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This invention relates to processes of produc-
ing diaryl paraffins and more particularly, to
processes of producing diarylethanes.

In the past, diaryl paraffins have been pro-
duced by various methods. A few hydrocarbons,
such as toluene and xylene, have been reacted
with acetylene to produce the corresponding
diaryl paraffins but this method resulted in low
yields and production of a mixture of isomers.
Furthermore, the proportions of acetylene which
might be used without the formation of large
proportions of by-products such as anthracene
derivatives were extremely low as compared with
the theoretical proportions of acetylene required
to react with all of the hydrocarbon.

A process for the preparation of diaryl par-
affins developed by Murray Gray Sturrock,
Thomas Lawe, and Woodrow Ernest Kemp, and
described and claimed in their U. S. Patent No.
2,439,228, constituted an improvement over the
prior art processes involving the use of acetyl-
ene. According to the patented process an aryl
compound, such as toluene, is condensed with a
saturated aliphatic organic compound having a
carbonyl group and at least two carbon atoms,
such as acetaldehyde, in the presence of hydro-
gen fluoride as a catalyst.

A further improvement in processes for the
production of diaryl paraffins was developed by
Weodrow Ernest Kemp and is described in his co-
pending application, Serial No. 771,154, filed Au-
gust 28, 1947, now abandoned. Kemp’s process
comprises the use of a mixture of hydrogen fluo-
ride and fluosulfonic acid as the catalyst for
condensation of an aryl compound with acetal-
dehyde, isopropanol, di-isopropyl ether, or the
like.

An object of the present invention is to pro-
vide a new method of producing diaryl paraffins.

A further object of the present invention is to
provide a new method of producing asymmetric
diarylethanes.

The above and other objects are attained. by
condensing an aryl compound with vinyl acetate
in the presence of an alkylation catalyst.

The invention will be- described in greater de-
tail in connection with the following specific ex-
amples in which fhe proportions are given in
parts by weight. It should be understood that
the examples are merely illustrative, and the
invention is not to be limited to the specific de-
tails thereof.

Example 1

300 parts toluene- (3.3 mols).
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- hours.
* out is successively washed twice with water, once
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60 parts concentrated sulfuric acid.
60 parts vinyl acetate (0.7 mol).
200 parts water.

The toluene and sulfuric acid are mixed to-
gether in a suitable vessel equipped with means
for agitation, means for registering temperatiire
and condensation means. The mixture i§ agi-
tated vigorously while the vinyl acetate is gradii-
ally added over a period of 90 minutes. The tem-
perature is maintained at 25-30° C. throughout
the addition. Stirring is then continued for an
additional 70 minutes. The water is then added
and the mixture allowed to stand for about 15-18
The hydrocarbon layer which separates’

with dilute sodium carbonate solution and twice
more with water. It is finally dried over anhy-
drous sodium sulfate. .

Unreacted material is distilléd off and 21 parts
of residue are obtained. This residue is distilled
under reduced pressure. 10 parts of yellowish
liquid distilling at 100-144° C. 4t 6~7 mm. is col-
lected with nearly all of the material coming over
at 140-144° C. The refractive index of the dis-

“tillate is 1.5531 af 25° C. A small sample of thé

distillate is found to be completely rion-saponi-
fiable when refiuxed for 2 hours with 0.5 N alco-
holic potassium hydroxide. o

Ditolylethane has a refractive index of 1.5586

‘at 25° C. and it boils at 151~152° C. at 10 mm.

The agreement of boiling point and refractive
index with known values ahd the non=saponi-
fiable nature of the product of the example indi-

..cate that it consists chiefly of ditolylethane.
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Ezxzample 2

300 parts toluene (3.3 molsy.
50 parts boron flueride-ethyl ether complex.

.15 parts vinyl acetate (0.9 mol).
v " 100 parts water.

The toluene and boron fluoride-ethyl - ether
complex are mixed together in a suitable vessel
equipped as described in Example 1, and the re=

--sulting solution is maintained at 27-34° C. with.

vigorous agitation while the vinyl acetate is
gradually added over a period of 65 minutes.
Stirring is continued for 220 minutes during
which period the temperature of the mixture

-maintains itself at 34° C. The water is then

added to destroy the catalyst, and stirring is
continued for an additional 75 minutes.

The organic layer which separates after stir-
ring is discontinued is drawn off and washed

three. times with water. Upon dlstlllamon to re-

move unreacted material 20 parfs of a semi-
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viscous residue are obtained. This residue is
further distilled to recover the ditolylethane
formed in the reaction.

Ezxample 3

300 parts toluene (3.3 mols).
45 parts p-toluenesulfonic acid monohydrate.
60 parts vinyl acetate (0.7 mol).

200 parts of the toluene and the p-toluene-
sulfonic acid monohydrate are mixed together and
refluxed until 4.5 parts of water has been drawn
off, The toluene solution is then transferred
to a suitable vessel equipped as described in Ex-
ample 1, and the additional 100 parts of toluene
are added. The vinyl acetate is then added
gradually over a period of 100 minutes while the
solution is vigorously agitated at 92° C. The stir-
ring and heating are continued for 40 minutes
after which period the reaction mixture is cooled.

