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2-Bromo-1-phenoxy-1-propene.—2-Bromo-1-phenoxy-1-
propene was prepared by the reaction between potassium
phenoxide and ¢rans-1,2-dibromo-1-propene. A mixture
of the ¢is and trans isomers of 1,2-dibromo-1-propene (from
Columbia Organic Chemicals) was distilled through a three-
foot, glass-helix packed column at 28 mm. The fraction
boiling at 38.0-39.5° was collected as the trans isomer,
lit.f b.p. 40.9° (28 mm.).

One hundred twenty grams (0.91 mole) of potassium phen-
oxide in 350 ml. of methanol and 214 g. (1.15 moles) of
trans-1,2-dibromo-1-propene were placed in a glass container
in a 2-liter stainless steel pressure reactor. The reactor and
its contents were heated to 95° over a period of six hours.
This temperature was maintained for 24 hours, after which
time the reactor was allowed to cool to room temnperature
overnight.

The reactor was opened cautiously because of the possi-
bility of the formation of flammable 1-bromo-1-propyne®
from the dehydrobromination of the #rans-1,2-dibromo-1-
propene. Apparently an appreciable quantity was formed.
The reaction mixture was steam distilled. A colorless oil was
separated and the water layer was continuously extracted
with ether for 24 hours. The organic layers were combined,
washed with 209, potassium hydroxide solution to remove
the phenol, with water, and then placed over magnesium
sulfate.

Fractional distillation under nitrogen gave 107 g. of
trans-1,2-dibromo-1-propene and 9.0 g. of 2-bromo-1-phen-
oxy-l-propene boiling at 72.5-73.0° (1 mm.). This repre-
sents a 509, conversion with a 7.5% vield. A center cut
of this product had the following physical constants: b.p.
72.5-73.0° (1 mm.), »®p 1.5556, n¥D 1.5540, %D 1.5521;
d?®, 1.3871, d%, 1.3821, d%; 1.3771; MRp obsd. 49.10,
M Rp caled. 49.35.

(5) H. A. Smith and L. E. Line, TH1S JOURNAL, T2, 5434 (1930),
(6) L. F. Hatch and L. E. Kidwell, ¢bid., 76, 289 (1954).

G. F. Woops, N. C. BoLciano axDp D. E. DucGaN

Vol. 77

Anal. Caled. for CyHyOBr:
38.83, 38.91.

Phenoxypropadiene.—Phenoxypropadiene was prepared
by the dehydrobromination of 2-bromo-1-plienoxy-1-pro-
pene using powdered potassiumn hydroxide. Forty grams
(0.71 mole) of powdered potassium hydroxide was placed
in a 125-ml. Claisen flask and heated to 50° in an oil-bath.
Eighteen grams (0.085 mole) of 2-bromo-l-phenoxy-1-
propene was added to the hot alkali, the pressure lowered to
17 mm., the flask heated rapidly. A vigorous reictini oc-
curred at 90° and the product distilled over rapidly. The
product was collected in a receiver immersed iu Dry Ice.
The crude pheitoxypropadiene was dried in etlier over so-
dium sulfate. Fractional distillation under nitrogen gave
5.5 g. (509, vield) of phenoxypropadiene boiling at +3.5~
46.5° (2 mm.). The physical constants are in Table I.

Anal. Caled. for C;HO: C, 81.79; H, 6.11. Found:
C, 81.39; H,5.91.

Infrared Spectra.—The infrared spectra of 2-bromo-1-
plienoxy-1-propene, methylphenoxyacetylenie and phenoxy-
propadiene were obtained through the courtesy of
William F. Hamner and the Monsanto Chemical Co.,
Texas Citv, Texas. A Baird Associates double-beam re-
cording infrared spectrophotometer equipped with sodium
chloride optics was used. Tlie cell thickness was 0.025
mm. The infrared spectra of methylphenoxyacetylene and
phenoxypropadiene are given in Fig. 1.

The following are the principal wave lengths in microns
for 2-bromo-1-phenoxy-1l-propene (w = weak, vw = very
weak, m1 = medium, s = strong, vs = very strong): 3.31 m,
3.51w, 5.20 vw, 6.12m, 6.28 s, 6.73 5, .92 w, 7.28 m, 7.92
w, 8.24 vs, 8.61 s, 8.78 m, 9.32 m, 9.61 s, 9.80 w, 10.1 vw,
10.39 w, 10.95 s, 11.20 1, 12.05 w, 12.78 w, 13.27 s, 14.56
m.

