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M&net-Several alternatives for preparing (I-trimethylsilylcyclopropyl)ethylenes have been examined. Although 
I-lithio-l-(trimethylsilyl)ethylene does add satisfactorily to carbonyl compounds and the subsequent Simmons- 
Smith cyclopropanation provides the desired cyclopropyl carbinols, shorter routes involving the I-trimetbylsilyl- 
cyclopropyl anion were sought. The sequence based upon reductive lithiation of I-(trimethylsilyl)l-phenyl- 
thiocyclopropane proved less than satisfactory. In contrast, metalation of I-bromo-l+rimethylsilyl)cyclopropane 
leads efficiently to the desired carbinols which dehydrate without rearrangement. Pyrolysis of the resulting 
(I-trimetbylstiylcyclopropyl)ethylenes affords silyl substituted cyclopentenes in high yield. Subsequent reaction of 
these products witb varied electrophiles forms the basis of a new and versatile S-ring annulation sequence. An 
intramolecular competitive study of the vinylcyclopropane rearrangement is documented as are other attempts to 
induce ring expansion of the Si-substituted 3-membered ring by ionic pathways. 

Although the thermal rearrangement of vinylcyclo- 
propane derivatives constitutes a most powerful method 
for the annulative formation of functionalized cyclo- 
pentenes,’ no Si-substituted compounds appear to have 
been subjected to such pyrolytic treatment.’ One in- 
centive for the study of (l-trimethylsilylcyclo- 
propyl)ethylenes (e.g. 1) is provided by the vinylsilane 
character of the products (2) which should allow for 

extensive subsequent 
broad adaptation of 

L 

functionalization.’ The possible 
this methodology requires, of 

course, that there be no shortage of efficient synthetic 
routes to higher and more complex homologues of 1. 
Herein, we disclose the full details of our investigation 
involving various means of producing strained molecules 
of this type and detail their response to thermal activa- 
tion. Also developed in the course of this work is a 
particularly expedient method for the generation of the 
I-trimethylsilylcyclopropyl anion, a versatile heteroatom 
stabilized organometallic which has the potential for 
becoming a highly useful instrument in synthetic 
organosilicon chemistry. 

Indirect preparation of (I-trimefhylsilylcycl- 
propyl)ethylenes. Because cr-bromovinyltrimethylsilane 
(3) can be conveniently prepared in large quantities6 and 
readily coaxed into halogen-metal exchange with 1-BlrLi 
in ether at -780.’ we began by assessing the viability of 
this organometallic reagent (4) in providing l-(trimethyl- 
silyl)cyclopropyl carbinols. Although the addition of 4 lo 

carbonyl compounds proceeded uneventfully (Table 1). 
we did note that the use of 1.25-1.5 equiv. of t-BuLi 
generally delivered the carbinols in best yield. These 
products smoothly underwent Simmons-Smith cyclo- 
propanation when the modified form of this procedure 
which utilizes EtZnI” was applied. Strikingly, no methyl 
ether formation was observed. This was not the case 
when the OH group is primary in nature as in 15. Under 

no” C*HSZnI c & 

CH2=2 OR 

the usual experimental conditions which make use of 
1.2equiv. of CH212, mixtures of 16, 16b. and starting 
alcohol 15 were obtained. Aliquot analysis showed 16h to 
be present even at low conversion. In the presence of 
excess CH&, no Ma was obtained and 16b was the 
primary product. When recourse was made to Zn-Cu 
couple instead of EtZnI, a 5.5: I mixture of Ma and 16b 
was produced. 

Expectedly, the acid lability of the carbinol resulting 
from cyclopropanation of 18 led 10 the direct formation 
of enone 19 on workup. 

‘2 E R, 

Carbinols 10 and 11 were directly dehydrated without 
rearrangemenf in yields of 52-75% upon exposure to 
catalytic amounts of p-toluenesulfonic acid in benzene at 
20”. No evidence was found for the occurrence of ring 
expansion or cleavage processes under these mild con- 
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Table I. Preparation of (I-~ethyls~y~cyc~opropy~~b~yl &ohols by reaction of 4 with ketones and aldehydes 
followed by S~rnon~rni~ CyclopropaMtion 

Carbonyl Vinyl Yirid, Cyclopropylcarbinyl 
compd 

YlOld. 
alcohol x alcohol x 

0 

“0 

0 

0 
0 

H “-0 

0 
cn3, ” 

,CtiCH 

C”3 

I Me3 
/ io HO 

2 

SiMe3 

30 0 

HO 

6, 

SiMe3 

0 w3 

+ CH3 
OH 

Iz 

67 

76 

50 

75 

60 

65’ 

“Some dehydration was encountered daring the reaction and workup. 

ditions. Where 13 was concerned, an cu. I: 1 mixture of 
the E- and Z-isomers was formed. This pair of allyl- 
sifanes (21 and 22) was conveniently separated by vapor 
phase chromatography and their individual structural 
assignments confirmed by their thermal behavior (see 
below). 

