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Ahdrnst-Treatment of chloromethyhrimethylsilane 1 with set-BuLi in THF at -78” produces chtoromethyl(tri- 
methylsilyl)lithium 4. Treatment of 4 with a wide range of aldehydes and ketones gives a&epoxytrimethylsifancs 
S-28. which on acidic hydrolysis give homologated aldehydes. 

In 1946, Sommer and Whitmore’ described for the first 
time, the preparation of trimethylsilylmethylmagnesium 
chloride 2 from chloromethyltrimethylsilane I. and Mg 
metal. It was not until 1968 that Peterson demonstrated 
the valuable synthetic uses of this&tignard reagent for 
the preparation of terminal alkenes.’ Since the latter date 
many extensions and applications of the so-called Peter- 
son reaction have been described, in particular during the 
last several years? It is also interesting to note that 
Sommer also described in detail the preparation of tri- 
methylsilyhnethyllithium 2, a reagent that quickly found 
very useful applications in organometallic chemistry.4 
Trimethylsilylmethyllitbium 2 is prepared from 1 and Li 
metal in oletin-free pentane. After decanting the in- 
soluble lithium chloride, the solutions of 2 are very 
stable. Indeed cooling 1 .O M pentane solutions of 2 below 
approximately -10” produces large crystals of 2 that can 
be sublimed as a method of purification for organometal- 
lit work.’ 
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It is particularly pertinent that prior to the work des- 
cribed here, all variations of the Peterson reaction, 
where the elimination of trimethylsilanate is competitive 
with other facile elimination processes (Scheme A), the 
elimination of trimethylsilanate was the only observed 
reaction.6 

a&Epoxyalkylsilanes 3 were introduced as a useful 
functional group in organic synthesis by Stork and Col- 
vin.’ They showed that epoxidation of a vinylsilane gave 
an epoxyalkylsilane 3, which on acid hydrolysis gave an 
aldehyde or ketone. This type of transformation pro- 
vided a valuable solution to a particular variation on 
alkylative annulation reactions. (Scheme B).8 The 
mechanistic details of how a,gepoxyalkylsilanes are 
transformed into aldehydes, and their general interaction 
with electrophiles has been elucidated by Hudrlik.’ 

Most importantly, from the standpoint of the work 
described here, a,&epoxyalkylsilanes were only avail- 
able by epoxidation of vinylsilanes; and since vinyl- 
silanes are, in the most general sense, only accessible by 
either the hydrosilylation of acetylenes, or hydrogenation 
of alkylsilylacetylenes, none of these methods involve 
the formation of a new C-C bond.” 

The basic premise of the research described in this 
paper is the preparation of a&epoxyalkylsilanes by a 
C-C bond forming reocfion. As such, as will be seen, this 
chemistry has its closest analogy in the classical Darzens 
reaction. 
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While we were engaged in research directed toward 
the synthesis of highly oxygenated sesquiterpenes” an 
occasion arose to convert an aldehyde into a vinyl group. 
We elected to use the Peterson reaction to conduct this 
transformation. During this research, combined with the 
awareness, as alluded to above, that a&epoxyafkyl- 
silanes were only available through reactions that did not 
involve C-C bond formation, we decided to examine the 
possibility of .deprotonating chloromethyltrimethylsilane 
1 to give chloromethyl (trimethylsilyl)lithium 4. This is a 
perfectly reasonable thing to attempt, especially since 
Kobrick” and Sey-ferth’) had shown that a-halomethyl- 
lithium species are readily prepared. Although for the 
case of 1 the choice of the base can be predicted to be 
crucial, since nucleophilic attack at silicon might be a 
competing reaction pathway.14 Perhaps more interes- 
tingly, given that the appropriate base can be found, and 
solutions of 4 made; it would be predicted on the basis of 
a substantial volume of prior literature’ that adducts with 
aldehydes or ketones 4a (see Scheme A) would eliminate 
trimethylsilanate to give vinylchlorides rather than a$- 
epoxyalkylsilanes (Scheme C). Given this rather dismal 
prognosis one might well, and with ample literature 
justification, not pursue this proposal further.” 

Treatment of chloromethyltrimethylsilane 1 with sec- 
BuLi (1.05 M in cyclohexane or n-hexane) in THF at 

-78”, in the presence of TMEDA (1.05 equiv) gave solu- 
tions of 4 in ~95% yield (as judged by subsequent 
treatment with carbonyl electrophiles). The presence of 
TMEDA is not essential but generally improves the rate 
of formation of 4. We examined several other bases and 
the results are summarized in the Table 1. 

Without doubt set-BuLi is by far the most efficient 
base; this can be largely attributed to steric factors, 
assuming the reactive species in THF solution is 
monomeric set-BuLi in equilibrium with aggregated 
species. n-BuLi is small enough to attack the Si-atom 
giving an “ate” complex that can migrate alkyl groups 
with the loss of Cl-. t-BuLi is too large and prefers the 
bulky Cl-atom, resulting in Cl-Li exchange. (Fig. I). 

Solutions of 4 were treated with aldehydes and 
ketones, generally between -78” and 20”, to give, without 
exception a$epoxysilanes Table 2. We were unable to 
detect vinylchlorides (VPC and NMR within 5%). 

Under these conditions 4 does not a-eliminate to give 
the carbenoid species, 4b, although Olofson, Chapman, 

Me,?‘-Ct+-C,t 

*-BdLi 1 t-BuLi 
o-BuLi 

Fig. I. 

Table I. 