Br, 38.97. Found: DBr,
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The Chemistry of 1,3,5-Hexatriene

By G. F. Woops, N. C. BorLciano axp D. E. DuccaN
RECEIVED FEBRUARY 22, 1954

1,3,5-Hexatriene has been obtained by the catalytic dehydration of 2,4-hexadien-1-0l which was prepared by reduction of

2,4-hexadienal with lithium aluminum hydride.

type of cyclization occurs with —CH=CH

Nitrohexatrieue was prepared by the nitration of hexatriene.
Benzenetricarboxylic acid was readily synthesized from the Diels-Alder adduct of maleic anhydride and hexatriene.
1-phenyl-1,3,5-hexatriene was passed over alumina at 350°, it underweut cyclization to yield a phenylcyclohexadiene.

1,2,3-
When
This

wliich yielded plienanthrene after dehydrogenation; in like

manner 2,4-hexadienal and sorbic acid yielded benzene and phenol, respectively.

Earlier syntheses of 1,3,5-hexatriene! have in-
volved difficultly available substances. 2,4-Hexa-
dienal,? a more convenient starting material, was
reduced to the conjugate unsaturated alcohol with
lithium aluminum hydride and catalytic dehydra-
tion of the alcohol with alumina afforded 1,3,5-hex-
atriene in excellent yield. The properties of the in-
termediate, 2,4-hexadien-1-0l, correspond -closely
with those reported by Reichstein and co-workers.?
The wide variations reported for the physica con-
stants of 1,3,5-hexatriene! could be attributed to
either geometrical isomerism or to the identity or
purity of the sample. We favor the latter explana-
tion since the same hexatriene is obtained from both
2,4-hexadien-1-ol and 1,3-hexadien-3-0l as

(1) G. F. Woods and T.. H. Schwartzman, THis JourNat, 70, 3394
(1948).

(2) Kindly provided by Carbide and Caibon Cliemicals Co., New
York, N, Y.

(3) T. Reichstein, C. Ammann and G. Trive!li, Helv. Chim. Acia, 18,
264 (1032).

\ A A\ A
(4) L | —| é — | C.‘OH ‘
O/OczHa ’ H: CHa/ - 7

(B) CH;,CH=CHCH=CHCHO —> |

CH;CH=CHCH=CHCH;0H

The fact that the same hexatriene is obtained by
both A and B indicates that one geometrical iso-
mer is favored; but it is not argued that the ¢is con-
figuration is maintained in A since dehydration over
alumina could cause isomerization.

To compare the stability of hexatriene, samples of
which have been stored at room temperature with
no special precautions and with no discernible poly-
merization, with that of benzene, nitration of the
former was studied. The sulfuric acid—nitric acid
method is too drastic, but a 5-109, yield of a nitro-
hexatriene can be obtained by nitration with acetic
acid-nitric acid.
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1,2,3-Benzenetricarboxylic acid was synthesized
via the Diels—Alder adduct of hexatriene with ma-
leic anhydride’* as

CH,
H C.Hj; COOH
—CO Pd-C —CO —COOH
0>0 — O —>
—C —C —COOH
I II III

The properties of II and III compare favorably
with those reported by Parker and Goldblatt.?

The reaction of phenylmagnesium bromide with
2,4-hexadienal yielded 1-phenyl-2,4-hexadien-1-ol
and this substance was isomerized to 1-phenyl-1,3-
hexadien-5-0l.8 Catalytic dehydration of either al-
cohol with alumina below 300° yielded 1-phenyl-
1,3,5-hexatriene (m.p. 55°) which was catalytically
hydrogenated to 1-phenylhexane; dehydration of
either alcohol above 300° and below 350° yielded a
mixture of changing composition; dehydration at
350° yielded an isomeric substance (Ci.His), m.p.
83-85°. The 85° isomer also was obtained by the
passage of 1-phenyl-1,3,5-hexatriene over alumina
at 350°. This substance was at first mistakenly
assumed to be a geometrical isomer of 1-phenyl-
1,3,5-hexatriene. However, its hydrogen uptake
under catalytic conditions was erratic and always
less than one-half of the calculated three-mole up-
take; isolation of the products yielded biphenyl and
phenylcyclohexane. This behavior is indicative of
a phenylcyclohexadiene undergoing disproportiona-
tion under the conditions of catalytic hydrogena-
tion. Apparently at higher temperatures the hexa-
trienyl portion of phenylhexatriene undergoes cycli-
zation to a cyclohexadiene. This was proved by the
following synthesis of the same phenylcyclohexa-
diene, m.p. 85°.

