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XX. The Action of Aluminum

Chloride upon Ethylene Chloride

By KE11t1 Sisipo anp Yosio Yosikawa

In our previous communications! in which the
Friedel-Crafts reaction of dihalogenoalkanes with
benzene were investigated, many anomalies, par-
ticularly shifts and splitting off of halogen atoms,
were observed. During these researches we were
impressed with the need for the fundamental stud-
ies of the behavior of these alkylene dichlorides
alone in the presence of aluminum chloride, in
order to clarify our understanding of the compli-
cated reaction of condensation. The present pa-
per deals with the change of ethylene chloride, one
of the simplest homologs of the series, in the ab-
sence of an aromatic hydrocarbon, under the ordi-
nary conditions of the Friedel-Crafts reaction.

It was astonishing that, when we treated ethyl-
ene chloride with 159, of its weight of aluminum
chloride at 80°, a violent reaction ensued and the
whole reactant, after only four hours of heating,
solidified. In order to study the mechanism
of the formation of solid material, it was decided
to carry out the experiments under milder con-
ditions. The reaction was now carried out with
ethylene chloride and 10% of aluminum chloride
at 26 = 1° and it was interrupted when the
greater part of the dichloride still remained un-
reacted, so that the distillable intermediate prod-
ucts could be obtained. The reaction was con-
tinued for seventy-five minutes and the mass was
poured into iced water to decompose aluminum
chloride; after recovering the unchanged ma-
terial, the products were fractionated in the usual
way. By this procedure we have isolated the
same compounds as the intermediates of a poly-
condensation product of benzene and ethylene
chloride,? which we have described in a previous
paper,® namely, bibenzyl and m-bis-(8-phenyl-
ethyl)-benzene were identified by analyses and by
mixed melting points with authentic specimens.
It should be noted that the latter substance was a
new compound which we had found just before the
War among the intermediates of the above men-
tioned high molecular material; the constitution
was ascertained by the decomposition® as well as
by the synthesis.* The mechanism of the for-
mation of these substances from benzene and
ethylene chloride as well as the mefa-orientation of
the reaction were discussed in the previous papers.
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The present facts are explained only by the as-
sumption that benzene was formed from ethylene
chloride by the action of aluminum chloride; this
benzene condenses with the excess of ethylene
chloride in the presence of aluminum chloride in
the same way as the synthesis of the elastomer by
the Friedel-Crafts reaction. During the reaction
a considerable amount of hydrogen chloride was
liberated, but it was not accompanied by acetyl-
ene, ethylene, vinyl chloride or any other un-
saturated compound according to qualitative
analyses. As these compounds are therefore not
regarded as stable intermediates, the route from
ethylene chloride to benzene is not certain. It
is easy to surmise that an elimination of two moles
of hydrogen chloride from ethylene chloride pro-
duces a free radical —CH==CH—, three moles of
which form a benzene molecule by cyclization.
But rigorous proof is lacking.

The formation of benzene from ethylene chlo-
ride during the Friedel-Crafts reaction was not
observed previously by us, although many in-
vestigations were carried out on the condensations
of ethylene chloride and aromatic hydrocarbons
other than benzene by the action of aluminum
chloride. Particularly, we could not find benzene
derivatives among the reaction products of ethyl-
ene chloride and toluene,® ethylbenzene,® chloro-
benzene,” bromobenzene,® cymene,® biphenyl,?
naphthalene,® phenol,® anisole,® diphenyl ether,®
etc., respectively.

Experimental®?

Ethylene chloride used in this investigation was care-
fully redistilled and the fraction boiling at 82-83° was
submitted to the reaction.

In an ordinary three-necked flask 1190 g. of ethylene
chloride was maintained at 25° and 119 g. of newly pul-
verized anhydrous aluminum chloride was thrown in at
once. During the addition, which required one minute,
scarcely any elevation of the temperature was remarked.
The mixture was stirred for seventy-five minutes at 26 =

Fraction Boiling range, °C. Yield, g.
I 80-140 4.0
II 140-180 3.2
111 180-230 6.7
v 230-270 3.4
v 270-285 3.0
VI 295-320 4.0

Residue ... 13.
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1°, and then was poured into iced water acidified with
hydrochloric acid. The organic layer was separated and
after drying over calcium chloride the unchanged ethylene
chloride, which weighed 755 g., was removed by distilla-
tion. The residue was now fractionally distilled under
vacuum of 10 mm. and several fractiods were obtained.

The fractions I and III crystallized after a day.

