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This invention relates to a process for oxidiz-
ing alkyl aromatic compounds and particularly
for oxidizing a member of the group consisting of
alkyl aromatic hydrocarbons and nuclearly chlo-
rinated alkyl aromatic hydrocarbons to effect the
formation of a diarylalkane or of a nuclearly
-chlorinated diarylalkane.

An object of this invention is to produce a di-

arylalkane hydrocarbon.

Another object of this invention is to produce
a nuclearly chlorinated diarylalkane.

One specific embodiment of this invention re-
lates to a process for producing a member of the
group consisting of a diarylalkane and a nu-
clearly chlorinated diarylalkane which comprises
reacting in the presence of at least one member
of the group consisting of magnesium and alu-
minum, a gas containing free oxygen and g mem-
ber of the group consisting of an aromatic hy-
drocarbon and a nuclearly chlorinated aromatic
hydrocarbon each having an alkyl group contain-
ing at least one and not more than two hydro-
gen atoms combined with the carbon atom at-
tached to the aromatic ring.

_ Another embodiment of this invention relates
to a process for producing a diphenylalkane
which comprises reacting in the presence of alu-
minum 2 gas containing free oxygen and a ben-
zene hydrocarbon having an alkyl group of at
least two carbon atoms and containing at least
one hydrogen atom combined with the carbon
atom attached to the benzene ring.

A further embodiment of this invention relates
to a process for producing a nuclearly chlorinated
diphenylalkane which comprises reacting in the
presence of aluminum a gas containing free oxy-
gen and a nuclearly chlorinated alkyl benzene
hydrocarbon in which said alkyl group contains
at least two carbon atoms and at least one hy-
drogen atom combined with the carbon atom at-
tached to the benzene ring.

We have found that the treatment In the
presence of at least one metal of the group con-
sisting of magnesium and aluminum of certain
alkyl aromatic hydrocarbons and nuclearly chlo-
rinated alkyl aromatic hydrocarborns with air,
oxygen, or oxygen in admixture with an inert gas
-or mixture of inert gases results in-the removal
of hydrogen from said alkyl aromatic compounds
and the production of an aromatic hydrocarbon
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of higher molecular weight including a diaryl-
alkane and a di(chloroaryl) alkane.

The aromatic compounds suitable for use in
this process include alkyl aromatic hydrocarbons
and nuclearly chlorinated alkyl aromatic hydro-
carbons each containing an alkyl group of ab
least two carbon atoms and containing at least
one hydrogen atom combined with the .carbon
atom of said alkyl group attached to the aro-
matic ring. While the aromatic ring of.said
starting material is preferably a benzene ring, it
may also be a polycyclic ring including at least
one benzene ring such as a naphthalene ring, a
tetralin ring, or other polyeyclic aromatic. hy-
drocarbon ring. - Accordingly, aromatic. -hydro-
carbons which may be so used as starting mate-
rials in our process include ethylbenzene, cumene,
cymene, propylbenzene, butylbenzene, sec.-butyl-
benzene, isobutylbenzene, and higher -boiling
monoalkyl, dialkyl, and other polyalkyl benzenes
in which the carbon atom of an alkyl group at-
tached to the benzene ring is also attached to
one but not more than two hydrogen atoms.
Nuclearly chlorinated alkyl aromatic hydrocar-
bons having an alkyl group containing at least
one and not more than two hydrogen atoms
bound to the carbon atom aftached to the aro-
matic ring are also suitable starting materials
for producing a di(chloroaryl)alkane. . .