OH

O
4 LiAlH,
—_— _—

|
CeH, CeHs
A VI

The structure of V was confirmed by its reduction
to 3-phenylcyclohexanol” which was oxidized to 3-
phenylcyclohexanone; the latter and its deriva-
tives were compared with the corresponding sub-
stances obtained by the catalytic reduction of the
ethylenic link of 3-phenyl-2-cyclohexanone (IV).
The phenylcyclohexadiene obtained by dehydration
of V over alumina at 350° is assumed to be VI but
isomerization of the unsaturation could occur under
these conditions. In an attempt to prepare 2-
phenyl-1,3-cyclohexadiene, 2-cyclohexenone was
treated with phenylmagnesium bromide. The ex-

(4) E. H. Farmer and F. L. Warren, J. Chem. Soc., 908 (1929).
(1;)‘552))& D. Parker and L. A. Goldblatt, TrIS JourNaAL, 72, 2151

(6) H. C. Barany, E. A. Braude and J. A. Coles, J. Chem. Soc., 2094
(1951), had prepared these alcohols by the same method and obtained
1-phenyl-1,3,5-hexatriene by the dehydration of 1-phenyl-2,4-hexa-
dien-1-0l with potassium acid sulfate,

(7) R. L. Frank and R. W, Meikle, THIS JoUrRNAL, 72, 4184 (1950);

A.J. Boyd, P. H, Clifford and M. E. Probert, J. Chem. Soc., 117, 1383
{1920).

ésHs
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pected alcohol, 1-phenyl-2-cyclohexen-1-ol, was not
obtained; instead an allylic rearrangement took
place to give V.

This ring closure of phenylhexatriene is not
unique. It was found that the triene

Oermen<

underwent cyclization with aromatization when
heated at 350° in the presence of palladinized char-
coal to yield phenanthrene; 2,4-hexadienal and
sorbic acid cyclize to benzene and phenol, respec-
tively, upon passage over alumina at 350-400°.

Experimental

2,4-Hexadien-1-0l.—To a mixture of lithium aluminum
hydride (17 g., 0.5 mole) and 500 ml. of ether in an ice—salt-
bath was added with stirring 60 g. of freshly distilled 2,4-
hexadienal,? a pale yellow liquid (b.p. 55-57° (15 mm.),
n%¥p 1.5288) in 300 ml. of ether. The aldehyde solution
was added at such a rate that the temperature of the mix-
ture was maintained below 0°, generally at —5°; approxi-
mately 1 hour was required. The solution was stirred for
an additional 15 minutes, then decomposed with 5% sulfuric
acid and the ether layer removed. The aqueous layer was
twice extracted with ether. The combined extract was
washed with sodium carbonate solution and dried with
magnesium sulfate. After removal of the solvent, the
product was distilled under nitrogen to yield 55 g. (85%) of
2,4-hexadien-1-0l, b.p. 48-50° (5 mm.), n®¥p 1.4980; re-
crystallized from petroleum ether (60-80°) it melted at 29°.

Anal. Caled. for CsH,00: C, 73.49; H, 10.20. Found:
C, 73.55; H, 10.19.

The 3,5-dinitrobenzoate of 2,4-hexadien-1-ol was pre-
pared in the usual manner and recrystallized from petroleum
ether (60-80°), m.p. 85°.

Anal. Caled. for ClaHquNz: C,
Found: C, 53.37; H, 4.20.

The melting points of the alcohol and the derivative
check well with those reported by Reichstein and co-
workers.3

1,3,5-Hexatriene.—One mole (98 g.) of 2,4-hexadien-1-o0l
was distilled under reduced pressure in a nitrogen atmos-
phere through a column packed with 8-12 mesh activated
alumina and heated to 300-320°; the receiver was cooled
with Dry Ice. The product was melted and most of the
water removed with an eye-dropper. Distillation of the
dried (calcium oxide) material yielded 55 g. (689%) of 1,3,5-
hexatriene, b.p. 79-80°, »%p 1.5025. Passage of this sub-
stance through a small column packed with 80-200 mesh
alumina removed a small amount of colorless material which
gave a very dark brown adsorption band. The hexatriene
thus obtained is identical with that previously prepared by
the dehydration of 3,5-hexadien-2-o0l.!