The crystals obtained from fraction 1 were recrystal-
lized three times from alcohol until the melting point
was fixed at 51.7-52.0°. This compound was proved to
be identical with bibenzyl by a mixed melting point with
a knowr sample. '

Anal. Caled. for CyHy: C, 92.26; H, 7.74. Found:
C, 92.00; H, 7.87.

The repeated recrystallizations of the crystals from the
fraction III afforded a sample of a melting point of 56.7-
57.4°. This agrees in properties with m-bis-(g-plienyl-
ethyl)-benzene and, when admixed with an authentic
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specimen, did not depress the melting point, thus proving
the identity.

Anal. Caled. for CoHa: C, 92.26; H, 7.74. Found:
C, 92.27; H, 7.49.
Summary

By the action of anhydrous aluminum chloride
ethylene chloride yields bibenzyl, m-bis-(8-phenyl-
ethyl)-benzene and finally a polycondensation
product.

This phenomenon is explained that at first ben-
zene is formed from ethylene chloride. The re-
sultant benzene then condenses with the excess of
ethylene chloride in the sense of the Friedel-
Crafts reaction.
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XXI. The Cycli-alkylation of

Benzene with 1,4-Dibromo-2-butene and the Disproportionation of Hydrogen Atoms

By KE1rTI Sisipo AND Hrtost NOZAKI

The Friedel-Crafts reactions of poly-functional
alkylating agents with benzene are often asso-
ciated with various anomalies, for example, the
“cycli-alkylation”! and the shift or reduction of
halogen atoms.? The former reaction may be of
unusual interest as a simple method of synthesiz-
ing the compounds of polynuclear structures. In
continuation of the studies in this field, we have
investigated the condensation of 1,4-dibromo-2-
butene with benzene.

The dibromobutene dissolved in a large excess of
benzene was treated with aluminum chloride at
ordinary temperature. Upon fractional distilla-
tion of the reaction products, tetralin and 2-
phenyl-1,2,3,4-tetrahydronaphthalene were found
to have been formed along with a considerable
amount of tarry matter. Neither naphthalene
nor dihydronaphthalene was produced. Phenyl-
substituted butanes which might be expected as a
result of the ordinary Friedel-Crafts reaction also
failed to be detected.

These observations may indicate that the first
stage of the reaction consists in the condensation
of one mole of benzene with one mole of the
dibromobutene forming 1,4-dihydronaphthalene
under the cyclization by the 2-butene residue.
As 1,4-dihydronaphthalene rearranges, however,
easily into 1,2-dihydro-compound, for example,
by the action of sodium ethylate,® the hydrogen
atoms at the 1,4-position are supposed to be labile.
It seemed to us, therefore, necessary to examine
the action of aluminum chloride upon 1,4-dihydro-
naphthalene in order to clarify the mechanism of
this condensation.
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To a solution of the dihydronaphthalene in ben-
zene was added aluminum chloride and the mix-
ture was allowed to react at ordinary tempera-
ture. It was noted that only small quantities of
2-phenyl-1,2,3,4-tetrahydronaphthalene were pro-
duced. The main product was found to be a mix-
ture of about equal amounts of naphthalene and
tetralin. We have repeated the same experiment
introducing hydrogen chloride gas into the re-
action mixture and achieved the same result.
Treating 1,4-dihydronaphthalene alone with alu-
minum chloride we obtained also naphthalene and
its tetrahydride.

We have also investigated the reaction of alumi-
num chloride with 1,2-dihydronaphthalene. In
addition to considerable amounts of higher-boiling
substances there resulted also in this case naph-
thalene and tetralin in almost equal quantities.
Scott and Walker,* who studied the nature of the
polymerized dihydronaphthalene as a synthetic
resin, stated that 1,2-dihydronaphthalene gave,
upon treatment with aluminum chloride, a red
brittle resin having a molecular weight of 388 as
well as a viscous oil, apparently a dihydronaph-
thalene dimer. We have found that the 1,2-iso-
mer gives more resinous matter than the 1,4-com-
pound.

Among the reaction products of the 1,4-di-
hydronaphthalene was a higher-boiling fraction,
whose elementary analysis indicated the formula
CyoHzo, from which, after a week, crystals of com-
position CyHis separated. As the original frac-
tion upon sulfur-dehydrogenation, gave 2,2’-bi-
naphthyl in a good yield, it is supposed that the
fraction consists of a mixture of 1,2,3,4-tetra-
hydro-2,2’-binaphthyl, CyHi, and 1,2,3,4,1°,2/,-
3’4’ - (or 1,2,3,4,5",6',7',8) - octahydro - 2,2’ - bi-
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