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Abstract: An improved synthesis of 2-ethyl-5-(2-
hydroxy-4-oxoquinolin-3(4H)-ylidene)-6-aryl-
5,6-dihydroimidazo[2,1-b][1,3,4]thiadiazol-7-ium hydroxide
derivatives 4a-k via the reaction of aryl glyoxal monohy-
drates 1a-K, quinoline-2,4-diol 2 and 2-amino-[1,3,4]thia-
diazole (3) in the presence of Et,N/sulfamic acid in H,0
is described. This green protocol is characterized by the
use of the readily available catalyst and reactants, short
reaction times, operational simplicity and high yields of
products. The structures of all compounds were character-
ized by 'H NMR, BC NMR and Fourier-transform infrared
(FT-IR) spectral data and microanalyses.

Keywords: aryl glyoxal monohydrates; 5-ethyl-1,3,4-thiadi-
azol-2-amine; green one-pot reaction; imidazo[2,1-b](1,3,4]
thiadiazol-7-ium hydroxides; quinoline-2,4-diol.

Introduction

Fused heterocyclic compounds containing nitrogen atoms
are an important class of natural and synthetic products
[1-8]. The bicyclic imidazo[2,1-b][1,3,4]thiadiazole system,
composed of imidazole and 1,3,4-thiadiazole moieties [9],
is present in natural products [10] including alkaloids [11]
and in pharmaceuticals [12]. Applications in oncology [13],
infectiology [14], cardiovascular diseases [15] or central
nervous system neurodegenerative diseases [16] have
been reported. Imidazo[2,1-b][1, 3, 4]thiadiazoles exhibit
biological activities including antibacterial [17], antifun-
gal [18], antitubercular [19], anti-inflammatory [20] and
anticancer [21] properties. Some drugs of this class are
displayed in Figure 1.
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The outstanding potential of one-pot multicompo-
nent reactions (MCRs) is the synthesis without separat-
ing intermediate species, purification or swapping the
solvent [22-24]. In addition, such reactions often are char-
acterized by extraordinary chemo- and regioselectivity
[25, 26]. Accordingly, industrial and academic researchers
have increasingly focused on the development of MCRs
[27]. The use of water as a green solvent for the synthe-
sis of heterocyclic compounds is also one of the goals of
the chemists [28, 29]. Unfortunately, imidazo[2,1-b][1,3,4]
thiadiazoles have been synthesized by using reactions in
organic solvents [30-36].

Results and discussion

In continuation of our efforts on synthesis of new het-
erocyclic compounds by using MCRs [37-47], herein we
report the efficient synthesis of 5-(2-hydroxy-4-oxoquino-
lin-3(4H)-ylidene)-6-aryl-5,6-dihydroimidazo[2,1-b][1,3,4]
thiadiazol-7-ium hydroxides 4a-k by a one-pot three-com-
ponent reaction (TCR) of aryl glyoxal monohydrates 1a-k,
quinoline-2,4-diol 2 and 5-ethyl-1,3,4-thiadiazol-2-amine
3 in water under reflux conditions. The synthesized new
compounds are interesting from the biological and phar-
maceutical points of view (Scheme 1). The starting aryl
glyoxal monohydrates containing electron-donating and
electron-withdrawing substituents were prepared by oxi-
dation of the corresponding acetophenones with SeO,
in H,0/dioxane under reflux conditions [48]. This work
started with the examination of a one-pot TCR using aryl
glyoxal monohydrate 1a (1.00 mmol), quinoline-2,4-diol
2 (.00 mmol) and 5-ethyl-,3,4-thiadiazol-2-amine 3
(1.00 mmol). First, this model reaction was attempted in
the absence of any catalyst in different organic solvents,
but no product formation was observed after 24 h of stir-
ring under reflux. In a similar way, in the presence of
basic catalysts such as K,CO,, 1,4-diazabicyclo[2.2.2]octane
(DABCO) and Et\N in organic solvents, no product was
formed even after 18 h at elevated temperatures. The use of
acidic catalysts including L-proline, InCl,, FeCl, and ZnO in
organic solvents also failed to produce the desired product
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Figure 1 Drugs containing an imidazo[2,1-b][1,3,4]thiadiazole unit.
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Scheme 1 Synthesis of imidazo[2,1-b][1,3,4]thiadiazoles 4a-k via the one-pot TCRs.

