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4-Alkyl-5-aryl-4F{-1,2,4-triazole-3-thiols as Hypoglycemic Agents
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Tweray-one 4-alkyl-S-aryvl-4H-1,2,4-trivzole-s5-1hiols Lave beew syrarhesized waed sereened far hypogly cenaie

activity i rats.

Five ctmpounds showed significaia activity of whicke A-p-chloraphenyl-4-ethyl-4 H-1,2 4-

triazole-3-rhiol and 5-p-snlfamoylphenyl-4-ethyl-4H-1,2 4-1riazale-S-thiol were the most active, having a long

duration of action and prodneing blood sngar loweriiaz e rornal s well s alloxa-rreared rats,
low order of Toxicity and showed 1o antibacterial actiow,

We described carhier®® the synthesis and diureiic
activity of vartous substituted 3-mereapto-4£7-1.2.4-
trinzoles.  During the sereening of these componnds
for possible hypoglyeemie effect, some showed signifi-
cant activity.  The most active of these was 5-p-
chlorophenyl-4-ethyl-4H-1.2 4-trinzole-3-thiol (1. R =
Cl: R7 = GH;).  The shifting of the Cl atom from
the para to the meta position or its elimination lowered
the hypoglycemic activity, while shifting the C1 atom
to the orthe position abolished the wetivity,  The work
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R = CH,, Cl, CL F, NOs, NHe, and 8O:N11.
R = CH; CsH; Cihe, nor (-CiH:, nlor 7
CiHy, Cel, and CH.CH,OCH;
has now been extended further and a number of related
4.5-disubstituted-4H-1.2,4-trinzole-3-thiols have been
svnthesized to exploit the lead.
Chemistry.—1-Aroyl-4-alkvithicsemicarbazides werc
prepared from the requisite benzhydrazides and iso-
thiocyanates and then cvelized with aq NaOH to get
the corresponding  triazoles.  5-p-Aminophenyl-4-eth-
vI-4H-1.24-triazole-3-thiol wus obtained by the reduc-
tion of the corresponding p-nitrophenyt analog.  p-
sthytbenzhydrazide was obtained from ethyl p-cthyl-
benzoate.
Hypoglycemic Activity.—Of the 21 compounds syn-
thesized and screened in wormal rats at o dosce level af
25 mg, kg, 5 compounds (21, 22, 29, 30, 31) showed

blood sugar reduction of 3097 or more and the blood

Tanre 1
Cosmreanativi HyvocLycrae Acrivity or 21
AND Tonsurianne 1x Rarst

——DPercentage reiluction i Lloml suygar -
Componnd 21 Tollmtamide U'rol-

1lr Alean (=£NI) Mean ( =S10 aldlity
1.5 8.06 (£0.80) 1260 (=0 .67) <t . 001
3 16,08 (£1.23) 1S53 1=0.68) N
B 26.26 (=1.54) 26.76 (£0.79) NS
7 94,75 (£=2.00) 20099 (£1.23) <0.001}
4 46,73 (=2.60) 15.37 (£0.04) <0.001
24 S0 1£1.73) 361 10,58 <0.001

“ Crossover tesi= at 25 mg kg (oral) nsing 14 audmals (7 per
geoup L
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They had a very

TansLe 11
Covtaraeve Hyrocryesyie Acriviry or 30
N Tonsrrasine in s

Prrernaage redneiion in ool snepree--

ol 30 Tolbmtamile hroty-
1y Meay i NEy Mpran (XD aliality
A SV TI R T 0,20 {£0.62) A
5 Fa. gy o 100y 16.90 (£0.78) N8
3 2N 00023 000 2508120903 NS
7 SO E=22 0N 20054 (121 <,0.001
1) 4027 8 22T 1516 (=1 1 <0.001

24 JEURES B N | G0 ==20.66] < 0.001

v Crossovee test< ar 25 mpe kg wraly nsing 14 admals (0 per
weodap.

TasLr 111

Broon Stcanr Heoverion 1IN Antoxan-Diuasurie Rars sy
Comporzds 21 axn 30 a1 25 ma ke (Oral)

Perrentaxe Hpnd snzar reluction 5y £810¢ -

1 21 80

1.5 1.6 32 0.70 6.3 2= 120
B Sob 202 17.8 = 1.17
3 19.1) = 0.8 2009 41089
n 2009 4210 2484 1.06
] 340 140 2501 == 0359
RE A8 8= 0095 236 4 0.73

+ Fignres indicare meanc valines of 6 rars. Average fuasiiug
levels for 21 and 30 were 338 and 250.6 mg 7, respectively.