Basel”C % of 4 
LiNPfJ - 78°C 8% 
LiNPr'C,H, , I - 7B”C 28% 
LiN(SiMe3)2/ - 78°C 40% 
n-BuLi/-78”CITMEDA 25% 
t-BuLi/-78”C/TMEDA ~8% 

These figures were determined by vpc 
analysis of the reaction of 4 with 
cyclohexanone to give the a& 
epoxysiiane 12. 
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Table 2. 
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Shechter and Chedekel16 have examined the carbenoid 
chemistry of 4h. If solutions of 4 are heated to 60” then 
decomposition does take place to give 1,2-bistrimethyl- 
silylethylene 4e. 

The entry a), Table 2, is the only example where the 
intermediate chlorohydrin has been detected and 
isolated. Conducting the reaction of 4 with benzaldehyde 
at -55” gave the rhreochlorohydrin Sa, along with the 
Eepoxide 5. Treatment of rhreo Sp with NaH/THF at 
60” gave the Z-epoxide 5 thus conhrming the stereo- 
chemical assignment for Sa. While three Sa could be 
isolated, the eryrhro-isomer had closed to give the E- 
epoxide 5 even at -55”. The slower closure of the 
fhreo-isomer Sp is to be expected, since it involves 
eclipsing the two large substituents in the transition state. 

In general for all of the entries a)-x), the starting 
aIdehyde or ketone was consumed by CTC 4 
(chloromethyl(trirnethy1silyl)carbanion)” at -78” to give 
polar product(s) (TLC), presumably, by analogy with 5, 
chlorohydrins. On warming the reaction mixture from 
-78” to between -30” and -40” the polar material rapidly 
disappeared and was replaced by the desired less polar 
a&epoxytrimethylsilanes S-2g. 

StericaIIy unhindered aldehydes and ketones, entries 
a&l), 1)-p), r)-u), w) and x) Rose no problems. The 
a,gepoxytrimethysiIane adducts are formed in good to 
excellent yields. Sterically hindered ketones, especially 
nopinone and camphor, j) and k) gave low yields of 
a,/$epoxytrimethylsilane adducts. In particular the 17- 
ketosteroids, q) and v) gave at best only moderate yields. 
Increasing the number of equivalents of 4 did not al- 
leviate the situation. Attempts to increase the nucleo- 

I o Me,SiCH=CHSiMe, 

G 

philicity of CTC by converting it to the ZnCl salt, or the 
addition of LiClO,, rather than improve yields, drastic- 
alIy decreased them. 

In most cases where the diastereotopic faces of the 
carbonyl compound are very di@erent the CTC ap- 
proaches from the stericaIly less crowded face, k), q), s), 
v). Where the a,@epoxytrimethylsiIanes can be formed 
as epimers at the carbon bearing the trirnethylsilyl group, 
the predominant epimer is the one that results from 
having the trimethylsilyl group in the least sterically 
encumbered environment. (Scheme D). For most of the 
examples in Table 2 there is little difTerence, but for the 
reaction of CTC with dihydro-#?-ionone to give 42 there 
is a marked preference. 

Readily enolizable aldehydes and ketones such as 29-32 
did not form a,g-epoxytrimethylsilanes in more than 5% 
yield on treatment with 4. In the case of 32, treatment with4 
caused clean conversion to the aldol product 33. The 
diketone 34 did not show any selectivity towards CTC; 
both the CO groups formed a&epoxytrimethylsilane 
adducts. 

Transformations of a&epoxytrimethylsiIanes 
Mild acid hydrolysis (20% aqueous THF/S-10% 

HCIO,) of the a,&epoxytrimethylsiIanes usually resulted 
in clean conversion into the homologous aldehydes’ 
Table 3. In the cases l&27 and 28, complex mixtures of 
products were formed with no detectable amounts of 
aldehydes present (NMR). Interestingly using the above 
acidic conditions, 23 gave, as expected the homologous 
aIdehyde (entry j) Table 3). Whereas exposure of 23 to 

f 
Me, 

- E-5 __ 

preferred 

Scheme D. 
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Table 3. 

EPOXVTRtliETHVLSlLANE ALDEHVDE (X) 

PhcH,CHO 
(85) 

CH,(CH,),CHO 
(85) 

FM0 \ 4) (94) 

0” 
HO 

(74) 

&T 
Ho 

(71) 

(72) 
C-h 

a cno (77) 

& HO 
(73) 

0 HO 

(9R) 

98% formic acid resulted in rearrangement to the ketone 
36.” 

Hydrolysis of 27 caused deformylation to give Panth- 
rone.19 Since a&epoxytrimethylsilanes has been shown 
to be readily converted into vinylbromides, enamides, 
and enol ethers,m we examined further some trans- 
formations of epoxysilanes that would increase their 
scope as a useful functional group in synthesis. 

Treatment of 12 with ethylene glycol in benzene in the 
presence of a catalytic amount of p-toluenesulfonic acid, 
cleanly gave the acetal 36. Siily the thioanalogs 
shown below were readily prepared. When 12 was 
treated with hydrogen peroxide in acetic acid it was 
slowly converted into cyclohexane carboxylic acid 
@%). 

Eisch” has shown the a,/lcpoxytrimethylsilanes can 
be deprotonated to give lithiospecies such as 37. For the 
specific substrate 12 we found that t-BuLi in THF at 
-70“ gave the lithioepoxysilane 37, as judged by its 
subsequent conversion with electrophiles (Scheme D). 