4a. Finally, in the presence of sulfamic acid as a catalyst in
water under reflux, the desired product 4a was obtained in
a 27% yield. It was found that under the optimized condi-
tions the reaction leading to 4a is best conducted in water
under reflux in the presence of the catalyst composed of
sulfamic acid (25 mol%) and triethylamine (TEA, 10 mol%).
Under these conditions, the desired product 4a was syn-
thesized in an 87% yield after 3 h of reflux. The yield of 4a
was 40% for the reaction conducted at room temperature
for 24 h. The reaction mixture was alkaline (pH=8) after
addition of TEA, became acidic (pH=3) after addition of
sulfamic acid and remained acidic during heating for 3 h.

In order to assess the scope of the reaction, a series of
aryl glyoxal monohydrates 1b—k were allowed to react with
2,4-quinolinediol 2 and 5-ethyl-1,3,4-thiadiazol-2-amine 3
under the optimized conditions. In all cases, the expected
imidazo[2,1-b][1,3,4]thiazoles 4b-k were obtained in high
yields (Scheme 1).

The given structures of all synthesized imidazo[2,1-
bl[1,3,4]thiadiazol-7-ium hydroxide derivatives 4a-k
were confirmed by analysis of their 'H NMR, ®C NMR

and Fourier-transform infrared (FT-IR) spectral data and
microanalyses. In the 'H NMR spectra, a sharp singlet at
0 11.20-11.30 can be attributed to the O-H group. The N-H
group of the dihydroimidazole moiety shows as a doublet
or a broad singlet at 0 8.98-9.82. The protons of aromatic
rings appear around 6 6.70-8.20. The C-H absorption of the
dihydroimidazole resonates as a doublet or a broad singlet
at around 0 6.72-8.31 due to coupling with N-H. Upon addi-
tion of D,0, the N-H absorption disappears and the C-H
signals are converted to a sharp singlet due to decoupling.

A mechanism for the synthesis of compounds 4a-k
is suggested in Scheme 2. The first steps are trimethyl-
amine-mediated conversion of the aryl glyoxal mono-
hydrates 1la-k to the aryl glyoxals by dehydration and
ionization of quinoline-2,4-diol 2 to its enolate ion. The
Knoevenagel condensation between the two reactants
mentioned leads to the formation of an intermedi-
ate product A. The regioselective Michael addition of
5-ethyl-1,3,4-thiadiazol-2-amine 3 to A in the presence
of sulfamic acid leads to the formation of an intermedi-
ate product B, which is subsequently converted to the
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Scheme 2 Proposed mechanism for the synthesis of imidazo[2,1-b][1,3,4]thiadiazol-7-ium hydroxides 4a-k.

observed hydroxides 4a-k by intramolecular condensa-
tion, followed by keto-enol tautomerization (Scheme 2).

Conclusions

A green, efficient method for the synthesis of imidazo[2,1-
bl[1,3,4]thiadiazol-7-ium hydroxide compounds 4a-Kk,
via a one-pot TCR of aryl glyoxals, quinoline-2,4-diol and
5-ethyl-1,3,4-thiadiazol-2-amine in the presence of TEA
(10 mol%)/sulfamic acid (25 mol%) in water was developed.
The simple work-up, operational simplicity, regioselectivity
and high yields are the main advantages of this protocol.

Experimental

All chemicals were obtained from Arcos and Merck companies
and were used without further purification. Melting points were

determined on a Philip Harris C4954718 apparatus and are uncor-
rected. The progress of the reactions were monitored by thin layer
chromatography (TLC) on MercK’s silica gel plates. Infrared spectra
were recorded on a Thermo Nicolet Nexus 670 FT-IR instrument using
KBr discs. 'H and “C NMR spectra were recorded on a Bruker Advance
AQS 300 MHz spectrometer in DMSO-d, at 300 MHz and 75.5 MHz,
respectively.

