
SI2 J . u \ . K.u'oon, ANA\'i>, 

immersing them in a chlorine atmosphere for at least 10 mm. 
After the immersion, air was blown across the plate to remove 
the unbound chlorine and the plates were sprayed wiih a 2', ' 
solution of potassium iodide containing thiodine. Control runs 
showed that this procedure was specific for I he urinary 
carbamates. 

Bis(hydroxymethyljdimethylsilane Dicarbamate (III). —A total 
of 1,5 g of I I I , mp 1()4--U)G°, was administered to three rats in a 
suspension of gum tragacanth. The urine was collected for 4S 
hr. Analysis for silicon indicated that approximately 70 ' , of the 
administered dose was present in the urine. The urine was 
extracted continuously for 12 hr with ether. Removal of the 
ether under vacuum and crystallization of the resulting solid 
from water afforded (1.81) g (53','i) of the unchanged dicarbamate, 
mp 99-11)1°, ramp (with I I I ) 98.5 101°. The infrared spectrum 
of this material was identical with that of III . 

(Hydroxymethyl)dimethyl-fl-propylsilane Carbamate (IV). A 
total of 7.8 g of IV was administered neat to 17 rats, and their 
urine was collected for 4 days. Analysis of the urine for silicon 
indicated that approximately 90 rc of the dosed silicon was 
present. The urine was extracted overnight with ethyl acetate. 
The solvent was removed under vacuum, and the residue was 
dissolved in acetone and filtered to remove the precipitated urea. 
Evaporation of the acetone afforded 5.3 g of a dark oil. Chro
matography of the oil through 209 g of alumina, activity III , 
was carried out: using the solvent scheme of chloroform-ether 
(1:1), 100 ml, and ether, 200 ml. Eighty fractions were collected. 
Tic of these fractions indicated 1hat only one carbamate (in 
fractions 4.3-78) was present. Combination of these fractions 
and crystallization from ether-petroleum ether (bp .30-00°) 
yielded 1.8 g (29%) of the dicarbamate disiloxane VI, mp (>N-70 = . 

Anal. Calcd for C8H.,oN205si,: (.', 34.25: II, 7.20: V, 9.99. 
Found: C, 34.43; 11,7.06; N. 9.S2. 

The nmr spectrum of VI in CflCb showed a singlet at <S 0.3 
(SiCtf3), a singlet at 3.8 (SiCH.OCONIL). and a broad band at 
5.2 (COXHO- The CIIC13 proton was used as the internal stand
ard. The two singlets showed an area rat io of 4:11. The signifi-
cant bands in the infrared spectrum (CHCb) were 2.S5, 2.95 
(NII2), 5.85, 6.25 (COXIl,), 7.95 (SiCTE), and 9.5 M (SiOfii). 
In another run, extraction of the urine with ether, followed by 
tic analysis of the resulting oil, failed to reveal the presence of 
unaltered carbamate. Control runs indicated that this method 
could detect about 2' , of the dosed amount. 

I5is(hydroxymethyl)methyl-»-propylsilane Dicarbamate (Sila-

In a s tudy reported earlier1,2 it was found tha t the 
pa t tern of biological activity of 3,4- and 2,3-diamino-
pyridines was greatly changed when one of the amino 
groups was substi tuted by a /3-arylalkyl- or /3-aza-
cycloalkane radical, and a number of new activities 

(1) M . M . Vohra ami S. X. P r a d h a n , Arrh. Intern, /•hnrmiirnili/i,., 150, 
•113 (1964). 

(2) M. M . Vohra, S. X. P r a d h a n , P. <'. Ja in , S. K, ( 'hat i erjee, unit \ . 
Anan. t , J. AM. Chem., 8, 20(1 (l'.MifO. 
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meprobamate) (V). Twelve grams of V was dosed to 62 rats 
and the urine was collected for 3 days. Silicon analysis at the 
end of this period indicated that approximately SO'j of the 
ingested silicon had been eliminated. The urine was extracted 
overnight wit h el hyl acetate. Removal of t he ethyl acetate and 
I he urea afforded 8,6 g of a dark oil. Chroma.tography of this 

1 material wa- carried out using 400 g of alumina, activity 111, 
i Sixty 10-ml fractions were collected, using the following solvent 
i scheme: benzene-ethyl acetate ' I : 1 ;, 150 ml: benzene ethyl 

acetate i l :2 t . 50 ml: ethyl acetate, 5(1 ml: ethyl acetale-
! acetone (1 : 1 ). 50 mi; acetone, 50 ml; acetone -methanol i l l : , 

50 ml; and methanol, 200 ml. Thin layer chromatography of 
i I he eluted fractions showed the presence of two carbamates: 

Hi 0,53 (minor component), appealing in fractions ]9 and 20, 
and /',- 0.37 'major component i, appearing in fractions 24 54, 

The lirst component. lit 0.53, 20 mg, was a white solid with 
mp 54-58°. The nmr spectrum of this material in CI1C1,, showed 
three bands: 5 0,30, singlet; 4.0, singlet: and 5.2, a broad band. 
The area ratio under the two singlets was 0:8.4. The infrared 

; spectrum iCHCb) showed the significant peaks at- 2.85, 3.0, 5.s5, 
6.3, and 7.95. and a broad band at 9.5 in. 

The second component, /i\- 0.37, 2.3 g, was an oil. This ma
terial was combined and rechromatographed through alumina, 
activity IV, using ethyl acetate as solvent. The nmr of the eluted 
material, in \)-X) showed a singlet at 5 0.2 (relative area, 3.0). 
three peaks (but not a triplet) at 1,0. 1,15, anil 1.25 (combine,1 
area, 5.2!, a singlet at 3.9, and a multiple!, starting at 4.0 {com
bined area under the singlet and the multiple!., 5.0). The in
frared spectrum (thin film) showed a broad and intense absorp
tion in the 2.9-M region and other significant bands appearing at 
5.85, 6.25, 9.4 (sharp), and 7.95 p.. 1 "sing the Beckman Ili-4 
spectrophotometer and l.iF optics, the broad band at 2.9 n could 
not. be resolved. The eluted oil gave a positive iodoform test and 
a positive eerie nitrate test but failed to yield a solid deiivativc 
with fJ-naphthyl isoeyanale. 

