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Abstract: Two classes of a-functionalircd rcylsilanc ~agcnts have been dcvelcpcd to effect the 

cyclT+- 
‘on of ckctrophilic alkcncs. ‘Ihe lithium endate &riv*iva of the a-halouylrilanes 14.15. 

md 1 fclEt wifh a wkk v+y of clcctron&ficient olefins to afford cyclqrqylrybilanes in goal yictd. 
In tbe case of cyclopopvutloor of a&unsuuntcd cubrmyl compounds using the achbro reagent 14. the 
pIbdominmtrtcrroiwmyn~ulcgararllythc~bpopMainwhichIhcvylrilmemoi~hurcir 
¶tuwc&micrllcbtiunhiptothc~ylgrulp. -nlcsynthaismdchuni~ofIbcrybilMcsulfurylide 
derivative 33 ix also described. This compound has proved puriculuiy useful ax a reagent for the 

unsatumttd aldehydu. Efflcicnt synthcscs of 33 as well as tlu a-h&mylsilmcs 
from commacially available startmg nut&A) arc also rrporrtd. 

Introduction 

Acybihnahanfcccivedmidmbk~ dtigthc~tthirtyycanduetotheirunusualspavwcopicf-. 

novel chemical ractivity, and their emerging utility as valuable intermcdiata for organic synthais.~3 We have recently 

become intcruted in exploring the chemistry of cyclopro&acyLsil - a novel class d rybilme tkrivatim which we 

expect will paAcip.xtc in a wide vxricty of syntlAcally useful reactions. Of -ial intcmst to us M transform&ms which 

exploit the well-established nrtivity of the strained cyclopcopxne ring in tandem with the unique chcmtury of the rylsilane 

functional gmup. Cubocuionic rurnngements such as the ring expansion of 1 to 43frrpascnt me such class of tractions. 

R&BlJMe~ 
2 3 4 

InthunanganadIhepowaful~~olthc~l~ylurbstinrnttoarbd~r~opamrin~~on~ 

the high migratory aptitude of this group to make tbe overall ring expansion m unusually cffiicot and ftik pocar. 

Intensting synthetic applications of cyclo~ybcybilancs involving olhcr typtr of Rwtivc incmnediutr CM xbo be 

envisa@ Ructioru of pxtticulaf in&rest in OIp bbcntq include cubanka-rccckntdd vinylcyclolmpac =t-%+=nd 
initiat&bythcBrrxA rull-angcmalt,z and cyclopmpyk&aK to cyclobutcnc ring expxn8iofls aig&Xd by the photoctemical 

convcniar of uybil- to riloxyc&cncs.~ 

Only four rw mutes to cycbpoWbcybikner have p&ousty ban tuurkd. 0.u synthais d Ihe cyclopoppnc 

1 in 1985 rqcscntcd the fuJt trp~~ of the pepuxtc~n of a cyclopogyl~ybilane duivtivc.3f Shcutly dmzafta, SctElla aNl 

FRidirloredrhcraulUofthcirinvatigui~ofmnil~tanuivcmahodcfathcr~~d~compaundr.bThcmoQt 

suczurful l ppmuh developal in this study involved rhe Simmcms -SnUtb Cyclopopnrtion of a I-trialkybilyl allylr &&ol, 

fdbwed by Cdlins oM. Four new cyckqmpyhcylsilancs wcm pqud by ttus mte in ywldr nnging from K) to 85%. 
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Chcmtrtq of uyc)upropylacyls,lanes. 1 4115 

Tht a-Hakmcylsilant Appnrch. The reaction of tlactrophiik okfins with xztivated a-halocubanions constilules 

one of the mast vasatilt methods avail&k for the synthcsts of cyc@ropaw,12 and a numbw of useful variants of the prtmss 

havebeen&velopadmt.beyegJsincethe gtcundbtr&ngstudiaofthereacttcmbyMcCoy.1~~1’ Themost general saartgy 

we have developed thus fxr for the synthesis of cyclopmpy&ylsi~ invdves the McCoy-type reaction of lithium endatr 

dwivtives of a-haloacyls1lancs with electron deficient alkw (a~ 2; W = ekctmn-withdrawing group. X = Cl or Br). 

XCH,COsir.BuMe~ 
LDA w LJYMP 

THF 

For the initial investigation of this cycmion strategy we focusal our attemion on the a-hakwyltilane rugarts 

Id, 15, atxl 17. Surprisingly, none of these simple a.hxulorylsilaner had been prepwed prior to our wak, although several 

more substituted deriwives had been rcptxM pwiously. 1s Fottunately the raquirite a-halowylsilancs pmval 10 be tily 

ovaikbkusingthercutesoutIinalin~334. ~Worayldaivttinsl4MdlS~mostconwninrUyptpuadbyIhe 

13 14 (X. Cl) 
15 (X.Br) 

reaction of the vinyl ether 13t6 with N-bromo or N&loroduceinimide in aqueous acaonitrik. This method proved supcnor IO 

the ditrct halogcnation of ~~yi(r.~~l~~yl~~, which is itself most easily psepwed via the hydrdyrts of 13. Aqueous 

retonitrik was found to be an especially cffecovc solvent fa this halogen&n; brominations clnial out in other media (e.g. 

aqueous THF) were complicated by the fonnraon of significant quantities of ethyl (r-butykiimahylsilyl)acua~~ as a by-t. 

Under opimtl conditions the chloroacetylsiianc 14 was obtained in go% yieM after low-tunprrurr tufystalIixatx~ from 

pentar& the comspond.mg bmmo dcnvative was pdhKod tn quantitative ytek! as a bright yellow oil (9@9S% purity), wtuch 

was used in subsequent reactions without further purification. Finally, the 2.chloroprop~ylrilanc 17 was also found to be 

readily xsastbk. in this case via the ch&uutiarts of 1631 uung subi chloride in carbon tetrachknide (eq 4). 

16 

S02Cl~, CCI, 0 
rt 7h 

: CH3 

87% + 
6iIIsu~ (4) 

cl 

17 

In the past, McCoy reactions have gcnenlly been carried out under conditions of thermodynamic enolafc gcncrauon 

employing bases such as sodium hydride. potassium r-butoxide, or sodium hydroxide in the pncnce of a ph~u transfer 

catalyst.12.t4 However, because of the wc1ldocumcntal Knsitivity of the ~cylsilanc moiety to nucleophilic bases, we have 

focused our studies on the appliertion of lhhrum dialkylamidca to gcnatle the requisite rylsiianc aAucs. Thus, exposufr of 

the a-hxloacylriknes 14,15, and 17 to I.&5 equiv of lithium di&pmpykm& (x lithium 1~~1~~~1~ in THF at 

-78 OC for 30 min affaxW the comrponding lithium enolates. which were found IO combine with a variety of ekctrophilic 

PuraKs to prxhrc the de&d cyciopmpykcyktkna. Tabk I s4lmnuhm au results. 

As expected, the cycloprop~~tion reaction prweais most effkimtly using relatively unhindcM Michael rceptot~. 

Cyclic cnoncs puliclpate in the reaction in modest yield, ti mose highly substituted alkcaa (mcsityl oxide, 4,4- 

di~hykyclobcx-2-erA~, i~ti~~u) fvkzd to yield rignifiiant amounts of the dcsirad cyclqrrqylwylsilancs. 

As tndiuted rn Tabk I, a vancty of ciectrophilic okfii un fun&ion aa hGchac1 qar in the cycwion. Thus, 48 

umuuwd kct-. esters. and rykilancs all serve uacclknt substn#, and cettain nimka and nitrocompou& pattictpetc 

smoorhfy m the martion as wil. Note, however. that the cycw of nitrookfins using a-haloacykiiam has not 

proven to be a genrrl pmeu. Although &&oat- u&ctwcnt -h cyclopopmaion wth the a-bnxno went IS, 

OnlyOiVXxtlUXW of the &sued cyclopwpylacybikne mn o&ained wing the eg athlaoacylriknc. IJI drttion, 

2-n- urd I -nitnxyclohume maaal umasxkwsly arch both a-bpno and achlororcykikncs to form isoxnzdine N- 

oxide derivatives (e.g. 17431). prwtn&y via bwanmkeulu CMkywoa of the inunndiut Rmmrtc Micluel adduct. 
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In general, somewhat higher yields of cyclopropylacylsilanes were obtained by employing lithium 

ttopmrhylpipatdide as but, and in sant cases Ihe yicfd of the ltbctton couM be fu&cr improved by usmg a larger excess of 

the ekctmphihc alkene. in cntxy 2, for exampk, incrusing the quantity of ethyl actylue employad ftom I.3 to 5.0 cquivlknts 

incrrrvd the yield of this ~y~lopopulpLi~n ~KWU 66 to 83%. In mc~ cases examined, superior dts wcrc ohmned using the 

enok& derived ftwt the a-chloro&cyIsiIanc 14 rather lhan the comsponding bromo compound. For example. addition of the 

bnnna derivative 15 IO ethyl acrylafe prom&d in only 34% yield (comw entry 2). and cyclopqzlnu~on of chalconc using 

1s poduced 201 in a tc8al yield of aaly 48%. 

