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immersing them in a chlorine atimosphere for at least 10 min.
After the immersion, air was blown across the plate to remove
the unbound chlorine and the plates were =praved with a 27
solution of potassinm iodide containing thimline.  Comrol mns
showed that hix procedure  wax  specific Yor the nrinary
carbamates.

Bis(hydroxymethyl )Jdimethylsilane Dicarbamate (Il1).--A 10tal
of 1.5 g of T, mp 104-106°, was administered to three rats in a
suspension of gun tragaeantln, The urine was collecred for 45
hir. Analysix for silicon indieated that approximately 700, of the
administered dose wax present in the urine. The wrine was
extracted continnously for 12 hir with ether.  Rewmmoval of the
ether under vacunm and crystallization al vhe resuliing solid
from water atforded 0.80 g (53¢ ) of the nnechanged dicarhmuate,
mp 99-101°, mmp (with IIT) 93.5- 101°, The lnfrared spectrnm
of this material was identical with that of 111.

(Hydroxymethyl)dimethyl-n-propylsilane Carbamate (I1V).--- A
total of 7.8 g of IV was administered neat 10 17 rats, and their
urine was colleeted for 4 dayvs.  Analvais of the urine for silicon
indicated that approximately 907; of the dosed silicon was
present. The urine was extracted overnight with ethyl acetate.
The solvent was removed under vacuuni, and the residue wis
dissolved in acetone and filtered to reinove the precipitated urea.
lsvaporation of the acetone afforded 5.3 g of a dark oil.  Clro-
matography of the oil through 200 g of almnina, activity 111,
wis carried ant nsing the solvent scheme of chloroform-ether
(1:1), 100 ml, and ether, 200 ml.  Zighty fractions were collected.
Tle of these fractious indicated that only one carbamate iin
fractions 43-78) was present.  Cowmbination of these fractions
and erystallization from ether-petrolemn ether hp  50-60°)
vielded 1.8 g (299 of the dicarbamate disiloxane VI, mp 68-70°,

Anal. Caled for CeldoNaOs=ta: €L 54250 M, 7.200 N 9.0
Found: €, 34.43: H, 7.06; N, 0.82

The mur spectrnm of VT in CHCly showed a singlet at 8 1.3
(RiCHy), a singlet at 3.8 (SICH,0CONH.), and a broad band at
4.2 (CONH,). The CHCly proton was nsed as the internal stand-
ard, The two singlets showed an area ratia of 4:11. The signifi-
caitt bands in the infrarved spectrum (CHCL) were 2.85, 2.95
(N11y), 5.85, 6.25 (CONH.), 7.95 (SiClL), and 9.5 p (S1081).
I another ru, extractbm of the urine with ether, followed hy
tle analysis of the resulting oll, failed to reveal the presence of
nualtered carbamate.  Control mns indicated that vhis method
could detect abaut 20, ol the dosed munount.

3is(hydroxymethy!)methyl-»n-propylsilane Dicarbamate i Sila-
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meprobamate) (V). Twelve grams of ¥V was dosed to 62 s
and the urine was collected for 3 days.  Silicon analy=ix a2 the
ciid of thix period indicated that approximately X0, of the
ingested silicen hiad been eliminaved. The urine wox exiracied
overnigh) with byl acetate. Remeaval of the ethyl aeeinte and
the nrea allorded X6 g of o dark ol Chiromatography ol this
niaterial was eorried ont nsing 400 g of aluming, activity 1L
Sixty Hleml iractions were eollected, nsiag rhe following sedvem
scheme: benzene-ctlivl acerate ¢1:15 1A ml: beuzene ethyl
acetate <1225 A b ethyl acetate, 50 il ethyl acewate-
meetnue (D), Db aretone, 50wl acetone -methanol (113
Sty and methanol, 200 ml. Thin laver chronenography ol
e eluted Travtinne showed the presence ol two carbmnam es:
Ay W3S fminor contponenty, appearing a1 fractions 19 and 20
and R AT duajor component), appearing in fractions 2454,

The first component, /2y 0535, 20 mg, was a white =olid with
mp H4-5%%0 The nmre spectrnmn of this material in CHCL <howel
tHiree hands: 8 0.30, singlet; 4.0, singlet: and 5.2, a broad bond.
The area rvatio under the two singlets wax 6:8.4, The inlrared
spectrim (CHCL) showed the signifieant peaks at 285, a1 585,
6.2 and 705, and a bvad band av 0.0 w

The second component, R; .37, 2.5 g, was an oil. Thix ma-
terial was eombined and rechromatgraphed throngh abinnina,
activity 1V, nsing ethyl acetate ax=olvent. "The nur of the efnted
material, in 1.0 shiowed a stuglet at 8 1.2 {relative avea, L),
three peaks it not a wiplet) at 1O, 1,15, and 1.25 {combine.l
aren, 5,25 a singlet at 2.9, and a nliiplet starting av 4.0 tconi-
bined area under the singlet and the nmultiplet, 5.0). The in-
frared <pectrmn {thin film) showed o broad and intense absep-
tion in the 2.9-x vegion and other significant bands appeariug ai
.85, 625, 94 Gharp), and 795 w0 Using the Beckman 11-4
spectrophotometer and LiF opties, the hroad hand av 2.9 x conld
not be resolved.  The eluted oil gave o positive iodofori test and
o positive cerie nitrate test bt failed to vield a solid derivative
with g-naphthyl isocvauate,

Anal. Caled for CoILONGSSE S 1120 Found: =i, 105,

T another run, the urine was first extracted 12 hr with etlier.
e analysis o) the ether extract showed no evidence of silame-
probamate,  Control runs indicated that 10 g of silameproba-
mate in 100 nd of srine fabont 245 of the dose) conld be deteeted.
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A mmber of 1-pyridyl-4-substituted piperazines have been synthesized and evaluated for their pharmacologi-

cal action.
conwvulsant aud autireserpine properties.