Audi. Calcd for CJI^O.-.N.Si: Si, 11.2. Found: Si, 10.5. 
In .another run. the urine was first extracted 12 hr with ether. 

Tic analysis of the ether extract showed no evidence of silame-
probamate. Control runs indicated that 10 mg of silameproba-
mate in 100 ml of urine i about, 2'"c of the dose) could be detected. 

Acknowledgment. -The authors are grat-el'ui to Mr. 
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not associated with the parent compounds appeared 
in the resulting derivatives, which included hypotensive, 
antipyretic, anticonvulsant,3 and antiinflammatory1 

activities. In continuation of this s tudy of substi tuted 
diaminopyridines, making one of the amino groups part 

itl) P. 0 . -tain, V. Kapoor , N . Anand , A. A h m a d , G. K. P a t n a i k , and ,M. 
M. Vohra , I n t e r n a t i o n a l C X S D r i l l s Sympos ium, H y d e r a b a d , India , Til, (i, 
(1. S. Sidhu, I. K. Kaeker , P . 0 . S a t t u r , G. T h y a g a r a j a n , and V. R. K. Par , 
i nahamsa , I'M., Council of Scientific and I n d u s t r i a l Research, India, n :CJ:I 

'4) R, ('. Srirnal (uiipuUlished d a t a ) . 

Compounds Acting on the Central Nervous System. VII. 
Studies in l -Pyridyl-4-subst i tuted Piperazines. A New Class of Anticonvulsants 

P. C. J A I N , V. KAPOOH, NITYA ANAND. 
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A number of l-pyridyl-4-substituted piperazines have been synthesized and evahiated for their pharmacologi
cal action. A number of l-(.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, 
]-(3-amino-4-pyridyl)-4-(3-trinuoromethylphenyl)piperaziiie has shown promising anticonvulsant activity. 
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of a 4-arylpiperaziue 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 l-substituted 4-phenylpiperidine6 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. 

^ > 

"W^N-E 
II, 2-pyridyl 

III, 4-pyridyl 

N , N — R 

/ - . / R ' , , R ' " , 

©K>© VN' 

IV, 2-pyridyl 

V, 4-pyridyl 

NH, 

^ o § ®-> 
VII 

(CH2)„ 

VIII, 2-pyridyl 

IX, 4-pyridyl 

mf^y-^CYL,),- N - ( C H 2 ) : NH 

X 
R = CH3, a ry l . a ra lky l 
R' = H, NO,, NH2 

R " = H , Br, N02 ,NH2 

R " ' = H , OH 
n = 2, 3 
X = CH2CH2,CH(CH3) 

The 4-arylpiperazines required in this study were 
prepared by the condensation of the appropriate 
anilines with bis-/3-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), l-(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. Jasreneau, and C. J. E. Niemegeers, J. Pharma
col. Exptl. Therap., 129, 271 (1960). 

(6) H. G. Morren, V. Bieneft, and A. M. Reyntjens, "Psyehopharmacolog-
ical Agents," Vol. 1. 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. Exptl. Biol., 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. Abstr., 28, 824 (1934). 

the appropriate 2-chloro-3-nitro-,10 4-chloro-3-nitro-,11 

and 4-chloro-3-nitro-5-bromopyridines12 and 4-chloro-3-
nitroquinoline13 with various arylpiperazines and aryl-
piperidines followed by reduction of the resulting 
nitro compounds. l,4-Bis(aminopyridyl)piperazines 
were prepared by condensation of the appropriate 
halonitropyridines with 0.5 molar equiv of piperazines 
and 1 molar 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 X-
oxide14 with XT-arylpiperazines in toluene followed by 
catalytic reduction of the resulting pyridine N-oxides. 

l-(4-Amino-3-pyridyl)-4-phenylpiperazine (VII) was 
prepared by the condensation of 3-bromo-4-nitropyri-
dine 1-oxide15 with X-phenylpiperazine followed by 
catalytic reduction. 

l,4-Bis(/3-2- or -4-pyridyl)ethylpiperazines and homo-
piperazines (VIII and IX, X = (CH2)2; n = 2 or 3) 
were prepared by the pyridylethylation16 of piperazine 
and homopiperazine with 2- and 4-vinylpyridine. 
l,4-Bis(/3-4-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 = CH3CH) were secured by the con
densation16 of 2-
piperazine. 

and 4-a-bromoethylpyridines17 with 

Experimental Section1819 

N-Arylpiperazines.—While most of the X-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((3-chloro-
ethyl)amine hydrochloride (0.3 mole) in 1-butaiiol (200 ml) was 
refluxed for 24 hr. The reaction mixture was cooled and powdered 
anhydrous K2C03 (0.15 mole) was added and refluxing continued 
for another 48 hr. The reaction mixture was filtered hot, the 

TABLE I 

N-PHENYLPIPERAZI. \ES 

Phenyl lip (mm) or 
No. substituent mp, UC 

1 m-CF3» HC1 232 
2 OT-CH80 I1C1 173-174 

140-145 (bath) 
(0.25 mm) 

3 p-F HC1 172 
4 3,4-(OH30)2 HOI 235-236 

78 
5 2,4-(CH30)2 HC1 194-196 

160-165 (bath) 
(0.5 mm) 

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

(10) Y. Ahmad and D. H. Hey, J. Chem. Soc. 4516 (1954). 
(11) S. Kruger and F. G. Mann. ibid. 2755 (1955). 
(12) V. O. Bremer Ann., 529, 290 (1938). 
(13) G. B. Bachman. 1). E. W'elton, G. L. Jenkins, and J. E. Christian, 

J. Am. Chem. Soc., 69, 365 (1947). 
(14) E. Ochiai, J. Org. Chem., 18, 534 (1953). 
(15) J. M. Essery and K. Schofield. J. Chem. Soc, 4953 (1960). 
(16) J. E. Robertson, J. H. Beil, T. F. Mitchell, Jr., \V. K. Moya, and 

H. A. Leiser, J . Med. Chem., 6, 805 (1963). 
(17) B. H. Walker, J. Org. Chem. 25, 1047 (1960). 
(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. 

/o • 

Calcd 

10.5 
12.2 

12.93 
10.83 
12.6 
10.83 
12.6 

Found 

10.48 
12.38 

12.78 
10.93 
12.5 
10.62 
12.93 
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No. 