2,o 2 , ” = I 2,! 2s 
~,n=2 

method for generat~n of the l-t~met~yls~ylcycfo- 
pmpyl anion. ~ot~~s~n~~ the reasonable elciency 
of the standard methodology just described, the feasi- 
bility of a more direct route mediated by the l-tri- 
methylsilylcyclopropyl anion now had to be considered. 
Recourse to 3-membered organometallic intermediates 
has been made with ever-increasing frequency in recent 
years, although their generation has on occasion presen- 
ted complications. Thus, while attempts to produce the 
anions of 230 and 23h by deprotonation have not been 
successful,e” cyclopropy1 phenyl su5de (23c) under- 

fix 
Ii 

aseff l;,","'i_AseR 

SeR LI 
g Q, X = C00C2li5 24 

$X- NO2 
22 

5.X = SC6H5 

c&X = COOH 

goes rapid and efficient proton abstraction with n-BuLi at 
0”.‘2-‘4 The dianion of 23d is likewise readily formed 
upon exposure to 2.2 equiv. of lithium diisopropylamide in 
THF at O’.” Krief and Reich have established that 
cyclopropanone diselenoketals such as t4 enter rapidly in- 
to reaction with n-BuLi in THF to produce the correspond- 
ing selen~ba~ons 25 in hi yield.” More recently, 
Cohen and Matz have shown that cyciopropyl sulfides of 
type 26 are subject to reductive lithiation with lithium 
naphthalenide or lithium i-dimethylamino- 

2_6 0, X - %&jf’t5 2,7 
2, x = OCtlJ 
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uaphthalenide.” Reaction sequences involving 
diiromocarbene addition to alkenes followed by trans- 
metalatioo of 28 with n-BuLi to give a-lithiocyclopropyl 
bromides 29 can be utilized #nven~n~y without’ 
serious complication from carbenoid formation. ‘a~*9 

No comparable attention has been paid to silylcyclo- 

in situ on the column dilfered little from that of the 
aromatic by-product, drastically lowered yields of pure 
products had to be tolerated. Secondly, the reductive 
lotions themselves proved problematic, even failii 
totally on occasion for unknown reasons. When the use 
of 1dimethylaminonaphthalenide did not resolve either 
complication, this approach was abandoned. 

While the preparation of 1,ldibromocyclopropane 
from ethylene has been described,2’ autoclave conditions 
and the expensive dibromocarbene source PhHgCBr, 
must be utilii. These req~ements seriously detract 
from the attractiveness of this precursory molecule. 

Alternatively, 34 is conveniently available in large 
quantity by reaction of thd dianion of 23d with tri- 
methylsilyl chloride.” Hunsdiecker degradation of 34 in 
dichloromethane solution was found to occur spon- 

propanesio Quite unlike 23c and 23d, ~e~yls~yl- 
cyclopropane (30) does not undergo deprotonation at 
its a-cyclopropyl” site under a variety of conditions, 
iucludii prolonged exposure to set-BuLi and TMEDA 
in THF solution.22 Accordingly, recourse was made to 
deprotonation of 23e and condensation of the resulting 
anion (27~) with t~e~yls~yl chloride to give 33. A 
considerably more convenient synthetic entry to this 
biiunctional cyclopropane can be realized by sequential 
treatment of 32 with 2 equiv. of n-BuLi13 and Me$iCI. 
With 33 in hand, it proved an easy matter to overcome 
the lack of proton acidity in 39 and arrive at 31 by 
reductive cleavage of the phenylthio subs&rent with 
lithium naphthalenide. 

Shle3 
fi 

H 

:-y_ /gMe3 
Ll 

THF 

taneously, to be mildly exothermic, and to proceed to 
completion within 2 hr. Fractional distillation to separate 
small amounts (5-1096) of bromodichloromethane which 
is formed concomitantly provides the low melting solid 
bromide 35 in SO-6096 isolated yield. We have thus far 
noted that 35 undergoes lithiation with n-BuLi in THF at 
-78” and conden~tio~ with carbonyl com~unds rou- 
tinely in high yield, except in the case of cyclopentanone 
where enolate anion formation is somewhat competitive. 
Generally, dehydration of the carbinols was effected 
without purification. The overall yields provided in Table 
2 are illustrative of the efficiency of the method which 
has repeatedly shown itself to be superior to the other 
alternatives described herein. 