Nitration of 1,3,5-Hexatriene.—When small amounts of
hexatriene were added to a sulfuric-nitric acid mixture a
white polymer appeared almost instantaneously over the
surface of the nitrating medium; shortly afterward carboni-
zation was observed.

To a solution of hexatriene (5 g.), acetic acid (60 ml.) and
acetic anhydride (30 ml.) was added dropwise with stirring
4.1 g. of nitric acid, prepared from potassium nitrate and
sulfuric acid. The temperature was maintained below 40°.
After the solution had stood at room temperature for 12—
15 hours, it was added dropwise into a pot from which
steam distillation was in progress. The pale yellow distillate
was extracted with etfler; sodium chloride was used for
salting out. The extract was washed with sodium bicar-
bonate and dried with magnesium sulfate. The ether was
removed and the residue distilled at reduced pressure in a
nitrogen atmosphere to yield yellow nitrohexatriene, yield
1 g., b.p. 60-70° (6 mm.), n%p 1.5534. This unstable
material polymerizes rapidly. The ultraviolet absorption
spectrum of nitrohexatriene in ethanol has no fine structure
(emax (805 mu) 8 X 10%) and is very similar to that of nitro-
benzene but is shifted considerably toward the red.

Anal. Caled. for CgH;NO,: C, 57.60; H, 5.60. Fouud:
C, 56.51; H, 5.84.

53.41; H, 4.14.
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If the nitration medium is poured into water, extracted
with ether and worked up in the usual manner, attempted
distillation leads to a violent explosion.

Hydrogenation with Adams catalyst of 1 g. of this mate-
rial in 100 ml. of ethanol-water absorbed 1312 ml. of hydro-
gen; calculated for the reduction of 8 ethylenic links and
one nitro group: 1180 ml.

1,2,3-Benzenetricarboxylic Acid.—The Diels—-Alder prod-
uct, 3-vinyl-1,2,3,6-tetrahydrophthalic anhydride! obtained
in 609, yield, was hydrolyzed in dilute base and the mix-
ture acidified to yield the corresponding vinyltetrahydro-
phthalic acid which was recrystallized from water, m.p.
158-159°.

Anal. Caled. for C,0H204: C, 61.21; H, 6.17.
C, 61.40; H, 6.07.

3-Vinyl-1,2,3,6-tetrahydrophthalic anhydride was heated
at 300° with 109, palladinized carbon until hydrogen evolu-
tion ceased; distillation yiclded 8-ethylphthalic (359
vield) anhydride which was recrystallized from petroleum
ether (100-120°), m.p. 96-98°, reporteds m.p. 101-102°.

Anal. Caled. for CoHsO3: C, 68.18; H, 4.59. Found:
C, 68.49; H, 4.45.

3-Ethylphthalic acid was obtained by treatment of the
anhydride with dilute sodium hydroxide followed by acidi-
fication with hydrochloric acid. It was recrystallized from
iv’?ztsr—hydrochloric acid; m.p. 171-172°, reported® m.p.

Anal. Caled. for CoHy0O4: C, 61.85; H, 5.19. Found:
C, 62.15; H, 5.13.

3-Ethylphthalic anhydride (5.1 g. in 200 ml. of water con-
taining 3 g. of potassium hydroxide) was oxidized with 24
g. of potassium permanganate which was added gradually
over eight hours with stirring, the temperature was held be-
low 45° for the first 12 hours and then raised to 80° for a
short period. After the aqueous medium had been worked
up in the usual manner it was continuously extracted with
ether. Evaporation of the ether yielded 4.4 g. (629) of
1,2,3-benzenecarboxylic acid which, after recrystallization
from dioxane-benzene, melted at 190°, the trimethyl ester
melted at 98-100°, reported® m.p. 98-100°.

Anal. Caled. for C2H120: C, 57.14; H, 4.80. Found:
C, 57.53; H, 4.67.

