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Thi! inhibition by O-benzylhydroxylamine under these con
ditions was slightly lower than that reported by ("reveling, el al.,1'' 
presumably through use of dopamine instead of tyraniine as 
substrate in our studies. 

The effect of 13 on the synt hesis of norepinephrine from tyrosine 
in isolated guinea pig atria was investigated by the method of 
Merrills and Offerman.6* 
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A series of ">-dialkylaminoalkylletrazoles, ^-substituted o-dialkylaminoalkyltetrazoles and 5-aryl-2-(;i-dialkyl-
amiiiopropyl)tetrazoles was prepared from the corresponding nil rile. These compounds showed varying degrees 
of antihypertensive activity; the o-[2-i'4-aryl-l-piperazinyl)elhyl) tetrazoles were the most active in experimen
tal animals. 

The antiadrenergic aclion of l-phenylpiperanine and 
L-phenyl-4-methylpiperazine were first mentioned by 
Bovet and Bovet-Nitt i .2 Numerous papers have since 
been published on the adrenergic blocking effects of 
4-substi tuted 1-arylpiperazines.3 

Some pharmacological activities of l-aryl-5-dialkyl-
aminomethyitetrazoles4 and 5-aryl-l-alkyltetrazoles" 
have been reported. The chemistry of 2-dialkylamino-
alkyl-5-aryltetrazoles6 and l-dialkylaminoethyl-5-aryl-
tetrazoles" was described, bu t no pharmacological 
screening was carried out. These findings led us to 
prepare o-dialkylaminoalkyltetrazoles (I), 2-substi-
tu ted 5-dialkylaminoalkyltetrazoles (II) , and o-aiyl-
2-[3-dialkylaminopropyl]tetrazoles (III) for pharma
cological screening as potential antihypertensive agents. 

X—Nil ' N - N i C I D u X I ^ 

Ji-.XtCJLi),// A i l ' ' 

N = N 
I, K' = II 

II, R' = alkvl 

N—N 
I I I 

Some of the ">-[oj-(4-phenyl-]-piperazinyl)alkyljtetra-
zoles were reported in a recent patent .7 

Compounds of type I were prepared in high yield by-
reaction of the appropriate nitrile with hydrazoic 
acid according to Linnegan, et a/." (Scheme I ) . How
ever, when n = 1 or 2. the yield of I was always less 

-pf ' than o 0 % and 1-phenylpiperazine was obtained in ca. 
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Alternatively, l-phenyl-4-cyanoaeetylpiperazine (IV) 
with hydrazoic acid gave l-phenyl-4(o-tetrazolylacetyl)-
piperazine (V) which was then reduced with lithium 
aluminum hydride to give I. The yield was 40c'( 
star t ing with IV. 

Alkylation of 5-alkyltetrazoles is known to take place 
predominantly a t position 2.6 Therefore, t he reaction 
of I (sodium salt) with an appropriate alkyl halide 
gave 2,5-disubstituted tetrazoles ( II) . Similarly, 5-
aryl-2-substituted tetrazoles (III) were prepared from 
5-aryltetrazoles and an alkyl halide (Scheme I I ) . 

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

7) W. G. S t r \ cker and S. Ila,\ 
(8) \V. G. F innegun . l i . V l i t 

80, 3908 (1958). 

P a t e n t 3,231,574 (1966). 
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TABLE I 

No. 

1 

3 
4 
5 
6 
7 
8 
9 

10 

11 
12 
13 

14 
15 

II 

II 

H 

H 
4-CH3 

4-C1 
4-F 
3-CF3 

3,4-Cl2 

II 

3-C1 
II 
H 

II 
II 

• Anal. 

oxalate. 

Y 

N 

N 

N 
N 

N 
N 
N 
N 
N 

N 
CH 
CH 

CH 
N 

II 

H 

H 

C2H3 

H 
H 
H 
H 
H 
H 

II 
b 
II 

d 
H 

N - N Z 

Mp, °C dec 

230-231 
193-194 
271 
200-202 
200-201 
202.4 
203.5-205., : 

220-221 
194-196 
184-186 
207-209 
188-189 
254-256 
165-166 
156-159 
244-245 
203-204 
218-220 
195-196 

N—(CH2)„C 

N=N 

Formula 

C I I H H N S 

C 1 1 H 1 4 N 6 -2HC1 

C12H16N6 

C12H16N6-2HC1 
CI3H18N6-2HC1« 
C15H22N6 • 2HC1 

Ci4H2„N6-2HCl 
CaHnClNe-HCl" 
C13H17FNY2HC1 
C14H„F3fNY2HCl 
C13Hi6Cl2N6-HCl/ 
C H H J O N B 

C14H20N6-2HC1 
C H H 1 8 C 1 N 6 

C28H3SFN--2C2H2(V 
Ci3HMN5 

doHaXs-HCl 
C2,,H4„N6-2HC1 
CI5H22N6-HC1 

Caled: CI, 21.4; neut equiv, 110.3. Found: CI, 21.2; neut equiv, 
d 4-Phenylpiperidinopi'opyl. A nal. 

