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Introduction 

Indole derivatives have yielded several biologically 
active compounds [ 1, 21. Several of these derivatives 
possess potent central nervous system (CNS) as well 
as antiinflammatory properties [3-6]. Indolyl quinazo- 
lones possess potent anti-inflammatory as well as CNS 
activities [7, 81. It has been reported that substitution 
by heterocyclic moieties, ie, oxadiazole, triazine or 
triazole, at positions 1 and 3 of the indole nucleus 
enhances these activities [9]. To this end we have syn- 
thesized indole congeners whose skeleton contains 
the above essential features. The compounds were 
studied for their antiinflammatory properties, CNS 
activity and acute toxicity. 

Chemistry 

The reaction of indole-3-acetohydrazide 2 with carbon 
disulfide in alkaline medium afforded, after acidic 
treatment, 5-(indol-3-ylmethyl)-1,3,4-oxadiazole-2- 
thiol 2a (scheme 1). The same hydrazide was trans- 
formed into 3-(indol-3-yl methyl)-6-phenyl-1,2,4- 
triazine 2b by condensation with phenacyl bromide 
and dimethylformamide. Lastly condensation with 
chloroacetamide led to 3-(indol-3-ylmethyl)- 1,2,5,6- 
tetrahydro-1,2,triazine-5-one 2c. The oxadiazole 2a 
could be converted into the corresponding 4-amino- 
1,2,4- triazole 2d by hydrazinolysis. 

*Part of this work was presented at the XII International 
Congress of Pharmacology held in July 1994 at Montreal, 
Canada. 
**Correspondence and reprints 

Hydrazide 2 gave the thiosemicarbazide 3, which 
upon treatment in alkaline medium, afforded the 3- 
mercapto-4i- 1,2,4-triazole 3a; in acidic medium 
(H,PO,) the 2-amino-1,3,4-thiadiazole 3b was obtained. 
Condensation of 3 with hydrazine afforded 3,4- 
diamino-4i- 1,3,4-triazole 3c. 

Starting from (3-formylindol- 1-yl)acetohydrazide 
4, we carried out the same heterocyclization reactions 
leading to 4a-d (scheme 2). 

Physicochemical data for the compounds are given 
in table I. 

Table I. Physicochemical data of the compounds 2a-d, 3a- 
c, and 4a-d. 

Compound Mp Recrystallization Yield Molecular 
PC) solvent @) formula 

2a 179 Ethanol/water 52 

2b 242 DMF/water 20 

2c 238 DMF/water 52 

2d 201 Ethanol/water 56 

3a 182 Ethanol/water 41 

3b 182 Ethanol/water 47 

3c 152 Ethanol/water 38 

4a 192 Ethanol/water 39 

4b 242 DMF/water 20 

4c 253 DMF/water 11 

4d 184 Ethanol/water 23 
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Compound Dose (mglkg Mean difference in Mean % 
110 PO) 

2a 50 

2b 50 

2c 50 

2d 50 

3a 50 

3b 50 

3c 50 

4a 50 

4b 50 

4c 50 

4d 50 

Control - 

Indomethacin 50 

“p < 0.05. 

~&+J inhibition 
volume f SE &SE 

0.196 f  0.027 31.00 + 7.10 

0.094 + 0.013 3 1.90 f  6.96” 

0.230 zk 0.040 39.40 f  5.10” 

0.094 f  0.013 41.00 k 6.42” 

0.152 f  0.031 46.50 + 7. 14a 

0.160 + 0.27 43.70 k 7.21 

0.176 I!I 0.24 38.10 f  1030 

0.136 ?I 0.023 62.00 f  5.13” 

0.092 + 0.026 74.20 f  6.23a 

0.132 f  0.071 63.00 21 5.63a 

0.184 f  0.037 48.40 f  6.51a 

0.382 f  0.07 1 - 

0.084 k 0.015 74.00 f  6.29 

Table II. Anti-inflammatory activity of the compounds 2a- 
d, 3ax and 4a-d. 

Pharmacological results and discussion 

Inhibition of inflammation 

Compounds 2a-d showed 3 1.0 f 7.10% to 41.0 + 
6.42% inhibition, while compounds 3a-c exhibited 
38.10 k 10.30% to 46.50 + 7.14% inhibition of 
inflammation after oral administration to rats. The 
compounds 3a and 3h, which possess respectively a 
triazole and thiadiazole nucleus, showed better acti- 
vity than compounds 2a-d (table II). 

