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This invention relates broadly to a process for syn-
thesizing dimerized derivatives and, more particularly, it
relates to a novel method for preparing aromatic substi-
tuted dimerized derivatives by selective dimerization of
vinyl aromatic compounds.

This application is a continuation-in-part of Serial No.
394,497, filed November 25, 1953 (now U.S. Patent No.
2,816,913).

It is an object of this invention to react aromatic hydro-
carbons having a vinyl grouping with an alkali metal un-
der selective conditions to obtain the corresponding di-
metallo derivatives of dimers of the vinyl aromatic hydro-
carbons.

It is another object to provide a method in which the
additional step of carbonating the dimetallo derivatives is
carried out to form salts of aromatic substituted di-
carboxylic acids. These salts may be readily converted to
diacids and isolated as such, if desired.

A further, more specific object of this invention is to
prepare substituted hexanedioic acids by selective dimeri-
zation of styrene in the presence of metallic sodium to
yield disodio-derivatives which may subsequently be car-
bonated to yield ultimately as product, substantially pure
2,5-diphenyl-1,6-hexanedioic acid.

Other objectives of the invention will become apparent
from the detailed description set forth below.

Previous work has shown that certain disubstituted
ethylenes may, under different conditions than herein de-
scribed, undergo some dimerization. However, it has
not been possible to dimerize, in appreciable yields, com-
pounds of the vinyl aromatic type, that is, those contain-
ing the vinyl grouping, —HC==CHj,, for example, styrene
and ring substituted styrenes.

The invention is carried out by selectively dimerizing
vinyl aromatic compounds such as styrene in the presence
of finely dispersed sodium or potassium in a suitable lig-
uid medium and in the presence of a relatively small
amount of a polycyclic aromatic hydrocarbon at a tem-
perature below about 0° C.

The disodium dimerized derivatives thus obtained are
then preferably carbonated at a temperature below 0°C.
to give the salts of the desired carboxylic acids in high
yields and selectivity. Acidification gives the correspond-
ing acids.

The dimerization reaction of styrene, for example, un-
der suitable conditions yields a dimerized disodium de-
rivative. The general course of the reaction has been de-
termined by studies of the diacids arising therefrom after
carbonation. Thus, the selective dimerization reacts as
follows to yield the indicated products:

Na ITIa
2CH;CH=CH; 4 2Na — CﬁHﬁéHCHﬂoHﬂchsHﬁ(D
CO:H CO:H

+
I (from above) + 2C0; —— CsH;CHCH;CH;CHCH;

Thus, it has been found that the product predominantly
formed is the isomer which yields 2,5-diphenyl-1,6-hex-
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anedioic acid (2,5-diphenyl adipic acid) after carboniza-
tion. Other isomeric diacds are possble from the styrene
condensaton. ‘Other isomers which can theoretically be
obtained are the following:

HO:C CO:H
H, H3
CeH; CH—CHCsH;
3,4-diphenyl-1,6-hexanedioic acid
CO:H
HO:2C (|JHz
CeHs CHCH;CH—CoHj

2,4-diphenyl-1,6-hexanedioic acid

By experiments it was possible to demonstrate the high
selectivity of the reaction to give the 2,5-diphenyl-1,6-
hexanedioic acid. The yields of the other isomers were
negligible.

The dimerizing or coupling of the styrene type com-
pounds proceeds quite selectively under the described
conditions. The major side reaction of the styrene is
polymerization from which polystyrene results. The pro-
cedure of the invention results in selective dimerization of
the vinyl aromatic compound and, in addition, yields the
desired isomer.

The vinyl aromatic compounds which are useful for
this selective process comprise styrene and ring substi-
tuted styrenes such as, for example, the ortho, meta and
para methyl styrenes, the ethyl styrenes, and the like. In
general, it is desirable to use styrene and alkyl substituted
styrenes in which the alkyl group has 1 up to 4 carbon
atoms; however, aryl substituted styrenes may also be em-
ployed. The method is particularly well adapted to the
use of styrene as the vinyl aromatic compound.

If the vinyl aromatic reactant used is other than sty-
rene, then the dimetallic derivatives corresponding to such
structure is obtained. The generalized formula for these
products is as follows:

R R R R
f | M M
& H H |
R— —C—C—C— R
I H H H '
{t R R R

In the above formula, the R groups need not all be
similar and may represent either an alkyl group having
from 1 to 4, inclusive, carbon atoms or a hydrogen atom.
The M repersents either an atom of sodium or potassium,
depending on ths alkali metal reactant used.