To demonstrate the effective use of the reagent 4 in 
organic synthesis the unusual en01 formate Latin Luci- 
ferin 41, the specific substrate in bioluminescence of the 
luciferase system in the fresh water limpet Latin neri- 
toides, was chosen as a suitable targetF2 

Treatment of diiydro-/?-ionone23 with 4 gave 42 in 
85% yield, as a single stereoisomer (as evidenced. by 
NMR 395%). The assigned stereochemistry is based 
upon the subsequent conversion of 42 into Lotio Luci- 
ferin 41. The epoxytrimethylsifane 42 was treated with 
anhydrous formic acid to give Latiu Luciferin 41. The 
epoxytrimethylsilane 42 was treated with anhydrous 
formic acid to give L.atia Luciferin 41 via the onti- 
elimination of trimethylsilanol. The final product 41 was 
assigned the E-configuration on the basis of the chemical 
shift of the olefinic proton (S 7.97) for the E-isomer. 

Approximately 10% of the Z-isomer of Latiu Luciferin 
contaminated the natural E-isomer?’ The overall yield 
of 41 is 80%, and an effective illustration of a&epoxy- 
trimethylsilanes as precursors to enol derivatives. 

Attempts to generalize the reagent 4 by alkylation 
were not successful. Alkyllithiums could not be added to 
l-chloro-1-trimethylsilylethylene 43, to form new deriva- 
tives of 4.2’ We could not prepare cuprates of 4 without 
reductive coupling. 
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In summary, the reagent chloromethyl(trimethyl- 
silyl)lithium 4 provides a direct way of converting al- 
dehydes or ketones into a,,%epoxytrimethylsilanes. Mild 
acid hydrolysis of these adducts gives aldehydes, thus 
providing a new method of homologating CO groups. 
This particular type of reaction may be called reductive 
nucleophilic acylation, because 4 is an acyl anion 
equivalent, and the original CO carbon atom is reduced 
in the final homologated aldehyde.39 

Finally it should be noted that chloro- 
methyl(dimethylphenyI)silane 44 was readily 

deprotonated on treatment with s-BuLi to give the Li 
derivative 45. Quenching 45 with cyclohexanone gave the 
desired epoxysilane 46, unfortunately acid hydrolysis of 
46 gave a complex mixture with little of the expected 
cyclohexanecarboxyaldehyde present. Apparently Si-Ph 
electrophilic cleavage takes place more readily than 
opening of the epoxide, and as a result complex mixtures 
were formed.26 

EXPERLMENTAL 

Gas chromatographic analyses were performed with a Perkin- 
Elmer 3920B instrument using 10% OVlOl on chrom WHP 
(t?&lOO) or 10% SE-30 on chrom DAW(lOO-200). Preparative 
layer chromatography was carried out eking with petroleum 
ether (b.p. 60”~90”)IEtOAc (4:l) unless otherwise specified. IR 
spectra were recorded on a Perkin-Elmer 267 Grating spec- 



Silicon in synthesis-17 873 

PhMezSiCH,CI ‘?!!!I!w PhMe,SiCHCI _ 
&SiMe,Ph 

Li 

trometer, and are for neat liquids unless otherwise specified. ‘H 
NMR spectra were recorded on a Varian A-60, Varian EM-360, 
or Varian EM-390 spectrometer for solns in CCL, with TMS (2%) 
as internal standard, unless stated otherwise. Mass spectral data 
were obtained using a Double Focussing Consolidated Electronic 
MS-9 mass spectrometer. All bps are uncorrected. Mps were 
taken on a Thomas Hoover q p apparatus and are uncorrected. 
Solvents were dried and purified by standard techniques prior to 
use. Experiments involving alkyllithiums or amide bases were 
conducted under argon or N2. Transfer of liquids was carried out 
under a positive pressure of argon or N2 using syringes oven 
dried to 160”. 

s-BuLi (I.1 M or 1.3 M, in cyclohexane) was purchased from 
Foote Mineral Company, and found to be the most reliable 
source of this material. Chloromethyltrimetbylsilane was pur- 
chased from Petrarch Systems Inc., distilled 
before use and stored over molecular sieves (4 % 

.p. 97”/76Omm) 
). 

General procedure for the preparation of THflcyclohexane 
solutions of chfomrnethy/(trimethy/si/yl)/ithium 4. set-BuLi 
(I.1 M in cyclohexane, I.05 equivs) was added dropwise to a 
magnetically stirred soln of chlorometbyltrimethyisilane 1 
(1.0 equivs) in dry THF (to give an approximately I M soln of 4) 
at -78” under argon. A yellow soln was formed. After 5min 
TMEDA (I.05 equivs) was added and the soln stirred for 0.5 hr 
ahowing the temp to rise to -55”, when the color became very 
pale yellow. The above soln of CTC (chlorometbyltrimetbylsilyl 
carbanion) may be used at -55”; or at temps ranging from -78” to 
25”. It is advisable to use the freshly prepared reagent for best 
results. 

(E, Z)-3-Phenyl-2-trimethylsilyloxirane 5. Benzaldehyde (0.53 g 
4.93 mmol) was added slowly to a soln of CTC (6.15 mmol) in 
THF (8 mi) at -55”. The soIn was maintained at :50” for 0.5 hr 
then warmed to 20” over 3 hr. The mixture was poured into 0.5 M 
HCI (25 ml), extracted with CH+& (3 x 30 ml), dried (MgSO,) 
and evaporated to give 5 as an oil (0.87~ 95%98% pure 
3.4:UZ:E glc), IR i605, 1595, 1248, 842, eOcm_‘. NMk S 
7.47(5H. s). 4.4OUH. d J = 5 Hz). 3.86UH. d J = 3 Hz). 2.68118. d 
J = 5 Hz),‘2.4@lH, d J = 3 Hz),‘6.31(9H,‘s), O.l9(9Hi’s). MS (on 
isomeric mixture) CI,Hu,OSi requires: 192.097, OBs: 192.097. 

