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4 - A I k y l - 5 - a i y l - 4 H - l , 2 , 4 - t r i a z o l e - 3 - t h i o I s as Hypog lycemic* A g e n t s 

AI. V. MHASALKAK, M. H. SHAH. S. T. XIKAM. k. (1. ANAXTANAKAYANAN*. AND ('. V. DKI.IWALA1 

Ii(iffki>u ln.sliliiU . ISoiithun 11. hoi,a 

lit a iral .Yuri tiiln r '.'•>. I'lti.'l 

Twenty-one 4-alkyl-5-aryl-4.r7-l,2,4-triazole-3-thiols have been synthesized and screened for hypoglycemic 
activity in rats, p'ive compounds showed significant activity of which 5-/j-ohlorophetiyl-4-ethyl-4.tf-l,2,4-
triazole-3-thiol and 5-p-sulfamoylphemd-4-ethyl-4//-l,2.4-tria/,ole-3-thiol were the most active, having a long 
duration of action and producing blood sugar lowering in normal as well as alloxan-treated rats. They had a very 
low order of toxicity and showed no antibacterial action. 

\Vt> described earlier-'1' the synthesis and diuretic 
activity of various substi tuted 3-mercapto-4//-l ,2.4-
triazoles. During the .screening' of these compounds 
for possible hypoglycemic effect, some showed signifi­
cant activity. The most active of these was 5-/>-
chlorophenyi-4-ethyl-4/^-1.2,4-triazole-3-tlii()l (I. H = 
CI; H' = Q.H.-,). The shifting of the CI atom from 
the para to the meta position or its elimination lowered 
tin; hypoglycemic activity, while shifting the CI atom 
to the ortlio position abolished the activity. The work 

H = CH3, C2H;„ CI, F. \ ( ) , , Xlh , and SOA'H. 
Ii ' = CH:), C,H.-„ C3Ii„ ft(or /)-CsH7, >Kov h-

CjH,,, C6I1,), and CH2OHa()CH, 

has now been extended further and a number of related 
4,5-disubstituted-4H-l,2,4-triazole-.3-thiols have been 
synthesized to exploit the lead. 

Chemistry.— l-Aroyl-4-alkylthiesemicarbazides wen-
prepared from the requisite benzhydrazides and iso-
thiocyanates and then cyclized with aq XaOH to get 
the corresponding triazoles. 5-/)-Aminophenyl-4-eth-
yl-4//-l,2,4.-triazole-3-thiol was obtained by the reduc­
tion of the corresponding /)-nitrophenyI analog, p-
Ethylbenzhydrazide was obtained from ethyl /'-etliyl-
benzoate. 

Hypoglycemic Activity. -Of the 21 compounds syn­
thesized and screened in normal rats at a dose level of 
2.) mg, kg, o compounds (21, 22, 29, 30, 31) showed 
blood sugar reduction of 'A0c/r or more and the blood 

T A H L I - . I 

C o M P A i i A T i v K H Y P O G L Y C E M I C A C T I V I T Y O F 

AND TOLBUTAMIDE IX l i A T S " 
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Compound 21 
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(1) d'o whom the inquir ies should be addressed . 
(2) M . H, Shah . V. M . P a t k i . and M . Y. M h a a a l k a r . J. Sri. hid. lie*.. 

Sect. C. 2 1 , 76 (1982). 
(3) M . II. Shall, M . Y. Mhasa lka r , V. M. P a t k i . and ( ' . V. I )e l i«a la . 

