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SWaW. Several properties of Me2Si=CH2(1) are calculated for the first time using the ab 
initio MO method. 
and MezHSi;?H(III), 

(I) is found to be substantially more stable than the isomers Me%_-CH2Me(II) 
in contrast to the case of the parent compound (H2Si=CH2). The geometry 

and vi rational frequencies are predicted. 

The generation and characterization of silicon-carbon double-bonded intermediates are 

currently among the most active areas of organosilicon chemistry [ll. A large number of 

papers have appeared to indicate indirectly the transient existence of such intermediates, very 

often Me2Si=CH 2, largely by kinetic and trapping experiments. The intermediates are very reactive 

toward self-dimerization and polar regents. In contrast, only a few reports are available at 

present which claim the spectroscopic observation of the intermediates. Mass spectral evidence 

[2] supporting the existence of Me2Si=CH2 in the gas phase has only recently been advanced. 

Infrared (IR) spectra [31 which are attributed to Me2Si=CH 2 have been recorded at low temperature. 

For structural information, a very recent electron diffraction (ED) study [41 has reported two 

bond lengths, Si=C and Si-C, of Me2Si=CH 
2 

. The heat of formation and the Si-C n bonded strength 

have been estimated from the proton affinity data of ion cyclotron reasonace (ICR) spectroscopy 

[51. 

Several ab initio theoretical studies [6] are available, but so far they have been limited 

to the parent compound H2Si=CH2, indicating that H2Si=CH 
2 

is less stable or comparable in 

energy to Hsi-CH, [6gr6h,6j]. Considering the fact that most experiments involved Me2Si=CH2, 

we have carried out the first ab initio MO study for this dimethyl compound and have found that 

Me2Si=CH 
. . 

2 
is substantially more stable than the corresponding silylane MeSi-CH2Me. We also 

report theoretical predictions on the structure and properties of this molecule, which should 

be useful for further experimental considerations. 
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Table I. Energies (kcal/mol) of Isomers II 

and III, Relative to I. 

Method II III 

RHF 16.0 58.7 

GVB (6/pp) 18.0 62.4 

RHF + CI(S+D)a 20.5 JO.8 

RBF + CI(S+D+QC)a 21.8 13.1 

aS+D = all single and double excitations, 

QC = correction for quadruple excitations. 

1.726 
0.669) 

Figure 1 

All calculations were carried out with the split-valence 4-31G basis set [Jl by means of 

the closed-shell Hartree-Fock (RHF) and generalized valence bond (GVB) methods [81. In GVB 

calculations, all (six) valence electron pairs but the CH bonds in the two methyl groups were 

allowed to split (correlate) into nonorthogonal, singly occupied, singlet coupled orbitals, this 

being denoted as GVB(G/pp). Geometries were fully optimized with the RBF and GVB energy gradient 

methods [91. Energies were also calculated with the configuration interaction (CI) method [lOI 

including all the single and double excitations relative to the RHF reference configuration, 

except that the core orbitals were frozen. In addition, the contribution of unlinked quadruple 

excitations to the correlation energy was estimated with Davidson's method [ll). 

We first examine the thermodynamic stability of the three isomers X2Si=CH2(I), Xii-CH2X(II) 

and X2HSi-i?H(III) in the singlet state at their respectively RHF-optimized geometries. The 

results for X = Me are shown in Table I. As in X = H, dimethylsilylcarbene (III) is most unstable. 

For X = Me, l,l-dimethylsilaethylene (I) is more stable than methylethylsilylene (II), by 22 

kcal/mol in our best calculation. (The use of Huzinaga-Dunning basis set reduces the value to 

some extent 112)). This is in a clear contrast to the results obtained previously [6g,6h,6jl 

for X = H, where silaethylene is less stable or comparable in energy to silylene. Based on the 

results we believe that l,l-dimethylsilaethylene is a thermodynamically stable molecule. It is 

interesting to point out that the preference of I has been further enhanced by X = F [12). With 

a proper choice of substituents it might be possible to isolate a relatively stable compound 

with a silicon-carbon double bond. 