It is intCrCStin8 to tioU that the Ueno~h~miui outcome of the RKtions of 14 and 15 also differed. The major 

ptr&zts fotmcd in the nrtions of the achkrro dcnvativc are usually the cycloprt+a~ steraoicmr~ in which the wylr~lane 

group has a cis stcrcoctMnicat relationship to tbc carbonyl activating group (vide tnfra). Reactions involving the a- 

brwnwylsilane, on the tier hand. exhibit a lputa degree of trans stcz~~kctivity. ntus, addttion of IS to ethyl actylate 

80WatC.d the trans isomer 1% as the maj~ product (2.5:l ratio), and in a similar fashion IS combined with methyl vinyl 

kc&nc to afford ~~n~tly (1.7:1 f the t~s-~~ti~t~ cyclopropa~ 18b. In the case of chakonc (12: 1 tram:cis ratio 

using 11) tbc bromoacylsitane pmduced the trans isomer exclusively. 

The Sulfur Ylidc Approwh. In connection with several projected synthetic appltcations of 

cycloptopylacylsilancs. wt tequirad a convenient route to &rivalivCr bcaAng a fortnyl subMucnt at the C.2 positnm of the 

thra-membered ring. UnfWunatc ly, in contrast to the many ~ucccssful cyclop~~~s recorded in Table I, a,& 

ummmtcd aldchydcs react with our a-haIoacylstlanc tcagcnts to produce complex mix- of products curtaining kss than 

IO% of the desired cycloprupancs. Since sulfur ylitks M: well known to combine with a,~unsammted aldchydcs to form 

cycl~ro~~~~xal~hyd~,*t WC tumcd our attention to the apphcation of Ihe y&k 33 as a reagent fa the synthesis of 

formyl-substituted cyclop~~pylwylsilancs. 

‘Ihe sulfur yhdc 33 was conveniently prepared from the a-brwnoaEylsiIane 15 vra the mute outland in cq 5. Seining 

15 32 33 

the unpuMii a-bromcacylsdanc in dim&yIsuIfii at mom tempcranur (24 h) or at reflux (5 h) affonkd the sulfomum salt 32 

in 83% overall yield from the silylatcd vinyl ether 13; 8CfiCr&On of the daurd ylidc then poctsdad smoothly on shaking 32 

in a scpuatory funnel for 3 min with an ice-cold solution of aqueous NaOH. In this fashion ylidc 33 was obtained as a pale 

yellow solid (95% yield) which was found to k stabk to transfer m air and to stomp pt room tcmpcr~~~ for several days. In 

Wition, no sigufwant dUarOnaiott of tht ylidc w-as ObSuWd 10 tlkc place aftAa Sever4 tWXtthS of Storage al -30 “C. 

in contrast to tts stability in the solid state, the sulfur ylidc proved to be relatively unstable in sdutton, rapidly 

decomposing (I~,* < 90 min) tn benzene. DMSO, and acctonitrile to form dimcthybulfii and a complex mixture of 

Orga~O&c~n compwds. ~Umbngly, the dtXmq!ktiOn Of 33 was found IO aXUr SigtIificUrt~ more slowly in chloroform: 

after 90 min Ca. 93% of the ylKk rcInamcd unchanged in this solwnt. 

In early txpuiments Ihe relative instability of the sulfur ylidc in sdution appmd to scvmly limit its utility as a new 

cycloprop~ltion reagent. Whik a satisfactory y&d of the desired cyclopmpykcylsiIane was dxaincd in the twction of 33 

with acrolein (Table il. entry I), addition to ku reactive Michael acc+as such as muhyl vinyl Laaw rcsuhcd m Iow y~e~d.s 

(IS%) of the expected annulrtion pfoducts. and in some cases (ethyl rrylrtc, mcthacnMn) dccomporition of the ylide 

occurred much more m@ly than the d&cd cycbpopnwiocl. ForzunateIy a stratagem fa extending the scope of the mactioo 

was dcviud upon fu&cz considaulon of rht paMar ability of the sulfur ylklt in chlmfum. which we hwzcd to be 

due to hyclrogen-bonding of the solvent to the wyWanc urbaryl. Supput for this bypochais was obuind from the infrared 

spectrum of a 0.5 M dcuuriochlocofotm solurion of 33. which ~vakd a second CIJC-D strctchmg band at 2212 cm-l of 
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Table III. l&l NMR Data for Cyclopropylacylsilan Ring Protonsa 
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H8 Hb HC Hd 
- _____- 

168 272 
18b 297 

190 
1Db 

208 
20b 

218 
21b 

228 

22b 

224 
253 

2.11 
2.19 

4.14 @d,6.3.5.0) 
3.17 (d. 6.2) 

motosdqrsd 
a=MPd 

awwd 
2.43fdd. 78. 4 0) 

238 

23b 

248b 

24bb 

218 

25b 

2.59(&i 10.6) 
248 (d. 5.1) 

-- 

26 

2.65 
2.96 

3 58 (dd.9.9. 5.0) 
3.17(d.6.2) 

3 01 (1.8.4) 
2.76 (1. 2.9) 

2 95 (1.8.6) 
307ft.41) 

359(d. 105) 
3 70 (d.8.1) 

3.02(dd. 10.6) 
3 51 (1.5.1) 

2.53 (dd.8.0, 5.5) 
320(61,8.1.67) 

391(dd.112.40) 

27a 
276 

._..... 

5 39 (1. 4 0) 

1.73-l 60 
2.19 (dd. 8.4. 6.4) 

268 -- 

28b --- 

298 _- 

2Sb .- 

-. 

2.940r2.79 (d.6) 
225 or 2 71 (d. 7.2) 

308 
30b 

348 306 2.46 
34b 3.05 2.12 

358 302 (dd.8.3. 6.6) -. 

35b 2.86(dd. 7 7. 68) __ 

308 3.20 (dd.95.4.7) 2.67 
3Sb 2.63(dd,8.3.6.7) 2.20 
36c 3.20@.8.9) 2.06 

120 
1.33-1.42 

113 
1.37(k 7.5) 

3.41 (&,9.9. 6.3) 

mtassigmd 

3.56 (d. 10.5) 

1 04 (dd. 8.0. 4.1) 
124 (8 1.3.4) 

374(dd.111.49) 

1 01 (dd.9.9. 3 3) 
1 22 (dd. 6.4.4.2) 

086 (d.4.0) 
1.61~1.6((d.38) 

-- 

2 71 oc 2.25fd.72) 

3.06 (S) 

1.46ot 1.63 
1.49 

1.36 (dd.8.4. 4.4) 
1.37 (dd.8 1.4.5) 

2.08 

1.72 
133-142 

1 75 
137 (1.75) 

3.36 (1.6.2) 

-. 

mrsssrOned 

-- 

3.63 (de 8.1) 

2.83 (1. 6) 
248 (d. 5.1) 

188 (dd, 5.3.4.2) 
144 (6.5. 3.4) 

-. 

1 73-l 60 
1.45 (dd.85. 4.2) 

2 18 (d. 4 2) 
164or1.61(d.38) 

2 79or 2.94 (d.8) 
.- 

3 n(s) 
I. 