Either sodium or potassium may be used as the alkali
metal reactant. The use of sodium is preferred over
potassium since sodium gives excellent selectivity and
yields of dimerized products, and it is cheaper and more
readily available. Chemically pure sodium is not essen-
tial, however, since mixtures containing a major propor-
tion of sodium are also useful. Thus, alloys of sodium
with potassium, calcium, and the like can be used.

One factor essential to the successful production of the
dimerized derivatives is the use of the alkali metal in
finely dispersed form. A sodium dispersion in which the
average particle size is less then 50 microns is desirable
for the dimerization reaction. This dispersion is most
conveniently made in an inert hydrocarbon as a separate
step preliminary to reaction with the vinyl compound.

The reaction medium most suitable consists essentially
of an ether, and certain types of ethers are especially ef-
fective. These particular classes of ethers have the com-
mon property of serving as promoters for the dimeriza-
tion. The ether can be any aliphatic mono ether having
a methoxy group, in which the ratio of the number of
oxygen atoms to the number of carbon atoms is not
less than 1:4, and which will not be cleaved during the
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reaction pericd to produce sufficient catalytic cleavage
products to consume appreciable amounts of the styrenes
by polymerizatica side reactions. Examples include di-
methyl ether, methyl ethyl ether, meihyl n-propyl ether,
methyl isopropyl ether, and mixtures of these methyl
ethers. Certain aliphatic polyethers are also quite satis-
factory. These include the acyclic and cyclic polysthers
which are derived by replacing ail of the hydroxyl hydro-
gen atoms of the appropriate poiyhydric alcohol by alkyl
groups. Typical examples are the ethylene glycol di-
alkyl ethers such as the dimethyl, methyl ethyl, diethyl,
methyl butyl, ethyl butyl, dibutyl, and butyl lauryl ethyl-
ene glycol ethers; trimethylene glycol dimethyl ether,
glycerol trimethyl ether, and glycerol dimethyl ethyl ether.
The simple methyl monocethers, as dimethyl ether, and
he polyethers of ethylene glycols, such as ethylene alyeol
dimethyl ether are preferred.

The ethers should not contain any groups such as
hydroxyl, carboxyl and the like which are distincily re-
active towards sodium. Although the ether may react in
some reversible manner, it must not be subject to cleavage
to give irreversible reaction products during the dimeriza-
tion process. Such cleavage action destroys the ether and
introduces into the reacting system metallic alkoxides
which, in turn, tend to induce the polymerization reaction
rather than the desired dimerization reaction.

Inert reaction miedia can be employed in limited
amounts. In general, these inert media will be intro-
duced with the sodium dispersion as the liquid in which
the sodium is suspended. They have the principal effect
of diluting the ethers. The concentration of ether in the
reaction mixture should at all times be maintained at a
sufficient level to have a substantial promoting effect
upon the dimerization reaction.

It is also desirable to include in the dimerization re-
action mixture a relatively small amount of at least one
compound of the polycyclic aromatic class. By this term
it is intended to include both condensed ring hydrocarbons
such as naphthalene and phenanthrene, as well as the
uncondensed polycyclic compounds such as diphenyl, the
terphenyls, dinaphthyl, tetraphenyl ethylene, and the like.
It is also intended to include mixtures of these com-
pounds. The compounds such as diphenyl and the ter-
phenyls and their mixtures have been found to be par-
ticularly useful. The amount of the hydrocarbon re-
quired will vary over a range which in every case will be
relatively small in comparison with the amount of vinyl
compound undergoing dimerization. The exact amount
in any particular reaction will depend on temperature,
time of reaction and the chemical structure of the reactant
material. Concentrations in the range of 0.1 to 10 wt.
percent based on amount of vinyl aromatic compound are
ordinarily quite sufficient.

It is a further requirement in the process that the re-
action temperature preferably be held below 6° C. The
temperature range between —20 and —75° C. is the pre-
ferred one. Generally speaking, the styrenes undergo
extensive polymerization at temperatures above 0° C.
with the result that a great deal of polystyrenes are
formed rather than the desired disodium dimers.