Caled: HCl, 10.0; neut equiv, 181.8. Found 
Caled: HCl, 11.2; neut equiv, 164 
HCl, 9.95; neutequiv, 183.2. 

C 

57.4 

59.0 
45.4 
47.2 
50.1 
48.7 

44.7 
42.2 

61.8 
48.7 
54.7 
57.2 
66.5 
58.5 
64.2 
55.7 

110.5. 
F 

—Caled, ' / t i 
l l 

6.09 

6.55 
4.90 
6.05 
6.69 
6.38 

5.45 
4.76 

7.35 
6.38 
6.20 
6.26 
7.75 
7.16 
7.75 
7.12 

N 

36.5 
27.7 
34.5 
26.5 
25.4 
23.4 
24.4 
25.6 
24.1 
21.0 
23.1 
30.9 
24.4 
27.4 
14.6 
25.8 
22.8 
15.5 
26.0 

C 

57.0 

58.0 
44.8 
47.2 
49.9 
48.4 

44.7 
42.3 

61.6 
48.7 
54.7 
57.0 
67.0 
58.9 
63.8 
55.6 

-found, v/c 

H 

6.10 

6.43 
4.90 
6.31 
6.89 
6.44 

5.49 
4.78 

7.22 
6.41 
6.47 
6.44 
7.82 
7.04 
7.80 
7.12 

h 4-p-Fluorophenylpiperaziuopropy 
ound: HCl, 11.2; neutequiv, 166.5. 

36. 
28 
35.0 
26 
25. 
23. 
24. 
26. 
23.8 
21.2 
22.9 
30.6 
24.6 
27.4 
14.5 
26.0 
22.5 
15.4 
26.0 

. "Di -
1 Anal. 

SCHEME II 

K ' C I S N—NR' 

NaOEt 
* C6H5N N(CH 2 ) 3 <\ T I 

N = N 

„<# 
N—NH 

ArC I + C1(CH2)3NR2 A r - C 
^N—N(CH2)3NR2 

V N = N 

III 

R2N = — N NC6H5 

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 5-dialkylaminoalkyltetrazole derivatives ap
peared to be more potent in vivo than in vitro as com
pared with the commercially available adrenergic-
blocking drugs. They also evoked proportionally 
greater blockade of sympathetic nerve stimulation. 
Furthermore, 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),9 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-l-piperazinyI)ethyl]tetra-
zole hydrochloride. 

pressure in unanesthetized normotensive, renal hy
pertensive, and mecamylamine hypertensive dogs. 
The chronic oral administration at single daily doses 
of about 0.2 and 0.6 mg/kg of the drug-induced sus
tained lowering of the blood pressure in mecamyl
amine hypertensive dogs. The detailed pharmacology 
and the structure-activity relationships on these 
compounds were reported by our laboratory.10 

Experimental Section11 

The melting points and analyses for the compounds are given 
in Tables I-III. 

5-[2-(4-Phenyl-l-piperazinyl)ethyl]tetrazole Hydrochloride 
(Method A).—A mixture of 4-phenyl-l-(2-cyanoethyl)piperazine 
(430 g, 2.0 moles), NH4C1 (118 g, 2.2 moles), and NaX3 (144 g, 
2.2 moles) in 1.5 1. of D M F 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 in 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, yield 265 g, mp 160-170°. 
The crude solid wTas reerystallized 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 
HCl. 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 (35.2%). 

Anal. Caled for Ci3H18N6-HCl: HCl, 12.4; N, 28.5; neut 
equiv, 147.3. Found: HCl, 12.5; N, 28.5; neut equiv, 146.8. 

5-[2-(4-PhenyI-l-piperazinyl)ethyI] tetrazole Hydrochloride 
(Method B). A. 4-PhenyI-l-cyanoacetylpiperazine.—To a mix
ture of 32.4 g (0.20 mole) of 1-phenylpiperazine in 150 ml of 
benzene and 50 ml of 20% NaOH was added 22.5 g (0.20 mole) 

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

(11) All melting points are corrected and were determined using a Buchi 
capillary melting point apparatus (W. Buchi, Glasapparatefabrik, Flawil, 
Switzerland). 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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TABLL II 

C'„HSN N—(.'H—CHC /-?H 

R R' 
X=N 

- l . ' u l i ' i l , 1 Oil IK 1, 

Ail ' 

N—N 

Vol. 10 

x>>. 
10 

17 

H 

II 

C H 3 

] { ' 

cn3 II 

M|) dec, ' ( ' 

200 -210 

208-200 

I'urinulu 

C,4II,.nN6-2HCl 
C,<H2l,X6-21101 

'r.vBi.ii 

X — N -

\ 
24.:! 
24.3 

III 

-(CII2j3K 

UCI 

2 1 . 1 

2 1 . 1 

Neut 
equiv 

1 1 . " ) . 1 

1 1 . : . . i 

X 

2 4 . 0 

2:;.o 

HC1 

2 0 . 0 

2 0 . 7 

Xi-ut. 
e<|uiv 

110.7 

117." 