We have found that the above indicated alkyl

‘aromatic hydrocarbons and nuclearly chlorinated

alkyl aromatic hydrocarbons may be reacted
with air, oxygen, or a mixture of an inert gas
and oxygen at a temperature of from about 100°
to about 250° C. and preferably at a temperature
of from about 125° to about 200° C: with the hy-
drocarbon material preferably in liguid phase.
In order to maintain the hydrocarbons in liquid
phase, it may be necessary fo use superatmos-
pheric pressure, but generally not in excess of
about 100 atmospheres. The gaseous oxidizing
agent such as air or a mixture of inert gases.and

 oxygen are then contacted with the liquid aro-~
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matic compound in order to effect condensation
to form diarylalkanes and nuclearly chlorinated
diarylalkanes. Lo

As an illustration of this process, we found that
by reacting paracymene with air at-controlled
conditions of temperature within the above in-
dicated range, a reaction occurred whereby two
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molecular proportions of paracymene condensed
with or reacted with each other to form 2,3-di-
methyl-2,3-ditolyl butane and water as illus-
trated by the following equation:

CH;s ?Ha ?Hs
2 + 350 ——s O @-I-Hzo
| I |
HaC—g-CHa HSC—(’)-—-C—CH:«

CH; (IIH:a

The above indicated reaction may also ke ap-
plied to other alkyl aromatic hydrocarbons such as
dialkyl aromatic hydrocarbons. Such a reaction
is illustrated by the following equation in which
R1 and Re represent alkyl groups each separately
and independently containing at least two carbon
atoms and generally containing from about 2 to
about 4 carbon atoms and said aromatic hydro-
carbons containing less than four of said R

groups per molecule:
awi
—_— U I + H:0
|
| |

2 + 140,
|
H

Ro—C—R, Ri—C——C~—R;

R, Ra
This oxidative condensation of an aromatic
hydrocarbon such as paracymene is accompanied

by the formation of oxygenated compounds such
as carbinols, ketones, and higher boiling products

in addition to the diarylalkane formed as indi- ¢

cated in the foregoing equations.

Similarly, the oxidation treatment of parachlo-
roisopropylbenzene (sometimes referred to as
parachlorocymene) is carried out in the presence
of aluminum turnings or magnesium turnings
which serve as condensation catalyst. In the
presence of the aluminum turnings a yield of
7% per pass is obtained of the condensation
product herein referred to as 2,3-dimethyl-2,3-p-
chlorophenylbutane.

This process may be carried out in either batch
orcontinuous types of operation. In a typical
batch-type operation, the aromatic hydrocarbon,
metallic aluminum (generally in the form of turn-
ings) sometimes also a base such as sodium
carbonate, potassium carbonate, ete., are placed
in a reactor heated to a temperature of from
about 100° to about 250° C. and maintained at a
pressure sufficient to keep a substantial propor-
tion of the hydrocarbons and chlorinated aromatic
hydrocarbons in liguid phase while air or another
gas containing free oxygen is passed therethrough.
The use of a basic material and also at least one
metal selected from the members of the group
consisting of magnesium and aluminum promotes
the formation of a high yield of diarylalkane or
nuclearly chlorinated diarylalkane depending up-
on the type of the charging stock charged to the
process.

In continuous operation, an alkyl aromatic hy-
drocarbon or nuclearly chlorinated alkyl aro-
matic hydrocarbon of the type indicated herein
and air or oxygen or some other oxygen contain-
ing gas are passed through a heated reactor con-
taining at least one of the metals selected from
the members of the group consisting of mag-
nesium and aluminum and having atomic num-
bers 12 and 13 and the resultant reaction products
are then recovered and separated into the con-
densation products and unconverted starting ma-
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‘carbonate.

terials, the latter being suitable for further treat-
ment in the process.

The following examples are given to illustrate
the type of results obtained in this process al-
though the data presented are not introduced
with the intention of restricting unduly the broad
scope of the invention.