The compounds 4a-d showed inhibition ranging 
from 48.40 + 6.51% to 74.20 + 6.23%. In this series 
the compound 4b, which showed the greatest anti- 
inflammatory activity (74.20%), was studied at the 
graded doses of 12.5 and 25 mg/kg po. At these doses 
the inhibition was 42.0 + 0.021% and 58.40 + 0.053%, 
respectively. Its ED,, was found to be 36 f 0.021% 
mg/kg and its ALD,, was over 1000 mg/kg in albino 
mice. The ED,, of the active compounds was calcula- 
ted by regression analysis. 

Comparison of the activities of compounds 2d and 
2b with those of the previously synthesized corres- 
ponding derivatives in the coumaryl series [6] 
demonstrates the positive influence of the indole 
moiety. Compound 2d exhibited moderate antiinflam- 
matory activity at a dose of 50 mg/kg, whereas 4- 
amino-5-(2-oxo-2H- 1 -benzopyran-3-yl)- 1,2,4-tria- 
zole-3-thiole showed practically no activity (10.6%), 
even at 100 mg/kg dose. In the same way, compound 
3b was more active than 5-(2-oxo-2H-l-benzopyran- 

Table III. Antidepressant activity of the compounds 2a-d and 3a-c administered at a dose of 100 mg/kg ip. 

Compound General behaviour 

Awarenesii” mice) Gait 

2a 2+ Ab 

2b l+ Ab 

2c l+ N 

2d l+ N 

3a 2+ N 

3b l+ N 

3c 2+ N 

Control l+ N 

Ab = abnormal; N = normal. 

Stereotypy Piloerection Ptosis 
mean score 

l+ l+ 

l+ 3+ 

2+ I+ 

l+ l+ 

l+ I+ 

3-k 3+ 

3+ 3+ 

- l+ 

8.0 >lOOO 

8.0 >500 

8.0 >lOOO 

8.0 >lOOO 

3.0 >lOOO 

4.0 >lOOO 

4.0 >lOOO 

4.0 - 

ALD,o 
(Wk ip) 
(in mice) 
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Table IV. CNS profile of compounds 2a-d and 3ax. 

Compound Reset-pine reversal test 

Control” 
mean f  SE 

Hypokinesia 
mean f  SE 

2a 35 + 1.85 29.2 + 5.84 

2b 10.8 f  5.10 25 k 1.44 

2c 9.4 *4.23 6.5 IL 5.76 

2d 38 zk7.40 27.8 f 6.19 

3a 31.8 k7.61 30.4 k4.40 

3b 42.2 + 8.84 20.2 k 3.20b 

3c 83 k 12.24 46 f 0.56b 

Swimming despair test L-Dopa potentiation test 

ControP Immobility ControP Locomotor 
mean f  SE time mean + SE mean +SE activity 

mean f  SE 

2.82 f0.25 2.37 kO.30 36.0f 1.85 15.4 f  5.40 

2.35 f0.48 2.92 k0.29 42.0 k 8.20 18.4 zk 5.71 

1.85 k0.33 2.29 f0.45 44.0 k 8.20 27 f  10.84 

2.51 k0.37 2.10 f0.36 24.0 k 10.83 15.2 k6.48 

2.41 kO.40 2.27 kO.18 31.8k7.61 33.2 k9.18 

2.89 f0.39 1.48 f  0.20~ 15.2+ 5.85 86 k 1.46d 

3.33 k 0.18 1.80 f  0.12~ 40.0 + 4.25 96 f  0.14d 

aIndicates the values of hypokinesia, immobility time and locomotor activity, respectively, before treatment with the test com- 
pound; breserpine reversal test, p < 0.001; ‘swimming despair test, p < 6 0.01; dL-Dopa potentiation test, p < 0.05. 

3-yl)-1,3,4-thiadiazole-2-amine: 43.7% at 50 mg/kg 
and 37.2% at 100 mg/kg. 

