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column of alumina. Some black cupric bromide was formed
during the synthesis of the benzyl derivative in Table IT in-
dicating that a portion of the dihalide underwent a typical
Ullmann biaryl coupling.

Cuprous Benzenethiolate.—Following the same method,
but without added halide, a mixture of 15.2 g. (0.07 mole) of
phenyl disulfide and 8.9 g. (0.14 g.-atom) of copper powder
in 200 ml. of dimethylacetamide was heated to reflux for 3
hr. Water was added to precipitate all the cuprous salt as a
light yellow solid, which was collected and washed with
ethanol. There was obtained 21 g. (87.5%, yield) of dry
cuprous benzenethiolate, char point 255°, soluble in pyridine,
insoluble in water.

Anal. Caled. for CHsCuS: 8, 18.57. Found: S, 184,
These results are identical to those produced by the same
salt prepared by another method! from benzenethiol and
cuprous oxide in ethanol.

Acknowledgment.—The author wishes to ex-
press his gratitude to Dr. E. E. Campaigne for the
basic postulation behind this work. Appreciation
is also extended to our Analytical Group who per-
formed all analytical determinations and to Dr.
Q. E. Thompson for his helpful suggestions con-
cerning the manuscript.

The Preparation of Cycloheptylamine

Mogris FREIFELDER, WiLLIaAM D. SMART, AND
GEORGE R. STONE

Organic Research Department, Abbott Laboratories, North
Chicago, I1l.

Received January 19, 1961

The need in this laboratory for pure cycloheptyl-
amine prompted an investigation of methods of
synthesis in which readily available or easily pre-
pared intermediates could be used. Since the
Ritter reaction with cycloheptanol gives a mixture
of products! and chemical reduction of cyclohepta-
none oxime results in poor yield,? they were not
considered. A more logical approach appeared to
be reductive amination of cycloheptanone (A) or
catalytic hydrogenation of its oxime (B). While
method A gave a good yield, the resultant product
was found to be contaminated with cycloheptanol.
High pressure reduction of the oxime in the presence
of Raney nickel and ammonia gives a good yield.?
However, except in small size runs, the exothermic-
ity of the reaction even with a low catalyst ratio
made us aware that the reduction could get out of
hand. Rhodium-on-alumina on the other hand
proved highly satisfactory even with undistilled
oxime in low pressure hydrogenations in the absence
of ammonia. Under these conditions, uptake of
hydrogen was entirely too slow when Raney nickel
was used.
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Experimental

Method A.—A selution of 101.5 g. (0.905 mole) of cyclo-
heptanone,* 100 cc. of ethyl alcohol and 100 cc. of liquid
ammonia was placed in 8 1-1. rocker bomb. Raney nickel
(20.0 g.) was added and the mixture hydrogenated at 70° and
100 atm. TUptake of hydrogen was complete in less than 1
bhr. The reaction mixture was filtered from the catalyst
and the solution and washings concentrated. The residue
was treated with 209 hydrochloric acid and the mixture
extracted with ether to remove cycloheptanol (about 20 g.
of crude alcohol was obtained). The acidic solution was
kept at room temperature while adding solid potassium hy-
droxide until the mixture was strongly basic. The mixture
was then extracted thoroughly with ether (some water may
be added to dissolve potassium chloride). The extract was
dried over potassium hydroxide. The solution was filtered
and the ether distilled. The residue on fractionation yielded
619, of cycloheptylamine boiling at 172-175° (750 mm.).*

Low pressure reductions with a higher catalyst ratio (309,)
required a longer time but gave about the same yield.

Method B. Cycloheptanone Oxime.t—A solution of 4000
g. (35.72 moles) of cycloheptanone in 3500 ce. of methyl
aleohol was treated with 3000 g. (43.16 moles) of bydroxyl-
amine hydrochloride. It was then stirred for 1 hr. while
heating to 80°. While this temperature was maintained, a
solution of 1560 g. of sodium hydroxide in 3500 cc. of water
was added over a 4-hr. period. The reaction mixture was
then refluxed for 1-2 hr. and allowed to cool to room tem-
perature. An oily layer separated, which was removed and
dried over anhydrous magnesium sulfate. The oil,” after
filtration from the drying agent, was dissolved in 9000 cc. of
methyl aleohol and placed in a 10-gal. glass-lined reactor, to
which 450 g. of 59, rhodium-on-alumina8 was added. The
mixture was hydrogenated under 0.75 to 1.0 atm. The tem-
perature rose gradually to 60° and was maintained there
until reduction was complete. The solution was filtered
from the catalyst and concentrated. The residue was
fractionated. An over-all yield of 809, of cycloheptylamine
based on cycloheptanone was ohtained.

Hydrogenation of distilled oxime carried out in a Parr
shaker under 3 atm. pressure gave about the same over-all
yield.
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In the course of studies related to heterocyclic
chemistry® we have had occasion to examine the
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