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Synthesis of Adiponitrile from Tetrahydrofurane.

By Masaharu KATUNO.
(Received July 29, 1946.)

This paper is the 6th report on the studies of furfural and its
related compounds®.

In the previous reports®, an attempt was described to prepare
butadiene by the catalytic dehydration of tetrahydrofurane, which was
obtained from furfural. In the present report an attempt was described
to prepare adiponitrile and adipic acid, which have recently obtained an
industrial significance as the intermediates for synthetic fibre, from
tetrahydrofurane by the following schema :

CH,—CH, HBr KCN
| | —_— Bl‘{CHa)qBr - > NC(CH:JJCN
CH, CH. (H.S0,)

No/ - ———> HOOC(CH,);-COOH

There are some literatures on the bromination of tetrahydrofurane
into tetramethylene dibromide, using HBr in acetic acid® , fuming hydro-
bromic acid® and dry hydrogen bromide gas® . In the present investiga-
tion tetrahydrofurane has been brominated with hydrobromic acid in the
presence of sulphuric acid, following the method described in ‘‘ Organic
Syntheses”’. The yield of tetramethylene dibromide was about 642 of the
theoretical. The mixture of hydrobromic acid and sulphuric acid was pre-
pared by mixing commercial 45% hydrobromic acid and sulphuric acid
or by the reduction of the mixture of bromine and water with sulphur-
ous anhydride, both giving similar results.

There is only an old report on the preparations of adiponitrile from
tetramethylene dibromide!®. Tetramethylene dibromide was heated with
aqueous ethanol solution of potassium cyanide and adiponitrile was ob-
tained in the yield of about 75-782. The reaction of tetramethylene
dibromide with aqueous solution of potassium eyanide gives unsatisfac-
tory results, probably due to the low solubility in the aqueous layer.
Although the formation of isomers containing isonitril group CN-(CHp)s-
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CN and CN-(CH_)s-NC, in small amounts as byproducts is to be expected,
they were not identified in the present investigation.

The hydrolysis of adiponitrile into adipic acid proceeds almost quan-
titatively by the ordinary method of heating the solution with sulphurie
acid.

The hydrogenation of adiponitrile into hexamethylene diamine, on
which there are several recent patents and literatures, was not attempted
in the present investigation. Although adipic acid and hexamethylene
diammine are obtained from phenol, they can also be obtained from fur-
fural by the following rout.

— R - CH,~CH,
H | i ]
L =l = e
\0 /™CcHO \0 /\'CJOH ~o \0 /
COOH

_ HOOC-(CH,),
——-> Br{CH,),Br ——> NC(CH,),CN
N H,N-(CH,);-NH,

Experimental 1. Tetramethylene dibromide from tetrahydrofurane :
471 g. of commercial 452 hydrobromic acid (contained 439 of HBr by
titration) was mixed with 125 g. of 972 sulphuric acid under cooling.
72 g. (1.0 mol) of tetrahydrofurane (bp. 66.0-67.0°C; d* = 0.8884; n}y =
1.4073), which was obtained from furfural in the previous reports®,
was mixed with the above acid and heated at about 100°C for about 7
hrs. with reflux condenser under occasional shaking. After cooling,
lower layer of tetramethylene dibromide was pipetted out (yield 136 g.).
The upper aqueous layer was distilled using 20 em. Widmer column,
Only a negligible amount of tetrahydrofurane fraction was recovered,
and from the subsequent fraction boiling between 95°-125°C (125 g.),
which separates into two layers, 36 g. of lower layer of tetramethylene
dibromide was separated. The yield of tetramethylene dibromide was
172 g. (0.797 mol or 79.7 % of theoretical), and it was redistilled under
reduced pressure, and 138 g. of crude tetramethylene dibromide (0.639
mol or 63.9 % of the theoretical) boiling at 90°C/23 mm.-92°C/22mm.
was obtained.

Similar results were obtained by using the mixture of hydrobromie
acid, water and sulphuric acid which was prepared by the reduction of
the mixture of bromine and water with sulphurous anhydride.

The erude tetramethylene dibromide, obtained from three experiments,
was purified by redistillation, and a colourless, heavy liquid with stimu-
lative smell was obtained. Bp. = 83°C/18mm.-86°C/19mm. d = 1.8080;
n® = 1.5175; MR, = 86.21(found); 86.20(caled. for C,HgBr;). Anal. C:
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22,629, 22.64% ; H: 3.83% ; 3.869 ; Caled. for CsHsBr,: C: 22.25% ; H:
3.78% .

2. Adiponitrile from tetramethylene dibromide: Expt. 1. A four-
necked flask of 500 ce. content, equipped with a mercury-sealed stirrer,
dropping funnel, thermometer and reflux condenser, was used. 19 g. of
potassium ecyanide (0.29 mol) was dissolved in 25 cec. of water, and 56 g.
(about 70 cc.) of absolute alcohol was added. 21.6 g. of tetramethylene
dibromide (0.10 mol) was dropped under stirring, and the temperature
was raised to about 75°C. on the water bath with automatieally con-
trolled burner. The mixture was stirred for 4 hrs. at 756°C ‘and then
allowed to cool.’

