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planar +NH bond and remaining lone pair), a rationalization 
for the anomalous Br^nsted behavior could be provided, since 
steric and electronic interactions are considerably different in 
gauche and coplanar lone-pair conformations. Work designed 
to test these ideas is in progress.9 
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trace of carbon-14, whereas ethylbenzene (4) and the alkyl-
naphthalenes (5 and 6) were all labeled. The result for toluene 
was confirmed by its isolation and radioactivity assay.8 The 
carbon-14 distribution in the ethylbenzene-14C produced was 
determined after isolation by oxidation9 to benzoic-14C acid 
and carbon-14 determination.8 The results are shown in 
Scheme I and were checked independently through similar 
experiments with phenetole-a-14C.10 

Although the alkylnaphthalenes (5 and 6) were formed 
through intermolecular reactions,11 the mechanisms for the 
formation of 3 and 4 could, in principle, be either inter- or in­
tramolecular. To resolve this question, we carried out the ex­
periments outlined in Scheme II, in which a 50:50 mixture of 
phenetole-a-14C and ethyl p-tolyl ether were heated with te-
tralin at 400 0C for 40 h. If toluene and ethylbenzene were 
formed by intramolecular processes, then only toluene and 
ethylbenzene should contain carbon-14, as shown in situation 
1 in Scheme II. If the processes are intermolecular, then all 
four products should be labeled (2). Thep-xyleneandp-eth-
yltoluene produced were devoid7 of radioactivity, signifying 
intramolecular processes.12 

There are five conceivable pathways for the homolysis of 
phenetole; these yield the radical pairs A +B, C + D . . . J + 
K. Phenetole-|8-14C is portrayed to illustrate the carbon-14 
distributions in the appropriate products (Scheme III). We 
recognize that C-H homolysis occurs through hydrogen ab-

1,2 Shift of Phenyl from Oxygen to Carbon 
in a Free Radical1 

Sir: 

The importance of tetralin as a hydrogen donor in coal 
technology is well known,2 and we recently reported on its 
reactions with Wyodak and with Illinois No. 6 vitrain, as well 
as with a series of model compounds.3-5 We observed4 that coal 
and tetralin-14C when heated at 400 0C for 1 h yield traces of 
carbon- 14-labeled a- and /3-methylnaphthalenes. Since tetralin 
alone5 yields no measurable amounts of methylnaphthalenes, 
we presume that the methyl groups in these compounds orig­
inate in the coal. Treatment of several aralkyl hydrocarbons 
and ethers with tetralin under the same conditions also yielded, 
among many other products, 4-10% methylnaphthalenes; 
experiments4 with carbon-14-labeled hydrocarbons and ethers 
leave no doubt that intermolecular transfer of carbon occurs 
in the formation of the alkylnaphthalenes. 

We report here on the reactions, with tetralin at 400 0C, of 
phenetole-a-14C and phenetole-/3-14C.6 In a typical run (18 
h, 62% conversion) the yields, based on GC analyses were as 
follows: benzene, 11%; toluene, 11%; ethylbenzene, 11%; 
phenol, 47%; methylnaphthalenes, 16%; ethylnaphthalenes, 
4%. Water was also formed. GC-MS analyses revealed5 traces 
of other compounds. Monitoring of the radioactivity7 of the 
toluene, ethylbenzene, and methyl- and ethylnaphthalenes 
from phenetole-a-14C disclosed that these products contained 
carbon-14. An unexpected and surprising result from the 
reaction of phenetole-/?-14C (1-/3-14C) with tetralin (2) at 400 
0C was the observation that the toluene (3) contained only a 

Scheme I. Radioactivity Distributions in Toluene and Ethylbenzene 
Fractions Obtained from Heating Phenetole-(3-14C in Tetralin at 
400 0C. 

Scheme H. Results Expected for Crossover Reactions of Phenetole-
Oc-111C with ethyl p-tolyl ether in tetralin at 400 0C through 
intramolecular (1) or intermolecular (2) processes. 

t OCH.CH, 

(K'H.CH. CH, CH..CH 

CH, CH 

0002-7863/79/1501-1877S01.00/0 © 1979 American Chemical Society 



1878 Journal of the American Chemical Society / 101:7 / March 28, 1979 

Scheme III 

,1-B-14C 

.OCHCH, 

A 

C 

G 

straction by another radical and that homolysis of 1 to A and 
B is energetically unfavorable. The phenyl radical A, in fact, 
is most likely formed by decomposition of E to A and formal­
dehyde. 

Benzene and phenol result from the abstraction of hydrogen 
atoms by A and C, respectively, from tetralin. Toluene (3) and 
ethyibenzene (4-/3-14C)J however, must be produced through 
intramolecular migration of phenyl from oxygen to carbon in 
the intermediates E and G; the rearranged radicals L and M 

OCHCH, 

CS) 
L \ 

r""Vc 

then convert into benzyl alcohol (7) and a-phenylethanol (8), 
respectively, which go on to 3 and 4-/3-'4C as shown. a-Phen-
ylethanol (8) does, in fact, decompose under the conditions of 
the reaction to yield ethyibenzene and some toluene, as we 
showed in an independent experiment. 
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The a- and ^-methylnaphthalenes (5) and a- and /3-ethyl-
naphthalenes (6) are formed intermolecularly through path­
ways that are not as yet clear. 

The fact that toluene (3) and ethyibenzene (4) are formed 
through intramolecular reactions (as demonstrated by the 
crossover experiments, Scheme II) precludes an ipso reaction.'3 

A referee has suggested ipso attack by methyl or ethyl radicals 
from a cage. Such a mechanism has no precedent, would re-
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quire in one case the expulsion of atomic oxygen, and would 
lead, in any event, to labeled toluene, contrary to our obser­
vation. Likewise, recombination of radicals formed in a cage 
(also suggested by the referee) should also lead to labeled to­
luene. 

Cage formation at 400 0C near the critical temperature of 
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+ CH9O 

(of-

tetralin is, in any event, highly unlikely. 
Although 1,2 shift of phenyl from oxygen to carbon in a 

free-radical intermediate has been claimed,14 the evidence is 
unconvincing and largely circumstantial. In the present work 
there can be little doubt that 1,2 shift occurs intramolecularly 
from oxygen to carbon through free-radical intermedi­
ates.15 
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The Nonclassical Brexyl Cation. A Reassessment1 

Sir: 

In two recent papers,2,3 the Blys and co-workers reported 
results of solvolyses of deuterium- and carbon-13-labeled /?-
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