<ugat value returned to normal only after 45 hr. A
study of the effect of substitutions in the 4 position
revealed that Bt and methoxyethyl gave the most active
compounds, while v-Bu and cyclohexy! were the next
best. Further, whereas the 3-p-nitrophenyl derivative
38 possessed =ubstantial activity, the corresponding
S-p-aminophenyt derivative 39 was practically inactive.
Two of the most active compounds in this scvies, riz.,
S-p-chloropheny-4-cthyl-4#-1.2 4-triazole-3-thiol  (21)
and  O-p-sulfamoyiphenyvl-4-cthyl-4H-1.2,4-trinzole-3-
thiol (30), were further tested at 10 mg/kg as well as ad
50 myg - Ke dose levels and produced significant blood
sugal lowering,  The erossover tests of these cont-
pounds with tolbutamide 1 rats at 25 mg kg indicated
that while the maximum reduction in blood sugar with
tolbutamide was 25-279% at the end of the 5th hr
21 and 30 produced a reduetion of up to 45-479% at
the Oth hr and even after 24 hr o good hypoglyeemic
effect was in evidence (Tables T and 1), In alloxan-
disbetic mts 21 and 30 also produced hypoglyeemic
responses of 34 and 289, respectively, at the end of
9 hr aad even after 24 hr significant reduction of blood
sugir was present {(Table ITI.  When tested in rab-
bits. however, the activity of 21 und 30 was found to be
of lower order (132 and 15.09%, respectively, at 25
my - kg dose). These two compounds did not show any
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TasLe IV
I-AAROYL-4-ALKYLTHIOSEMICARB‘\ZIDES
RCONHNHCSNHR
Yield,
No. R R’ A Mp. °C Formula?®
1 4-ClCeI{4 CH,, 73 196—197 CinmCleOS
2 4-CICql1, CH,CH,OCH; 83 186-187 CH1CIN;0,80
3 2,4-C12C6113 C'ZH;') 75 178-179 CmHnClgNsOSE
4 4-FCGH4 C2H5 94 190—191 CloHnFNsOS
5 4-CH,C,, C.H; 91 194-195 CiHi:N;08
6 4-CI{3C5H4 n-C3H7 89 165-166 CmHnNsos
7 4-CI{3CGI{4 n-C4H9 83 158-159 Clg,ngN,xOS
8 4-CH,C:H, C:Hn 87 210-211 CisHauN;08
9 4'CZI{5C6H4 C2H5 78 174—175 CmHuNsOS
1() 4-1{7NSOQCGI{4 C-zHa ()2 225—226 C10H14N403S2
11 4-H,NS0,Cel1,4 CH,CH,OCH; 90 186-187 CuHieN OS5,
12 4-H,N30.CsH, CH.CH=CH, 90 211-213 CuHiNOsS,
13 4-H2N802C6H4 n-C3H7 84 208-209 C11H16N403Sg
14 4-1{2NSOQCGII4 i’-CsH', 89 209—210 C111'115N40;382
15 4-H2NSO‘2C6II4 n—C4}19 a3 200-201 C12H13N403SZ
16 4-I‘IQNSO~2CGI{4 i-CAHg 83 201—203 ClgI{lgN40382
17 4-H,NSO0,CeHy CeHyy 88 214-216 Ci HyoNO:8
18 4-0,NC¢H, C.H; 93 200-201 CioH1:N,O584
“ All compouuds were analyzed for N, 8. ? Caled: N, 14.60. Found: 14.14. ¢ Caled: N, 14.38. Found: 14.83. ¢ Caled: N,
20.36. Fouud: 20.79.
TaBLE V
4-ALKYL-3~ARYL-4H-1,2 4-TRIAZOLE-3-THIOLS
N—N
rR— J—sn
l
R/
Maximum blood
sugar reduction
at a dose of
Yield. 25 mg/ke %
No. R R/ % Mp. °C Forinula Analyses (hr)®
19 4-CIC,I1,4 H 286° 24.9(7)
2() 4-CICsH,4 CH;, 70 212-213 C,HCIN;S C, H, N, 8 Inactive
21 4-CICsl1, C.H; 203-204% 53.7 (9)°
22 4-CICsH, CH,CH.OCH; 78 172-173 CuHi,CIN;08 C, H N 42.9 (9)¢
23 2,4-CLC,lIT; C,I; 80 191-193 CioHCLN,S C, H, N 19.2 (5)
24 4-FCeH, C.H; 84 173-174 CioHioF N8 C, H,N,S 29.1(7)
25 4-CH;CeH, C:H; 76 182-184 CuHN;S C,H8 21.9(7)
26 4-CII;5C5I{4 n-CyH 81 155-156 CrHpN;S C,e H, S Inactive
27 4-CH;CeH, n-CyH, 76 172-174 CiHirN;S C H,S 19.6 (7)
28 4-CH;CeH, CeHyy 69 189-190 CisH1gN3S C o8 28.5 (7)
20 4-C.H;CeH, C.I1; 84 161-162 Ci.Hp,N;S C, H N, 8 34.4 (9)
30 4-H,NSO,CsH, C.Hj 92 276-278 CroHiN 0,3, C, H N8 45.3 (9)
31 4-H,N80,CeH, CIH,CH.OCII, 84 214-216 CuH 1 NLO;8, C,H N 39.4 (9)
32 4-IIzNSOiCeI{4 C}IQC}I:CHZ 92 205-206 C11H12N40282 C, H, N, S Inactive
33 4—}IJNSOzCeII4 n-C3H7 89 191-192 C11H14N40282 C, H, S Inactive
N4 4-II-ZNSO-_/CGI{4 ’Z.-C3H7 91 275 dec C11H14N4OzSz C, I{, N, S Inactive
35 4'II;NS()2CGI{4 71'C4I{9 84 167-168 C12H16N402S: C, H, N, S Inactive
36 4-H.NS0,Ce, i-CyI1, 92 220-222 CraH6N 40,8, C H, 8 23.7(7)
37 4-TT,NSQ,Cel1, Cely, 81 233-235 C1H 5N 0,8, C,H N 17.7.(7)
38 4-0,NC, 1, CoIl; 88 228-229 CioH1oN.0:8 C, N, 8 27.8(7)
39 4—1{2NC61‘I4 CZIT5 38 246-248 C10H13N4S C, II, N,i S Inactive
“ Fignres in parenthesis indicate the time in hours for this reduction. ?J. Pharm. Sci., 58, 1398 (1969). © See Table I. ¢ Reduie-
tion (26.99) at 24 hr. ¢ Anal. Caled for CoHi:NsS: C, 61.80. Found: C, 61.15. / Reduction (23.5%7) at 24 hr. ¢ See Table

