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The mmhibition by O-benzylhydroxylamine under these con-
ditions was lightly lower than that reported by Creveling, el ol
presnmahly throngh use of dopamine instead of tyramive os
snbstrate in anr stndies.

The effect of 13 on the xyuthesis of norepinephrine frinn tyrosine
in isolated gninea pig atria was investigated hy the method of
Merills and Offerman .6
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New Antihypertensive Aminoalkyltetrazoles

SuiNy Havao, HeEgBerr J. Havera,! Warnrace G, Steveker, 1. J. Lewzic,

Therapentics Reseerch Laboralory, Donae Laborolorics, Dicision of A des Lahoraloyics, [ne., Blkhaet, Inidiona
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Lustitwdo Miles de Torapeatica Kreperimenlal, A partudo Postal 32026, Calzado Nocliindeo 3, Merivo 22, DA, Mecivo

Leeerved Decembey 1.2, 11658

A series of S-dialkylamimalkyltetrazoles, 2-anbstituted -dialkylaminoalkylietrazoles and s-nryl-2-(-dialkyl-

aainopropytetiazales was prepared from the corresponding nitrile.

These camponnds showed varying degrees

of antihypertensive activity; the 5-[2-(4-arvi-l-piperazinyDethyl]tetiazoles were the most active in experimen-

{al animals,

The antiadrenergic action of [-phenylpiperazine and
[-phenyl-4-methylpiperazine were first mentioned by
Bovet and Bovet-Nitti.> Numerous papers have since
been published on the adrenergic blocking effects of
4-substituted 1-arylpiperaziies.?

Some pharmacological activities of l-aryl-5-dialkyl-
aminomethyltetrazoles* and 5H-aryl-1-alkyltetrazoles®
have been reported. The chemistry of 2-dialkylamino-
alkyl-5-aryltetrazoles® and 1-dialkylaminoethyl-5-aryl-
tetrazoles® was described, but no pharmacological
screening was carried out. These findings led us to
prepare S-dialkylaminoalkyltetrazoles (1), 2-subsli-
tuted H-dialkylaminoalkyltetrazoles (I}, and S-aryl-
2-[3-dialkylaminopropyl]tetrazoles (I111) for pharms-
cological screening as potential antihypertensive agents.

NN N—N(CHa)sN R
7 ‘ 7
BaN(CIL),C A
N==N N==N
IR =H T1I
I, R = alkyl

(1) T's whom commnnications shionld Le directed.

(2) D. Bovet and 1. Bovet-Nitti, "Medicamen(s dn Sysceine Nerveux
Vegecatif,” Verlag & Karger, Bale, 1948, 1) 247.

(3) (a) L. W. Roth, J. Pharmacal. Ezptl. Therap., 110, 157 (1954
(by R. K. 8. Lim and R. L. Moflitt, Federation I'voc., 15, 461 (1036); (e}
B. . Morpbis, L. W. Roth, and R. K. Richards, f*roc. Soc. Expil. Biol.
Med., 101, 174 (19539); (d) G. Quesnel, R. Chalanst, H. Schmitl, G. Krone-
berg, and M. Schmist, Aveh. Intern, Pharmacodyn., 128, 17 (1960), (e) 1.
R. Boissier, C. Dumont, R. Ratouis, and I, Pagny, thid., 138, 29 (1061
(f) J. R. Boissier, R. Ratonis, and C. Dumont, J. Med. Chem., 6, 29 (1963):
(g) ¥, Hayan and R. N. Schut, J. Org. Chem., 26, 3414 (1961); (h) D. W,
Waylie aud 8. Areher, J. Med. Pharm. Chem., 5, 932 (1962); (i) 8. Hayao.
R. N. sebn(, and W, G Stryeker, ib3d., 6, 133 (1963): (j) ¥. M. Da Cosca
and ¥, Npecrar, Fedevation Proc., 22, 447 (1963); (k) 1. H. Page, R. W, Wol-
ford, and .\, (. Corcoran, Arch. Intern. I’harmacodyn., 119, 214 (1859);
iy 8. Hayao. H. J. Havera, W. G. Strycker, T. I. T.eipzig. R, A, Kulp, andd
11, 15 Hartzler, J. Ued. Chen., 8, 807 (1964).

1) . Gl Cross winl R, AL Featherstane, J. Phavmacul. Exptd, Thevap..
92, 313 (1948).

