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Recently a series of 2-amino-5-sulfanyl-1,3,4-thiadiazole derivatives bearing different substit-
uents were synthesized and screened pharmacologically in order to evaluate their central
nervous system activity. The purpose of this study was to evaluate the effects of the title
compounds on CNS activity by varying the substituents in the thiadiazole moiety. It was found
that some of these compounds possess marked antidepressant and anxiolytic properties
comparable in efficiency to the reference drugs Imipramine and Diazepam. The most potent
compound 3k was further investigated to complete its pharmacological profile with respect to
undesired side effects. Behavioral results showed that 3k is a very promising compound,
characterized by a mixed antidepressant-anxiolytic activity accompanied by a therapeutic dose
range that is essentially 2 orders of magnitude less than that at which side effects such as
sedation and amnesia are evident.

Introduction

During recent years there has been intense investiga-
tion of different classes of thiadiazole compounds, many
of which were found to be pharmacologically active. Of
significance are the antihypertensive and anticonvul-
sant effects.1-3 A series of 2-amino-5-sulfanyl-1,3,4-
thiadiazoles exemplified by the general structure in
Figure 1 had originally been synthesized in our labo-
ratories as aldehyde dehydrogenase inhibitors, but
subsequent observation of some effects on the central
nervous system (CNS) made it essential to evaluate
these compounds for antidepressant and anxiolytic
activity.4 This paper deals with the synthesis, pharma-
cological screening, and preclinical evidence concerning
the differences between the therapeutic dose range and
that at which side effects are seen, for this class of
compound.

Results and Discussion

Chemistry. For this study we synthesized three
classes of thiadiazole derivatives shown in Table 1. The
first class is represented by compounds 3a-m which
display a free NH2 group whereas the second class is
represented by compounds 5a-n where the 2-amino
group is transformed by acylation into an amido group.
The N-methylation of compounds 5a and 5b affords 6a
and 6b which are designated as the third class of

compound. Compounds 3a-m were synthesized starting
from the available 5-sulfanyl-1,3,4-thiadiazol-2-ylamine
1a which was suspended in KOH solution and then
treated with the appropriate alkyl halide 2a-m as
shown in Scheme 1. Compounds 5a-n were obtained
from the parent 3 through acylation with the appropri-
ate alkanoyl or aroyl halide 4a-d (Scheme 2). Treat-
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Figure 1.

Scheme 1. Synthesis of Thiadiazoles 3a-m
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ment of 5a and 5b with methyl iodide produced the
desired N-alkylated compounds 6a,b (Scheme 3). All
compounds were characterized by their analytical and
spectroscopic data.

Antidepressant and Anxiolytic Activity. A con-
siderable number of compounds were synthesized (Table
1), a main objective being to vary the substituents on
the benzyl group attached to sulfur. Compounds pre-
pared in this study were tested for their antidepressant
and anxiolytic activity. Table 2 gives the results of the
primary screening by the mice despair test. The simple
methyl compound (entry 3a) was substantially less
active than compound 3b, and further lengthening of
the alkyl chain did not have a significant effect although