0 

7 

s 
1) 

10 
11 
12 

13 
14 
LI 

10 
17 
IS 

10 

211 

21 
22 

2:s 
24 

2."> 

20 

27 
2S 

20 
30 

31 
;>o 

33 
34 

35 
30 

37 
3S 

39 

40 
41 
42 

43 
44 

4."> 

40 

47 

H 

4-C.;, lI3N-(3-NO,) 
4-C,-,]I3N-(3-NH,) 

C„H,-, 

Cells 
p -C 6 H 4 Cl 
p -C 6 H 4 Cl 
p - C 6 H 4 C I I 3 

p - C J l i C H . , 
0-C ( iH4CII3 

O-CailCII; , 

3,4-C l iM3(()ClI:,)2 

3 ,4-C 6 I I 3 (OCH 3 ) , 

2,4-C6H;,(OCIl;,>2 
2,4-C6II3(OCII : 1). , 

C6H;, 

Cell:, 

p -C 6 H 4 OCU;, 
p - C 6 H 4 O C I I 3 

p - C 6 I l 4 N 0 2 

p-C 6 IT 4 NH, 

ci r 3 
CI1 S 

CH2C6H.-, 
CH,C 6 I I ; , 
»<-C6II4CK3 

in-CeUiCY.i 

»l-C6H4OCIl:i 
m-C 6 H 4 OCH» 

»/-C„H4Cl 

»/-C6H4Cl 
o - C J h O C H s 

o - 0 6 I I 4 O C I l 3 

p - C 6 l l 4 C H 3 

p - C 6 U 4 C H 3 

,>C 6 I I 4 CI1 3 

p-C 6 I I 4 CII 3 

p - C a I I 4 F 
p -C 6 H 4 F 

p-C 6 I I 4 CII ; i 

p-CefhCII: , 
C61I;, 

Cr,H;, 

i r 

N O . 
N i l , 
N O , 

N i l , 

N O , 
N i l , 

N O , 
N i l , 

N O , 
N i l , 

N O : 
N i l , 

N i l , 
II 
(N-oxide) 

II 

N O , 

M I , 
N O , 
N i l , 

N O , 

N i l , 
N O , 
N i l , 

N O , 
N i l , 
N O , 

N i l , 

N O , 

N i l , 
N O , 

N i l , 

N O , 

N i l , 
N O , 

N i l , 

N O , 
N i l , 
11 

II 

N O , 
N i l , 

H" 

II 
II 

II 

11 
II 

11 

II 
II 

II 
11 

11 

II 

II 
11 

II 

11 

II 
11 

11 
II 

11 

II 
II 

II 
11 

II 
II 

11 

11 
11 
11 

11 

Br 
Br 
N O , 

N i l , 
II 
II 
11 

II 

Br 
Br 

Ml', ' C 

2.12 

2HC1 > 3 0 0 
138-140 
101 

160-170 
227 -228 

132-133 

173 174 
131 

164 165 

133 

1-15 146 

142-143 
170 

•21IC1 235 236 dec 

• I I , 0 73 
166 
155 

207 
IS5 

210 

•2IIC1 215-216 
142 

0 6 - 0 7 
•3IIC1 107 due 

107 

146-147 
102-103 
170 

107 
1 10- 111 

123 124 
1S4 -1S5 

157 -15S 

IS3 
•2IIC1 220-222 

•4IIC1 214 215 
122 
21s 

X-Oxide 120 
•2I1C1-2II,(> 228 

100 
175 

( 
5 0 . 0 0 

4 S . 0 0 
6 3 . 3 8 

7 0 . 0 7 

5-1,06 
6 5 . 0 

75 3 

6 7 . 7 

4 0 . S 

6 2 , 5 

51 .3 

5 4 . 0 

11 

4 . 2 4 
5 .S3 

5 . 6 3 
7 .07 

5 .8 
0.0K 

7 . 1 

7 .0 

5 .4 

S. 3 

6 14 

5 . 1 

N 

2 5 . 4 5 
2 4 . 7 8 

10.72 
2 2 . 0 4 

17. 5S 
10.41 
18.70 
2 0 , 8 0 

i s . 70 

20 , SO 
16 25 

17 S3 
16.25 

17.S3 
12. S( I 

15 31 
17 .5 
1 7 . s 

10.7 

2 1 . 2 7 
2 6 , 0 2 
10 0 

20 . 1 
I S O 

14.0 

15.00 

17 3 
17. S3 

10 7 
17 50 
10-1 

17, S3 

10 72 
13 01 

16 13 

10.82 

16.31 
IS 5 

2 0 . 5 0 

15 .6 

11 .7 
11 6 
16 .78 

C 

51 .21 

4 0 . 4 7 
6 3 . 8 3 

7 0 . 3 7 

5 5 . 36 

0 5 . 3 0 
75 . 1 

OS.O 

4 1 . 3 
0 2 . 8 

5 1 .82 

5 4 . 3 7 

11 

4 . 5 3 
5 .01 

0 . 0 5 
7.5.3 

0 . 0 0 

7 417 
0 .S7 

- 2 

5 . s 

8 .0 

5 08 

5 . 5 2 

X 

25,5-1 

2 4 . 5 5 
2 0 . 2 3 
2 1 .72 

18.07 
10 .03 
I s , 73 

20. 10 

I S . 0 3 
2 I , 16 
16 .7s 

17 38 

16. 1 1 
1 s . | I 

12,61 

1 1,82 

17.2:! 
18,0 

10. S 

2 0 . 0 
2 5 . 5 0 

10 03 
20.-1 
IS 13 

15 .05 
15 00 

17, IS 

17.4-1 
10 20 

1 7 . 0 5 
10 10 

17 70 
10 38 
M . 0 3 

10.40 

10, 12 
18,72 
2 0 , 2 

15 2 

11 .03 
1 1 2 

Hi. 04 

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

4-Substituted l-(3-Nitro-2- or-4-pyridyl)piperazines (II and 
III, R = C'H3, aryl; R' = NO,; R" = H).~ A solution of 2- or 
4-chloro~3-nitropyridine (0.1 mule) 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 filtrate was extracted with 3 A" HCl, the 
acid extract was made alkaline with NH4OH, and the nitro com
pounds which separated were collected by filtration and crystal
lized from ethanol; yield 8 0 - 9 0 ^ (Tables II and III). 

