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THE ELECTROPHILIC CLEAVAGE OF CYCLOPROPYLCARBINYLSTANNANES. 
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ABSTRACT The reacnon of cyclopropylcarbmylmalkylstannanes (CPCSnR3) la (R=Me) and lb (R=Bu) 
with sulfur &oxide m chloroform or methanol yields the homodllyhc tm sulphmates 2a and 2b respectively 
The reaction of la with &me m chloroform yields predominantly 4-mdo-1-butene (3) and tnmethyltm Itide 
while m methanol the correspondmg reaction yields CPCSnMeZI (4) and methyl l&de 

The electrophlhc cleavage of allyhc metal compounds 1s a reactlon of considerable mechamstlc and synthetic 

interest14 I+gh levels of rego- and stereoselectlvlty have been achieved by careful choice of metalla and 

reaction conditions2 Particularly Important IS the enantlospeclfic cleavage of choral substrates with carbon 

electrophlles314 which has been apphed m natural product synthens3 
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A logcal extension to this reaction IS the analogous cleavage of cyclopropylcarbmyl (CPC) metal denvatives 

which, by companson, has received httle attentions 
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The cleavage of CPC sIllcon denvatlves with Iodinesa, brommesa, acetyl chlondesb, stanmc chlondesc, 

haloboranessd and acldse,f have been reported (the latter being utlhzed m the synthesis of ns-Jasmonese and a 

constituent of the melon fly pheremonesf) We are unaware of any reports concemmg the correspondmg reacnon 

of the potentially more reactive CPC stannanes A UV photoelectron study by Traylor et al has mticated that the 

(T-D interaction between the cyclopropane orbltals and carbon-tin bond of CPCSnMe3 (la) 1s only marginally 

lebs (0 6eV) than the correspondmg CS-7c Interaction m allylSnMe3 6 Thus orbltal overlap should slgmficantly 

increase the reactivity of the cyclopropane nng towards electrophlhc cleavage and may infer a stereoelectromc 

bias as observed for allyhc systems677 

The reaction of allyllc stannanes with sulfur dloxlde m chloroform or methanol proceeds with allyhc 

rearrangement to yield the correspondmg allyhc tm sulfmates 8 In a weakly coordmatmg solvent such as 
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chloroform this reaction proceeds with syn approach of the electrophlle, consistent with an SET’ mechanism 
This stereospeclficlty 1s lost 1n methanol * We now report the reaction of CPCSnMe3 (la) and CPCSnBu3 (lb) 

with sulfur dioxide 1n chloroform and methanol These reactions both proceeded with rmg fission to yield the 

correspondmg homoallyllc tin sulfinates 2a and 2b respechvelyg 
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By analogy with the corresponding allyllc system, it 1s probable that the reaction 1n 

chloroform proceeds via a concerted ‘5~1’ hke” mechanism 

In methanol a cyclic translnon state 1s less hkely 8 A competitive expenment involving lb and allylSnBu3 1n 

chloroform m&cated that the latter was completely consumed before any 2b was detected We are currently 

exammmg the stereochemistry of this reaction 1n both solvents 

Cleavage of la with one equivalent of iodine in chloroform (ca 200) also proceeded predominantly with nng 
fission (> 90%) to yield 4-lodo-1-butene (3) and mmethyltln l&de Small quantlt1es of CPCSnMezI(4) and 
methyl l&de were also observed Analysis of the Lorrespondmg reaction of lb was complicated by the 

presence of tetrabutyltm (formed by the re&smbutlon of BugSnL1 dunng the synthesis of lbll), although 1t was 
clear that m this case also 3 was the maJor product Reachon of la with one equivalent of iodine 1n methanol (cu 
ZOOC), however, yielded 4 and methyl iodide 1n equal amounts12 
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There are a number of possible explanations for the effect of solvent on the reglochemwry of these reactions 
The cleavages of la and lb with iodine 1n chloroform were performed 1n the dark but, although unhkely*3, a 
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free radxal mechanism cannot be ruled out An electrophlhc process in tlus solvent could proceed via a cyclic 

(“SE” Ike”) transition state involving lodme-tm coordmatlon In methanol, however, solvent-tm co&m&on 

appears to promote SE methyl cleavage although, agam, a free radical process 1s possible No 

cyclopropylcartnnyl lo&de was observed m the lH or 13C nmr spectra of the &me/methanol reacnon suggesting 

both a statistical and stenc bias agamst this mode of cleavage These solvent effects are being mvestlgated 

further 

We hdve presented results which confirm Traylor’s pre&ctlon of an activatmg Influence by the carbon-tm bond 

on the cyclopropane nng m CPC stannanesc but m addltlon, suggest a solvent dependency The posslblhty of a 

qtereoelectromc bias with these and other electrophlles (Including the synthetlcally more useful carbon 

electrophlles) 1s under mvestlgatlon 
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Reacttons with sulfur &oxide m chloroform or methanol were conducted at room temperature in an nmr 

tube and examined directly by tH and 13C nmr spectroscopy Whexas the reacuons of allyhc 

statmanes were over urlthm seconds, CPC stannanes required approximately thirty minutes exposure to 

ensure complete reaction Removal of the solvent gave a white sohd which could be punfed further by 

tnturation with pentane IR spectroscopy confumed that the products were 0-sulphmateslo 1H and t3C 

nmr spectra for 2a an? representahve 1H nmr (CH3OD) 6 5 87 (lH, m), 5 12 (2H, m), 2 65 (2H, t, J = 

7 7Hz). 2 41 (2H, q, J = 7 7Hz), 0 62 (9H, s, 2Jsn_~ = 68 9,65 8Hz) l3C nmr (CH3OH) 6 137 04 

(CH), 117 22 (CHz), 59 38 (CH2), 26 93 (CHz), -0 19 (CH3, tJs”_c = 504 9,482 7Hz) 

Fong, C W , Kltchmg, W I Organomet Chem 1970,22, 107 

Olszowy, H A PhD Thesis, Umverslty of Queensland, 1984 

4, lH nmr (CH30D) 6 1 41 (2H, d, J = 7 5Hz, 2JSn_H = 52 9Hz), 105 (lH, m), 0 84 (6H, s, 2J~n_~ = 

62 2,59 6Hz), 0 55 (2H, m), 0 18 (2H, m) 13C nmr (CH3OD) 6 26 94 (CH2, lJsn_c = 466 4, 

445 3Hz), 9 04 (CH, ~Js,,_c = 299Hz), 7 98 (CH2. 3Jsn_c = 56 7Hz), 1 05 (CH3, lJsn_c = 410 4, 

392 4Hz) 

The reaction of &me with 3-butenyltnbutylstannane m chloroform or rllchloromethanel3 proceeds with 

electmplhc ad&Bon and cyclopropane formatlon to gve cyclopropylcarbmyl ~&de m appmxlmately 

80% yield together with small amounts of 3 and 1-mdobutane Given the sunllantles between thus and 

our own system we believe a predommatmg free ra&cal mechamsm to be unhkely 
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