It has also been found advantageous to carry out the
dimerization of the diolefin in the presence of at least
one solid friable attrition agent. These activating mate-
rials have been found especially valuable for increasing
the reaction rate where the dimerization is done in at-
trition type apparatus such as a ball mill or pebble mill.
Friable materials are those which are relatively easily
pulverized in this type of apparatus, These materials
can further be used either alone or in conjunction with
the polycyclic aromatic compounds. Materials which are
snitable for use as the solid friable attrition agents in-
clude inorganic solids such as alkali metal salts, for
example, sodium chloride, sodium sulfate, and potassium
sulfate. Also useful is the class of compounds which
consist of metallic and non-metallic oxides which are not

10

15

30

40

45

60

4

reactive with metallic sodium under the reaction condi-
tion, for example, sand (silicon dioxide), diatomaceous
earth (cellite), zircon, and rutile. Carbon, such as in
the form of graphite, can also be used. The material
can be utilized in a mumber of ways. For instance, it
can be utilized by the addition to the reaction zone of a
suitable attrition agent which has been preground or
otherwise adjusted to a satisfactory, useful particle size.
On the other hand, a relatively coarse size salt or oxide
can be added to a pebble mill or ball mill and, while in
contazt with the solid alkali metal, the friable attrition
agent is ground down to effective size.

The reaction may be carried out in a stirred reaction
vessel. In one typical method for carrying out the inven-
tion, the scdium or potassium dispersion is initially pre-
pared by placing an inert hydrocarbon in a suitable vessel
with the appropriate weight cf sodium. Using finely dis-
persed sodium it is only necessary to employ an equi-
molar amount with the vinyl compound to be dimerized.
Although a slight excess may be added, it is unneces-
sary. The mixture is heated in a surrounding bath or
otherwise until the sodium has melted, temperature 97—
99° C. Then a suitable high speed agitator is started
and, preferably, an emulsifier consisting, for example, of
15 % (based on sodium) of the dimer of linoleic acid is
added. After a short period of agitaticn a test sample of
the dispersion shows the particle size to be in the 5-15
micron range. The stirring is stopped and the dispersion
is allowed to cool to room temperature. This dispersion
is now ready to be used in the herein described selective
dimerization. Any dispersion having sufficiently finely
divided scdium or potassium will suffice. For example,
completely saturated dibutyl ether, iscoctane, normat
octane, n-heptane, or straight run kerosenes, may be
employed as suspension media for the dispersion. Gther
well-known substances may be used instead of the dimeric
linoleic acid as the dispersing agent. The dispersion is
cooled to and maintained below 0° C. and the vinyl com-
pound intrcduced.

This reaction may be carried out either in a batchwise
or in a continuous manner, and it is not intended to limit
the process to any particular method of operation.

The dimetallic derivatives of the dimers which are
selectively formed are produced in the reaction mixture.
These products, depending on the initial reactant and the
reaction medium, may be either soluble or insoluble in
the final reaction mixture.

These dimetallic derivatives constitute novel composi-
tions. They can either be isolated as such, or since they
tend to be unstable and difficult to handle, they can be
directly and immediately thereafter subjected to further
reactions to form valuable derivatives. For example, sub-
sequent carbonation of the mixture containing the prod-
ucts yields the salts of dicarboxylic acids. The carbona-
tion may be done by subjecting the dimetallic derivatives
to dry gascous carbon dioxide or by contact with solid
carbon dioxide. The temperature should be controlled
below 0° C. to avoid formation of large amounts of un-
wanted by-products and decomposition of the intermedi-
ates. These salts will contain two more carbon atoms than
the dimetallic dimers from which they are produced.
in the case where styrene is the starting vinyl compound,
there results by this method the selective production of
diphenyl-1,6-hexanedioic acids, the 2,5-diphenyl-1,6-hex-
anedioic acid isomer predominating in the products. Both
the meso and racemic dl mixture are produced. In the
case where the vinyl toluenes are the starting vinyl aro-
matic materials, there results as the final product after
carbonation, a mixture of the isomeric ditolyl adipic acids.

It is important, when producing the diacids and their
salts, to carry out the dimerization and carbonation as
two separate steps. The dimetallic dimer is first made
and the carbonation is done as soon afterwards as possible.

The diacid salts are water soluble and may easily be
separated by a water extraction. Alternatively, they may
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be converted to the free acids by acidification and sep-
arated by filtration, evaporation, and/or solvent extrac-
tion.

These diacid products can be used as chemical inter-
mediates, and in the preparation of polyesters, poly-
amides, alkyd resins, plasticizers, and synthetic lubricants.