A nmmber of I-(3-amino-4-pyridyl)-4-phenylpiperazines have been shown to possess marked anti-
Their structure-activity relationship is disenssed.

In particnlar,

1-(3-amino-4-pyridyi)-4-(3-trifluoromethylphenyl)piperazine has shown promising auticonvulsant aetivity.

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

(1) M. M, Vobra and S0 N, Dvadlan, Arek. Tutecn. Phnepaeadyn., 160,
413 (1964).

(23 M. M. Vobya, 8. N. Praddap. P. CoJoim, X0 K, haGerjee, ond N,
Anand, J. Med. Chen., 8, 206 (1967,

not assoctated with the parent compounds appearcd
in the resulting derivatives, which included hypotensive,
antipyretic, anticonvulsant,® and antiinflammatory?
activities.  In continuation of this study of substituted
diaminopyridines, making one of the amino groups part

(3) P, L Jain, V. Kapoor, N Apand, A. Abmad, G. K. Patpaik, and 3.
Al Vobra, Inlernaticnal CNS Dirngs Symposinm, M yderabad, 1ndia, 6,
a8 Ndbe, T K. Kaceker, 1. B. Rattnr, G. Thyagarajap, and V. R. K. Dur-

mabapsa, Fd,, Connedd of Reientific and Indnstrial Rexcarel, India, p o320
ey R.CORrima) Conpnldiched daca),
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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 l-substituted 4-phenylpiperidine® and
4-phenylpiperazines.® Quite early i this study it
was observed that 4-phenyl-1-(3-amino-4-pyridyl)piper-
azine’ (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 JI-X.

N N‘—<: .>
o ’ R M

N N—
< @ N,

I II, 2-pyridyl
111, 4~pyridyl
N/-_\N—R
—/
R’ R R’
CE O ONOE
N
IV, 2-pyridyl VI
V, 4-pyridyl

E‘N\I Q -0 @_X_N(CHZ s

VIII, 2-pyridyl

IX, 4-pyridyl
HN CH,).—N, N
./

- (CH2)2—<:\/NH
X

R=CH;, aryl, aralkyl!
R’=H, NO,, NH,
R”=H, Br, NO,, NH,
R””7=H, OH

n=23

X=CH,CH,, CH(CHy)

The 4-arylpiperazines required in this study were
prepared by the condensation of the appropriate
antlines with bis-8-chloroethylamine hydrochlorides
essentially according to the method of Prelog and
Blazck.?

4-Aryl-1- (3 amiio-2- or -4-pyridyl)piperazines (I1
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

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

(6) H. G. Morren, V. Bieneft, and A, M. Reyntjens, *'Psychopharmacolog-
ical Agents,” Vo) 1, M. Gordon, Ed., Academic Press Ine., New York and
London, 1964, p 251.

(7) A, Abmad, G. K. Patnajk. and M. M. Vobra. Indian J. Erptl. Biol.. 4,
154 (1966).

(8) F. G. Mann. J. Chem. Soc. 461 (1934).

(9) V. Prelog and Z. Blazek, Collection Czeck. Clem. Commun., 6, 211
(1934): Chem. Abstr., 28, 824 (1934},
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the appropriate 2-chloro-3-nitro-,* 4-chloro-3-nitre-,'t
and 4-chloro-3-nitro-5-bromopyridines'? and 4-chloro-3-
nitroquinoline!® with vartous arylpiperazines and aryl-
piperidines followed by 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 1 molar equiv of triethylamine followed by reduction
of the resulting nitro compounds.

4-Aryl-1-(4-pyridyl)piperazines (IIT, R* = R = H)
were obtained by condensation of 4-chloropyridine N-
oxide'* with N-arylpiperazines in toluene followed by
catalytic reduction of the resulting pyridine N-oxides.

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

1,4-Bis(3-2- or -4-pyridyl)ethylpiperazines and homo-
piperazines (VIII and IX, X = (CHy),; n = 2 or 3)
were prepared by the pyridylethylation®® of piperazine
and homopiperazine with 2- and 4-vinylpyridine.
1,4-Bis(8-4-piperidylethyl)piperazine resulted from the
catalytic reduction of the corresponding pyridine de-
rivative (IX, X = (CHy:; n = 2). 14-Bis(a-
methyl-2- or -4-pyridylmethyl)piperazines (VIII and
IX, n = 2, X = CH;CH) were secured by the con-
densation!® of 2- and 4-a-bromoethylpyridinest? with
piperazine.

