
5209 

(18) J. L. Wood, J. MoI. Struct., 13, 141 (1972). 
(19) V. Gold, Trans. Faraday Soc, 64, 2770 (1968). 
(20) V. Gold and C. Tomlinson, J. Chem. Soc. B, 1707 (1971). 
(21) J. C. Speakman, Struct. Bonding (Berlin), 12, 141 (1972). 
(22) J. Laane, Appl. Spectrosc, 24, 73 (1970). 
(23) Equation 4 Is the usual zero point energy approximation for the equilibrium 

constant of an isotoplc redistribution reaction (ref 5, p 16) except that the 
harmonic oscillator expression for zero-point energy has not been used, 
since the most significant Vn values are not well approximated by harmonic 
oscillators. 

(24) The predicted minimum value is lower than the smallest value actually 
observed, but all the obvious approximations tend to produce too low a 
value. The breathing of the bases In the real molecules will tend to average 
Ipn up; the effective mass of the real bases is finite so that the effective 
mass of the oscillator is > 1 for H or 2 for D; the stretching frequencies of 
water are <3500 cm - 1 . The present treatment considers only the linear 
OHO force field. The formation of a strong hydrogen bond can be expected 
to strenghten the bending force fields15" and, thereby, to somewhat raise 
the fractionation factors. 

(25) The linear hydrogenic vibration frequency of CI2H - is raised from ~700 
to ~1600 cm - 1 by the introduction of crystal field dissymmetry into the 
solid: B. S. AuIt and L. Andrews, J. Chem. Phys., 63, 2466 (1975); J. C. 
Evans and G. Y-S. Lo, J. Phys. Chem., 70, 11 (1966). 

(26) M. M. Kreevoy was the guest of the Physical Chemistry Laboratory, Oxford, 
while this work was in progress. He wishes to thank Drs. W. J. Albery, and 
R. K. Thomas of that laboratory for stimulating discussions of this work, 
and many others for their encouragement and hospitality. 

Maurice M. Kreevoy* 26 

Tai-ming Liang, Kwang-Chou Chang 
Department of Chemistry 

Laboratory for Chemical Dynamics 
University of Minnesota, Minneapolis, Minnesota 55455 

Received February 18, 1977 

A General, High Yield Route to Novel 
Silicon-Functional Silylmethylidynetricobalt 
Nonacarbonyl Cluster Complexes1 

Sir: 

The generally applicable procedure for the preparation of 
alkylidynetricobalt nonacarbonyl complexes involves the re
action of an organic trihalide with dicobalt octacarbonyl.2 We 
and others have used this reaction to prepare silyl-substituted 
methylidynetricobalt nonacarbonyls, I, including Me3SiC-
Co3(CO)9,

3 Me2PhSiCCo3(CO)9,
3 and other unspecified 

"R3SiCCo3(CO)9" complexes.4 This procedure has drawbacks 
in that it requires the preparation of the appropriate trihalo-

Table I. R3SiCCo3(CO)9 Compounds Prepared 

methyl silicon derivative. Furthermore, reactive functionality 
on silicon very likely would cause difficulties in this synthe
sis. 

We have developed a new route to silylmethylidynetricobalt 
nonacarbonyl complexes, which uses readily available starting 
materials, is easily effected and generally proceeds in high 
yield. Its principal advantage, however, is that it is compatible 
with a wide diversity of reactive functionality on silicon. This 
new procedure uses the reaction of methylidynetricobalt no
nacarbonyl with silicon hydrides (eq 1). 

toluene,reflux 
>SiH + HCCo3(CO)9 —*• >SiCCo3(CO)9 + H2 

30 min 

(D 
These reactions were carried out under an atmosphere of 
carbon monoxide (to retard decomposition of the cluster 
complexes) using 1.0 g (2.26 mmol) OfHCCo3(CO)9 and 5-12 
mmol of the silane in 40 mL of dry toluene. The reaction 
mixture was stirred and heated at reflux (~105 0C) for 30 min. 
During this time, the originally purple color of the starting 
cluster changed to reddish purple. Upon completion of the 
reaction, the solvent was removed at reduced pressure and, in 

