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TaBLE I
THIO- AND SULFONYLMETHYLTETRAZOLES
RXCHzC——Nlﬂ
N N
N/
N
Crystn Apparent

No. R X Mp, °C solvent Formula® pKa

1 CF; S 99.5-100.5 a CH;:F:NS 49

2 CFS SOz 195-196 a C4H5F3N40zs

3 (CH;).CH S 109-110 a C;H1oN.S 5.4

4 (CH;).CH SO, 155.5-156.5 b CsH1oN40:8 4.0

5 3-Thienyl S 129-130 a CsHN S, 5.3

6 3-Thienyl SO, 160 dec a CsHsN 058 4.2

7 p-ClCeH S 159-160 a C3H:CINS 5.1

S p-CleH4 80, 225 dec c CH-CIN,0,8 4.0

9 p-CleH4CHz S 103-104 a CyH,CINS 5.3
10 p-CICsH,CH, S0, 234 dec d C,H,CINL0.S 4.0
11 p-CH;CsH, S 142-143 a CyH,0N.S 5.3
12 p_CH3C6H4 SO, 211 dec c CyH,N0,8 4.2

e Ft,0. ®EtOAe. ¢ H,0. ¢ Me,CO. ¢ All compounds were analyzed for C, H, N, and neut equiv.,

TasLE II
THIOACETONITRILES
RSCH.CN
R Mp or bp (mm), °C Formula®
(CH;).CH 88-90 (23) C;H,NS
3-thienyl 96 (0.1) CeH; NS,
p-CICsH* 84-85 C;sHgCINS
p-CIC,;H4CH: 109 (0.1) C;H;CINS
p-CH3C6H4” 41—42 CQHQNS

@ E. A. Falco, B. Roth, and G. H. Hitchings, J. Org. Chem.,
26, 1143 (1961). ° J. M. van der Zanden, J. Nieuwenhuis, and
H. J. T. Bos, Rec. Trav. Chim., 76, 669 (1957). ° All compounds
were analyzed for C, H.

300 ml of H:0, and 300 ml of Et:0. The ether layer was sepa-
rated, dried (MgSO0.), and concentrated to dryness in vacuo. The
residue was triturated with pentane and filtered.

The thioacetonitriles listed in Table II were synthesized by
analogous procedures.
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In these laboratories, for a number of years, we have
been interested in piperazine derivatives as antihyper-
tensive agents. This report presents the syntheses of
several 1-alkyl- (or 1-aryl- or 1-aralkyl-) 4-N-substituted
carbamoyl- (or thiocarbamoyl-, ureido-, or thioureido-)
piperazines and the evaluation of their biological
activities.

The compounds prepared and tested in this series are
listed in Tables I and II. The N-substituted carbamoyl
and thiocarbamoyl derivatives (1-11, Table 1) were
obtained by the reaction of the monosubstituted piper-
azines with the corresponding isocyanates or isothio-
cyanates in a suitable solvent.

(1) For paper I11, see R. N. Prasad, J. Med. Chem.. 12, 290 (1969).

Reaction of l-methylhomopiperazine with benzyl
isothiocyanate, however, gave an oil which could not be
induced to crystallize. Treatment of the oil with Mel
gave methyl N-benzyl-4-methyl-1-homopiperazinethio-
carboximidate (12) as a hydriodide salt in 249 over-all
yield. Other S-methyl derivatives (13, 14) were pre-
pared from the corresponding thiocarbamoyl derivatives
(7, 6) in excellent yields. Reaction of 13 with methanolic
NH; gave N-cyclohexyl-4-phenyl-1-piperazinecarbox-
amidine (15) in poor yield.

The thioureido and wureido derivatives (16-25,
Table 1I) were prepared similarly from 1-substituted
4-aminopiperazines. Reaction of some 1-substituted
4-(B-aminoethyl)piperazines with isothiocyanates simi-
larly gave the corresponding thioureas (26-28, Table IT).

Pharmacology.—The piperazines were evaluated for
antihypertensive activity by the method reported
before.2 Of these, only 1, 5, 6, and 26 showed a sus-
tained moderate decrease in blood pressure at 5-10
mg/kg. Compounds 4, 7, 10-12, 16, and 20 caused an
unsustained fall in blood pressure, whereas 19 produced
a transient hypertensive effect. The remaining com-
pounds were inactive.

Experimental Section?

Following are representative examples of the preparative
methods employed. The solvents used in the preparation and the
reaction periods are indicated in Tables I and II.