Conducting the above experiment, but keeping the temp at 
-55” gave after work-up, and crystallization from petroleum 
ether (b.p. 40-500) I-phenyl-2-chloro-2-trimethy/si/y/ ethanol h. 
(l%), m.p. 64-65”. IR (Nujol mull) 34@J.l248,lO60,870,840,745, 
695cm-‘. NMR 6 7.46(5H, s), 4.84(lH, d J=6Hz), 3.62(1H, d 
J=6 Hz), 2.8O(lH, s), O.O7(9H, s). (Found: C, 57.74; H, 7.35: 
CIIH1,CIOSi requires: C, 57.89; H, 7.45%). 

Treatment of Sn 10.03 a) in THF (I ml) with NaH (0.06 a) at re- 
flux for 6hr gave kxcluiively Z-S(O.02g). NMR s‘7.G5H, s), 
4.47(1H, d J=5Hz), 2.63(1H, d J= SHz), O.l9(9H, s). (E,Z)_3- 
Propyl-2-trimethy/si/y/oxirane 6. Butyraldehyde (0.14 g 2.0 mmol) 
was treated with CTC (2.4 mmol) in THF (4 ml) at -55”, then 
warmed to 20” over 2 hr. Work-up as for 5 gave 6 (0.27g). 
Distillation b.p. 45-48Y2 mm gave pure (98% glc) 6 (0.12 g 40%). 
NMR 8 2.2l(lH. b), 1.5-0.9(8H, m), O.l1(9H, s). MSCeH,sOSi 
requires: 158.112, OBs: 158.113. 

(E,Z)-3-Isopropyl-2-trimethylsilyloxirane 7. Isobutyraldehyde 
(I.26 ml 0.0138 mol) was treated with CTC (1.2 quiv) at -78”.for 
I5 min then warmed to 20”. Workup with sat NH,Claq, follow- 
ed by extracting with ether gave 7 (1.5 g 70%). b.p. 24-25/0.125 mm. 
NMR 82.40-2.60(lH,m),2.O(lH,dJ = SHz).O.85-1.15(7H,m).O.l 

and O.O(9H, two singlets I : I for E, Z-isomers). MS &H,sOSi 
requires: 158.112, Obs: 158.113. 

(E,Zb3-Nonyl-2+imethy/si/y/oxirane 8. ~$~anal (2.6 ml 
0.0138 mol) was treated with TCT (1.2equiv) at -78“ for 15 min 
then warmed to 20”. Work-up as for 7 gave after distillation 8 
(2.8g 82%), b.p. 76-78”/0.10mm. NMR 6 2.2qlH. b), 1.50- 
1.20(16H, bm), 0.85(3H, bs), O.l0(9H, s); and b.p. 82-84”/O.lOmm, 
similar NMR except O.l5(9H, s) attributable to F/Z-isomers 3:l. 
IR 2950, 1460, 1250, 845cm-‘. (Found: C, 69.21; H, 12.06: 
C,,HwOSi requires: C, 69.42: H, 12.3%). 

3-Cyclohexyl-2-trimethylsilyloxirane 9. Cyclohexanecarbox- 
aldehyde (0.19 ml 1.59 mmol) was treated with CTC (1.2 equiv) at 
- 78” for I5 min then warmed to 20”. Work-up as for 7 gave 9 
(0.296 g 98% pure by glc 94%) NMR 8 2.l(lH, d J = 5 Hz), 
0.9-1.8(12H, bm), 0.01 and 0.0(9H, two singlets 1:l for E,Z- 
isomers). IR 2920, 1450, 1250, 890, 870cm-‘. MS CllHnOSi 
requires: 198.144, OBs: 198.144. 

trimethylsilyloxirane 10. Myrtenal (1.0 g 6.65 mmol) was treated 
with CTC (1.5quiv) at -78” for ISmin then 0’ for l.5hr. 
Work-up as for 7 gave 10 (1.5 g 95%) b.p. 73’/0.3 mm. NMR 8 
5.4(lH, bs), 3.l(IH, bs), 2.0-2.4(58, bm), 1.3(3H, s), l.O-1.2(2H, 
m), 0.9(3H, m), 0.1 and 0.15(9H, two singlets 2:1 for E,Z- 
isomers). IR 2920. 1250, 84Ocm-‘. MS CllHuOSi requires: 
236.159, Obs: 236.157. 

3-(l-Pyreny/)-2-trimethy/si/y/oxirane 11. I-Pyrene carboxalde- 
hyde (0.5g 2.1 mmol) was treated with CTC (3quiv) at -40”. 
then warmed to 20” over 1.5 hr. Work-up as for 5 gave a thick oil 
that was purified by preparative layer chromatography to give 11 
(0.53 g81%). 1R2920,2860,1250,870 cm-‘. MSC2,H>00Sirequires: 
316.128. Obs: 316.127. 

Cyclohexan - I - oxiran - 2 - y/methy/trimethy/si/ane 12. 
Cyclohexanone (0.58g 5.70mmol) was treated with CTC 
(6.2 mmol) at - 50”. After 30 min work-up as for 5 gave 12 (0.88 g 
83%). NMR 8 1.82(lH. s). l.S(lOH. s). O.O8(9H. s). IR 1248. 890. 
840&‘. (Found: ‘C, ‘649%; H, 11.63: C,&~OSi requires: C; 
65.16; H, 10.92%). 

Adamantan - 2 - oxiran - 3 - y/methy/ttiethy/ssilane 13. 
Adamantanone (0.3Og 2.0 mmol) was treated with CTC 
(4.0 mmol) at - 60’ for 0.5 hr then warmed to - 30” for 0.5 hr. 
Work-up as for 5 gave 13 (0.47 g 95% 2 98% pure by glc). NMR 8 
l.90-1.7O(lOH, m), 1.4-0.9(5H, m), O.O8(9H, s). IR 1420.1248865, 
840,755 cm-‘. MS C,,HUOSi requires: 236.159, Obs: 236.160. 