Compd 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

R3Si in 
R3SiCCo3(CO)9" 

Et3Si 
Me2U-Pr)Si 
«-Pr3Si 
Me2PhSi 
MePh2Si 
Ph3Si 
Me2(EtO)Si 
Me2ClSi 
Me2(MeO)Si 
Me2(HO)Si 
Me(MeO)2Si 
Me(HO)2Si 
(MeO)3Si 
(HO)3Si 
Me2FSi 
MeF2Si 
F3Si 
Me2(Me3SiO)Si 
Me(Me3SiO)2Si 
(Me3SiO)3Si 

Method of 
synthesis* 

A 
A 
A 
A 
A 
A 
A 
A 

A/B 
A/B 
A/B 
A/B 
A/B 
A/B 

C 
C 
C 
C 
C 
C 

% 
yield 

76 
70 
81 
91 
60 
39 
48 
90 
78 
76 
73 
81 
62 
66 
93 
87 
85 
68 
74 
79 

Mp 1
0 C 

Softens above 70, dec 
Softens above 110 
85-86 
75<-
84-85 
139-140 
120-122 
Apparent dec above 150 
Dec at 140 without melting'' 
Dec at 130 without melting'' 
Softens above 120 
Dec above 140 without melting 
Softens above 120 
Dec above 150 without melting 
205-206^ 
Softens above 170 
Dec above 120 
70-71 
53-54 
139-140 

" All compounds listed have been characterized by combustion analysis and IR and NMR spectroscopy. * A: by reaction of HCCo3(CO)9 
with the respective silicon hydride. A/B: by reaction of HCCo3(CO)9 with the respective chlorosilicon hydride followed by methanolysis or 
hydrolysis of the product. C: by further reaction of the respective hydroxysilane according toeq 2 or 3.c Reference 3. d M. O. Nestle, Ph.D. 
Thesis, Massachusetts Institute of Technology, 1977. 
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most cases, filtration chromatography was used to separate the 
product. Final purification was effected by sublimation at 50 
0C in vacuo. This procedure served well in the synthesis of 
R3SiCCo3(CO)9 compounds 1-7 shown in Table I. The same 
workup procedure could not be used for the isolation of chlo-
rosilane-derived products since they were hydrolyzed on at
tempted chromatography on silicic acid. In the reaction of 
Me2HSiCl with HCCo3(CO)9, Me2ClSiCCo3(CO)9 was 
isolated in 90% yield as a black, crystalline solid in good purity 
simply by subliming away volatile impurities at 50 0C in vacuo. 
More usually, the products derived from reactions of 
HCCo3(CO)9 with HSiCl3, MeHSiCl2, and Me2HSiCl were 
converted to the corresponding methoxy- or hydroxysilyl de
rivatives by dissolving the residue from solvent removal in 
benzene, adding 5 mL of methanol or water, and heating the 
resulting mixture at reflux under carbon monoxide for 30 min. 
These products are listed in Table I (compounds 9-14). Fur
ther conversions of the silanols (10, 12, and 14) which were 
carried out are shown in eq 2 and 3. 

Me„(HO)3_„SiCCo3(CO)9 + BF3-OEt2 

2 _ ^ Me„F3_„SiCCo3(CO)9 (2) 
2h 

Me„ (HO)3-^SiCCo3(CO)9 + Me3SiOSiMe3 

coned H2SO4 

—*• Me„(Me3SiO)3-„SiCCo3(CO)9 (3) 
Et2O 

« = 0-2 

The products of these reactions are listed in Table I as com
pounds 15-20. In the case of reaction 3, a reaction time of 2 
h at room temperature sufficed in the trimethylsilylation of the 
silanol 10, but these conditions gave incomplete conversion of 
the silanediol 12 to Me3SiO(HO)MeSiCCo3(CO)9 (70% yield, 
mp 77-78 0C) and of the silanetriol 14 to (Me3SiO)2-
(HO)_SiCCo3(CO)9 (68% yield, mp 51-52 0C). Reactions 
carried out in Et20/benzene at reflux (50 0C) for 3 and 10 h, 
respectively, gave the desired (Me3SiO)2MeSiCCo3(CO)9 and 
(Me3SiO)3SiCCo3(CO)9. 

