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A number of I-pyridyl-4-substituted piperazines have been synthesized and evaluated for their pharmacologi-
cal action. A number of 1-(3-amino-4-pyridyl)-4-phenylpiperazines have been shown to possess marked anti-
convulsant and antireserpine properties. Their structure-activity relationship is discussed. In particular,
1-(3-amino-4-pyridyl)-4-(3-triHuoromethylphenyl)piperazine has shown promising anticonvulsant activity.

In a study reported earlier1,2 it was found that the
pattern of biological activity of 3,4- and 2,3-diamino-
pyridines was greatly changed when one of the amino
groups was substituted by a ,B-arylalkyl- or ,B-aza-
cycloalkane radical, and a number of new activities

not associated with the parent compounds appeared
in the resulting derivatives, which included hypotensive,
antipyretic, anticonvulsant,3 and antiinflammatory4
activities. In continuation of this study of substituted
diaminopyridines, making one of the amino groups part
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mahamsa, Ed., Council of Scientific and Industrial Research, India, p 323.
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of a 4-arylpiperazine or piperidine ring as another
variant of the substitution of the amino group seemed
of interest, in view of the multitude of activities as-
sociated with I-substituted 4-phenylpiperidine5 and
4-phenylpiperazines.6 Quite early in this study it
was observed that 4-phenyl-l-(3-amino-4-pyridyl)piper-
azine7 (I) had significant anticonvulsant, antireserpine,
specific internuncial blocking, and weak, but definite,
hypotensive, antipyretic, and anti-5-hydroxytrypt-
amine activities. The novelty of this series for anti-
convulsant activity added to the interest in them.
In a study of the structure-activity relationship of this
series systematic variations were introduced in different
parts of the molecular architecture of I. The various
types of compounds synthesized in this study are typi-
fied by the general formulas II-X.
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VIII, 2-pyridyl
IX, 4-pyridyl

HNJ-<CHz)z-Cl-(CHz)2-QH
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R=CHa, aryl, aralkyl
R' = H, N02,NHz
R" = H, Br, NOz,NHz
Rill = H, OH
n=2,3
X = CH2CH2,CH(CHa)

The 4-arylpiperazines required in this study were
prepared by the condensation of the appropriate
anilines with bis-,B-chloroethylamine hydrochloride8
essentially according to the method of Prelog and
Blazek. 9

4-Aryl-l-(3-amino-2- or -4-pyridyl)piperazines (II
and III), 1-(3-amino-2- or -4-pyridyl)-4-phenylpiperi-
dines (IV and V), and l-aryl-4-(3-amino-4-quinolyl)-
piperazines (VI) were prepared by the condensation of

(5) P. A. J. Janssen, A. H. Jageneau, and C. J. E. Niemegeers, J. Pharma-
col. Ezptl. Therap., 129, 271 (1960).

(6) H. G. Morren, V. Bieneft, and A. M. Reyntiens, "Psychopharmacolog-
ical Agents," Vol. I, M. Gordon, Ed., Academic Press Inc., New York and
London, 1964, p 251.

(7) A. Ahmad, G. K. Patnaik, and M. M. Vohra, Indian J. Ezptl. Bioi., 4,
154 (1966).

(8) F. G. Mann, J. Chem. Soc., 461 (1934).
(9) V. Prelog and Z. Blazek, Collection Czech. Chem. Commun., 6, 211

(1934); Chem. AbBtr., 28, 824 (1934).

the appropriate 2-chloro-3-nitro-,10 4-chloro-3-nitro-,1I
and 4-chloro-3-nitro-5-bromopyridinesI2 and 4-chloro-3-
nitroquinoline13 with various arylpiperazines and aryl-
piperidines followed oy reduction of the resulting
nitro compounds. 1,4-Bis( aminopyridyl)piperazines
were prepared by condensation of the appropriate
halonitropyridines with 0.5 molar equiv of piperazines
and 1molar equiv of triethylamine followed by reduction
of the resulting nitro compounds.

4-Aryl-l-(4-pyridyl)piperazines (III, R' = R" = H)
were obtained by condensation of 4-chloropyridine N-
oxide14 with N-arylpiperazines in toluene followed by
catalytic reduction of the resulting pyridine N-oxides.

1-(4-Amino-3-pyridyl)-4-phenylpiperazine (VII) was
prepared by the condensation of 3-bromo-4-nitropyri-
dine l-oxidel5 with N-phenylpiperazine followed by
catalytic reduction.

