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It has been generally recognized that the catalytic hydrogenation of
substituted compounds is usually more difficult than in the case of the
simpler compounds. Whether this apparent lowering in reactivity is due
to spatial effects or otherwise is uncertain, but it seems worth while to
study rather completely and carefully the hydrogenation of compounds
which may be considered to fall into this group. Therefore the hydro-
genations of triphenylcarbinol, triphenylmethane, dicyclohexylphenyl-
methane, 1,3,5-triphenylbenzene, triphenylamine, 1,3,5-trimethylbenzene
and 2,2',4,4',6,6'-hexamethyldiphenyl have been investigated. The
experimental methods and apparatus were essentially the same as those
previously described.!

The significance for the present of most of the results reported in this
paper lies in the establishment of experimental conditions under which
these hvdrogenations may be carried out, so that little need be written in
addition to the tabulation. There is recorded in Table I a summary of
the experimental conditions and results obtained in typical experiments
in the hydrogenation of the above list of compounds. There are reported:
(1) the name of the compound, (2) the amount submitted to hydrogena-
tion, (3) the amount of hydrogen absorbed, (4) in the time and (5) at the
temperature, (6) and pressure, (7) over the catalyst, (8) and in the amount
of solvent indicated; (9) the yield(s) of, (10) product(s) having, (11) the
physical constants compared with, (12) the physical constants, (13) pre-
viously reported.

The most noteworthy observation made in connection with the hydro-
genation of these compounds was that water or ethanol inhibited the re-
duction of the benzenoid ring in dicyclohexylphenylmethane, while they
were without effect upon the hydrogenation of two of the benzenoid rings
in triphenylmethane. Dicyclohexylphenylmethane was formed quantita-
tively by the hydrogenation of triphenylearbinol in alcohol or methylcyclo-
hexane, and of triphenylmethane in alcohol or in methylcyclohexane
containing water. Dicyclohexylphenylmethane in ethanol solution ab-
sorbed no hydrogen over an active nickel catalyst at 200° under a pressure
of 100 atmospheres of hydrogen.

Tricyclohexylmethane was readily formed by the hydrogenation in
methylcyclohexane of triphenylmethane or dicyclohexylphenylmethane.

1 Adkins and Cramer, TExs JOURNAL, 52, 4349 (1930).
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It was found to be a white crystalline substance melting at 58.5~59.5°
rather than a liquid as reported by Zelinski and Goverdovskaia and by
Godchot or a solid melting at 48° as observed by Ipatiev and Dolgov.

Tricyclohexylamine was found to be a solid melting at 160-161°. Both
the absorption of hydrogen in its formation and the analysis of the product
indicated quite definitely that the three phenyl groups in triphenylamine
had been converted to cyclohexyl groups. Adams and Hiers obtained a
liquid as the result of the hydrogenation of triphenylamine over platinum
which they reported on the basis of its nitrogen content as being tricyclo-
hexylamine. Their results have been duplicated in this Laboratory but it
is believed that the product is not pure tricyclohexylamine. Analyses for
carbon and hydrogen on this material were about 29, from the theoretical
values. Analyses for nitrogen are not significant in this case because the
presence of rather considerable percentages of impurities such as dicyclo-
hexylphenylamine do not greatly modify the nitrogen content.

Symmetrical tricyclohexylcyclohexane and hexamethyldicyclohexyl have
been prepared for the first time.

Experimental Part

Triphenylcarbinol (m. p. 162-162.5°), triphenylmethane (m. p. 92-93°), triphenyl-
amine (m. p. 126-126.5°) and mesitylene (1,3,5-trimethylbenzene) (b. p. 163.5-164.5°)
were prepared by standard methods. 2,2',4,4',6,6’-Hexamethyldiphenyl (dimesityl)
(m. p. 100-100.5°) and the intermediate bromomesitylene were prepared as by Adams
and Moyer, and by Smith and MacDougall.? The 1,3,5-triphenylbenzene (m. p.
172-173°) was prepared as by Fischer, Wille and Vorlinder.! Dicyclohexylphenyl-
methane was prepared by the hydrogenation, as indicated in Table I, of triphenyl-
carbinol or of triphenylmethane. Both mesitylene and dimesityl were refluxed for many
hours over sodium for the removal of traces of halogen-containing compounds. Di-
mesity] was further treated five times for three or four hours with reduced nickel (no
support) in methylcyclohexane at 200 ° under 100 atmospheres.

The catalysts referred to as H. C. 12, and Z 5 were made as by Cramer. Catalysts
Z 7 and 8 were made similarly except that sodium bicarbonate was used as the pre-
cipitant for nickel. Catalysts 7 and 8 were different preparations in which the same
method was used.