4-Substituted l-(3-Amino-2- or -4-pyridyl)piperazines (II and 
III, R = CH3, aryl; R' = NH»; R" = H).—The nitro com
pounds obtained above in ethanol (50 ml of ethanol/ lOg of the 
compound) were reduced using Raney nickel catalyst at 4.5 aim 
pressure of II, and room temperature until absorption of II, was 
complete. If the amines were insoluble in ethanol enough 

tetrahydrofuran (TUP) was added to dissolve them. The cata
lyst was removed by filtration and washed with Till1 , the solvent 
was removed, and the residue was crystallized from ethanol; 
yield 80-85' / (Tab l e s II and I I I ) . 

4-Aryl-l-(3-nitro-5-bromo-4-pyridyl)piperazines (11, R aryl; 
R' = NO, ; R " — Br) were synthesized by the condensation of 
N-arylpiperazines with 4-chloro-3-i]itro-5-bromopyridinc by the 
method described above; yield 85',, (Table II). 

4-Aryl-l-(3-amino-5-bromo-4-pyridyl)piperazines (II,R - aryl; 
R' = NH2; R" = Br) were prepared in 85-90';,, yield by the 
reduction of the corresponding nitro compounds by the method 
described earlier (Table II) . 

4-Phenyl- or 4-Phenyl-4-hydroxy-l-(3-nitro-2- or -4-pyridyIi-
piperidines (IV and V, R" = H, OH; R' = NO,) wereprepared 
by the condensation of 4-phenyl- or 4-phenyl-4-hydroxypiper-
idines with 2- or 4-chloro-3-nitropvridine; yield 80-85' , ' (Table 
IV). 

4-Phenyl- or 4-phenyl-4-hydroxy-l-(3-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 
derivat ives (Table IV"). 



September 1967 ANTICONVULSANT I-PYKIDYL-4-SUBSTITUTED PIPEKAZINES Stt 

No. 

48 
49 

50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 

R 

2-CoH3N-3-N02 

2-CoH3N-3-NH2 

2-C5H3N-3,5-(N02)2 

2-C5H3N-3,5-(NH2)2 

C6H5 

CcHs 
p-C6H4Cl 
p-C6H4Cl 
CH3 

CH3 

p-C6H4OCH3 

p-C6H4OCH3 

p-C6H5CH3 

p-C6H5CH3 

l l ' 

N 0 2 

NH 2 

N 0 2 

NH 2 

N 0 2 

NH 2 

N 0 2 

NH 2 

N 0 2 

NH, 
N 0 2 

NH 2 

N 0 2 

NH2 

R " 

II 
H 

N 0 2 

NH2 

H 
H 
H 
H 
H 
II 
II 
II 
II 
II 

TABLE III 

E ' ^ ^ R ' 
K ) f 

N 
13p (mm) or 

mp, °C 

201 
226-228 
•2HC1 >300 
259 dec 

/~\ 
N NR 

•4HC1 278-282 dec 
•HC1 218-220 
167-168 
130 
127-128 
•2HC1 215-216 
210 
106 
125 
223 
154 

TABLE IV 

f 

c 
50.99 

48.99 
40.43 

56.1 
70.07 
56.6 

40.8 
62.5 
61.1 
67.7 

71.6 

-Calcd, %-
H 

4.24 

5.83 
2.85 

5.3 
7.07 
4.7 

5.4 
8.3 
5.73 
7.0 

7.46 

N 

25.45 
31.11 
24.78 
26.66 
25.1 
17.46 
22.04 
17.7 
19.44 
19.0 
29.1 
17.8 
19.7 
16.74 
20.89 

C 

51.48 

48.93 
40.00 

56.4 
70.2 
56.3 

41.2 
62.8 
61.6 
67.8 

71.48 

—Found, 
H 

4.63 

5.98 
2.98 

5.72 
7.37 
4.6 

5.8 
8.6 
6.2 
7.4 

7.66 

% . 
N 

25.64 
31.13 
24.36 
26.87 
25.38 
17.92 
22.13 
18.2 
19.23 
19.03 
29.4 
18.0 
19.4 
16.5 
21.00 

No. 

62 
63 
64 
65 
66 
67 
68 
69 

Attachment 
to 

pyridine 
ring K 

N 0 2 

NH 2 

N 0 2 

NH 2 

N 0 2 

NH 2 

N 0 2 

N H , 

R 

H 
H 
OH 
OH 
II 
II 
OH 
OH 

Bp or mp, 
°C 

116 
173 
142-143 
131 
177 
201 

82 
187 

C 

68.08 
75.8 
64.2 
71.3 
67.8 
75.8 

71.3 

-Calcd, %-
H 

5.6 
7.5 
5.68 
7.0 
6.0 
7.5 

7.0 

N 

14.89 
16.6 
14.0 
15.78 
14.89 
16.6 
14.0 
15.78 

C 

67.8 
76.0 
64.5 
70.92 
67.4 
75.8 

71.35 

-Found, %-
H 

6.4 
7.7 
6.2 
7.24 
6.2 
7.44 

7.22 

N 

14.9 
16.74 
13.7 
15.80 
14.7 
16.38 
13.9 
15.28 

No. 

70 
71 
72 
73 
74 

R 

C6H5 

C6H5 

m-C6H4CF3 

TO-C6H4CF3 

2,4-C6H3(OCH3)2 

2,4-C6H3(OCH3)2 

R' 

NOa 

NHS 

X 0 2 

X H . 
N 0 2 

N H . 

Mp, °C 

149-150 
170 
154-155 
138-139 
145-146 
105-106 

Calcd 

16.7 
18.4 
13.93 
15.0 
14.2 
15.65 

N 
Found 

16.27 
18.03 
13.99 
14.8 
14.43 
15.7 

4-Aryl-l-(3-nitro-4-quinolyl)piperazines (VI, R ' = N0 2 ) were 
obtained by the condensation of 4-chloro-3-nitroquinoline with 
X-arvlpiperazines bv the method described earlier; yield 85-90% 
(Table V). 