./. I'harm. Sri.. 68, 1398 (1969). 
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COMI \n \ n \ i. IIYIMOLYCKMIC ACTIVITY oi-' 30 
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Ur 

1 . 5 

3 

5 

-
9 

•A 

Mean 

10.50 ; 

l n . 9 0 ( 

2 S . 0 5 ! 

30 15 i 

45 27 ( 

36 21 • 

( - -SKi 

± 1 . 3 9 ) 

± 1 . 9 9 ! 
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9 . 2 9 ( ± 0 . 6 2 ) 
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2 5 . 0 8 ( ± 0 . 9 0 ) 

2 0 . 5 4 ( ± 1 . 2 1 ; 

15. 16 ( ± 1 . 14) 
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< 0 . 0 0 1 
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< 0 . 0 0 1 

" Crossover tests at 25 mg kg (oral) using 14 animals (7 per 
group ). 

TABLK III 

BLOOD S c o u t Hi:m ("ITO\ I.\ AI.I.O.YAN-DIABKTK.' RATS BY 

CoMPorxds 21 AMI 30 AT 25 MO. KO (ORAL) 
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29 

3 4 . 

3 8 . 

cen taae bjo, 
21 

6 J:: 0 . 7 0 

1 ± 2 . 02 

0 ~ 0 . 8 9 

9 ± 2 . 10 

0 ± 1 . 40 

3 ~ 0 9 5 

.(I sircar red u tt.ion" i ± S 
30 

6.3 3- 1 20 
17.8 ± 1 17 
20.9 ± 1 .39 
24. 8 ± 1 06 
2.8. 1 ± 0.39 
23,.6 ± 0.73 

re.s indicate mean values id' 6 rats. Average fasting 
:• 21 itnd 30 were 338 and 259.6 mg '.',', respectively. 

sugar value returned to normal only after 48 hr. A 
study of the effect of substitutions in the 4 position 
revealed that Ft and methoxyethyl gave the most active 
compounds, while e-Bu and cyclohexyl were the next 
best. Further, whereas the 5-/;-nitrophenyl derivative 
38 possessed substantial activity, the corresponding 
")-/)-aminophenyI derivative 39 was practically inactive. 
Two of the most active compounds in this series, riz.. 
")-/;-chlorophenyl-4-elhyl-4//-l,2,4-triazole-3-thioJ (21) 
and 5-/)-snlfamoylphenyl-4-ethyl-4//-l,2,4-triazole-.i-
thiol (30), were further tested at 10 mg / k g as well as at 
.50 mg; kg dose levels and produced significant blood 
sugar lowering. The crossover tests of these com­
pounds with tolbutamide in rats at 2") mg/ kg indicated 
that while the maximum reduction in blood sugar with 
tolbutamide was 25 2 7 % at the end of the 5th hr, 
21 and 30 produced a reduction of up to 45-47%. at 
the 9th hr and even after 24 hr a, good hypoglycemic 
effect was in evidence (Tables I and I I ) . In alloxan-
diabetie rats 21 and 30 also produced hypoglycemic 
responses of 84 and 2S%:. respectively, at the end of 
9 hr and even after 24 hr significant reduction of blood 
sugar was present (Table I I I ) . When tested in rab­
bits, however, the activity of 21 and 30 was found to be 
of lower order (13.2 and 15.5%, respectively, at 25 
mg kg dose). The>e two compounds did not show any 
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TABLE IV 

1-AROYL-4-ALKYLTHIOSEMICARBAZIDES 

HCONHNHCSNHR' 

Yield, 
No. 

1 
2 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

All compounds 

R 

4-C1CH, 
4-ClC6II4 

2,4-Cl2C6II3 

4-FC6H4 

4-CHsC6H4 
4-CH3C6H4 

4-CII3C6H4 

4-CHsC6H4 

4-C2H5C6H4 

4-H2NS02C6H4 

4-H2NS02C6H4 

4 - 1 1 ^ 8 0 , 0 ^ 4 
4-H2NS02C6H4 

4-H2NS02C6Il4 
4-H2NS02C6H4 

4-H2NS02C«H4 

4-H2NS02C6H4 

4-02NC6H4 

were analyzed for N, S. 