(h) 12, (L Gross wnl R, M. Featbersione, ihid., 892, 330 (10485,

1 1 Blpern, J. Ao Chem. Soe, T, GG1 (105:),

Some of the H-le-(4-phenyl-I-piperazinylalkyljftetra-
zoles were reported in a recent patent.”

Compounds of type I were prepared in high yield by
reaction of the uappropriate nitrile with hydrazoic
acid according to Finnegan, ef al® (Scheme I).  How-
ever, when n = 1 or 2, the yield of 1 was always less
than 509, and 1-phenylpiperazine was obtained in ca.
509 yield.

Senese [

/N NaN.. NH, () /\ ~N—NH
CH,—N N(CH,),C(N————— C;H;N N(CH,),,C |
_/ DMF N ~N=N
1
NaCN / \
CH,N NCOCH,Cl —> CH,N NCOCH,CN —
ot N
v
\ NN,
C:H;N NCOCH,C | ,
N SN=N THF

v

Alternutively, l-phenyl-4~cyunoacetylpiperazine (1V)
with hydrazoie acid gave 1-phenyl-4 (5-tetrazolylacetyl)-
piperazine (V) which was then reduced with lithium
aluminum hydride to give I. The yield wus 109
starting with IV,

Alkylation of d-alkyltetrazoles is known to take place
predominantly at position 2.° Therefore, the reaction
of 1T (sodium salt) with an appropriate alkyl halide
gave 2,5-disubstituted tetrazoles (II). Similarly, 5-
aryl-2-substituted tetrazoles (I11) were prepared from
S-aryltetrazoles and an alkyl halide (Scheme IT).

Pharmacology.— Pharmacological tests in animals
have shown that most of the compounds of thig series

1) WL Gl Reryveker and S Hayno, U0 R0 Pacend 3,231,574 (1960).

W8) W. G Finpegan. RV Tlenry, aml R Lofawise, J. Am. Chewe Soe.,
80, 3038 (1958).
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TaBrLe I
N—NZ
N=N
————Caled, f——— —=———Found, Y—m———
No. X Y n L Mp, °C dee Iormula C H N C H N
1 H N 0 1I 230-231 CH4Ns 57.4 6.09 36.5 37.0 6.10 36.8
193-194 CyH,:Ns- 2HCI 27.7 28.2
2 H N 1 H 271 CeHeNs 59.0 6.55 34.5 38.0 6.43 35.0
200202 CHNg 2HCI 45.4 4.90 26.5 44 .8 4.90 26.4
3 H N 2 H 200-201 C1sHgNg-2HCI: 47.2 6.05 25.4 47.2 6.31 25.6
4 H N 2 C:H; 202.4 CiHaNg-2HCH 50.1 6.69 23.4 49.9 6.89 23.2
5 4-CH; N 2 H 203.5-205.5 CuHypNg-2HCI 48.7 6.38 24 .4 48.4 6.44 24 .4
6 4-Cl N 2 H 220-221 CiHCINg-HCl® 25.6 26.1
7 4-F N 2 H 194-196 CueH\;FNs-2HCI 44 .7 5.45 24,1 44.7 5.49 23.8
8 3-CF; N 2 H 184-186 CHiF3;Ng-2HCI 42.2 4.76 21.0 42.3 4.78 21.2
9 3,4-Clz N 2 H 207-209 C(3H(eC1~1Ne'I‘IC1/ 23.1 22.9
10 I N 3 H 188-189 CuHxNs 61.8 7.3D 30.9 61.6 7.22 30.6
254-256 CysH N - 2HCH 48.7 6.38 24 .4 48.7 6.41 24.6
3-Cl N 3 I 165-166 CysH,CINg H4.7 6.20 27.4 o4.7 6.47 27.4
2 H CH 3 b 156-159 CusHasFN;-2C:HLO4¢ 7.2 6.26 14.6 37.0 6.44 14.5
13 1 CH 3 I1 244-245 Ci:Ha N 66.5 7.0 25.8 67.0 7.82 26.0
203-204 CuHaN;-HCI 58.5 7.16 22.8 58.9 .04 22.5
14 H CH 3 d 218-220 CayHyNs-2HCI 64.2 7.75 15.5 63.8 7.80 15.4
15 1 N 4 H 195-196 Ci:HauNg- HCI 35.7 7.12 26.0 55.6 7.12 26.0
v Anal. Caled: Cl, 21.4; nent equiv, 110.3. Found: Cl, 21.2; neut equiv, 110.5. * 4-p-Fluorophenylpiperazinoprapyl. ¢ Di-
oxalate. ¢ 4-Phenylpiperidinopropyl. ¢ Anal. Caled: HCI, 11.2; neutequiv, 164.5. Found: HCI, 11.2; neutequiv, 166.5. 7 4nal.
Caled: HCJ, 10.0; neutequiv, 181.8. Found: HCI, 9.95; neutequiv, 183.2.
ScHEME 11 pressure in unanesthetized normotensive, renal hy-
- —\ 4N—IIIR’ pertensive,_ and mecz_m_xylamine hyper‘censi\fe dogs.
I <om CsHaN\_—/N(CH'z)aC\N_N The chronic oral administration at single daily doses
- of about 0.2 and 0.6 mg/kg of the drug-induced sus-
I tained lowering of the blood pressure in mecamyl-
N—NH _N—N(CH,);NR, amine hypertensive dogs. ' The detgiled ‘pharmacology
ArC l + CI(CH,);NR, — Ar—C [ and the structure-activity relationships on these
SN=N SN=N compounds were reported by our laboratory .1