1.53w 1.46 
1.90 

1 75 (dd. 66.4.5) 
220 (dd.6.8.4.7) 

1.96 
_- 
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Stereochcmicat Course of the Cycloptopanation Reaction. The cycla~ations examintd ln QMT snpdy 

p~pacata in vnarly cysts with useful levels of stercoselccdvity. In p~&Aar, ma5Aotts invoXving the achlaroacylsilane t~gent 

14 and a$-unsaturated carbonyl compounds lead predaminantly to cyclopropancr in which the acylr%ane trroiety and the 

;atkcr&e+fcd carbonyi mp am situated on the same sick of the new tkz-munM ring. T%ir ptefmce for the formation 

of cis-substituti cyclopropanc derivatives has been observed in pnvio~ studies of the McCoy imxxiont3* t& tk 214 and is 

gemally rationalized in tetms of tnetakhelated transition states for ring closure. We belieye that similar effects dim3 the 

semhemicd outcome of our cyclopropanation reactions. For example, the following scheme depicts a!.ternative &zrsit.kn 

stzte gaslrmeteies for the cyslkations leading to cyc@ropykylsilaner 1%,h and 27m,b (Table I, etttrie~ 2 and l@, Under our 

;- 

R 

H 

t57aizim emditims chch&zd inma of type 38a Ior 38b) arc tx~t#l to be fav0tr-d over the IIonchelated species 37: 

subwent internal substitution then &ads to the mtninant formation of cis-substitutegi cyclopropanes. N&e thy this m&l 

&a explains the enhanced selectivity for the formation of cis-substituted cyclopropanes otied in the nwction of ethyl 

acrylate w3.b the &chl~ropL3~ykikuI.e 17; in this case additi0nal non-bon&d iM+z&onr be- e&e enok moiety and the 

propionyl methyl group destabiriu: the mnchelatui transition state 37. 

Further examination of Tables I and II reveals other interesting stereochemical f-u= of these cyckpropanation 

rcBLctiQns. For e.xampIe, the mtions of /a-rubstitukd akrophilic arikcnes with the acetylsiiane Eagentr 14, IS, and 33 yield 

as major products cyclopro~es in which the acylslane moiety and tic substituent derived from the ~s-lpa~itiot~ of the Mickl 

acceptor have a cis stfflcachemical relationship. UArtunately. we do not at this time have sufficient data to attempt m 

explanaaion for the s@rochemical CUUM of the complex Michael addition step which controls the r&&e 3t4s~mchti3~ about 

tk3d cmter3. Ammg the questions that remain to be addressed in attier to fully understand the st-hemical course of the 

traction are the st~hemical identity of the a-hal~ylsilanc enoiates [E(O) vs. %O)], the nAative imptrtttnce of “opt& vs. 

“closed” (chelated) tram&ion states in the Michael addition step, and the question of whether these tmctiono operate undm 

com%tions of kinetic or thermodynamic contr& 3-26 F-ha studies are planned to cw these iwm md thus eh~cidate the 

tmxhaniak basis of the stemxhetiti come of the MaCoy tea&m. 

Mechfi~istm of the Decomnposition of or-Functionalized Xcytailanc Reagents In *~ntnxst to the a- 

haloacyM.anes discussw! earlier, the thiomckyyl-subsdtuti compound 40 did not prswe to be a useful rcagntt. for the 

cyclallffopa~~ of ekcwophiLic alkerns. The endate derivative of this acybilane was fomd to b sstrgrl3hgly unstable, 

rapidly decomposing fttn = 1 h at -78 T.) to form an unstable ktenc 41 which was identified by its CXRI&O~ to a m&we of 

the carbxylic acid 42 and amide 43. The facility with which this acylsihc enolate tmdetwar rcmmgt!m wa?G riminiPcrrt 



42 a 

r 

of the insubility obscrvcd for the adiiuorylrilanes 12, suggesting IO us tht ctrse compoun& (as well as the sulfur ylidc 33) 

mighI be decomposing via relayed mechanistic pathways. The following schcmc sugge~s Iwo alIemrIivc modes of 

daanposi~ion which raunt for our o&waIionr. 

X oe 
HS c 

R -J c 
46 

[ 

e _P”’ w R 

47 

1 
J t ReOSR1 

48 

The silyl.Wolff rrarrangrmcnr of 44 (X - N2*) provides a duecI pathway for the transformntlon of this a- 

-al&d acyls~lane ckrivuivc IO Ihc silylkacne 45. and a similar mechanism can y~ounl for the decomposition of the 

sulfur ylidc reagent (X = SMq*) as well. Altanatively. s#-Brook rearrangemenr 27 of16 could gcmc a carbam~n 

im (47) which would be expccred 10 u&rgo npid dtiion u) fiord UI mbk S&Xyqlm &‘ivl&. II b 

previously been no~ed~ &I ~hc isoomization of riloxy&ynes IO ~hc corresponding rilylketmcs is oficn an unusually facik 

~,mdwedonocexpcctlhat48wouldlongruniveundathecondid~orthoe~r. 

Finrlly,iImaybenoctdlhPrthcmcc~ntr~lbovccmllso acccunt for the imused subility of Ihc sulfur 

ylidc 33 in ~hc prtlencc of lithium salu and hydrqcn-bond dater solvenlr. Rtgudlerr of which mcchmism opmta, the 

ylick gmund chase should rrceivc grwfcr subilizuion Uun tht IransiGon st# for rilyl grcup m@Iion (m which rignifkant 

charge dispersal has occurred). and consequently the rare of rurrPngcmenI md desauaion of the rugen is expccccd 10 be 

SlowcrillIhCpresar+0flherckl?y~IiHs. 

ChealrIry of Cyclopropylrcyldlrnu. We anlicipuc Ihu the various rtivting groups appended IO OUI 

cyckqmqyLylsilcnc annula~ion poducu will pwidc the basis for a number d useful ryn~Mk Iransformuions. II should be 

no~rd, however, I~U in some cases ~bcse poduc~s can also serve as pbcumon u) rimpk cycbpropylrylrilaner Irking 

titiorul funcIionality. For example, dccartxmyla~ion of Abe mnuluicm product obuined from the ~Ictiorr of 14 with 

oc~olein using (Ft13P)3RhCl29 furnishal the puaw cyckqropybcylrilz~ 7 in 67% yieldm 

In sumnwy, we have &velopcd an eff&a~ annula~ion route IO cyclqopylcybilanes wtuch pwidcs y%us for ~hc 

hntlinrIoawidtvuiayofintacrtingfunctiauliacddaivliva.Rucharadianwrdawryinwh~Punduchc 

syumuIic invcSt@ion of Ihe chcmiury of lhoc Mwcl cycbpropma. 
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<‘hcm4suy of cycloprop~lacylr~lancr I 4123 

ml. portions of c~hcr. The combined orgamc phases were washed wtth 100 mL of saturated h’aHC03 solut~or~ and 200 ml_ of 

saturated NaCl solution, dried over MgS04, fitter&, and concentmted to furnish 15.227 g of a yellow oil. ~still~i~ (bp 

103.5 106.5 T, 124 mmHg) afforded 12.554 g of acetylsilanc 100 (67% overall from ren~butylchlorod~~hyls~lurc): IR 

(film) 2955,2930,2885.2855, 1640, 1470, 1465. 1410, 1360, 1340, 1250, 1130, 1005, Q4O. 835,820.805, 775. and 675 

cm- 1; 1H NMR (2.50 MHz. CDCl3) 6 2.26 (s, 3 HI, 0.93 (I. Q H), and 0.17 fs. 6 H); 1% NMR (68 MHz, CDCI3) 6 246.6, 

37.4, 26.3, 16.3, and -7.2. 

1.tee-Butyldiphmyldlyl-l-tthrnom (lob). A Z-ml.. twmeckcd, round-bottomed flask equipped with an 

argon inlet adaper, rubber mm, and magnrtic stirring bar was cbafgaf wtth 5 ml+ of TM”’ and ethyl vinyl ether (0.53 II&, 

5.56 mol), and then cooled with a dry iceacetone bath (-78 *Cl whllc a solution of r-butyllithium (1.7 M in pent~~. 2.7 mL. 