substitution with a bulky iso-propyl group (entry 3c)
did result in a slight increase in activity. The introduc-
tion of a substituted benzyl group gave rise to com-
pounds that displayed a better profile in terms of
effective dose level and range of activity. Compound 3d,
in which the aromatic ring is unsubstituted, varied the
duration of immobility in the mice over a range of dose
levels (range 5-15 mg/kg), exhibiting a U-shaped dose-
response curve, which indicated a maximal effect at the
10 mg/kg dose level. Introduction of various groups at
the para position gave compounds less potent than the
unsubstituted 3d. Both electron-withdrawing as well as
electron-donating groups showed similar results (3e-
h). In particular, compound 3e and 3h were ineffective,
whereas 3f and 3g induced a slight reduction of the
duration of immobility in comparison with compound
3d. Substitution at the meta position, both with electron-
withdrawing as well electron-donating groups, gave rise
to compounds with lower activity, except for the meth-
oxy-substituted compound 3k that showed activity
between 0.1 and 1 mg/kg. Evidently, the introduction
of a methoxy substituent resulted in a significant
increase in potency. Having three methoxy groups
(entry 3m) on the phenyl ring has probably made
compound 3m too bulky to bind at the active site
because it was inactive up to 20 mg/kg. We further
investigated the effect of acylation of the 2-amino group
(entry 5a-n). Generally less active compounds were
obtained except in the case of 5g which was active in
the 0.06-0.25 mg/kg range. The trisubstituted amides
6a,b did not show significant activity. Compounds 3d,
3k, and 5g were selected on the basis of both their
potency and their broad window of activity. These were
then screened in the rat using the despair test and the
social interaction test. Compound 3k demonstrated a
wide range of activity in the primary screening, and this
finding was confirmed in the rat despair test as il-
lustrated in Figures 2 and 3. The dose range was 0.1-1
mg/kg ip. This compound was more efficient than
imipramine in reducing duration of immobility in the
rat despair test, both after acute and repeated treat-
ment. In fact, acute administration of 0.5 mg/kg and
subchronic treatment with 0.25 mg/kg (once a day for 1
week) was as effective as 20 mg/kg of imipramine. The
effects of compound 3d are reported in the Tables 3 and
4. This thiadiazole derivative was active in a dose range
of 5-20 mg/kg after acute ip administration and 1.25-5
mg/kg after repeated treatment for one week. No

Table 1.

no. R R1 R2 no. R R1 R2 no. R R1 R2

1a H H H 3i 3-Cl-benzyl H H 5g benzyl MeCO H
3a Me H H 3j 3-NO2-benzyl H H 5h 3,4,5-(MeO)3-benzyl MeCO H
3b n-Pr H H 3l 3-Me-benzyl H H 5k 3-MeO-benzyl MeCO H
3c i-Pr H H 3m 3,4,5-(MeO)3-benzyl H H 5i 3-Cl-benzyl MeCO H
3d benzyl H H 5a Me MeCO H 5j 3-NO2-benzyl MeCO H
3e 4-NO2-benzyl H H 5b i-Pr MeCO H 5l benzyl EtCO H
3f 4-MeO-benzyl H H 5c 4-NO2-benzyl MeCO H 5m benzyl HexylCO H
3g 4-Cl-benzyl H H 5d 4-MeO-benzyl MeCO H 5n benzyl PhenylCO H
3h 4-Me-benzyl H H 5e 4-Cl-benzyl MeCO H 6a Me MeCO Me
3k 3-MeO-benzyl H H 5f 4-Me-benzyl MeCO H 6b i-Pr MeCO Me

Scheme 2. Synthesis of Thiadiazoles 5a-n

Scheme 3. Synthesis of Thiadiazoles 6a,b

Table 2. Despair Test in Mice

compd
immobility time
max % decrease compd

immobility time
max % decrease

3a 23 (50 mg/kg) 5c 16 (0.25 mg/kg)
3b no effect 5d 10 (0.5 mg/kg)
3c 17 (10 mg/kg) 5e no effect
3d 35 (10 mg/kg) 5f no effect
3e no effect 5g 22 (0.06 mg/kg)
3f 16 (0.3 mg/kg) 5h 14 (0.1 mg/kg)
3g 15 (0.1 mg/kg) 5k no effect
3h no effect 5i no effect
3k 21 (0.1 mg/kg) 5j no effect
3i no effect 5l no effect
3j no effect 5m no effect
3l 17 (5 mg/kg) 5n no effect
3m no effect 6a no effect
5b 19 (1 mg/kg) 6b 17 (0.25 mg/kg)
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tolerance to the antidepressant effect was found after
repeated administration of compounds 3k and 3d.
Compound 5g seemed promising on the basis of the
primary screening in the mouse, but the subsequent
evaluation in the rat despair test showed a narrow
window of activity, so it was not investigated further.
Anxiolytic activity was evaluated by the social interac-
tion test in the rat; Diazepam, administered ip 1 h
before the test at 1.25 mg/kg, was adopted as the
reference drug. These results are shown in the Figures
4 and 5. The test compounds were both effective in
enhancing the time spent in social interaction, and
compound 3k was more efficient than Diazepam after