Experimental Section's 19

N-Arylpiperazines.—While most of the N-arylpiperazines were
already kilown, 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(g-chloro-
ethyl)amine hydrochloride (0.3 mole) in 1-butanol (200 ml) was
refluxed for 24 hr. The reaction mixture was cooled and powdered
anhydrous K,COy (0.15 mole) was added and refluxing continued
for another 48 hr. The reaction mixture was filtered hot, the

Tagie |
N-PHENYLPIPERAZINES
Phenyy Bp 1mm) or % N —_
No. snhrtituent mp, °C Caled Iound
1 10-CF3 11C1 252 10.5 10.48
2 m-Cl30 HCI 173-174 12.2 12.38
14-145 (bath)
(0.25 mm)
3 p-F HCH 172 12.93 12,78
4 3,4-(CH,0 ), T1CH 235-236 10.83 10.93
78 12.6 12.5
5 2,4-(CH;0), HCI 194-196 10.83 10.62
160-165 (bath) 12.6 12,93
(0.5 mm)

@ A, S. F. Ash, A. M. Creighton, and W. . Wragg [(May and
Baker Ltd.) British Patent 043,747 (Feb 5 1964); Ch m. Absir.,
60, 12029 (1964)] reported mp 250-253° for the hydrobromide.

(10} Y. Ahmad and D. H. Hey. J. Chem. Soc., 4516 (1954),

(11) 8 Krnger and F. G. Mann. 7bid. 2755 (19535),

(12) V. O. Brewer Ann., 529, 290 (1938).

(13) G. 13. Bachman, 1}, E. Weltun, G. L. Jenkins, and J. E. Clristian,
J. Am. Chem. Soc., 69, 365 (1947).

(14) E. Ocbiai. J. OUrg. Chem., 18, 534 (1953).

(15) J. M. Essery and K. Schofield. J. Chem. Soc., 4953 (1960).

(16) J. ¥. Robertzop. J. H. Beil, T. F. Mitchell. Jr., W, K. Moya. and
H. A, Leiser. J. Med, Chem.. 6, 805 (1963).

(17) B. H. Walker, J. Org. Clem. 25, 1047 (1960).

(18) The melting points were determined in a balh. Tle various com-
pounds were checked routinely by ir and uv spectroscopy on PerkinelZ)mer
Infracord and Unicam spectropliotomelers, respectively.

(19) The Roman nnmerals refer to the type of compounds. while the
Arabic nnmerals refer to the specific conpounds as they appear in the lext.
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/N
N N—R
\—
Cawed, 7 Fannd. <
No. R R R Mp, “C ¢ 1) N C N N
6 4-CHTLN-(3-NO.) NO. 11 252 50,04 424 25.45 o121 400 25,54
n 4-CHHN-(3-NTH,) NI 11 20T >500 18,499 5.Xa RESEN 40 47 0.0l 24055
N Coly, NO. 1 1538--141) [IRE 0ot 1. 72 6.3, 833 6. 0D 20,2
9 Cell; N, 11 191 T Touv 22 0 T0.87 7oA J1T2
1t p-CeH,Cl NO. H 164)-17a 17,055 1%, U7
1 p-Cel1,C1 Nt 11 207-20K 19,41 1963
12 p-Cel1,ClL, N(h 11 132130 IS. 79 15,73
3 p-CeH,Cl1: Nit. 11 175174 I, K RITRER
14 o-Cy11,CH Nt 11 131 Is. 74 IS0
15 o-C1CH Nl 11 164~ 165 RAIPNY] 20016
16 3,4-CHa(OCT ) N, 11 153 115,25 5.7~
17 :;.4-C511;)(V()(:H:))g Nl 11 143 146 1755 17 38
B 2,4-(‘,‘5”»(()(,‘”:))2 N(): 11 142143 1t.25 .11
14) 2,4-(76}'13(0C‘”;))1 N1l 11 179 1785 IS 11
20 Celly 11 11 S2HCTE 285 256 dee AERH) N 12,80 3050 11 12,61
(N-nxide) ALO 78 630 [SIIE 1551 6590 T.u7 1482
21 Cella 11 11 166 s 7.1 170 ol 6 oNT 1720
22 p-Cel1,0CH, Ny 11 155 175 IN.a
23 p-Csl1.OCH, N1l 11 207 67.7 7.0 .7 681 7.2 1.8
24 p-CeH4N()2 X()-; 11 185 227 20
25 p-Csll,N 11 Nil. 11 210 2602 2551
20 1, N} 11 SOHCT 215216 4N 0.4 191 110 3N 19t
27 (IR P N1l 11 142 62,5 N 2001 62 8 Nt 200
28 CILCl, NO. 11 96-4)7 IS4 IBEES
24 CH,Cll N 11 UG 197 dee 51 IINE! 4.0 SRR H OGN 1506
30 m-Csl1CEy NO. 11 107 15,00 15490
51 m-Cl1,CF, Nl 11 146--147 172 171N
EW w-CeH,OCH, NO, 11 112-- 103 17.83 1791
35 ne-Ce 1 OCH, N1l 1 179 .7 10 26
34 =Cgl1,CH NO. 11 107 17.50 17,65
35 m=CH,CL Nl 11 11T0-111 194 19 16
R 0-CgH,OCT NOL 11 123124 1755 1T
En o-CelL,OCT Nt 11 [84-1X5 1172 [ 0N
HN p-Csl1,CH, N Br 157--158 150l 1115
30 p-CellCL, N1l B 18 11 15 72
4) p-Cell, Gl N}, N ST 220-222 1. N2 16, 4
41 p-Cl L, CLL N1l N, AUCT 214215 1651 1,12
42 p-C N 11 122 I~ 5 1IN 72
43 p-CellLl N, 11 REFY 2,50 2012
14 p-Cell,CLL 11 11 N-Oxide 120 15.6 152
45 p-Cel L,CLL, 1 1 22HCT2T.0 228 11.7 11,63
46 Cyll; NO. Br 1t1) 116 1.2
47 Cells Nl Br 175 40 Al 16.7% 5437 502 1t .64
filtrate was cooled, and the N-arylpiperazine hydrochlorides tetrahydrofiran {111y wus added o dissolve then The cata-

which =eparated were filtered and washed snccessively with 1-
Iitanol aud ether. The bases were liberated by making the
srienns solntions of the hvdrochlorides stvongly alkaline: vield
T