CNS activities 

The compounds were further studied for their CNS 
activity to assess behavioural effects of these com- 
pounds. The CNS activity profiles of the compounds 
are given in tables III and IV. An increase in aware- 
ness was found with compounds 2a, 3a and 3c. Gait 
remained normal with all the compounds except 2a and 
2b. From a &reserpine reversal test it was observed 
that compounds 3b and 3c antagonized the reserpine- 
induced effect by blocking the reserpine-induced pto- 
sis, showing similarity with imipramine. Compounds 
3b and 3c were found to potentiate L-Dopa effects 
and decrease immobility time in the swimming des- 
pair test, thus showing anti-depressant activity. Com- 
pounds 3b and 3c, with heterocyclic thiadiazole and 
triazole moieties, possess greater anti-depressant acti- 
vity compared to the rest of the compounds. 

The ALD,, values were found to be over 1000 mg/ 
kg (maximum dose tested) for all compounds except 
for 2b. 

Experimental protocols 

Chemistry 

Melting points were measured in open capillary tubes and are 
uncorrected. Thin layer chromatography (TLC) was performed 
on silica-gel G plates. Proton magnetic resonance (*H NMR) 
spectra in CDCl, were recorded on an EM-360 spectrophoto- 

meter (Perkin Elmer 3R-32) using tetramethylsilane (TMS) as 
internal standard (chemical shift in 6 ppm). IR spectra in KBr 
were recorded on a Perkin Elmer infracord 137 instrument 

in cm-l) and mass spectra on a JMSD 300 instrument 
I;&!! D-300) fitted with a JMS-2000 data system, at 70 eV. 
Ethyl indole-3-acetate [lo], ethyl (3-formylindol-1-yl)acetate 
[ 111, indole-3-acetylhydrazide [ 121 and indole-3-acetic acid 
thiosemicarbazone [ 121 were prepred by reported methods. 

5-(Indol-3-ylmethyl)-I ,3,4- oxadiazole-2-thiol2a 
A solution of KOH (0.15 mol), compound 2 (0.10 mol) and 
CS, (0.15 mol) in absolute ethanol (100 mL) was refluxed for 
11 h. Then it was cooled to room temperature and diluted with 
dry ether (100 mL). The precipitate thus obtained was filtered 
and washed with ether and vacuum dried. A suspension of this 
solid (0.10 mol) in aqueous KOH (0.20 mol) was again 
refluxed until the evolution of H,S ceased. Dilution with water 
(100 mL) and acidification with HCl yielded a white solid, 
which was filtered, washed with water and recrystallized from 
ethanol/water. IR (KBr) cm-l: 2318 (SH), 1635 (C=N; cyclic), 
3400 (NH), 2950 (CH,). Mass spectrum exhibited molecular 
ion peak at m/z 231 [MT]; other important fragments were 
observed at 198, 157, 156, 131, 116 (base peak, 100%) and 89. 
1H NMR (CDCl,, 6 ppm): 8.1-8.4 (bs, lH, NH indole), 7.c7.7 
(m, 4H, H-4, H-5, H-6, H-7 indolic protons), 5.c5.8 (d, lH, 
CH (H-2 of indolic proton), 1.6-1.8 (t, 2H, CH,), 1.2-1.3 (s, 
lH, SH). 

3-(lndol-3-ylmethyl)-6-phenyl-I ,2,4-triazine 2b 
Indole-3-acetohydrazide (0.20 mol) and phenacylbromide 
(0.10 mol) were refluxed in ethanol in the presence of di- 
methylformamide (DMF) for 20 h. The excess solvent was dis- 
tilled off and the reaction mixture yielded yellow crystals upon 
cooling. It was filtered and recrystallized from DMF/water. IR 
(KBr) cm-l: 3250 (NH, indole), 1590 (C=N, cyclic), 2950 
(CH,). Mass spectrum exhibited molecular ion peak at m/z 286 
[Mf]; other important fragments were observed at 172, 171, 
132, 116, 102 and 40. 1H NMR (CDCl?, 6 ppm): 8.3-8.5 (bs, 
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IH, NH indole), 6.5-7.0 (m, SH, phenyl ring), 7.1-7.8 (m, 4H, 
H-4, H-5, H-6 and H-7 indolic protons), 5.1-5.9 (d, lH, CH 
(H-2 indolic proton), 1 .&I.9 (t, 2H, CHJ. 