Following upon these developments in this laboratory, 
Krief has disclosed his independent findings that 39 
(obtained by condensation of 25 with Me$iCl) can he 
effectively converted to 31 upon reaction with n-BuLi.” 
They and the group headed by Nozaki2’ also reported 
recently that mbre highly substituted i,ldibromocyclo- 

t 

I + 

CIOHIO L’ 

C6HsS-SC H 65 

413 _ THF c J.&y3 II- BuLt 

- 20.C 
Ll 

?? % 

The addition of 31 prepared in this manner to carbonyl 
compounds sutlered from two annoying drawbacks. Fir- 
stly, chromatography was necessary to separate naph- 
thalene from the resulting carbinols which often suffered 
dehydration under these conditions. Because the polari- 
ties of the (I-~ethyls~yIcycIopropyl~~yIenes formed 

propanes (e.g. 49) can be transformed via silyl bromides 
such as 41 to 1-trimethylsilylcyclopropyUithium reagents 
(42). Thus, a broadly general synthetic entry to I-tri- 
methylsilylcyclopr6pyl anions is now available. 

~~~1 is~me~sat~~ sttrdies. The long-range goal of 
this research program was to effect the thermal rear- 
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Table 2. Preparation of (I-trimethylsilylcyclopropyl)ethylenes by reaction of 31 (prepared from bromide 35) with 
ketones followed by dehydration 

Cyclopropyicorbinyl (I-Trimethylsi~i- Over01 I 
Corbonyl compd alcohol cyclopropyl~et~iene Yield,% 

3-Pentonons w Wz? 60 

Cyclohexonone !.! 2,o!z 51 

Cyclopenton~ne ‘E? ??O 20 

Osi + O+i+ $i + 

P&H 

60 

0 
MeSSi OH 

SiW3 

3_6 z? 3,8 

rangement of silicon functionalixed vinylcyclopropanes androstanolone 3% delivered 46. Incorporation of the 
in order to achieve a new S-ring annulation procedure of double bond into a cyclic enone moiety as in 19 did not 

rich diversity based ultimately upon electrop~ic sub- 
stitution of the resulting cyclopentenyl silanes. As the 
result of extensive kinetic investigation by several 
groups, it is now widely recognized that heteroatoms 
positioned on vinylcyclopropane moieties and other 
strained ring systems capable of thermal rearrangement 
exert a powerful infhrence on rate (Table 3). Although 
this effect is unders~n~bfy closely related to the loca- 
tion of the substituent, electro-negative atoms such as 0 
and N are generally seen to give rise to a rate enhance- 
ment effect. Although the kinetic consequences of pen- 
dant silyl groups had not been examined, we surmised 
that the electropositive character of Si relative to C 
would liiely be adequate to deter the thermal rear- 
cement of W and 21, particularly since the Me,Si 
residue was bonded to C-l in these compounds. 

This assumption was soon proven to be correct. Pas- 
sage of 2Oa, 2Oh and 21 in the gas phase at 30-40 torr (IV2 
as carrier gas) through a quartz chip-packed tube (30m 
long) required heating to 570” to achieve useful levels of 
conversion to 43 Q&9%), 44 (85%) and 45 (71%), respec- 
tively. Comparable treatment of the function~ized 

disrupt the bond relocation process, ethos somewhat 
more elevated temperatures (660”) were now required. 
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Table 3. Activation energy and relative rate data for the thermal rearrangement of selected strained ring systems 

A. 2 - Substituted Vinylcyclopropanrr 

R E,. kcol/mol krc, (200.C 1 rrf 

H 49.7 I 0 

0CH3 30.7 I04 b 

NM02 31.2 3x105 C 

9. I -Substituted Vinylcyclopropony 

&= -‘o 

R E,, kcol/mol rrf 

Ii 49.7 0 

CH3 49.4 d 

0CH3 44.7 b 

C. S-Subrtitutrd Bicycle [2 .I. I] hrxoner 

.R 

R E,, kcol/mol kral ( IOO’C) rrf 

Ii 35.2 I a 

OAc 29.2 I03 f 

