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Alkyne-vinylidene coupling in the reactions of the alkyne complex 
Os3(g-CO)(CO)9(g3-Me3SiCzMe) with Me3SiC=CR (R = Me, Bun). 
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Reactions of the alkyne cluster Os3(g-CO)(CO)9(Ix3-Me3SiC2Me) with alkynes 
MejSiC-~CR (R = Me, Bu n ) in refluxing hexane result in the formation of clusters 
Og3(CO)9{la3-C(SiMe3)=C(Me)C=C(SiMe3)R} (2a: R = Me; 3a: R = Bun). The dienediyl 
ligand in these complexes is formed by alkyne-vinylidene coupling, with vinylidene generated in 
the course of reaction from the alkyne molecule by the acetylene-vinylidene rearrangement 
involving a 1,2-shift of the Me3Si group. The structure of cluster 3a was determined by X-ray 
structural analysis. The dienediyl ligand is coordinated to three metal atoms of the cluster 
framework by two n-ethylene bonds with two osmium atoms and two o-bonds with the third 
osmium atom with the formation of the osmacyclobutene moiety. The I I-I and 13C N M R study 
of 13CO-enriched samples of clusters 2a and 3a revealed the stereochemical nonrigidity of these 
molecules due to the exchange of the hydrocarbon and carbonyl ligands. 

Key words: osmium clusters, silylalkynes, alkyne dimerization; osmacyclobutenes, acety- 
lene-vinytidene rearrangement, intramolecular rearrangements; dynamic IH and 13C NMR; 
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Previously, t in our studies of the dimerization 
of trimethylsilylpropyne on a triosmium cluster, we 
have isolated the red cluster Os3(CO)9{I.t 3- 
C(SiMe3)=C(Me)C=C(SiMe3)Me } (2a) that is the key 
intermediate of the reaction of the alkyne complex Os3(ta- 
CO)(CO)9(g3-Me3SiC2Me) (1) with MeaSiC-=CMe. The 
composition and spectral characteristics of complex 2a 
and the product of its thermolysis indicated that 
trimethylsilylpropyne undergoes the acetylene-vinylidene 
rearrangement in the reaction with complex 1 as a result 
of 1,2-shift of the Me3Si group. 

In principle, there are two possible structures, A and 
B, for complex 2a differing in the mode of bonding of 
the dienediyl ligand to the metal framework. The struc- 
ture of type A containing the metatlacyclobutene moiety 
has not been described earlier in cluster chemistry.. As to 
the structure of type B, it has been determined for the 
cluster Ru3(i.t- H)(CO)7(t~- PPh2){g3-CH =C(pri)C=CH2} 
by X-ray structural analysis, z 
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Since only terminal CO ligands are present in com- 
plex 2a (IR spectral data), the possibility for each Os 
atom to have the 18-electron shell can only be provided 
by structure A. However, such a uniform electron distri- 
bution is not always observed in trimetallic clusters. The 
structure of cluster 2a could be unambiguously deter- 
mined by X-ray structural analysis. Unfortunately, we 
failed to obtain a single crystal of this compound suit- 
able for an X-ray study. To overcome this difficulty, in 
this work we used the reaction of complex 1 with 
Me3SiC---CBu n to obtain the red complex Os3(CO)9{i.t 3- 
C(SiMe3)=C(Me)C=C(SiMe3)Bu n} (3a), which, accord- 
ing to X-ray analysis data, appeared to have structure A. 
We also report the results of investigation of the tem- 
perature dependence of the IH and 13C N M R  spectra of 
clusters 2a and 3a.* 

Results and Discussion 

The reaction of alkyne complex 1 with trimethyl- 
silylhexyne was carried out in refluxing hexane, i.e., 
under conditions analogous to those described earlier t 
for the synthesis of complex 2a (Scheme 1). Separation 

* Data reported in this work were published in part as the 
preliminary communication) 
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of the reaction products by TLC on silica gel afforded 
the red complex 3a in 29% yield. 