4.6 mmol) was addal dmpwix over 5 min. The resultcng suspension of yellow pncipitate was allowed to warm to -2 “Cover 

the course of 100 min. during which time the precipitate dissolved to form a dark yellow solution. which was maintamed 

betwaar -S and 0 T for 30 min further and then co&d to -78 “C. A solution of ~-~~khl~~yls~l~ (0.963 g, 3.x) 

mmol) in 1 mL. of THF was next added, and the cooling bath was IWIWWXI. After 4.3 h. the flask was cooled tn an ice bath, 

udrIoiutionof0.5mLofconcentrPlaflrqueoruHC1in 1 ~~H~w~~n~in~~~. A~~~tl~~~ 

min &c reaction mixtutc was partitioned between 50 mt of H20 and 50 mL of dkthyl cttrr. Tbe organic phase was washed 

with 50 mL of saturated NaHCOj solution and 50 mL of saturated NaCI solution. dried over MgSO4, filtered, and 

concentrated by roury evaporation to afford 1.083 g of a yellow oil . (The majw contaminant tn the crude acylsilanc IOb is 

r~t.~~~~y1si~l,) Column chromatography on silica gel (elutiar mth ethyl acetate-hexurn) furnished 0.601 g (61%) 

of lob as a pak yellow oil: IR (film) 3072, 3050, 3016, 2998, 2958, 2932, 2892, 2858, 1643, 1589, 1487, 1472, 1463, 

1428. 1392. 1362, 1338, 1256, 1190, 1156, 1126, 1106. 1067. 1028. 1009. 997. 940. 821, 740, 701. and 634 cm-l; 111 

NMR (250 MHz, CDC13) 8 7.63-7.67 (m, 4 H), 7.36-7.49 (m, 6 H), 2.21 (I, 3 H), and 1.14 (s. 9 H); 13<: NMR (75 MHz, 

CDC13) 6 243.9. 136.0. 131.8, 129.7. 127.9, 38.7, 27.6, and 18.5. 

3.trrtr-Butyldincthylsilyl-Shydroxy-E-propenal (llr). A 100-r& three-necked. round-boctomed flask 

equipped with an argon inkt &per. addition funnel. tubber septum, and magnetic stirring bar was placed in a water bath (20 

YI) Md charged with NaH (0.72 g. 30 mmol), 30 mL of ethyl formate, and 30 mJ. of dimethoxyethane. Afta gas cvofutton 

(resulting from traces of water m the DME) coded. absolute EtOli (0.10 mL. 1.7 mmol) and acctyls~lanc 1Oa (1.57 g, 9.93 

mmol) wan! added to the rcPction mixture causing gas evolution to resume and continue for ca. 1 h. After 2.8 h, tht reaction 

mixturc was cooled with an ice bath mnd tmtcd with 20 mL of half-saturated NH4Cl solution. The aqueous phase was 

-ai and extmctal with two 2@mL pottionr ol die&y1 ether. and the combimd ogmic phlscs wcrc extracted with 100 mL 

of sltwLbd NaCl solution. T?tc aqueous NaCl soluticm was extracted with an additional 30 mL of ether, and ~tu combined 

organic phases were then dried over MgSO4, filtezd, and concentrated to provide 1.586 g of an orange 011. Column 

chromatography on silica gel (clution with ethyl r~ate-hexancs) afTordbd 0.883 g (48%) of 1 lb as a light crange oil: JR (film) 

2500-3200 (br). 2950, 2925, 2880. 2855, 2660. 2560, 2025, 1615. 1555. 1470. 1460. 1410. 1390, 1360. 1345, 12S0, 

1175,1120, 1015,940.905.880,8~,825,810,~S,~6~cm- ‘;*HNMR(250MHr.CDCI3)614.13(brs, lH),9.16 

(d, J = 1.4 Hz, I HI. 5.76 (d, J = 1.8 Hz. I H). 0.96 (s. 9 Hf. and 0.17 (s. 6 H); l3C hWR (68 MHz. CDC13) 6 194.2 (5). 

191.3 (d), Ill.4 (df. 26.3 fq). 16.4 fs), and -7.5 (qf; l.JV max (isooctanc) 284 nm (f = 10,~). 

Ethyl etch-butyldi~thylsilyl-~hyd~xy-~-~~~te (tib). A SO-mL, three-necked, round-bottomed 

flask equipped with an argon i&t adapter* glw stopper, mbber septum, and magnetic stirring bar was placzd in a water bath 

(20 ‘Cl and charged with NaH (0.455 g, 19.0 mmol), I5 m.L ofdiethyl carbonate. 13 mL dTHF, absolute ErOH (0.045 ml., 

0.77 mm~l), and mylsilanc lbr (0.750 g, 4.74 mm01). After 76 h, the mactnm muture was cooled with an ice bath, 50 ml_ 

of half-samrat& NH4Cl solution was added, and the resulting phases wczx separated. ‘lIu aquaxls phase was extracted with 

twt S@mL miens of dicthyl ether, and the combined organic phases WCR then tatratted with 125 tnL of saturated NaCl 

Solution. dtial Over MgSO4. filImed, and carentruaj 10 give 0.774 g of an orange oil. Column chromatography on silica gel 

(elution with ethyl acaatc-hexanes) PflcAed 0.438 g (40%) of lib as M arnge oil: IR (film) 25@34tX (br), 2960.2934. 

2894. 2862. 1654. 1581, 1474. 1465, 1446, 1399, 1378, 1365, 1354. 1324, 1303, 1252. 1199, 1107, 1035, 1007. 838, 

809, 780. 742,691, and 668 cm-i; lH NMR (300 MHz, CDCl3) S 11.78 (s, 1 H), 5.28 (s, 1 Hf, 4.19 (q, J = 7.3 HZ, 2 f@, 

1.30 (t, J - 7.2 Hr 3 H), 0.W (s, 9 H), and 0.15 (I. 6 H); I3C NMR (75 MHz. CDCl3) 8 185.5, 171.1, 101.1, 59.8. 26.4, 

16.4, 14.2, and -7.3; W max (isocctane f 252 nm (e - 13,OW). 

~t8~-Butyldip~nyl~lyl-3-hydroxy-E-~l (11~). A loll., twwo-necked. peu-shaped flask equipped 

with an argon inlet adaper. rubber xphlm. and magnetic stirring bar was placcd in a water bath (22 Wand chareed with NaH 





(‘hem~str) of cyclopropylacylsllancs I 4125 

1383. 1364. 1260. 1251. 1230, 1189. 1150, 1110. 1066. 1006.940.843.825.808,779.678. and 626 cm-l; lH NMR (250 

MHz, -3) 84.21 (se 2 H), 0.95 (I, 9 H), and 0.28 (I, 6 H); l3C NMR (68 MHz. CCCl3) 6 232.1.42.5, 26.3, 16.6. and 

-6.4; MS mle 238 c81Br M+. 0.07%). 2% (‘9Br M+, 0.07%). 143, 139. 137. 115. 99. 75.73 (100%). 57. and 56; HRMS 

mle c&d for CgH1779BIOS1: 236.0232, found: 236.0233. 

l-~~-ButytdiwChyIdlyl-2thlor~l-proprnom (II). A IOO-ml_. three-necked. round-homed flask was 

aluippbd wifh M t%on da drpa, mrgnaiC stirring bu. rubber septum, and g1zU sttoppcr. The WIWI flask was ChUgCd 

itb 75 mLofC’& -2 (1.69 ml 21.0 mmol). and I-un-bu~~mnhylrllyl-~-PDPMO(K 3’ (2.585 g. 15.00 mmol). ud 

the ~IX&CI tr&~ Wu uimd af loom Icmpcramrr while Iht teaction was monitored by glpc. After 7 h, the solvent was 

mvd by M ~vlpauion. and the resiti yellow 011 was purified by column chmmatography on sihca gel (elut~on wnth 

Ml unuC-huu#) to fwnhh 2.705 g (87%) d the c~ylsllane 17 as a yellow oil (98.5% pue by capillary glpc): 

IR (mm) 2956, 2934 2888. 2860, 1647. 1466, 1445. 1412. 1392, 1367. 1315. 1252, 1227. 1207, 1119, 1055. 1008, 996. 

946. 843. 826. 812. 781, 713. 684. and 668 cm-l; *H NMR (400 MHz_ 03) 64.46 J = 6.6 & (9. I H), 1.49 (d, J - 

6.6 Hz. 3 H). 0.95 (s, 9 H). 0.293 (s, 3 H). amI 0.286 (s. 3 H); ‘3C NMR (100 MHz. CDC13) 6 235.6. 61.9, 26.5, 17.8. 

16.9. md -5.9. 