OCH3 25.1 IO5 0 

D. 7-Subrtitutrd Bicyclo[3.2.0lhrpl-2- rnrr 

R E, , hcol/mol hrd (240%) ret 

H 49 6 I h 

0CH3 46.3 23 I 

NM02 41.0 2x103 i 

‘M. C. Flowers and H. hi. Frey, 1. Chun Sot. 3547 (1961); C. A. Wellington, 1 Phys. Chem 66.1671 (1962); bJ. 
hf. Simpson and H. G. Richey, Jr., Tetrahedron Lcltcrs 2545 (1973); ‘H. G. Richey, Jr. and D. W. ShuB, Ibid 575 
(1976); ‘R. J. Ellis and H. M. Frey, 1. Cha Sot. 959 (1964); ‘H. M. Frey and G. R. Hopkins, 1. Chcm. Sot. B. 1410 
(1970); ‘S. Masamuoe, S. Takada, N. Nakatsuka, R. Vukov and E. N. Cain, J. Am Chn Sm. 91,4322 (1969); ‘F. 
Scheidt and W. Kiise, I. Chum. Sot. Chem. Commun. 176 (1972); bA. T. Cocks and H. M. Frey, 1. chun Sot. A. 
2564 (1971); ‘W. Kiise and B. P. Kampmann, unpublished; B. P. Kampmann, Dissertation, Univ. Bochum 1979. 

Compound 47 is particularly prone to prototropic shift. 
Because the trimethylsilyl group iu 48 now happens to be 
allylic, desilyhtioa also occurs readily during the 
chromatographic purification process. 

A competition study. The thermal rearraugements just 
descni may well proceed by a stepwise pathway 
wherein the Si-substituted C atom acquires odd-electron 
character during formation of an intermediate bin&al. 
Since cr-sibyl free radicals are known to lack shbiliza- 
tion,% the -SiMes group would be expected to exert an 
untoward kinetic effect. Although the somewhat elevated 

temperatures required can be construed to be an in- 
dication of rate retardation, we sought to acquire ad- 
ditional evidence. Kinetic studies of vinylcyclopropane 
mments abound.n Interestingly, however, uo in- 
tramolecular competition version of this process has 
been documented. Although quantitative information is 
not usually obtained from experiments of this type, a 
qualitative appreciation of kinetic ordering cao be gained 
with certainty, frequently with minimal expenditure of 
effort For these reasons, we prepared the dicyclo- 
propylethylene 53. 
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no PCC i 

No OAc 

cn3 
cx.p2 c*3 

2.50 ?!! 

/ 
E,3T4S02mOOCH3 8 

C6H6 , A 

k”‘k-S, 

/ 
a 

Secondary alcobol50 was synthesized from acetalde- 
hyde in conventional fashion and oxidixed with pyri- 
diium chiorocbromate. Following the additions of 
cyclopropyllithium to ketone 51, the resulting tertiary 
alcohol (52) proved to be most efficiently dehydrated 
through use of the Burgess reagentm 

As is ihustrated, kinetically favored involvement of the 
unsu~ti~t~ 3-membered ring wiIl lead in&By to 2&t 
and ultimately to 43. To the extent that the silylcyclo- 
propane moiety enters 6rst into isomer&ion, vinyl- 
silane 54 will result initially, Continued thermal rear- 
rangement of 54 would lead to ahyhilane 55. Experi- 
mentally, we found that pyrolysis of 53 under the pre- 
described con~tions rest&s in clear conversion uniqueiy 
to 43. Clearly, therefore, k~ B ksi* 

Elec#mph%c additions to the cyclopentanmdated 
uinylsifanes. We emphasize here that the present pro- 
cedure delivers mono- and bicyclic vinylsilanes having 
the double bond invariably positioned at the more highly 
substituted site. ‘Ihis regiochemistry is not attainable 
through application of the Shapiro reaction which leads 
via kineticaBy controUed proton abstraction to the lesser 
substituted vinyGhtne~ (e.g. 56457). As a result, the 
methodologies are usefully complementary. 

0 Si Me, 

co *cd 
a 

\ 

5_6 5_7 

In the muse of selected experiments involving 43 and 
45, it was noted that these vinylsilanes conform to the 
usual pattern of regioselectivity wherein the Si-sub- 