1-Phenyl-1,3,5-hexatriene.—Hexadienal reacted with
phenylmagnesium bromide to yield 1-phenyl-2,4-hexadien-
1-01 (A), part of which was then isomerized to 1-phenyl-1,3-
hexadien-5-01 (B).® Alcohol A is noticeably unstable in
air and rapidly degenerates from a crystalline structure into
a yellow viscous mass with the development of strong alde-
hyde odor. Distillation of the yellow material under re-
duced pressure afforded 5-phenyl-2,4-pentadienal, semicar-
bazone m.p. 220° dec., reported m.p. 218-219°.2

Anal. Caled. for CuHmNaOI C, 6696,
Found: C, 66.85; H, 6.16.

The 2,4-dinitrophenylhydrazone, m.p. 194-196°, also was
prepared.

Anal. Caled. for C;;H;4N,Oy:
Fouud: C, 59.69; H, 4.24. .

Silver oxide oxidation of the aldehyde gave 5-phenyl-2,4-
pentadienoic acid, m.p. 164-165°, reported® m.p. 164-
164.6°. This behavior of A in air apparently parallels that
of 1-phenyl-2,4-pentadien-1-ol which decomposes to cinna-
maldehyde under similar conditions.!°

To ascertain their structure, the two alcohols A and B
were hydrogenated and the saturated alcohols oxidized to
caprophenone and 1-phenyl-5-hexanone, respectively. The
former ketone and its semicarbazone were identical with
authentic samples; the latter gave a semicarbazone and a
positive indoform test. Catalytic dehydration over alumina
of either alcohol, A or B, at 275° yielded 1-phenyl-1,3,3-
hexatriene corresponding exactly with that reported.t
Passage of either alcohol or of the phenylhexatriene over the
alumina bed at 350° provided phenylcyclohexadiene, prob-
ably 1-phenyl-1,3-cyclohexadiene, the ultraviolet absorp-
tion spectrum of which epax (248 mu) 9 X 103 (ethanol) is
very similar in shape to that of bipheuyl. The vield of

(8) K. Alder, K. Heimbach and F. Kuhle, Ber., 86, 1364 (1953).

(9) E.T.Clapperton and W, S. MacGregor, THIS JoURNAL, T2, 2501
(1950)

(10) G. F. Woods and H. Sanders ibid.. 69, 2926 (1947).

Fouud:

H, 6.08.

C, 60.35; H, 4.17.
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phenylcyclohexadiene from A and B was 30 to 509 and
from phenylhexatriene 609%. After several recrystalliza-
tions (with difficulty) from petroleum ether (30-40°),
phenyleyclohexadiene, m.p. 85°, was obtained.

Anal. Caled. for CppHye: C, 92.25; H, 7.75.
C,92.40; H, 7.79.

The results of hydrogenation of phenylcyclohexadiene
were erratic, but on the hydrogenation of a large quantity
in ethanol with 109, palladinized charcoal, biphenyl and
phenyleyclohexatie were isolated by careful fractional dis-
tillation. Biphenyl was identified by its mixed melting
point with an authentic sample and phenylcyclohexane by
its refractive index.

3-Phenyl-2-cyclohexen-1-o0l.—3-Phenyl-2-cyclohexenoue!!
(26 g.) was reduced with lithium aluminum hydride at a
temperature below 0°. The product was worked up in the
usual manner to yield 19 g. of 3-phenyl-2-cyclohexen-1-o0l
(V), m.p. 60-61° after recrystallization from petroleum
ether (100-120°).

Anal. Caled. for CpHy1O: C, 82.76; H, 8.10. Found:
C, 82.93; H, 8.20.

V also was obtained by the reaction of phenylmagnesium
bromide with 2-cyclohexenone. The Grignard addition
complex was poured onto ammonium chloride—ice and the
biphenyl removed by steam distillation.

3-Phenyl-2-cyclohexenol (V) was catalytically hydro-
genated with palladinized charcoal in ethanol to give 3-
phenylcyclohexanol which was recrystallized from petroleum
ether (80-40°), m.p. 78-80°.

Anal. Caled. for CoH,60: C, 81.77; H, 9.15.
C,82.01; H, 8.94.

Only one melting point? is given in the literature for 3-
phenyleyclohexanol and no second form is mentioned. 3-
Phenylcyclohexanol was oxidized with potassium dichro-
mate to 3-phenylcyclohexanone, which formed both a semi-
carbazone and a 2,4-dinitrophenylhydrazone, m.p. 167-
169° and m.p. 169-171°, respectively; these derivatives
were identical with authentic samples.®

Dehydration of 3-phenyl-2-cyclohexenol over alumina
provided a phenylcyclohexadiene, m.p. 85° after recrys-
tallization from petroleum ether (30-40°), which was iden-
tical with the C;,H;, compound obtained from either pf the
pheglylhexadienols or phenylhexatriene by dehydration at
350°.