R ' 

CH3 

CH2CH2OCH3 

C2Hj 

C2H» 
C2H5 

n-C3H7 

re-C4H9 

C6Hu 
C2H5 
C„H6 

CH2CH2OCHj 
CII2CH= 
n-C3H7 

?-C3H-
n-C4H9 

i-C4H9 

C6Hn 
C2H5 

h Calcd: N, 

=CH2 

% 
73 
85 
75 
94 
91 
89 
85 
87 
78 
92 
90 
90 
84 
89 
93 
83 
88 
93 

14.60. Found: 14.14. 

Mp, °C 

196-197 
186-187 
178-179 
190-191 
194-195 
165-166 
158-159 
210-211 
174-175 
225-226 
186-187 
211-213 
208-209 
209-210 
200-201 
201-203 
214-216 
200-201 

Formula'1 

CHioClNsOS 
CnH14ClN302S

i> 
CioHnCl2N8OS= 
Ci0H12FN3OS 
CnH15NjOS 
C12H17N3OS 
C1S,H19N30S 
C15H21N3OS 
C12H„N3OS 
CioHi4N403S2 

CnH16N404S2 

C U H H ^ S 4O3S;; 

C„H16N403S2 

CnHi6xs'40aO2 

C12H18N403S2 

C12H18N403S2 

C»H20N4O8S 
C10H12N4O3S<* 

* Calcd: N, 14.38. Found: 14.83. d Calcd: 
20.36. Found: 20.79. 

N, 

TABLE V 

4-ALKYL-5-ARYL-4H-1,2,4-TRIAZOLE-3-THIOLS 

N—N 

R - J ^ ^ - S H 

R' 

N o . 

19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

" Figures 
Hon (26.9% 

R 

4-ClC6H4 

4-CIC6H4 

4-ClC6II4 

4-ClC6H4 

2,4-Cl2C6H3 

4-FC6H4 

4-CH3C6H4 

4-CII3C6H4 

4-CH3C6II4 

4-CH8C6H4 

4-C2H5C„H4 

4-H2NS02C6H4 

4-II2NS02C6H4 

4-H2NS02C6H4 

4-H2NS02C6II4 

4-H2NS02C6H4 

4-H2NS02C6H4 

4-II2NS02C6H4 

4-H2NS02C6H4 

4-02NC6II4 

4-H2NC6H4 

in parenthesis indicati 
:) at 24 hr. e Anal. 

I I . '' Reduction (27.3%,) at 24 h: 

R ' 

II 
CH3 

C2H5 

CH2CH2()C1I3 

C2H6 

C2H5 

C2H5 

n-C3H, 
re-C4H.i 
C6H„ 
C2H6 

C2H5 

CH2CH2OCII3 

CH 2CH= 
n-C8H, 
J - C 8 H , 

?i-C4ITs 

i-C4II9 

CsHu 
C2II5 

C2H5 

=CH2 

e the time in hours fo 
Caled for 

r. ' Anal. 
(-'lsHisiSsb ! 

Yield, 

% 

70 

78 
80 
84 
76 
81 
76 
69 
84 
92 
84 
92 
89 
91 
84 
92 
81 
88 
58 

r this 
: C, ' 

Calcd for C10H 

Mp, °C 

2866 

212-213 
203-204"-
172-173 
191-193 
173-174 
182-184 
155-156 
172-174 
189-190 
161-162 
276-278 
214-216 
205-206 
191-192 
275 dec 
167-168 
220-222 
233-235 
228-229 
246-248 

reduction. h J. 
61.80. Found: 
: i2N4S: N, 25.45 

Formula 

C9H8C1N3S 

CnHuClNsOS 
C10H9Cl2NbS 
CioHioFX3S 
CnHi3N8S 
C12H15N3S 
C13H17N3S 

CisHigrSsb 

C12Hi5N3S 
C10H12N4O2S2 

CnH I 4N403S2 

CnH1£N402S2 

CnHi4N402S2 

CnHi4rs402b2 

Ci2Hi6N402S2 

Ci2H16N402S2 

C14H18N402S2 

C10H10N4O3S 
CioHi2N4S 

Analyses 

C, IT, N, S 

C, H, N 
C, II, N 
C, H, N, S 
C, H, S 
C,« H, S 
C, H, S 
C, H, S 
C, H, N, S 
C, H, N, S 
C, II, N 
C, H, N, S 
C, H, S 
C, H, N, S 
C, H, N, S 
C, H, S 
C, H, N 
C, II, X, S 
C, II, Ny S 