3-(indol-3-ylmethyl)-I ,2,5,6-tetrahydro-I ,2,4-triazin-5-one 2c 
To indole-3-acetylhydrazide 2 (0.10 mol) was added chloro- 
acetamide (0.10 mol) and DMF (80 mL) and the reaction mix- 
ture was refluxed for 25 h. It was then concentrated and cooled; 
whereupon a solid separated out which was filtered, washed 
with EtOH and recrystallized from DMF/water. IR (KBr) cm-l: 
3245 (NH, indole), 1725 (C=O, cyclic), 2950 (CH?), 1590 
(C=N, cyclic). Mass spectrum exhibited molecular ion peak at 
m/z 228 [MJ; other important fragments were observed at 130, 
116, 105, 102,77 (base peak, 100%) and 62. 1H NMR (CDCI,, 
6 ppm): 8.1-8.4 (bs, lH, NH indole), 6.9-7.4 (m, 4H, H-4, H- 
5, H-6 and H-7 indolic protons), 5.6-5.9 (bs, 2H, NH triazi- 
none), 5.2-5.8 (d, lH, CH (H-2 of indolic proton). 2.5-2.8 (s, 
2H, CHJ of triazinone). 

4-Amino-5-(indol-3-yl methyl)-4H-l,3,4-triazole-3-thiol2d 
A suspension of the compound 2a (0.10 mol) in hydrazine 
hydrate (0.20 mol, 99%) was refluxed for 5 h. It was then dilu- 
ted with water and acidified with HCI, and a white solid separa- 
ted out. This was filtered, washed with water and recrystallized 
from EtOH/water. IR (KBr) cm-l: 2310 (SH), 3210 (NH, 
indole). Mass spectrum exhibited molecular ion peak at m/z 
245 [M!J; othe; important fragments were observed at 130, 
127. 115. 102. 91. 87 and 77 (base neak. 99%). 1H NMR 
(CdCl,, 8 ppmj:~8.i-8.6 (bs, 1H;NH i;dole), 6.5-17.0 (m, 4H, 
H-4, H-5, H-6, H-7 indolic protons), 5.8-6.2 (d, lH, CH (H-2 
indolic proton), 3.4-3.6 (s, 2H, NH, triazole ring), 1.1-1.2 (s, 
1 H, SH of triazole ring), 1.5-l .7 (t, 2H, CH,). 

5-(Indol-3-ylmethvl)-I ,2,4-triazole-3-thiol3a 
Indol-3-thibsemickbazide 3 (0.2 mol) was dissolved in 1 M 
aaueous sodium hvdroxide (0.2 mold and refluxed for 2 h. The 
rektion mixture &as cooled and acidified with acetic acid, 
whereupon a solid separated out. The solid formed was filtered 
and re&ystallized from ethanol/water. IR (KBr) cm-l: 2310 
(SH). 3310 (NH. indole). 1590 (C=N, cvclic). Mass snectrum 
exhibited m&e&r ion’peak at m/z 2i9*[Mfj; other ihportant 
fragments were observed at 196, 130 (base peak lOO%), 131, 
91, and 76. 1H NMR (CDC13, 6 ppm): 8.1-8.3 (lH, bs, NH 
indole), 6.9-7.4 (m, 4H, H-4, H-5, H-6, H-7 indolic protons), 
5.G6.2 (d, lH, CH (H-2 inolic proton), 4.6-5.2 (bs, lH, NH of 
triazole nucleus), 1.4-1.6 (t, 2H, CH,), 1.1-1.2 (s, lH, SH). 

S-(Indol-3-ylmethyl)-3.4-thiadiazole-2-amin~~-l,3,4-thiadiazole 
3b 
To compound 3 (0.2 mol) was gradually added orthrophospho- 
ric acid (100 mL) over 10 min and the reaction mixture was 
heated in an oil bath at 120 “C for 2 h. The formed slurry was 
poured into crushed ice, and slowly a solid separated out. This 
was filtered and washed with cold water. IR (KBr) cm-l: 3210 
(NH, indole), 1590 (C=N, cyclic). Mass spectrum exhibited 
molecular ion peak at m/z 230 [Mt]; other important fragments 
were observed at 128, 116, 102, 100, 77 (base peak 100%) and 
66. 1H NMR (CDC&, 6 ppm): 7.9-8.4 (bs, iH, NH indole), 
7.67.5 Im. 4H. H-4. H-5. H-6. H-7 indolic orotons). 6.26.8 
(d, lH, kH’(H-i indkic pkotonj, 3.1-3.4 (s, iH, NH;; 1.2-1.4 
(t, X-L CW. 