The IR spectrum of cluster 3a in the region of v(CO) 
vibrations indicates the presence of only terminal earbo- 
nyl tigands in the molecule and is similar to that of 
cluster 2a. The IH NMR spectrum of compound 3a 
contains two signals from nonequivalent Me3Si 
groups, a singlet corresponding to the methyl group, 
aqd a group of signals from protons of the Bu" sub- 
stituent. Thermolysis of cluster 3a in refluxing benzene 
gave the yellow hydride complex Os3(p-H)(CO)8{g 3- 
C(SiMe3)C(Me)CC(SiMej)CH(Pr")} (5a), whose spec- 
tral characteristics (IR and tH NMR) indicate that its 
structure is analogous to that of the yellow cluster 
Os3(la- H)(CO)8{la3-C(Si Me3)C(Me)CC(Si Me3)C H ~} 
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Fig. 1. The molecular structure of complex 3a. 

(4a) determined by X-ray structural analysis. I These 
data taken together suggest that complexes 2a and 3a 
have the same structure. 

Unlike compound 2a, cluster 3a crystallizes from 
hexane to form single crystals suitable for X-ray study. 
The molecular structure of compound 3a is shown in 
Fig. 1 and the main bond lengths and bond angles are 
listed in Table 1. 

Table I. Main bond lengths (d) and bond angles (co) in the 
structure of complex 3a 

Bond d/A Bond d/A 

Os(t)--C(l) 1.86(3) Os(3)--C(7) 
Os(l)--C(3) 1.91(2) Os(3)--C(9) 
Os(I)--C(2) 1.92(3) Os(3)--C(8) 
Os(l)--C(12) 2.16(2) Os(3)--C(12) 
Os(l)--C(10) 2.17(2) Os(3)--C(l 3) 
Os(1)--Os(2) 2.798(1) C(10)--C(I I) 
Os(1)--Os(3) 2.841(I) C(I I)--C(24) 
0s(2)--C(5) 1.88(2) C(11)--C(12) 
0s(2)--C(4) 1.89(2) C(I 2)--C(I 3) 
0s(2)--C(6) 1.92(2) C(13)--C(14) 
Os(2)--C([0) 2.16(2) C(14)--C(15) 
Os(2)--C( 11 ) 2.25(2) C( 15)--C(16) 
Os(2)--Os(3) 2.875(1) C(16)--C([7) 

t.88(2) 
1,89(2) 
1.90(2) 
2.26(2) 
2.43(2) 

.40(2) 

.50(2) 

.50(2) 

.43(2) 
,55(3) 
,53(3) 
.55(3) 
.42(4) 

Angle o/deg Angle <o/deg 

C(l 2)-Os(I)-C(10) 63.0(7) 
Os(2)-Os(I)-Os(3) 61,29(3) 
Os(l)-Os(2)-Os(3) 60.09(3) 
Os(l)-Os(3)-Os(2) 58.61(3) 
C(I I)-C(10)-Si(I) 126.5(14) 
C(I I)-C(10)-Os(I) 97.1(11) 
Si(1 )-C(10)-Os(l) 128.4(9) 
C(10)-C(I 1)-C(24) 125(2) 
C(10)-C(I I)-C(12) 103(2) 
C(24)-C(11)-C(12) 124(2) 

C(13)--C(|2)--C(t 1) 132(2) 
C(t 3)--C(12)--Os(1) 133.0(12) 
C(I I)--C(12)--Os(I) 94.7(12) 
C(12)--C(13)--C(14) 114(2) 
C(12)--C(13)--Si(2) 129.5(13) 
C(14)--C(13)--5i(2) 112.0(12) 
C(15)--C(14)--C(13) 114(2) 
C(14)--C(15)--C(16) II t12} 
C(17)--C(16)--C(15) 1140) 
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Molecule 3a consists of the triosmium triangle, where 
each of the Os atoms is bonded to three terminal CO 
groups. The organic ligand is coordinated to three Os 
atoms: the C(10) =C(11) and C( 12)=C(13) double bonds 
of  dienediyl are re-coordinated to the Os(2) and Os(3) 
atoms, respectively, whereas the third osmium atom, 
Os(I), forms two or-bonds with the C(10) and C(12) 
atoms to give the osmacyclobutene  moiety 
Os(1)C(10)C(II)C(12).  The osmacyclobutene ring is 
nonplanar --  the folding angle of  the four-membered 
cycle along the C(10)...C(12) line is equal to 17 ~ and the 
Os(1)...C(l 1) distance is equal to 2.73 .~. 