Maximum blood 
sugar reduction 

at a dose of 
25 mg/kg % 

(hr)« 

24.9(7) 
Inactive 
53.7(9)" 
42.9 (9Y 
19.2(5) 
29 .1(7) 
21.9(7) 
Inactive 
19.6(7) 
28 .5(7) 
34.4 (9V 
45.3(9)" 
39.4(9)* 
Inactive 
Inactive 
Inactive 
Inactive 
23 .7(7) 
17.7(7) 
27 .8(7) 
Inactive 

Pharm. Sci., 58, 1398 (1969). ' See Table I. d Reduc-
C, 61.15. / Reduction (23.5%) at 

, Found: N, 24.85. 
24 hr. " See Table 

antibacterial action against Salmonella typhi, Staphylo­
coccus aureus, Vibro comma, and Escherichia colt. 

Acute toxicity studies showed tha t 21 and 30 were 
much less toxic than tolbutamide. The maximum tol­
erated single doses (oral) in albino mice for 21 and 30 
were 4.0 and 5.0 g/kg, respectively, while LD30 of 
tolbutamide (oral) was 2.6 g/kg. Chronic toxicity 
experiments were carried out in rats fed orally at a 
dose level of 100 mg/kg for more than 8 weeks. The 

animals receiving 21 and 30 maintained good physical 
condition, showed no significant differences in weight 
gain as compared with controls, and no macroscopic 
or microscopic abnormalities were seen in the animals. 

Experimental Section 

Screening Method.—The hypoglycemic activity was tested in 
normal fasting albino rats weighing 180-200 g. The drug was 
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administered orally as a suspension in 2' , gum acacia, and blood 
sugar was determined al l.o, 3, .">, 7, 9, and 24 hr by Somogyi's 
method1 using Nelson's reagent.1'' The crossover tests were 
carried out with tolbutamide at 2."i mg kg dose level using 7 
animals in each groups. One group was given the test drag while 
the other received tolbutamide. Following a rest period of 1 
week, the drags were crossed over and the test was repeated. 

For alloxan-diabetic rats, healthy male albino rats weighing 
about 200 g were fasted overnight and injected with an aq solu­
tion of alloxan monohydrate at 200 nig kg dose level and food 
given immediately. Only diabetic animals were used in the test. 

Chemical Method." p-Ethylbenzhydrazide.- - Ethyl p-ethyl-
honzoate (44.5 g. 0.25 mol), NAIT,-IT20 (25 ml of OS', i and 
ElOII (100 ml) were mixed and heated under reflux for 2 hr. 
The residue after removal of EtOH was triturated with EwO, 
filtered, and washed (Et.O). It was crvstd ( I E O I . yield :>0.1 g 
(!>.V; i, mpS<M)0°. Anal. (C:,H,.jN:0) C. II. 

l-t) -M. Smnojj.vi, ,/. Biol. Chem.. 160, 69 ; 19-1'n. 
I.")) N". Xelson, iliid., 153, 375 (11)41;. 
Hi) T h e meltinst points were t aken in capil lary t i thes with a par t ia l 

imiiiersion t h e r m o m e t e r and are uncor rec ted . Where ana lyses a re indi-
eateti only !iy symbols of t he e lements , the ana ly t ica l results ob t a ined for 
these e tements were within 0.1'. , ' of llie tueore l ica! values. 

