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Theoretical Studies of the 1,2 Hydrogen Shift. XI. 

The Controversial Barrier Height between Silaethylene 

and Methylsilylene 

Yasunori Yoshioka and Henry F. Schaefer III 

Department of Chemistry and Lawrence Berkeley Laboratory 
University of California 
Berkeley, California 94720 

Abstract 

The theoretical prediction that the barrier between silaethylene 

and xnethylsilylene is sizeable (> 25 kcal) has been challenged very 

recently by the experimental studies of Conlin and Wood and of Drahnak, 

/ 
Michl, and West. For this reason the Si C 	-- Si — C - barrier 

has been reinvestigated at a much higher level of theory. The apparent 

conflict between theory and experiment remains. 

This research was supported by the Director, Office of Energy Research, 
Office of Basic Energy Sciences, Chemical Sciences Division of the U.S. 
Department of Ene.rgy in der Contract Nuiber W-7405-ENG-48. 
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Earlier papers in this series' 10  have emphasized that for one of 

the simplest reaction types, the 1,2 hydrogen shift, theory is now able 

to make constructive additions and amendments to what is known from 

experiment. For example, our research and that of Pople and co-workers 11-13 

has demonstrated that the singlet rearrangements of hydrocarbon 

diradicals such as methylcarbenes (CH 3CH) and vinylidene (CH 2=C:) 

occur with little or no barrier. In distinct contrast, the analogous 

triplet rearrangements face substantive barriers, e.g., "-' 40 kcal for 

6 

	

the methylnitrene (-CH 3N4 -rearrangement to methyleneimine-. 	Thus a 

number of general trends are beginning to appear in this area. 

A particularly controversial problem lying within the scope of 

the 1,2 hydrogen shift is the magnitude of the barrier between sila-

ethylene and methylsilylene 

H 	 H 	 H 

	

SiC 	—4 	Si— C---H 	 (1) 

H 	 H 	H 	 H 

In an earlier -theoretical -study, Goddard, Yoshioka., and Schaefer - (GYS) 7  

predicted this barrier to be 41 kcal at the unlinked cluster corrected 

configuration interaction (-CI) level of theory employing a standard 

	

double z-eta (DZ) ba&-is set . 
	The -examination of ana1og-ous ..atud-ies  1-4 

- 	-- 	-- 	 8I3 
performed -at a highe,r 1ev-el -of h-eo tywpuld appear to suggest 

that extension of the basis set-, .treatment of h:igh -et --order cnrre-lation 

ef.fect-s, and cortect:ion for;zero-:po.in-t vibrational -energies would all 

reduce the predicted barr-Ier, but t.o not .1-es 1-han .25 -kcul. 

01 
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In light of this theoretical background, the publication of 

dissenting back-to-back experimental communications 15 ' 16  on this 

topic came as something of a surprise to us. Conlin and Wood15  

reported evidence that the reaction of l-methylsilaethylene to 

dimethylsilylene 

	

H 	 H 	 H 
/ 

SiC 	 Si—C —H 	(2) 

/ 	 / N 

	

H 3  C 	
H 	H 

3  C 
	 H 

is rapid. Specifically they point to pyrolysis of tuethylsilacyclobutane 

leading to the isolation of products characteristic of dimethylsilylene 

reactions. Moreover, Conlin and Wood suggested that the isomerization (1) 

of the parent silaethylene might be even more rapid than (2). 

In the second communication, Drahnak, Michi, and West (DMW) 16  

present matrix isolation results which suggest that reaction (2) 

proceeds rapidly at 100 °K, and the product dimethylsilylene is then 

trapped. DMW cite the previously discussed GYS theoretical study 7  

but conclude that "unless the additional methyl [i.e.., the difference 

between reactions (1) and (2)] has a dramatic effect, this (theoretical) 

result is not compatible with our interpretation. No simple alternatives 

have occurred to us.." Thus there would ajp:ear to he a conflict between 

the theoretital .predicticn 7  that the trier is not less than ' 25 kcal 

and the experimental deduction that this same  barrier is perhaps 

5 kcaI or less. 

In light of this apparent 4iscrepancy :etween theory and 

experIment, It was deemed in perative to reexamne the bat for 

r 
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reaction (1) at a higher level of theory. Specifically it was thought 

that the addition of polarization basis functions might significantly 

alter the earlier predictions. 7  Therefore a set of p functions 

VI 
	

(orbital exponent a = 1.0) was 'added to each of the four hydrogen 

atoms, as were d functions on carbon (a = 0.75) and silicon (a = 0.6). 

The technical specification of this double zeta plus polarization 

(DZ+P) basis is then Si(lis7pid/6s4pid), C(9s5pld/4s2pld), H(4slp/2slp). 

Although heavy atom d functions are knowii 4to be important for such 

systems, it was also thought that the p functions on hydrogen 

(particularly those on the migrating hydrogen) might lower the 

predicted barrier. 

The transition state geometry for the siiaethylene rearrangement 

was determined here at the OZ+P self-consistent-field (SCF) level of 

theory and is seen in the Figure along with the analogous DZ+P SCF 

structure for the reactant molecule. Comparison with the earlier DZ SCF 

transition state7  shows the two structures to be qualitatively 

similar. The appropriate total energies are -329.05439 (silaethylene) 

and -.328.S320 (trànsitibn state), yielding a predicted barrier of 44.7 

kcal, only 0.3 kcal below the DZ SCF barrier height. 7  Thus it is seen 

that at the SCF level the addition of polarization functions has little 

effect cn etthet the ;reactiottmechai4sm orenerge tics. 

