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The corresponding substituted piperidines were obtained in yields from 40 to 99.5% by the
hydrogenation of 2,5~-dimethyl-4-phenylpyridine and 2,5-dimethyl-4-[p-methyl(p-ethyl)-
benzyllpyridines in the presence of rhenium, platinum, and palladium sulfides.

The study of nickel catalysts for the hydrogenation of substituted pyridines to piperidines is impor-
tant from a preparative point of view. Polysubstituted pyridines with aryl radicals as substituents are of
special interest as objects of hydrogenation. Selective catalysts on which the pyridine ring is hydrogenated
without involvement of the benzene ring are necessary for the hydrogenation of compounds of this type.
This is again associated with the fact that more severe conditions than in the case of the hydrogenation of
pyridine itself [1] are required in the case of substituted pyridines. The hydrogenation of 2- and 4-phenyl
pyridines over a nickel catalyst has been accomplished previously. The yield of hydrogenation products
did not exceed 60% [2]. Unfortunately, it was not indicated whether the benzene ring was involved during
the hydrogenation in [2]. It follows from later studies that the benzene ring is also hydrogenated during
the hydrogenation of 2- and 4-phenylpyridines and 2,6-diphenylpyridine over Raney nickel [3], 4-benzyl-
pyridine over platinum [4], and 2-benzylpyridine over rhodium {5] or ruthenium dioxide [6].

In carrying out a systematic study of the sulfides of several metals as hydrogenation catalysts [7],
we turned to an investigation of the hydrogenation of 2,5-dimethyl-4-phenylpyridine (I) [8], 2,5-dimethyl-
4~(p-methylbenzyl)pyridine (IT), and 2,5-dimethyl-4-(p-ethylbenzyl)pyridine (II1) [9] in the presence of
rhenium heptasulfide and platinum and palladium sulfides. The experimental results indicated that these
sulfides can serve as catalysts for the selective hydrogenation of the pyridine ring without involving the
aryl radical in the hydrogenation of substituted pyridines containing aryl radicals (I, IT, and 1II). The opti-
mum conditions for the hydrogenation of I-1II were found; under these conditions, the corresponding 2,5-
dimethyl-4-phenyl (IV), 4-(p-methylbenzyl)- (V), and 4-(p-ethylbenzyl)~2,5-dimethylpiperidines (VI) are
formed in 85-99.5% yields in the presence of rhenium heptasulfide, in 93% yields in the presence of plati-
num sulfide, and in 40% yields in the presence of palladium sulfide.

In the case of the hydrogenation of III, the effect of the reaction time and temperature, the hydrogen
pressure, and the amount of catalyst on the yield of VI was studied.* The optimum conditions for the hy-
drogenation of IIT over Re,S; are as follows: a reaction time of 6 h, a temperature of 250°, a hydrogen
pressure of 100-120 tech. atm, and 109 (of the weight of III) Re;S;. A change in the reaction temperature
from 180 to 250° leads to an increase in the yield of VI from 68 to 99.5%. (The yield at 220° is 93.6%.) At
250°, changing the reaction time has only a slight effect on the yield of VI. (The yield of VI is 92.5% after
3 h, compared with 99.3% after 4 h.) An increase in the hydrogen pressure from 46 to 120 tech. atm in-
creases the yield of VI by 11%. (The yield at 46 tech. atm is 88.6%.) The amount of catalyst has a sub-
stantial effect on the yield of VI (Table 1). The yield of VI decreases considerably (Table 1) when III is
hydrogenated over Re,S; in the presence of acetic acid.

*The yield was determined by means of gas—liquid chromatography (GLC).
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TABLE 1. Effect of the The activity of platinum sulfide in the hydrogenation of III under the

Nature and Amount of same conditions is inferior to that of rhenium heptasulfide, while palladium
Catalyst on the vield of sulfide is considerably less active than rhenium and platinum sulfides un-
2,5-Dimethyl-4-(p-ethyl~ der comparable conditions (Table 1).

benzyl)piperidine (V1)
(hydrogenation of III at
250°C and 120 tech. atm
for 6 h)

The hydrogenation of I and II was carried out at 270° in the presence
of Re,S; (10% of the weights of T and II) at a hydrogen pressure of 95-102
tech. atm for 6 h. The hydrogenation products contain 92.8% IV and 95.8%
V, respectively, according to GLC. :

Catalyst (% based on! Yield of
the weight of III) Vi, % EXPERIMENTAL
g?gv ?é; gg)g Rhenium Heptasulfide. Hydrogen sulfide was purified successively
ResSy (6) 833 with 10% HCI, I,, H,0, CaCl,, and P,0; and was passed for 4.5 h through a
gg;g; ﬁ%) o solution of 2 g of ammonium perrhenate in 30 ml of distilled water and 60
Re,S; (10) 944 ml of 6 NHCl. After 24 h, the catalyst was removed by filtration and
Stg EII%) gg:g washed with distilled water until it no longer gave a reaction for chloride
PdS  (10) 39,2 ions. It was then dried to constant weight (3-4 days) in a desiccator over
—— calcium chloride. Found: Re 62.5 [11], 8 38.1% [12]. Re,S; Calculated:
*In 129 acetic acid in al- Re 62.5, § 37.9%.
cohol.

Palladium Sulfide. A total of 120 m! of 6 N HC! was added to a solu-

tion of 1 g of PdCl, * 2H,0 in 30 ml of distilled water and 10 ml of concen-

trated hydrochloric acid, and purified hydrogen sulfide was then bubbled through the mixture for 3 h. The
PdS was isolated as described in the preparation of Re,S;.

