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a,S-kpoxysilanes are beginning to show promise as versatile synthetic intermediates. 

Stork has demonstrated that they can be converted to carbowl compounds by hydrOlJSiS,2 and we 

have recently shown that they can be stereospecifically converted to olefins by treatment with 

organometallic reagents, 3 followed by elimination reactions of the resulting S-hydro~li~l- 

silanes. 3y4 We now report the flash-vacuum pyrolysis of a,@epoxysilanes in which rearrangement 

to the isomeric silyl enol ethers is observed.' Brook has just reported his results of an inde- 

pendent study of the thermal rearrangement of a,p-epoxysilanes at l60-320" for extended periods.6 

The silyl epoxides L-1 were prepared by epoxidation of the corresponding vinylsilanes.7 

The pyrolysis apparatus was a horizontal 22 mm Vycor tube which was heated in an oven over a 33 

cm length. Before each run, the tube was conditioned with dichlorodimethylsilaneneg Pyrolyses 

were carried out at 600" by reducing the pressure to 0.2-0.7 mm and allowing the epoxide to va- 

porize and pass through the heated tube. The volatile products were collected in a receiver 

cooled in liquid nitrogen, purified by evaporative (bulb to bulb) distillation, and analyzed by 

NWR, IR, andVPC. The results are shown in Table 1. 

A comparison with simple epoxides shows that the presence of the trimethylsilyl group fa- 

cilitates the rearrangement. Under our standard pyrolysis conditions described above, we found 

that propylene oxide and cyclohexene oxide were completely unchanged, while styrene oxide was 

only partially rearranged (to PhCH2CHO).10 

Although several of the products can be accounted for by mechanisms involving cleavage of 

either the a or p C-O bond of the epoxide, most of the products can be accounted for by cleavage 

of the C-O bond a to silicon ""' (perhaps facilitated by prior interaction between silicon and 

oxygen),ize and migration of a group (H, MesSi, or alkyl) from the S (and p' in the case of i 

and 5) carbon to the a carbon; a conceivable pathway is shown below. I3 Such a process would ac- 
16 

count for all of the products l4 except -2 and I... The preference for a-cleavage is perhaps 

most convincingly demonstrated in the pyrolysis of 2, the epoxide most likely to undergo p- 

cleavage. The major product (Li) must have resulted from a-cleavage with methyl migration, 
33 

while the product derived from p-cleavage (_E) was formed only to the extent of 23%. The pref- 

erence for u-cleavage is further supported by the fact that epoxide 4 underwent rearrangement 

at lower temperatures than epoxides 2 aud 2. 
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Table 1. Ryrolysis of a,$-Npoxysilanes at 600". 
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(a) Yields and isomer ratios mere determined by NMR, using chloroform as an internal standard. 
(b) Reported in ref 20; IR in agreement with that reported; 20e,f NMR (CCL) 6 0.19 (MeaSi),3.99 
(d, J= 6 Ha, 1 Hj, 4.~6 (d, J=l4 Hz, 1 H), 6.26 (dd, 556, l4 Hz, 1 H). (c) Ryrolysis at 500' 
gave-a very similar ratio of-products, with 40-So% of Recovered epoxide (less than 0.5% cis- 
trans isomeriaation of epoxides FZZ and zt). (dj NMR (CCL) 6 3.94 (6, C=CH2j; by NMR and WC, 
this compound correspcnds to one component of a mixture of silyl enol ethers prepared from 2- 
pentancne by treatment with Mee.SiC1/'EteN/lNP.22 (e) Reported in ref 22. The product was a mix- 
ture of cis and trans isomers, by NMR and VFC comparison with a mixture of silyl enol ethers 
prepared independently from valeraldehyde by treatment with MeeSiC1/Et3N/ZnCla.20b~c~d~g (fj 
This was formed as a mixture of cis and trans isomers; the isomer with cis methyls was predomi- 
nant, by NMR and VPC comparison with a mixture of silyl enol ethers prepared independently from 
2-butanone as described by House.21 (g) Reported in refs 20b, 22; identical with a sample pre- 
pared independently from isobutyraldehyde by treatment with MeeSiC1/EXaN/ZnC12/. (hj 4mJl- 
ysis at 500" gave a similar result; pyrolysis at 400" gave the same ratio of ;M? and _Q, with 34% 

Identified by comparison with a sample prepared independently from 
by treatment with MeaSiCl/EtaN. (j) Identical with an authentic sam- 

with a sample prepared independently from 2-cyclohexen-l-01 by 
treatment with MesSiCl@teN. (8) Compounds @(& and gp,li were separated by preparative VFC (Car- 
bowax, column temp 75"). Compound l-62 (see ref 17) had the following spectra: IR (CC&) 3.41, 
6.27, 8.02, 9.34, 11.9 CL; NMR (CCq) 6 0.02 (s, 9 H), 0.14 (s, 9 H), 4.26 (d,L-7 Ha, 1 H), 6.69 
(d, J=7 Ha, 1H); mass spectrum 
16% hd the following spectra: 

(M+), 173, l47, l.31, 75, 73, 66, 59, 45, 43. Compound 
3.41, 6.23, 8.02, 8.70, u.8 I.L; NMR (CC&) 6 0.02 (s, 

;~~,oof.$c(s, 9 H), 4.59 (a, E= l4 Hz, 1 Hj, 6.22 (d, 2514 Hz, 1Hj; mass spectrum similar to 
(m) A sample was separated by preparative VFC (SE30, column temp 100°) and iden- 

tified a~&methylsilylketene by its IR and NMR spectra and by its reaction with diisopropyl- 
amine (see ref 24). 
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The isomeric silyl enol ethers (j&l' and I&) obtained on pyrolysis of the bis(trimetbyl- 

sibyl) epcxides 5 and 1 are noteworthy in that they are f;pally derived from trimethyleilyl- 

acetaldehyde, a molecule which has mt yet been reported. However, attempted hydrolysis of a 

mixture of $I% and j_6t in acid yielded only acetaldehyde, and treatment of the mizture of ,$!s 

and l6: with 2,4-DNP reagent gave the 2,4-DNP of acetaldehyde. 

It should be noted that hydrolysis of the silyl enol ethers obtained from these pyrolyses 

would give carbonyl compounds which are structurally isomeric with those which would be obtained 

by hydrolysisa of the epoxysilanes. This fact, coupled with the manifold synthetic uses ofsilyl 
1s 

enol ethers, indicates the synthetic potential of this rearrangement. 
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