5-(Indol-3-ylmethyl)-4H-1,2,4 triazole-3,4-diamine 3c 
A suspension of compound 3 (0.2 mol) and hydrazine hydrate 
(0.2 mol, 99%) was gently refluxed for 2 h at 60 “C. The reac- 
tion mixture was cooled and poured into crushed ice. The solid 

thus obtained was filtered, washed with water and air-dried to 
afford the title compound 3c. IR (KBr) cm-l: 3220 (NH, 
indole), 16 10 (C=N, cyclic). Mass spectrum exhibited molecu- 
lar ion peak at m/z 228 [MT]; other-important fragments were 
observed at 213. 197. 185. 159. 131. 105 (100%. base ueak) 
and 77. IH NMk (CIkl,, k? ppk): 7.9.2 (bs, lH,‘NH inhole), 
7.1-7.3 (m, 4H, H-4, H-5, H-6, H-7 indolic protons), 6.3-6.7 
(d, lH, CH (H-2 indolic proton), 4.1-4.2 (s, 2H, NH, attached 
to C), 3.1-3.4 (s, 2H, NH, attached to N), 1.1-1.3 (t, 2H, CH,). 

(3-Formylindol-I-yl)acetohydrazide 4 
To solution of indole-3-carboxaldehvde ethvl acetate (0.01 mol) 
in dry benzene (50 mL) was added Gydrazine hydrate ‘(0.2 moli. 
After 16 h reflux, the reaction mixture was concentrated. On 
cooling a solid crystallized out, which was filtered, washed 
with benzene and air-dried to obtain the pure compound. IR 
(KBr) cm-l: 3250 (NH, indole), 1690 (C=O). 1H NMR (CDCl,, 
6 ppm): 7.2-7.8 (m, 4H, H-4, H-5, H-6, H-7 indolic protons), 
5.6-5.8 (s, lH, CH aldehydic group), 4.5-5.1 (d, lH, CH (H-2 
indolic proton), 1.5-1.9 (t, 2H, CH*), 1.3-1.4 (s, lH, SH). 

I-(5.Mercapto-I ,3,4-oxadiazol-2-ylmethyl)indole-3-carbal- 
dehyde 4a 
A solution of KOH (0.15 mol), compound 4 (0.10 mol) and 
CS, (0.15 mol) in absolute ethanol (100 mL) was refluxed for 
11 h, then cooled to room temperature and diluted with dry 
ether (100 mL). The precipitate thus obtained was filtered, 
washed with ether and vacuum-dried. A suspension of this 
solid (0.10 mol) in aqueous KOH (0.20 mol) was again refluxed 
until the evolution of H,S ceased, and diluted- with water 
(100 mL). Acidification with HCl vielded a white solid, which 
&as filtered, washed with wate;, and recrystallized from 
ethanol/water. IR (KBr) cm-l: 3240 (NH, indole), 1590 (C=N, 
cyclic). Mass spectrum exhibited a peak at m/z 260 [M + I]; 
other important fragments were observed at 146, 137, 131, 100 
and 77 (base peak, 100%). IH NMR (CDCl,, 6 ppm); 
10.G10.8 (s, lH, of CH aldehydic group), 7.2-7.8 (m, 4H, H- 
4, H-5, H-6, H-7 indolic protons), 4.5-5.1 (d, lH, CH (H-2 
indolic proton), 1.5-1.9 (t, 2H, CH,), 1.3-1.4 (s, lH, SH). 

I -(5-Phenyl-I ,2,4-triazin-3-ylmethyl)indole-3-carbaldehyde) 4b 
Compound 4 (0.20 mol) and phenacylbromide (0.10 mol) were 
refluxed in ethanol in the presence of a few drops of DMF, for 
20 h. The excess solvent was distilled off and the reaction mix- 
ture, upon cooling, yielded yellow crystals. These were filtered 
and washed with ethanol and recrvstallized from DMF/water. 
IR (KBr) cm-l: 3250 (NH, indolei 1610 (C=N, cyclic). Mass 
spectrum exhibited molecular ion peak at m/z 315 [Mfl; other 
important fragments were observed at 144, 171 two fragments, 
145 and 130, 129 (base peak, 100%) and 117. IH NMR 
(CDCl,, 6 ppm); 10.6-10.8 (s, lH, CH aldehydic group), 
1.5-1.9 (s, 2H, CH?), 6.8-7.2 (m, 5H, phenyl ring), 7.2-7.7 (m, 
4H, H-4, H-5, H-6, H-7 indolic protons), 5.2-5.9 (d, lH, CH 
(H-2 indolic proton). 