Very few silanetriols can be found in the literature, and these 
are very sensitive to condensation to siloxanes.5 Thus the iso
lation of a stable, crystalline silanetriol, (HO)3SiCCo3(CO)9, 
in the hydrolysis OfCl3SiCCo3(CO)9, a reaction in which HCl 
which promotes silanol condensation6,7 is formed, is very un
usual. The compound had a correct combustion analysis (Calcd 
for C10H3Oi2SiCo3: C, 23.10; H, 0.58. Found: C, 22.97; H, 
0.83.) and its observed molecular weight (vapor pressure os
mometry in acetone) was 498 (calcd 520). Integration of a 1H 
NMR spectrum of a 1:1 mixture of (HO)3SiCCo3(CO)9 and 
CH3O2CCCo3(CO)9 showed the silicon compound to contain 
three hydrogen atoms. Silanol condensation is a bimolecular 
process and thus its rate is sensitive to steric factors.8 (For in
stance, di-rerr-butylsilanediol does not undergo homocon-
densation to a siloxane.9) That the substituent on the apical 
carbon atom of a methylidynetricobalt nonacarbonyl complex 
is in a highly hindered position was shown by Sutton and Dahl 
in their x-ray crystal structure determination of 
CH3CCo3(CO)9.10 It is likely that steric factors alone are 
sufficient to explain the remarkable stability of (HO)3SiC-
Co3(CO)9. Smooth condensation of this compound and of the 
silanediol 12 to di- or polysiloxanes could not be effected by 
reaction with concentrated sulfuric acid in ether, a system 
which did permit their cocondensation with hexamethyldisi-
loxane (eq 3). IR studies (Nujol mull) showed the silanols 10, 
12, and 14 to be hydrogen bonded in the solid state. In addition 
to sharp bands at 3660, 3650, and 3640, respectively, there 
were strong, broad absorptions at 3400, 3390, and 3390, re
spectively, indicative of such interactions. 

The 29Si NMR shieldings of the silyl substituent on the 
CCo3(CO)9 cluster depend strongly on the other substituents 
on the silicon atom. Thus 5si for Et3SiCCo3(CO)9 is found at 
+ 16.9 (downfield) from tetramethylsilane (TMS) (CCl4 so
lution), for (Me3SiO)2MeSiCCo3(CO)9 at -38.5 (upfield) 
from TMS (neat liquid at 56 0C), and for (HO)3SiCCo3(CO)9 
at -51.8 ppm (acetone solution). The 13C NMR apical carbon 
atom shieldings appear to be within the normal range,1 ' ' l 2 at 
301.3 for (Me3SiO)2MeSiCCo3(CO)9 and at 297.3 ppm for 
(HO)3SiCCo3(CO)9. 

The chemistry of these novel silicon-functional cobalt cluster 
complexes, especially of the silanols 10, 12, and 14, is under 
active investigation. Preliminary results indicate that these 
reactive substituents on silicon allow the incorporation of the 
methylidynetricobalt nonacarbonyl cluster into the side chains 
of various types of polymers, including polysiloxanes. In view 
of the known catalytic applications of RCCo3(CO)9 cluster 
complexes,13 such anchoring of the CCo3(CO)9 to polymers 
may provide useful new catalysts. 

That this element hydride/HCCo3(CO)9 reaction may find 
wider application is suggested by the preparation of 
Ph3GeCCo3(CO)9, black crystals of mp 114-115 0C, in 33% 
yield by the reaction of Ph3GeH with methylidynetricobalt 
nonacarbonyl. 
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Aryl Selenocyanates: Useful Reagents 
for Cyanoselenenylation of Aldehydes 

Sir: 
Our continued interest in organoselenium chemistry1 

prompts us to report an exceptionally mild procedure for the 
direct cyanoselenenylation of aldehydes (eq 1). We have found 
that aryl selenocyanates (e.g., phenyl selenocyanate,2a o-ni-

ArSeCN ,CN 
RCH2CHO RCH2CH (1) 

B"sP NSeAr 
T H F 
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