~2-~~-Butyldi~thyls~lyl-2-oxocthyl)dimethylaulfon~~m bromide (32). A one-necked. IOO-mL 

rsonry~equippedwi(hrmrgncticniningbumdarrfluxcondcnKIfmadwithM~i~rdrpa waschugalwith 

the cm& lmnnceaylsiluw 15 pnpued in Ihe above 1cpct1011(9.569 g) and 50 mL d ditiylsulftdc. The ructmn mixture 

ollj huted 1( rtflux for 5 hU and then allowal to cool to mom tempuaturc. The sulfonlum salt 32 WIS isoolucd by filpolion. 

wrtkd with u. 100 mL of pentane. and dried at I mmHg to yield 9.953 g (83% overall from 13) of the pue sulfomium salt 

32 as a fluflj white solid: mp 12G130 “C @cc); IR (CHCl3, fr&ly PtpMd s01utim) 2940.2862, 1640. 1466. 1414.1368, 

1337, 1255, 1151. 1103, 1050, 1010,944,85-O. 664. and 621 cm-l; lH NMR (250 MHz_ CDCI3. freshly prrpplbd solutiti) 

6 5.80 (s. 2 H). 3.36 (s. 6 H), 0.97 (s. 9 H), and 0.36 (s, 6 H); l3C NMR (68 MHz CD3CN. frtshly ptpved solution) 6 

2375, 62.4, 26.7, 24.9, 17.4, and -6.8: Anal. Calcd for CIOH22BrOSSi: C. 40.12; H. 7.74. Found: C. 39.75; H. 7.57. 

Dimcthylsulfonium 2-rrrf-butyldimcthylsilyt-2-oxcnthylide (33). A solution of the sulfomum salt 32 

(9.95 g. 33.2 mmol) in 100 mL of CH2CI2 was shaken for 3 min with 100 mL d icecold aqueous N&H (1.00 M) in a 

scpamtmy funnel. Afta (incomplete) phase sepamGon. the organic layer was extracted with 400 mL of saturated NaCl 

solution. A IOO-mL ponion d CH$lz was then used IO sequentially wash the two 4ueous layen. the pocas was repeated 

with a 5GmL portion of CH2Cl2. and then the combined organic laycrr wee dried over MgSO4. filtered. and concentntcd to 

give 6.91 g (95%) d the ylidc 33 IS a pale yellow solid. (Since the ylidc u rtlativcly unstable in solute, the cntirr period in 

which the ylide is in solutes must be kept to kss than 1 h): mp 76-78 “C (dcc); IR (CHC13) 3X10-3000 (br). 2950, 2930. 

28%. u158. 1609, 1582. 1454, 1410. 1347, 1317. 1304. 1247. 1215. 1133. 1098. 1053, 1027. 1009. 990. 944, 837. 663. 

and 621 cm-l; IH NMR (250 MHr. CDC13) 6 3.99 0, 1 H). 2.95 (s. 6 H). 0.94 (s. 9 H). ti 0.09 (I, 6 H); 13~ NMR (75 

MHz. CDC13) 6 206.73. 62.5. 29.0. 26.8. 16.4, and -6.6; UV mu (abs &OH) 273 nm (E = 10,000); Anal. C&d for 

ClOH22OSSi: C. 54.99; H, 10.15. Found: C. 54.76; H, 10.33. 

Gcncrrl Procedure for Cydopropsartion Using MrloenolMe Anioar A 25.II& two-necked. round- 

batomcd flask equipped with an prgon inks adapter, rubber septum and magna~ stirring bar was charged with IO mL d THF 

and either dii~opowlarni~~ (0.154 mL, I. IO mmol) 012.2.6,& ktramethylpipendine (0.186 mL, 1.10 mmol). and then cookd 

in an ice brth whik n-butyllithium solut~ocl (I.60 M in hexanes. 0.66 ml_ 1.05 mmol) WLS dQd npdly via syringe. After 15 

min.thciccbuhw~rrplwedwitha~ire-u~~(-78”C),andrsdutiond1.00mmddh;llauylrilancinO.2mLd 

IHF was ddcd by microIircr syringe over fhe course d I - 2 min (the sy+ngc used fa the ddition was nnKd with IWO 0. l- 

mL ponions of TM3 After 30 min. 1.0 - 5. I mmol of the Michael acceptor was ddcd (solid and liquid clecuophi~ with 

fruung poinc~ much above -78 T wac x&d in THF solute. aher liquids war ddod nu). TIK runion mixture was 

Il~towlnntoroooltempmturronrr&coursedlh(unleuahmi~indicued).udthenstimdfunhcrfor0.5-4h 

until thin-layer chrwnuognphy indicated coq9ete conr~mpion d the hllorcylsilanc. Half-satuntai NH@ solution (8 mL) 

was then a&da!. md the resulting mixture was part~ciorrcd between 50 mL of H$ and 50 mL d diuhyl ether. The organic 

phase wu extrxtcd with 50 mL d saturated NKI solution. dried ova MgSO4. hltcred. and carencntai. Ruiftion was 

pafamtd u dcscribcd kbw. 





chcmt,tfy ofcyclopropytacyIstIanes I 413 

72 1, 6%. 658, and 627 cm-l; 1H NMR (500 MHZ, CD$12) 8 8.07 (appar dd, J - 8.4, 1.2 Hs 2 H), 7.62 (appu ft. J = 7.4, 

1.2 Hz. f Et)* 7.52 (rppu t, J - 7.7 Hz, 2 Hf. 7.20-7.28 <m, 5 H), 4.14 (dd, J = 6.3. 5.0 Hz, t H), 3.58 fdd, J = 9.9, S.0 

Ht. 1 H), 3.4f (dd, J = 9.9, 6.3 Hz, t HI, 0.79 fs. 9 ta, O.t? (s, 3 HI, and 0.01 (s, 3 H); 1H NMR NQE enpcrimcn~: 

irrxkation at 6 8.07 produced an enhanccmtn~ 8 7.52 uwf 4.14; inadiuioo u 6 7.2Qf.28 pmfuced an tnbPnccmnt at 4. t4 

and 3.41; 1H Nh4R btcwpliig experiment: kxlistion u S 7.M7.28cauti the qg of the S 3.41 dmibkr ofdoubtas; 