EXAMPLE I

Batch-type runs were made by placing an aro-
matic hydrocarbon in a flask and heating therein
to the desired temperature while air was bubbled
into the hydrocarbon through a flow meter. At
the end of the run the current of air was shut
ofl, the peroxide number of the product was de-
termined and the product was distilled without
further treatment for in no case was the peroxide
number dangerouly high. The unreacted hydro-
carbon was distilled off at atmospherie pressure,
the remaining product was cooled and filtered
with suction to remove crystalline products and
the liquid filtrate was fractionally distilled at re-
duced pressure. Some cof the fractions were
examined by infra-red absorption methods to de-
termine the amount of ketone, alecohol, and diaryl
alkanes present. Thus on heating p-cymene at
173° C. and passing air through the heated hydro-
carbon at a rate of 2.8 liters per hour for 20 hours,
a total of 32 grams of higher boiling product was
obtained containing 509%. of p-methylaceto-
phenone, 27% of 2,3-dimethyl-2,3-ditolylbutane,
which may also be called dicymene, and 23% of
an intermediate fraction containing some dicy-
mene, :

EXAMPLE IT

In order to increase the yield of dicymene, other
oxidation runs were made by treating p-cymene
with air in the presence of metallic aluminum.
The aluminum contacting material in an amount
of ahout 400 cc. was placed in the reaction flask
into which was introduced 600 grams of cymene.
The latter was heated to a reflux temperature un-
der a reflux condenser and a stream of air was
passed through the heated hydrocarbon at a rate
of 12 liters per hour. It was found that the pres-
ence of the aluminum packing material increased
the yield of oxidation products cbtained from
p-cymene. R

In another run the oxidation treatment of p-
cymene was carried out for a time of 18 hours in
the presence of aluminum turnings and potassium
The results obtained in these two
runs, that is, in the presence of aluminum turn-
ings, and in a mixture of aluminum turnings and
potassium carbonate are summarized by the fol-
lowing table:

Table I

Experiment NOo .o coommm . l 1 2

D-Cymene, 8. o oo
Aluminum turnings, grams. . -
Potassium Carbonate, grams
Alr rate, liters/hr.__._____.
Temperature, ° C._______. 1
Time on stream, hrs_...__...__________ .77 t
Results: . i
Reacted product, weight percent..__.___________ !
Composition of reacted products, percent— |
Ketones and Carbinols..___.____ s | 28 35
Dairylalkanes ... ... _.___ .77 | 27 3
Bottoms......_.._. . L1700 f 2 7

1 Composition: 2,3~dimethyl-2,3-di(p-tolyl) butine.

From the above indicated results, it is evi-
dent that the production of dicymene was
greater in the presence of both aluminum turn-
ings and potassium carbonate than in the
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presence of aluminum turnings alone. That is,
the yield of di-p-cymene was increased from 27
to 33% and the yield of ketone-carbinol:fraction
was also increased from 28 to 35% while the
amount of higher boiling products (indicated in
the table as bottoms) was reduced from 45 to
29%.
EXAMPLE IIT

By following essentially the same procedure as
that in Example II, 12 liters of air per hour were
passed through 600 grams of p-cymene main-
tained at a temperature of 172° C. during g time
of 18 hours. The p-cymene being treated was
in contact with 165 grams (400 cc.) of mag-
nesium turnings and also 20 grams of potassium
carbonate. At the end of this treatment, the
liquid oxidation product had a peroxide number
of 17.3, a refractive index n,% of 1.4968. Dur-
ing this treatment there were formed 5.4 cc. of
water gnd 76.3 grams of reaction product boiling
higher than p-cymene. The reaction product so
obtained boiling higher than p-cymene contained
4.29% of organic acids, 39% of a mixture of p~
methyl-p~tolyl carbinol, 16.1% of higher boiling
liquids, 28% of 2,3-dimethyl-2,3-di-p-tolylbu-
tane, and 12.7% of residue.

