arylnitrosoarene ligand, which is
linked to the Pd atom through the N atoms of the amide
and nitroso groups.

Thus, the reactions of carbonyl carboxylate clusters 1
with о� and p�chloronitrosobenzenes appear to proceed
similarly to the reaction with nitrosobenzene. The first
stage is elimination of the O atom from the chloronitroso�
benzene molecule coordinated by the CO group giving
rise to a chlorophenylnitrene species (Scheme 1).

Scheme 1

∼Pd[CO]∼ + Cl—C6H4—NO    CO2 + ∼Pd[Cl—C6H4—N:]∼

The subsequent transformations of the chlorophenyl�
nitrene species include, as those of the phenylnitrene spe�
cies, insertion into the C—H bond of the benzene ring of
the second chloronitrosobenzene molecule yielding the
nitrosoamide ligand ClC6H4N[ClC6H3NO]. Apparently,
in the reaction of cluster 1a with о�chloronitrosobenzene,
which has no C—H bond in position 2, the chloronitrene
species is inserted in position 6 of the Ph ring (Scheme 2).

Scheme 2

Apart from the organopalladium products, the reac�
tion of cluster 1 with о�chloronitrosobenzene yields a
broad set of N�containing organic products, which were
detected by GC/MS analysis. The analysis confirms the
intermediate formation of the chlorophenylnitrene spe�
cies during the reaction. Bis(2�chlorophenyl)diazene
arises apparently upon dimerization of two chlorophenyl�
nitrene species. N,N´�Bis(2�chlorophenyl)diazene
N�oxide is the product of reaction of о�chlorophenyl�

nitrene with о�chloronitrosobenzene. The insertion of
о�chlorophenylnitrene species into the solvent (toluene)
molecule affords 2�chlorophenyltolylamines. о�Chloro�
aniline may result from the reduction of о�chlorophenyl�
nitrene. Finally, о�chlorophenyl isocyanate is produced
in the reaction of о�chlorophenylnitrene with the coordi�
nated carbonyl group.

Thus, the reaction of carbonyl carboxylate clusters 1
with о� and p�chloronitrosobenzenes proceeds similarly
to the reaction with unsubstituted nitrosobenzene and
gives finally dinuclear complexes with the chelating
arylnitrosoarene ligand. The presence of electron�with�
drawing atoms in the nitrosoarene molecule results only
in a substantial retardation of the reaction, without influ�
encing the composition or the structure of Pd�containing
products.

Chemical properties of the complexes obtained. The
chemical behavior of the synthesized compounds was stud�
ied in relation to complex 4. The major products formed
in the reaction of 4 with hydrogen include palladium
metal, acetic acid, cyclohexanone, and molecular nitro�
gen (identified by GC); the two last�mentioned substances
could be formed only from the chelating amide ligand.
Judging by the final products, complex 4 reacts with H2
similarly to complexes 2 and 3.12 The first step affords
aromatic amine (Scheme 3).

Scheme 3

Pd2(OAc)2(p�ClC6H4N[p�ClC6H3NO])2 + H2
  

4

  Pd0 + AcOH + p�ClC6H4NH2 + ...

Although we were unable to detect the intermediate
products of transformation of the aromatic amine into
cyclohexanone, we may consider that the process is simi�
lar to the transformation of complexes 2 and 3. The re�
duction of aromatic amine yields an unstable unsatur�
ated cyclic amine, which can rearrange into imine
(imino—enamine tautomerism). On treatment with water

Scheme 4

i. H2O or AcOH.
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or carboxylic acid, the imine is converted into cyclic ke�
tone and ammonia (Scheme 4).

Apparently, this hydrolysis (or acidolysis) is facilitated
by a decrease in the basicity of the imine due to its coordi�
nation to the PdII atom and by binding of the ammonia
evolved into the palladium amino complex. Molecular
nitrogen is formed, most likely, in the inner�sphere oxi�
dation of the Pd�coordinated ammonia (or amines).

Treatment of complex 4 with CO under mild condi�
tions (1 atm, 20 °C, ∼20 h) gives rise to p�chlorophenyl
isocyanate (Scheme 5).

