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We have been investigating radical cy&arions of mthyknecycbpmpane dcrivativcs. In our preiimirmy 

studies1 we found that (~y~en~~lo~yl~~pyl radicals 1 (R=H, SiMe3) underwent initial 5-em 

cyclisation, leading to intermediate cyclopmpylmethyl radicals 2, which then opened to give methylem 

cyclohexyl radicals 3 (Scheme 1). 
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Ia principle an additional aJkenc or a&yae fun&*, tetheml to the mcthylene cycbpropane (cg* 1, 

R=(CH2)$XXie3), couldbeusedtotrap~ns~~gmthylmecyclo~xylradicaI 3,kadingto 

spimcycles 4.2 We have now investigated such a possibility and describe the results in this paper. 

Initially mdicai precursors 8 and 9 WQt prepamd as 0Uined in S&cmc 2. Thus ~yl~~lo~p~e 

5 was sequentially depmtonated, silyIated, depmtonated and alkylated to give 6 in a one pot procedm, as 

akady describuL3 Treatment of6 with camlylic TEIAF in DMF/HMPA,4 in the presence of mcthykcrylate, 

gave ester 7 which, after standard functional group ~pu~tion~ gave bromide 8 and iodide 9. 
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Rea8ents: i. BuLi. THF. -78% ii, Me3Sic1; iii, Br(CHi)3-, 63% over four steps; 

iv, methylauybe, cat. TBAF. 1 eq. HMPA, DMF, WC. 476, v. LiA1H4, lHF, CPC; vi, I&S&Cl, 

&N, CH#& r.L; vii, Nd, acetone. dlux, 95% over three w viii, Me3SiCdLi. HMPA, THF. 

-78 + OOC, 6946; ix, Ambcrlitc IR-120. Mc0I-k x. CBrh Phg. CH#Zlz. 85% over two steps. 

SCHEME 2 

Syzinge pump addition of Bu3SnH and catalytic AJBN to bromide 8 in refluxing tolueoe gave an 

inseparable mixtunz of 10 and 11 in 69% yield (ration 10:11,1:3) (Scheme 3).5 Under atom transfer 

conditions6 (using one equivalent of hexabutylditin). iudide 9 could be convemd in low yield to iodides 12 

and 13, which could be separated by cohunn chromatography. Reduction of 13, using NaBH3CN and 

catalytic Bu3SnCL7 gave 11 as a single compound. 

8 X=Br Bu3SnH. AIBN, 10 (R=IIj 

syringe pump addition 1 

9 x=1 1 eq. (Bu3Sn)Z. hv 12 (B = I) 

toluene. 110 T. 20 hm 6% 

MesSi R 

+ I 

za 

ll(B=H) 

3 (69%) 
BqSnCI. NaCNBH3 

AIBN. ‘BuOH, retlux, 

13 (B = I) 

18% 

(+41%startingiodide9) 

SCHEME 3 

The formation of tricyclic products in the above nzactions was unexpected, but is readily understood. 

Thus, the first formal radical 14 (Scheme 4) cyclises onto the methylenecyclopmpane and then reananges to 

the methylene cyclohexane radical 15. Intramolec~ cyclisation of radical 15 onto the tehered alkyne gives 

the reactive vinyl radical 16 which can then cyclise onto the mthylenecyclohexane with the observed 3: 1 

regioselectivity. 
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1 : 3 
SCHEME 4 

16 

Intrigued by the outcome of these cyclisations, we next prepared vinyl bromide 17. using an analogous 

route to that used for the pqmmtion of 8 (Scheme 2). Trcatmnt of 17 with NaBH3CN and catalytic 

BugSnC17 then gave a mixture of double bond regioisomers 18 and 19,s although the reaction was very slow 

and required addition of catalytic AIBN at 24 hourly intervals over 6 days. Isolated yields of 4045% of the 

mixhm of 18 and 19 were obtaiued, along with some recovered starting bromide 17. Resumably the vinyl 

radical 20 initially produce.4 leads to the inmte vinyl radical 21 which cyclists onto the cycldxxenc to 

give the ally1 radical 22, and this is finally reduced non-selectively (Scheme 5). 

17 SiMej 

\ 

0.2 eq.Bu&Cl. 2 eq. NaCNBH3 

c dSiMe: &SiIulQ 

O.leq.AIBN(addedeveq24hrs) 
‘B&H, refhu, 6 days 

I8 19 
1 : 1 (40-55s) 

22 
SCHEME 5 

We also examined the cyckation of bromide 23 with an additional methylene in the alkyne tether. Thus, 

bromide 23 was treated with NaBH3CN and BugSnCl. but gave only the substituted methylenecyclohexane 
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25 (Scheme 6). indicating that the formation of a spirn[SS]undecane can not compete with reduction of the 

intermediate radical 24, under the conditions used here. 

a 

9 

BqSnH, AIBN, syriqe pump 

additicnl. bJluen% reflux (56%) 

or 0.1 eq. Bu$nCl. 0.1 q. AIBN, 

II 2 eq. NaBH@‘& ‘BuOH, reflux, 

23 SiMe3 2 hrs (66%) 

SCHEME 6 

25 

ln conchtsion we have found that cascade radical dons of suitably substituted mthylenecycl* 

propanes can lead tocomplex uicyclic products. Fu&r studies to explore the scope of these reactions are 

underway. 
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