4-Substituted 1-(3-Nitro-2- or -4-pyridyl)piperazines (1l and
i, R = CH;, aryl; R* = NO.; RY = H).- A solntion of 2= or
-chloro-3-nitropyridine (.1 mele) in dry toliene (25 ml) wax
added nnder stirring to w solntion of Nesubstituted piperazine
(1.1 male) aud triethyvlamine (1.1 mole) in dry toluene (100 ml).
The reaction mixture was heated with stirring at 80° for 2 hr,
cooled, aud filtered, the filtrate was extracted with 3 A" HCI, the
acid extract was made alkaline with NH,OH, and the nitro coni-
pounds which separated were collected by filtration and crystal-
lized from ethauol; yield 80-90¢; (Tables IT and I1T).

4-Substituted 1-(3-Amino-2- or -4-pyridyl)piperazines (II and
III, R = CHy, aryl; R’ = NH.:; R = H).-—The uitro com-
pounds obtained above in ethanol (50 ml of ethanol/10 g of the
componud) were reduced using Raney nickel catalyst at 4.5 atm
pressuve of He and room temperature until absorption of 1. was
complete, 1f (he amines were psoluble in ethanol euongh

Ivsi was removed by fillration and washed with TS, the solvent
was removed, aud the residue wax ervelallized Tronr ethanol;
vield 80-85, (Tablex 11 and 111).

4-Aryl-1-(3-nitro-5-bromo-4-pyridyl)piperazines (11, B - aryl;
R’ = NO.; R* == Br) were svnthiesized by thie condensoticn of
N-arvipiperazines with d-clidoro-3-uitro-5-bromopyridine by the
method deseribed above; vield 8547 (Table 11).

4-Aryl-1-(3-amino-5-bromo-4-pyridy!)piperazines (11, R = aryl;
R' = NHy; R’* = Br) were prepared in 85-90%: vield by the
reduction of the corvesponding nitro compounds by the method
described earlier (Table 11).

4-Phenyl- or 4-Phenyl-4-hydroxy-1-(3-nitro-2- or -4-pyridyli-
piperidines (IV and V, R = H, OH; R’ = NO,) were prepared
by the coudensation of 4-plhenyl- or 4-phenyl-4-hydvoxypiper-
idines with 2- vr 4-chlovo-s-uitropyridine; vield 80-85¢7 (Table
Iv).