I

( RN=—N NGCH,
NI

possess potent a-antiadrenergic activity. They blocked
aortic strip and nictitating membrane responses to
epinephrine, antagonized the vasoconstrictor and
pressor responses to norepinephrine, and produced
reversal of blood pressure responses to epinephrine,
Some S-dialkylaminoalkyltetrazole derivatives ap-
peared to be more potent #n vivo than in vitro as com-
pared with the commercially available adrenergic-
blocking drugs. They also evoked proportionally
greater blockade of sympathetic nerve stimulation.
Ifurthermore, their action was much longer than that
of drugs such as azapetine and phentolamine and, un-
like that of phenoxybenzamine, immediate in onset
and apparently of the competitive equilibrium type.
All of the compounds tested lowered the blood pres-
sure acutely when injected in rats. Compound 3
(zolertine),? selected as the prototype, was found to
be potent in lowering the blood pressure in anesthetized
rats, dogs, and cats. The hypotensive action was
apparent at doses of 0.01 mg/kg iv in the different
species and was marked and prolonged at 1 mg/kg.
This dose also produced a clear lowering of blood

(9) Proposed generic name for 5-[2-(4-phenyl-1-piperazinyl)ethy)]tetra-
zole bydroebloride.

Experimental Section"!

The melting points and analyses for the componnds are giveu

in Tables I-II1.
5-[2-(4-Phenyl-1-piperazinyl)ethyl|tetrazole Hydrochloride

(Method A).—A mixture of 4-phenyl-1-(2-cyanoethyl)piperazine
(430 g, 2.0 moles), NH,Cl (118 g, 2.2 moles), and NaN; (144 g,
2.2 moles) in 1.5 1. of DMF was heated at 125° for 20 hr. The
reaction mixture was cooled to room temperature and the inor-
ganic salts were removed by filtration. The filtrate was concen-
trated 7n vacuo and diluted with 1.5 1. of acetone. The mixture
was stirred for 2 hr and the dark yellow product was collected
on a filter and washed with acetone, yleld 265 g, mp 160-170°.
The crude solid was recrystallized from 4000 ml of hot water
(with charcoal treatment) to give a light tan crystalline solid
of mp 186-188°, yield 217 g (after drying at 35°). This solid
was added to 1 1. of 2-propanol containing 100 g of concentrated
HCIL. The mixture was heated to boiling and just enough water
was added to dissolve the solid. The hot solution was treated
with charcoal and cooled in an ice bath to give a hydrochloride
of mp 206-207°, yield 207 g (35.29,).

Anagl. Caled for CaHeNes-HCL: HCI, 12.4; N, 28.5; nent
equiv, 147.3. Found: HCI, 12.5; N, 28.5; neut equiv, 146.5.

5-[2-(4-Phenyl-1-piperazinyl)ethyl]tetrazole Hydrochloride

(Method B). A. 4-Phenyl-1-cyanoacetylpiperazine.—To a mix-
ture of 32.4 g (0.20 mole) of l-phenylpiperazine in 150 ml of
benzene and 50 ml of 209, NaOH was added 22.5 g (0.20 mole)

(10) R. Rodriquez, E. Hong, H. Vidrio, and E. G. Pardo, J. Pharmacol.
Expil. Therap., 148, 54 (1965).