It is also a feature of this invention that the process
can be used to prepare good yields of 1,4-diphenylbutane,
by hydrolysis of the dialkali metal dimers prepared by
the herein described selective dimerization reaction. The
dialkali metal dimers are novel compounds and are so
contemplated to be a feature of this invention, These
are 1,4-dialkali metal derivatives of 1,4-diphenylbutane,
and particularly, the 1,4-disodium derivative. Following
the reaction of the vinyl aromatic hydrocarbon, prefer-
ably styrene with the sodium dispersion, the dialkali metal
dimers thus obtained are contacted with a reagent having
at least one active hydrogen and being capable of reacting
with the dialkali metal compounds to remove sodium
therefrom. The hydrolysis reaction produces the di-
phenylbutane which may be isolated by conventional
means as by distillation, extraction, etc. Typical hy-
drolyzing reagents which may be used are water, alco-
hols, glycols, acids, both organic and inorganic, hydrogen
chloride, hydrogen bromide and the like.

The diphenyl butane so produced may be used as an
intermediate for dyestuffs, surfacants, oxidation inhib-
itors, resins and polymers and the like. It may be sub-
jected to such further reactions as sulfanation, nitration,
oxidation, halogenation, and the like to form further
derivatives.

The invention will be described in greater detail by the
following examples. These examples and embodiments
are illustrative only and the invention is not in any way
intended to be limited thereto except as indicated by the
appended claims. All parts are expressed by weight
unless otherwise specified.

Example 1

About 360 parts of ethylene glycol diethyl ether and
2 parts o-terphenyl were charged to a stirred reactor in
which a nitrogen atmosphere was maintained. A dis-
persion, consisting of 12.2 parts of metallic sodium dis-
persed in about 50 parts of n-butyl ether (average particle
size 20 microns) was added to the reactor. The mixture
was cooled to about —60° C. About 26 parts of styrene
admixed with about 180 parts of ethylene glycol diethyl
ether was added slowly to the reactor over a period of 4
hours. During this period rapid agitation of the reacting
mixture was maintained.

After completion of the styrenme addition, the entire
reactor contents were poured onto an excess of crushed
solid carbon dioxide while maintaining continuous stir-
ring.

After the unreacted carbon dioxide had sublimed, the
reaction mixture was quenched by the addition of about
200 quarts of water. The water and organic solvent
layers were separated and the solvent layer washed with
portions of sodium carbonate solution,

These wash portions were added to the water layer
and the resulting total mixture was acidified to a pH of
about 5 using concentrated hydrochloric acid. The di-
phenyl adipic acid product precipitated. The crude acid
was washed with small portions of benzene-ethanol mix-
ture in a 6:1 ratio. The pure acid product was obtained
as a white powder in about 36% yield. This product
showed a neutral equivalent of 150 compared to the
theoretical value of 149,

Another experiment was carried out similar in every
way to that described above except that the dimerization
was done at —25° C. rather than at —60° C. The
carbonation was also carried out at —25° C. Substan-
tially the same yield of diphenyl adipic acids was ob-
tained as in the above described experiment.
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Example 2

About 9.5 parts of the diphenyl adipic acid product
obtained as described in Example 1 above was dissolved
in a hot mixture of benzene and ethanol (11:1 volume
ratio). The solution was concentrated to about 85% of
its initial volume. On cooling, 0.65 parts of solid ma-
terial, melting at 248° C., crystallized. Continued step-
wise concentration and filtration of the precipitated solid
material gave a total of six fractions as shown below.

Fraction No, 1 2 3 4 5 [}
‘Welght, pts.cceoeene 0. 65 1.85 0,10 2. 95 15 0.5
M.P,°Coaenn 248 245 205 203 203 203

Fractions No., 1 and 2 were combined and recrystal-
lized twice from glacial acetic acid, giving colorless
crystals, M.P. 259-260° C. Further recrystallization did
not change the melting point. This material is presum-

ably the meso form of 2,5-diphenyl-1,6-hexanedioic acid.
The elemental analysis of this product was as follows:
Calcfgiated Found
C13H1804
Carbon 72.47 72.3
Hydrogen: 6.08 6.0
Neutral Equiv 149 151

Fractions No. 4 and 5 were combined and recrystal- .
lized three times from glacial acetic acid to yield material
melting at 208° C. Further recrystallization did mot
change the melting point. This material is presumably
the dl-2,5-diphenyl-1,6-hexanedioic acid.