acute adiminstration of 1 mg/kg ip 1 h before the test.
It was observed that there is a particular dose-response
relationship among the compounds under investigation
in that they share a window of activity, on either side
of which higher or lower doses are much less effective.
This behavior is described by a U-shaped curve in the
despair test (see Figure 2) and by a bell-shaped curve
in the social interaction test (see Figure 4). These kinds
of dose-response curve are well-documented for other
compounds having neuropharmacological properties:
5HT1a agonists such as ipsapirone and gepirone share
this characteristic in the rat despair test, and an
inverted U-shaped dose-response curve also typifies the
effects of some 5HT3 antagonists in the rat social
interaction test.5

Side Effects. To obtain information about undesired
side effects, the lead compound 3k was screened further
in the spontaneous motor activity, ethanol potentiation,
and rotarod tests in the mouse. These tests gave
information about sedation and ataxia, both of which
are undesired side effects of the benzodiazepines and
of other drugs acting on the CNS. Moreover the amnesia-
inducing potential was examined by using a passive
avoidance test in the rat. As the data in Table 5
demonstrate, the test compound showed only weak
activity in the above-mentioned test models. Compound
3k decreased the motor activity of the mouse in a dose-
dependent manner, and the active doses ranged from

Figure 2. Rat despair test: effects of 3k after acute i.p.
administration. *p < 0.05. **p < 0.01. n ) 7-8 rats/group.

Figure 3. Rat despair test: effects of 3k after subchronic
administration. *p < 0.05. **p < 0.01. n ) 7-8 rats/group.

Table 3. Antidepressant Effect of Compound 3d: Acute
Administration in the Rat

mg/kg ip
immobility time

% decrease

5 33**
10 10
20 24**
Imipramine 20 45**

**p < 0.01. n ) 8 mice/dose.

Table 4. Antidepressant Effect of Compound 3d: Subchronic
Administration in the Rat

mg/kg ip
immobility time

% decrease

1.25 23**
2.5 31**
5 28**
Imipramine 20 56**

**p < 0.01. n ) 8 mice/dose.

Figure 4. Rat social interaction test: effects of 3k after acute
i.p. administration. *p < 0.05. **p < 0.01. n ) 6 pairs of rats/
group.

Figure 5. Rat social interaction test: effects of 3d after acute
i.p. administration. *p < 0.05. **p < 0.01. n ) 5 pairs of rats/
group.
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400 to 600 mg/kg ip. The ED50 for the rotarod test was
536 mg/kg (516-556) and for the ethanol potentiation
test 162 mg/kg (134-197). The results in the passive
avoidance test are reported in Table 6. Compound 3k,
administered ip 1 h before training, had no significant
effects on either the S1 or S2 latencies at any of the
doses tested.

Conclusion
The mixed antidepressant-anxiolytic activity and the

particular U-shaped dose-response relationship are a
common feature of the compounds that were tested and
suggest that their mechanism of action may be related
to the serotoninergic (5-HT) system, whose relevance
in the pathophysiology of various psychiatric disorders
is well-documented. Compound 3k shows a remarkable
psychopharmacological profile in animal behavioral
tests that are designed to detect antidepressant and
anxiolytic activity yet does not possess many of the
adverse properties associated with psychopharmaco-
logical treatment, such as sedation and ataxia, alcohol
interaction, or the potential for amnesia. In fact, com-
pound 3k shows an excellent therapeutic index, being
antidepressant and anxiolytic at doses well below those
able to induce motor disfunction and ethanol potentia-
tion. Moreover, anxiolytic doses were devoid of any
amnesic effect on a passive avoidance task in the rat,
suggesting a low potential to cause memory disturbance,
a troublesome side effect of traditional anxiolytic therapy.