stituent diets the entry of electrophiles to the Si- 
bonded C. However, conditions had to be controlled 

_. 
A 

\ 

more strictly than normal, perhaps as a consequence of 
the tetrasubstituted nature of their double bonds. Thus, 
acetylation by means of acetyl chloride in di- 
chloromethane at -78” atIorded 58 and 59, while 
brominatioa led to the isolation of 60. Through reaction 
with mchloroperbenxoic acid, 43 was efficiently trans- 
formed into a 60: 40 mixture of the epimers of 61, and 45 
gave rise to a t : 1 mixture of 62a and 62b. The individual 
stereochemistries of these isomers was not revealed un- 
ambiguously by lanthanide shifting experiment. 

0 ,,,Si Mc3 a 
Response of (I-rrimerhyls~ylcyclup~py~~hyi~tkylencs to 

ekctmphilic agents. It will be recalled that cyclopropyl 
ring expansion was not observed during the dehydration 
of carbinols such as lb14 and 37. Nor was rearrange- 
ment considered to be particularly likely under car- 
bocationic conditions, since a positive charge wooId be 
required to reside a to the trimethylsilyl group at least 
temporarhy. The energetic costs of this s~sti~~n plan 





920 L. A. PAQUE~E et al. 

1 - (1 - Trinrrthyls~ylc~f5P~py~cycl5p~t~5f (10) 
An e&real solo of Et&I (90 mL of 1.0 M) was blanketed with 

Nz and CH21Z (5.65 g, 21.1 mmol) was added. The resdltiag soln 
was heated at reflux for I hr, cooled to 0” ia an ice bath while 5 
(3.4 g, 18.5 mmol) dissolved in anhyd. ether (20 mL), and stirred 
ovemigbt at room temp. After the volume was reduced to ea. 
50 mL by distillation, the mixture was cooled and quenched with 
sat. NHClaq. Following the addition of ether (50mL). the 
organic phase was washed with sat NH,Claq and water prior to 
drying and solvent evaopration. There was obtained 2.38 g (65%) 
of 10 as a pale yellow oil which underwent facile dehy~tion 
upon attempted chromatographic purification; IR (cm-‘, neat) 
3470, 3070, 2980, 1250, 1025, 1000, 920, 840, 760, and 690; NMR 
(8, CD&) 1.93-1.52 (m. SH), 0.62-0.45 (m, 4H), and 0.08 (s, 
9 H). 

From 270mL of l.OM Et&I, 4.0~ (14.99mmol) CH212, and 
2.63g (13.3 mmol) of 6, there was obtained 3.09g (98%) of 11 
which also was dehydrated upon attempted chromato8raphic 
p~cation; ‘H NMR (8, CDClt) 1.9-1.35 (m, IOH), 0.78-0.6 (m, 
2H), O.SM1.35 (m, 2H). and 0.1s fs, 9H); mic Calc. (hi+): 
212.15%. Obsd: 212.1602. 

1 - (1 - Hydraxy - 2 - methylpropyl) - 1 - (trimetkyfsilyl)cyclo- 
p~paae (14) 

From 25mL of 1.2 i\i EtZnI, 1.8~ (6.7mmol) of CH&, and 
1.0~ (5.8 mmol) of 9, there was obtained 0.99 g (91.6%) of 14 as a 
colorless oil. An analytically pure sample was prepared by pre- 
parative VPC at 112” (5 ft x 0.25 in. 5% SE-30); IR (cm-‘, neat) 
3500, 3070. 2960, 146W430, 1410-1365, 1265, 1255, 1030, 985, 
960, 950, 930, 895, 840, and 755; ‘H NMR (8, CDCll} 2.35 (d, 
J = 9Hz. I Hb. 2.09-1.69 Im. 1 H). 1.40 Ibr s. 1 Hh 0.99 (d. 
I = 7 Hz; 3 Hj,. 0.92 (d, II 7’Hz, j.H), O&O25 (m,‘h H), a& 
0.05 (s. 9H); m/e 171 (W-CH,), 168 (W-H,O), and 153 
(M” - CH, and H,O). 

I - (2 - ffydnxyethyf) - 1 - (trimethy~siiyncyclopropltne (16n) 
Zn dust (3.0 g) and cuprous chloride (450 mg) were slurried in 

7 mL dry ether under argon and heated at retlux for 30 min. To 
the resulting couple was added 1.8 mL (22.8 mmol) Cii& and 
1.0 g (6.3 mmol) of 15, and this mixture was heated at reflux for 
24 hr and &red at room temp. for an additional 24 hr. Following 
the addition of sat. NH,CHaq., the mixture was filtered through 
Celite and the residue was rinsed with ether. The filtrate was 
washed with water (2 x ), dried, and concentrated in cacao. There 