Nopinan - I - oxiran - 2 - y/methy/ttimethy/si/ane 14. Nopinone 
(0.28 g 2.0 mmol) was treated with CTC (4.0 mmol) at - 55” for 
I hr then warmed to 0” over I hr. Workup as for 5 gave a 
colorless oil (0.37g) which was purihed by preparative layer 
chromatography to give 14 (0.108 g 24%), NMR 8 2.7-1.6(9H, m), 
1.30. 1.20,0.90,0.88(6H, two singlets I : I for epimers), 0.05.0.01 
(9H, two singlets 1: 1 for epimers). (Found: C, 69.40; H, 10.67: 
CIsH2,0Si requires: C, 69.64; H, 10.71%). 

7,7,2 - Trimethylbicyc/o[2.2.l]heptan - I - oxiran - 2 - 
y/methy/trimethy/si/ane -15. ( t )-Camphor (0.30 g 2.0 mmol) was 
treated with CTC (6.0 mmol) at - 55” for 0.5 hr. Work-up as for 5 
gave a thick oil (0.25 g) which was puritied by preparative layer 
chromatoaranhv to aive 15 10.094 P 20%). NMR 8 2.5-L2(8H. m). 
1.1-0.90 (GH: six singlets for ep&rs), d.‘l6,0.04(9H. two’singlets 
for epimers). (Found: C, 70.34; H, 10.97: CllHXOSi requires: C, 
70.59; H, 10.92%). 

Cyclohex - 2 - ene - I - oxiran - 2 - ylmethyltrimethylsilane 16. 
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2 - Cyclohexen - 1 - one (1.93 g 20.2 mmol) was treated with CTC 
(30 mm00 at -60” for 0.5 hr then warmed to 20” over I hr. 
Work-up.as for 7 gave 16 (1.89g 52%) b.p. 58”-62”/1.2mm Hg 
(95% DUE ITIC). NMR 8 6.1-5.0(2H. m). 2.&1.7(8H. b). O&8- 
i).O6(9H, two&lets for epimers).‘1R’30~5,1645,1i48; ll60,900, 
880, 755, 695cm-I. MS. CIJIlsOSi requires: l&113, OBs: 
182.113. 

4 - t - Butylcyclohexan - I - oxiran - 2 - ylmethyltrimethylsilalonr 
17. 4 - t - ButyicycIohexanone (0.308 g 2 mmol), was treated with 
CTC (2.4mmol) at -55”. for 10min. Work-UD as for 7 pave 17 
(0.425s 88%, 298% pure by gk). NMR i 2.3-0.7(1iH, q ), 
0.8(9H, s), O.l(9H, s). MS. C,,HrsOSi requires: 240.191, Obs: 
240.191. 

Cyclopentan - 1 - oxiran - 2 - ylmethyltrimethylsilane 18. 
Cyclopentanone (0.18 ml 2.Ommol) was treated with CTC 
(2.4 mmol) at - 55” for 5 min. Work-up as for 7 gave 18 (0.298 g 
85%). NMR 8 2.3-1.3(9H, m), O.l(9H, s). IR 2950, 1400, 1250, 
900, 840, 75Ocm-‘. (Found: C, 63.24; H, 10.70: &II,sOSi 
requires: C, 63.53; H, 10.59%). 

Cholestan - 3 - oxiran - 2 - ylmethyltrinwthylsilane 19. Choks- 
tan - 3 - one (0.387 g 1.0 mmol) was treated with CTC (1.2 mmol) 
at - 60” for 15 min. Work-up as for 7 gave 19 (0.440 g 90%), NMR 
6 2.4-0.6(47H, m), 0.2(9H, two singlets 1: 1 for epimers). IR 2920, 
1465, 1250, 1070, 84Ocm-‘. MS. C,,H%OSi requires: 472410, 
Obs: 472-410. 

Cyclododecan - 1 - oxiran - 2 - ylmethyltrimethylsilane 28. 
Cyclododecanonc (0.728g 4.0 mmol) was treated with CTC 
(8.0 mmol) at - 55” for 0.5 Hr. Work-up as for 7 gave 2g (0.58 g 
57% purilkd by preparative layer chromatography). NMR 8 
2.C2.2(19H, bm), l.gl.O(4H, bs), O.l(9H. s). IR 2930,2860, 1470, 
1250, 84Ocm-‘. (Found: C, 71.40; H, 11.70; C,&OSi requires: 
C, 71.64; H, 11.94%). 

3 - 0 - Methylestran - 17 - oxiran - 20 - ylmethyltrimethylsilane 
21. Estrone - 0 - methylether (0.5 g 1.84 mmol) was treated with 
CTC (5.5 mmol) at - 78” for 0.5 hr then warmed to 20” over 1.5 hr. 
Work-up as for 7 gave a thick oil (0.61 g) which was purilkd by 
preparative layer chromatography to give 21 (0.240 g 36%), m.p. 
65”-70” [from ether-petroleum ether t&p. 4(Moo)]. NMR 8 
6.9(IH. d J = 4 Hz). 6.5 (2H, d J = 12 Hz), 3.6(3& s), 2.7(28, bs), 
1.<2.2(14H, bm), 1.8(3H, s). 0.10 and 0.05 (9H, two singlets for 
eoimers at C-20). IR (Numol mull) 2920. 1610. 1500. 1450. 1250. 
lb35, 860, 840&‘.‘ (Found: Cl 74.30; H.’ 9.30.’ C,&O,Si 
requires: C, 74.61; H. 9.24%). 