Scheme 5

Pd2(OAc)2(p�ClC6H4N[p�ClC6H3NO])2 + CO  

4

  Pd0 + AcOH + p�ClC6H4NCO

The results of this study indicate that the presence of
electron�withdrawing substituents in the arylnitrosoarene
ligand of complexes 4 and 5 does not affect much the
behavior of these complexes in reducing media, and the
compounds resulting from reductive decomposition are
similar to those obtained upon the reduction of com�
plex 2.12,13

Experimental

Elemental microanalysis of the reaction products for carbon,
nitrogen, and hydrogen was carried out using a C,H,N�analyzer
(Carlo Erba, Italy). The IR spectra of complexes in the region of
400—4000 cm–1 were measured on a Specord M�80 spectrom�
eter (as a suspension in mineral oil). The 1H NMR spectra of
complexes in CD2Cl2 solutions were recorded on a Varian�200
instrument (200 МHz).

The reaction products were analyzed by GC for CO, CO2,
O2, H2, Ar, N2, and NOx on an LKhM�80 instrument (molecu�
lar sieves and Polysorb). The liquid phase was analyzed by GLC
on a 3700 chromatograph (OV�101 column for the analysis of
cyclic hydrocarbons, cyclic ketones, and high�boiling aromatic
amines; a REOPLEX column for the analysis of volatile polar
organic products) and by CC/MS on an Automass instrument
(Delsi Nermag, France) (columns with the silicon SE�30 phases
for the analysis of cyclic hydrocarbons, cyclic ketones, and high�
boiling aromatic amines, and with PEG�20М for the analysis of
volatile polar organic products).

The palladium K�edge EXAFS absorption spectra were re�
corded on an EXAFS station of a VEPP�3 storage ring (Siberian
Center of Synchrotron Radiation, Novosibirsk) with an electron
beam energy of 2 GeV and an average current during measure�
ment of 60 mA. A double single�block Si(111) monochromator
crystal was used for monochromatization. No harmonic sup�
pression was applied, because only the third harmonics (72 keV),
whose intensity is negligibly low, is reflected from the mono�
chromator crystal. The spectra were recorded at ~20 °C in the
transmission mode using for detection ionization chambers filled

with xenon (complete absorption) and an Ar—He mixture (1 : 1)
(monitoring chamber) up to a pressure of 1 atm. The energy
resolution was ∼4 eV. Samples of the complexes were prepared
by mixing the powder with Apieson and squashing the paste
between two flat surfaces. The absorption jump in the palladium
K�edge was 0.8—1.0.

The oscillating part of the absorption spectrum was cut out
by a standard procedure14 using the VIPER program package.15

The pre�edge part of the absorption spectrum was interpolated
to the EXAFS region by Victoreen polynomials. The smooth
part of the absorption coefficient was simulated by three inter�
polating cubic splines. The inflection point at the edge of the
absorption jump was taken as the initial point E0 (k = 0). The
spectrum was simulated by the k2χ(k) function in the range of
wave numbers of 3.5—15.0 Å–1. The simulation was carried out
using the EXCURV92 program.16

Organic solvents were purified by standard procedures.17

Nitrosoaromatic compounds, p� and o�ClC6H4NO, were pre�
pared by the general procedure18,19 by reduction of p� and
о�chloronitrobenzene with zinc dust to p� and о�chlorophenyl�
hydroxylamine followed by oxidation of phenylhydroxylamine
with sodium dichromate in aqueous H2SO4 to the correspond�
ing chloronitroso compound. The resulting chloronitrosoarenes
were isolated from the reaction mixture by azeotropic distilla�
tion with steam under atmospheric pressure. The purity of com�
pounds was checked by TLC on Silufol and on the basis of the
melting point. Due to the possibility of oxidation of the nitroso
group in nitrosoaromаtic compounds with air oxygen, chloro�
nitrosoarenes were stored for short periods in a Schlenk vessel
under argon in refrigerators and all reactions with these com�
pounds were carried out under argon.

Palladium carbonyl acetate Pd4(µµµµµ�COOMe)4(µµµµµ�CO)4 (1a)
was prepared by procedures reported previously.20—22

Syntheses of complexes 4 and 5 were carried out at 50 °C in a
two�necked jacketed flask equipped with a magnetic stirrer, con�
nected to a thermostat and to a gas burette for measuring the
volume of the evolved gas and to a system for evacuation and
filling with an inert gas (argon). The flask was charged with
cluster 1 (1 mmol, 4 mg�at Pd). Then toluene (16 mL) was
added, the system was evacuated and filled with argon, and the
reaction mixture was stirred. A solution of chloronitroso com�
pound (4 mmol) in 24 mL of toluene was added in an argon flow
to the resulting suspension, the system was again purged with
argon, and the mixture was stirred and heated to 50 °C. The
reaction was monitored by volumetry based on CO2 evolution.
After completion of the reaction (10—20 h), the solution was
filtered to remove the Pd black, toluene was completely evapo�
rated at a reduced pressure, and the complex thus obtained was
dissolved in CH2Cl2. The complex was isolated in two steps:
precipitation with pentane from a partially concentrated solu�
tion in CH2Cl2, and, after repeated drying of the filtrate, disso�
lution of the residue in CH2Cl2, and concentration, precipita�
tion with heptane (in the presence of a small amount of Et2O in
CH2Cl2). After collection on a filter, the product was dried in
vacuo and stored under argon.