The Os--Os distances in the Os 3 triangle are differ- 
ent, which is likely due to the weakest tightening effect 
of  the organic ligand along the Os(2)--Os(3) bond 
(2.875(I) /k) and its strongest tightening effect along the 
Os( I )--Os(2) bond (2.798(1) A). 

The alternation of  the bond lengths is observed in the 
chaiq of  the organic ligand: the C(10) - -C( l l )  and 
C(12)--C(13) distances (1.40(2) and 1.43(2) A., respec- 
tively) are characteristic of  n-coordinated olefinic bond, 
whereas the length of  the C(1 I)--C(12) bond (1.50(2) A) 
indicates its ordinary character. It should also be noted 
that the geometry of  the environment of  the C(10), 
C( I t ) ,  and C(13) atoms deviates slightly from planar 
geometry (the sums of  the bond angles at these atoms 
are equal to 352 ~ , 352 ~ , and 356 ~ , respectively). This is 
in agreement with the well-known fact that the substitu- 
ents in the olefinic fragment deviate in the opposite 
direction from the metal atom upon coordination. In 
this case, the sum of the bond angles at the C(12) atom 
is equal to 360 ~ which indicates that this atom has a 
planar environment. 

The midplane of the osmacyclobutene fragment makes 
a dihedral angle of 51 ~ with the plane of the Os3-tri- 
angle; the Bu ~a substituent has a planar zigzag structure: 
the C(13), C(I4),  C(15), C(16), and C(17) atoms are in 
the same plane (the maximum deviation from the mid- 
plane passing through these atoms is 0.06 ,~.). 

Thus, each osmium atom in molecule 3a has the 
18-electron shell and the organic ligand is the six- 
electron donor; as a result, cluster 3a becomes a 48-elec- 
tron cluster having the structure of  the type A. 

As is known, all metallacyclobutene complexes char- 
acterized previously are mononuclear. 4 The methods for 
the synthesis of such complexes include reactions of metal 
carbene derivatives with alkynes, insertion of a metal 
atom into the carbon-carbon bond of cyclopropenes, and 
the perfluoroalkyne-CO and alkyne-isollitrile coupling 
in carbonyl and alkyne complexes, respectively. As to 
cluster metallacyclobutene complexes, the coordinatively 
unsaturated Os3(CO)9{la-C(Ph)=C(Ph)CH2} was as- 
sumed to be involved in the formation of 2a,n-allylic 
derivative Os3(la-H)(CO)9{~3-C(Ph)C(Ph)CH } from the 
alkynecarbene complex Os3(CO)9(Ia3-PhC~.Ph)(ta-CH2) 
and in the reaction of  Os3(CO)I0(NCMe)2 with 
1,2-diphenylcyclopropene. s In addition, a short com- 
municat ion 6 concerning  the synthesis of  cluster 

Os3(CO)9{~t3-Fe[C~Ha(C2SiMe3)]2} related to com-  
pounds 2a and 3a has appeared after this work was 
finished. 

The isolation of complexes 2a and 3a safely suggests 
that linear dimerization ofalkynes on trimetallic clusters 
occurs via the alkyne-vinylidene coupling (see interme- 
diate C in Scheme 1). In addition, the structure of 
cluster 3a and the products of heteroalkyne linear co- 
dimerization we studied earlier 7 points to the fact that it 
is just the second molecule participating in the coupling 
with the la3-coordinated atkyne that undergoes the 
acetylene-vinylidene rearrangement by a 1,2-shift of 
the Me3Si group. As a result, the coupling of the la3-coor- 
dinated tr imethylsilylpropyne ligand with carbene 
C=C(SiMe3)Me and C---C(SiMe3)Bu a ligands on the 
triosmium cluster results in complexes 2a and 3a, re- 
spectively. 