The dark colored solution is successively
washed with water, dilute sodium carbonate and
more water, and it is finally dried over anhydrous
sodium sulfate.

Upon distillation to recover unreacted material
30 parts of a viscous residue are obtained. This
residue is distilled at 1-2 mm. pressure and three
fractions of 2-3 parts each are collected as
follows:

Boiling Refractive
Point Index at
in °C. 25° C.
B e 94-114 1. 5085
TS 114-128 1.5278
U 128 1.5510

Other aryl compounds may be reacted with
vinyl acetate in accordance with the process of
the present invention. The most reactive aryl
compounds are those having nuclear methyl con-
stituents. For example, benzene itself is much
less active than toluene or any of the xylene iso-
mers, as are also naphthalene and diphenyl.
Nuclear chlor-substituted compounds may be re-
acted with vinyl acetate in accordance with our
invention, but the reactivity of these compounds
also is extremely low by comparison with the
activity of the nuclear methyl-substituted aryl
compounds. Thus aryl compounds which may be
reacted with vinyl acetate to produce diaryl-
ethanes in accordance with the process of the
present invention are those which contain at
least one hydrogen atom attached to an aromatic
nucleus and include toluene, the isomeric xylenes,
thiophene, methyl thiophene, vhenol, cresol,
xylenol, naphthalene, dimethy! aniline, aniline,
diethyl aniline, diphenyl, benzene, any of the
nuclear halo-substituted aryl compounds such as
chlorbenzene, each of the mono- and di-brom-
toluenes, each of the fluor-xylenes, the ethyl
xylenes, and the like.

If desired, inert solvents may be employed in
our process for condensing aryl compounds with
vinyl acetate. Examples of such inert solvents
include the chlorinated solvents such as chloro-
form, carbon tetrachloride, and the like.

Any alkylation catalyst such as aluminum
chloride, concentrated sulfuric acid, boron fluo-
ride, p-toluenesulfonic acid, p-toluenesulfonam-
ide, hydrogen fluoride, fluosulfonic acid, etc., may
be used.

Relative molar proportions of vinyl acetate and
aryl compound must be at least 1:2. Actually
we prefer using the aryl compound in excess, i. €.,
relative molar proportions of about 1:3 to ahout
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1:6, but there is no real top limit to the amount
of aryl compound used. Obviously too large an
excess, while it does no harm in the reaction mix-
ture, is wasteful and uneconomical.

The optimum amount of catalyst will depend
to some extent on the particular aryl compound
and the particular catalyst used. In general, we
have found from about 0.5% to about 10% by
weight, based on the total weight of the reaction
mixture, suitable.

The reaction of vinyl acetate with an aryl
compound to produce a diarylethane in accord-
ance with our invention may be carried out at
temperatures ranging from about —10° C. to
about 100° C. Generally we find that the reaction
is preferably carried out in the neighborhoocd of
about 20°-50° C.

The diarylethanes produced in accordance with
the process of the present invention are especially
important in that they may be cracked to pro-
duce styrenes, particularly dimethyl styrenes,
which in turn are polymerized to useful syn-
thetic resins. The production of vinyl aryl com-
pounds such as the dimethyl styrenes from
asymmetric diarylethanes such as those produced
in accordance with our invention may ke carried
out as described in the Sturrock and Lawe U. S.
Patents Nos. 2,373,982; 2,420,688; 2,420,689 and
2,422,318, as well as in the patents to Donald R.
May and James Kenneth Dixon, either solely or
jointly, Nos. 2,422,163; 2,422,164; 2,422,165;
2,422,169 and the Saunders Patent No. 2,422,171,

Many of the diarylethanes produced according
to our invention are useful as insecticides or as
starting materials in the production of insecti-
cides, as electric insulating media in electric con-
densers, as starting materials in the production
of wetting agents, ete,

We claim:

1. A process which comprises reacting sub-
stances consisting of an aryl compound contain-
ing at least one hydrogen atom attached to an
aromatic nucleus with vinyl acetate in molar
proportions of at least 2:1 and in the presence of
an alkylation catalyst, whereby a 1,1-diaryl-
ethane is produced.

2. A process which comprises reacting sub-
stances consisting of an aryl compound of the
benzene series having at least one hydrogen atom
attached to the benzene nucleus with vinyl ace-
tate in molar proportions of at least 2:1 and in
the presence of an alkylation catalyst, whereby
a 1,1-diarylethane is produced.

3. A process which comprises reacting sub-
stances consisting of toluene with vinyl acetate
in molar proportions of at least 2:1 and in the
presence of an alkylation catalyst, whereby 1,1-
ditolylethane is produced.

4. A process according to claim 3 in which the
alkylation catalyst is concentrated sulfuric acid.

5. A process according to claim 2 in which the
alkylation catalyst includes boron fluoride.

6. A process according to claim 3 in which the
alkylation catalyst is p-toluenesulfonic acid,
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