l~(lH)NOEcnpe~r:~~64.l4inthclHs~pahradlrrgc~inIhtl~~esa~6 

197 and 138, and a smaller mhancamt st 240; izndiation I 6 3J8 in the ltf spnctmm prodwxt a large enhancement in the 

~~~8t~2~~&3~~~~ ntrl97;~ti~u63.4tpnxhrafr~miunctmcntinthe~S 

lWmarxxatlit34,AmDdarrc elUWmcnt 1 197, urd L small UkhWWment at 240; I3C NMR (loo MK+ CDC13) b 240.4, 

197.2, 137.4 134.1, 133.3, 128.7, 128.6, f28.3, 128.0, 127.0, 46.1, 37.9, 28.7, 26.1, 16.7, -7.4. and -7.5; UV mu 

(kmctanc) 243 nm (s! - 17,ooO) uul2M nm (E - 3O;ooO); MS rrJc 364 (!+I*, 1.7%), 255.207, 147,115, 105.103, 101,?7, 

75,?4,?3 (IO@%), 59,44, and 42; kiR.MS mle c&d fa C23H2&Si: 364.1859, famd: 364.1860. For tk isomer BJbz mp 

Q4-95 “c; iR (CHCI3) 308&, 3062.3026,3008.2950,2928,2884.28%. 1678, 1626. 1500, tS82, 1499, 1480, 146& 1449, 

MtS, 1392. t364,1346, 1317,1277, 8251, 1226, i176, tO99, WO, tM8, 1014, 1OW. 974. Wi, &60,6Q4, and 617 cm*@; 

tH NMR (SO0 MHz, CEx3I3) 6 7.98 (tppu bd. J = 8.0, 1.3 Hz, 2 H), 7.54 (appu u, J = 7.4, 1,3 tit, I ii), 7.44 (appar t, J 

J 7.6 Hr, 2 H), 7.34 fappxr 1, J I 7.4 Hz, 2 HI, 7.22.7.28 (m, 3 H). 3.36 it. J - 6.2 Hr. 1 H), 3.17 (d, J = 6.2 Hz, 2 H) 

0.90 (s, 9 H), 0.22 (s, 3 H). xnd 0.13 (s, 3 H); 1H NMR decoupling expcrimen(: imation a~ 6 7.22.7.28 cusal sharpening 

of the 8 3.36 tiplet; *H NMR COSY: thawed x cnnspcak for 7.22-7.28 ud 3.36; ‘k NMR (100 MHz, CDCI3) 6 240.6 ($1, 

194.3 la). 138.8 (s), $37.2 (s), i33.0 fdf, 128.7 {d), 128.5 (d), 128.3 (df, 127.0 (dj. $26.4 (dd). 44.5 {d), 38.2 (d), 30.Q fdf. 

26.5 fq). 15.8 fsj, -6-9 (qj. and -7.1 (q}; W max (iwroctuu) 242 (E = 15,ooO) and 201 nm (E = 31,ooO); MS m/* 344 (M+, 

1.8%) 336, 308, 307, 28I, 280, 279 (1008). 249, 233, 203. 202, 201, 187, 91, 77, 75, 73; HRMS M/S? c&cd for 

C23H@$i: 364.1859, fcund: 364.1853. 

rado- rnd rr~-5-f~rrt-8utytdimcthltsityfotomrthylj-c~r-bi~ye~~~.~.~~h~xx~-2~n~ (21x and b). 

&a&on of the ~~0~~~~ 14 (0.193 g, 1.00 nun&) wtth titbi~m ~a~hyl~~ produced tk c~~~di~~ 

amlate, which was treated with a soluti~ of cyclopart-2-ar+ f-on (0.419 mL, 5.00 mmol) in 0.4 mL of ?HF, and rtfowcd to 

rrrctfwrhaior3huraomum~~~gtolheg~pocahut. Ev4xx~ionolucesscyclopcntcnonc(2.5*C,0.4 

mmHg), followed by cdumn chrormtog@y on silks gel (@adknt elutmn with ethyl uctatc~hexane~) lffonkd 0.028 8 

(12%) of 21b (an orange oil) ud 0.068 g (28%) 218 (a ps.k onnge solid). For the tx5 isomer 21b: IK (film) 2954.2932, 

2888, 286U, $729, 1623, l464, 1413, 1357, 1252. ll84, llS3, 1049. 1008, Q64,943,9f?, 863,841,WJ. 780, 736, and 

677 cm-f; IH NMR (3EzD MHz, CDC13) 6 2.76 (t. J - 2.9 HZ, i H), 2.33-2.38 (m. 2 If), X18.2.36 cm, 1 it], 2.06-2.t7 (m, 

3 H), 0.9S (s, 9 H), 0.26 (s, 3 HI, and 0.23 Is, 3 Ht; 13C NMR (75 MHz, -3) 6 239.9, 212.5, 38.5, 37.7. 32.4, 31.6, 

26.4, 22.9, 16.7, -7.2, and -7.3. For tie endo isomer 218: mp S4Jd7.5 “C (sample mcrysullimf twice from pcntanc): IR 

(film) 29S2,2932,2888,28S8, 1722, 1627, 1463,MOQ. 1366, 1x1, 1252, 1182, 1150. 1051, 1021, 1007.972, Q43, 922, 

840, 800, 782, and 675 cm‘:; fH NMR (3CO MHr, CDC13) 6 3.01 (t, J = 8.4 Hr. t if), 2.57-2.65 cm, 1 H). 2.42.2J3 (m, 

1 H), 2.18-2.23 (m, 3 Wj. 1.74-1.82 (m. 1 ii), 0.97 (s 9 H), 0.24 fs, 3 II), and 0.22 (s, 3 H); 13C NMR (75 MHz, CDCI3) 6 

244.7, 213.9,42.0, 38.5, 3&b. 34.0, 26.4, I9.9, 16.8, -7.1, and -?.3. 

end,+ and r~o-7-(rrrr-Butyldimcthylxilyloxomethyl)-ei~-b~cycl~~4.l.Olh~~txn~2-on~ (2tr rnd b). 

Reaction of rhe chlarorrnylsilanc 14 (0.193 g. I.00 mmoi) with lithium diisopmpylamide @uced the cotmponding enolue, 

which was &ralcd with cyciobcx-2m-ton (0.484 mL 5.00 rnmoIf #xi ilBoWd to react fuztbcr far 4 b a mom FempefWw 

according to rhc general pmcedure. Evrpontion of excess cyclohcxenone (40 “C, 0.4 mmHgf, folbtlomd by column 

chnmutography on siiica gel (gradient clutkm with ethyl XCWC-huura) affoKkd 0.019 of impure 22b as a ytlknw oil, and 

0.023 g (9.2%) of 22a as a pale yellow solid A volatile umtaminant was removed fvm~ the exo isomer by cvrpaakn at 0.35 

mmHg (25 T for 1S h followed by 50 4c for 2 h) to give 0.012 g (4.6%) of 22b as a yellow oil which soWfii upon 

standing at -15 ‘T. For the cxo isomer W: mp 394tT Wmpk rarysWkzcd from pmtanc): IR (ftim) 29% 2Q34,2888, 

28#0, 16%. 1628, 1470. 1450, 1431, 1394, 1366. 1343, 1322, 1279, 1252, 1235. 1192, lf7S, 1143, 1089, tO64, 1040, 

100?,953,94i, 898.88I. 843.779.740 and 67% cm- f ; IH NMR (300 Wia., CDCi3f 8 3.m (1, J = 4.1 Hz, 1 H), 2.43 (dd, 

J m 7.8, 4.0 Ht. I H), 2.35 (d of k J - 18.1, 4.3 Hq I N). 1.922.17 (m, 4 H), 1.75-1.91 (m, I H), 1,56-1.73 (m, 1 H), 

0.W (L. 9 H), 0.25 (J, 3 H). and 0.22 (5, 3 Hk 13C NMR (100 MHz, CDCl3)s 240.1, 205.4, 37.3. 3S.7, 35.4, 27.2, 26.4, 

20,9. 18.4, 16.8, -7.2, ud -7.3; MS m.‘t 2.52 fM+, 14%t, 237,X-B. 197, 196, ‘IQ5 fHlO%), 181, 171, 169, 168, t67, 159, 

153, ISl, 8S,??, 75-73. and 59; HRMS mfe C*tcd fff C$i24*Si: 252.1546, found: 252.1545. For the cndo isxntWf 228: 

mp 63.5-55 “C (sampk ruxytilized from pruw); IR KHCt3) xx)4,2950,2930,2860, $691, 1624, f4?1,1464, 1437, 

1410, 1365. 1348, 1329, 1253, 1177, 1144, 109Q. 1028. 1001.941,886,839, and 61f cm-f; iii NMR (300 MHz. CDC23) 





1464. 1411. 1390. 1365. 1251. 1133, 1095. 1039, 1005, 964. 941. 840. 823. 777, and 675 cm-l; lH NMR (300 MHz, 

CIXI3) 6 3.20 (dd, J = 6.7. 9.1 Hz, I H). 1.44 (dd. J = 3.2. 6.5 Hr. I H). 1.37 (s. 3 H), 1.24 (dd. J = 3.4, 8.1 iiz, I H), 