1,4-Bis(,8-2-or -4-pyridyl)ethylpiperazines and homo-
piperazines (VIII and IX, X = (CH2)z; n = 2 or 3)
were prepared by the pyridylethylation16 of piperazine
and homopiperazine with 2- and 4-vinylpyridine.
1,4-Bis(,B-4-piperidylethyl)piperazine resulted from the
catalytic reduction of the corresponding pyridine de-
rivative (IX, X = (CH2)2; n = 2). 1,4-Bis(a-
methyl-2- or -4-pyridylmethyl)piperazines (VIII and
IX, n = 2; X = CHaCH) were secured by the con-
densation16 of 2- and 4-a-bromoethylpyridines17 with
piperazine.

J

Experimental Section 18,19

N-Arylpiperazines.-While most of the N-arylpiperazines were
already known, some which were unknown were prepared by the
general method outlined below and are described in Table I. A
mixture of the appropriate aniline (0.3 mole) and bis(tj-chloro-
ethyl)amine hydrochloride (0.3 mole) in I-butanol (200 ml) was
refluxed for 24 hr. The reaction mixture was cooled and powdered
anhydrous KzCO. (0.15 mole) was added and refluxing continued
for another 48 hr. The reaction mixture was filtered hot, the

TABLE I

N-PHENYLPIPERAZINES

Phenyl IIp (mm) or ~% N~
No. substituent mp,oC Calcd Found

1
2

10 .48
12.38

HCl232
HCI 173-174
14Q-145 (bath)

(0.25 mm)
p-F HCI 172
3,4-(CH.O)z HC1235-236

78

2,4-(CH.Oh HC1194-196
16Q-165 (bath)

(0.5 mm)

a A. S. F. Ash,A. M. Creighton,and W.R. Wragg[(Mayand
Baker Ltd.) British Patent 948,747 (Feb 5. 1964); Ch.m. Abstr.,
60, 12029(1964)] reported mp 250-253° for the hydrobromide.

10.5
12.2

3
4

12.93
10.83
12.6
10.83
12.6

12.78
10.93
12.5
10.62
12.93

5
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(15) J. M. EBsery and K. Schofield, J. Chem. Soc., 4953 (1960).
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H. A. Leiser, J. Med. Chem., 6, 805 (1963).
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(18) The melting points were determined in a bath. The various com-

pounds were checked routinely by ir and uv spectroscopy on Perkin-Elmer
Infracord and Unicam spectrophotometers, respectively.

(19) The Roman numerals refer to the type of compounds, while the
Arabic numerals refer to the specific compounds as'they appear in the text.
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No. R

4-CsHaN-(3-N02)

4-CsHaN-(3-NH2)
C.H.
C.Hs
p-C.H,Cl
p-C.H,Cl
p-C.H,CHa
p-C.H,Clla
o-C.H,CHa
o-C.H,CHa
3,4-C.Ha(OCHa)2
3,4-C.Ha(OCHa),
2,4-C.Ha(OCHa),
2,4-C.Ha(OCHa)2
C.Hs
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R'

NO,
NH,
NO,
NH,
NO,
NH,
NO,
NH,
NO,
NH,
NO,
NH,
NO,
NH,
H
(N-oxide)
H
NO,
NH,
NO,
NH,
NO,
NIT,
NO,
NH,
NO,
NH,
NO,
NH,
NO,
NH,
NO,
NH,
N02
NH,
NO,
NIT,
NO,
NH,
H
H
NO,
NH,

H
H
H
II
H
H
H
H
H
H
H
H
H
H
H

H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
II
Br
Br
NO,
NH,
H
H
H
H
Br
Br

TABLE II

~
N~-R

R" \ J R'

o
N

R" Mp,OC C

50.99
48.99
63.38
70.07

6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47

C.Hs
p-C.H,OCHa
p-C.H,OCHa
p-C.H,N 0,
p-C.H,NH,
CHa
CHa
CH,C.Hs
CH,C.Hs
m-C.H,CF a
m-C.lI,CF a
m-C.H,OCHa
m-C.H,OCHa
m-C.H,Cl
m-C.H,Cl
o-C.H,OClIa
o-C.H,OCHa
p-C.H,CHa
p-C.H,CHa
p-C.H,CHa
p-C.H,CHa
p-C,H,F
p-C.H,F
p-C.H,CHa
p-C.H,CHa
C.Hs
C.Hs

252
2HCl >300
138-140
191
169-170
227-228
132-133
173-174
131
164-165
133
145-146
142-143
179
.2HCl 235-236 dec
.H,O 73
166
155
207
185
219
.2HCI215-216
142
96-97
.3HCl 197 dec
107
146-147
102- 103
179
107
110-111
123-124
184-185
157-158
183
.2HCl 220-222
.4HCI214-215
122
218
N-Oxide 120
.2HCl.2H,O 228
109
175

54.96
65.9
75.3

67.7

40.8
62.5

51.3

54.0

filtrate was cooled, and the N-arylpiperazine hydrochlorides
which separated were filtered and washed successively with 1-
butanol and ether. The bases were liberated by making the
aqueous solutions of the hydrochlorides strongly alkaline; yield
50-72%.