Noteworthy is the fact that the first silylalkyne mol- 
ecule does not undergo the acetylene-vinylidene rear- 
rangement upon coordination on the Os3-cluster even 
when complex 1 is heated in refluxing heptane; the 
hydride cluster Osj(~t-H)(CO)9(p.3-Me3SiC=C=CH2) 
with the allenyl ligand is formed in this case. i This is the 
difference between complex 1 and the related heteronuc- 
lear complex RuCo2(CO)9(I~3-Me3SiC2Me ) that under- 
goes isomerization into a thermodynamically more stable 
vinylidene complex RuCo2(CO)9{~-C=C(SiMe3)Me } 
already at room temperature. 8 

The JH and 13C NMR data for complexes 2a and 3a 
are consistent with the structure of  type A determined 
for compound 3a in the crystal. As has been reported 
earlier, t the IH NMR spectrum of complex 2a is tem- 
perature-dependent, which indicates a dynamic process. 
The temperature dependence manifests itself as a revers- 
ible change in the linewidth of the signal of one of  the 
methyl groups at ~5 1.93: being very broad at 25 ~ this 
signal is narrowed as the solution is cooled, while other 
signals at 8 2.01 (3 H), 0.42 (9 H), and 0.28 (9 H) 
remain unchanged in the temperature interval from - 6 0  
to +40 ~ (conversion of complex 2a into hydride 4a 
begins at higher temperatures). 

The 13C N M R spectrum of the 13CO-enriched sample 
of  cluster 2a was investigated in the temperature interval 
from -80  to +40 ~ The hydrocarbon region of  the 
spectrum (CD2CI.~, -45  ~ contains signals at t3 0.57 
(3), 2.47 (3), 31.23 (1), 33.25 (1), 51.53 (I), 71.87 (1), 
126.33 (1) and 127.08 (1) (hereinafter the relative inte- 
grated intensity of the signal is given in parentheses); 
some broadening of the signals of  methyl and tri- 
methylsilyl groups (at fi 33.25 and 0.57, respectively) is 
observed as the temperature decreases. 

Seven signals at ~5 181.55 (I) ,  177.86 (1), 175.77 (3), 
174.94 (I), 173.11 (l), 170.78 (1), and 170.15 (I) are 
observed in the carbonyl region of the spectrum of 
complex 2a at -45  ~ tile triple relative integrated 
intensity of the signal at ~5 175.77 indicates a localized 
exchange of three CO groups at one of the Os atoms. 
"/-he carbonyl region of the spectrum remains unchanged 
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down to - 8 0  ~ raising the temperature from approxi- 
mately - 2 5  ~ results in broadening of  six signals of 
equal intensity. This broadening occurs at equal appar- 
ent rate for six signals, and it can only be seen in the 
spectrum obtained at 0 ~ that the signals at 8 173.11 
and 170.78 are broader than other signals. At a tempera- 
ture about 10 ~ the six signals become broadened to 
an extent that they melt into the background and are no 
longer visible. The signal at ,5 175.77 with the triple 
relative integrated intensity remains unchanged and be- 
comes somewhat broader only at 35 ~ 

The broadening of  several signals of  the hydrocarbon 
ligand in the tH and 13C N M R  spectra of  cluster 2a 
suggests the presence of  at least two isomers undergoing 
interconversion in solution. However, the concentration 
of isomer involved in exchange with complex 2a is so 
low that it cannot be detected by NMR spectroscopy 
most likely because of  a fast "hidden partner" exchange 
process.gA 0 