Sympathomimetic amines that relax bronchial 

smooth muscle by stimulation of /i-adrenoreceptors 

have been widely used as bronchodilators in reversible 

airways obstruction and extensive investigations of 

s tructure-act ivi ty relations have been made.2 Max­

imum potency has always been associated with the 

presence of a catechol function as in isoproterenol 

(la). The catecholamines have only a short duration of 

parenteral action probably mainly owing to uptake 

into tissues1''4 but also because of metabolism by 

catechol-O-methyl transferase; (COMT) to a methyl 

ether, e.g., Ib.fr The lat ter is a (3-adrenoreceptor 

blocker." An additional metabolic barrier may under­

lie the ineffectiveness of the catecholamines when 

administered orally since it has; been shown in the dog3 

and in man4 that they are inactivated by conversion 

into an O-sulfate ester in the gut. 

We hoped to circumvent these metabolic pathways 

and hence overcome some of the clinical deficiencies of 

(1) (,a) f o r p re l imina ry commun ica t i on of this work see D. Har t l ey , 1). 
.laek, L. H. C. Lun t s , and A. C. Ri tchie , Xaturt (London). 219, 861 [1968). 
(I)) Presented in pa r t a t t he F o u r t h Rencon t r e s In t e rna t i ona l e s de Ch imie 
The rupeu t i ' i ue C l e r m o n t - t ' e r r a n d , MI08. te) To whom inquir ies should 
he addressed . 

(2) For leading references see (a) P. Rrates i a n d E. G r a n a , Advun. Drag 
lit.-.. 2, 127-112 (1905); (h) R. 1',. Harlow. " I n t r o d u c t i o n to Chemical 
IMiarmacoloK.v," Meth i i en and Co. . London, 11)6-1, pp 2 8 2 - 3 4 3 ; (c) A. M. 
Lands a n d T . (1. Brown in "Dru t i s Af'fectintt t h e Per iphera l Nervous Sys­
t e m , " Vol. 1. A. Hunter , Ed . , Dekker , \ e w York, N . Y. . 1U67. p 3HH. 

(,'t) W. 1). C o n w a y . II. Minatoyt t . A. M. Lands , and J. M. S h e k o s k y 
./. /7 ,«r»i , Sri.. 57, 1 135 (11168). 

(1) I) . ( ' . M o r g a n . M. Sandle r , I ) . S. Davies . M. Conol ly J. W. Pu te r son . 
a n d C . T . D o l l e r y . B t ' e r / i e m . ./.. 114, 8P (1969!. 

(5) S. I!. Ross. Artu I'h.irmiicol. Toxicol., 20, 267 I1U63). 
(6) J. W. Pa t e r s .m . M. E. Conol ly , 1). S. Davies . and C. T. Dol lery. l.oiir.J. 

2, t2ti ( l ' J68). 

l-/;-Sulf'amoylbenzoyl-4-ethylthiosemicarbazide. //-Sull'ani-
oylbenzhydrazide (21.5 g, 0.1 mol) was dissolved in dioxane (150 
nil) and healed under reflux with ethyl isothioryanate 0..~> nil, 
0.11 nioli for 4 hr. The solid that sepd on cooling was collected 
by lilt ration, washed (1EO), anil crystd if'.H )I!). 

All the lhiosemicarbazide> required for i he present work were 
similarly prepared and crystd from EtOH. See Table I\ ' for the 
new thiosemicarbaxides. 

5-/;-SulfamoyIphenyl-4-ethyl-4//-l ,2,4-triazoIe - 3 - thiol. I - p-
Sulfamoylbenzoyl-4-eihylthiosemicarbazidc (li.O g. 0.02 mol j 
was dissolved in 2 A' XaOII (00 ml) and refluxed for 2 hr. The 
reaction mixture was cooled and acidified with IK'l ipll -It 
The white precipitate of the desired compound was filtered, 
washed (H-.O). and crystd (S5' , EtOH ). 