4-AryI-l-(3-amino-4-quinolyl)piperazines (VI, R' = NH2) were 
synthesized by the reduction of the corresponding nitro com
pounds as described above (Table V). 

Bis-l,4-(3-nitro-2- or -4-pyridylpiperazines) (II, R = sub
stituted pyridyl; R' = N 0 2 ; R" = H, N02) .—A solution of 
piperazine (0.08 mole) in dry CHC13 (10 ml) was added under 
stirring to a solution of the chloronitropyridine (0.16 mole) in 
dry toluene (150 ml) and triethylamine (0.16 mole). The re
action mixture was further stirred at room temperature for 30 
min and then heated on the steam bath for 3 hr and cooled. 
The product which had separated was filtered and washed 
thoroughly with water to remove Et3N-HCl, and the nitro com
pounds thus obtained were crystallized from pyridine-water; 
yield 90-95% (Tables II and III). 

Bis-l,4-(3-amino-2- or -4-pyridyl)piperazines (II, R = sub
stituted pyridyl; R' = NH2; R" = H, NH2).—The above nitro 
compounds in 9 5 % ethanol were reduced using Pd-C (10%) cata
lyst at a pressure of 4.5 atm of H2 and room temperature. When 
the absorption of H2 ceased (ca. 2.5 hr), the reaction mixtures 
were filtered, and the precipitate was extracted repeatedly with 
3 N HC1 and mixed with the ethanolic filtrate, when the hydro
chlorides of the amino compounds separated, which were crys
tallized from 6 N HC1; yield 75-80% (Table II and I I I ) . 

l-ArylpiperazinyI-4-pyridine 1-Oxides.—A mixture of 4-chloro-
pyridine 1-oxide (0.01 mole) and N-arylpiperazines (0.02 mole) 
in dry toluene (15 ml) was refluxed gently for 4 hr, when a solid 
separated out. I t was collected by filtration, dried, and dissolved 
in water and the aqueous solution was made alkaline with 2 N 
NaOH. The syrupy product which separated was extracted 
(CH2CI2), the extract was dried (Na2S04), the solvent was re
moved in vacuo, and the residue was converted to its hydrochlo
ride; yield 40% (Table II). 

4-Aryl-l-(4-pyridyI)piperazine (II, R = aryl; R' = R" = H). 
—The above N-oxides in ethanol were deoxygenated with H2 

over Raney nickel catalyst; yield 75-86% (Table I I ) . 
4-Phenyl-l-(4-nitro-3-pyridyl 1 -oxide ipiperazine (83).—A 

solution of 3-bromo-4-nitropyridine 1-oxide (0.1 mole) in absolute 
methanol (250 ml) and N-phenylpiperazine (0.2 mole) was 
gently refluxed on the steam bath for 45 min. The compound 
crystallized on cooling; a second crop was obtained by concentrat
ing the filtrate. I t was crystallized from ethanol; yield 65%, mp 
168°. 

Anal. Calcd for Ci5H16N403: C, 60.00: H, 5.33. Found: C, 
60.32; H, 5.68. 

4-Phenyl-l-(4-amino-3-pyridyl)piperazine (VII, 84).—The 
nitro compound 83 was reduced as in other cases to give the re
quired amino compound, which crystallized from aqueous ethanol; 
yield 70%, mp 174-176°. 

Anal. Calcd for Ci5H18N4: C, 70.07; II, 7.07; N, 22.04. 
Found: C, 70.34; If, 7.29: N, 22.63. 
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T A H I . K VI 

No. 

70 
77 
7S 
7!) 
SO 

SI 

82 

K 

iW.JI.N 
2-(';,II.,.\ 
4-CII4X 
4-C0II4N 
2-C,-,H4N 
4-C,H4N 
4-C.-Jh,N 

.\ 
it 'll,;.. 

•C\hk 
iCU.,)., 
iCILi, 
CIKCHs) 
CH(CII3 ; 
-(CH.,)2-

h 

•) 
:; 
2 

:s 
2 

>> 
2 

K-- X — N V ^ N -
fCH.)„ 

M|>, (' 

117- !IS 

Syrup 
1)2 
Syrup 
112 

lK.VlSG 

• I I 2 0 122 

- X — K 

i • 

;:;.-! 

T.'i.t 

72,117 

0 4 . 0 0 

• C a l i - d , ' , 

11 

7 1 

7. 1 

S. 1 

io.:;4 

N 

1'.).():! 
1 s. 1 s 
111.0:! 

IS, IS 

IS. 9 
i s . 9 
11.05 

c 

7:!. :> 

7.'!.2S 

7:1.2 

04.4 

found. ' , 
U 

7 °-'i 

7. .")0 

S.4 

10.7(1 

\ 
19. l:; 

IS. 10 
IS . 77 

17. SO 

19,00 
1S, 7, 

11 . ()."> 

Bis-l,4-(/3-2- or -4-pyridylethyl)piperazines or -homopipera-
zines (VIII and IX, X = (CH2)2; or 3).—A mixture of 2-
or 4-vinylpyridine (0.11 mole), glacial acetic acid (0.1 mole), 
and anhydrous piperazine or homopiperazine (0.05 mole) in 
cthanol (75 ml) was refluxed for 10 hr. The reaction mixture was 
evaporated under reduced pressure and the residue was made 
alkaline with 2 X XaOIT. The piperazine derivatives separated 
as solids on cooling which were filtered, washed with water, and 
crystallized from benzene-hexane. The homopiperazine deriva
tives were thick oils, which were taken up in CIICln, the extracts 
were dried (Na.oSC^), and the products were purified by chro
matography on alumina using CHCla as the eluent: yields 80-
85 ' ; . (Table VI). 

Bis-l,4-(a-methyl-2-pyridylmethyl)piperazine (VIII, X = 
CH(CH3); n = 2).—A mixture of 2-a-bromoethylpyridine (15.5 
g), anhydrous piperazine (3.8 g), and triethylamine (8.5 ml) in 
dry toluene (150 ml) was refluxed for 14 hr. The reaction mix
ture was cooled and filtered and the solvent was removed under 
reduced pressure. The crude product was precipitated by adding 
petroleum ether (bp 40-60°) to the benzene solution of the resi
due. The product was collected by filtration and crystallized 
from petroleum ether; yield 337c (Table VI). 

