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HOMOATIENYL RADICAIS'®
J.K. Crandall,” G.L. Tindel1*P and A. Manmade
Department of Chemistry, Indiana University, Bloomington, IN L7hos

Summary: Several homosllenyl radicals have been generated by the reaction of the corre-
sponding iodides with BusSnH and found to produce small amounts of vinyleyclopropanes in add-
ition to allene hydrocarbons establishing that homoallenyl radicals cyclize to isomeric
1l-cyclopropylvinyl radicals.

The interconversion of isomeric homoallyl (L) and cyclopropylcarbinyl (E) radicals has been
the subject of considerable serutiny.® Although this is not the situation in all molecular
environments, it is generally true that 1 is favored over 2 by a considerable margin at equili-
brium. Nonetheless, isomerization is ki:etically rapid uﬁger most experimental conditions,>
resulting in interesting radical rearrangements in suitable instances.® An intriguing variant
of this system consists of the homoallenyl radical 3 and its cyeclic isomer 4. Other possible
modes of cyclization of 2 would lead to radicals Elgkd 6. Tn this study we~éxamine the behavior
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of simple derivatives of 3.
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The subject radicals were generated from the corresponding iodides by reaction with tri-n

\
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butyltin hydride in the usual manner.? The iodides T were obtained from the readily available
esters 8° by LiAlH, reduction to the alcohols 9 follwed by formation of the p-toluenesulfonate

esters and subsequent displacement with the NaI in acetone.

R1RoC=C=CHCHR5COsEt (8) ~—% R;RsC=C=CHCHR5CHoOH (9) —> R;RoC=C=CHCHRaCH»T (T)
as Rl=£-C3H7, Ro=Rg=H. h; R2=R2=CH3, Ra=H. g R1=R2=R3=CH3.

The slow addition (3 hr) of a 0.1 M solution of BugSnH in benzene to a dilute (0.07 M)

solution of Ta in refluxing benzene produced a 96:4 mixture of allene 10a and vinylcyclopropane
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112.%:7 When the reaction was performed by adding pure Ta to neat BugSnH at room temperature,
;;I& allene 10a was observed. -

The slo;NEHdition of 0.6 M BugSnH in mineral oil to a 0.08 M solution of Tb in mineral oil
at 80° gave a 96:4 ratic of allene 10b and vinylcyclopropane 1lb. A similar re;ZEion in hexane
at room temperature gave a 66% yielgf;f the same products in ;hgé:E ratio. On the other hand,
the addition of iodide ZE to BuaSnH at room temperature showed only allene 10b under GC analysis

A~

conditions where as little as 0.2% of 11b would have been detected.
Ta,b ——»= R;RoC=C=CHCHoCHs (10) + R1R20=CH-4 (ll)

Thus, the generation of radicals of type 3 gives rise to vinylcyclopropane products derived
from cyclic radicals of type 4% in addition to ;he predominant unrearranged allene. Although the
percentage of cyclic product Ii is small, this material is favored significantly relative to the
situation with simple example;~of the 1 2 2 system.8 The cyclization of homoallenyl radicals of
type 3 proceeds highly regioselectivel; to~éive the cyclopropyl species 4. In particular, pro-
ductsNﬁerived from type 5 radicals were not observed. Four-ring formati;h by radical attack on
the central carbon of th: allene moiety would have generated a thermodynamically more stable
allylic radical.® Nonetheless, kinetic control dictates preferential three-ring cyclization as
with the olefinic system 1.2 The lack of products corresponding to radicals of type 6 is not
surprising in view of thévinability of the radical center of 3 to approach within bonging dis-
tance of the remote carbon of the allene unist. Interestinglij increasing the temperature of the
reaction of Tb appears to enhance cyclization, whereas rumning the reaction in neat BugSnH,
where radicazhiifetimes are greatly shortened, supresses this process effectively.