All the new Iriazole- which were prepare I similarly and 
cr\'sltl from EtOH are li-ted in T.able \ ' with their melting poini-, 
analytical dala, etc. 
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isoproterenol by (he preparation of compounds of 

formula I where X was a group which retained some of 

the a t t r ibutes of the catechol but which would not be 

subject to at tack by the enzymes tha t inactivate the 

h i t t e r . 

X[^>iOH(OH)CH_NH(.'H(Met, 

Ia.X = H0 Ic. X = MeSO.NH le. X = HCX.'H, 

Ib.X = MeO ld.X = H00C 

P r e v i o u s r e p l a c e m e n t of one or b o t h pheno l i c g roups 7 

by o t h e r s u b s t i t u e i i t s h a s d r a s t i c a l l y r e d u c e d s y m ­

p a t h o m i m e t i c ac t ion excep t in t h e case of c o m p o u n d s 

such as Ic w h e r e t h e b io i sos te r ic m e t h a n e s u l f o n a n i i d e 

g r o u p p i o d u c e s a p s e u d o c a t e c h o l . s T h e e n h a n c e d 

a c i d i t y of t h e (/(.-phenolic g r o u p in t h e c a t e c h o l a m i n e s , 

wh ich is s i m u l a t e d b y t h e m e t h a n e s u l f o n a n i i d e g r o u p , 

is cons ide r ed i m p o r t a n t for h igh biological a c t i v i t y . s 

A n a d d i t i o n a l f e a t u r e of poss ib le i m p o r t a n c e is t h e 

ab i l i t y of t h e c a t e c h o l m o i e t y t o c h e l a t e wi th metals . 1 ' 

B o t h of t h e s e p r o p e r t i e s a r e d i s p l a y e d , w i th t h e min i ­

m u m of s te r ic d i s t u r b a n c e , by t h e sal icyl ic ac id I d which 

was ou r first ob j ec t i ve . A genera l s y n t h e t i c r o u t e to 

Id , o u t l i n e d in S c h e m e I, also l eads to t h e sa l igenin 

d e r i v a t i v e l e which shou ld st i l l be c a p a b l e of c h e l a t i n g 

t7) For lead ins references see R. 11. F l o t h , Ci. R. Kirk. W. A. C o u l d , and 
A. A. I .arsen. ./. Mid. Ciu-ni.. 9, 88 (ltKifi). 

(8) A. A. Larsen . W. A. Could . U, R. R o t h , W. T. Comer . R. II. t ' lo t l i . 
K. W. Dunsran. and P. M . I.ish. i',i'ri., 10, 462 (1967). 

;U; R. Relleau in " C i b a F o u n d a t i o n S y m p o s i u m on Adrenergic Mecha­
nism.-," .1. It . Vane C. F. Wols tenholme, and M. O 'Connor , Ed. . Churchi l l , 
London, I960. p 2 3 3 . 

Saligenin Analogs of Sympathomimet ic Catecholamines1 ' ' ' 

D. T. COLLIN, D. H A R T L E Y . k ' D. JACK, L. H. C. LUNTS. .1. ('. PRESS, A. ( \ R I T C H I E , AND P. TOON 

('lniiiinlri/ l)t /MiiiiK tit, Ailtn anil Hanbiirijs I.til., Il'/i/v, //• rtfonlxhin, Eni/linul 

!{<<•< iral Frliriuirii 1,S, V.liO 

Analogs of isoproterenol have been prepared in which the catechol group has been replaced by salicylic acid 
(IX) or saligenin (VII) functions. Many of the latter are potent long-lasting fj-adrenoreceptor stimulants that 
are effective orally and show a highly selective action on bronchial smooth muscle. Structure--.activity relation­
ships are discussed and related to current theories of molecular processes at d-adrenoreceptors. 


