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Propargylic radicals have been generated and identified spectroscopically fran both 

acetylenic and allenic precursors (l), and subsequent formation of mixtures of acetylenic and 

allenic products from such species has been reported (2-4). Thus it is widely accepted, psr- 

titularly from esr evidence (3a,5), that they are single resonance-stabilized entities (I) 

rather than mixtures of equilibrating isomers (II). For example, chlorination of either 

propyne or allene with ;-butyl hypochlorite (t_-BuOCl) gives only propargyl chloride free from 

chlorosllene and the propargylic and allenic hydrogens were shown to be of crmnpsrable reactiv- 

RR'cIeiCR" RR'C-C&R" <> RR'C=C=CR" 
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ity towards i-butoq radical (6,~). However, it has not been d&nonstrated, as required by 

formulation I, that generation of the 'same' radical from both acetylenic and sJlenic precur- 

sors gives identical ratios of acetylenic and allenic products in a case where each product 

is formed in significant and hence readily measurable amounts. We wish to report such an exsm- 

ple as well as give information on a related smbident radical system in which free spin is 

generated adjacent to rather than directly on the sllenic linkage. 

Since propargyl radical (I; R=R'=R"=H) gave no detectable allenic product on reaction 

with &-BuOCl (6) whereas 1-butyn-3-yl radical (I; R=CH3, R'=R"=H) gave 8-s allenic product (k), 

it seemed reasonable on the basis of our previous observations concerning the influence Of 

methyl groups on propargylic radical reactivity (2) that radical III would give even more 

allenic product and be a favorable case for St*. Photo-initiated reaction of A-BuCCl with 

excess 3-metml-l-butyne gave two monochlorides identified as 3-chloro-3-methyl-1-butyne (IV) 

(8) and l-chloro-3-methyl-1,2-butadiene (V) (8) . in a ratio of l.7:l.0; (IV + V) accounted for 

85% of the t-BuOH produced, a better material balance than generally observed for &Buocl- 

acetylene reactions (6,7). Analogous reaction of the iscmeric allene, 3-methyl-1,2-butsdiene, 

gave IV and V in identical ratio along with a third major product, 2-chloro-3-metbl-1,3- 
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butadiene (VI) (9) such that [(IV + V)/(VI) = 1.41. A minor product was identified as 4- 

chloro-3-methyl-1,2-butadiene (VII) (10); the ratio of VI:VII was - 15:l. Results are summar- 

ized in Table I. 

Table I Product and Reactivity Data for t-RuCCl Reactions" 

A-RuOH ($)b 
c RClc 
t-DuOH IV 

RH 3 
m3)2c-33 94 + 4 0.89 2 0.02 1.72 + 0.04 13.5 + 0.7 - 

(cH3)*C=c'cI$ 89 + 2 0.93 2 0.04 IL.73 + 0.01 - 4.0 2 0.3 1.05 2 0.04 

% t’ 
b 
eat Ions run at 25" with sunlemp initiation; [RH]C/[t-BuCC1]O= 15-25; analyses by glpc. 

Average of two runs with each RR. 'Average of two runs with neat RR and three runs with RH- 

c!?LO mixtures. 'Average of three runs with RH-C 590 mixtures; [~~C/[C5Hlolo varied from 0.5 
to 2.0. eRelative rate constants for abstsaction per wdrogen compared to k 3 1.00 for a 
cyclopentylbydrogen > (CHJ)2CCGI 

--I- &l 
_a-*_- 

(cH~)~c--?=ccH BuOCl IV 

m3 VIII H 

I- > (CH~)~C=C=CHCI 
V 

-> 

cH2 Cl 

cR;C-C( 
3 CH2 

VI 

ClCH 

cH9 

C=C=CH2 

3 VII 

The equality of the IV:V ratio frcfn either precursor is consistent with a single pro- 

pargylic intermediate III; if equilibrating radicals (II) are involved, their interconversion 

rates would have to be large ccmpared to their rates of reaction with &-BuCCl, a particularly 

rapid process (ll). Products VI and VII are apparently derived from radical VIII formed by 

abstraction of hydrogen from the metwl group of the allene. Formation of mainly the rearranged 
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product VI demonstrates that the spin in radical VIII is not localized at the methyl carbon 

but that conjugation with the sdjacentn-bond occurs. The presence of a detectable smount of 

VII suggests that radical VIII (metbyleneallylic system) is best pictured as shown with the 

same gecmetry as the starting allene; reaction can then occur at either terminus of the 

"allyl-like" portion to give products VI (initially in a twisted geometry) and VII. Such r&i& 

c&s have been discussed by Kopchik and Ksmpeier (12) who calculated by extended H&ckel 

theory that such a p-n conjugated radical should be more stable than the alternative nn con- 

jugated structure (IK) with diene-like geometry and with the free spin localized on a single 

carbon atcm. Our chemical results do not however rigorously exclude the possibility that M 

is more stable than VIII if some reaction with &-RuoCl occurred to give VII before the 90"- - 

rotation about C -C required to convert VIII to IX could take place. 
2 3 

Because of the diffi- 

culty in measuring the smsll. amount of VII accurately, we have not yet been able to determine 

if the ratio VI/VII depends on the concentration of t-RuCCl. 

Relative reactitities of the various bydrogens towards t_-butoxy radical. were measuned 

in cxnpetitive reactions with cyclopentane (Table I). The value for the tertiary propargylic 

hydrogen (kl = 13.5 compared to k I 1.00 for a cyclopentyl hydrogen) is essentially the smne 

as that for the corresponding tertiary sllylic hydrogen in 3-methyl-1-butene (k = 12.7 on the 

seme scale) (13) but is some 35-fold greater than that for the primary propargylic hydrogen 

in propyne (6,14). The similar msgnitude of k,_ and k2 again demonstrates (6) the activation 

of allenic hydrogens towards radical attack compared to ordinary olefinic hydrogens, and the 

inequality kl > k2 is consistent with the greater thermodynamic stability of the aJlenic 

precursor (15). The primary hydrogens adjacent to the sJl.enic group are almost identical in 

reactivity (k3 = 1.05) to those adjacent to the double bond in isobutylene (k = 0.85) (13) 

and those adjacent to the triple bond in 2-butyne (k = 0.95) (7). 
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