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Abstract

A series of (5-nitrofuran-2-yl)-1, 3, 4-thiadiazole-2-yl derivatives 6a—6e have been
synthesized and screened for in-vitro anti-leishmanial activity against the promastigote form
of L. major. The structure of Schiff bases were confirmed by 'H NMR, IR. Screening results
indicate that all of the designed and synthesized final compounds (6a-6¢) significantly reduced
the viability of promastigotes of L. major in comparison toglucantime (IC,; 3x 10° ug/mL).
Meta and Para substitutions in benzene ring containing compounds were more potent than
other derivative and the most potent compounds were 6d, 6¢ with IC, value 94 um and 77.6
pum, respectively. The experimental data proposes that (5-nitrofuran-2-yl)-1, 3, 4-thiadiazole-
2-yl derivatives may be further investigated as a candidate drug for treatment of cutaneous
leishmaniasis.
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Introduction

Leishmaniasis is an infection caused by
the protozoan parasites belonging to the genus
Leishmania and transmitted by the bite of an
infected Phlebotomus in the Old World and
Lutzomyia in the New World (1).

This disease is still one of the world’s most
neglected diseases, because is present in 98
countries some of which are among the poorest
in the world. According to WHO data, 350
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million people in 88 countries are considered
at risk of contracting leishmaniasis, and some
2 million new cases occur annually (2). More
than 90% of the CL cases occur in six countries,
Iran, Afghanistan, Syria, Saudi Arabia, Brazil,
and Peru (3, 4). In Iran, almost 20,000 people
are infected with cutaneous leishmaniasis each
year (5).

The present control measures depends on
chemotherapy including pentavalent antimonial,
miltefosine, paromomycin and amphotericin B as
the standard drugs for treatment but these drugs
are expensive and long-term administration (6).
The drug resistance, severe toxic side effects to



this of drugs has been reported from many parts
of the world (6, 7). Therefore there is an urgent
need for an effective treatment for leishmaniasis
that is safe, inexpensive, and orally available.

In the last decades, Heterocyclic ring systems
find great importance in the medicinal chemistry
research due to their interesting biological
and synthetic applications. Among different
heterocyclic compounds 1, 3, 4-thiadiazoles
and their derivativeshave gained importance.
Thiadiazole is a S5-membered ring system
containing hydrogen-binding domain, sulfur
atom, and two-electron donor nitrogen system
that exhibit broad spectrum of pharmacological
properties such as: antibacterial (8-10),
Antifungal (11), Anti-tubercular (12), Antiviral
(13), Antioxidant (14), Antitumoral (10,15),
Anti-inflammatory (9) and etc.It is known that
1, 3, 4- thiadiazole ring are included in the
structure of various drugs like Acetazolamide
(16). Sulfaethidole, Sulfamethizole, Cefazodone,
Cefazoline (17). Literature surveys demonstrated
the promising anti-leishmaniasis activity of 1, 3,
4-thiadiazoles derivatives (18-20). Considering
the biological significance of 1, 3, 4- thiadiazoles,
we decided to synthesize some novel
1-[5-(5-nitrofuran-2-yl)-1, 3, 4-thiadiazole-2-
yl]-4-benzoylepiperazines (6a-e) derivatives and
screen them for antileishmaniasis activity.

Chemistry

All chemical and solvent used in this
study were purchased from Merckand used
without further purification. The melting
points were determined on an electrothermal
digital melting point apparatus. Infrared (IR)
spectra were recorded using a Shimadzu 470
spectrophotometer (potassium bromidedisks).
Proton nuclear magnetic resonance ('H-NMR)
spectra was recorded using a Bruker500
MHz spectrometer and chemical shifts are
reported in parts per million (ppm) relative to
tetramethylsilane as internal standard.

Synthesis of the compounds

Chemistry

The synthetic pathway to target compounds
6a-e is shown in Scheme 1. The 2-amino-
5-(5-nitro-2-furyl)-1, 3, 4-thiadiazole 3a
was obtained by oxidative cyclization of
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S-nitrofurancarboxaldehyde thiosemicarbazone
2a. Diazotization of 3a in hydrochloric acid in
the presence of copper powder gave 2-chloro-5-
(5-nitro-2-furyl)-1, 3, 4-thiadiazole (4a).

Reaction of compound 4a with piperazine in
refluxing ethanol gave compound 5a.

The reaction of 5a with benzoyl chloride
yielded compound 6a.

Similarly, the reaction of compound 5a
with 3-nitro benzoyl chloride, 4-nitro benzoyl
chloride, 4-methoxy benzoyl chloride, 4-methyl
benzoyl chloride gave the corresponding
compounds 6b-e, respectively (16).