I-(5-0x0-1,2,5,6-tetrahydro-I ,2,4-triazin-3-ylmethyl)indole-3- 
carbaldehyde 4c 
To compound 4 (0.10 mol) ws added chloroacetamide (0.10 mol) 
in DMF (80 mL); the reaction mixture was refluxed for 25 h, 
concentrated and cooled, whereupon a solid separated out 
which was filtered, washed with ethanol and recrystallized 
from DMF/water. IR (KBr) cm-l: 1590 (C=N), 1600 (C=O), 
3240 (NH, indole). Mass spectrum exhibited molecular ion 
peak at m/z 256 [Mt]; other important fragments were observed 
at 144, 112 (two fragments), 145, 116, 89, 113, 85, 70 and 55. 
1H NMR (CDC&, 6 ppm): 10.6-10.8 (s, lH, CH aldehydic 
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group), 6.8-7.4 (m, 4H, H-4, H-5, H-6, H-7 indolic protons), 
5.3-5.9 (d, lH, CH (H-2 indolic proton), 5.6-5.9 (bs, 2H, NH 
aromatic), 6 2.6-2.9 (s, 2H, CH, of triazinone). 

1-(4-Amino-5-mercapto-4H-l.2,4-triazol-3vl)indole-3-carbal- _ 
dehyde 4d 
A suspension of compound 4b (0.10 mol) in hydrazine hydrate 
(0.20 mol. 99%) was refluxed for 5 h and then diluted with 
water and acidified with HCl. A white solid seoarated out 
which was filtered, washed with water, and recryst&zed from 
ethanol/water. IR (KBr) cm-i: 3240 (NH, indole), 1540 (C=N). 
Mass snectrum exhibited molecular ion neak at m/z 276 IMtl: 
other important fragments were observed&at 225, 194, 185,- 159; 
131, 106 (lOO%, base peak) and 77. tH NMR (CDCl,, 6 ppm): 
10.0-10.5 (s, lH, CH aldehydic group), 6.4-7.1 (m, 4H, H-4, 
H-5, H-6, H-7 indolic protons), 5.96.0 (d, lH, CH (H-2 indo- 
lit proton), 3.3-3.6 (s, lH, NH of triazole ring), 1.2-1.3 (s, lH, 
SH of triazole ring), 1.6-1.8, (t, 2H, CH*). 

Rats (either sex) weighing 80-120 g were divided into groups 
of five animals .each.-A f;eshly prepared suspension of-ca&a- 
aeenin (1.0% in 0.9% saline) 0.05 mL. was iniected under the 
plantar aponeurosis of the right paw of the rat by the method of 
Winter et al [19]. One group was kept as control and the ani- 
mals of the other groups were pretreated with the test drugs, 
suspended in gum acacia, given orally, 1 h before the caragee- 
nin injection. The volume of the paw was measured before and 
3 h after carrageenin treatment by the micropipette method as 
described by Buttle et al [20]. The mean increase in paw 
volume in each group was measured and percentage-inflamma- 
tory activity was calculated by the formula [l-dt/dc] x 100, 
where dt = drug treated and dc = control. The ED,a of the most 
active compound was calculated using regression analysis. 

Pharmacology Statistical calculation 

CNS activities 
The present study was carried out in mice of either sex weigh- 
ing 20-30 g. The animals were allowed food and water ad 
libitum. Test compounds were administered in doses of 
20 mg/kg (ip) as an aqueous suspension in gum acacia and 
results were compared with those of imipramine. Gross beha- 
viour of the compounds on motor sensory and autonomic sys- 
tems was studied in mice [ 131. Compounds were screened for 
effects on gross behaviour and anti-depressant activity. 

Data are expressed as mean f  SE. The Student’s t test was 
applied to determine the significance of the difference between 
the control and the treated groups. 
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