Platinum Sulfide. A stream of purified hydrogen sulfide was passed for 5 h through a solution of 1 g
of HyPtClg « 6H,0 in 40 ml of distilled water, and the PtS was isolated as described in the preparation of
Re,S;.

Hydrogenation of Pyridine Derivatives. A 70-ml glass ampul with a wide neck was charged with
0.01-0.10 g of catalyst and a solution of 1.0-1.6 g of I-IIT in 8~12 ml of absolute ethanol. The ampul was
placed in a 120-ml stainiess steel rotating autoclave equipped with a thermocouple. The autoclave was
filled with hydrogen and was heated to the experimental temperature with stirring in 30 min. The mixture
was cooled, and the catalyst was removed by filtration and washed with alcohol. The alcohol was removed
by distillation, and the reaction products were vacuum distilled and chromatographed with a column (H 1.2
m, d 1.8 cm) packed with activity II Al,0;. Petroleum ether was initially used for the elution, followed by
petroleum ether with the addition of 5, 10, 15, 20, and 25 ml of diethyl ether, respectively, for each 100 ml.
The separation of piperidines TV-VI from starting I-III was monitored by thin-layer chromatography on ac-
tivity II aluminum oxide with ether—petroleum ether (1:2) as the eluent; Rf 0.52-0.55 for IV-VI, and Ry
0.26-0.28 for I-III. The percentage of IV-VI in the reaction products was established by means of GLC with
a 1.3-m-long column with a diameter of 4 mm packed with 129 polyethylene glycol adipate on Sferakhrom-
1 and a gas (hydrogen) flow rate of 80-100 ml/min with a UKh-1 chromatograph with a thermal conductivity
detector. Good separation of TV-VI from the corresponding starting I-ITT was observed during the chroma-~
tography and was checked with mixtures of pure samples.

2,5-Dimethyl-4-phenylpyridine (IV). The hydrogenation of 1.41 g (7.7 mmole) of I with 0.14 g of
Re,S; at 95 tech., atm and 270° for 6 h gave 1.40 g of bases, from which the fraction with Ry 0.56 was iso-
lated by chromatography. Distillation of this product gave 1.02 g (70%) of TV with bp 90~93° (2 mm), np2’
1.5201, and d420 0.9510. Found: C 82.4; H 10.2; N 7.4%; MR 60.51. Cy3HygN. Calculated: C 82.5, H 10.1,
N 7.4%; MRp 60.37. IR spectrum of IV (film) (cm™Y: 3095 medium {m), 3070 m, 3020 m, 1510 strong (s),
773 s, and 707 s.

2,5-Dimethyl-4-(p-methylbenzyl) piperidine (V). The hydrogenation of 1.63 g (7.7 mmole) of II with
0.16 g of Re,S; at 102 tech. atm and 270° for 6 h gave 1.55 g of a fraction with bp 96-110° (2 mm), which
was column chromatographed (R 0.57) and redistilled to give 1.14 g (69%) of V with bp 96-99° (2 mm),
np? 1.5161, and d,% 0.9391. Found: C 83.1; H 10.9; N 6.4%; MRp 69.83. CyH,N. Caleulated: C 83.0;

H 10.7; N 6.4%; MRp 70.23. IR spectrum of V (cm™}): 3097 weak (w), 3051 w, 3019 w, 1521 s, 808 s, and
853 m.
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2,5-Dimethyl-4-(p -ethylbenzyl)plperldme (V). Hydrogenation of 1.01 g (4,5 mmole) of Il with 0.1 g
of Re,Sy at 120 tech. atm and 250° for 6 h gave after distillation of the reaction products, 0.89 g of a frac-
tion with bp 95-131° (1 mm) which was column chromatographed (Rf 0.51) and redistilled to give 0.81 g
(78%) of VI with bp 98-101° (2 mm), np?* 1.5102, and d,%° 0.9275. Found: C 82.9; H 10.7; N 6.1%; MRp
74.51. CygHN. Calculated: C 83.1; H 10,8; N 6.1%; MRD 74.23. IR spectrum of VI (cm™Y: 3093 s, 3054
m, 3012w, 1522 s, 818 s, and 825 s.

LITERATURE CITED

—t

1. B. L. Dolgov, Catalysis in Organic Chemistry [in Russian], Leningrad (1959 , p. 385.

2. H. Adkins, L. F. Kuick, M. Farlow, and B. Wojcik, J. Amer. Chem. Soc., 56, 2425 (1934).

3. M. I. Ushakov and M. sh. Promyslov, Zh. Obshch. Khim., 17, 1015 (1947).

4. W.L.C. Veer and 8. Goldschmidt, Rec. Trav. Chim., 65, 793 (1945).

5. M. Freifelder, R. N. Robinson, and G. R. Stone, J. Org. Chem., 27, 234 (1962).

6. M. Freifelder and G. R. Stone, J. Org. Chem., 26, 3805 (1961).

7. M. A. Ryashentseva and Kh. M. Minachev, Usp. Khim., 38, 2050 (1969).

8. N.S. Prostakov and L. A. Gaivoronskaya, Zh. Obshch. Khim., 32, 76 (1962).

9. N.S. Prostakov, V. V. Dorogov, and V. P, Zvolinskii, Khim. Geterotsikl. Soedin., 1642 (1970).

0. M. A. Ryashentseva, Kh. M. Minachev, V. V. Dorogov, and N. §. Prostakov, USSR Author's Certifi-

~cate No. 35, 41 (1970).
11. D.I. Ryabchikov and L. V. Borisova, Zh. Analiticheskoi Khim., 18, 851 (1963).
12. K. F. Novikova, N. N. Basargin, and M. F, Ivanova, Zh. Analiticheskoi Khim., 16, 348 (1961).

84