Properties and Analyses of Products.—Tricyclohexylmethane, Anal. Caled.
for CioHss: C, 86.93; H, 13.07. Found: C, 86.50, 86.74; H, 13.23, 13.53. Dicyclo-
hexylphenylmethane, A4nal. Caled. for CiyHa: C, 88.98; H, 11.02. Found: C,
88.65, 88.65; H, 11.24, 11.05; d28. 0.9724; #%% 1.5372; MRp, caled. 82.07; found, 82.32.
1,3,5-Tricyclohexyleyclohexane., Anal. Caled. for CuHye: C, 87.18; H, 12.82.
Found: C, 86.86, 86.94; H, 12.00, 12.84. 2,2'.4,4’6,6”~-Hexamethyldicyclohexyl.
Anal. Caled. for CisHy: C, 86.31; H, 13.69. Found: C, 86.45, 86.57; H, 13.83,
13.75; d2g0.8932; #2° 1.4873; MRy, caled. 80.75; found, 80.62. Tricyclohexylamine.
Anal. Caled. for CisHypN: C, 82.04; H, 12.64, Found: C, 82.12, 82.29, 82.32; H,
12.63, 12.68, 12.61. Neutral equivalent. Caled. 263. Found: 265. Hydrobromide

* Adams and Moyer, THIS JOURNAL, 51, 630 (1929); Smith and MacDougall, ibid.,
51, 3002 (1929).
8 Fischer, Wille and Vorlinder, Ber., 62, 2836 (1929).
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of tricyclohexylamine (m. p. 267-268°). Anal. Caled. for CisHyuNBr: Br, 23.21.
Found: Br, 23.15. Hydrochloride of tricyclohexylamine (m. p. 264°). Anal. Caled.
for CisHaNCl: Cl, 11.63. Found: Cl, 11.89. Picrate of tricyclohexylamine (m. p.
172.5-173°). ““Tricyclohexylamine’ from hydrogenation over platinum, b. p. 171-173°
(4 mm.). Anal. Caled. for CisHuN: C, 82.04; H, 12.64. Found: C, 84.48, 84.27;
H, 10.69, 10.62.
Summary

Experimental conditions for the successful hydrogenation over nickel of
triphenylcarbinol, triphenylmethane, dicyclohexylphenylmethane, 1,3,5-
triphenylbenzene, triphenylamine, 1,3,5-trimethylbenzene and 2,2',4,4'-
6,6'-hexamethyldiphenyl have been determined. Water and ethanol have
been found to inhibit the hydrogenation of dicyclohexylphenylmethane.
1,3,5-Tricyclohexylcyclohexane and 2,2'4,4',6,6’-hexamethyldicyclohexyl
have been prepared for the first time. Tricyclohexylmethane and tricyclo-
hexylamine have been found to have physical properties very different
from those previously reported.

MADISON, WISCONSIN

DERIVATIVES OF THE ARSENIC ANALOG OF
9,10-DIHYDROACRIDINE. TI!

By WrLiam GumMP AND HUGO STOLTZENBERG
RECEIVED NOVEMBER 25, 1930 PuBLISHED APRIL 8, 1931

Compounds of the type represented by the Formula I are known in
which R is: NH, (10-chloro-9,10-dihydrophenarsazine);? O, (10-chloro-

sN—RSN —
! X I ' II
6, 48
Aslo . \As/
Cl Cl1

9,10-dihydrophenoxarsine);? S, (10-chloro-9,10-dihydrophenthiarsine);*
AsCl, (9,10-dichloro-9,10-dihydroarsanthrene).®? This series contains the
arsenic as a hetero atom in a six-membered ring; an example of a five-
membered ring is the 0,0’-diphenylylene arsenious chloride (II).®
The synthesis of these compounds can be accomplished in the cases

of R=NH and O by heating arsenic trichloride with diphenylamine and
with diphenyl ether, but this reaction does not take place with diphenyl,

t Read before the Division of Organic Chemistry at the 77th meeting of the
American Chemical Society, Columbus, Ohio, April 29 to May 3, 1929.

2 Bayer and Co., German Patent 281,049 (1913); Wieland and Rheinheimer, 4#n.
439, 1 (1921).

8 Lewis, Lowry and Bergeim, THIS JOURNAL, 43, 891 (1921); Turner and Sheppard,
J. Chem. Soc., 127, 544 (1925).

4 Roberts and Turner, #bid., 129, 1207 (1926).

5 Kalb, Ann., 423, 39 (1921).

8 Aeschlimann and co-workers, J. Chem. Soc., 127, 66 (1925).