4-Substituted 1-(3-Nitro-2- or -4-pyridyl)piperazines (II and
III, R = CHa, aryl; R' = NO,; R" = H).-A solution of 2- or
4-chloro-3-nitropyridine (0.1 mole) in dry toluene (25 ml) was
added under stirring to a solution of N-substituted piperazine
(0.1 mole) and triethylamine (0.1 mole) in dry toluene (100 ml).
The reaction mixture was heated with stirring at 80° for 2 hr,
cooled, and filtered, the filtr!lte was extracted with 3 N HCl, the
acid extract was made alkaline with NH,OH, and the nitro com-
pounds which separated were collected by filtration and crystal-
lized from ethanol; yield 80-90% (Tables II and III).

4-Substituted 1-(3-Amino-2- or -4-pyridyl)piperazines (II and
III, R = CHa, aryl; R' = NH,; R" = H).-The nitro com-
pounds obtained above in ethanol (50 ml of ethanol/lO g of the
compound) were reduced using Raney nickel catalyst at 4.5 atm
pressure of II, and room temperature until absorption of H, was
complete. If the amines were insoluble in ethanol enough

Calcd. %
H

4.24
5.83
5.63
7.07

5.8
6.98
7.1

7.0

5.4
8.3

6.14

5.1

N

25 .45
24.78
19.72
22.04
17.58
19.41
18.79
20.89
18.79
20.89
16.25
17.83
16.25
17.83
12.80
15.31
17.5
17.8
19.7
21. 27
26.02
19.0
29.1
18.9
14.9
15.90
17.3
17.83
19.7
17.50
19.4
17.83
19.72
13.91
16.13
16.82
16.31
18.5
20.59
15.6
11. 7
11.6
16.78

C

51. 21
49.47
63.83
70.37

55.36
65.30
75.1

68.0

41.3
62.8

51. 82

54.37

Found, %
H

4.53
5.91
6.05
7.53

6.09
7.07
6.87

7.2

5.8
8.6

5.68

5.52

Vol. 10

N

25.54
24.55
20.23
21. 72
18.07
19.63
18.73
20.49
18.93
21.16
16.78
17.38
16.11
18.11
12.64
14.82
17.23
18.0
19.8
20.9
25.50
19.03
29.4
18.43
15.06
15.90
17.18
17.44
19.26
17.65
19.16
17.70
19.38
14.03
15.72
16.46
16.12
18.72
20.2
15.2
11. 63
11.2
16.64

tetrahydrofuran (THF) was added to dissolve them. The cata-
lyst was removed by filtration and washed with THF, the solvent
was removed, and the residue was crystallized from ethanol;
yield 80-85% (Tables II and III).

4-Aryl-1-(3-nitro-5-bromo-4-pyridyl)piperazines (II, R = aryl;
R' = NO,; R" = Dr) were synthesized by the condensation of
N-arylpiperazines with 4-chloro-3-nitro-5-bromopyridine by the
method described above; yield 85% (Table II).

4-Aryl-1-(3-amino-5-bromo-4-pyridyl)piperazines (II, R = aryl;
R' = NH,; R" = Dr) were prepared in 85-90% yield by the
reduction of the corresponding nitro compounds by the method
described earlier (Table II).

4-Phenyl- or4-Phenyl-4-hydroxy-1-(3-nitro-2- or -4-pyridyl)-
piperidines (IV and V, R" = H,OH; R' = NO,) were prepared
by the condensation of 4-phenyl- or 4-phenyl-4-hydroxypiper-
idines with 2- or 4-chloro-3-nitropyridine; yield 80-85% (Table
IV).

4-Phenyl- or 4-phenyl-4-hydroxy-1-(&-amino-2- or -4-pyridyl-
piperidines (IV and V, R" = H,OH; R' = NH,) were made by
the reduction of the nitro compounds as in the case of piperazine
derivatives (Table IV).