0.934 (s, 9 H), 0.925 (I. 9 H), 0.25 (s. 6 H). and 0.18 (s. 6 H); 13C NMR (100 MHz. CDCl3) 6 244.3, 242.0. 45.3, 38.8, 

26.7, 26.6, 21.2. 17.2, 16.9, 4.6. 4.7. and -7.1; MS mk 340 (M+. 2.%). 149. 147. 133. 93. 79, 75, and 73 (100%); 

HRMS nJe c&d forClgH3502Si2 ((M-w+): 339.2176, found: 339.2173. For the cis isomer 25~ IR (film) 2958, 2934, 

2892.2862, 1621. 1465. 1413. 1392. 1365, 1295, 1251. 1090. 1045. 1007. 944. 842. 808. 778. and 680cm-1; lH NMR 

(300 MHz. CDCl3) 6 2.53 (dd, J = 5.5, 8.0 Hr. 1 H). 1.88 (dd. J - 4.2, 5.3 Hz. 1 H). 1.26 (1. 3 H), I.04 (dd. J .- 4.1. 8.0 

Hz. I H). 0.938 (I. 9 H). 0.928 (s. 9 H), 0.243 (I. 3 H). 0.237 (s. 3 H). 0.227 (I, 3 H), and 0.186 (s. 3 H); l3C NMR (100 

MHz. CLXI3)8243.6, 44.7. 42.7, 26.7, 26.4, 21.3, 20.3. 17.1. 16.8, -4.9, -6.0. -7.1, and -7.3; MS m/r 340 (M+. 3.7%) 

283, 149. 147, 133, 117, 115, 89, 83. 75. 73 (100%). 59, 57. 55. 45. 44. 43. 42, and 41; HRMS m/c calcd for 

Cl8H35(bSi2 (]M-HI’): 339.2176. found: 339.2172. 

trrt-Butyldimcthylrilyl[(~-2-nitro-c-3-phenyl)cyclopropyl~meth~none (26). Reaction of the 

bmmouetylsilme 15 (0.237 g. I .oO mmol) with lithium diimylamide prodtnxd Ihc corresponding enok, which was 

Dutcd with a solution of ~nibustyrenc (0.149 g, 1.00 mmol) in 0.4 mL of THF. and allowed 10 m( further for 30 tnin at 

molntanpennutuxudingtotheg~~ Cdumncklxuq@l y on silica gel (grukm clutian with ahyl m- 

hexma) afforded 0.184 g (60%) of 26 as a viscous yellow oil which solidifial upon sta~iing a~ -15 T: mp W-37.5 “C; IR 

(film) 3054, 3034, 2962. 2932, 2888, 2858, 1630. 1545. l5C0, 1465, 1397, 1365, 1251. 1162. 1078. 1043, 1029, 1003, 

943.926.909, 839,8CQ780.755, and 6% cm- I; IH NMR (300 MHz,CDCI3)~7.2@7.29(m, 3 H). 7.lG7.13 (rn. 2 H). 

5.39 (1, J - 4.0 Hz, 1 H). 3.91 (dd, J = 4.0, Il.2 Hz. 1 H). 3.74 (dd. J - 4.9, II.1 Hz, 1 H). 0.80 (s, 9 H). 0.18 (s, 3 H). 

and 0.03 (s. 3 H); ‘3C NMR (IO0 MHz, CDC13) 6 237.4, 130.8. 128.5. 128.4. 128.0. 62.3, 44.5, 37.5, 26.1, 16.8, 

-7.4, md -7.5; MS ml~ 305 @I*. 0.6%). 259. 144. 116. 115. 75, and 73 (10%): HRMS m/c calcd for Cl6H23N03Si: 

305.1447. found: 305.1446. 

Ethyl c-2-(tr~-butyldimcthylsilyloxomethyl)-t-2-rm(hylcycloproprnccrrboxyl~te (27r) and Ethyl I- 

2-(frrl-butyldimethylsilyloxomethyl)-c-2-methylcyclopropxnec~rboxyl~te (27b). ReactIon of the 

chlaopFopionylsdane 17 (0.193 g, 1 .OO mmol) wifb lithium tctnmcihy1pipklidc poduccd the campauling &ate, which 

was Lnrted with ethyl rrylatc (0.55 mL. 5.1 mmol) and akwcd 10 rexI funha for 30 min Y loom tcmperafurc Wading to 

Ihc g~ti plocod~e. Filtration through a plug of siliu gel. followed by COIUINI chromuognphy on uhcs gel (g&km 

ehlion with ahyl accrue-heram) affW 0.043 g (16%) of 27b (62 11~196 plrr; contarmti with an vylic bypoduct) and 

0.147 g (54%) 27x as pale yellow oils. For the vans tsomcr 27b: IR (film) 2956, 2932, 2898. 2862, 1730, 1615. 1464. 

1381, 1250. 1180, 841, 824. 812, and 777 cm-l; 1H NMR (300 MHz, CDCl3)G4.1~4.20 (m, 2 H). 2.19 (dd. J - 8.4, 6.4 

Hz, 1 H), 1.56 (I. 3 H), I.45 (dd. J L 8.5, 4.2 Hr. I H). 1.26 ((, J = 7.0 Hz. 3 H). 1.22 (&I. J - 6.4, 4.2 Hz. 1 H). 0.93 (s. 

9 H). and 0.25 (s. 6 H); l3C NMR (75 MHz. CDCl3) C 241.8, 170.7. 60.7. 40.5. 27.3, 26.6, 20.5. 17.0, 14.2. 13.4. -4.9, 

UKI -5.0. For the cis isomer 278: IR (film) 2958, 29W. 28%. 2860. 1724. 1633, 1463. 1448. 1403. 1383. 1363, lw)2. 

1254). 1232. 1177. 1094, 1060. 1016.999.942,830.807. 779. and 678 cm- l: lH NMR (300 MHz CDCI3) 64.03-4.13 (m, 

2 H). 1.73-1.80 (m, 2 H). 1.32 (I. 3 H). 1.24 (1. J - 7.5 Hz, 3 H), 1.01 (dd. J n 3.3. 9.9 Hr. 1 H), 0.94 (s, 9 H). 0.25 (s. 3 

H),mdO.21(s.3H);lHNMRN;OEexperimcn~:imdiation~fl1.32produccdanenhuumnc a~1.73-1.80and1.01;l~ 

NMR (100 MHZ. CDCl3) 8 242.4. 171.2, 60.6. 40.8, 28.1, 26.6, 20.2. 18.3. 17.0. 14.2. -5.5, and -6.0: MS m/c 270 (M+, 

2.9 8). 269. 213. 115. 103. 82. 75.73 (lOO%), 59.55,45; HRMS m/c calcd ([M-H]+): 269.1573, found: 269.1573. 

. 

r-~-~etrrlone-2-spiro-l’-[c-2’-(~e~-butyldimethylsilyloxo)-~-2’-m~hyl~ycl~ro~~ (2&) rnd I- 

~-tetrrlone-2-spiro-l’-[t-2’-(~e~-butyldimethylsilyloxo)-c-2’-methyl~cycloprop~ne (28b). Reaction of tht 

chluopqknylsilane 17 (0.207 g, 1 .OO mmol) with lithium ~hylpipcridkk produced the corrrwng enol~!~, which 

w6s ti wirh a solution of 2-mcthyknc-a-tctrakx@ (0.208 g. I.30 mmol, cu. 80% pure) in 0.4 ml_ TInIF, and allowed 10 

nx( further for 30 min al mom rempcralun according to the general pmedwlc. Column chrornuognphy on rlhcr gel 

@‘X~IU ClUtkXl ~th ahy1 x~U~-~UUES) afforded 0.037 g (I 1%) of t8b ks o p?k yellow 011 which sokiificd upon standing 

u-l5’C.udO.239g(n%)of~~arlC~~ow~olid Forrhe~mat8b:mp46.5~‘C(umpk~sulliledfrwn 

pmanc); IR (CHCl3) 3026. 3006. 2952,2930.2884,2846. 1669. 1607. 1463, 1454, 1431. 1365, 1344. 1325, 1290. 1260. 

1253. 1229. 1155. 1127. 1100. 978. 91 I, 837, 825. and 615 cm-l; lH NMR (300 MHZ, CDCI3) 6 8.07 (&i. J = 7.8, 1.4 

H& 1 HA 7.48 0 ofd, J = 7.7. I.5 Hz. I H). 7.32 (appru 1. J - 7.4 HZ, 1 H). 7.24 (rppar d. J - 7.5 Hz. 1 H). 2.74-2.79 (m, 

2 H), 2.18-2.29 (m. I H). I.71 (d of t, J - 14.5. 3.7 Hz. 1 H), 1.64 (d. AB pattern. JAB - 3.8 Hz. I H), 1.61 (d, AB 

putan. JAB = 3.8 Hz I H). 1.42 (s. 3 H), 0.97 (s, 9 H). 0.21 0. 3 H). and 0.18 (s. 3 H): ‘3C NMR (100 MHz. CDC13) 8 

244.1. 194.8. 143.8, 133.4. 133.1. 128.9, 127.4. 126.6. 45.8, 41.4. 290. 26 8. 26.7. 21.6, 17.3. 14.2. -4.6. and -4.7; 