Bis-l,4-(a-methyl-4-pyridylmethyl)piperazine (IX, X = 
CH(CHs); n = 2).—4-Eth.vlpyridine was brominated with X-
bromosuccinimide essentially according to the method of Walker17 

for 2-ethylpyridine. The crude 4-a-bromoethylpyridine was 
condensed with piperazine in benzene as described above without 
any purification on account of its instability-. The product was 
crystallized from benzene-petroleum ether; yield 30% (Table 
VI). 

Bis-l,4-(/3-4-piperidylethyl)piperazine (X).—A solution of bis-
1,4-(/3-4-pyndylethyl)piperazine hydrochloride (6.0 g) in aqueous 
cthanol was reduced with H2 at 4 atm pressure at 65-70° using 
5 r j Rh-C catalyst until the uptake of 1I2 ceased. After removal 
of the catalyst by filtration, the solution was concentrated under 
reduced pressure, the residue was made alkaline, and the product 
was crystallized from benzene; yield 6 5 % (Table VI). 

Pharmacological Screening Methods. -These compounds were 
tested for their acute toxicity and gross observation effects in 
mice. The action of compounds on cardiovascular system was 
studied at a dose of 2.5-10 rng/kg iv in anesthetized cats or dogs. 
In addition the compounds were evaluated for the following 
specific activities at 0.25LDM in mice. 

Anticonvulsant Test.—The effect of compounds against supra
maximal electroshock seizure (48 ma, 0.2 sec) in mice was 
tested according to the methods of Swinyard, el a I.20 A few 
compounds were also tested against pent.vleuetetrazole (100 
mg/kg ^r) and strychnine sulfate 1 1.5 rng/kg >c) induced seizures. 
Five animals were used in each group. 

Antireserpine Test.—The effect of compounds on reserpine-
indueed hypothermia, ptosis, and sedation was studied in mice 
by injecting the test compounds intraperitoneally 3 hr and 45 
min after the administration of reserpine (2.5 mg/kg ip) and 
compared with that of the control group at different intervals. 

Effects on locomotor activity of the control and treated groups 
of mice were tested in activity cages and recorded photoelec
trical!}-.-1 

Antiamphetamine Test. —The effect of amphetamine toxicity 
in aggregated mice was studied according to the method of Burn 
and Hobbs.'2-

(20) V. 

Exiitl. Tl, 
(21) G. I) 

A. Swinyai 'd, \Y. C\ Browi 
1111., 106, 211) mt.V2). 

./. J'hannni o/. 

Effect on conditioned avoidance response (CAR) in rats un
studied according to the method of Cook and Weidley.-3 

Effect on Somatic Reflexes.- -Some compounds were tested for 
their effect on patellar and flexor reflexes according to (he method 
of Wilkin, cl ul.,'-'- and DeSalva and Oester.3 

Results and Discussion 

Of the various activities shown by 4-phenyl-l-
(3-amino-4-pyridyl)piperazine (1), its anticonvulsant 
and antireserpine activities were most prominent and 
the different homologs and analogs were therefore 
tested particularly for these activities. Pharmacologi
cal screening data for various compounds are given 
in Tables VI I and VI I I . 

It was found that the replacement of X1 of the piper
azine ring by a C H or C(OH) in the corresponding 4-
(4-phenyl-l-piperidyl)- and 4-(4-phenyi-4-hydroxy-l-
piperidyl)-3-aminopyridincs (2, 3) led to a consider
able diminution of these activities. Similarly, re
placement of the phenyl residue by a methyl or benzyl 
radical (4, 5) caused a complete loss of these activities. 
These observations would show that the presence of 
PhN(C--C)2 is a specific, structural requirement: for 
these activities. 

Next, the effect of the substi tuents in the two aryl 
rings Wits studied. The corresponding 8-deanrino 
compound 6 had greatly reduced anticonvulsant and 
antireserpine activities. The corresponding o-nitro 
compound was also completely devoid of these activi
ties. Substitution of the pyridine ring by an additional 
bromine residue at position. 5 (7) caused a complete 
disappearance of these activities. The position of 
at tachment of the arylpiperazine to the pyridine ring 
was found to have an important bearing on. its activity. 
Thus, if the position of a t tachment of the arylpiper
azine and the amino radicals was interchanged as in 
l-(4-amino-H-pyridyl)-4-phenylpiperazine (8). the 
central stimulant and the anticonvulsant activities 
were considerably reduced. On the other hand, if 
the arylpiperazine residue was attached to position 
2 of the pyridine ring as in l-(3-amino-2-pyridyl)-l-
phenylpiperazine (9), it showed a depressant action 
in the gross behavior of mice and it was devoid of any 
anticonvulsant action. This depressant action was 
enhanced by replacing X ' of the piperazine residue by a 
C(OH) group as in l-(3-amino-2-pyridyl)-4-hydroxy-4-
phenylpiperidine (13). One compound was made 

11 „ i is. i i i . i . i . t / ln.tr I'la 113, 

i 1! 

Davis , ,1m, ./. I'liysiol., 188, (il',t U'j.j 

(2:-!) L. Cuok and 1J. Weiilley, Ann. X. Y. Acad. Xa.. 66, 740 i)9:">7). 
021) L. l'>. Wirkin , P. Sp i t a l e t t a , a n d A. .!. D u m m e r , Arrh. Intern. I', 

larodyn., 124, 105 (1060). 
(2o> S, .1. D e S a l v a and V. T . Ouster, ibid., 124, 2[>r, (lu(il)j. 

ln.tr
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N o . 