2 - Methylcyclohexan - 1 - oxiran - 2 - ylmethyltrimethylsilane 
22. 2 - Methylcyclohexanone (2.0 g 17.8 q mol) was treated with 
CTC (26.7 mmol) at - 78”, then warmed to 20” over 1.5 hr. Work- 
up as for 7 gave 22 (2.7 g 77%), b.p. 65’#/0.5 mm Hg. NMR 6 
2.2(lH, s), 2.O(IH, s), 1.5 (9H, bs), 0.8-1.2 (3H, bm), O.l5(9H, s) 
and 0.10(9H, s) for two epimers. IR 2930, 2860, 1250, 840 cm-‘. 
MS. CllHnOSi requires: 198.144, Obs: 198.144. 

Bicvclol2.2.llheotan - 1 - oxiran - 2 - vlmethvltrimethvlsilane 
23. Bi&clo[2.2.i] heptan - 1 - one (1 .O g 9 mmol) was treated with 
CTC (10.9 mmol) at -- 50” for 1 hr then warmed to 20” over I hr. 
Work-uo as for 7 Pave 23 (1.3 a 76%). b.n. 60” 0.05 mm Ha. NMR 
8 2.5(lH, s), 2.2 @I, s), l.&l.$lOH~m):O25(9H. s), aod0.l (9H 
s) for epimers. IR 2960. 1410, 1250, 845cm-‘. MS. CIIH120Si 
requires: 1!&128, Obs: 1%.128. 

5 - Isoorooenvl - 2 - methvlcvclohex - 2 - en - I - oxiran - 2 - 
ylmethyl&n~th$lane U. &r;one (2.Og 13.3 mmol) was treated 
with CTC (20.0 mmol) at - 78” and warmed to 20” over 1.5 hr. 
Work-up as for 7 gave the crude product which was distilled to 
give 24-(76%). b.pr 75”-83”/0.4 mm. NMR 6 5.6(1H, bs), 4.6(2H, 
s). 1.8-2.5(6H. bm). l.SSOH. s). 1.4(3H. bs). O.l5(9H. s). IR 2940, 
2920, 1256,8&l, 840cmmi. MS.~C,,H,,OSi requires: 236.159, Obs: 
236.160. 

Cycloheptan - 1 - oxiran - 2 - ylmethyltninethylsine 
28. Cycloheptanone (1.57g 13.3 mmol) was treated with CTC 
(2O.Ommol) at -78” and warmed to 20” over 1.5 hr. Work-up as 
for 7, gave 25yl.S g 58%). b.p. 6@/0.9 mm Hg. NMR 6 2.1(lH, s), 
1.7(12H, bs), 0.2(9H, s). IR 2920, 1250,84Ocm-‘. MS. CllHuOSi 
requires: 198.144, Obs: 198.144. 

3 - Methoxyandrosta - 3,5 - dien - 17 - oxiran - 20 - ylmethyl- 
trimethylsilane 26. 3 - Methoxyandrosta - 35 - dien - 17 - one 
(1.0 g 3.3 mmol) was treated with CTC (9.9 mmol) at - 78” for I hr 

then warmed to #p over 1.5 hr. Work-w as for 5 gave the crude 
product which was puritkd by preparative layer chromatography 
to uive 26 (0.520 P 41%). M.D. 58“# NMR 8 0.119H. s). 0.90(3H. 
s),i.%(3H‘, s), l.j2(17H, rni 2.1 (lH, s), 3.45 (3H;s),5.b;3(2H;m): 
(Found: C, 74.40; H, 9.6. &H&G requires: C; 74.61; H, 
9.84%). 

10 - Oxoanthracen - 9 - oxiran - 2 - ylmethyltrbnethylsine 27. 
Antbraquioooe (0.5 g 2.4 q mol) was treated with CTC (5 mmol) 
at - 78” for 0.5 hr then warmed to 20” over I hr. Work-up as for 5 
gave 27 (0.74Og 89%). q .p. 113.5”-115” (from CH&-hexane). 
NMR 8 8.1-8.4(2H, m), 7.k7.6(6H, q ), 2.5(lH, s). o.q9H, s). IR 
(Nujol mull) 2940.2920, 1710, 1600, 1590, 1300, 1275, 1250,850, 
840, 760, 75Ocm-‘. (Found: C, 73.55; H, 6.24. CI&sOo2Si 
requires: C, 73.40; H, 6.12%). 

Bis-adduct from 12.21~oaracvcloohane-l.lkfionrn The dione 
(50 mg 0.21 mrhol) was &ated with CTC (d.89 q mol) at - 78” for 
I hr then warmed to Up over 1 hr. Work-up gave 28 (77 mg 89%) 
purified by preparative layer chromatography. NMR 6 6.1- 
6.7(8H, m), 3.qlH, bs), 2.5(1H, bs), 1.2(4H, bs). 0.3(9H, s), 
O.O(9H, s) for epimers. IR 2960, 2920, 2850, 1460, 1380, 1250, 
84Ocm-‘. MS. CUHr202Si2 requires: 408.194, Obs: 408.195. 

Hydrolysis of a,/?-epoxytritnethylsilanes 
Compound yO.20 g) in 10% aqueous MeOH (5 ml) was stirred 

at - 5” and BP,.OEtr (0.095 ml) added. The mixture was warmed 
to 20” and after 2 hr poured into 0.5 M HCI (20 ml) and extracted 
with CHrCls (3 x 20 ml). Dryii (MeSO,) and evaporation gave 
phenylacetaldehyde dimethylacetal(O.14g 82%).” 