The results o f  N M R  investigation of  complex 3a 
appeared to be more informative. The N M R  spectra of  
this compound in CD2CI 2 (or CDCI3) were recorded ill 
the temperature interval from --75 to +30 ~ The t H 
NMR spectrum (CD2CI2, at 25 ~ contains signals 
from the Me3Si groups at 8 0.33 and 0.45 (the latter 
signal is somewhat broadened),  a triplet at ,5 0.88 corre- 
sponding to the methyl protons of the Bu" group, mul- 
tiplets from the methylene protons of  the same group ill 
the 8 interval 1.20--1.67, and a single broadened signal 
of the Me group at 8 1.97. A decrease in temperature 
leads to narrowing of  the signal at 8 1.97 and gradual 
broadening of the signal from one of  the Me3Si groups 
at 8 0.33, whose width (Avt/2) reaches 17 Hz at - 6 0  ~ 

Seven signals at 5̀ 181.39, 177.14, 176.25, 174.84, 
173.44, 172.84, and t71.51 with the ratio of relative 
integrated intensities I : 3 : 1 : 1 : l : I : 1 are ob- 
served in the carbonyl region of  the spectrum of com- 
plex 3a at - 6 0  ~ This resembles the spectral pattern 
for complex 2a. The widths of  the signals with equal 
intensities are obviously different, which indicates the 
onset of  an exchange process that leads to pairwise 
averaging of  these signals. Along with the signals from 
complex 3a, there are signals of weaker intensity in the 
spectrum; we assume that they correspond to the iso- 
meric complex 3b. According to the signal intensities, 
the ratio of  isomers 3a and 3b is approximately equal to 
5 : I at - 6 0  ~ Due to the low content of complex 3b 
in solution and broadening of signals caused by the 
exchange process, it was possible to reliably identify 
only several signals of  complex 3b at 8 178.39 (1), 
177.55 (3), 172.84 (1), and 169.06 (1). The signals of the 
carbonyl groups of  isomers 3a and 3b are broadened in a 
still greater extent as the solution temperature decreases 
to - 7 5  ~ therefore, no further cooling of the solution 
was carried out. 

The signals of  isomer 3b are broadened as the tem- 
perature of the same solution increases front approxi- 
mately - 6 0  ~ and melt  into the background at 

-47  ~ whereas pairwise averaging of tile six signals of  
complex 3a of equal intensity (at 8 174.84 and 176.25, at 
~5 172.84 and 173.44, and at 8 171.51 and 181.39) begins. 
At 22 ~ they merge into one broadened signal (6 
174.95). The signal at 5̀ 177.14 with the triple relative 
integrated intensity remains narrow up to 0 ~ and its 
gradual broadening begins only with further increasing 
the temperature. Finally, two broad signals from the 
carbonyl groups at 6 177.08 and 174.95 with a ratio of 
integrated intensities of  1 : 2 are observed at 22 ~ and 
the latter signal is somewhat broader  than the former 
one. Raising the temperature up to 30 ~ only results in 
additional broadening of  signals ment ioned above. 

The observed temperature dependence  of  the 13C 
NMR spectrum of complex 3a can be explained as 
follows. Several exchange processes occur ill the mol- 
ecule. A localized exchange of  three CO groups at one 
of the Os atoms is one of  these processes and we believe 
that it occurs at the Os(3) a tom (Scheme 2). This 
process cmmot be "frozen" even at --60 ~ The ex- 
change of  the hydrocarbon ligand resulting in isomeriza- 
tion 3a ~ 3b is the second process. 

Scheme 2 
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lsomerization consists ill the 20,7+ ~ +x,2cr exchange 
of the organic ligand between the Os( I )  and Os(2) atoms 
and call occur with the intermediate  formation of all 
unsaturated 46-electron cluster D. If the substituents at 
its exocyclic ethylene carbon a tom are excluded from 
consideration, then this cluster can be considered as 
having a symmetry pseudoplane passing throngh tile 
midpoint of  the Os( l ) - -Os(2)  bond and four carbon 
atoms of tile hydrocarbon ligand; the noqeqt, ivalent Bu" 
and Me3Si substituents at the tertninal carbon atom are 
sufficiently distant from the CO ligands at the Os(I)  and 
Os(2) atoms. However, m the absence of  the process 
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leading to the excha)]ge of  the positions of the substitu- 
ents indicated, even when the exchange of  the hydrocar- 
bon ligand shown in Scheme 2 in combination with the 
localized exchange of  three CO groups at tge Os(1) and 
Os(2) atoms occurs, these groups should appear as two 
signals with equal intensities. The broadening of the 
singlet signal from three CO groups at the Os(3) atom 
observed as temperature exceeds 22 ~ may be a result 
of a new process averaging all nine CO groups; this 
process can involve the internuclear exchange tl of car- 
bonyl ligands through formation of intermediates with 
bridging CO groups. 