4-Phenyl- or 4-phenyl-4-hydroxy-1-(3-amino-2- or -4-pyridyl-
piperidines (IVand V. R”” = H, OH; R’ = NH.) were made by
the reduetion of the nitro componinds ax in (he ease of piperazinpe
derivatives (Table 1V).
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TasLe 111
'R// R/
@Nﬁ NR
N —/
Bp (mm) or —————Caled. % Found, %
No. R R’ R mp, °C C H N C H N
48 2-C;H;N-3-NO, NO, H 201 50.99 4.24 25.45 51.48 4.63 25.64
49 2-C;H;N-3-NH, NH, H 226-228 31.11 31.13
-2HCI >300 48.99 5.85 24.78 48.93 5.98 24.36
50 2-C;HN-3,5-(NOy), NO, NO; 259 dec 40.43 2.85 26.66 40.00 2.98 26.87
51 2-C;H;N-3,5-(NH,), NH, NH, -4HC1 278-282 dec 25.1 25.38
52 CeHs NO. H -HCI 218-220 56.1 5.3 17.46 56.4 5.72 17.92
53 CeH, NH, H 167-168 70.07 7.07 22.04 70.2 7.37 22,13
54 p-CeH.Cl NO. H 130 56.6 4.7 17.7 56.3 4.6 18.2
55 p-CsH4Cl NH, H 127-128 19.44 19.23
56 CH; NO. H -2HCI 215-216 40.8 5.4 19.0 41.2 5.8 19.03
a7 CH; NH, H 210 62.5 8.3 29.1 62.8 8.6 20.4
58 p-CeHOC 113 NO, 11 106 61.1 5.75 17.8 61.6 6.2 18.0
59 p-CsHOCH;, NH. H 125 67.7 7.0 19.7 67.8 7.4 19.4
60 p-Cel1;,CH; NO. H 225 16.74 16.5
61 p-CeH;CH; NH, 1 154 71.6 7.46 20.89 71.48 7.66 21.00
TaBLE IV
R R’
rO-O
N
Attachment
to
pyridine Bp or mp. Caled, % Found. %
Nde ring R R °C C H N C H N
62 4 NO. H 116 68.08 5.6 14.89 67.8 6.4 14.9
63 4 NH, H 173 75.8 7.5 16.6 76.0 7.7 16.74
64 4 NO. OH 142-143 64.2 5.68 14.0 64.5 6.2 13.7
65 4 NH, OH 131 71.3 7.0 15.78 70.92 7.24 15.80
66 2 NO. H 177 67.8 6.0 14.89 67.4 6.2 14.7
67 2 NH. H 201 75.8 7.5 16.6 75.8 7.44 16.38
68 2 NO, 011 82 14.0 13.9
69 2 NH, Ol 187 71.3 7.0 15.78 71.35 7.22 15.28
TapLe V Bis-1,4-(3-amino-2- or -4-pyridy!)piperazines (II, R = sub-
stituted pyridyl; R’ = NH,; R’ = H, NH;).—The above nitro
N N—R compounds in 959, ethanol were reduced using Pd-C (109) cata-
lyst at a pressure of 4.5 atm of H, and room temperature. When
R’ the absorption of H, ceased (ca. 2.5 hr), the reaction mixtures
O were filtered, and the precipitate was extracted repeatedly with
N 3 N HC! and mixed with the ethanolic filtrate, when the hydro-
—— g N——— chlorides of the amino compounds separated, which were crys-
No. R R Mp. °C Caled  Found tallized 1fl‘om 6 N 11{401; yigld 75—30‘};0 (Takj;le 1T and 1%14). .
_ - - - 1-Arylpiperazinyl-4-pyridine 1-Oxides.—A mixture of 4-chloro-
LO CsHs 1\,02 1%9—100 16.7  16.27 pyridinyepl?oxide (y0.0lpfnole) and N-arylpiperazines (0.02 mole)
71 CeHs I\_H? 170 _ 18.4  18.03 in dry toluene (15 ml) was refluxed gently for 4 hr, when a solid
72 m-CeH,CFs NO;  154-155 13.93 13.99 separated out. It was collected by filtration, dried, and dissolved
73 m-CsH,CFy NH: 138139 15.0 14.8 in water and the aqueous solution was made alkaline with 2 N¥
74 2,4-CeH3(OCH;),  NO,  145-146  14.2  14.43 NaOH. The syrupy product which separated was extracted
75 2,4-CsH,3(OCHs)y NH. 105-106  15.65 15.7 (CH.Cly), the extract was dried (Na.SO.), the solveut was re-

4-Aryl-1-(3-nitro-4-quinolyl)piperazines (VI, R ' = NO.) were
obtained by the condensation of 4-chloro-g-nitroquinoline with
N-arvipiperazines by the method described earlier; yvield 85-90%
(Table V).

4-Aryl-1-(3-amino-4-quinolyl)piperazines (VI, R' = NH,) were
synthesized by the reduction of the corresponding nitro com-
pounds as described above (Table V).

Bis-1,4-(3-nitro-2- or -4-pyridylpiperazines) (II, R = sub-
stituted pyridyl; R’ = NO.; R’ = H, NO:).—A solution of
piperazine (0.08 mole) in dry CHCl; (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 Et;N-HCI, and the nitro com-
pounds thus obtained were crystallized from pyridine-water;
yield 90-959% ('T'ables 1T and I11).

moved in vacuo, and the residue was converted to its hydrochlo-
ride; yield 409 (Table 11).

4-Aryl-1-(4-pyridyl)piperazine (II, R = aryl; R’ = R" = H).
—The above N-oxides in ethanol were deoxygeuated with H,
over Raney nickel eatalyst; yield 75-86¢; (Table 11).

4-Phenyl-1-(4-nitro-3-pyridy! 1-oxide)piperazine (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
geutly refluxed on the steam bath for 45 min. The compound
crystallized on cooling; a second crop was obtained by concentrat-
ing the filtrate. It was crystallized from ethanol; yield 659, mp
168°.

Anal. Caled for C:HisIN:Os: C, 60.00; H,7.33. Found: C,
60.32; H, 5.68.

4-Phenyl-1-(4-amino-3-pyridyl)piperazine (VII, 84).—The

nitro compound 83 was reduced as in other cases to give the re-
quired amiuo compound, which erystallized from agueous ethanol;
yield 709, mp 174-176°.

Anal.  Caled for CyuHNg €, 70.07;
Found: ) 7ths4; 1, 7.29; N, 22.63.

H, 7.07; N, 22.04.
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VA
R—X—N_ _N—X—R

New I N " ALITS

T -GN (CHL 2 DTN

7 2-CH N (Clays 3 S

TS 1-CulLN iCle 2 92

79 +-C,H N (ClHy b 3 Sy

S0 2-CHHN CHCH) 2 112

Sl 1-C N ClHC) 2 185- 186
&2 1-C,lN ~(ClHphe- 2 ALO 122

Bis-1,4-(p-2- or -4-pyridylethy!)piperazines or -homopipera-
zines (VIII and IX, X = (CH.):; n» = 2 or 3).—A mixture of 2-
or 4-vinvipyridine (1.11 mole), glacial acetic acid (0.1 mole),
and anhydrous piperazine or homopiperazine (0.05 mole) in
ethanol (75 ul) was refluxed for 16 hr. The reaction mixtire was
evaporated nnder reduced pressure and the residue wasx made
alkaline with 2 .\ NaOH. The piperazine derivatives separated
ax =olids on cooling which were filtered, washed with water, aud
crystallized from benzene-hexane. The homopiperazine deriva-
tives were thick oily, which were taken np in CHCL, the extracts
were dried (NasSQ0s), and the producis were purified by chro-
uwatography on ahunina nsing CHCL ax the elnent: yields 80-
8300 (Table VI,

Bis-1,4-(a-methyl-2-pyridylmethy!l)piperazine (VIII, X =
CH(CHy); n = 2).—A mixture af 2-a-bromoethylpyridine (13.5
¢), anhydraus piperazine (3.8 g), and triethylamine (8.5 ml) in
dry tohrene (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 (Ip 40-60°) to the benzene solution of the resxi-
due. The product was collected by filtration and crystallized
from petroleum ether; vield 3377 (Table VI).

