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Ethylbenzene, in the presence of a xylene isomer, disproportionates under the influence of hydrogen fluoride plus excess 
boron trifluoride, into products that are dependent upon reaction conditions and the nature of the particular xylene isomer. 
At low temperatures and short contact times ethylbenzene and o-xylene yield benzene and l,2-dimethyl-4-ethylbenzene. 
However, ethylbenzene and ^-xylene or w-xylene give only benzene and 1,3-diethylbenzene. The inactivity of ^-xylene 
is attributed to the steric blocking of all alkylation positions by an adjacent methyl group; that of w-xylene to the forma­
tion of a positively charged ion. At higher temperatures or longer times, 1,3,5-ethylxylene forms as the equilibrium-favored 
product and the xylenes are isomerized to the meta isomer. A mixture of the four 8-carbon alkylbenzenes can thereby 
be converted into three pure compounds—benzene, w-xylene and 1,3,5-ethylxylene—which are readily separable by dis­
tillation. 

Ethylbenzene, under the influence of hydrogen 
fluoride plus boron trifluoride, disproportionates 
readily by transalkylation into benzene and diethyl-
benzene. Because ethylbenzene usually occurs in 
admixture with the isomeric xylenes, it was of in­
terest to determine how the presence of xylenes 
affects this reaction. At temperatures below 80°, 
the xylenes are inert to HF-BF3 in the sense that 
methyl groups do not move from ring to ring.1 

Therefore, when mixed with ethylbenzene under 
transalkylating conditions, the xylenes do not do­
nate methyl groups but merely accept migrating 
ethyl groups. The only additional product, then, 
is ethylxylene. In this study mixtures of ethyl­
benzene with each of the individual xylenes were 
stirred with hydrogen fluoride plus excess boron 
trifluoride for various times and temperatures. 
The object was to determine the first-formed prod­
ucts and the final equilibrium composition. 

Experimental 
Ethylbenzene, o-xylene, w-xylene and ^-xylene were 

purchased from Eastman Kodak Co. (White Label Grade). 
Commercial grades of hydrogen fluoride, 99.6% pure, and 
boron trifluoride, about 99% pure, were obtained from the 
Harshaw Chemical Co. 

Hydrocarbon, hydrogen fluoride and boron trifluoride 
were charged to a 1000-ml. Hastelloy autoclave and the 
mixture was stirred at a controlled temperature. After re­
action, the contents were withdrawn into crushed ice and 
the hydrocarbon layer was separated from the aqueous acid 
phase. The hydrocarbon product was distilled into suc­
cessive carbon number fractions. The eight-carbon frac­
tion was analyzed by ultraviolet absorption and the ten-
carbon fraction by infrared absorption. 

Discussion 
Table I summarizes the results. Mixtures of 

ethylbenzene and w-xylene behave much like ethyl­
benzene alone.2 In the presence of hydrogen 
fluoride plus excess boron trifluoride, the w-xylene, 
because it is tied up as a positively charged ion, ac­
cepts a migrating positively charged ethyl group 
more slowly than does ethylbenzene. Hence, the 
primary product is diethylbenzene and the rate of 
formation of ethylxylene is slow. If reaction time 
is lengthened or if all reactions are accelerated by 
an increase in temperature, 1,3,5-ethylxylene forms 
as the equilibrium-favored product. 

Even at room temperature 0- and ^-xylene slowly 

(1) A. P. Lien and D. A. McCaulay, THIS JOURNAL, 78, 2407, 2411 
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(2) D. A. McCaulay and A, P. Lien, ibid., 79, Nov. 20 (1957). 

isomerize to w-xylene. At long contact times 
any mixture of xylenes with ethylbenzene is al­
most completely converted into benzene, w-xylene 
and 1,3,5-ethylxylene. But the isomerization re­
action is slow enough at room temperature to per­
mit some of the primary disproportionation prod­
ucts to be observed. o-Xylene and ^-xylene are 
much less basic than w-xylene, are not tied up to 
the same extent as positive ions, and hence are 
free to take on a migrating ethyl group. 

In agreement with this concept, o-xylene rapidly 
accepts an ethyl group to form l,2-dimethyl-4-
ethylbenzene. 

On the other hand, ^-xylene does not accept an 
ethyl group—diethylbenzene rather than 1,4-
dimethyl-2-ethylbenzene is formed. This lack of 
reactivity of ^-xylene probablv is due to steric 
hindrance; there are no positions in ^-xylene which 
are not blocked by a vicinal methyl group. Schlat­
ter and Clark3 have shown that the addition of a 
bulky alkylating group, such as i-butyl, to a posi­
tion adjacent to a methyl group is difficult. Thus 
o-i-butyltoluene is not produced from toluene; 
also o- and w-xylene are i-butylated in preference 
to ^-xylene. The disproportionation reaction is 
actually transalkylation in which the alkylating 
agent is the ethylbenzene cation1 
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This ion is at least as bulky as the i-butyl group 
and therefore does not readily add to a position 
adjacent to a methyl group. 