(11) All melting points are corrected and were determined nsing a Biichi
capillary melting point apparatus (W. Biichi, Glasapparatefabrik, Flawil,
Rwitzerland). Infrared spectra were determined with Perkin-Elmer
Model 237 grating spectrophotometer. Titrations were carried out with
a Sargent Model D recording titrator.
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TaprLe H
, S /;\—.\H
CHN N——{'H—CHC
~ N=x
R R
e Cabind, T “Fomd, 74
Nenl Neot
No. R R’ Mpadee, ¢ Formula N 111 03V N H(Y ey
1o 11 Cll 209210 Chal 1 Ng - 2HCCI 249 2101 ISP 24 15 200 116.7
17 Clly 11 208-204 ChalNe - 2HCI 243 REN! 115t 2300 20.7 1175
Tastk 111
N N-—{Cllagsk
ArC ’ i
\\ i
N=oN
Coled, *y SFeonnd, G
N Ay Y A, C dee I'ormnlu [ 1 N ( 11 N
I~ Cyll, CULNO t5-144 5 Cral N0 - Cld L0y 000 .01 IS 1) a0t 0RO 179
19 Cyll ChdI N7 16:5-164 CagHay N Cil1,04 621 G.03 N1 (2.1 58D 182
20 Cells ChellaN, 162.5--163.5 CuHg N, - Cal10, 04~ (.20 a1 4.9 o) 1h.2
21 Cel1;ClL ClTsN 198-199.5 CaHusNg 2HCL YY) G.44 19,5 as) 6. 59 19 4
2 CpllsCHL (‘ml](;\ 158-161 Cauy N, CyHO0 i a G 43 15,0 63,9 H. 47 154
23 Col1,OHLCLLL CialTisN 200-211 CopITy Ng-211C1 NS 6. 68 IS 7 82 .6Y IS G
24 a-CaH N (‘y«ll(‘“\ 200. 5202 CoollagNg- C,H0, 21 6,03 181 H2.1 0. 07 =0
@ Maleate. " dnal. Caled: ICL 1680 Found: 1CL 16,9, < Oxalate, 7 3-Pyridyl. ¢ Morpholine. 7 4-Phenylpiperazine.

of chloroacetyl ehloride dropwize with stiring at 0°. Afier the
additian was eomplete, the selntion was stirred for 3 hr at
0-10°. The layers were separated and the benzene layer was
washed with water and dried (Mg30),). The benzene was con-
centrated in racuo leaving a solid material which was collected
and washed with ether, vield 28.0 g, mp 74-75°, »2%% 1660 e~
(amide carbouyl). To 5.8 g (0.12 mole) of NaCN in 10 ml of
water wis added dropwize 25.0 g (0.11 mole) of the chloroamide
i 200 ml of methanol. The solution was then heated on the
steam bath for 4 hr and filtered while hot to remove NaCl.
The methanol was concentrated in vacuo leaving a tan solid.
The material was recrystallized fram a nlelhano CHCl;, and
ether mixture; yield 14.0 g; mp 130-132°; »o00s .2.300 (unirriley,
LG61 em = ¢ (amide carbonyl).

B. 4-Phenyl-1-(5-tetrazolylacetyl)piperazine.—To 1810 yu
(.78 mole) af the nitrile in 75 ml of DMF was added 5.85 ¢
(.00 wnle) of NaNz and 4.8 g (0.09 mole) of NHCl.  The mix-
(are was then heated n a wax bath at 125-130° with stirring for
v hr. The DMFE solntion was concentrated in racwo and the
re<idial brown solid was recrystallized twice from a methanol-
DMT mixtare: yield ') ') g, mp 142--1534°,
Anad. Caled ft)l il Ne)s C, 070 5.02;
A7.00 1, 5.08; N, 509,

C. 5-[2-(4-Phenyl-1-piperazinyl)ethyl|tetrazole Hydrochlo-
ride -—To 1.5 g of LIAIT,; in 100 ml of dry THE wus added 6.0 g
(‘()0.32 mole) of 4-phenyl-1-(3-tetrazolvlucetyDpiperazine in 50
ml of THEF with stirriug.  The reaction mixtire was then re-
finxed for 6 hr,  The excess LA was destroyed by adding 2
ml of a 104, A(]lleﬂus THE solntion, 2 ml of 200, NaOll, and
G ml of water. The =olntion was filtered and the filtrate was
concentrated in vacuo leaving a tan salid. The hydrochloride
wax prepared by adding excess 2.8 N HCI in 2-propanol 1o the
free hase in methanol.  Upon addition of ether, a =olid formed
which wax recrystallized twice from an agneons methanol-ether
mixthre; yvield 4.5 g, mp 206-207°,

Anal. Caled for CuILCING:
IFonud: C, 52.7; 11, 6.61: N, 28.6.