EXAMPLE IV
Pollowing the procedures of Examples IT and

II1, 600 grams of cumene was heated to a tem-.

perature of 148-149° and treated by bubbling air
therethrough for 18 hours at a rate of 12 liters
per hour. In one of these runs, 400 cc. of alumi-
num turnings were present in the reactor con-
taining the cumene while in the other run soff
glass rings were used. The results obtained in
these two runs are summarized by the following
table:

Table IT

Experiment No._.._ - [} 8

Aromatic charged:

6 .1 T OO Cumene
grams 600
Contact medium:

Kind

Soft glass
rings.
400

Temperature, ® C..._. - y
Time on strearm, hr. o oo oecceaeaae
Results:
Peroxide No. ..
np¥of product . - o
Total water formed, cc. ... ___. ‘ 2.6
Reacted product: ’

grams.
weight percent 1. _____________________.
Composition of unreacted product (excluding
unreacted charged):

Acid
Keton+-Carbinol 2________.... 8
Higher boiling liquid
Diarylalkane 3...
Bottoms.. .
Analysis of Ketone-carbinol fraction, percent:
Ketone 42
Carbinol. 58

1 The weight of product taken for distillation after washing and
drying is used for this calculation.

21‘)?§’heln cumene is charged it is acetophenoned-dimethylphenyl
carbinol.

3 When cumene is charged it is 2,3-dimethyl-2,3-diphenylbutane.

In the presence of the soft glass rings, the
reaction product contained 10.4% by weight of
reacted material which consisted of 82.6% of a
ketone-carbinol fraction, 9.1% of dicumene and
8.0 of higher boiling material. The presence
of aluminum turnings in the reaction zone mark-
edly increased the yield of the dicumene and de-
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creased the yield of the ketone«éarbinol fraction.
The amount of reacted material in the product
was 10.2%. The reaction produects boiling
higher than cumene consisted of 60.9% of ketone-
carbinol fraction, 26.9% of dicumene and 12.2%
higher boiling liguid and bottoms when alumi-
num turnings were present in the reaction zone.

When the metals magnesium and aluminum
were used as contacting media in the oxidation
of cumene and p-cymene, the yield of diaryl-
alkane and high boiling products was increased
over that obtained in the absence of the metal
while the ketone-carbinol yield was increased.
The addition of potassium carbonate to the metal
resulted in the formation of a cleaner oxidation
product  which contained smaller amounts of
high boiling residue but larger amounts of
ketone-carbinol fraction and also larger amounts
of diarylalkanes.

EXAMPLE V

s-Butylbenzene was reacted with air for 18
hours at 169° in the presence of aluminum turn-
ings and potassium carbonate. The product con-
tained 12.9 weight.per cent of material boiling
higher than the charge, of this, 0.7% was acid,
53% boiled in the ketone-carbinol range, 17.3%
was a crystalline dimer of s-bufylbenzene, 214 %
high boiling liquid, and 7.6% remained as bot-
toms. The structure of the crystalline dimer is
that of 3,4-dimethyl-3,4-diphenylhexane. Re-
crystallized from 95% ethanol it melted at 97-98°.

EXAMPLE VI

p-Chlorocumene was reacted for 18 hours with
air at 171° in the presence of potassium carbinate
using aluminum turnings as a contact material
in one case and glass rings in another case. The
weight per cent of product boiling higher than
the charge was '15.4 when aluminum turnings
were employed and 26.8 when glass rings were
used. On recycle basis, when aluminum turnings
were used, the product consisted of 1.9% acids.
70.8% ketone-carbinol fraetion, 12.7% higher
boiling liquid, 6.9% di-p-chlorocumene, and 7.7.%
resinous bottoms; and when glass rings were used,
it consisted of 2.4% acids, 85.7% ketone~carbinol
fraction, 5.4% higher boiling liquid, 1.2% di-p-
chlorocumene and 5.3% resinous bottoms. The
yield of dimer from p-chlorocumene was not
nearly as high as that obfained from p-cymene
or cumene but the effect of the aluminum is in
the same direction, that is, it increased the yield
of dimer. The structure of the crystalline di-p-
chlorocumene is indicated as 2,3-di-p-chloro-
phenyl-2,3-dimethylbutane. Recrystallized from
absolute ethanol, it melted at 166-16%7°.