Bis(acetato)bis[2�(5�chloro�2�nitrosophenyl)�(4�chlorophe�
nyl)amine]dipalladium, Pd2(OAc)2(p�ClC6H4N[p�ClC6H3NO])2
(4). The reaction of cluster 1a with p�chloronitrosobenzene was
over within 10—15 h. A finely crystalline greenish�brown pre�
cipitate was isolated from the reaction mixture. Found (%):
C, 38.73; N, 5.71. C28H20Cl4N4O6Pd2. Calculated (%): C, 38.94;
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N, 6.49. IR, ν/cm–1: 1632; 1552; 1420; 1088. 1H NMR, δ: 2.10,
7.20 (both br.m). The ratio of the integral intensities of the
signals of AcO� and Ph�group protons was ∼3 : 7. The yield of
compound 4 was 45—50% (based on Pd), decomp. point (in
argon) 185 °C.

Bis(acetato)bis[2�(3�chloro�2�nitrosophenyl)�(2�chlorophe�
nyl)amide]dipalladium, Pd2(OAc)2(о�ClC6H4N[о�ClC6H3NO])2
(5). The reaction of cluster 1a with о�chloronitrosobenzene was
over within 15—20 h. A finely crystalline greenish�brown pre�
cipitate was isolated from the reaction mixture. Found (%):
C, 37.24; N, 5.57. C28H20Cl4N4O6Pd2. Calculated (%): C, 38.94;
N, 6.49. IR, ν/cm–1: 1700; 1560; 1450; 1240. 1H NMR, δ: 2.10,
7.00 (both br.m). The ratio of the integral intensities of the
signals of AcO� and Ph�group protons was ∼3 : 7. The yield of
compound 5 was 50—60% (based on Pd).

GC/MS analysis of the reaction mixture revealed a mixture
of organic products.

Bis(2�chlorophenyl)diazene. MS (EI, 70 eV), m/z (Irel (%)):
252—250 [M]+ (18—29), 152 [M – C5H3Cl]+ (11), 141—139
[M – C6H4Cl]+ (18—54), 113—111 [M – C6H4Cl – N2]+

(32—100), 85 [M – C6H4Cl – N2 – C2H2]+ (7), 75
[M – C6H4Cl – N2 – HCl]+ (71), 50 [M – C6H4Cl – N2 –
C2H2 – Cl]+ (18).

N,N´�Bis(2�chlorophenyl)diazene N�oxide. MS (EI, 70 eV),
m/z (Irel (%)): 268—266 [M]+ (1—4), 252—250 [M – O]+ (4—7),
233—231 [M – Cl]+ (32—93), 168 [M – C5H3Cl]+ (28), 152
[M – C5H3Cl – O]+ (4), 141—139 [M – C6H4Cl – O]+ (4—11),
127—125 [M – C5H3Cl – O – NCH]+ (7—18), 113—111 [M –
C6H4Cl – O – N2]+ (36—100), 101—99 [M – C5H3Cl – O –
CH – NCH – NC]+ (4—14), 90 [M – C5H3Cl – O – NCH –
Cl]+ (36), 75 [M – C5H3Cl – O – CH – N2 – HCl]+ (82).

2�Chlorophenyltolylamines. 2�Chlorophenyl�о�tolylamine,
MS (EI, 70 eV), m/z (Irel (%)): 219—217 [M]+ (32—93), 182
[M – Cl]+ (100), 180 [M – H2Cl]+ (93), 167 [M – Cl – Me]+

(68), 106 [M – Cl – C6H4]+ (7), 90 [M – Cl – Me – C6H4 – H]+

(18). 2�Chlorophenyl�p�tolylamine, MS (EI, 70 eV),
m/z (Irel (%)): 219—217 [M]+ (25—75), 182 [M – Cl]+ (79),
180 [M – H2Cl]+ (29), 167 [M – Cl – Me]+ (100), 90 [M –
Cl – Me – C6H4 – H]+ (11).