Bis-1,4-(a-methyl-4-pyridylmethyl)piperazine (IX, X ==
CH(CH3); n = 2).—4-Ethyipyridine was brominated with N-
hromosuccinimide essentially according ta the method of Walkert
for Z2-ethylpyridine. The cude 4-a-bromoethylpyridine wax
condensed with piperazine in benzene as described above without
any purification on aceomnt of its instability, The product was
crystallized from benzeune-petroleum ether; yield 309, (Table
Vi),

Bis-1,4-(8-4-piperidylethyl)piperazine (X).—A solution of bhis-
1,4-(8-4-pyndylethyl)piperazine hydrochloride (6.0 g) in agqueois
cthanol was redueed with He at 4 atm pressure at 65-70° nsing
5% Rh=C catalyst nutil the uptake of H, ceased. After removal
of the catalyst by filtration, the solution was concentrated under
redneed pressure, the residue was made alkaline, and the produet
wias cryvstallized from benzene; vield 65¢ (Table VI).

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

Anticonvulsant Test.—The effect of compounds against supra-
nmaximal electroshock seiznre (48 ma, 0.2 sec) in mice was
tested according to the methods of Swinvard, ef al® A few
componnds were also tested against peutylenetetrazole (1au)
myg kg =) and strvehnine sulfate 115 mg/kg <¢) indiced seiznres.
I“1ive aniinals were nsed in eacli gnp.

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

litfects on locomotor activity of the control and treated groups
of mice were tested in activity cages and recorded photoelec-
trically. !

Antiamphetamine Test..--The effect of amphetamine toxiciiy
in aggregated mice wax studied according to the method of Burn
and obhs, 22

(2 15, N Swipyard, W,
Erptl. Therap,, 106, 210 (1952).
121) G, 1) Mavis, Do, S Phyadol., 188, G19 (1957,

Brown, and WO K, Young, J. [hoonacd.,

(CHL),
Caled, 7 . - Yound, <

C n N « 1 N\
T T 19,108 T3 T2 1,1
IS 1N INC 16
THL T M, 03 2N 706 IR.77
Ix. 18 1756
7207 N1 18,0 5.2 S 19,06

15,4 185
64,00 16,534 11.65 4.4 16,70 11.65

Effect on conditioned avoidance response (CAR) in ratx was
<tudied according to the method of Cook and Weidley.?

Effect on Somatic Reflexes.--Sume colnpounds weve tested [or
their effect on patellar and flexor reflexes necording to the melhod
of Witkin, et af,? aud Delalva and Oester.®

Results and Discussion

Of the vartous activities shown by 4-phenyl-1-
(3-amino-4-pyridyl)piperazine (1), its anticonvulsant
and antireserpine activities were most prominent and
the different homologs and analogs were thercfore
tested particularly for these activities.  Pharmacolagi-
cal screening data for vartous compounds are given
in Tables VII and VIII.

[t was found that the replacement of N* of the piper-
azine ring by o CH or C(OH) in the corresponding 4-
(#-phenyl-1-piperidyl)- and 4-(4-phenyl-4-hydroxy-1-
piperidyl)-3-aminopyridines (2, 3) led to a consider-
able diminution of thesc activities, Similarly, re-
placement of the phenyl residue by @ methyl or benzyl
radical (4, 5) caused o complete loss of these activities.
These observations would ghow that the presence of
PhN(C-Q); v a specific structural requirement far
these aetivities.

Next, the cffect of the substituents m the two aryl
rings  was  studied.  The  corresponding  3-deamina
compound 6 had greatly reduced anticonvulsant atul
antireserpine  activities. The corresponding  5-nitro
compound was alsa completely devoid of these activi-
ties.  Substitution af the pyridine ring by an additional
bromine residue at pasition 5 (7) caused a complete
disappearance of these activities. The posttion of
attachment of the arylpiperazine to the pyridine ring
was found ta have an important bearing o its activity.
Thus, if the position of attachment of the arylpiper-
azine and the amino radieals was interchanged as in
1-(4-amina-3-pyridyl)-4-phenyipiperazine  (8),  the
cemtral stimulant and the anticonvulsant activities
were considerably reduced.  On the other hand. if
the arvipitperazine restdue was attached to posithin
2 of the pyridine ring as in I-(3-amino-2-pyridyl)-4-
phenylpiperaziue (9), it showed o depressant actian
in the gross hehaviar of mice and it waz devaoid of any
anticonvulsant action,  This depressant action was
enhanced by replacing N of the piperazine residue by a
C(OH) gronp as in 1-(3-amino-2-pyridyl)-4-hydroxy-4-
phenylpiperidine (13). One compound was made

S Marn aer N ebla, ek, Fdern. Phacgacod gy, 118, i
O8]

L. Caok and ¥, WekdDey, dAnn. N Y. dead. Scd,, 66, 74U 857,

32

(21 1. 1L Witkin, . Spicaletta, and X000 Phomper. Areke Datecr 1t -
roendy., 124, 105 (1960).