II.

t Anal.

Caled for C(HioNS: N, 2545,

* Reduction (27.39%) at 24 hr.

antibacterial action against Safmonella typht, Staphylo-
coceus aureus, Vibro comma, and Escherichia coli.

Acute toxicity studies showed that 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 LD; 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

Found: N, 24.85.

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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adiicistered orally as a saspecsion e 2¢0 gann avacia, ad blaad
sngar was defermined ae 13,3, 5, 709, and 24 hr by Somogyvi's
method! nsing Nelzuid's reageia.”  The erossover 1ests were
carried var with tolhntamide a1 25 mg ke dose level using 7
animads i cach geoaps. One group was givero the 1est drug while
ihe vther received tolbutamide,  Following a rest periad nf |
week, the drngs were crossed over aad the tes1 was repeaicd.

For alloxan-diabetic rats, healthy male albiio s welghing
about 200 g were fasted overnight and ijecred with an ag sola-
tion of alloxare monohydrate at 200 mg 'ky dose level aud food
given imediately.  Ouly diabeiic animals were nxed i1 the resi.

Chemical Method.” p-Ethylbenzhydrazide.-—Ethvl p-cthyl-
hergoate (445 g, 0.25 mol), NoHy-HyO (25 ml of 08900 and
IEiOH (100 ml) were mixed avd heared nader reflnx Tor 2 e
The restdne after removal of E1O1D wasx ieiinrated with ),
filtercd, and washed (1260 I was crvsid AT.0N vield 3901 g
(95975 mp 8O-00°. el (Gl NL00 COLL

P41 ML Svieni, J. Biol. Cher,, 160, G4 (189453,

51 N. Nelson, 1bid,, 158, 375 (19415,

) The melting points were taken i vapillary tnbes wich a pareial
mmuersion thetmometer mml are mnevereeted.  Where analyvses are imli-
catal only by symbols of the elements, 1he analytical vesalts oblained for
these elemems were within LEGE Hf che (heoretieal vahices,

Saligenin Analogs of Sympathomimetic Catecholamines

CoLnLiN, o/ o,

1-;-Sulfamoylbenzoyl-4-ethylthiosemicarbazide.. p-sSal{uiu-

nvlbewzhvdrazide (215 &, 0.1 mol) was dissolved Tic dioxace (150
mlt and keated ander reflux with ethivl isothioryvicgae (9.5 nd,
0.1 moly fie 4 hr, The zalid thar sepd i amlivg wie voileciol
by fiiranion, washed (1100, and ervsrd TFE10O T 5

All 1he thasemicarbazides cequired Fae the presear ek were
similarly prepared wnd errstd Feora K101 See Table IV {ae 1l
wew thiosemiciehazides,

3-p-Sulfamoyiphenyl-4-ethyl-44-1,2,4-triazole - 3-thiol, 1--
Salfianvibewzovi-t-eihyvithinsemicarbazide 76.0 2, 0.02 mal;
wax dizsolved 1 2V NaOI1l (60 ml) and refluxed tor 2 . The
reacting aixrace was cooled awd weidified with HCT apll 4
The white precipitete of the desired entapamal wis filteced,
washed (105, aud covsed (8570 1O1T

All the wew viwzmles whick were prepaced stwdlarly o
crvard from tOH wee Hsredd e Table Vowvith cheir neliiuy, poit s,
srelviieal darn, vie.
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Aralogs of isoproterenol have been prepared iic which the varechol gronp lins bheew replaced by salieylie acid

(IX) or saligenin (VI1) fnieetions.

ave effective orally and =show a highly <elective action ow bronchial snworh muscle.