Ethanol was removed by distillation up to 90°C using 20 em. Widmer
column. . Adiponitrile, which forms the upper layer, was separated,
and the aqueous layer was extracted three times with ethyl acetate,
and the extract was joined with the adiponitrile layer. The solvent was
removed by distillation, and adiponitrile was distilled under reduced pres-
sure. 8.1 g.(0.075 mol or 75% of the theoretical against tetramethylene
dibromide) of crude adiponitrile boiling at 140-141°C/6mm. was obtained.

Expt. 2. The amount of ethanol used was decreased, and the sep-
aration of adiponitrile was slightly modified. 19 g. (0.29 mol) of potassium
cyanide was dissolved in 25ce. of water and 30 ce. of ethanol was added,
and heated to 75°C under stirring. 21.6 g. (0.10 mol) of tetramethylene
dibromide was dropped in 10 min., and stirred for 5.5 hrs. at 75°C.

After cooling, 50 ec. of water was added to the product to dissolve
the erystal separated, and thus adiponitrile formed the upper layer. The
mixture was extracted four times with ethyl acetate, and the extract
was distilled under ordinary pressure to remove ethyl acetate, and then
under reduced pressure. 8.4 g. of erude adiponitrile (0.078 mol ; or 78%
of the theoretical) boiling at 173.5-140°C/5 mm. was obtained.

Expt. 3. The reaction was carried out without using ethanol. 21.6
g. (0.10 mol) of tetramethylene dibromide was dropped in the solution
of 19 g. of potassium cyanide (0.29 mol) and 25 ce. of water, under stir-
ring at 75°C, and stirring was continued for 6 hrs. Tetramethylene
dibromide, which separates as lower layer, was recovered, and the aqueous
layer was extracted three times with ethyl acetate, and the extract
was joined with the tetramethylene dibromide layer. Ethyl acetate was
distilled off, and tetramethylene dibromide was recovered by distillation
under reduced pressure. Yield 17.1 g. (79%), boiling between 65-80°C/
7.5 mm. Little formation of adiponitrile was observed.

Expt. 4. 95 g. of potassium cyanide (about 1.5 mol) was dissolved
in 100 ce. of water and 79 g. (about 100 cc.) of absolute ethanol was added,
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and was stirred at 75°C. 108.0 g. (0.50 mol) of tetramethylene dibromide
was dropped in about 10 minutes. The temperature of liquid was raised
gradually to aboul 85°C and the boiling of the liquid began. The mixture
then was cooled for a while and heated again to 75°C, and was stirred
for about 6 hrs.

Ethanol was distilled off using 20 em. Widmer column up to the
temperature 90°C. The adiponitrile layer was separated, and the aqueous
layer was extracted with ethyl acetate. The solvent was removed by
distillation, and 28.8 g. of crude adiponitrile (0.267 mol or 53.4% of the
theoretical) boiling between 145-160°C/8 mm. was obtained. Purification
of adiponitrile: Crude adiponitrile was redistilled and the main fraction
boiling at 165-166°C/16 mm. was obtained. It is a colourless, slightly
viscous liquid. d2® = 0.9396; nZ = 14390 ; MRp = 30.91 (obsd.); 29.54
(caled. for (CHg)s(CN)s). Anal. :€:66.60% ; 66.76% ; H:7.40%; 7.77% ;
Caled. for CeHgNz:C:66.642 ; H:7.46%.

3. Adipic acid from adiponitrile: 2.0 g. of adiponitrile was dis-
solved in 10 g. of 622 sulphuric acid, and heated at about 100°C. The
liquid separated crystal after about 2 hrs. After heating more than
3.5 hrs., it was allowed to cool. The crystal of adipic acid was washed
with a small amount of water, wiped with filter paper, and dried to
constant weight by steam oven and evacuated desiceator. 2.7 g. (100%
of the theoretical) of erude adipic acid was obtained. It was reerystal-
lised twice from water after treating with charcoal, and 1.1 g. (41% of
the theoretical) of pure adipic acid was obtained. It is a snowwhite
crystal with mp. 149.0-149.5°/C (uncorr.).

Anal. C:49.142% ; 48.95% ;: H:6.842 ; 6.942 . Caled. for CgHy0,:
C:49.31% ; H: 6.90%.

Summary.

The synthesis of adiponitrile and adipic acid from tetrahydrofurane,
which was obtained from furfural, has been attempted, according to
the following schema :

CH,—CH, HBr

KCN
i | —— Br(CH,,Br ——> NC(CH.),CN - —> HOOC(CH,),CO0H
CH, CH. (H.S0,)

No”
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