Isomer Separation 
The results obtained in these transalkylation re­

actions demonstrate that a mixture of the eight-
carbon alkylbenzene isomers can be converted by 
HF-BF3 into different products, depending on the 
conditions chosen. At high temperatures or pro­
longed reaction times the sole products are benzene, 
w-xylene and 1,3,5-ethylxylene—all of which are 
readily separable by distillation. If the eight-
carbon mixture is first fractionated to remove the 

(3) M. J. Schlatter and R. D. Clark, ibid., 75, 361 (1953). 
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TABLE I 

DlSPROPORTIONATION OF ETHYLBENZENE IN THE PRESENCE OF XYLENE AND 150 VOLUME % H F 

Feed composition, mole % 
o-Xylene 
w-Xylene 
^-Xylene 

Ethylbenzene 

Temp., "C. 

Reaction time, min. 

Moles BFj per mole aromatic 

Product distribution, mole % 
Benzene 
C3 Fraction 
Cio Fraction 

Composition of Cs fraction, % 
o-Xylene 
wj-Xylene 
^-Xylene 
Ethylbenzene 

Composition of Cio fraction, % 
1,3-Diethylbenzene 
1,3-Dimethyl-5-ethylbenzene 
l,2-Dimethyl-4-ethylbenzene 
1,4-Dimethyl-4-ethylbenzene 

l,3-Dimethyl-4-ethylbenzene 

Ethylbenzene converted, % 

higher boiling 0-xylene, then the lower-boiling 
fraction—ethylbenzene, m- and ^-xylene—can be 
transformed under mild conditions into benzene, 
m- and ^-xylene and 1,3-diethylbenzene. Also, 
under mild conditions, the o-xylene can be con-
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verted by transalkylation with ethylbenzene into 
l,2-dimethyl-4-ethylbenzene, another pure ten-
carbon alkylbenzene not readily obtained by direct 
alkylation. 
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1-Phenylallyllithium has been prepared in liquid ammonia and in ether. I ts reactions with proton donors and with carbon 
dioxide are very similar to those of 1-phenylallylsodium and cinnamylsodium leading to the conclusion that the compound 
is probably ionic in both solvents, albeit existing as ion pairs or higher aggregates in ether. A possible explanation is offered 
for the formation of propenylbenzene from the quenching of 1-phenylallyllithium in a kinetically controlled reaction. Pro­
penylbenzene undergoes addition reactions with butyllithium and is quite unreactive to lithium amide. 

Although a number of examples have appeared 
of allylic rearrangements of organolithium com­
pounds,1 those which have been reported do not 
afford a good basis for comparison with allylic re­
arrangements of other organometallic compounds. 
The most extensive studies of allylic rearrangements 
of organometallic compounds have been concerned 
with the cinnamyl and butenyl Grignard reagents2 

and cinnamylsodium3a'b as well as 1-phenylallylso-
dium. 3a'c Other reactions of allylic derivatives of so-

(1) H. Gilman and F. Breuer, T H I S JOURNAL, 66, 1127 (1934); H. 
Gilman and C. W. Bradley, ibid., 60, 2333 (1938); K. Ziegler, N. 
Eiraers, W. Hechtlhammer and H. Wilms, Ann,, 867, 43 (1950). 

(2) M. S. Kharasch and O. Reinmuth, "Grignard Reactions of 
Nonmetallic Substances," Prentice-Hall, Inc., New York, N. Y., 1954, 
pp. 1133 ff. 

(3) (a) T. W. Campbell and W. G. Young, T H I S JOURNAL, 69, 688 
(1947); (b) A. A. Morton and E. Grovenstein, Jr., ibid., 74, 5437 
(1952); (c) R. Y. Mixer and W. G. Young, ibid., 78, 3379 (1956). 

dium,3b'c'4 potassium6 and cesium6 also have been re­
ported. 

That the inorganic alkali metal cation can have 
an effect on the behavior of the organic anion has 
been emphasized.7 In view of the marked differ -

(4) A. A. Morton, F. D. Marsh, R. D. Coombs, A. L. Lyons, S. E. 
Penner, H. E. Ramsden, V. B. Baker, E. L. Little and R. L. Let-
singer, ibid., 72, 3785 (1950). 

(5) A. A. Morton, M. L. Brown, M. E. T. Holden, R. L. Letsinger 
and E. E. Magat, ibid., 67, 2224 (1945). 

(6) J. de Postis, Compl. rend., 224, 579 (1947). 
(7) J. B. Conant and G. W. Wheland, T H I S JOURNAL, 54, 1212 

(1932); C. G. Swain, ibid., 69, 2306 (1947); C. G. Swain and L. 
Kent, ibid., 72, 518 (1950); O. L. Brady and J. Jakobovits, / . Chcm. 
Soc, 767 (1950); A. A. Morton and C. E. CIaS, Jr., T H I S JOURNAL, 
76, 4935 (1954); H. Gilman and J. W. Morton, Jr., in "Organic 
Reactions," R. Adams, editor, Vol. VIII, John Wiley and Sons, Inc., 
New York, N. Y., 1954, p. 258; A. A. Morton and E. J. Lanpher, Ab­
stracts of the 129th Meeting of the American Chemical Society, April 
1956, p. 12-N. 


