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rr \BLE I 
INHIBITION O F  A 1 . 1 0  R l  

CbH,CHOHCHySHI!: 
I 

It1 
t omprl Kl I< 2 Isa, mJf 

1 . t : u t  rat e H H 0.16 
2 .HCl COLC2Hj €I 7.8 
3.IICI H COiCJT j 5.4 
4. tICl COiCIH, C O ~ C I H ~  16.0 

Discussion.-The potency order of 1 > 3 > 2 > 4 is 
coiisisteiit x i th  accepted structure-activity relatioii- 
ships for X A O  iiihibitioii in phenylethylhydraziiie 
nmlclcules.b The preseiice of' a carbethoxy group oil 
either 9 adversely affects the in vitro AIAO inhibitory 
potency. The discrepancy betweeii tlie in vitro activity 
of 1 observed in this study aiid the results of Biel, 
et al.,? may be due to the use of tliffereiit substrates. 

Experimental Section9 

2-Hydroxy-2-phenylethylhydrazine (l).--The method of 
Benoit2 was employed. The oxalate salt, mp 170" [;lnal. 
(CioHlLizOj) C, H, SI, and the tartrate salt, mp 141-143", n-ere 
recrystallized from AIeOH-Et20. 

N~-Carbethoxy(2-hydroxy-2-phenyl)ethylhydrazine ( 2 )  was 
synthesized by treating 1 with ethyl chloroformate as descrihed 

lo The HC1 salt was recrystallized from CHC13- 
, mp 134-136 '. -trial. (CllH,iClS20,) C, H, N. 
2-liydroxy-2-phenyl)ethylhydrazine (3).-To a 

solution of styrene bromohydrin (2.42 g, 0.012 mole) in 100 ml of 
EtOH was added a solution of ethyl carbazate (1.4 g, 0.0133 mole) 
in 50 ml of EtOH. The solution mis refluxed overnight, evapo- 
rated under reduced pressure, and treitted with 20 ml of IO?:, 
SaHCO3 solution and 200 ml of KtOH. The precipitate was 
removed and the solution was evaporated to yield 3 as an oil, 
yield 70(,'1). The oxalate, mp 112-115" [ A n a l .  ( C I ~ H ~ I N ? ~ ; )  
C, H, SI, and the €IC1 salt, nip 105--ltOc, were recrj-stallized 
from LIeOH-EtyO. 

Nl,N2-Dicarbethoxy( 2-hydroxyl-2-pheny1)ethylhydrazine (4).--- 
To :t cold solution of 2 (4.0 g, 0.018 mole) in 150 ml of Et20 was 

d ethyl chloroformate (2.95 g. 0.027 mole) in 100 ml of 
. After stirring for 2 hr t h e  product (4) was removed by 
tion. The HC1 salt, mp 142-143 ', j-ield 65!;, was recrystal- 

lixcd from CHCl3-lCtOhc. - 3  n d .  iCi,H,lCIS,O:) C,  H: N. 
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Thiomethyltetrazole Hypoglycemic Agents 

A report' of the potentiation of insulin hypoglycemia 
by a series of pheiiylsulfiiiyl- a i d  -sulfonylacetic acid 

( 1 )  E. H ~ e \ z .  \Volf, aiid H dlvarrz.  Hull. Soc.  Chtm. France, 1027 (1Y6J). 

derivatives pronipted us to syithesize mid t t k s t  for 
hypoglycemic effects :I group of related coiigeiiers i i i  

which the carboxyl group was rqdaced hy an aritlir, 
nzolyl moiety.? It W : L ~  :uiticipat 

totrazole ~ w u l d  impart tlie saiii~ dcgree c 
the resultiiig txmipouiids ns tlw carlioxyl group 1 ) ~  I 
would iiot# uiidergo the facilc dccarhxylatioii typicxl 
for p-sulfiiiyt- a i d  /3-sulfonj-lacctic :tcids iTahk I). 

A wrieb of :~lkyl-, aralkyl- :tiitl arylthioac.ctoi~itriler 
(Tablc II), prcpared by alky1:itioii of tlit. r(quihitc1 
rncrcaptaii with rliloroacrtoiiitrile, wi$ coiivrrtetl to tlic, 
correspoiicliiig trtr:izoles usiiig tlie iiiethocl of Fitiiiegaii, 
el aL4 ( )siclatioil of the rcsulting t hioniethyltct razoles 
using H202 111 .IcOH providetl :i routc to  t h .  clcsirctl 
sulfo11es. 