The exchange processes considered do not rule out a 
rearrangement through the {~,~ ~ n,o exchange of the 
hydrocarbon ligand between the Os( l )  and Os(2) atoms 
resulting in isomerization of clusters with structures A 
and B. However, it should be remembered that in this 
case the Os atoms mentioned above will not retain their 
18-electron shells in the structure B thus generated. In 
addition, the spectral changes observed, namely, the 
pairwise averaging of the signals of three pairs of CO 
groups and further averaging of the signals of  these six 
CO groups, cannot be explained only by the o,71 ~ ~,o 
exchange of the hydrocarbon ligand. For this reason, the 
{~,n ~ -  n,o exchange leading to isomerization A ~ -  B 
can only be considered as one of  the possible stages of 
the 2a,:~ ~ rt,2cr exchange of  the hydrocarbon tigand. 

In conclusion, in this study we were able to establish 
that complexes containhag a metaltacyctobutene moiety 
are the key intermediates of  the processes of  linear 
dimerization o f  silylalkynes and their co-dimerization 
with other alkynes on trimetallic metal carbonyl clusters 
and that the organic ligands in these complexes are 
formed via the alkyne-vinylidene coupling. The dicnediyl 
ligand in tr iosmium clusters has been shown to be 
fluxional. In the future, we plan to study the reactivity of 
clusters containing metallacyclobutene fragments, in par- 
ticular, under conditions of  reductive elimination in- 
volving the formation of  corresponding cyclopropene 
hydrocarbons; the structure of  dimerization products of 
tr imethylsilylpropyne on the triruthenium cluster 12 sug- 
gests that cyclopropenes are generated in the course of 
reaction. 

Experimental  

IH and 13C NMR spectra were recorded on a Bruker 
AMX-400 spectrometer (400.13 and 10061 MHz, respec- 
tively). IR spectra were recorded on a Bruker IFS-113v spec- 
trometer. The reactions were carried out under an argon 
atmosphere and chromatographic separation of the products 
was performed in the air using the L100/160 p silica gel 
(Chemapol) as adsorbent. 

The samples of complexes 2a and 3a enriched witfi I)CO 
were synthesized from Os3({-~CO)I0(NCMe)2; the degree of 
enrichment in its precursor, osmium catbonyI Os3(I3C0)i2, 
was approximately equal to 40%. 

Reaction of Os3(p-t3CO)(t3CO}9(~.3-Me3SiC2Me) with 
Me3SiC=-CMe. The reaction was carried out trader conditions 
described for obtaining a non-enriched sample of complex 2a. I 

t3CltH) NMR spectrum of complex Os3(13CO)9(~t3- 
C(SiMe3)=C(Me)C=C(SiMe3)Me} (CDC13, -45 ~ 8:0.57 
(8i(CH3)3}; 2.47 (Si(CH3)3); 31.23 (CH3); 33.25 (CH3); 5[.53 
(..QCH3); 7t.87 (~(CH3)SiMe3); 126.33 (>C=); 127.08 (>C=); 
170.15 (CO); 170.78 (CO); 173.tl (CO); 174.94 (CO); 175.78 
(3 CO); 177,86 (CO); 181.55 (CO). 