Method A. 1.(N-Cyclohexylcarbamoyl)-4-phenylpiperazine
(1).—A solution of cyclohexyl isocyanate (13.7 g, 0.11 mole) in
Et:0 (300 ml) was added dropwise (under anhydrous conditions)
to a well-stirred solution of N-phenylpiperazine (16.2 g, 0.1 mole)
in CsHg (200 ml) at room temperature. The mixture was refluxed
for 0.5 hr and the product was filtered. One recrystallization
(CeHs) gave the pure produet (Table I).

Method B. 1-(N-Benzylthiocarbamoyl)-4-phenylpiperazine
(8).—A solution of benzyl isothiocyanate (18.4 g, 0.123 mole) in
Et.0 (50 ml) was added to a solution of N-phenylpiperazine
(20 g, 0.123 mole) in Et,0 (200 ml) at 10-20°. The mixture was
stirred for 0.25 hr, allowed to stand 15 hr at room temperature,

(2) F. Fried. R. N. Prasad. and A, P. Gaunce, 7bid., 10, 279 (1967).

(3) All melting points were determined in open capillary tubes with a
Thomas—Hoover capillary melting point apparatus and are corrected. The
elemental analyses were performed by Messrs, Orville Kolsto and Victor
Rauschel and Staff of Abbott Microanalytieal Laboratory, North Chicago, IIl.
‘Where analyses are indicated only by symbols of the elements, analytieal
results obtained for those elements were within == 0.4% of the theoretical values,
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Tasre 1
[-SUBsSTITUTED 4-N-SUBsT1TUTED CAarBAMOYIe (01 THIDCAKBAMOYL- ) PIPERAZINES
X
e
R—N NOUNHR.,

N

1CH.),

Reaction  Yield, Reerystn
No. R, n X Method” salvent” % My, ( <alvent® I"ornmilic Anedvses
| (H, 2 6] A00.3) E 4B 70 1471385 13 o CUIL N
2 CWH: SH; 2 O B () I8 41 140-143 B Cyy O, 11, N
3 C'Hs TeH:C 3 Q A 13 78 1271285 13 ', C, I, LN
4 CHs ~H.O 2 o At I8 it 132,53 133.5 13 C e C 0L CLN
h} C:HOCH 0 CH. J QO ATON) 12 Sl 166G~ A B CpHL NGO . H,N.O
G CeHs CH.C:H 2 b B 13) E 12 182+ 18:4.3 JOIRETI DIt CrsHaNS C,HON) R
b CHs CeHi 2 R B i GG 188.5--189.5 jors "y:H: 5 LI NS
b3 C:HOQCH:0 CsHu 2 ] ATD T+ B 80 170151 Ay « ¢ HNL R
0 CeH,OCH 50 CH.C:H. 2 3 A ‘;l)d 13 27 1311525 RV o 3 ¢l N, =
1 C'H, C:Hn 2 = A (DAY I 8 1215124 B CiHo NS O NS
11 CHy CH.CsH: 2 = A I 81 U401 B+ I'E el N R N, =

@ See lixperimental Section for metlhods.

Reaction perind (in hours) in parentheses.

bl =

IA;(_), B = Cng. v B = (jnllm 1) i

DMFE, I = 1,0, Bt = ¥tOH, M = MeOH, PI = petroleum ether (60-80%). ¢ The mixture was allowed to stand overnight at roomn

temperature and then the product swas filtered.

Tasre 11

[-SUBSTITUTED 4-N-SUBKTITUTED UREIDO- {01 THIOUREIDO-1 FIPERAZINES

R—N
Na, Ry Re Y N Method®
16 H.OCH w0 CsHy NH E A2
17 CH, CeHu NH s A (2)4
18 CHOCH»o CH.CsHs NH S A ()
19 CH: CH:C:H: NH ] A
20 CsH; CH:C+H; NH S ¢
21 CH: CH, NH 0 B (1)
22 CH; CHCL- 8,4 NH 6] AD
23 CH.OCH-0 CsH(Cl-3.4 NH 0 A (0.167)
24 CsH.OCH:-0 CH. NH 0 A (L)
25 CeH; CH. NH 0 A
26 CeHs CHH: CH.CH:NH B ALY
27 CHOCHw0 CHCeH; CH.CH:NH 3 Al
28 CH, CsHn CH.C'H.NH S A (0.5)

¢ See Experimental Section for methods.