With lhc iEuli :DZ+P basis set, Ci including all single and 

.oiAbl'e excitations was carried out, with the restriction that.the 

core molecular ohital•s (Si Is, 2-sj, 2p and C is) were 

deIeted. : FOt :sL1et1yiefle in c2. .point group there are 9,003 

o1guratlons thlle the tjansition state , with no eiements of 
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symmetry (point group C 1), the CI involved 32,131configurations. The 

variational energies obtained for silaethylene and the rearrangement 

transition state are -329.29703 and -329.22858 hartrees, respectively, 

yielding a barrier of 43.0 kcal. Appendage of the Davidson correction 17  

for unlinked clusters yields a final prediction of 40.6 kcal for the 

classical barrier. 

One surprising result of this research is that the most reliable 

predicted barrier height for reaction (1) is qualitatively the same as 

the 45.0 kcal predicted7  at the relatively simple DZ SCF level. As 

noted earlier, polarization basis functions and correlation effects 

typically provide a considerable reduction in such predicted barriers. 912  

That is to say, relative minima on a potential surface are typically 

treated more correctly at a simple level of theory than are transition 

states. The invalidation of this trend in the present case is almost 

certainly due to the relative inability of the simple methods to 

describe the silaethylene ground state. That is, silaethylene is just 

as difficult to describe electronically as is its transition state 

to methylsilylene. Interesting, the same qualitative result has been 

found for the related silacetylene rearrangement 

H 

- 	 (3) :Si =C  

There 'Gordon
8ordon and Pople find that polarization functions and correlation 

ef1ects actua11y increase the rearrangement barrier. 
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Unless there exists a different, lower energy pathway for reaction 

(2), it would appear that alternate interpretations of the experiments 

of Conlin and Wood' 5  and of Drahnak, Michi, and West' 6  should be sought.19' 2°  

VI 

	

	 This research was supported by the Director, Office of Energy 
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16 
We thank Professors Conlin and Michi for bringing their work 

15,
to 

our attention prior to its publication, and Dr. John D. Goddard for 

many helpful discussions. 



ma 

References 

C. E. Dykstra and H. F. Schaefer, J. Amer. Chem. Soc. 100, 1378 

(1978). 

N. P. Conrad and H. F. Schaefer, J. Amer. Chem. Soc. 100, 7820 

(1978). 

J. D. Goddard and H. F. Schaefer, J. Chein. Phys. 70, 5117 (1979) 

H. F. Schaefer, Accounts Chem. Res. 12, 288 (1979) 

T. L. Allen, J. D. Goddard, and H. F. Schaefer, J. Chem. Phys. 

73, 3255 (1980) 

J. Demuynck, D. J. Fox, Y. Yamaguchi, and H. F. Schaefer, J. Amer. 

Chem. Soc. 102, 6204 (1980) 

J. D. Goddard, Y. Yoshioka, and H. F. Schaefer, J. Amer. Chem. 

Soc. 102, 7644 (1980) 

Y. Osamura, J. D. Goddard, H. P. Schaefer, and K. S. Kim, J. Chem. 

Phys. 74, 617 (1981) 

Y. Osamura, H. F. Schaefer, S. K. Gray, and W. H. Miller, J. 

Amer. them. Soc. 103, 1904 (1981). 

J. D. Goddard, Y. Yaxnaguchi, and H. P. Schaefer, "Features of 

the '112C0 Potential Energy Hypersurface Pertinent to Formaldehyde 

Photodissociation", J. them. -Phys.., in press. 

3. A. Pople, R. Krishnan, H. B. Schiegel, and J. S.. ,Mnk1y, 

Intern.. J. Quantun £hem 14, 545 (1978). 

R. Krishnan, M. J. ]risth., J. A.. .Po1e,, and P. :R. Schleyer, Ghem. 

Phys. :] .ett . 79,, 408 (1583) 



-7- 

J. A. Pople, presented at the Texas Conference on Theoretical 

Approaches to Chemical Dynamics, March 2-4, 1981, Austin, Texas. 

T. H. Dunning and P. J. Hay, pages 1-27 of Volume 3, Modern 

Theoretical Chemistry, editor H. F. Schaefer (Plenum, New York, 

1977). 

R. T. Conlin and D. L. Wood, J. Amer. Chem. Soc. 103, 1843 (1981). 

T. J. Drahnak, J. MicTU, and R. West, J. Amer. Chem. Soc. 103, 

1845 (1981). 

S. R. Langhoff and E. R. Davidson, mt. J. Quantum Chem. 8, 6.1 

(1974). 

M. S. Gordon and J. A. Pople, Ji Amer. Chem. Soc. 103, 2945 (1981). 

The seemingly remote possibility remains (suggested by DMW 16 ), 

of course, that the additional methyl group in reaction (2) could 

provide a qualitative difference between reactions (1) and (2). 

The transition state seen in the Figure was determined via analytic 

gradient techniques, beginning from the earlier determined 7  DZ SCF 

transition state structure. Since both structures contain no ele-

ments of symmetry (point group C 1 ), there are no constraints on the 

geometrical optimization. 

Figure Caption 

Theoretical DZ+P SCF stationary point geometries for i1aetl1ene 

and the transition slate connectin,g it with methyisiIy.iete. Bond 
0 

distances are in A.. 
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Figure 1 
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