{250 201, DeSalva and Y. T, Qester, bid., 124, 255 (1961,
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ANTICONVULSANT 1-PYRIDYL-4-sUBSTITUTED PIPERAZINES

Approx
LDso
(mice), Gross
mg/kg effects?
Dinerazine derivatives ip (1nice)
1-Phenyl-1-(3-amino-4-pyridyl) - 100 Stimulant
1-I'henyl-1-(3-amino-4-pyridyl)- 100 Mixed
piperidine
4-Phenyl)-4-hydroxy-1-(3-amino- 50  Stimulant
4-pyridy))piperidine
4-Aethyl-1-(3-amino-4-pyridy}) - 288 Stimulaat
4-Benzyl-1-(3-amino-4-pyridyl)- 80  Stimulant
4-Pheny)-1-(4-pyridyl)- 25  Stimulant
4-I'benyl-1-(3-amino-5-bromo-4- 200 Stimulant
pynidyl)-
4-Phenyl-1-(4-amino-3-pyridyl)- 50  Stimulant
4-Phenyl-1-(3-amino-2-pyridy))- 150 Depressant
4-{p-Melhoxyphenyl)-1-(3-amino- 660 Depressant
2-pyridyl)-
1-Methyl-1-(3-a)nino-2-pyridyl)- 530  Stimnlant
4-Phenyl-1-(3-amino-2-pyridyl)- 100
piperidine
4-Phenyl-4-hydroxy-1-(3-amino-2- 100 Depressant
pyridyl)piperidine
4-Phenyl-1-(3-amino-4-quinolyl)- 800 0
4-(m-Trifluoromethylpheny!)-1- 800 0
(3-amino-4-quinolyl)-
4-(0-Methoxyphenyl)-1-(3-amino- 116 Mixed
4-pyridyl)-
4-(p-Melhoxyphenyl)-1-(3-amino- 100  Stimulant
4-pyridyl)-
4-(2.4-Dimethoxyphenyl)-1-(3- 40  Stimulant
amino-4-pyridyl)-
4-(3.4-Dimethoxyphenyl)-1-(3- 40  Stimulant
amino-4-pyridyl)-
4-(p-Cbloropheny))-1-(3-amino-4- 80 Depressant
pyridyD)-
4-(m-Methoxyphenyl)~1-(3-amino- 40  Stimu)ant
4-pyridyl)-
4-(m-Chloropheny})-1-(3-amino-4- 80  Stimulant
pyridyD)-
4-(m-Trifluoromethylphenyl)-1- 100  Stimulant
(3-amino-4-pyridyl)-
4-(p-Tolyh-1-(3-amino-4-pyridyl)- 125 Mixed
4-(p-Tolyl)-1-(3-amino-5-bromo-4- 800  Depressant

pyridy -
Bis-1.4-(8-2-pyridylethy))-

Bis-1.4-(g-4-pyridylethyl)-

80 Depressant

100  Depressant

Bis-1.4-(8-2-pyridylethyl) hoino- 150 Depressant
piperazine

Bis-1.4-(8-4-pyridylethyl) homo- 40  Depressant
piperazine

Bis-1,4-{@-methyl-2-pyridyl)-

methy)-

4-(p-TolyD)-1-(3-amino-2-pyridyl)- 200

4-(p-Tolyl)-1-(4-pyridyl)-

4-(p-Toly]D)-1-(3,5-diamino-4-
pyridyl)-

150 Depressant

Depressant
67  Stimulant

82  Stimulant

Anti-
MESP
%
block
(1nice)

80

10

60

20
20
60

20

60

(=1

60

20

20

100

60

100

100

20

20

(=1

(=1

0

TasLr VII
PHARMACOLOGICAL ACMIVITY OF 1-PYRIDYL-4-3UBSI1ITUTED PIPERAZINES

Antireserpine activity (mice)
Anti-

hypo- Anti- Anti-
thermia? ptosis® sedalion

4+ 4+ 44
ok 0 0

+ + +

0 0 0

+ + +
+ + +

T

0 +

0 0 0

+ 0

0 0 0

0 0 0

Enbances reserpine-
induced depression

0
0
34 34 3+
0 +
0 + 0
24 34 24

+

24

+
24 34 24
0 + 0
0 0 0
0 0 0
0 0 0
0 0 0

Cardiovascular
activity® (cats)

Effect on

BP/ at 2.5

mg/kg iv
—50 (P)

0
—60 (T)
+10 (T)

0
—30 (P)

0
+30 (P)
—40(T)
+40 (T)

0

0

-30 (P)

—16 (T)

—20 (T)

(=]

—25 (P)

Adren-
aline’

y

©S—HO O (=)

— o

0

S17

Remarks
Mild  antipyretic and
antinflammatory,
blocked polysynaptic
reflexes.

Mild antipyretic.

Mild antipyretic.

Mild antipyretic.

Ganglion blocking at
10-8,

Anti-5-HT and ganglion
blocking on isolated
guinea pig ileum at
10 -8,

Mild diuresis. no anti-
ampletamine action.