X... 

IS 

10 

20 

21 

22 

2:! 

24 

" Mi 

Ar 

cBn., 
CV,H, 
C6I1,, 
CtlUVAU 
06II5CII2 

CJUCIDCH, 
3-C;,H.,N'' 

deate. '' Anal. C 

l; 

d l l . N O " 
O J U . N V 
C10II13N

T.. 
CoIInN, 
C,„H13X2 

C,oII13X2 

C1UII13N2 

alcd: HC1, 

M | i , '•(.' di:u. 

143-144,5 
1Go-164 
102..3-16:i.."> 
198-199.5 
158-161 
209-211 
200.5-202 

16.8. Found: 

1' onuula 

C'i4H,.jNo(> • C\I I4t)-i" 

C2 l JII2 4X6-( '411404 

CtMaXi-CAWi 
CalH,sN6-2HCl,'' 
C2Ji2vX5-C2Ho<V 
C22II2,NY2ITCI 
CwlhiSfCAWi 

IIC1, 10.9. <•• Oxalate. 

i ' 

')'>, 5 
62. 1 
04 s 
57 9 
0:!.9 
5S ,s 

62 1 

( 
( 
( 
( 
f 

( 
•' 3 -Pyr idyl 

It 

•..91 

i . 03 

i. 20 

>.44 

i .4:! 

1,08 

i 03 

Mi 

X 

IS.O 

18.0 

15 1 

1 9 . 3 

15 .5 

18 .7 

18. 1 

jrphohno. 

c 
r>r,, 0 
0 2 . 1 

0 4 . 9 

5 8 . 0 

0 3 , 9 

5 8 . 2 

62 . 1 

' 4-Phe 

it 

5 . 8 9 

5 . 85 

6 39 

0.:!9 

0 . 4 7 

0 09 

0 . 0 7 

nylpiper 

X 

17.9 

18.2 

15.2 

19.4 

15.4 
IS (i 

18 0 

azino. 

of chloroaeetyl chloride dropwise with stirring at, 0°. After the 
addition was complete, the solution was stirred for 3 hr at, 
0-10°. The layers were separated and the benzene layer was 
washed with water and dried (\IgSO4). The benzene was con
centrated In vacuo leaving a solid material which was collected 
and washed with ether, yield 28.0 g, mp 74-75°, y?™' 1660 c m - ' 
(amide carbonyl). To 0.8 g (0.12 mole) of XaCX in 10 ml of 
water was added dropwise 28.0 g (0.11 mole) of the chloroamide 
in 200 ml of methanol. The solution was then heated on the 
steam bath for 4 hr and filtered while hot to remove XaCl. 
The methanol was concentrated in vacuo leaving a tan solid. 
The material was recrystallized from a methanol, CIIC13, and 
ether mixture; yield 14.0 g; mp 1:30-1:32°; >wc'3 2200 (nitrite), 
1000 fin"1 (amide carbonyl). 

13. 4-Phenyl-l-(5-tetrazolylacetyl)piperazine.—To 18.0 g 
(0.07S mole) of the nit.rile in 75 ml of DMF was added 5.85 g 
(0.09 mole) of XaX3 and 4.8 g (0.09 mole) of XII4C1. The mix
ture was then heated in a wax bath at 125-1:30° with stirring for 
0 hr. The D M F solution was concentrated in vacuo and the 
residual brown solid was recrystallized twice from a methanol-
DMF mixture: yield 5.5 g, mp 132-134°. 

AMI I. Caled for C I 3 H I « X 6 0 ; C, 57.:!; 5.92: X, 30.9. Found: 
C, 57.0: 11,5.9:5; N, 30.9. 

C. 5-[2-(4-Phenyl-l-piperazinyl)ethyl]tetrazole Hydrochlo
r i d e . - To 1.5 g of LiAlII, in 100 ml of dry T H F was added 0.0 g 
(0.022 mole) of 4-phenyl-l-(5-tetrazoIylacetyl)piperazine in 50 
nil of T H F with stirring. The reaction mixture was then re-
fluxed for 0 hr. The excess LiAlII,. wa> destroyed by adding 2 
nil of a 10% aqueous T H F solution, 2 ml of 20' 6 XaOH, and 
0 ml of water. The solution was filtered and the filtrate, was 
concentrated in vacuo leaving a tan solid. The hydrochloride 
was prepared by adding excess 2.8 A" H O in 2-propanol to the 
free base in methanol. Upon addition of ether, a solid formed 
which was recrystallized twice from an aqueous methanol-ether 
mixture: yield 4.5 g, mp 200-207°. 