1 

a 
10 

11 

12 

14 
15 

17 

18 

19 

20 

21 

22 

23 

29 

30 

31 
32 

P ipe raz ine de r iva t ives 

l -Pheny l - l - (3 - amino -4 -py r idy l ) 

TABLE VII 

PHARMACOLOGICAL ACTIVITY OF 1-PYRIDYL-4-SUBSTITUTED PIPERAZINES 

Card iovascu l a r 
a c t i v i t y 0 (cats) 

Effect on 
B P ^ a t 2.5 Adren -
m g / k g iv aline9 

-50 (P) I 

Bis- l ,4 - ( ,3 -4-pyr idy le thy l )homo-
piperaz ine 

B i s - l , 4 - ( a -n i e thy l -2 -py r idy l ) -
m e t h y l -

4 - (p -To ly l ) - l - (3 -amino-2 -py r idy l ) -
4 - (p -To ly I ) - l - (4 -py r idy l ) -

A p p r o x 
LD6o 

(mice) , 
m g / k g 

ip 

100 

Gross 
effects0 

(mice) 

S t i m u l a n t 

A n t i -
M E S 6 

% 
block 
(mice) 

80 

Ant i r e se rp ine ac t iv i ty (mice) 
An t i -
h y p o 

thermia '* 

4 + 

Ant i - An t i -
p tos is € s eda t ion 

44 - 4 + 

4 -P l i eny l - l - (3 -amino -4 -py r idy l ) -
p iper id ine 

4 - P h e n y l - 4 - h y d r o x y - l - ( 3 - a m i n o -
4 -pyr idy l )p ipe r id ine 

4 - M e t h y U l - ( 3 - a m i n o - 4 - p y r i d y l ) -
4 -Benzy l - l - (3 -amino-4 -py r idy l ) -
4 - P h e n y l - l - ( 4 - p y r i d y l ) -
4 -Pheny! - l - (3 - amino -5 -b romo-4 -

p y r i d y l ) -
4 - P h e n y l - l - ( 4 - a m i n o - 3 - p y r i d y l ) -
4 -Pheny l - l - (3 - amino -2 -py r idy I ) -
4- (p- Ale t boxy phenyl ) - 1 - (3-amino-

2-pyr idy! ) -
4 - M e t h y l - l - ( 3 - a m i n o - 2 - p y r i d y l ) -

4 - P h e n y l - l - ( 3 - a m i n o - 2 - p y r i d y l ) -
p iper id ine 

4 - P h e n y l - 4 - h y d r o x y - l - ( 3 - a m i n o - 2 -
pyr idy l )p ipe r id ine 

4 -Pheny] - l - (3 -amino-4 -qu ino ly l ) -
4 - (m-Tr i f l uo rome thy lpheny l ) - l -

(3-amino-4-quinoly l ) -
4 - (o -Methoxy p h e n y l ) - ! - ( 3 - a m i n o -

4 -pyr idy l ) -

4 - ( p - M e t h o x y p h e n y l ) - l - ( 3 - a m i n o -
4-pyr idy l ) -

4 - ( 2 , 4 - D i m e t h o x y p h e n y l ) - l - ( 3 -
amino-4 -py r idy l ) -

4 - ( 3 , 4 - D i m e t h o x y p h e n y l ) - l - ( 3 -
amino-4 -py r idy l ) -

4 - (p -Ch lo ropheny l ) - l - (3 - amino -4 -
p y r i d y l ) -

4- ( m - M e t h o x y phenyl) - l - ( 3 - a m i n o -
4 -pyr idy l ) -

4 - (m-Ch!o ropheny l ) - l - (3 -amino-4 -
pyr idy! ) -

4 - ( m - T r i f l u o r o m e t h y l p h e n y l ) - l -
(3 -amino-4-pyr idy l ) -

24 4 - (p -To ly ] ) - l - (3 -amino-4 -pyr idy l ) -

25 4 - ( / j -To ly l ) - l - (3 -amino-5-bromo-4-
py r idy ! ) -

26 B i s - l , 4 - (£ -2 -py r idy le thy l ) -

Bis - l ,4 - (0 -4 -pyr idy]e thy l ) -
B i s - l , 4 - (0 -2 -py r idy l e thy l )homo-

piperaz ine 

800 
800 

80 

80 

100 
150 

R e m a r k s 
Mild a n t i p y r e t i c a n d 

an t i i n f l ammato ry , 
b locked p o l y s y n a p t i c 
reflexes. 

100 

50 

288 
80 
25 

200 

50 
150 
660 

50 

100 

100 

Mixed 

S t i m u l a n t 

S t i m u l a n t 
S t i m u l a n t 
S t i m u l a n t 
S t i m u l a n t 

S t i m u l a n t 
D e p r e s s a n t 
D e p r e s s a n t 

S t i m u l a n t 

D e p r e s s a n t 

40 

60 

0 
40 
60 

0 

20 
20 
60 

20 

0 

60 

0'' 

+ 

0 

+ 
+ 

0 
0 
+ 

0 

0 

0 

+ 

0 
+ 
+ 

i 

+ 
0 

+ 
0 

0 

0 

+ 

0 
+ 
+ 

+ 
0 
0 

0 

0 

E n h a n c e s reserpine-
induced depression 

0 

- 6 0 (T) 

+ 10 (T) 
0 

- 3 0 (P) 
0 

+ 30 (P) 
- 4 0 (T) 
+ 40 (T) 

0 

0 

0 

0 

0 

0 
0 

T 
0 

T 
0 

T 
0 

0 

0 

Mild a n t i p y r e t i c . 

Mi ld a n t i p y r e t i c . 

Mild a n t i p y r e t i c . 

Gangl ion b locking a t 
10-6. 

A n t i - 5 - H T a n d gangl ion 
blocking on isola ted 
guinea pig i leum a t 
10"«. 

Mi ld diuresis , no a n t i -
a m p h e t a m i n e ac t ion . 

116 Mixed 

100 S t i m u l a n t 

40 S t i m u l a n t 

- 3 0 (P) 

40 Stii u lan t 

D e p r e s s a n t 

S t i m u l a n t 

S t i m u l a n t 

20 

100 

3 + 

2 + 

3 + 

+ 

3 + 

+ 
0 

2 + 

100 S t i m u l a n t 

125 Mixed 

+ 
+ 

+ 

+ 
2 + 

+ 

+ 
+ 

+ 

0 

- 1 6 (T) 

- 2 0 (T) 

2 + 3 + 2 + 

D e p r e s s a n t 

D e p r e s s a n t 

D e p r e s s a n t 
D e p r e s s a n t 

M o d e r a t e a n t i - 5 - H T on 
isola ted guinea pig 
i l eum. 

M a r k e d a n t i p y r e t i c -

M a r k e d a n t i p y r e t i c a n d 

mild a n t i i n f l a m m a t o r y . 

A n t i - 5 - H T in isolated 
guinea pig i leum, loco
m o t o r a c t i v i t y r educed . 