Compound 5 (0.19 g) in 20% aqueous THP (2 ml) was stirred at 
20” and 70% HCIO, (0.01 ml) added. After 4hr the mixture was 
noured into water (2Oml). extracted with CHXI, (3 x 2Oml). 
dried (MgSO,) and evaporated in vacno at 30” to give phenyi: 
acetaldehyde (0.14g 85%), 2,dDNP m.p. 230-235” (from ether- 
petroleum ether).” 

Compound 8 (2.8 g) in 20% aqueous THF (20 ml) was treated 
with 70% HClO, (1 ml) as above, and worked-up to give an- 
decanal(1.76 g 85%).m 

Compound 10 (0.25 g) in 20% aqueous THM (S.ml) was treated 
with 60% HClO, (0.1 ml) as above, and worked-up to give 2-(6,6 - 
&wthylbicyclo[3.l.l]hept - 2 - ene)ncetaldehyde (18omg 94%). 
IR 1700, 1610cm-‘. NMR 8 0.8(3H, s), 1.3(3H, s), 2.0-2.4(8H, m), 
6.6(1H, b), 9.7(1H, t J = Hz).” 

Compound 12 (0.18 g) in 20% aqueous THF (3 ml) was treated 
with 70% HCIO, (0.1 ml), as above, to give cyclohexane carbox- 
aldehyde (0.08g 74%), 2,dDNP m.p. 16!?-171” (from 
EtOAc/petroleum ether).‘* 

Compound 13 (0.2Og) in 90% formic acid (I ml) at 20” was 
stirred for 0.5 hr and the mixture evaporated to ‘ve 2-adaman- 
tane carboxnldehyde (O.lOg 71%), m.p. 99”-102”. B 

Compound I7 (0.375 g) in 20% aqueous THF (4 ml) was treated 
with 70% HCIO, (0.5 ml) as above to give 4 - t - btiylcyclohexyl- 
carboxaldehyde (0.188g 72%). NMR 6 9.8 and 9.7 (two singlets 
2: I for epimers), 2.4-0.7(10H, m), 0.85 and 0.75(9H, two sin- 
glets).” 

Compound 21(50 mg) in 90% formic acid (2 ml) was stirred at 
20” for 0.5 hr. Evaporation (0.05 mm Hg) gave a solid which was 
puritied by preparative layer chromatography to give 3 - methoxy - _ 
- 176 - fokyl 1 I,3,5 - eshatriene (38 mg 98%), m:p. 1100-1120. IR 
(Nujol) 2920.2700, 1710. 1610. 1400, 1250cm-‘. NMR 0.7QH. s). 
1.1-2.4 (14H, bm), 2.7(2H, bs). 3.6(3H, s), 6.2-7.7.9(38, m), 9.6(lH, 
s). (Found: C, 80.42, H, 8.96. C&&.Or requires: C, 80.53; H, 
8.72%). 

Compound 22 (0.90 g) in 90% formic acid (3 ml) was stirred at 
20” for 0.5 hr to give 2 - methylcyclohexyl carboxuldehyde (0.44 g 
77%). b.p. 80”/0.5 mm IQ.” Compound 23 (500mg) in 20% 
aqueous THF (10 ml) was treated with 70% HCIO, (0.5 ml) for 
1Ohr at 20”. Work-w gave 3 - fonnyl - bicycloI2.2.llheptane 
(0.23g 73%) as a mixture of epimer (3.6: 1). NMR 1.112&6H, 
bm). 2.L2.4(2H. bm). 2.6(28. bs). 3.61lH. bm). 9.5(1H. s) and 
9.6iiH, s).~, ,, , I ,. , , I 

The epoxytrimethylsilane 23 (0.5 g) in 90% formic acid (2 ml) 
was stirred at 20” for 0.5 hr. Evaooration and crystalhxation gave 
bicyclo[3.2.ljoctan-2one 35 m.p: 127-1290.“’ 

Compound 24 (0.5 g) in 20% aqueous THF (6 ml) was treated 
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with 70% HCIO, (0.5 ml) for 2 hr at 20”. Work-up gave a liquid 
(0.27Og 78%) b.p. 85”/0.4mmHg. NMR 8 1.7(6H, s), 1.9(2H, s), 
2.1(5H. bs). 4.6(2H. d. J = 5 Hz). 5.6(1H. bs). lO.OGH. s). About 
35% of the de&j&&d aldedyde was. pr&tt. IR 2920, 2860, 
1710, 1668, 1635, 1440, 1370, 1230, 890. 810, 790, 76Ocm-‘. MS. 
C,,HuO requires: 164.120, Obs: 164.120. 

Compound 28 (0.5 g) in %J% formic acid (3 ml) was stirred at 
20’ for I hr. Work-up gave cycloheprunr carboxaldehyde (0.28 g 
88%)?’ 

Au the above aldehydes were formed in 3 95% purity diiectly 
from the hydrolysis reaction. 

Cyclohexanecarboxaldehyde ethylencacetal 36 (X = Y = 0, n = 
2). 12 (0.200 g) in benzene (2 ml) was treated with ptohtenesul- 
fonic acid monohydrate (0.02 g) and ethykne. glycol (0.07 ml). 
The mixture was heated at reflux for 2hr, poured into sat 
NaHCO,aq, and extracted with ether (2 x IO ml). The dried 
(MgSO,) extract was evaporated to give 36 (X = Y = 0, n = 2) 
(0.14~ 80%) b.n. 80”/0.25mmHa. NMR 8 4.5GH. ml. 3.8(4H. 
is), kiqi IH),.~ 

. ,. ~ , 

Cyclohexanecarboxaldchydc dithioethylencacetal 36 (X = Y = 
S, n = 2). 12 (0.200 g) was treated as above, except Qethanedi- 
thiol was used; 36 (X=Y = S, n=2) (0.17g 78%), b.p. 
85”/0.25 mm Hg. NMR 8 4.2(lH,m), 3.0(4H, bs), I.O-2.0(1lH). 