о�Chloroaniline. MS (EI, 70 eV), m/z (Irel (%)): 129—127
[M]+ (35—100), 92 [M – Cl]+ (21), 91 [M – HCl]+ (7), 65
[M – Cl – NCH]+ (35), 39 [M – Cl – NCH – C2H2]+ (11).

о�Chlorophenyl isocyanate MS (EI, 70 eV), m/z (Irel (%)):
155—153 [M]+ (33—100), 127—125 [M – CO]+ (15—43), 98
[M – CO – NCH]+ (6), 90 [M – CO – Cl]+ (47), 63 [M –
CO – Cl – NCH]+ (25), 49 [M – CO – Cl – NCH – CH2]+ (4).

Reduction of nitrosoarene complex 4 with hydrogen or carbon
monoxide was carried out at 20 °C and a gas pressure of 1 atm in
a two�necked flask equipped with a stirrer and a sampler for
gases and liquids. The flask was charged with the complex
(0.25 mmol), 2 mL of a solvent (benzene or toluene) was added,
and the system was evacuated. Then H2 or CO was fed and the
mixture was stirred. The gaseous and liquid reaction products
were analyzed by GLC and GC/MS in the course of experi�
ments, which lasted for several weeks for the reaction with H2
and for 2—3 days for the reaction with CO.

In the reaction of complex 4 with H2, cyclohexanone was
detected in the reaction mixture. MS (EI, 70 eV), m/z (Irel (%)):
98 [M]+ (25), 83 [M – Me]+ (8), 80 [M – H2O]+ (4), 70
[M – CO]+ (17), 69 [M – CHO]+ or [M – Me – CH2]+ (25), 56

[M – CH2CO]+ (13), 55 [M – Me – 2 CH2]+ (79), 42 [M –
CH2CO – CH2]+ (100), 41 [M – Me – 3 CH2]+ (50), 39 [M –
Me – 2 CH2 – O]+ (50).

In the carbonylation of complex 4, AcOH and p�chloro�
phenyl isocyanate were the major products.

AcOH, MS (EI, 70 eV), m/z (Irel (%)): 60 [M]+ (46), 45
[M – Me]+ (88), 44 [M – O]+ (8), 43 [M – OH]+ (100), 42
[M – OH – H]+ (17).

p�ClC6H4NCO, MS (EI, 70 eV), m/z (Irel (%)): 155—153
[M]+ (33—100), 127—125 [M – CO]+ (8—29), 98 [M – CO –
NCH]+ (2), 90 [M – CO – Cl]+ (17), 85 [M – CO – CH2CN]+

(4), 63 [M – CO – Cl – NCH]+ (33), 50 [M – CO –
CH2CN – Cl]+ (17).

The authors are grateful to A. E. Gekhman for
assistance in GLC/MS analysis of the reaction solu�
tions and to S. G. Sakharov for recording the 1H NMR
spectra.

This study was financially supported by the Ministry
of Education of the Russian Federation (Project Е02�5.0�
185) and the Russian Foundation for Basic Research
(Project No. 04�03�32436).

References

1. (a) L. G. Overholser and J. H. Yoe, J. Am. Chem. Soc., 1941,
63, 3224; (b) J. H. Yoe and J. J. Kirkland, Anal. Chem.,
1954, 26, 1335.

2. (a) I. Batten and K. E. Johnson, Can. J. Chem., 1969, 47,
3075; (b) A. T. Pilipenko, L. L. Shevchenko, and A. P.
Popel´, Zh. Prikl. Spektrosk., 1976, 24, 365 [J. Appl. Spectr.,
1976, 24, 365 (Engl. Transl.)]; (c) D. N. Todor, A. Tgnase,
V. David, and G. E. Baiulescu, Rev. Roum. Chim., 1989,
34, 877.

3. (a) A. L. Balch and D. Petridis, Inorg. Chem., 1969, 8, 2247;
(b) R. G. Little and R. J. Doedens, Inorg. Chem., 1973,
12, 537; (c) G. Vasapollo, P. Giannocaro, C. F. Nobile,
and F. Allegretta, J. Organomet. Chem., 1984, 270, 109;
(d) R. Rella, A. Serra, G. Vasapollo, and L. Valli, Thin Solid
Films, 1996, 284—285, 69.