was obtained 1.09g of a 5.5: 1 mixture of 16a and 16b as a 
colorless oil. Chromatography on silica gel (elution with 8% 
EtOH in pentane) gave 820mg (75%) of 160: IR (cm-‘, neat) 
3320,3060,2990,2950, 1429, 1245, 1050, 1020,950.870,830,740. 
and 680, ‘H NMR (8, CDCI,) 3.70 (t. I = 7Hz. 2H). 1.57 (t, 
J = 7 Hz, 2 H), 1.37 (br s, 1 H), 0.45 (m, 2 H), 0.32 fm, 2 H), and 
0.00 (s, 9H); “C NMR (ppm, CDCIJ 62.7, 41.2, 9.1, 2.5, and 
-2.4; m/e CU. (M’): 143.0892, Obsd: 143.0836. (Found: C. 
60.56, H, 11.59. Calc. for &H,sOSi: C, 60.69; H, 1 I&%.) 

1 - (2 - ~e~~oxye~ky~ - I - (~~rne~~y~s~y~cyc~op~pane (16b) 
From WmI! of 1.0 M EtZnI, 16.63~ (62 mmol) CH&, and 

3.0 g (20.8 mmol) of 15, there was isolated 3. IO g (95%) of 16b 
after purification by medium pressure liquid chromatography 
(MPLC) on silica gel (elution with 7% ether in hexane); IR (cm-‘, 
neat) 3060,2900,1445,1385,1249,1180,1117,1012,937,9@7,857, 
830,740, and 680, ‘H NMR (8, CDCIJ 3.45 (t, I = 7 Hz, 2 H), 3.40 
(s, 3H), 1.60 (t, J=7Hz, 2H). 0.55-0.30 (m, 4 H), and 0.08 (s, 
9 H): “C NMR (ppm, CDCI,) 72.7, 58.5, 38.0, 9.3, 3.0, and -2.5; 
m/e Calc. (M+): 157.1049. Obsd: 157.1045. (Found: C. 62.60: H. 
11.73. Calc: fo; C+H,OSii C, 62.79; H, 11.6&G.) 

3 - Methoxy - 1 - (1 - trimethylsi?vlcrhmyI)yle~henyl) - 2 - cyciohexen - 1 - 01 
(18) 

To a -78” ethereal soln (20mL) of a-bromovinyltrimethyl- 
&lane (l.Sg, 10mmol) was added t-BuLi (7 mL of 1.82 M) over 
2min. The mixture was stirred for 1.5 hr at -7e and sub- 
sequently warmed to 0”. A soln of 3-methoxy-2-cyclohexenone 

(630 w, 5.0 mmol) in dry ether (15 mL) was added dropwise 
during 1 min and the mixture was stirred at 0” for 15-2Omin 
before beii allowed to warm to room temp. After Urnin, the 
soln was cooled to -78” and treated with 1OmL water. The 
organic phase was separated and the aqueous layer was extracted 
with ether (3x). Following solvent evaporation, there was 
isolated 1.1 g (95%) of 18, IR (cm-‘, neat) 3500,3040,2980, 1660, 
1620, 1250, and 1225; ‘H NMR (8, Ccl,) 5.5 (d, 1=2Hz, 1 H), 
5.25 (d, J = 2 Hz, 1 H), 4.4 (s, 1 H), 3.4 (s, 3 H), and 2.05-1.45 (m, 
7 H). 

3 - (1 - T~rn~hylfilylEyclop~pyD - 2 - cyclohexenone (11) 
(a) Simmons-Smith cyclopropanation of 18, A mixture of 18 

(4.5 g, 20mmol), CHz12 (l6.08g, 601~01) and Zn-Cu couple 
(6.5~) in dry ether (8OmL) was heated at reflux for 24hr. 
Following cool&g to 00, sat. NH,Claq. was added slowly and the 
separated organic phase was washed with sat. NaHCO,aq. and 
NaHSO,aq., and water prior to drying. Solvent evaporation and 
chromatography of the residue on &za gel (elution with hexane- 
ether. 6: 1) gave 3.6~ (81%) of 19: IR (cm-‘. neat) 3080. 2980. 
1670, 1620: &d 835; ‘G NMR (8, dClJ i8, C&l,) 5.6 (br ;, 1 H), 
2.4-1.8 (m, 6H), 0.6 (s, 4H), and -0.3 (s, 9H); m/e Calc. (M”): 
208.1283, Obsd: 208.1278. (Found: C, 68.94; H, 9.66. Calc. for 
CI,HmOSi: C, 69.17; H, 9.67%‘) 

(b) Direct addition of I - ftrimefhylsilyl) - I - Uiocyclo- 
ptvpane. A 3.6 g (16.2 mmol) sample of 33 was added via syringe 
to a soln of lithium naphthalenide (32.4 mmol) in ether at -78“ 
over 5 min. During the addition, the deep blue color faded and a 
red color appeared. The mixture was stirred for 20min at -78” 
and allowed to warm to 0” at which point a soln of 17 (1.7g. 
13.5 mmol) in anhyd. THF (10 mt) was introduced dropwise. 
Following 15 min at 0” and 4 hr at 25”, the soln was poured into a 
seoaratorv funnel containinn ice-cold 2 N HCI (50 mLf and ether 
(2jO ml).-Intermittent agitation of this mixture il5 min) followed 
by the usual workup and chromatography furnished 2.56g (91%) 