Reaction of Os3 (~ -CO)(CO)] (p3 -Me3SiC2Me ) with 
Me3SiC~-CBu a. Trimethylsilylhexyne (92 rag, 36 retool) was 
added to a solution of Os3(p-CO)(CO)9(P.3-Me3SiC2Me) 
(172 rag, 17 mmoD in 30 mL of hexane and the mixture was 
refluxed for 0.5 h. The starting yellow-orange solution turned 
red. The reaction was monitored by TLC. After evaporation of 
the solvent, the reaction mixture was separated by TLC on 
silica gel with hexane as eluent. Three main fractions were 
separated: a red fraction containing complex Os3(CO)9{p 3- 
C(SiMe3)=C(Me)C=C(SiMe3)Bu ''} (3a) (yield 56 rag, 29%), 
an orange fraction containing the starting complex Os3(p- 
CO)(CO)9(p3-Me3SiC2Me) (1), and a yellow fraction 
containing the hydride complex Os3(p-H)(CO)8{p 3- 
C(SiMe3)C(Me)CC(SIMe3)CH(PP')} (5a) (yield 29 rag, 15.3,%). 

Table 2. Atomic coordinates (x 104) and their equivalent 
isotropic thermal parameters (U~x 103) in structure 3a 

Atom x y Z Ueq/A ? 

Os(1) 2870(1) 3276(1) 3722(1) 34(I) 
Os(2) 955(1) 2880(l) 3030(1) 34(1) 
Os(3) 2305(l) 4185(1) 2279(1) 33(I) 
Si(t) 2138(5) 884(3) 4031(4) 49(1) 
Sit2) 3606(5) 2763(4) 750(3) 41(l) 
O(1) 4790(15) 2340(t4) 4380(15) 95(7) 
0(2) 1850(18)  3640(14) 5350(t|) 89(6) 
O(3) 3932(20) 5145(12) 3873(14) 104(8) 
O(4) -164(14) 2769(12) 1457(9) 65(4) 
0(5) -561(12) 157S(12) 3805(14) 77(6) 
0(6) -358(17) 4344(13) 3848(15) 94(7) 
0(7) 1268(15)  4559(11) 697(12) 71(5) 
0(8) 3947(14) 5614(9) 1919(12) 68(5) 
0(9) 985(15) 5666(10) 3049(13) 78(6) 
C(1) 4035(22) 2690(17) 4116(15) 66(7) 
C(2) 2209(22) 350t(14) 4738(16) 61(6) 
C(3) 3504(23) 4450(15) 3790(16) 72(8) 
C(4) 266(18) 2816(15) 2033(17) 59(6) 
C(5) 65(14) 2058(15) 3546(15) 52(6) 
C(6) 147(20) 3795(14) 3563(I6) 59(7) 
C(7) 1669(18)  4394(12) 1284(13) 45(5) 
C(8) 3359(16) 5051(11) 2055(14) 44(5) 
C(9) t444(20) 5090(12) 2741(15) 57(6) 
C(10) 2167(13) 1972(11) 3418(11) 36(4) 
C(l l)  2289(12) 2038(11) 2583(tl) 32(4) 
C(12) 3042(12) 2810(10) 2498(11) 33(4) 
C(13) 3637(t4) 3131(11) 1835(1l) 34(4) 
C(14) 4701(13) 3531(11) 2077(14) 40(4) 
C(15} 5539(16) 2805(17) 2192(20) 71(8) 
C(16) 6540(19) 3243(17) 2531(25) 97(13) 
C(17) 7389(19) 2637(26) 2581(35) 154(23) 
C(t8) 3461(I6) 408(15) 4006(20) 7I(9) 
Ctl9) I224(19) -12(15) 3640(2l) 81(9} 
C(20) 1781(30) 1107(17) 5096(19) 94(11) 
C(21) 4339(23) 1675(17) 549(17) 81(9} 
C(22) 2304(20) 2622(20) 272(18) 79(8) 
C(23) 4246(34) 3726(17) 1 5 3 ( 1 6 )  110(15) 
C(24) 2211(17) 1258(11) 2006(14) 51(5) 
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Complex 3a is a dark-red crystalline substance. Found (%): 
C, 26.38; H, 2.91; Os, 52.82; Si, 5.10. C24H30OgOs3Si> 
Calculated (%): C, 26.46; H, 2.77; Os, 52.38; Si, 5.16. 
IR (hexane), v(CO)/cm-I:  2084 s, 2044 s, 2036 vs, 2010 s, 
1996 sh, 1990 s, 1976 m, 1962 w. IH NMR (CDCI 3, 25 *C), 
,5:0.31 (s, 9 H, Si(CH3)3); 0.43 (s, 9 H, Si(CH3)3); 0.88 (t, 
3 H, CH2CH2CH2CH3, , / =  7.2 Hz); 0.90--1.67 (m, 
6 H, C~[2CH_2CH2CH3); 1.93 (br.s, 3 H, CH3)_ JJC NMR 
(CD~C12, - 3 0  ~ 8 : 2 . 1 2  (3 C, Si(CH3)3); 3.24 (hr., 
3 C, Si(CH3)3); 13.72 (I C, CH2CHICH2_CH3); 23.29 (1 C, 
CH2CH2CH2CH3); 39.37 (1 C, CH2CH2CH2CH3); 36.92 
(I C, _QH2CH2CH~CH3); 49.21 (I C, =~(Me)- - ) ;  84.90 
(1 C, =(2(SiMe3)Bun); 121.27 (I C, =_C_.(SiMc3)); 136.20 
(1 C, >C=); 13C NMR (CD2CI 2, -60  *C), 6:181.39 (CO); 
177.14 (3 CO); 176.25 (CO); 174.84 (CO); 173.44 (CO); 
172.84 (CO); 177.51 (CO). 