Many of the latter ave potent loug-lasting g-adrenorecepror stintalants thai

Struernre-nctivity relation-

ships are discissed and relared 10 civrent theoriex of molecular provesses at g-ndrenoreceprars,

Sympathomimetic  amines  that  relax  Dbronehial
smooth musele by stimulation of g-adrenoreceptors
have been widely used as bronchoditators in reversible
alrways obstruetion and extensive Investigations of
structurc-aectivity relations have been made.?  Max-
mum potency has always been associated with the
presence of a catechol funetion ax in izoproterenol
(In).  The catecholamines have only a short duration of
parenteral action probably mainly owing to uptake
into tissues** but also because of metabolism by
catechol-O-methyl transferase (COMT) to a methyl
cther, ey., Ib.% The latter 18 a G-adrenoreceptor
blocker.®  An additional metabolic barmner may under-
e the meffectivencss of the catecholamines when
administered orally since it has been shown in the dog?
and in man? that they are inactivated by conversion
into an O-sulfate cster in the gut.

We hoped to circumvent these metabolie pathways
and henee overcome some of the elinieal deficiencies of

113 (a1 For preliminary rimnbanicativn of (s work see D, Ilardey, 1),
Jack, L. H. €. Lonnts, and A. C. Ritehie, Nature {London), 219, 861 11U68),
(1) Presonted in part at the Fourth Rencontres Internationales de Chimie
Thérapentique  Clermont-Ierrand, 1968, {¢) To whom impuiries shonld
Le wddressed,

(2) Ior lealing references see (a) 1. I'ratesi and 19, Grana, Aderex. Drug
Rex., 2, 127142 (1H63): by R, Ik Barlow, “Introduction to Chemigal
Pharmmeology,” Methuen uml Co., London, 1064, pp 282-343; 1e) .\, 3.
Lamls and T. G. Brown in “Drags AMfeeting the Peripheral Nervars Syvs-
(e, Vol 1, AL Burger, d., Dekker, New York, N. Y., 1467, p 399,

20 WO DL Conway, 11 inatoyva, N ML Lamls, and J, M. Shekosky .
S e Sed,, 8T, 1135 (1VG8),

1) D2, NMorgan, M. Sawmller, . S, Davies. M. Conolly, J. W, Datersan.
aml C. T, Dollery, Biockem. J.. 114, 8P (1964),

(5) =R Ross, At Phermacol, Toxvend,, 20, 267 (10613).

161 .5 W, Paterson, M, K. Conally, DR Davies, aml COT, Dinllers, Lunedt,
2, 126 (1968).

isoproterenol by the preparation of compounds ol
formula I where X wias a group which retained some of
the attributes of the eatechol but whieh would not be
subject to attuek by the enzymes that inactivate the

Iatter.
X CHOHCH.NHCH(Me).
HO
la. X =HO le. X =MeSO,NH le. X =HOCH.
Ih. X = MeO [d.X=HOOC

Previous replacement of one or both phenolie groups”
by other substituents has drastically reduced syi-
pathomimetic action except in the case of compounds
sueh as Ie¢ where the bioisosterie methanesulfonamide
group produces a  pseudoecatechol.  The  enhanced
acidity of the w-phenolic group in the catecholamines,
which 1s stmulated by the methanesulfonamide group.
is considered important for high biologieal activity.®
An additional feature of possible importance is the
ability of the eatechol molety to chelate with metals®
Botl of these properties are displayved. with the mini-
mum of stevie disturbance, by the salieyhe ancid Id which
was our first objective. A general synthetie route to
Id. outhlined in Scheme I, also leads to the saligenin
derivative Te which should stilt be capable of chelating

(71 For lemiling referenees sue R 1L Uloels, G R0 Kick, W AL Gonld, and
VLN Lavsen, J. Med, Cloenn, . 9, 88 (11661,

(81 A A Larsen. W. A Gonld, H, R, Roth, W. T. Comer, R, 11 Ulath,
K. W, Dimgan, and 1, ML Lish, i4dd., 10, 462 (1067).

B Bellewn in Ciba Yonmlativn Symposimn on Adrenergie Meclia-
nixma"F Ry Vape. Gl 1L Wolstenbolme, and M. O'Connor, Ed., Clinrehill,
Lionelon, 1360, 19 233,