Experimental Section
Chemistry. Melting points were determined on a Buchi 510

capillary melting point apparatus and are uncorrected. El-
emental analyses were within (0.4% of theoretical values. 1H
NMR spectra were recorded on a Varian EM-360L (60 MHz);
CDCl3 or DMSO-d6 was used as solvent; chemical shifts are
reported as δ (ppm). TLC was performed on silica gel plates.
Compounds 3a-d,f,g,i,k,l,m and 5a,g,l,n6-12 are known.

5-Methylsulfanyl-1,3,4-thiadiazol-2-ylamine (3a). 5-Sul-
fanyl-1,3,4-thiadiazol-2-ylamine (1a) (0.1 mol, 13.31 g) was
suspended in water (9 mL), and 0.1 mol of KOH (85% solution)
was added under stirring at room temperature. After a few
minutes (5-10 min), the solution was brought to 0 °C in an
ice bath, and MeI (0.1 mol) was dropped in with vigorous
stirring. The reaction mixture was checked by TLC (Et2O as
eluant). When reaction was complete, water (30 mL) was
added, and from the crude mixture a white precipitate of 3a
formed slowly. This was filtered, washed with water, and

crystallized from EtOAc (55% yield): mp 180 °C. 1H NMR
(CDCl3) δ 2.65 (s, 3H, SCH3); 6.9 (s, 2H, NH2). Anal. (C3H5N3S2)
C, H, N.

Compounds 3b-m also were prepared using the general
procedure described for 3a.

5-Propylsulfanyl-1,3,4-thiadiazol-2-ylamine (3b). Yield
57%; mp 117-119 °C (EtOAc). 1H NMR (DMSO) δ 1.2 (t, 3H,
CH3); 1.9 (m, 2H, CH2); 3.3 (t, 2H, SCH2); 7.3 (s, 2H, NH2).
Anal. C5H9N3S2 (175.27) C, H, N.

5-Isopropylsulfanyl-1,3,4-thiadiazol-2-ylamine (3c). Yield
65%. mp 150-151 °C (CH2Cl2). 1H NMR (DMSO) δ 1.3 (d, 6H,
(CH3)2C); 3.6 (m, 1H, CHd); 7.1 (s, 2H, NH2). Anal. C5H9N3S2

(175.27) C, H, N.
5-Benzylsulfanyl-1,3,4-thiadiazol-2-ylamine (3d). Yield

83%; mp 158-160 °C (MeOH). 1H NMR (DMSO) δ 4.35 (s, 2H,
SCH2); 3.45 (s, 2H, NH2); 7.4 (s, 5H, arom.). Anal. C9H9N3S2

(223.31) C, H, N.
5-(4-Nitro-benzylsulfanyl)-1,3,4-thiadiazol-2-ylamine

(3e). Yield 76%; mp 171-172 °C (EtOH). 1H NMR (DMSO) δ
4.4 (s, 2H, SCH2); 7.0 (bs, 2H, NH2). Anal. C9H8N4O2S2 (268.31)
C, H, N.

5-(4-Methoxy-benzylsulfanyl)-1,3,4-thiadiazol-2-yl-
amine (3f).Yield 85%; mp 151-153 °C (EtOAc). 1H NMR
(DMSO) δ 3.7 (s, 3H, OCH3); 4.3 (s, 2H, SCH2); 6.8-7.6 (m,
6H, arom. + NH2). Anal. C10H11N3OS2 (253.34) C, H, N.

5-(4-Chloro-benzylsulfanyl)-1,3,4-thiadiazol-2-yl-
amine (3g). Yield 68%; mp 168-169 °C (EtOAc). 1H NMR
(DMSO) δ 4.3 (s, 2H, SCH2); 6.85 (s, 2H, NH2) 7.38 (s, 4H,
arom.). Anal. C9H8ClN3S2 (257.76) C, H, N.