We claim as our invention:

1. A process for producing a member of the
group consisting of a diarylalkane and a nuclearly
chlorinated diarylalkane from an aromatic com-
pound of the group consisting of an aromatic
hydrocarbon and a nuclearly chlorinated aro-
matic hydrocarbon each having an alkyl group
containing at least one and not more than two
hydrogen atoms combined with the carbon atom
attached to the aromatic ring, which comprises
subjecting said aromatic compound to oxidative
condensation by reacting the same with free oxy-
gen at a temperature of from about 100° to about
250° C. in the presence of at least one metal of
the group consisting of aluminum and mag-
nesium.

2. A process for producing a diphenylalkane
which comprises reacting at a temperature of
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from about 100° to about 250° C. in the presence
of aluminum a gas containing free oxygen and
an aromatic hydrocarbon having an alkyl group
of at least two carbon atoms and containing at
least one hydrogen atom combined with the car-
bon atom attached to the benzene ring.

3. A process for producing a nuclearly chlori-
nated diphenylalkane which comprises reacting
at a temperature of from about 100° to about
250° C. in the presence of aluminum a gas con-
taining free oxygen and a nuclearly chlorinated
alkyl arematic hydrocarbon in which said alkyl
group contains at least two carbon atoms and at
least one hydrogen atom .combined with the car-
bon atom attached to the benzene ring.

4. A process for producing a diphenyl alkane
which comprises reacting a gas containing free
oxygen and a benzene hydrocarbon having an
alkyl group of at least two carbon atoms and
containing at least one hydrogen atom combined
with the carbon atom attached to the benzene
ring at a temperature of from about 100° to about
250° C. in the presence of aluminum.

5. A process for producing a diphenyl alkane
which comprises reacting air and a benzene hy-
drocarbon having an alkyl group of at least two
carbon atoms and containing at least one hydro-
gen atom combined with the carbon atom at-
tached to the benzene ring at a temperature of
from about 125° to about 200° C. in the presence
¢f aluminum.

6. A process for producing a diphenyl alkane
which comprises reacting a gas containing free
oxygen and a benzene hydrocarbon having an
alkyl group of at least two carbon atoms and
containing at least one hydrogen atom combined
with the carbon atom attached to the benzene
ring at a temperature of from about 100° to about
350° C. in the presence of magnesium.

7. A process for producing a diphenyl alkane
which comprises reacting air and a benzene hy-
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drocarbon having an alkyl group of at least two
carbon atoms and containing at least one hydro-
gen atom combined with the carbon atom at-
tached to the benzene ring at a temperature of
from about 125° to about 200° C. in the presence
of magnesium.

8. A process for producing a nuclearly chlori-
nated diphenyl alkane which comprises reacting
a gas containing free oxygen and a nuclearly
chlorinated alkyl benzene hydrocarbon in which
said alkyl group contains at least two carbon
atoms and at least one hydrogen atom combined
with the carbon atom attached to the benzene
ring at a temperature of from about 100° to about
250° C. in the presence of aluminum.

9. A process for producing a nuclearly chlori-
nated diphenyl alkane which comprises reacting
air and a nuclearly chlorinated alkyl benzene
hydrocarbon in which said alkyl sroup contains
at least two carbon atoms and at least one hydro-
gen atom combined with the carbon atom at-
tached to the benzene ring at a temperature of
from about '125° to about 200° C. in the presence
of aluminum.

HERMAN PINES.
BRUNO KVETINSKAS.
VLADIMIR N. IPATIEFP.

REFERENCES CITED

The following references are of record in tha
file of this patent:

FOREIGN PATENTS

Country Date

Cermany June 23, 1837
OTHER REFERENCES

Berkman et al.: Catalysis, page 808 (1940).

Grogeins: Unit Processes in Organic Synthesis,
page 480 (1947), 3rd edition, McGraw-Hill Pub-
lishing Co., New York, N. Y.

Number
646,701