of 18 with spectral properties identical to those described above. 

I - (1 - Trime~hy~silylcyclopropy~cyclopenfene (2Oa) 
To a soln of 10 (l.Og, 4.7 mmol) in dry benzene (75 mL, 

distilled from CaH2) was added 150mg p-toluenesulfonic acid 
monohydrate. The mixture was stirred at room temp. for 4.5 hr, 
treated with sat. NaHCOlaq, and washed twice more with the 
same soln prior to drying and careful solvent evaporation. There 
was obtained 0.908 (99%) of 2@a as a colorless oil which was 
purified for analysis by preparative VPC (6 ft x 0.25 in. 5% SE-30, 
105’); IR (cm-‘, neat) UnO, 3050, 3000. 2960, 2850, 1633, 1430, 
1320,1295,1250,1200,t015,930,910,830,745,and 680; ‘H NMR 
(8, CDCI,) 5.25 (t, J= l.SHz, 1 H), 2.32-2.02 (m, 4H), 1.95-1.58 
(m, 2 H), 0.50 (s, 4H), and -0.05 (s, 9H): m/e WC. CM’): 
180.1334, Obsd: 180.1340. (Found: C, 73.01; H, 11.06. Calc. for 
C,,H&i: C, 73.31; H, ll.lO%.) 

L - (I - Trimethylstiykycl5pfopy~cyclohexene (zob) 
Chromatography of 5.72~ of crude 11 on silica gel (808) with 

hexane as eluant gave 4.99 g of 28b as a colorless oil which was 
pruified by VPC as above (17oof; iR (cm-‘, neat) 3070, 3000, 
2940, 2860, 2840, 1650, 1440, 1405, 1365, 1345, 1280, 1252, 1210, 
1140, 1080, 1030, 970, 920, 910, 845, 755, and 690; ‘H NMR (8, 
CDCI,) 5.45-5.30 (m, 1 H), 2.10-1.80 (m, 4H), 1.65-1.40 (m, 4H). 
0.45 (s, 4H), and -0.05 (s, 9H); “C NMR (ppm, CDCIJ 141.5. 
123.0,29.7,25.5,23.4, 22.9, 15.5.9.0 and -2.5; m/e 194 (M’) and 
179 (M+-CH,). (Found: C, 74.31; H, 11.47. Calc. for &H&i: C, 
74.21; H, 11.3396.) 

(E)- and (Z) - 3 - (1 - Ttimethylsilylcyc/optwpyl)pentene (21 and 
22) 

A soln of EtZnI in ether (13.4 mL of 2 M) was treated with 
CHJ, (1.58g. 5.9mmol) and heated at reflux for 1 hr. The con- 
tents-were c&led to 0” and diluted with ether (35 mL) prior to the 
addition of 8 (l.On. 5.36 mmoll. The mixture was heated at the 
reflux temp. for ibhr and quenched with water. The organic 
phase was washed with 10% Na$O,aq. and water, dried, and 
concentrated. The residue was distilled to give 5 10 mg (5 1%) of a 
mixture of 21 and 22, b.p. 55-58” at 3.6 torr. The isomers were 
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3 - Cyclopen?yl - I - (p - loluenesalfonyloxy)pfopanc (64a) 
A sold of 63a (93.i mg) in EtOAc (IO rni) was treated with 

10% Pd-C (24.5 ma) and hvdroaenated in a Parr aooaratu.9 for 
Shr. Filtra~on or the m&r; through Celite id solvent 
evaporation afiorded 89.1 q g (95%) of 64a. Mpk on silica gel 
(elution with 5% ether in hexane) alTorded pure saturated tosyl- 
ate; ‘H NMR (8, CDCI~) 7.75 (d, I = 8 Hz, 2 IQ, 7.30 (d, I = 8 Hz, 
2 H), 4.01 (1. J = 6 Hz, i H), 2.42 (s, 3 H), and 1.90-0.72 (series of 
m. 13H). (Found: C, 63.91: H. 7.90. Calc. for ClcH,,O,s: C. 
63.84; H; 7.8046.) 

._ __ _ 

Ozonolysis of 63a 
The ozonolysis was carried out using the procedure of Pappas 

and Keaveney.” A sample of 61 (140.5 mg, 0.5 mmol) was 
dissolved in a mixture of CH2CII (1.5 mL) and MeOH (0.5 mL) 
and ozonized at -78”. Following purging with O2 at -78”, freshly 
distilled Me2S (0.4 mL) was introduced and the resulting soln was 
stirred at 0” for I .5 hr and at room temp. for 30 min. The solvent 
volume was concentrated to 0.5 mL and the residue was sub 
iected to orenarative VPC (8ft x0.25 in. 5% SE-30. 95’1. The 
bnly two substances present’ proved to be cyclopenianone and 
dimethyl sulfoxide. 

Heating of 2Ob wifh pfolunesulfonic acid 
A soln of zob (163.2 mg, 0.84 mmol) and p-toluenesulfonic acid 

monohydrate (192 mg, 1.0 mmol) in dry benzene was heated at 