Moderate anti-5-HT on
isolated guinea pig
ileum,

Marked antipyretic.

Marked antipyretic and
mild antiinflammatory.

Anti-53-HT in isolated
guinea pigileum, loco-
motor activity reduced.

Marked antipyretic and
diuretic action.

Moderate antipyretic.
antiinflammatory,
antiamphetamine
CAR block, spontane-
ous Jocomotor activity
reduced.

Moderate anti-5-HT im
isolated guinea pig
ileum and ganglion
blocking.

Mild diuretie.

Mild anti-5-HT and
ganglion blocking in
isolated guinea pig
ileum,

» Stimulant iniplies alertness, Straub phenomenon, excitement, hyperreflexia, preconvulsiveness and convulsions, while depressant

impliex recduced spontaneous motor activity, ataxia, loss of righting reflex.
and P = persistent (change froni normal for 10 min or above) fall (—) and rise (4 ) in blood pressitre (mm).

+

4+ = marked rise in body temperature.
= counteraction, 1 = potentiation.

o

t Not done.

b MES = maximal electroshock seizures.

¢ T = transient

4 Compared to coutrol,
slight rednetion in fall of body temperature, 24+ = no significant fall in body temperature, 3+ = slight rise in body temperature,
¢ Hach 4 means 259 counteraction of ptosis compared to control.

k0 = no effect.

/ BP = blood pressure.
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ANTICONVULSANT ACTIVITY OF SOME $=ARVL- 1= A M0 NO=d-1Y LIDY LRIV ER AZ) N EN

Antpeniyiene

Amsrevalonne

A - yetygzoe . Yaek
Dase,” Alls o block o oo deemie
Compel* me kg o hlaek comie conval ehipse Henirks
| 40 1p iy Y Jun No protection against deatl, the
2 ip 6 ta A survival time was donbled, <o-
1 ip 20 20 nntic reflexes inhibited.
20 Hlip 1t 191 U Nao protection againsi deatli.
1 ip St St
20 oral At o .
22 2004p 1 [0l Qa No protection against deatlr.
1 ip Xt Su
20 oral (it}
10 ovul 2 . L
234 20ip [188] 1 a No proteetbm against deatd, sur-
Dy ip S0 ~a . vivad tiie prolouged, 1o ellect
TAp au ‘ on sonatic reflexes.
20 ornl 0o iy il
1y mal Tt
) oral 30
Diphenyllydautoin 15 ip S Nao proteelion against death, sir-
sodinme 10 ip 4t o . vival thne prolonged.
20 nral 00 Su O
15 orad Y
10 omal B

e Numbers vefer to compannd in Table V11,

" Five and ten mice wete nsed for intraperitoneal and aral ronies, vespectively.

ERDIDEw

for 23 and diphenylhydantoin sodimu wax calenlated to he 12.6 and 12.2 mgskg (orall, respectively.

with a bolder change in whiclh the pyridine molety was
replaced by a quinoline (14, 15) residue. This com-
pound had neither anticonvulsant nor antireserpite
activities.

Substititents in the phenyl ring were also found to
have a profound effect on the biclogical activity. Ib
general, substituents m 2 and 4 position of the phenyl
group as in the 2- and 4-methoxyvphenyl (16, 17),
2 4-dimethoxyphenyl (18), and 34-dimethoxyphenyl-
piperazinyl  (19) campounds had greatly reduced
activities with the exception of 1-(3-amino-4-pyridyl)-
4-(p-chlorophenyl)piperazine (20) which was almost
as active ag the prototype as an auficonvulsant with
somewhat reduced antireserpiue activity. Thus. there
was some dissociation af 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)-
I-(-trifluoromethylphenyl)piperazine  (23)  shawed
very weak antireserpine activity while the anticon-
vulsant activity was more marked than its prototype.
This compound has been compared with diphenyl-
hydantoin sodiwm as an anticonvulsant. It has prac-
tically the same order of activity® against chema- and
clectrashack-induced setzures in mice with o better
safety margin (Table VIIT).

The methoxy- and methyl-substituted phenyl com-
pounds sliowed significant diuretic actions, which was
more marked in the p-tolyl (24) and 2,4-dimethoxy-

26 A AMmad, pppnbhiskel wark,

phenyl (18) derivatives.  Iutroduction of a bromo or
amino graup i position H of the pyridine nucleus as
in 1-(5-bronio-3-amino-4-pyridyl)-4-(p-tolyl) piperazine
and 1-(3.5-diamino-4-pyridyl)-4- (p-talyl) piperazine and
the removal of 3-amino group ax i 1-(4-pyridyl)-4-
(p-tolylpiperazine resulted i the disappearance of
this diaretic activity.

The other interesting activity was the antipyretic
and - tranquilizing  activity of  1,4-Dis-3-(2-pyridyl)-
ethylpiperazine (26). This compound caused redue-
tian in locomotor activity. decreased amphetanine
toxtetty in aggregated mice, and caused a specific
blockade of the CAR.  The over-all pattern of activity
was not altered when the attachment of the piperazino-
cthyl residue to the pyridine ring was changed to pasi-
tion 4 (27}, although the order of activity was somewhat
reduced.  The change to @ hamopiperazine analog
(28, 29) caused almost a complete abolition of the
activity.  The piperazine ring thus scems essential
far this activity.
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