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ABSTRACT OF THE DISCLOSURE

A process for the dimerization of 1,3-butadiene to 4-
vinylcyclohexene may be practiced to produce high yields
by the use of certain catalyst systems which include (1)
secondary aromatic amines, or (2) metal acetylacetonates,
or (3) mixtures of (1) and (2), or (4) mixtures of (2)
and triphenylphosphine,

BACKGROUND AND SUMMARY OF THE
INVENTION

This invention relates to a process for the production
of dimers of 1,3-butadiene, specifically 4-vinylcyclohex-
ene. More particularly, the invention is directed to an
improved catalyst system which, in the presence of a con-
ventional diluent and polymerization inhibitor, can pro-
duce 4-vinylcyclohexene with relatively high yields, for
example, 84% to 91% based on the weight of reacted
butadiene,

Conventional catalyst systems described in the prior

art include oxides, complex carbonyl compounds, olefins,
metal salts, secondary aliphatic amines, metals, as well
as ultra-violet radiation. Of those listed herein, the most
effective have been found to be dialkyl amines (discussed
in U.S. Pat. No. 2,943,117), metal salts (discussed in U.S.
Pat. No. 2,544,808), and metal, such as iron powder (dis-
cussed in German Pat. No. 949,466). ’

By the present invention, additional catalyst systems
have been found in which the yields are consistently
above 80%, are reasonably inexpensive, easy to handle,
and very effective in the production of 4-vinylcyclohexene.,
Catalyst systems which may be employed are (1) sec-
ondary aromatic amines; (2) metal acetylacetonates; (3)
mixtures of (1) and (2); or (4) mixtures of (2) and
triphenylphosphine. The process is carried out in the
presence of up to 60%, based on the weight of the 1,3-
butadiene, or inert diluent, preferably 12 to 34% by
weight, at a pressure of atmospheric to 650 p.si., prefer-
ably 220 to 410 p.s.i., and at a temperature of 100 to 170°
C., preferably 120 to 150° C. The inert diluent may be
an aromatic or halogenated aromatic solvent. A small
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amount of a polymerization inhibitor, such as p-tert-butyl-
catechol, is also conventionally used,

DETAILED DESCRIPTION. OF THE INVENTION

In order to further illustrate the invention, reference
will be made herein to certain specific examples which
are intended to be illustrative, and not in any sense limit-
ing.

EXAMPLE 1

A one liter stainless steel autoclave, fitted with a nitro-
gen inlet and outlet and a thermocouple well, was charged
with 5 g. (2.6% by weight based on butadiene charged)
of N-phenyl-2-naphthylamine, 0.3 g. of p-tert.-butylcate-
chol (polymerization inhibitor) and 50 ml. (65 g., 34%
by weight) o-dichlorobenzene (diluent). After being
flushed with nitrogen to remove all residual air and sealed,
the autoclave was cooled in a Dry Ice-acetone bath and
charged with 191.7 g. of 1,3-butadiene. The charged auto-
clave was heated at 130-140° C. for 8 hours. During this
time, the maximum internal pressure was 300 p.s.i., and,
after 8 hours, dropped to 220 p.si. After 8 hours, the
autoclave was left to cool to room temperature over-
night, after which time, unreacted butadiene was vented
from the autoclave. The liquid residue which remained
was fractionated through a glass column (23 x 2 cm.)
filled with glass helices. The yield of 4-vinylcyclohexene
(B.P. 127-130° C.) was 85.2% (based on reacted buta-
diene). ‘

EXAMPLE 1II

A one liter stainless steel autoclave, fitted with a nitro-
gen inlet and outlet and a thermocouple well, was charged
with 10 g. (5.2% by weight) of di-2-naphthylamine, 0.6
g. of p-tert.-butylcatechol, and 32.5 g. (17% by weight)
of o-dichlorobenzene (diluent). After the autoclave was
flushed with nitrogen to remove residual air and sealed,
it was cooled in a Dry Ice-acetone bath, and charged with
193.4 g. of 1,3-butadiene. The charged autoclave was
heated at 139-141° C. for 8 hours, during which time the
internal pressure ranged from 390-27¢ p.si. The auto-
clave was left to cool to room temperature overnight, and
the unreacted butadiene removed by venting. The liquid
Tesidue which remained was fractionated as-in Example
I, and an 88.3% yield of 4-vinylcyclohexene was ob-
tained.

Metal acetylacetonates alone and in combination with
either secondary aromatic amines or triphenylphosphine
are also effective catalysts in producing high yields of 4-
vinylcyclohexene (4-VC).