Phenanthrene.—Di-(1-hydroxycyclohexyl)-acetylene!?
was hydrogenated with Raney nickel until a molar equivalent
of hydrogen had been absorbed. The ethanolic solution
was concentrated and the resulting 1,2-di-(1-hydroxycyclo-
hexyl)-ethylene was recrystallized from absolute ethanol.
m.p. 147-148°, reported!® m.p. 150-151°.

Anal. Caled. for C;sH»0q: C, 72.95; H, 10.78. Found:
C, 75.14; H, 10.73.

Vapor of this material (30 g., 0.13 mole) was passed at
reduced pressure over alumina at 325-350°. The dried
product was distilled under nitrogen to yield 15 g. (60%,)
of 1,2-di-(1-cyclohexenyl)-ethylene, b.p. 105° (0.2 mm.),
reported!* b.p. 110-115° (1 mm.).

Anal. Caled. for CisHa: C, 89.30; H, 10.70. Found:
C, 89.39; H, 10.66.

Five grams of 1,2-di-(1-cyclohexenyl)-ethylene and 0.1 g.
of 109, palladinized charcoal in a 200-ml. flask was heated
under reflux conditions until the evolution of hydrogen
ceased. Distillation of the product gave a viscous oil which
solidified in the receiver and was recrystallized from ethanol,
m.p. 97-99°, admixture with an authentic sample of phen-
anthrene (m.p. 97-101°) gave no depression of m.p.

Anal. Caled. for CisHie: C, 94.34; H, 5.66.
C, 94.63; H, 5.83.

Conversion of 2,4-Hexadienal to Benzene; Sorbic Acid to
Phenol.—2,4-Hexadienal was dehydrated over alumina at
350-400° and the product washed with cold concentrated
sulfuric acid and distilled. Benzene was identified as the
o-benzoylbenzoic acid derivative (m.p. 127°) which was
identical with an authentic sample.

Found:

Found:

Found:

(11) G. F. Woods and I. W, Tuc%er, 1bid., 70, 2176 (1948).

(12) Organic Syntheses, 32, 70 (1952).

(13) J. D. Chanley, TH1s JOoURNAL, T1, 829 (1949).

(14) G. N. Burkhardt and N. C. Hindley, J. Chem. Scc., 987
(1938).
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Sorbic acid prepared by the silver oxide oxidation of 2,4-
hexadienal was dehydrated over alumina at 440-450° to
give phenol which was identified as the tribromo derivative

ALKYLATION OF m-XYLENE WITH ETHYLENE
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(m.p.938-94°) prepared in the usual manner; with admixture
an authentic sample gave no depression of m.p.

CoLLEGE PARk, Mb.

[CONTRIBUTION FROM RESEARCH DEPARTMENT, STANDARD OI1L CoMPANY (INDIANA)]

Effect of Acid Strength on Alkylation of Arenes with Olefins. I

m-Xylene with

Ethylene

By D. A. McCauray anNnD A. P. LiEN
RECEIVED OCTOBER 4, 1954

m-Xylene, when alkylated with equimolar amounts of ethylene, gives product distributions that depend upon the acid

strength of the catalyst.

Hydrogen fluoride alone—a typical alkylation catalyst—forms predominantly polyethylxylenes.

Hydrogen fluoride plus excess boron trifluoride—a much stronger acid—produces predominantly 1,3,5-ethylxylene along

with relatively small amounts of polyethylxylenes.

isomerizes the first-formed 1,3,4-ethylxylene into the 1,3,5-isomer.

This difference is explained by the hypothesis that the stronger acid

The latter, because it is much more basic than the other

ethylxylenes, preferentially forms a positively charged o-complex with the strong acid. This cation repels the incoming

positively charged ethyl group, which must then react with uncomplexed m-xylene.

produce high yields of single isomers.