5-(4-Methyl-benzylsulfanyl)-1,3,4-thiadiazol-2-yl-
amine (3h). Yield 89%; mp 181-182 °C (EtOH). 1H NMR
(DMSO) δ 2.3 (s, 3H, CH3); 4.25 (s, 2H, SCH2); 6.55 (s, 2H,
NH2); 7.55 (dd, 4H, arom.). Anal. C10H11N3S2 (237.34) C, H,
N.

5-(3-Methoxy-benzylsulfanyl)-1,3,4-thiadiazol-2-yl-
amine (3k). Yield 79%; mp 148-149 °C (EtOAc). 1H NMR
(DMSO) δ 3.8 (s, 3H, OCH3); 4.35 (s, 2H, SCH2); 7.15 (m, 6H,
arom. + NH2). Anal. C10H11N3OS2 (253.34) C, H, N.

5-(3-Chloro-benzylsulfanyl)-1,3,4-thiadiazol-2-yl-
amine (3i). Yield 74%; mp 138-139 °C (EtOAc). 1H NMR
(DMSO) δ 4.4 (s, 2H, SCH2); 7.2-7.75 (m, 6H, arom. + NH2).
Anal. C8H8ClN3S2 (257.74) C, H, N.

5-(3-Nitro-benzylsulfanyl)-1,3,4-thiadiazol-2-ylamine
(3j). Yield 61%; mp 195-196 °C (MeOH). 1H NMR (DMSO) δ
4.5 (s, 2H, SCH2); 7.4 (s, NH2); 7.4-8.5 (m, 4H, arom.). Anal.
C9H8N4O2S2 (264.30) C, H, N.

5-(3-Methyl-benzylsulfanyl)-1,3,4-thiadiazol-2-yl-
amine (3l). Yield 79%; mp 128-129 °C (EtOH/H2O). 1H NMR
(DMSO) δ 2.35 (s, 3H, CH3); 4.35 (s, 2H, SCH2); 7.3 (s, NH2);
7.4-7.5 (m, 4H, arom). Anal. C10H11N3S2 (237.34) C, H, N.

5-(3,4,5-Trimethoxy-benzylsulfanyl)-1,3,4-thiadiazol-2-
ylamine (3m). Yield 91%; mp 180-181 °C (EtOH). 1H NMR
(DMSO) δ 3.7 (s, 3H, 4-OCH3); 3.8 (s, 6H, 3,5-OCH3); 4.35 (s,
2H, SCH2-); 6.75 (s, 2H, arom.); 7.4 (s, 2H, NH2). Anal.
C12H15N3O3S2 (313.39) C, H, N.

N-[5-Methylsulfanyl-1,3,4-thiadiazol-2-yl]-acetamide
(5a). 5-Methylsulfanyl-1,3,4-thiadiazol-2-ylamine (3a) (0.022
mol) was suspended in acetic anhydride (0.024 mol, 2.28 mL),
and acetic acid (9 mL) was added under stirring. The reaction
mixture was heated (35-40 °C) until homogeneity was ob-
served. After a few minutes (10-15 min), the solution was
brought to room temperature and crystallization of 5a was
observed after the addition of some water (11 mL). Filtration
of the precipitate and recrystallization from EtOH afforded
compounds 5a (yield 97%): mp 215-216 °C. 1H NMR (DMSO)
δ 2.2 (s, 3H, COCH3); 2.7 (s, 3H, SCH3); 3.3 (bs, 1H, NH). Anal.
C5H7N3OS2 (189.25) C, H, N.

Also prepared using the general procedure described for 5a
were 5b-j.

N-[5-Isopropylsulfanyl-1,3,4-thiadiazol-2-yl]-aceta-
mide (5b). From 3c. Yield 98%; mp 187-189 °C (CH3COCH3/
EtOH). 1H NMR (CDCl3) δ 1.45 (d, 6H, C(CH3)2); 2.5 (s, 3H,
COCH3); 3.85 (m, 1H, CHd); 13.2 (bs, 1H, NH). Anal. C7H11N3-
OS2 (217.30) C, H, N.