Anal.' Calcd for C13IIiSClX6: C, .">:!.(); 11, 0.50; X, 28.5. 
Found: C, 52.7; II, 0.01; X, 28.0. 

5-(2-(4-p-Fluorophenyl-l-piperazinyl)ethyljtelrazole.- A mix
ture of l-(2-cyanoethyl)-4-?;-fliiorophenylpiperaziiie (50.1 g, 
0.215 mole), XaX3 (29.4 g, 0.4 mole), and N 11,01 (24.0 g, 0.45 
mole) in 200 ml of D M F was remixed with stirring for 7 hr 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 vacuo, diluted with water, and made 
basic with aqueous XaOH to give a clear solution which was 
extracted twice with chloroform and once with ether. The 
comliined extracts were dried: the solvent was removed In vacuo 
and I lie remaining syrup, dissolved in methanol, was treated 
with dry H O to give 13.1 g of solid. The hydrochloride wa,~ 

recrystallized from aqueous 2-propanoI~ethyl acetal to give a, 
product melting at. 210-217°, yield 7.3 g. I t was suspended in 
20','r XaOH solution and tosyl chloride (6.5 g, 0.034 mole) was 
added. The mixture with a little benzene was shaken vigorously 
10 give a solid mass. After recrystallization from methanol 
DMF, l-p-nuorophenyl-4-p-toluenesulfonylpiperazine melted at. 
'1*5-187°, yield 8.8 g ." 

Anal. Calcd for CnlI19FX202H; X, 8.39. Found: X, 8.21. 
Meanwhile, the aqueous alkaline solution was adjusted to 

pll 6 with dilute acetic acid and the clear solution was evapo
rated to dryness in vacuo to leave a tan solid mass. This was 
extracted with hot absolute ethanol and the insoluble solid was 
discarded. The dark brown filtrate was concentrated to a smaller 
volume to give more solid which was also discarded. The dark 
filtrate was saturated with dry IIC1 to give a light tan solid of 
nip 189-190° dec, yield 43.3 g. The solid was dissolved in hot 
aqueous methanol, filtered, and saturated with dry HOI to pre
cipitate (he hydrochloride. This process was repeated four time-
to obtain the pure dichloride, mp 194-196° dec, yield 23.0 g. 

2,5-Bis[3-(4-phenyl-l-piperidyI)propyI]tetrazole. — To 150 ml 
of absolute ethanol was added 1.7 g (0.074 g-atom) of sodium. 
After the Xa had reacted, 5-[3-(4-phenyl-l-piperidyl)prop\il-
tetrazole (20.0 g. 0.074 mole) was added in one portion to give a 
clear solution. l-(3-Chloropropyl)-4-phenylpiperidine (17.7 g, 
0.074 mole) was added to the above solution immediately and the 
pale yellow solution was stirred under reflux for 7 hr. Xa ( i 
was removed and the solution was concentrated in vacuo to give a 
light amber syrup. This was extracted with chloroform, washed 
with water, and dried (MgSOO. The solvent was removed /;/ 
vacuo and the residue was dissolved in methanol. The mcthaiiolic 
solution was treated with dry IIC1 to give a clear solution. 
Ethyl acetate-ether mixture was added to give a colorless solid 
of ni]) 215-221° dec, yield 27.0 g. It was recrystallized twice 
from methanol-ether to give 21.0 g of dihydrochloride, mp 2.1 S-
220° dec. 

5-Phenyl-2-[3-(4-phenyl-l-piperazinyl)propyl]tetrazole Male-
ate.—5-Phenyltetrazole (10.3 g, 0.111 mole) was added to a 
solution of 2.57 g (0.1 1 1 g-atom) of Nil in 350 ml of anhydrous 
ethanol and the solution was heated under reflux for 0.5 hr. 
4-Phenyl-l-(3-chloropropyl)piperazine (26.6 g, 0.111 mole) was 
added and the solution was heated under reflux with stirring for 
18 hr. The solvent was removed in vacuo, the concentrate was 
suspended in water, and the free base was extracted with several 

The extracts were concentrated in vacuo lo 
last* was dissolved in hot methanol and an 
solution of maleic acid (13 g, 0.112 mole: 

hit ion was tillered and cooled to precipitate a 
h was collected and recrystallized from aque-

portions of CFIOU 
give an oil. This I 
aqueous-met ha 1 lolic 
was added. The so 
crystalline salt whic 
mis methanol, mp 163-164° dec, yield 37 g (72'', ). 
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