I
NYCNHR,

Reacrion  Yield, Recvysin

colvent? % Mp, *C salvent” IFormmnli Analyses

E 4+ B T4 184187 A CisH:NOS - 0.5H.0 ¢, HN R

T2 62 165167 B + PE CroH NS CCH, N, 8

E ! 174-175 A} CisHWNLOS C, H, N,

o 6o 1530153 3+ I'E CoHnNS C, H, N, 8
0y 201--202 A+ B ChsH NS C,H, N, »

E 38 143145 3 C:HieNO ¢, H, N

B 85 180191 A 4:H CENSO C.H,CL N

E 40 211--218 D+ W CysHuCEN O C,H,CL N

E 85 135--140 B+ I C1H N0 C,H. N

E 70 186--187 B C':HieN:O C,H, N

13 T4 137-138 M CaH NS C,H, N, &8

B 20 11r=119 JOTI oy NOS C,H,N 8

I G 128-130 B + 'K ' HsNS C,H, N, 8

E = ItsO, B = CeHs. * A = MesCO,

Reaction period (in hours) in parentheses.

B = CeHs, D = DMF, E = Et.0, Et = EtOH, M = MeOH, PI' = petroleum ether (60-%0°), W = H.O. 7 After refluxing for 2 hr

the reaction mixture was cooled overnight to isolate the product.

and then filtered. One recrystallization from EtOH and another
from aleoholic DMF gave the pure product (Table I).

Methyl N-Benzyl-4-methyl-1-homopiperazinethiocarboximi-
date Hydriodide (12).—A mixture of benzyl isothiocyanate
(6.5 g, 0.0439 mole) and l-methylhomopiperazine (5.0 g, 0.0439
mole) in Et,0 (100 ml) was refluxed for 2 hr. The clear solution
on evaporation gave an oil. The oil was taken up in MeOH
(50 ml) and mixed with excess Mel (15 ml), and the mixture was
allowed to stand overnight at room temperature. The product
(4.4 g, 249 over-all yield from the homopiperazine) was filtered
and recrystallized (MeOH), mp 188-190°. Anal. (CiHaNsS-HI)
C H,I,N,8S.

Methyl N-Cyclohexyl-4-phenyl-1-piperazinethiocarboximidate
Hydriodide (13).—A mixture of 7 (3.0 g, 0.01 mole) and Mel
(4.26 g, 0.03 mole) in 2tOH (50 ml) was refluxed for 2 hr. The
clear solution so obtained was evaporated and the residue, on
trituration with Et.O, gave 3.4 g (779%) of the product, mp 166-
171°. Recrystallization from MeOH-Et,O gave the pure product,
mp 169-173°. Anal. (CisHaNsS-HI)C, H, I, N, S.

Methyl N-benzyl-4-phenyl-1-piperazinethiocarboximidate hy-
driodide (14) (mp 152-155°, MeOH-Et.0) was similarly
prepared in 709, yield from 1-(N-benzylthiocarbamoyl)-4-phenyl-
piperazine (6) and Mel. Anal. (CisH2N,S-HI) C, H, I, N, 8.

N-Cyclohexyl-4-phenyl-1-piperazinecarboxamidine Hydro-
chloride (15).-—A solution of 13 (3.0 g, 0.0067 mole) in dry MeOH
(15 ml) was mixed with a saturated solution of NH; (prepared
at 0°) in MeOH (20 ml) and the mixture was allowed to stand

at room temperature for 15 hr. The clear solution was tlien
refluxed for 3 hr while N'H; gas bubbled slowly through the rese-
tion mixture. The reaction mixture was evaporated and the
remaining oil was taken up in dry MeOH (70 ml) and passed
through a column of Amberlite resin IRA-400 (HCI form). The
eluate was evaporated and the residue on trituration with Me.CO
gave the crude product. One recrystallization (MeOH-1t,01
and another from H:O gave the pure product in 14¢ vield,
mp 272-273°. Anal. (CisHxN4-HC1) C, H, Cl, N.

Method C. 1.Phenyl-4-(N-benzylthioureido)piperazine (20).-
A golution of l-amino-4-phenylpiperazine (8.85 g, 0.05 mwvle)
in absolute EtOH (190 ml) was heated with a solution of henzyl
isothiocyanate (7.45 g, 0.05 mole) in Et,O (100 mi). Wlhen all
the Et:O boiled off, the mixture was refluxed for 3 hr and cooled
to room temperature. The produet (15.9 g, 97¢7) wus filtered
(mp 201-202° dec) and purified by recrystallization from Me,CO-
C¢H; (Table I1).
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