Table 5. Side Effects of Compound 3k in Mice

dose
mg/kg ip

motor activity
% decrease

rotarod
ED50

mg/kg ip

ethanol potentiation
ED50

mg/kg ip

300 19 534 (516-556) 162.3 (133.6-197.0)
400 26*
500 46**
600 68**

*p < 0.05. **p < 0.01. n ) 8 mice/dose.

Table 6. Effects of 3k on Step-Through Latencies of a Passive
Avoidance in the Rat

dose
mg/kg

S1
mean ( E.S.M.

S2
mean ( E.S.M.

0 5.6 ( 2 166 ( 13.9
0.5 4.7 ( 6.0 146 ( 22.8
1 5.6 ( 3.1 135 ( 23.4
2 7.2 ( 2.7 180 ( 0

n ) 10 rats per group.
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N-[5-(4-Nitro-benzylsulfanyl)-1,3,4-thiadiazol-2-yl]-ac-
etamide (5c). From 3e. Yield 87%; mp 263-265 °C (EtOH).
1H NMR (DMSO) δ 2.2 (s, 3H, COCH3); 3.35 (bs, 1H, NH);
4.65 (s, 2H, SCH2); 7.6-8.4 (m, 4H, arom.). Anal. C11H10N4O3S2

(310.35) C, H, N.
N-[5-(4-Methoxy-benzylsulfanyl)-1,3,4-thiadiazol-2-yl]-

acetamide (5d). From 3f. Yield 77%; mp 177-179 °C (EtOH).
1H NMR (CDCl3) δ 2.5 (s, 3H, COCH3); 3.8 (s, 3H, OCH3); 4.4
(s, 2H, SCH2); 6.8-7.5 (dd, 4H, arom.); 13.4 (bs, 1H, NH). Anal.
C12H13N3O2S2 (295.37) C, H, N.

N-[5-(4-Chloro-benzylsulfanyl)-1,3,4-thiadiazol-2-yl]-
acetamide (5e). From 3g. Yield 86%; mp 213-215 °C (EtOH).
1H NMR (DMSO) δ 2.2 (s, 3H, CH3CO); 4.5 (s, 2H, SCH2); 7.45
(dd, 4H, arom.); 12.5 (bs, 1H, NH). Anal. C11H10ClN3OS2

(299.79) C, H, N.
N-[5-(4-Methyl-benzylsulfanyl)-1,3,4-thiadiazol-2-yl]-

acetamide (5f). From 3h. Yield 85%; mp 212-213 °C (EtOH).
1H NMR (DMSO) δ 2.2 (s, 3H, CH3CO); 2.3 (s, 3H, CH3); 4.5
(s, 2H, SCH2); 7.25 (dd, 4H, arom.); 13.0 (bs, 1H, NH). Anal.
C12H13N3OS2 (279.37) C, H, N.

N-[5-Benzylsulfanyl)-1,3,4-thiadiazol-2-yl]-acetamide
(5g). From 3d. Yield 96%; mp 170 °C (H2O). 1H NMR (CDCl3)
δ 2.4 (s, 3H, CH3CO); 4.4 (s, 2H, SCH2); 7.35 (m, 5H, arom);
13.4 (bs, 1H, NH). Anal. C11H11N3OS2 (265.35) C, H, N.

N-[5-(3,4,5-Trimethoxybenzylsulfanyl)-1,3,4-thiadiazol-
2-yl]-acetamide (5h). From 3m. Yield 88%; mp 200-201 °C
(EtOH). 1H NMR (CDCl3) δ 2.5 (s, 3H, CH3CO); 3.9 (s, 9H,
3,4,5-OCH3); 4.45 (s, 2H, SCH2); 6.7 (s, 2H, arom.); 13.45 (s,
1H, NH). Anal. C14H17N3O4S2 (355.43) C, H, N.