The elemental analysis of this product was as follows:

Oalcigi‘ated Found
C1sH1304
Carbon 72.47 72.5
Hydrogen 6. 08 6.2
Neutral Equiv. 149 151

Example 3

In order to show the chemical structure of the di-
phenyl hexanedioic acid product formed and to prepare
1,4-diphenylbutane, the disodium derivative initially
formed was reacted with water rather than with carbon
dioxide. Thus, the product formed is a diphenylbutane
rather than a diphenyl hexanedioic acid. The structure
of the diphenylbutane produced establishes the corre-
sponding structure of the disodio derivative from which
it was subsequently formed.

The sodium dispersion was prepared as in Example 1
and added to a solution of p-terphenyl in ethylene glycol
diethyl ether solvent. The solution was reacted with
styrene as described before. The disodium derivative
was then treated with excess water. The organic solvent
and water layers were separated and the water layer
discarded. The solvent was stripped from the organic
layer, the residue was dissolved in a small amount of
toluene and ethanol added to precipitate the polystyrene
polymer. This precipitated polymer was separated by
filtration, the solvents removed by distillation and the
residue distilled under reduced pressure. The fraction
boiling at 140° C. at 15 mm. pressure was isolated and
allowed to crystallize at room temperature. After re-
crystallization from ethanol, this product melted - at
52-53° C. This melting point did mot change after
further recrystallizations. A mixture of this material
with a known sample of 1,4-diphenylbutane gave no de-
pression in melting point.

This experiment indicates that about 90-95% of the
disodium derivative formed is the isomer leading to the
2,5-diphenyl hexanedioic acid. A small quantity (not
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more than 10%) of oil, indicating the formation of other
diphenyl-butane isomers, was also obtained.

Example 4

[+
o
about 52-54° C., and was thus identified as 1,4-diphenyl-
butane.
What is claimed is:
1. The process which comprises reacting styrene with

Another reaction was carried out similar to that of 5 a finely dispersed alkali metal in a reaction medium

Example 1. In this experiment about 400 parts of
ethylene glycol and about 2 parts of p-terphenyl were
placed into the stirred reactor in which a nitrogen at-
mosphere was maintained. A dispersion, consisting of
12.2 parts of metallic scdium dispersed in about 50 parts
of n-butyl ether (average particle size about 20 microns)
was added to the reactor. The mixture was cooled to
about —30 to —40° C. and about 26 parts of styrene
admixed with about 100 parts of ethylene glycol diethyl
ether added to the reactor over a period of about 3%
hours. During this addition period, agitation of the
reacting mixture was maintained.

After completion of the styrene addition, about one-
half of the reaction mixture was poured onto an excess
of crushed solid, carbon dioxide while maintaining con-
tinuous stirring. The resulting carbonated reaction mix-
ture was treated to recover the diphenyl adipic acid as
described in Example 1.

The other one-half of the reaction mixture was con-
tacted with an excess of water at a temperature of about
-4-10° C. and was handled substantially as that described
in Example 3 in order to isolate and recover the 1,4-
diphenylbutane. The organic solvent and water layers
were separated and the water layer discarded. The
solvent was stripped from the organic layer, the residue
dissolved in toluene, and the by-product polystyrene
polymer precipitated. This precipitated polymer was
separated by filtration, the solvents removed by distilla-
tion and the residue distilled under reduced pressure. A
fraction boiling at abcut 140° C. at 15 mm. pressure
was isolated and crystallized. The material melted at
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comprising substantially an ether selected from the
group consisting of aliphatic monoethers having a meth-
oxy group and an oxygen to carbon ratio of not less
than 1:4 and polyethers derived from an aliphatic poly-
hydric alcohol having all the hydroxyl hydrogen atoms
replaced by alkyl groups and mixtures thereof, in the
presence of a relatively small amount of a polycyclic
aromatic compound at a temperature of below about
0° C. to provide a reaction mixture comprising di-
alkali metal dimers of styrene, and hydrolyzing said
dialkali metal dimers to obtain a hydrolysis product sub-
stantially comprising 1,4-diphenylbutane.

2. A process, as defined in claim 1, wherein the poly-
cyclic aromatic compound is a polycyclic aromatic hydro-
carbomn.

3. A process, as defined in claim 2, wherein the al-
kali metal is sodium, and the dialkali metal dimers are
hydrolyzed in the presence of water.
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