The rate of alkylation of arenes with olefins gen-
erally increases with the number of alkyl substitu-
ents in the ring.%? In alkylation processes, there-
fore, high ratios of arene to olefin are used whenever
high yields of a monoalkylated product are desired.
Recent work on the disproportionation of alkylben-
zenes? suggested that high yields,of monoalkylate
might be obtained by another method: the inter-
action of near-stoichiometric amounts of olefin and
arene in the presence of an extremely strong acid
catalyst.

Alkylation by this method requires an acid cata-
lyst strong enough to form a o-complex? with the
alkylated arene. The s-complex—a salt resulting
from the addition of a proton to the arene, which
acts as a base—bears a positive charge and so is not
further alkylated by the electrophilic alkylating
agent. Alkylated arenes are more basic than unal-
kylated arenes® and form more stable o-complexes.
Hernce, the alkylated product is tied up preferen-
tially, while the unalkylated aromatic is left free
to react with incoming olefin.

This concept was tested by the conversion of m-
xylene and ethylene to 1,3,5-ethylxylene in the
presence of a strong acid: anhydrous hydrogen
fluoride plus excess boron trifluoride. For compari-
son, the same reactants in the same mole ratios
reacted in the presence of a weaker, but typical, al-
kylation catalyst: hydrogen fluoride alone.

Experimental

m-Xylene from Eastman Kodak Co. (White Label grade)
was used without further purification. Ethylene, 989,
pure, was obtained from Union Carbide and Carbon Corp.
Commercial grades of hydrogen fluoride, 99.6%, pure, and
boron trifluoride, about 999, pure, were obtained from the
Harshaw Chemical Co.

All experiments were carried out in a 1570-ml. carbon-—
steel autoclave fitted with a 1725-r.p.m. stirrer.!® The m-
xylene, hydrogen fluoride and boron trifluoride were charged

(1) F. E. Condon, THuIS JoURNAL, 70, 2265 (1948).

(2) H. C. Brown aand K. L. Nelson, paper presented before the Divi-
sion of Organic Chemistry, 123rd Meeting of the American Chemical
Society, Los Angeles, Calif., March 15-19, 1953,

(3) A. P. Lienand D. A. McCaulay, Tais JoURNAL, T8, 2407 (1953),

(4) H. C. Brown and J. D. Brady, ibid., 74, 3570 (1952).

(6) D. A. McCaulay and A. P. Lien, ¢bid., 78, 2013 (1951).
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Alkylation with strong acids can thus

to the autoclave. Ethylene was added at a uniform rate
to the stirred mixture at a controlled temperature. Be-
cause no pressure built up during the addition step, the rate
of alkylation must have been practically instantaneous.
After reaction, the entire reactor contents were withdrawn
into crushed ice. The hydrocarbon product was separated
into successive carbon-number fractions by distillation
through a column of thirty theoretical plates. The indi-
vidual fractions were identified by their physical properties
and by spectrometric analysis.

Results and Discussion

Detailed results are summarized in Table I.
All four runs were made with about 2.5 moles each
of m-xylene and ethylene and with 22 moles of hy-
drogen fluoride. In the first run, no boron trifluo-
ride was used; in the other three about 3.5 moles
was added.

TABLE I

ALKYLATION OF m-XYLENE WITH ETHYLENE
9 moles hydrogen fluoride per mole m-xylene

Experiment 1 2 3 4
BF;, moles/mole xylene 0 1.6 1.2 1.3
Temperature, °C. 5 15 62 16

1
1

Olefin, addition time, min. 15 15 60 3960
Ethylene, moles/mole
xylene 1.0 1.1 1.1 1.2
Product distribution, mole %,
Xylenes 62 27 5 1
1,3,5-Ethylxylene 1 32 83 81
1,3,4-Ethylxylene 15 12 0 0
1,2,3-Ethylxylene 4 2 0 0
Diethylxylenes 6 22 11 16
Triethylxylenes 2 5 1 2
Tetraethylxylenes 10 0 0 0
(ka/B1)® 2.8 0.60 0.042 0.043

e k; = rate of ethylation of m-xylene. k; = rate of ethyla-

tion of ethylxylene.

In experiment 1, with hydrogen fluoride alone,
only about 387, of the xylene reacted. The prod-
uct distribution shows that 75% of the ethylene
formed polyethylated xylenes. The 1,3,4- and the
1,2,3-isomers comprise most of the ethylxylene
fraction. Evidently the positions in the ring that
are ortho or para to the methyl groups react at a
much faster rate than the unactivated meta position.