Titratioii 111 1 : 1 dioxane watw slion-et1 the tliiu- 
inethyltetrazoles to be weak acids; the sulfoiiylnir~thyl 
(wigciiers, because of the inductive effect of the sulfont. 
group, were soiiien hat inore acidic, cliff eriiig from thc 
sulfitlcs by ~iiorc than 1 pK., uiiit. Compound 2 gave 
ail it1101ii~lous titration curve n-hich was iiidicativc of LL 

dibahic acid with :t neutralization cyuivalcnt approsl- 
matrlj' one-half t hc calculated value. It is probahlc 
that the CH, group, flanked by the CF, and YO. 
iiioirties, i h  d T i c k t l y  acidic to  be titrated doiig with 
the tetruzolc. The nbseiice of :L clisceiiiilrlc. doublc~ 
break iii  thi ,  titration curye preveiited rucaniiigfiil 
ralrulatioii of pK,, aiitl pKa . 

Soiic of tlie conipouiitls slio~ved any hypoglyceiiiic 
:tctivity \I-lieii sci*rceiictl :tccordiiig to previously 
tlesciribed procedures. 

Experimental SectionG 

5-(2,2,2-Trifluoroethylthiomethyl)tetrazole.-.~ mixture oi 8.1 g 
(0.02 mole) of 3,2,2-trifluoroet,hylthioacetonitrile,' 2.16 g (0.04 
mole) of SHICI, 2.8 g (0.044 mole) of SaSa, and 0.02 g of IiC1 in 
15 ml of DNF was heated at  steam-bath temperatures overnight.. 
The reaction mixture was cooled, diluted with 30 ml of 1.120, and 
acidified with concentrated HCI to pH 3-4. The precipitated 
solid was filtered and dried, 2.5 g. 

The thiomethyltetraxoles were prepared by a similar procedure 
in yields of 60-90%; they are listed with their physical properties 
in Table I. 
5-(Isopropylsulfony1methyl)tetrazole.-To a svlutioii oi 1 1 .\ K 

(0.075 mole) of j(isopropylthiomethyl)tetra~[ile in 75 nil i d '  

glacial AcOH was :d ied  19 g of 30''; H202 dropwise ovrr :i 

period of 15 min. The reaction mixture was stirred at room 
temperature overnight, and was then heat,ed at  steam-hi h tcrn- 
peratwe for 15 min. The solution was cooled, anti 1 tic, protinct 
precipitated by the addition of pentane. 

in  Table I were all prepared I)>- a 3iniil:ir 

p-Chlorophenylthioacetonitri1e.-To a suspension of 59 g (0.42 
mole) of p-chli)rothiophenol and 55 g (0.42 mole) of &COS in 
275 ml of 1,2-diniet,hoxyethane was added, dropwise, 32 g (0.42 
mole) of chloroacetonitrile. The resulting mixture was stirred 
for 1 hr, and was then refluxed overnight. Moat  of the solvent 
was removed under reduced pressure followed by the addition of 

S. Graff, Ed., Joliii \Vilt>y : i n ~ l  

(3) J. S. Mihina and It. A l .  Herbst, J. O r p .  Chem.. 15, 1082 (lO.>O). 
(4) W. G. Finnegaii, K.  A .  Henry, and R. Lofquirt, J .  .Im. Chem. SOC., 80. 

3908 (1958). 
(5) J. AI. AIc.\lanus, J .  \f-. AIcFarland, C .  F. Gerber, W. AI. McLamore, iind 

G, D. Laubnch. J .  M e d .  f 'hm,, 8, 766 (1985). 
(6) AIelting points u-['re determined on a Thomas-Hoover capillary nicltinp 

point apparatw and *re corrected. The analyses were carried out by the 
Physical LIeasurementu I ~ h o r a t o r y  of Chas. Pfizer & Co., Inc. Ti t ra t ions 
were done in 1 :1 (V!SJ diomne-water using a hletrohm potentiograph AIodel 
E430. iThere analyses are  indicated only by symbols of elements, analytical 
results obtained for those elrmrnts were within *O.4y0 of the theoretical values. 

