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In connection with studies on the cyclization of organometallic derivatives obtained from 

acetylenic halides of general formula S 2 it became evident that free-radical processes in- 

volving intermediate radical 2 might be important in competitive reactions. Although some 

work has been reported by Julia3 on intramolecular cyclizations of related acetylenic radi- 

cals, the general characteristics of such species are still relatively undefined. Accord- 

ingly, we have examined the radicals derived from a series of bromides in which the carbon 

chain separating the reactive center and the acetylenic unit is varied in length. 
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An unambiguous method for the production of 5 from 1 involves reduction with tri-"- 

butylti" hydride, a reaction whose mechanism is well established as a radical chain process.* 

Once formed, 2 can abstract hydrogen from tin hydride to give the simple reduction product Z, 

or it may rearrange to cyclic radical4 prior to hydrogen abstraction thereby yielding cyclic 

product 2. The results given in Table I are for reductions performed by adding 1.1 equiv of 

a 10% solution of tri-n-butyltin hydride in benzene to a" 0.07 M solution of halide in benzene 

(1.8 mole-percent of AIBN as a" initiator) and heating to reflux for 36 hr. The yields of 

distilled hydrocarbon products ranged from 85s to quantitative. 

The following conclusions can be drawn from the 

n = 4 gives ylidenecyclopentanes in an exceptionally 

tabulated data: Cyclization of 1 with 

efficient process which should be of 
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synthetic utility. Cyclization is not observed under these reaction conditions with n # 4 or 

5. This is true far II = 3 even,at high dilution. When n = 5, partial cyclization occurs with 

a phenyl substituent on the acetylenic group but not with an alkyl substituent, confirming the 

expected stabilieation of cyclic radical kwhen R = CeHn. The proportion of cyclic product 

for n = 5, R = C& was -increased by lowering the concentration of the reactants, indicating 

that the amount of cyclization is determined by the rate of hydrogen abstraction by 2 from the 

tin hydride relative to rearrangement of 2 to & and not by preliminary equilibration of 2_ and 

k. Cyclization is remarkably specific in that bond formation uniformly occurs at the acety- 

lenic carbon nearest the radical center." (Careful glpc analysis utilizing authentic samples 

of the expected products from alternate cyclic radical 6 assured that less than 1% of the re- 

action proceeded via this intermediate.) - 
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The second method employed for the generation of radical 2 from halide I, was reaction with 

lithiurir biphenyl. This reagent reduces alkyl halides by electron transfer to halogen and frag- 

mentation to an alkyl radical and halide ion.' This system is more Complex than the tin hy- 

dride reductions, since competitive electron transfer to other acceptor sites in the molecule 

can occur, and in addition, radical species can be further reduced to carbanionic (&, organo- 

lithium) centers. The data presented in Table II were obtained from reactions in which the hal- 

ide, 0.15 equiv of biphenyl and 2.2 equiv of metallic lithium, were stirred in tetrahydrofuran 

until the dark green color of the biphenyl radical-anion persisted. Not unexpectedly, these 

reductions are less selective than those described above, but good yields of hydrocarbon prod- 

ucts were generally obtained. Notable among the new materials are the dehydrohalogenation 

products 1 and 8. These are undoubtedly derived from normal elimination processes with the bi- 

phenyl radical-anion functioning as the base.7 Cyclization to 5 is again efficient with the 



n = 4 substrates, some cyclic product is found for n = 5, R = C& (but not with R = alkyl), 

and no cyclization is observed for n = 2. These observations therefore parallel the tin hy- 

dride reactions reasonably well and confirm the latter results. 
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TABLE II 
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26% 
37% 

99% 

93% 

85% 

1. !i Other 

39% 

52% 
40% - 

12% 

polymer 

3% - 
8% l-phenyl- 
1-hpene 

3% 5,6- 
dodecadfene 

5 C6H5 93% 15% 15% 5.6% - 

* The alkyl chloride was used, 
** 'Ihe bromide was added dropwise to an excess of lithium biphenyl solution. 

In order to check on the possibility of anion involvement in these reductions, several 

reactions were quenched with deuterium oxide. The cyclic product j_was unlabeled, indicating 

either that organometallic intermediates are not involved or that they do not survive the reac- 

tion conditions. Evidence against the latter possibility was secured by slowly adding a solu- 

tion of halide (n = 4, R = C6H5) to a large excess of radical-anion solution. Under these 

conditions, favorable for anion formation, ;! incorporated 24% of one deuterium. Furthermore, 

the amount of noncyclic product (zplus its reduction product l-phenyl-l-hexene) increased 

from 4% to 144. This information suggests that carbanlon 2 can be formed under the approprl- 

ate conditions and that at least some of this species survives the reaction conditions, but 

that 2 is most likely not extensively involved in the standard free-radical reactions. In 

addition, it appears that carbanionic cyclizatlons may be less facile than those of 2 in view 

of the greater amount of acyclic products under conditions favoring carbanion production. 
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Finally, attention should be drawn to the one striking difference between the two reduc- 

tion methods, namely the presence of substantial amounts of benzylidenecyclobutane from the 

n =3,R =CeHs substrate (but not with R = alkyl) in the radical-anion system. Note also 

that changing the halogen from bromide to chloride increased the amount of cyclization. Sev- 

eral explanations can be advanced to account for these observations. Both reductions may in- 

volve radical 2 exclusively, but since cyclization is dependent upon the relative rates of 

hydrogen abstraction by 2_and its rearrangement to b the cyclization may be effectively pre- 

vented in the presence of the very good hydrogen donor, tin hydride, but compete with abstrac- 

tion from poorer donors (presumably tetrahydrofuran) in the radical-anion system. The radical- 

anion reduction may be mechanistically different; for example, benzylidenecyclobutane may arise 

by a carbanionic pathway. (However, deuterium incorporation in the cyclic product was not ob- 

served.) Alternatively, cyclization could be initiated by electron transfer to the phenylacety- ---- 

lenic moiety, and the radical-anion 10 could then yield radical 4 by an intramolecular carban- 

ionic displacement on the halogen center. Available polarographic data8 on similar acetylenic 

compounds indicate that one-electron reduction of the triple bond should be favored over elec- 

tron transfer to the alkyl chloride center and reasonably competitive with donation to the bro- 

mide s&e. Thus, the enhanced cyclization with the chloride might be attributed to increased 

formation of 2 from this material over the bromide. We are currently in the process of evalu- 

ating the importance of non-radical cyclization pathways as a source of benzylidenecyclobutane 

and the other cyclic products obtained in the lithium biphenyl reductions. 
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