Experimental

Chemistry

Chemical reagents and all solvents in this
study were purchased from Merck AG Chemical
and used without further purification.

Melting points were determined on a Kofler
hot stage apparatus and at room temperature.
The IR spectra were obtained on a Shimadzu 470
spectrophotometer (potassium bromide dicks).

'H NMR spectra were recorded on a Varian
unity 80 spectrometer and chemical shifts are
reported in parts per million (d) relative to
tetramethylsilane (TMS) as an internal standard.
Merck silica gel 60 F254 plates were used for
analytical TLC.

4.1.1.1-benzoyl-4-[5-(5-nitro-2-furyl)-1, 3,
4-thiadiazol-2-yl] piperazine (6a).Yeild 74%;
mp 220-222 °C; IR (KBr) vmax: 1380 & 1510
(stretch NO,), 1690 (stretch C=0), 3000-3200
(stretch CH, sp? aromatic), 1480 & 1500 (stretch
C=C, aromatic), 2915cm™ (stretch CH, sp?
aliphatic).

'H-NMR (DMSO, 200MHZ); 6 (ppm): 7.94
(d, j=6, 2H, H,, H - phenyl), 7.64 (t, j=6, 2H, H,
H,. phenyl)’ 7.51 (m, j=6, 3H, H,, H, furan & H,
phenyl), 3.84 -3.40 (m, 8H- piperazine).

4.1.2.1-(3-nitro benzoyl-4-[5-(5-nitro-2-
furyl)-1, 3.,4-thiadiazol-2-yl] piperazine (6b).
Yeild 96%; mp 198-200 °C; IR (KBr) vmax:
1350 & 1510 (stretch NO,), 1700 (stretch C=0),
3020-3200 (stretch CH, aromatic), 1440 & 1630
(stretch C=C, aromatic), 2950cm™ (stretch CH,
sp® aliphatic).sp?

'H-NMR (DMSO, 200 MHZ); & (ppm): 8.58
(s, 1H,H,- phenyl), 8.42 (d, /=6, 1H, H - phenyl),
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Scheme 1. Reagents and conditions: (i) thiosemicarbazide, EtOH, HCI, reflux, 1 h. (ii) NH,Fe(SO4),.12H,0, H,O, reflux, 16 h. (iii)
NaNO,, HCI, Cu, 0 C! rt, 3 h. (iv) piperazine, EtOH, reflux, 1 h (v) benzoyl chloride, 3-nitro benzoyl chloride, 4-nitro benzoyl chloride,
4-methoxy benzoyl chloride, 4-methyl benzoyl chloride, pyridine, EtOH, rt , 24 h.

906



Synthesis and Leishmanicidal

Table 1. Effect of synthesized compounds on the growth of Leishmania majorpromastigotes.

o

/N

N N y

Y
y

Compound X IC,, (uM)
6a H H 122.5
6b NO, 110.5
6¢c NO, 115.5
6d OCH, 94

6e CH, 77.6
Glucantime 30x10°

8.33 (d, /=8, 1H, H_phenyl), 7.78 (t ,j=8, 1H, H,_
phenyl), 7.39 (t, /=4, 2H, H,, H,_ furan), 3.80-
3.01 (m, 8H- piperazine).

4.13. 1-(4-nitro benzoyl-4-[5-(5-nitro-2-
furyl)-1, 3, 4-thiadiazol-2-yl] piperazine (6c¢).
Yeild 80%; mp 213-215 °C; IR (KBr) vmax:
1350 & 1500 (stretch NO,), 1680 (stretch C=0),
3000-3200 (stretch CH, aromatic), 1440 & 1610
(stretch C=C, aromatic), 2900cm™ (stretch CH,
sp® aliphatic).

'"H-NMR (DMSO, 200 MHZ); & (ppm): 8.57
(d, /=6, 2H, H,, H,- furan), 8.31 (d, /=8, 2H, H,,
H,- phenyl), 8.16 (d, /=8, 2H, H,, H.- phenyl),
3.75 (m, 8H- piperazine).

4.1.4. 1-(4-methoxy benzoyl-4-[5-(5-nitro-
2-furyl)-1, 3.,4-thiadiazol-2-yl] piperazine (6d).
Yeild 74%; mp 212-214 °C; IR (KBr) vmax:
1350 & 1530 (stretch NO,), 1690 (stretch C=0),
3000-3200 (stretch CH, sp? aromatic), 1430 &
1600 (stretch C=C, aromatic), 2900 (stretch CH,
sp® aliphatic), 1160 & 1250cm™ (stretch C-O-
methoxy).