(7) J. AI.  SIcAlanus, J .  ffieferocycl. Chem., 5, 137 (1968). 
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TABLE I 
THIO- AND SULFONYLMETHYLTETRAZOLES 

RXCH2C-NH 
II I 
"\" N 

NO. 
1 
2 
3 
4 
e 5  
6 
7 
8 
9 

10 
11 
12 
a Et2O. 

Crystn 
X MP, 'C solvent Formulae 
S 99.5-100.5 a C4H5F3N4S 
so2 195-196 a C4H5FJJ402S 
S 109-110 a CSHIOX~S 
so2 155.5-156.5 b C5HioKi402S 
S 129-130 CaHs~aS2 a 
SO2 160 dec a C6H6?1T4082 
S 159-160 a CsHiClNaS 
SO2 225 dec C CsH7ClX402S 
S 103-104 a CgHgClXaS 
so2 234 dec d CgHgCIS402S 
S 142-143 a CgHioSaS 
so2 211 dec C CgHioS4OsS 

e All compounds were analyzed for C, H, S, and neut equiv. 

TABLE 11 
T H I O  ICETONITRILES 

RSCH2Cn' 
R Rlp or bp (mm), OC FormulaC 

(CH3)zCH 88-90 (23) C,HgSS 
3-thienyl 96 (0.1) C6H1NS2 
p-CICsHha 84-85 CsHeClSS 
p-ClCgHaCH2 109 (0.1) CgH8ClXS 
p-CH3CaH4b 41-42 CgHgSS 
a E. 4 .  Falco, B. Roth, and G. H. Hitchings, J .  Org. Chem., 

J. AI. van der Zanden, J. Kieuwenhuis, and 
All compounds 

26, 1143 (1961). 
H. J. T. Bos, Rec. Trav. Chzm., 76, 669 (1957). 
were analyzed for C, H. 

300 ml of H20, and 300 ml of EtlO. The ether layer was sepa- 
rated, dried (RlgS04), and concentrated to dryness zn vacuo. The 
residue was triturated with pentane and filtered. 

The thioacetonitriles listed in Table 11 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-?j-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 11. The PI;-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 111, see R. N. Prasad, J .  Med.  Chem., 12, 290 (1969). 

Apparent 
P K ~  
4.9 

5.4 
4.0 
5.3 
4.2 
5.1 
4.0 
5.3 
4.0 
5.3 
4.2 

Reaction of 1-methylhomopiperazine with benzyl 
isothiocyanate, however, gave an oil which could not be 
induced to crystallize. Treatment of the oil with Me1 
gave methyl r\;-benzy1-4-methyl-l-homopiperazinethio- 
carboximidate (12) as a hydriodide salt in 24% 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 
NHI gave N-cyclohexyl-4-phenyl-1-piperazinecarbox- 
amidine (15) in poor yield. 

The thioureido and ureido derivatives (16-25, 
Table 11) were prepared similarly from 1-substituted 
4-aminopiperazines. Reaction of some 1-substituted 
4-(/3-aminoethyl)piperazines with isothiocyanates simi- 
larly gave the corresponding thioureas (26-28, Table 11). 

Pharmacology.-The piperazines were ex aluated 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 a t  5-10 
mglkg. 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 Sections 

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. l-(N-Cyclohexylcarbamoyl)-4-phenylpiperazine 
(l).-A solution of cyclohexyl isocyanate (13.7 g, 0.11 mole) in 
Et20 (300 ml) was added dropwise (under anhydrous conditions) 
to a well-stirred solution of nT-phenylpiperazine (16.2 g, 0.1 mole) 
in CsH.3 (200 ml) a t  room temperature. The mixture was refluxed 
for 0.5 hr and the product was filtered. One recrystallization 
(C&) gave the pure product (Table I). 

Method H. l-(N-Henzylthiocarbamoyl)-4-phenylpiperazine 
(6).--A solution of benzyl isothiocyanate (18.4 g, 0.123 mole) in 
Et20 (50 ml) was added to  a solution of N-phenylpiperazine 
(20 g, 0.123 mole) in Et20 (200 ml) at 10-20". The mixture was 
stirred for 0.25 hr, allowed to stand 15 hr a t  room temperature, 

(2) F. Fried, R.  N. Prasad, and A. P. Gaunce, zbid., 10, 279 (1967). 
(3) All melting points mere 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 Microanalytical Laboratory, North Chicago, Ill. 
Where analyses are indicated only by symbols of the elementa, analytical 
results obtained for those elements were within zk0.401, of the theoretical values. 