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-5.9, ti -6.1; Anrl. C&d for Cl9H23J2OS’ (tunpk rtcrystdliLed from benzene-pcnunc): C. 70.33; H. 7.45; N. 8.63. 

Fumd: C. 70.13; H, 7.24; N, 8.56. 

rrorr-2-(rr~-ButyldimctbylriIyloxomctbyl)cycloprop8nec8rb8ldehyde (318) rnd cir-2.(rrrt- 

botyldlmc(bylriIyloxomcthyl)cycloprop8n~8rb8ldehyde (34b) An icecooled. 25-n& two-ncckcd. round- 

~llutcguippadwi~~ugoninlardrpa.rubkrreprum~mrgncric~buw~chPgadwithSmLof 

C&CN,ylide33(0.218g.l.OOmmd).mdacmkin(0.l00&15Ommol). The~wtionmixt~~~mslllowaltowumro 

mom tunpartrue over tbc ~UIIXC of I h ud then tintdrtcd tt thxt temperature while the divppunnce of the ylitk was 

moaitoral by UV rpccaosco~ (inEtoH-). Arier3OmintJe ractionmixturcwrrpouredinto3OmLofH~xnd3OmLof 

diahylaha,mdthe4ucau~wrtvpntedmdcxolctedwil~)OmLd. Thccombinedorgxn~cphrrcrwae 

wlrhcd with 60 mL of ummtcd NlCl soluticm, drial over Mgs0q. filtcmd. and c~KZntrltCdto1fford0.191 8davircous 

yellow oil. Column chranrtognpby on silica gel (elulion with ethyl raatc-he-) pvitkd 0.054 8 (25%) ol sir md 

0.031 g (15%) of 34b as pak yellow oils. For the tram isomer 34r: IR (film) 29%. 2932.2888.2860, 2728, 1712. 1628. 

1465. 1410. 1394. 1366. 130), 12S2. 1193, 1159. 1071. 1028. 1005, 936. 888. 843. 826. 779, ud 678 cm-l; 1~ NMR 

(300 MHx, CDCl3) 6 9.33 (d, I - 4.4 Hs I H). 3.02-3.08 (m I H). 2.42-2.X) (n I H). 1.51-1.56 (m, I H). 1.42-1.49 (m, 

1 H). 0.94 (s. 9 H), and 0.24 (s. 6 H): ‘3C NMR (100 MHz. CDCl3) 6 Ul.5. 198.5, 33.7, 32.6, 26.3, 16.6. 16.4, xnd - 

7.3; HRMS WI& c&d for Cl lHl9C@i ([M-H)+): 2ll.llS4. found: 211.1154. For tl~ cir isomer 34b: IR (film) 2958, 

2932, 2892, 2860. 1705, 1627. 1466. 1435. 1410. 1394. 1365. 1316. 1252. 1189. 1166. 1062. 998. 921. 842. 824. 813. 

778.740. ud 679 cm-l; 1~ NMR @Xl MHr. CDCl3) 8 9.27 (d, J - 7.3 Hx, 1 H). 3.01-3.10 (m. 1 H). 2.08-2.18 (m, I H). 

1.87-1.94 (m. I H), 1.46-1.S3 (m, 1 H). 0.95 (I. 9 H). 0.23 (s. 3 H). UKI 0.22 (s. 3 H); l3C NMR (100 MHZ., CDCI3) 6 

243.9, 199.8, 35.9, 33.6, 26.4, 16.8, 14.8, and -7.2; HRMS m/r c&d fol Cl lHl902Si ([M-H]+): 211.1 lS4. found: 

211.1153. 

r-2-(rrrl-Butyldimcthylsilyloromcthyl)-I-mcthyl-r-l-cycloprop8nturb8ld~yde (358) 8nd c-24~~ 

butyldimethylsilyloxo~byl)-l-m~hyl-r-l-cycloprop8n~8rb8ldehyde (35b). A lO@mL, thou-necked, round- 

bauwncdfluL.eguipptdwitb~ugoainlclrdrpcr.8LuUoppcr.Nbkrrcpum.~myraicairringbywrr~with 

LDTf(4.7g. 3Ommol) xnd5OmLofCH3CN. -Iltcy5dc33(2.184 8. lO.a,mmol) andmahaad&(l.@3 mI_ l3.Otnmol) 

wcrr~ddadmdIhcnsu~ng~l~ionwairraduroomtcmparwlcwhik~disrppMncc of the ylitk fyas nvmitond 

by UV spetroscopy (in mH). After 52 h. the ~mixarrrwrrpourrdinto400mLo(H~md~Oofdiahylether, 

and the I~UUXIS phxsc was separated and cxtnctul with two S@mL pottions of ether. The canbincd organic phases were 

wrrhcd with 150 mL of unvlted NaCl sdutian. dncd over MgSO4. fihered. ud amcentntcd to furnish 2.178 8 of a yellow 

oil. Cotwnn chrunutognphy on silica gel (clution with ahyl rccatc-bextna) affadal2.021 8 (89%) of I 2: 1 mixnut of JSI 

ud b as a plc yellow oil: IR (film) 2954.2932.2886.2860.2718, 1710. 1627. 1466. 1366, 131 I. 1251, 1090. 1045, 1007. 

985.941,895, 839, 822.813. 777. xnd 676 cm- ‘; ‘H NMR (500 MHz. CDcI3). 35a: 8 8.91 (s. 1 H) 3.02 (dd J . 6.6. 8.3 

Hr. I H). I.75 (dd, J - 4.5. 6.6 Hz. 1 H). 1.35 (dd, J n 4.4, 8.4 Hz, I H). 1.19 (s. 3 H), 0.934 (s. 9 H), 0.205 (I. 3 H). 

and 0.199 (s, 3 H). Ub: 6 9.14 (I, 1 H), 2.86 (dd, J = 6.8, 7.7 Hr. I H). 2.20 (dd. J - 4.7, 6.8 Hz. 1 H). 1.37 (dd, J r 

4.5. 8.1 Hz, 1 H), I.31 (I, 3 H). 0.930 (s, 9 H). 0.217 (s. 3 H), md 0.209 (s, 3 H); 13C NMR (100 MHz. CDC13) 35r: 6 

242.0, 199.X 26.3, 17.7. 16.8, and 9.8, 3Sb: 243.3, 200.5. 26.3. 22.0. 17.6. tDd 16.8. unurigncd (358 or 35b): 43.7, 

39.0.38.7.36.3, -7.2. -7.3, ud -7.4; HRhG mleukd forCl2H2lQSi (IM-HI+): 225.131 I. found: 225.1310. 

I-2-(larl-Butyldi~etbyl~ilyloronctbyl)-~-3-methyl-r-t-cycloprop8nec8rb8ldebyde (36a), c-2-(rrrr- 

botyldlmethylrllyloxometbyl)-t-3-methyl-r-t-cycloprop8nec8rb8lde~yde (Xb), rnd c-2-(trrl- 

butyldlmcthylsilyloxomcthyl)-c-3-metbyl-~l-cyc~rop8ncc8rb8ld~yde (s6c). A u-d two-ncckal. round- 

bat~flakcguippedPri~h~~ladapa,Nbkrscptwn,~~~brrW~~rvilhLiOTf(0.478. 

3.0 mmol) xnd 5 mL of CH3CN. The ylitk 33 (0.2 I8 g. I .oO mmol) md cmtonrldchyde (0.099 mL. 1.20 mmol) were then 

ddad.~rheRnrltingbdutionwslimdu40’Cwhikrhedirrppunnt e of the ylidc was monitced by UV spcctmscopy 

(in EtOH). After 38 h. the ~mixarrrwrrpavedintolSmLolH~~2OmLddicchylabcr.rdrhc4ubauphzx 

wusqratcdm~IutnnedwitJ110mLdctJ~. Tbcccnnbincdagnicphrrcrwuewrrhedwitb3OmLofutu&aiNaCl 

solutia~, dried over h4gSO4. filtard. and c-uztal to give 0.207 g dr yclk~ oil. Cdumn c hrwn*ogrpby 00 riliu 8Cl 

(clution with ahyl rceu(c-hcxancs) afforded 0.063 g (28%) of X8.0.023 g (10%) d 36b and 0.004S g (2.0%) of 36~ as 

we yellow oils. Mixul frxtions, tdling 0.010 8 (4%) m &I m For Ihe isomer 36r: IR (film) 2960.2936, 

2892, 2864, 2726, 1709, 1624, 1465, 1404, 1393. 1380. 1367. 1288, 1253. 1198. 1160. 1142. 1121. 1068. 1039. 1021. 

1009. %3,943,883,840. n9,736. and 679 cm- ~;‘HNMR(WW)MHsCDC13)69.10(d.J-4.l~lH).3.2O(~J- 

4.7, 9.5 Hr. 1 H). 2.642.69 (m, 1 H), 2.03-2.13 (m. I H), 1.09 (4 J - 6.5 Hz. 3 H). 0.95 (s. 9 H). 0.23 (1. 3 H). uxl 0.22 
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