'H-NMR (DMSO, 200 MHZ); 6 (ppm): 7.89
(d, /=7, 2H, H,, H - phenyl), 7.44 (d, j=2, 2H,
H,, H,- furan), 6.98 (d, /=7, 2H, H,, H,- phenyl),
3.81 (s, 3H- methoxy), 3.66- 3.36 (m, 8H-
piperazine).

4.1.5. 1-(4-methyl benzoyl-4-[5-(5-nitro-2-
furyl)-1, 3, 4-thiadiazol-2-yl] piperazine (6e).
Yeild 47%; mp 220-222 °C; IR (KBr) vmax:
1360 & 1520 (stretch NO,), 1690 (stretch =O),
3050-3200 (stretch CH, sp? aromatic), 1440 &
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1610 (stretch C=C, aromatic), 2900cm™ (stretch
CH, sp? aliphatic).

'H-NMR (DMSO, 200 MHZ); & (ppm): 7.79
(d,j=8,2H, H,, H,- phenyl), 7.40 (d, /=4, 2H, H,,
H,-furan), 7.21 (d, /=8, 2H, H,, H,- phenyl), 3.32
(m, 8H- piperazine), 2.31 (s, 3H- methyl).

Parasite culture

The L. major strain MRHO/IR/75/ER was
provided from Pasteur institute, Tehran (Iran).
Promastigotes ofL. major were cultured in-
vitro at 26°C in RPMI 1640 complete medium
containing 10% FBS, 4 mm L-glutamine, 25 mm
HEPES, 0.1 mm non-essential amino acid, 1 mm
sodium pyruvate, 50 um 2-ME, streptomycin
(100 pg/mL), Penicillin (100 u/mL).

The parasites were collected from the
logarithmic phase.

In-vitro evaluation of anti-promastigote
activity

To determine the 50% inhibitory concentration
(IC,)) against L.major, The synthesized
compounds were dissolved in dimethyl
sulphoxide (DMSO) ata concentration of 0.01%
and diluted with RPMI medium. Promastigotes
were counted in a Neubauerhemocytometer
and seeded at 2.6x 10°cells per well in 96-well
plastic plates containing different concentrations
of the compounds and RPMI 1640 complete
medium, with a final volume of 200 pL. Cultured
cells in the presence of DMSO were used as
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viability controls, while glucantime were used as
Leishmanicidal controls. After 24 h. incubation
in 25°C, parasite viability was determined using
the MTT assay (3-[4, 5-dimethylthiazol-2-yl]-2,
5-diphenyltetrazolium bromide; thiazolyl-blue,
Sigma, Germany).Assays were performed twice
with three replicates per each concentration
tested.

Statistical analysis

The results were defined as the mean values
of at least three experiments. Statistical analysis
was carried out by using the SPSS ver. 16
software.

Results and Discussion

For evaluation of anti-leishmanial properties
of target compounds, the in-vitro activity was
assessed against promastigote (log phase) forms
of L. major. The inhibitory effects of compounds
against promastigotes forms of L. major were
measured after 72 h. following established
procedures, at concentrations ranging from 25 to
100 um. The IC,, values registered after 24 h.
of exposure are represented in Table 1 including
Glucantime as the reference drug.

Ourselection to synthesis and anti-leishmanial
activity evaluation 1-[5-(5-nitrofuran-2-yl)-1, 3,
4-thiadiazole-2-yl]-4-benzoylepiperazines, in
this paper was based on reports of the literature
indicating that 5-(5-nitrofuran- 2-yl)-1, 3,
4-thiadiazoles moiety has been effective against
promastigote and amastigote forms L. major
strain in-vivo and in-vitro (19, 20)

In the present work, all of the synthesized
compounds (6a-¢) were more effective than the
reference drug. The activity is increased in the
following order: 6e>6d>6b>6¢>6a. Compound
6e was found to be the most active compound in
this series (IC, = 77.6 um). (Screening results
indicate that Meta and Para substitutions in
benzene ring increase the efficacy and decrease
IC,, of the synthesis compounds and compounds
with electron donor groups (as in compounds 6e,
6d) have greater activity than the others.

Conclusion

In summary, a series of 1-[5-(5-nitrofuran-
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2-yl)-1,3,4-thiadiazole-2-yl]-4-
benzoylepiperazines were synthesized and
evaluated for their in-vitro inhibitory activity
against the Leishmania parasite. All of the target
compounds exhibited good anti-leishmanial
activity against the promastigote form of L.
major. These data encourage furthermore studies
evaluating the effect on intracellular amastigotes
in-vitro, in-vivo efficacy and cytotoxicity of the
compounds.
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