Cyclohe.xanecarboxaldehyde hemithioethylmeacetaI 36 (X = S. 
Y = 0, n = 2). 12 (0.2OOg) was treated as above, except 2-t& 
ethanol was used; 36 (X = S, Y = 0, n = 2) (0.138 g 70%). NMR 8 
3.l(lH, m), 2.6(lH, m), I.62.O(llH). 

Cyclohexanecarboxaldehyde l,3-dithiopropyieneacetal 36 (X = 
Y = S. n = 3). 12 (0.200 g) was treated as above, except l,3- 
propanedithiol was used; 36 (X = Y = S, n = 3) (O.lSOg- 65%). 
NMR 8 4.OUH. m). 2.5-3.0(6H. m). l.O-2.OU IH). 

Cyclohexbne carboxylic acid&k 12. 12‘(1. gj in glacial AcOH 
(2ml) was treated with 30% HrO, (4ml) and cone HrSO, (2 
drops). After 72hr at 20” the mixture was poured into sat 
NaHCOsaq and extracted with ether. The aqueous layer was 
acidified (ZNHCI), extracted with ether (2 x IOml), dried 
(MgSO,) and evaporated to give cyclohexane carboxylic acid 
(0.44 g 65%) m.p. 27”-29’. 

Cyclohexan - I - oxiran - 2 - ylmethyl - 2 - methyltrimethyl- 
silane 38. I2 (0.2Og) in dry pentane (IOml) was treated with 
t-BuLi (0.88 ml of a 1.85 M soln in pentane) at - 78“. followed by 
TMEDA (0.25 ml). After I hr at - 78” Mel (I ml) was added and 
the mixture warmed to 20” over a period of 0.5 hr. Work-up in the 
usual way gave 38 (0.19g 88%). b.p. 60”/0.125mmHg. NMR 6 
O.O(9H, s), 1.25(3H, s), l.S(IOH. b). MS. CIIHz20Si requires: 
198.144. Obs: 198.144. Identical to an authentic sample prepared 
from cvclohexanone and MelSiCliMeCl.)8 

Cycbhexan - I - oxiran - i - y/methyl - 2 - allyltrimethylsilane 
39. To a soln of 37 (prepared as above) was added allylbromide 
(0.28 ml) at -78’. Work-up gave 39 (0.17g 70%). b.p. 
65”/0.08mm Hg. IR 2920, 2865, 1635, 1250, 845 cm-‘. NMR 8 
O.l(9H, s), 1.2(2H, d J = 3.5 Hz), l.SS(lOH, bs), 4.&5.2(2H.m), 
5.3-6.O(lH.m). MS. C,,H,,OSi reauires: 224.160. Obs: 224.160. 

Cyclbheian - I - O.&an - 2 - ;/methyl - 2,2 - bis - trimethyl- 
sdane 40. To a soln of 37 (prepared as above) was added 
chlorotrimethylsilane (0.18 ml) at - 78”. Work-up gave 48 (0.16 g 
60%). b.p. 6PAl3 mm Hz. IR 2940, 1450, 1250,845 cm-‘. NMR 8 
0.25(18H, s), ISS(lOH, b). MS. C1,Hr80Sil requires: 256.162. Obs: 
256.163. 

Latia Luciferin 41. Dihydro-@-ionone23 (0.3 g 1.55 q mol) was 
treated with CTC (2.0 equiv) at - 78” for 0.5 hr then warmed to 
20”. Work-up in the usual way gave 42 (0.37g 85%), b.p. 
90”/0.15mmHg. NMR 6 O.l(9H, s), 0.75-1.10 (9H, m), l.20- 
1.45(7H.m), 1.50-l.S5(3H, bs), 1.80-1.85(2H, bs), IR 2950, 2920, 
2900, 1250, 845cm-‘. MS. C17H320Si requires: 288.222. Ohs: 
280.222. 

Compound 42 (0.2OOg 0.7 mmol) in dry formic acid (freshly 
distilled form boric anhvdride) was stirred at 20” for 0.5hr. 
Evaporation under vacuum gave 41 (O.l5Og 95%)n after 
chromatography over florisil, eluting with hexane. NMR 8 
7.97(18, s), 7.92(lH. s for cis-isomer cu. IO%), 6.96(18, bs), 
1.73(38, d J = I.5 Hz), 1.60(3H, bs), l.O(6H, s). 

Mixture contains ca. 10% of the cis-isomer. 
Cyclohexan - I - oxiran - 2 - ylmethyl - dimcthylphenylsilane 

46. ChbromethyIdimethyIphenylsilane (2.20 ml 12.2 mmol) in 
THP (I5 ml) at - 78” was treated with s-BuLi (8.73 ml of a 1.4 M 
sobs in hexatte). After IS mitt at - 55” the sohr was cooled to - 78 
and cyclohexauone (I.05 ml) added. The mixture was warmed to 
0” and poured into sat NH,Claq, and extracted with ether (2 x 
300). Drying (MgSG,) aud evaporation gave 46 (2.8 g). Dis- 
tillation gave tmre 46 (I.1 R 50%). b.u. 90’-92” 10.05 mm HR. NMR 
8 0.25(6H, s),-l.35(lOH, si 1.9(lH, s), 7.0~7.40(5H, m), ik 2920, 
1450, 1430, 1410, 1250. 1115, 890, 840, 82Ocm-‘. MS. C,,H,,OSi 
requires: 246.144. Obs: 246.144. 
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