5-]2-(4-p~-Fluorophenyl-1-piperazinyl)ethyl|tetrazole.-- A mix-
tmre of 1-(2-¢yancethyl)-4-p-flnorophenylpiperazine  (50.1 g,
0.213 mole), NaN;z (20.4 g, 0.4 mole), and NILCL (24,0 g, 0.45
mole) in 200 ml of DME was refluxed with =thring for © i to
give a dark brown mixture which was filtered while hot.  The
inorganic salt residue was washed with acetone. The dark fil-
trate was concentrated in raceo, diluted with water, and made
Lasie with agneons NaO1l to give a elewr <olntion which was
extracted twice with ehlorofirmn and once with ether. Thae
combined extracts were dried: the solvent was removed 1 ¢oceo
and the remaining syvrup, di=solved I methanol, was treatel
with dry HCL 1o give 131 g of sofid. The hydrochloride wis

-0

N, 309, Found:

C,

a0 1E 6,50 N, 2800,

reerystallized rom agueons 2-propanol-ethyl acetal 1o give a
produet melting at 210-217°, yield 7.3 g. It was =uspended 1
200 NaOH salntion and tosyl chloride (6.5 g, 0.034 mole) was

added.  The mixture with 2 little benzene was shaken vigoronsly
to give a solid mas<.  After reerystallization from methanol
DAMMF, 1-p-thoraphenyi-4-p-tolaenesnlfonylpiperazine melted at

185-187°, vield 8.8 g,

Anat. Caled for C, AL NS08 NS 830, Fonnd: N, 821

Meanwhile, the agneons alkaline solution was adjusted to
pl 6 with dilnte acetic acid and the clear solntian wax evapo-
rated ta drymess in racio to lenve a tan zolid mass.  This was
extracted with hot absolute ethanol and the insolnble zolid was
disvarded.  The dark Imrown filtrate was concentrated to a =maller
volimne 1o give more solid which was also discarded.  The dark
filtrate was <atarated with dry HCL to give a light tan =olid of
mp IN0-100° der, vield 43.3 g The salid was dixzolved v Lot
aqaeoni= merhanol, filtered, and satnrated with dry HCL to pre-
cipitate the hydmehloride,  This process was repeated forar times
to obtain the pare dichloride, mp 194-196° dee, yvield 23.0 g.

2,5-Bis[3-(4-phenyl-1-piperidyl)propyl]tetrazole.—"To 150 mi
uf ubsolute ethanol was added 1.7 g (0.074 g-atom) af sedium.

After the Na had reacted, 3-[5-{4-phenyl-1-piperidyl)propyl]-
1011(1/,))10 (20,0 g, 0.074 mole) wax added in one portion to give a
clear =snhition.  -i3-Chloropropyl)-4-plienylpiperidine {17.7 g,
0.074 nmle) was udded to the above solution inunediately and the
pale yvellaw =olation wus stirred nuder reflnx for 7l NaCl
was removed and the =olntion was eomceentrated 7n vecro to give a
light amber <ymp.  Thix was extracted with chlorofornn, washol
with water, aud dricd (MgRO4). The solvent was removed o
receo and the residne was dissalved in methanol.  The methanolic
solcdion was treated with dry 1HCL 1o give a clear =olntion.
Ethyvl acetate-ether mixtare was added to give a colorlexs solid
of mp 215-221° der, vield 27.0 g Tt was reeryvstallized twice
from methanol-cther to give 216 g of dihydrochloride, mp 218-
220° dec.

5-Phenyl-2-[3-(4-phenyl-1-piperazinyl)propyl|tetrazole Male-
ate.—-H-Phenyltetrazole (16.3 g, 0.111 mole) was added to a
=olmtion of 257 g (0.1t g-atom) of Na in 350 ml of anhydrore
othanol and the solation was heated nnder reflux b 0.5 hr.
-Phenyl-1-3-chhnpmpylpiperazine (26.6 g, 0.111 mole) war
added and the solntion was heated nder reflux with =trring for
18 hr.  The solvent was removed 7n vacuo, the eoncentrate was
suspended in water, and the free base was extracted with several
portions of CIICL.  The extracts were concentrated 7n nocuo (o
give un oil. Phis base was dissolved in hot methanol and an
e ns-netleaiolic solation of maleic acid (13 g, 0.112 mole?
was added.  The solntion was filtered and cooled ta precipitate n
crveialline st which was collected and reerystallized from aqac-
ons methaol, mp 165164 lec, vield 3T g (72%)
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