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SYNTHESIS OF FUSED CYCLOPROPANEB FROM Y-STCINNYL CILCOHOLS 

John F. Kadow and Carl R. Johnmon" 
Department of Chemimtry, Wayne State Univermity 

Detroit, MI 48202 

Summary--Fumed cyclopropanem including 3-carene and imosequicarene have 
been prepared by treatment of Y-•tannyl alcoholm with thionyl chloride. 

In 1970 Davis and co-workers reported that Y-trialkylstannyl alcoholm 

undergo 1,3-eliminations to produce cyclopropanem upon treatment with 

thionyl chloride or phosphorus trichloride (eq ll.' 

(ll 

In a mubsequent mtudy by the Davim group it wam emtablimhed that the reaction 

proceedm with invermion at both centers." From a synthetie point of view 

the method lay dormant until 1982 whcn Ueno and co-workers reported on the 

utilization of J-(tributylmtannyl)propanal as a cyclopropane building blockl 

addition of various organometallics to the carbonyl group of thim reagent 

followed by treatment with thionyl chloride resulted in fair to excellent 

yieldm of substituted cyclopropanes.J*4 During the course of our study 

Fleming and Urch reported the 'rediscovery" of thim cyclopropanation 

method.= They found that cyclopropanes were formed when tertiary and 

benzyl alcohols bearing a Y-trialkylstannyl group were treated with 

BF=.ZAcOH; the tendency for the reaction to occur with inversion at both 

carbon centers wam reaffirmed. Fleming and Urch summarired two general 

failurem of their cyclopropane synthesem as followm: "One limit is that 

simple secondary alcohols with a Y-stannyl group decompose without 

noticeable cyclopropane formation. The other im more serioumr we have failed 

to make the reaction work in much a way am to fume a gen dimethylcyclopropane 

onto a five- six- , or seven-membered ring." The remultm of Ueno l nd 

co-workers had already l stablimhed that that thionyl chloride/pyridine wam an 

adequate reagent for the conversion of secondary alcohols bearing a Y-stannyl 

group to the corresponding cyclopropanes. In this communication we describe 

our rasults which expand the synthetic applicability of this chemistry and 

demonstrate that the limitations of the Fleming procedure can be readily 

circumvented by use of thionyl chloride as orginally promulgated by Davim. 

The preparation of tcans-1-acetyl-2-tributylstannylcycloalkanes 

(2) was acheived by the conjugate addition of either Bu&nLi& or 

CBu&nCuSPhlLi' to the corresponding 1-acetylcycloalkene followed by 
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equilibration with KOtBu/tBuOH and purification by medium presmure liquid 

chromatography ovar silica gel (hrxane/ethyl acetate).- Flddition of 

phenyllithium to 2 provided the corrrsponding tertiary l lcoholm 3 am 

mixture5 of diamtereomerm. Treatment of alcohol5 3 l ither am mixturem or 

am purified diamtereomers with thionyl chloride/pyridine at OoC resultad 

in the fumed ring cyclopropanem 4 (only diamtereomer)9 along with the 

by-productm 2 (Scheme 11. The lack of l tereospecificity am a remult of 

ioniration at the tertiary bentylic center wam not unexpoctedl the 

cyclopropane products obtained are thome with the smaller mubstituent group 

"endo". 

Scheme 1 

an=3 27% 65% 
b " = 4 ca. 55% ca. 30% 
cn= 33% 41% 

i Bu3SnLi ii IBu SnCuSPhILi 
iii KOtBu/tBuOH !v PhLi 
v SOC12/Pyridine, OoC 

Treatment of the mix-membered cim diastereomeric alcoholm, prepared from 

1 (n = 4). with thionyl chloride remulted exclumively in olefinic 

elimination products (eq 2). 

(2) 

Compound c>l" has been found to be an excellent dienophile; it 

ñeadily participatcs in Diels-Alder reactions with maintainance of trans 

mtereochemistry of the stannyl and carbonyl moiety. The utilization of & 

fn the synthesim of bicycloC4.1.0lheptenem is illumtrated in Scheme 2. 

Clddition of methyllithium (83%) to z (R = Me) followed by treatment with 

thionyl chloride resulted in 3-carene (0, R * R' - He) (82x). Addi tion 
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Schemc 2 

SOCl*/ 
Pyr . 

of 4-methyl-3-butenylmaqnesium bromide to 1 (R * Mm) rrmulted in a 

mixture fl (R = Me, R’ - CH~CH&H=CMerl which could be separated 

by silica gel chromatoqraphy into pairs of compounds (mtructural isomrs as l 

result of the positions of the ring methyll. Treatment of pair A (obtained 

in 16% yield) with thionyl chloride provided isosequicarene (0, R - Me, 

R’ * CH&HpCH=CMez) in 66% yield. Pair B (obtained in 30% yieldl 

qave the isomer 0 (R = Me, R’ - CHnCHnCH=Ctlen) of 

isosemquicarene in 70% yield. This non-stweocontrolled three reaction 

sequence to 1-isosesquicarene from 0 can be compared to the recent 

twenty-step stereocontrolled synthesis of the compound from tropone by 

Uyehara, Yamada, and Kato.L* Reduction of z (R - Phl with sodium 

borohydride qave a mixture of secondary alcohols e (R - Ph, R’ = Hl (72%) 

which were directly treated with thionyl chloride to provide a mixture of 

0 l nd 10 (R - Ph, R’ - Hl (74%). - 
In saturated sin-mambered rinqs the cyclopropane fusion step most likely 

occurs from a eonformation with the carbon bearinq the leavinq qroup l nd the 

stannyl qroup occupyinq axial positionsl such eonformationm are hiqhly 

conqested. This steric conqestion is considerably relieved by the 

introduction of a doublr bond in the rinq. Thcre factorr may account for thr 

much higher yields of fused cyclopropanes obtainad in Scheme 2 compared to 

that obtained accordinq to Scheme 1. 

Thc synthesis of a bicycloC3.1.03hexane derivative ir illustrated in eq 
3. Compound _ was obtained by the addition of Bu&nLi to 

P-cyclohexenone. 
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PhLi SOCl* 
-Al 

(3) 
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