the retlux temp. for 2hr and worked up in the predescribcd 
manner to give 204mg of a light yellow oil. Preparative UC on 
silica gel (elution with 8% EtOAc in hexane) atTorded 145mg 
(59%) of 64 as a 1: I mixture of exo- and endocyclic doubk bond 
isomers; ‘H NMR (8, CDCI,), 7.78 (d, I=8Hz, 2 H). 7.30 (d. 
I= 8 Hz, 2 H), 5.34-5.15 (m. I H), 3.98 (two overlapping t’s, 
I = 6 Hz, 2 H), 2.42 (s. 3 H), and 2.10-1.32 (series of m, I2 H). 

Hydrogenation of 63b 
3 - Cyclohexyl - 1 - (p - roluenesuffony/oxy)propane (64b). 

Hydrogenation of 63b (104.5 mg, 0.35 mmol) over 10% Pd-C 
(25 mg) in EtOAc soln (15 mL) as before atTorded 97.1 mg (93%) 
of 64b whose spectra were identical to those of an authentic 
sample prepared as previously outlined.” 

1 - (I - Trimethylsi/y/cycloprupyf) - 6 - oxabicyclo[3.l.O]huane 
(fi) 

A cold (0”). magnetically stirred soln of 2Bp (101 mg, 
0.56mmol) in CH$& containing 94mg powdered NazCO, was 
treated with 106 mg (0.60 mmol) mshloroperbenzoic acid which 
had previously been washed with phosphate butier. This slurry 
was stirred at 0” for 40min and concentrated. The residue was 
dissolved in ether, washed sequentially with water, Na&O,aq, 
and water, dried, and concentrated. There was obtained 114mg 
(100%) of 6Sa as a colorless oil: IR (cm-‘. neat) 3060.2945. 1410. 
i300, i245, 1008,920, 830, and.74O;“H NMR i& CI&) 3.18 (s; 
I H), 2.08-1.35 (series of m, 6 IQ 0.65-0.38 (m, 4 H), and 0.04 (s, 
9 H); m/c Cak. (hi’): 1%.1283, Obsd: 196.1288. 

I - (I - Tknethy/stiy/cyc1opropyI) - 7 - oxabicyclo[4.l.O]heplonc 
(@M 

Epoxidation of #)b (1.0 g. 5.15 q mol) in the predescrited 
manner atTorded 1.3g of colorless oily residue. Kugelrohr dis- 
tillation at 80-100” and 0.5 mm yielded 900 q g (83%) of 6Sb; IR 
(cm-‘. neat) 3080,3060,2940,2860, 1449, 1437, 1360, 1300, 1250, 
1215, 1080, 1040, 1030,990,950,915, 890,840.778,755.715. and 
690; ‘H NMR (8, CDQ) 2.78 (t, I = 2 Hz, I H). 1.92-1.17 (series 
of q , 8 H), 0.56-0.07 (m, 4 H). and 0.0 (s, 9 H); “C NMR (ppm, 
CDCI,) 55.24, 54.08. 25.63, 25.09, 20.00, 19.56, and -4.27; m/e 
Cak. (M’): 210.1440. Obsd: 210.1445. (Found: C, 68.50; H, 10.57. 
Cak. for C12H220Si: C, 68.56; H, 10.4746.) 

2 - (I - Trime~hylsilylcyclopropy~cyclopentanone (Sao) 
To a soln of 6Sa (40.6 mg, 0.207 mmol) in dry benzene (2 mL) 

was added BFt_etherate (I8 mg, 0.13 mmol). The light brown soln 
was stirred at room temp. for 3.75 hr, diluted with ether (6 mL), 
and quenched with water. The organic phase was dried and 
concentrated to give 41 mg (100%) of 66a which was further 

purilkd by preparative VPC (8 ft x 0.25 in. 5% Se-u). 130”); IR 
(cm-‘, neat) 3060. 2920, 1740, 1445, 1400, 1240, 1135, 925, 830, 
and 740, ‘H NMR (8, CD&) 2.41-1.50 (series of q , 7H), 
0.50-0.38 (m, 4H), and 0.0 (s, 9H); m/e Cak. (M’): 196.1283, 
Obsd: 196.1288. 

2 - (I - Trimethylsilylcyclopropyl)cyclohexanone (66) 
Exposure of 6Sb (231 mg, I.25 mmol) in benzene (I5 mL) to 

BF&berate (89 q g, 0.63 &ol) at room temp. for 2 hr, followed 
by the identical workup as above. tiorded 113 ma (4996) of 66b 
after mplc on silica &I (elation with 7% ether L ‘hexane); IR 
(cm-‘, neat) 3070,2940, 2865, 1712, 1455, 1320, 1295, 1250, 1225, 
1130, 1073, 1025,950,922,903,880,860,840,690, and 660; ‘H 
NMR (6, CDC&) 2.40-1.33 (series of q , 9H), 0.69-0.0 (m, 4H), 
and -0.1 (s, 9 H); ‘C NMR (ppm, CDCI,) 211.2, 61.9, 42.3, 33.1, 
27.2, 25.9, 11.0, 8.7, 5.8, and -0.8; m/e Cak. (M’): 210.1440, 
Obsd: 210.1445. (Found: C, 68.32; H. 10.54. Calc. for C,2H220Si: 
C, 68.56; H, 10.4746.) 
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