4. (a) M. Calligaris, T. Yoshida, and S. Otsuka, Inorg. Chim.
Acta, 1974, 11, L15; (b) S. Otsuka, Y. Aotani, Y. Tatsuno,
and T. Yoshida, Inorg. Chem., 1976, 15, 656; (c) M. Pizzotti,
F. Porta, S. Cenini, F. Demartin, and N. Masciocchi,
J. Organomet. Chem., 1987, 330, 265.

5. G. Vasapollo, C. F. Nobile, A. Sacco, B. G. Gowenlock,
L. Sabbatini, C. Malitesta, and P. G. Zambonin,
J. Organomet. Chem., 1989, 378, 239.

6. B. G. Gowenlock, K. G. Orrell, V. Sik, G. Vasapollo, M. V.
Lakshmikantham, and M. P. Cava, Polyhedron, 1994,
13, 675.

7. R. G. Pritchard, G. S. Heaton, and I. M. El�Nahhal, Acta
Crystallogr., 1989, C45, 815.

8. F. Hentermaier, S. Helding, L. B. Volodarsky, K. Sunkel,
K. Polborn, and W. Beck, Z. Naturforsch., 1998, B53, 101.

9. T. A. Stromnova, S. T. Orlova, I. P. Stolyarov, S. B. Katser,
and I. I. Moiseev, Dokl. Akad. Nauk, 1997, 352, 68 [Dokl.
Chem., 1997 (Engl. Transl.)].



Orlova et al.824 Russ.Chem.Bull., Int.Ed., Vol. 53, No. 4, April, 2004

10. S. T. Orlova, D. N. Kazyul´kin, D. V. Pashchenko, I. P.
Stolyarov, and T. A. Stromnova, Zh. Neorgan. Khim., 2000,
45, 472 [Russ. J. Inorg. Chem., 2000, 45, 406 (Engl. Transl.)].

11. T. A. Stromnova, S. T. Orlova, D. N. Kazyul´kin, I. P.
Stolyarov, and I. L. Eremenko, Izv. Akad. Nauk. Ser. Khim.,
2000, 147 [Russ. Chem. Bull., Int. Ed., 2000, 49, 150].

12. S. T. Orlova, D. N. Kazyul´kin, L. K. Shubochkin, D. I.
Shishkin, and T. A. Stromnova, Izv. Akad. Nauk. Ser. Khim.,
2001, 1609 [Russ. Chem. Bull., Int. Ed., 2001, 50, 1689].

13. T. A. Stromnova and S. T. Orlova, Izv. Akad. Nauk. Ser.
Khim., 2002, 2123 [Russ. Chem. Bull., Int. Ed., 2002,
51, 2286].

14. D. I. Kochubei, EXAFS�Spektroskopiya Katalizatorov [EXAFS
Spectroscopy of Catalysts], Nauka, Novosibirsk, 1992, 144 pp.
(in Russian).

15. K. V. Klement´ev, Nucl. Instr. and Meth. in Physics Re�
search, A, 2000, 448, 299.

16. S. J. Gurman, N. Binsted, and I. Ross, J. Phys. Chem., 1986,
19, 184.

17. Technique of Organic Chemistry, VII, Organic Solvents. Physi�
cal Properties and Methods of Purification, Ed. A. Weissberger,

Interscience Publishers, Inc., New York; Interscience Pub�
lishers Ltd., London, 1955.

18. Organic Syntheses, An Annual Publication of Satisfactory
Methods for the Preparation of Organic Chemicals, 20—25,
Eds C. F. H. Allen, N. L. Drake, L. I. Smith, and W. E.
Bachmann, Wiley, New York, 1948.

19. F. Barrow and F. J. Thorneycroft, J. Chem. Soc., 1939, 5, 773.
20. T. A. Stromnova, L. G. Kuz´mina, M. N. Vargaftik, G. Ya.

Mazo, Yu. T. Struchkov, and I. I. Moiseev, Izv. Akad. Nauk
SSSR. Ser. Khim., 1978, 720 [Bull. Acad. Sci. USSR, Div.
Chem. Sci., 1978, 27, 624 (Engl. Transl.)].

21. T. A. Stromnova, M. N. Vargaftik, and I. I. Moiseev,
J. Organomet. Chem., 1983, 252, 113.

22. T. A. Stromnova, N. Yu. Tikhonova, L. K. Shubochkin, and
I. I. Moiseev, Koordinats. Khim., 1993, 19, 450 [Russ.
J. Coord. Chem., 1993, 19, 417 (Engl. Transl.)].

Received October 2, 2003;
in revised form December 8, 2003