N-[5-(3-Methoxy-benzylsulfanyl)-1,3,4-thiadiazol-2-yl]-
acetamide (5k). From 3k. Yield 82%; mp 172-173 °C
(EtOAc). 1H NMR (DMSO) δ 2.25 (s, 3H, CH3CO); 3.8 (s, 3H,
OCH3); 4.45 (s, 2H, SCH2); 7.5-7.7 (m, 4H, arom.); 11.0-13.0
(bs, 1H, NH). Anal. C12H13N3O2S2 (295.37) C, H, N.

N-[5-(3-Chloro-benzylsulfanyl)-1,3,4-thiadiazol-2-yl]-
acetamide (5i). From 3i. Yield 93%; mp 184-186 °C (EtOAc).
1H NMR (DMSO) δ 2.25 (s, 3H, CH3CO); 2.8-3.6 (bs, 1H, NH);
4.5 (s, 2H, SCH2); 7.4-7.5 (m, 4H, arom.). Anal. C11H10ClN3-
OS2 (299.79) C, H, N.

N-[5-(3-Nitro-benzylsulfanyl)-1,3,4-thiadiazol-2-yl]-ac-
etamide (5j). From 3j. Yield 69%; mp 223-224 °C (EtOH).
1H NMR (DMSO) δ 2.2 (s, 3H, CH3CO); 3.2-4.0 (bs, 1H, NH);
4.7 (s, 2H, SCH2); 7.6-8.5 (m, 4H, arom.). Anal. C11H10N4O3S2

(310.35) C, H, N.
N-[5-Benzylsulfanyl)-1,3,4-thiadiazol-2-yl]-propiona-

mide (5l). From 3d and propionic anhydride. Yield 65%; mp
162-163 °C (EtOH). 1H NMR (CDCl3) δ 1.3 (t, 3H, CH3); 2.8
(q, 2H, CH2CO); 4.5 (s, 2H, SCH2); 7.4 (m, 5H, arom.); 13.2 (s,
1H, NH). Anal. C12H13N3OS2 (279.37) C, H, N.

Heptanoic Acid N-[5-Benzylsulfanyl)-1,3,4-thiadiazol-
2-yl]amide (5m). From 3d and heptanoic anhydride. Yield
71%; mp 123-124 °C (EtOH). 1H NMR (CDCl3) 0.7-2.0 (m,
10H, (CH2)5); 2.75 (t, 3H, CH3); 4.5 (s, 2H, C6H5CH2): 7.5 (m,
5H, arom.); 13.3 (s, 1H, NH). Anal. C16H11N3OS2 (335.48) C,
H, N.

N-[5-Benzylsulfanyl)-1,3,4-thiadiazol-2-yl]-benza-
mide (5n). 2-Amino-5-benzylsulfanyl-1,3,4,thiadiazole (3d)
(0.2 mol, 26.62 g) was dissolved in distilled water (25 mL) with
stirring, and pure benzoyl chloride was dropped into the
solution while mantaining the temperature at 0-5 °C. After
30 min, water (125 mL) was added, and a white precipitate
was formed. Filtration of the precipitate and recrystallization
from EtOH afforded compound 5n (yield 67%): mp 193-194
°C. 1H NMR (CDCl3) δ 4.4 (s, 2H, SCH2); 7.2-8.5 (m, 10H,
arom.); 12.8 (bs, 1H, NH). Anal. C16H13N3OS2 (327.42) C, H,
N.