The reaction of 12, the dideutero analog of ZPf provides information concerning the rever-

~e

sibility of the cyclization. Reaction of a 0.09 M solution of 12 in mineral oil at room temp-

erature by the very slow addition (8 hr) of 0.17 M BuaSnH gave ;~§7:3 ratio of 10b:1llb. The
volatile product was vacuum transferred from the reaction mixture and analyzed E§7£Z§Z proton
and deuterium NMR demonstrating that at least 95% of the deuterium label remained at the ter-
minal carbon of the allene product. Consequently, the equilibration of the intermediate radi-
cals must be slow under these conditions, since reversible cyclization would have scrambled the

label between the two positions of the ethyl side-chain.
(CHg ) 2C=C=CHCHoCDaT (12) = (CHa)2C=C=CHCHzCDzH

The interconversion was also approached from a cyclic precursor. Thus, reaction of a 0.1 M
solution of cyclic iodide 13*° in mineral oil at 80° by the slow addition of 0.1 M BugSnH gave &
61 :39 mixture of allene lOENAHd vinylcyclopropane 11b. A similar experiment on 0.05 M 13 in
hexane at room temperatu;ENQesulted in a 47:53 ratzgj whereas adding 13 to neat BusSnH gzgduced
}23 and EEE in a 1:99 ratio. Clearly, cyclic radicals of type i openﬁzg their acyclic isomers.

However, this process is relatively slow as shown by the supression of ring-opened product in

neat hydride. The temperature dependence of the products of 13 also indicates a significant
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activation barrier to isomerization. By way of contrast, cyclopropylcarbinyl radicals ring-open

11 A stereoelectronic

212
~

so rapidly that they cannot be trapped by BusgSnH under these conditions.

feature may retard the opening of vinyl radicals of type U4 relative to those of
(CH3)20=CI—< (13) ———3 10b + 11b

Finally, the behavior of iodide Tc, with a methyl substituent on the side-chain, was
examined. Reaction of 0.07 M 70 in r;;iuxing benzene with 0.15 M BugsSnH resulted in a 26:73 13
mixture of the corresponding allene lh rearranged allene 15 and vinylcyclopropane 16 A
comparable experiment in hexane at room temperature gave an 81 15:2:2 mixture of lh 15, 16 and
an unidentified compound. The addition of ZE to neat BusSnH at room temperature ylelded a

95:2.5:1.5:1 mixture of the same products.

Te

~

(CHa)2C=C=CHCHCHsCHp® (17) ——> (CHa)zC=C=CHCH(CHs)a (11)

f
(CH3)20=('J—Q_CHS (18) ——> (CH3)20=CH—<_CH3 (16)
it

(CH3)2C=C=CHCH2('3HCH3 (19) ——= (CHs)2C=C=CHCHgCHzCHs (15)

Evidently the cyclization process in this instance is reversible. Thus, the rearranged
allene 15 almost certainly arises by cyclization of the initial radical 17 to give cyclic
radical~ié which isomerizes to the more stable secondary radical 19 by czgévage of the alternate
cyclopro;;i bond. The formation of rearranged allene 15 is retaragﬁ.by'lowering the temperature
or increasing the BusSnH concentration as expected. ﬁ;;ever, cyclization of Tec is apparently
more facile than its analogs without the side-chain methyl group. Other radi;gi cyclizations
show similar rate accelerations promoted by substitution in the side-chain.?®

Thus, the homoallenyl radical 3 behaves qualitatively much like the analogous homoallyl
radical £ in that regioselective cyziization to generate a cyclopropyl ring occurs in a
reasonably facile manner and this process can result in skeletal rearrangements in appropriately
substituted cases. These isomerizations appear to be somewhat slower in the allene system but
equilibrium seems to favor the cyclic form relative to the olefinic case. The available data is
insufficient 4o determine X for 3 = 4 since the experimental conditions did not permit rapid
equilibration and the steady stat; pr;ﬁuct ratios can only be bracketed. Furthermore structural
differences should result in significant variations in the rates of reaction of 3 and & with
BugSnH. Nonetheless, the observation of vinylcyclopropane products strongly suggésts ;hat X is
appreciably larger than the very small value for 1 = 2.871% 1The inability of 3 to partake of
the thermochemical advantages of cyclization to QIlinc radical 2 is consisten; with bimolecular
radical additions to allenes, where there is little allylic stabilization of the transition
state for addition to the sp carbon owing to the severe molecular distortions required to

achieve the appropriate geometry.?®®
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