M a r k e d an t i py re t i c a n d 
diure t ic ac t ion . 

M o d e r a t e a n t i p y r e t i c , 
a n t i i n f l a m m a t o r y , 
a n t i a m p h e t a m i n e 
C A R block, s p o n t a n e 
ous locomotor ac t iv i ty 
reduced . 

M o d e r a t e a n t i - 5 - H T im 
isolated guinea pig 
i leum a n d gangl ion 
b locking . 

40 

150 

200 
67 

D e p r e s s a n t 

D e p i e s s a n t 

D e p r e s s a n t 
S t i m u l a n t 

0 

0 

0 
0 

0 
0 

0 
0 

0 
0 

0 

0 

0 
0 

0 

0 

0 
0 

Mild d iu re t i c . 
Mi ld a n t i - 5 - H T and 

gangl ion blocking in 
i so la ted guinea pig 
i l eum. 

82 S t i m u l a n t 0 0 0 - 2 5 (P) 0 

imp 
and 
+ = 
4 + 

4- (p -To ly l ) - l - (3 ,5 -d iamino-4 -
py r idy l ) -

Stimulant implies alertness, Straub phenomenon, excitement, hyperreflexia, preconvulsiveness and convulsions, while depressant 
lies reduced spontaneous motor activity, ataxia, loss of righting reflex. b MES = maximal electroshock seizures. c T = transient 
P = persistent (change from normal for 10 min or above) fall ( —) and rise ( + ) in blood pressure (mm). d Compared to control, 
= slight reduction in fall of body temperature, 2 + = no significant fall in body temperature, 3 + = slight rise in body temperature, 
= marked rise in body temperature. ' Each + means 25% counteraction of ptosis compared to control. f BP = blood pressure. 
= counteraction, f = potentiation. * 0 = no effect. ' Not done. 
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TABLE VIII 

AvncowcL.sAXT ACTIVITY OF SOME 4-AKYI.- l-oi-AMi.vM-PYiUDYLii'ii'Eti \zi.\fc> 
Am ipentylfMic A lit i s u \ ..'Inline 

Cmni id" 

1 

20 

22 

2:i" 

i p h e n y l h y d u n t o i n 
sodium" 

Dos.-,'' 

• »s. kc 

40 ip 
20 ip 
10 ip 
20 ip 
10 ip 

' ) ( 1 , . 1 - L . 1 
*: u f > KI i 

20 ip 
10 ip 
20 oral 
10 oral 
20 ip 
10 ip 
7..) ip 

20 oral 
1") oral 
10 oral 
r> ip 
10 ip 
20 oral 
15 oral 
10 oral 

Vmi-
M K S 

' ; Muck 

100 
00 
20 

100 
SO 
• M ) 

100 
so 
00 
20 

100 
SO 

."ill 

' .III 

70 
; • > ( ) 

so 
40 
00 
70 
:;o 

n-.ruzulf 
' , l.lurk .if 

mm. ' rolivill 

100 
to 

20 
100 

SO 

too 
SO 

100 
so 

oo 

so 

' ; l . l . , ( 

. i f l u l l ' 

l . b w 

)0O 

In 

0 

0 

0 

0 

0 

Hi'iuiirki-

No pi'oteetioii against death, 
survival time was doubled, -
malic reflexes inhibited. 

No protection against death. 

No protection against death. 

No protection against death, s 
vival time prolonged, no off 
on somatic: reflexes. 

No protection against death, 
vival time prolonged. 

" Numbers refer to compound in Table VII. '• Five and ten mice were used for intraperitoneal and oral routes, respectively, 
for 23 and dipheiivlhydantoin sodium was calculated to be 12.6 and 12.2 mg/kg Coral), respectively. 
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with a bolder change in which the pyridine moiety was 
replaced by a quinoline (14, 15) residue. This com
pound had neither anticonvulsant nor antireserpine 
activities. 

Substituents in the phenyl ring were also found to 
have a profound effect on the biological activity. In 
general, substituents in 2 and 4 position of the phenyl 
group as in the 2- and 4-methoxyphenyl (16, 17). 
2,4-dimethoxyphenyl (18), and 3.4-dimethoxyphenyl-
piperazinyl (19) compounds had greatly reduced 
activities with the exception of l-(3-amino-4-pyridyI)-
4-(p-chlorophenyl)piperazine (20) which was almost 
as active as the prototype as an anticonvulsant with 
somewhat reduced antireserpine activity. Thus, there 
was some dissociation of antireserpine and anticon
vulsant activities in this compound. Substitution in 
the mela position led to a greater dissociation of these 
activities. The corresponding 4-(3-amino-4-pyridyl)-
l-0/(-trifluoronietliylphenyl)piperazi no (23) showed 
very weak antireserpine activity while the anticon
vulsant activity was more marked than its prototype. 
This compound has been compared with diphenyl-
hydantoin sodium as an anticonvulsant. It has prac
tically the same order of activity2'5 against chemo- and 
electroshock-induced seizures in mice with a better 
safety margin (Table VIII). 

The methoxy- and methyl-substituted phenyl com
pounds showed significant diuretic actions, which was 
more marked in the p-tolyl (24) and 2,4-dimethoxy-
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phenyl (18) derivatives. Introduction of a bromo or 
amino group in position "> of the pyridine nucleus as 
in l-(r)-bromo-i-!-amino-4-pyridyl)-4-(p-tolyl)piperazine 
and l-(3.")-diamino-4-pyridyl)-4-(p-tolyl)piperazine and 
the removal of 3-amiuo group as in l-(4-pyridyI)-4-
(p-tolyl)piperazine resulted in the disappearance of 
this diuretic activity. 

The other interesting activity was the antipyretic 
and tranquilizing activity of 1,4-bis-3-(2-pyridyl)-
ethylpiperazine (26). This compound caused reduc
tion in locomotor activity, decreased amphetamine 
toxicity in aggregated mice, and caused a specific 
blockade of the OAK. The over-all pattern of activity 
was not altered when the attachment of the piperazino-
ethyl residue to the pyridine ring was changed to posi
tion 4 (27), although the order of activity was somewhat 
reduced. The change to a homopiperazine analog 
(28, 29) caused almost a complete abolition of the 
activity. The piperazino ring thus seems essential 
for this activity. 
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