N-Methyl-N-[5-methylsulfanyl)-1,3,4-thiadiazol-2-yl]-
acetamide (6a). To a solution of compound 5a (0.2 mol) in
DMF (50 mL) was added K2CO3 (1 g, 0.007 mol) under stirring,
and then methyl iodide (0.2 mol, 28.4 g) was added dropwise.
After 30 min, water (150 mL) was added, and a white
precipitate was formed. This was removed by filtration then
recrystallized from EtOH, affording compound 6a (yield
41%): mp 72-74 °C. 1H NMR (CDCl3) δ 2.4 (s, 3H, COCH3);

2.75 (s, 3H, SCH3); 3.8 (s, 3H, NCH3). Anal. C6H9N3OS2

(203.28) C, H, N.
N-Methyl-N-[5-isopropylsulfanyl)-1,3,4-thiadiazol-2-

yl]-acetamide (6b). From 5b by the same procedure described
for 6a. Yield 51%; mp 44-45 °C (EtOH). 1H NMR (CDCl3) δ
1.45 (d, 6H, CH(CH3)2); 2.4 (s, 3H, COCH3); 3.8 (s, 3H, NCH3).
Anal. C8H13N3OS2 (231.33) C, H, N.

Pharmacology. Animals. Male albino Swiss mice 25-30
g were used in the despair test and in the experimental
procedures adopted for side effects detection.

Male Sprague-Dawley rats 200-250 g were used in the
despair test and social interaction test.

Despair Test. As described by Porsolt et al.13,14 the animals
were forced to swim inside a plexiglass cylinder containing
water, and the total duration of immobility during a 5 min
test was recorded. Antidepressants decrease the duration of
immobility.

Test compounds were injected intraperitoneally 1 h before
evaluation of the mice, while acute administration in the rat
was performed in three ip injections 24, 5, and 1 h before the
test and repeated administration once a day for 1 week.

Social Interaction Test. The method was based on that
described by File et al.15 The test arena consisted of a white
open-topped box (55 × 55 × 30 cm3) with a 100 W lamp 50 cm
above the box floor. The behavior of pairs of rats was observed
over a 10 min test period, and the time spent in social
interaction (following, sniffing, crawling, tumbling, boxing,
grooming) was recorded. Such increases in social interaction
are considered to be predictive of anxiolytic activity. The
compounds were administered ip 1 h before the test.

Spontaneous Motor Activity. Each mouse was placed in
a cage (40 × 40 × 20 cm3) designed for horizontal motor
activity detection (Activity Cages-U.Basile) 1 h after treatment
and allowed to explore its environment. The movements were
recorded every 5 min for a total period of 15 min.

Ethanol Potentiation Test. Mice were treated with the
test compound and 1 h later with ethanol 2.5 g/kg ip. This
dose of ethanol did not induce lateral position in the control
animals. The number of animals that were in the lateral
position after receiving ethanol in each group was then
determined.

Rotarod Test. The disruptive effects on motor coordination
were assessed using the Rotarod Treadmills mouse test
(U.Basile). The animals were placed on a rotating rod (24 rpm)
and then observed for 5 min. Each daily session consisted of
two trials to evaluate predrug performance (T1) and postdrug
performance (T2) 1 h after ip administration of the test
compound. Animals that fell from the rod three times during
the first trial were excluded. The number of mice in each single
dose group that fell from the rod is taken to calculate the ataxic
properties of the test compound, and the impairment of motor
coordination was defined as

Passive Avoidance Test. The method followed that de-
scribed by Bammer et al.16 Briefly, rats were placed individu-
ally into the lit compartment of a two-compartment box. When
they crossed to the darker compartment they received a light
foot-shock (1 mA) and then were immediately removed (S1).
After 24 h they were again placed in the lighted compartment,
and the time interval before the rats crossed into the dark
compartment (step-through) was measured with a cutoff time
of 180 s (S2). An increase in the S2 step-through interval
compared with S1 would indicate that the rat remembered
having received a shock in the dark compartment 24 h
previously. A decrease in the S2 latency in rats that had
received the test compound compared to control group would
indicate an amnesia-inducing effect. The experiment was
performed using 10 rats per group. The test compound was
administered ip 1 h before S1 at 0.5, 1, or 2 mg/kg.

Statistical Analysis. Data from the despair test, the social
interaction test, passive avoidance, and motor activity were

[(T1 - T2 )/T1] × 100
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analyzed by the two-tailed Mann-Withney test for indepen-
dent samples.

ED50 values were determined by the Spearman-Kärber
method.17
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