By following the procedures of Examples I and II with
different catalyst systems, the table below groups together
additional examples.

TABLE I.—DIMERIZATION OF 1,3-BUTADIENE

Inert diluent Re-

Catalyst action Internal Percent

Cone., wt. Cone., wt. time, Temp., pressure, yield,

Example No. Name percent Name percent hours °C. p.s.i 4+VC
mre .. Piperidine. cccooeeoo_oo. 2.6 Toluene 16.6 8 135-140 270-420 11,9
v o N-I;)heny]-z-naphthylami 5.2 O-dichlorobenzene 13.8 8 120-150 310-370 84,8
Voo... --- Ferric acxi,tylacetonatle___{. g 2 aeeen do 13.8 8 138-141 220-410 85.4

N-phenyl-1-naphthylamine..._.... . 6 » .
VIeeoeoooeens gerric ace%y}ace%onage _____________ g g} """ do 12.8 8 130-150 830-890 84.1
erric acetylacetonate... - A "

VI eiphe iy acetonate. 2 o 13.8 8 180-140 270-400 01.3
VII...ooo... N-phenyl-1-naphthylami 7.8 oo do.. 13.8 8 130-145 240-360 83.9
IX 1. Diethanolamine._......... 2.6 ... do.. 24,3 8 128-138 260-330 35.8
P, S N-phenyl-l-naphthylamine. . 3T s do.. 24,3 8 134-168 340-600 88.8
. ¢ SN Di-2-naphthylamine. .. ........... 150 Toluene, 60.0 48 100-120 50-220 81 5
XII... <. Di-l-naphthylamine._. _ _._........ 10,0 e cacaes 3 140-150 440-550 83.2
XIIT.. --- N-phenyl-i-naphthylamine_...... 0.3 Chlorobenzen 12 130-150 350-450 80,5
XIV... --- N-phenyl-2-naphthylamine.___... 5,0 Xylene. .aceceaeeceanonn 6 160-170 500-650 90.3

1 Piperldine and diethanolamine belong to the elass of secondary ali-
phatic amines which are claimed to be efiective catalysts in this process
in the prior art. Our experiments have shown that the ylelds of 4-vinyl-

cyclohexene (4-VC) are mauch higher when the novel catalysts of this
invention (secondary aromatic amines, triphenylphosphine, and/or
ferric acetylacetonate) are used.
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The examples in Table I clearly show that secondary
aromatic amines are superior to secondary aliphatic
amines for use in such catalyst systems. In the absence
of any catalyst, no 4-vinylcyclohexene is formed from
1,3-butadiene at similar conditions.

While this invention has been described in connection
with certain specific embodiments thereof, it is to be
understood that this is by way of illustration and not
by way of limitation; and the scope of the appended
claims should be construed as broadly as the prior art
will permit.

What is claimed is:

1. The process of dimerizing 1,3-butadiene to pro-
duce 4-vinylcyclohexene which comprises maintaining
1,3-butadiene in contact with a catalyst selected from the
group consisting of (1) secondary aromatic amines;
(2) ferric acetylacetonate; (3) mixtures of (1) and (2);
and (4) mixtures of (2) and triphenylphosphine.

2. The process as defined in claim 1, wherein the con-
centration of said catalyst is from 0.3 to 15% by weight,
based on the weight of said butadiene.

3. The process as defined in claim 2, wherein said
reaction is maintained for at least 3 hours,

4. The process as defined in claim 3, wherein said
reaction mixture is maintained at 100° to 170° C.

5. The process as defined in claim 4, wherein said
reaction mixture is maintained at a pressure of atmos-
pheric to 650 p.s.i.

6. The process as defined in claim 5, wherein said
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reaction mixture is maintained in the presence of an
inert diluent in a concentration of 0 to 60% by weight
(based on the weight of said butadiene).

7. The process as defined in claim 6, wherein said
inert diluent is an aromatic or halogenated aromatic sol-
vent,

8. The process as defined in claim 1, wherein said
secondary aromatic amine is N-phenyl-2-naphthylamine.

9. The process as defined in claim 1, wherein said
secondary aromatic amine is dinaphthylamine.

10. The process as defined in claim 1, wherein said
secondary aromatic amine is N-phenyl-1-naphthylamine.

11. The process as defined in claim 1, wherein said
catalyst is a mixture of N-phenyl-1-naphthylamine and
ferric acetylacetonate.
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