We now turn to the structure of Me2Si=CH2. In Figure 1 are shown the equilibrium geometries 

in i and degrees predicted by GVB and RHF in parentheses for the singlet ground State- This 



1815 

Table II. 
-1 

Selected Values of Predicted Vibrational Frequencies vi (cm ) and Dipole Moment 

Derivatives lau/3Qij (D*~-'*am~-l'~) for Me2Si=CH2. 

assignment assignment vi I~IJ/Q~I 

A1 SiMe2 bend 190 0.2 B1 CSiMe bend 230 1.0 

SiMe2 sym-str 560 0.5 SiMe2 anti-&r 660 2.7 

Si=C str 1000 2.8 CH2 rock 750 3.9 

SiMe2 rock 860 2.3 

A2 CH2 torsion 570 0 B2 MeSiC wag 200 1.2 

torsion around Si=C 810 0 CH2 wag 780 3.6 

SiMe 2 wag 850 0.7 

planar ground state is found to lie 36 kcal/mol below the lowest triplet in the perpendicular, 

SiMe2-flapped geometry (not shown here) [121. The calculated Si=C lengths re in Figure 1 are 

nearly equal to our (1.729 i with GVH and 1.686 i with RI-IF [121) and previous results [6d,dfl 

for H2Si=CH2. The ED determined r g, 1.83kO.04 i 141 for Me2Si=CH2 is substantially longer than 

the calculated r s and may be worth reexamining. The ED value, 1.91+0.02 i, of the Si-C length 

is in good agreement with the calculated values in Figure 1. We also note that the Si=C length 

is virtually unchanged when X is changed to F [12]. 

The rotational barrier E r around a double bond has been considered to be a measure of the 

71 bond strength Er [61. Using the GVR optimized geometries and energies, we have obtained Er = 

47 kcal/mol, which is almost the same to our (43 kcal/mol) and previous (46 kcal/mol) [6d] 

value for H2Si=CH 
2 
_ These values are considerably larger than estimates of ET = 34 kcal/mol 

from an ICR study [S], 26 - 46 kcal/mol by Walsh [131, and 28+8 kcal/mol by Gusel'nikov and 

Nametkin [14]. Either of the above E or E 
r 

71 is less than the corresponding value (the calculated 

E 
r 

= 64 - 66 kcal/mol [6d,121 and the experimental estimate Er = 65 kcal/mol) [15] for ethylene, 

indicating that the Si=C 71 bond is weaker than the C=C r bond. 

We have calculated the vibrational frequencies and dipole moment derivatives in the RHF 

method. At this level of calculation, the calculated frequencies vcalc are expected to be larger 

than the observed w ohs by (12%3)% [16]. Therefore, as prediction we listed in Table II v 

for vibrations excluding CH3 and CH2 str and bend vibrations, which are over 1300 cm 
-1 

calc'l.12 
, and CH 

-1 
3 

rot. We predict an intense Si=C stretching band at 1000 cm which is in agreement with the 

preliminary assignment of the observed 1001 cm 
-1 

band by Mal'tsev et al. [3b]. The corresponding 

frequencies for deuterated species would be 920 cm 
-1 

for Me2Si=CD2, 980 cm 
-1 

for (CD3)2Si=CH2 

and 890 cm 
-1 

for (CD3j2Si=CD2. We note, however, that the isomer II also has a moderately 

strong band of CH 
3 

rocking at the calculated and corrected frequency of 1000 cm -1 [121. 

Acknowledgement: We acknowledge Drs. S. Kato and K. Kitaura of IMS for advices and discussions. 

The numerical calculations have been carried out at the Computer Center of IMS, using the 

IMSPACK program [17]. 



111 

Dl 

[31 

[41 

[51 

L61 

[71 

I81 

t91 

[lOI 

Ml 

Lx.1 

Cl31 

[I41 

[I51 

[Xl 

[I71 

REFERENCES 

For a recent review, See (a) L.E. Gusel'nikov and N.S. Nametkin, Chem. Rev. 79, 529 (1979); 
(b) M. Ishikawa and M. Kumada, Rev. Si, Ge, Sn, Pb Compounds, 4, 7 (1979). 

L.E. Gusel'nikov, K.S. Konobeevski, V.M. Vdovin and N.S. Nametkin, Dokl. Akad. Nauk SSSR, 
235, 1086 (1977) and references cited in ref. [l]. 

(a) T.J. Barton and C.L. McIntosh, J. Chem. Sot., Chem. Commun. 861 (1972); (b) A.K. Mal'tsev, 
V.N. Wabashesky and 0-M. Nefodov, Izv. Akad. Nauk SSSR, Ser. Khim. 1193 (1976); (c) A.K. 
Mal'tsev, V.N. Khabashesky and O.M. Nefodov, Dokl. Akad. Nauk SSSR, 233, 421 (1977); (d) 
A.K. Mal'tsev, V.N. Khabashesky, O.M. Baskir and O.M. Nefodov, Izv. Akad. Nauk SSSR, Ser. 
Khim. 222 (1980). 