Complex 5a is a yellow crystalline substance. IH NMR 
(C6D6), 5" -17.09 (s, I H, OslH); 0.20 (s, 9 H, SiMe3); 0.46 
(s, 9 H, SiMe3); 1.01 (t, 3 H, CH2CH2CH.3, J = 7.1 Hz); 
1.57 (m, 1 H, CH~CH,,HlaCH3); 1 .71  (m, I H, 
CH2CH,.vlzloCH3); 2.19 (m, I H, CHcHDCH2CH3); 2.45 
(m, I H, CHc_HHDCH2CH3); 2.53 (t, I H, CH, J = 7.0 Hz); 
2.63 (s, 3 H, Me). 

X-ray study of complex 3a. Crystals of3a (C24H3oOgOs3Si2, 
M = 1089.26) are orthorhombic; at 20 ~ a = 12.965(5) A, 
b = 14.625(4) ,a,, c = 16.644(7) A, V = 3156(2) A 3, dcalc= 
2.292 g c m  -3, Z = 4, space group P212t2 I, The unit cell 
parameters and intensities of 5375 independent reflections 
were measured on a Siemens P3/PC automatic diffractometer 
(20 ~ Mo-K~x radiation, graphite monochromator, 0/20 scan, 
0 g 32~ 

The structure was solved by direct methods. The refinement 
was carried out by the full-matrix least squares method first 
isotropically and then anisotropically. The absorption correction 
(~t(Mo-Ka) = 121.7 cm - l )  was introduced using the experi- 
mental curves of azimuthal scan (25 reflections, 0 < tp < 360 ~ 
with an interval of 10% Tmi~ = 0.097, and Tma x = 0.621). The 
calculated positions of hydrogen atoms were included in the 
final refinement using the riding model. The final reliability 
factors are: R t = 0.0733 (the F-refinement for 3492 observed 
reflections with / > 2r and wR 2 = 0.1359 (the F2-refine - 
ment for all 5320 reflections used in the procedure, the weight 
scheme used was w -! = r + (a 'P)2 + b" P, where 
P = (Fo 2 + 2Fc2)/3, a = 0.0548, and b = 12.4721): and the 
number of refined parameters was equal to 344. All calculations 
were carried ot, t using the SHELXTL PLUS 5 programs 13 on 

an IBM PC computer. The atomic coordinates are listed in 
Table 2. 
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