P.G. Mahaffy, R. Gutowsky and L.K. Montgomery, J. Am. Chem. Sot. 102, 2854 (1980). 

W.J. Pietro, S.K. Pollack and W.J. Hehre, J. Am. Chem. Sot. l&, 7126 (1979). 

(a) H.B. Schlegel, S. Wolfe and K. Mislow, J. Chem. Sot., Chem. Conunun. 246 (1975); (b) 
O.P. Strausz, L. Grammie, G. Theodorakoupoulos, P.G. Mezey and I.G. Csizmadia, J. Am. Chem. 
Sot. 98, 1622 (1976); (c) J.N. Murrell, H.W. Kroto and M.F. Guest, J. Chem. Sot., Chem. 
Commun. 619 (1977); (d) R. Ahlrichs and R. Heinzmann, J. Am. Chem. Sot. 99, 7452 (1977); 
(e) O.P. Strauss, M.A. Robb, G. Theodorakoupoulos, P.G. Mezey and I.G. Czsmadia, Chem. 
Phys. Lett. a, 162 (1977); (f) D.M. Hood and H.F. Schaefer, J. Chem. Phys. 68, 2985 (1978); 
(g) M.S. Gordon, Chem. Phys. Lett. 54, 9 (1978); (h) O.P. Strausz, R.K. Gosavi, G. 
Theodorakoupoulos and I.G. Csizmadia, Chem. Phys. Lett. 58, 43 (1978); (i) R.K. Gosavi, 
H.E. Gunning and O.P. Strauss, Chem. Phys. Lett. 59, 321 (1978); (j) H.F. Schaefer, ACC. 
Chem. Res. 12, 288 (1979); (k) For H2Si=SiH2, See L.C. Snyder and Z. Wasserman, J. Am. 
Chem. Sot. 101, 5222 (1979). 

(a) R. Ditchfield, W.J. Hehre and J.A. Pople, J. Chem. Phys, 54, 724 (1971); (b) L.C. 
Snyder and Z. Wasserman, Surf. Sci. II, 52 (1978). 

F.W. Bobrowicz and W.A. Goddard in "Modern Theoretical Chemistry", H.F. Schaefer Ed., 
Plenum, New York 1977, Vol. 3, pp 79-127. 

(a) A. Komornicki, K. Ishida, K. Morokuma, R. Ditchfield and M. Conrad, Chem. Phys. Lett. 
45,595 (1977); (b) S. Kato and K. Morokuma, Chem. Phys. Lett. 65, 19 (1979). 

B-0. Roos and P.E.M. Siegbahn in "Modern Theoretical Chemistry", H.F. Schaefer Ed., Plenum, 
New York 1977, Vol. 3, pp 277-318. We used the direct CI program in ALCHEMY system 
(M. Yoshimine, A.D. McLean, B. Liu, M. Dupuis and P.S. Bagus, Nat. Resour. Comput. Chem. 
Software Cat., Vol. 1, Prog. No. QC03, 1980) which is modified at IMS by S. Kate. 

E.R. Davidson and D.W. Silver, Chem. Phys. Lett. 52, 403 (1977). 

M. Hanamura, S. Nagase and K. Morokuma, to be published. 

R. Walsh, J. Organomet. Chem. 38, 245 (1972). 

L.E. Gusel'nikov and N.S. Nametkin, J. Organomet. Chem. 169, 155 (1979). 

(a) J.E. Douglas, B.S. Rabinovitch and F.S. Looney, J. Chem. Phys. 2, 315 (1955); (b) R.S. 
Mulliken and A.J. Merer, Chem. Rev. 2, 639 (1969). 

Y. Sugawara, Y. Hamada, A.Y. Hirakawa, M. Tsuboi, S. Kato and K. Morokuma, Chem. Phys. so, 
(1980); Y. Nishimura, M. Tsuboi, S. Kato and K. Morokuma, J. Am. Chem. Sot., in press. 

K. Morokuma, S. Kato, K. Kitaura, I. Ohmine, S. Sakai and S. Obara, IMS Computer Center 
Library Program, No. 0372 (1980). 

(Received in Japan 3 February 1981) 