General procedure for the synthesis of 2-ethyl-
5-(2-hydroxy-4-oxoquinolin-3(4H)-ylidene)-6-aryl-
5,6-dihydroimidazo[2,1-b][1,3,4]thiadiazol-7-ium
hydroxides 4a-k

A suspension of quinoline-2,4-diol 2 (0.161 g, 1.00 mmol) and TEA
(10 mol%) in water (5 mL) was stirred under reflux for 10 min to
make a solution. Aryl glyoxal 1a-k (1.00 mmol), 5-ethyl-1,3,4-thia-
diazol-2-amine 3 (0.129 g, 1.00 mmol) and sulfamic acid (25 mol%)
were added to the solution and the mixture was stirred under reflux
for the period of time indicated below. The progress of the reaction
was monitored by TLC eluting with chloroform/methanol (10:1).
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After completion of the reaction, the residue of the product 4a-k
was filtered and washed with water.

2-Ethyl-5-(2-hydroxy-4-oxoquinolin-3(4H)-ylidene)-6-phe-
nyl-5,6-dihydroimidazo[2,1-b][1,3,4]thiadiazol-7-ium hydrox-
ide (4a) Yield 87%; white solid; mp 196-197°C; reaction time
3 h; IR: Viax 3297, 2940, 2845, 1690, 1648, 1606, 1508, 1441, 1390,
1272, 748 cm™; '"H NMR: 0 11.24 (s, 1H, exchanged by D,0 addition,
OH), 9.06 (bd, 1H, J=7 Hz, exchanged by D,0 addition, NH), 7.96
(d,J=8 Hz, 1H, Ar), 7.72 (d, J =8 Hz, 2H, Ar), 746 (t, =7 Hz, 2H, Ar),
7.35 (t, J=75 Hz, 2H, Ar), 717 (d, J=8 Hz, 1H, Ar), 713 (d, /=8 Hz,
1H, Ar), 6.32 (d, J=7 Hz, 1H, converted to a singlet by D,0 addi-
tion, CH), 2.82 (q, J=7.5 Hz, 2H, CHZ), 1.21 (t, J=7.5 Hz, 3H, CHS);
BC NMR: 0 194.2, 169.0, 162.3, 162.0, 161.2, 138.8, 136.0, 132.5, 129.5,
129.1, 127.57, 126.9, 125.3, 122.8, 121.0, 116.4, 111.0, 25.1, 23.5. Anal.
Calcd for C_H N O.S: C, 62.06; H, 4.46; N, 13.78. Found: C, 62.40;

2177187 4 73

H, 4.41; N, 14.13.

2-Ethyl-5-(2-hydroxy-4-oxoquinolin-3(4H)-ylidene)-6-(4-
methoxyphenyl)-5,6-dihydroimidazo[2,1-b][1,3,4]thiadiazol-
7-ium hydroxide (4b) Yield 91%; white solid; mp 210-211°C;
reaction time 2 h; IR: Ve 3310, 2942, 2842, 1664, 1606, 1545, 1505,
1442, 1391, 1252, 1171, 752 cm™; 'H NMR: 6 11.22 (s, 1H, exchanged
by D,0 addition, OH), 8.99 (d, 1H, /=5 Hz, exchanged by D,0 addi-
tion, NH), 7.96 (d, J=7.5 Hz, 2H, Ar), 746 (t, J=9 Hz, 1H, Ar), 7.20-713
(m, 2H, Ar), 6.90 (d, J=9 Hz, 2H, Ar), 6.24 (d, J=5 Hz, converted to
a singlet by D,0 addition, 1H, CH), 3.73 (s, 3H, OCH,), 2.82 (q, 3H,
J=75Hz, 2H, CHZ), 1.21(t, J=7.5 Hz, 3H, CHB); BC NMR: 0 192.5, 168.9,
163.1, 162.3, 161.9, 161.8, 138.8, 131.4, 129.1, 128.4, 125.3, 122.8, 120.9,
116.51, 114.8, 112.9, 111.3, 56.8, 25.0, 23.5. Anal. Calcd for C_H, N O,S:

2277200 44

C, 60.54; H, 4.62; N, 12.84. Found: C, 60.76; H, 4.53; N, 12.75.

2-Ethyl-5-(2-hydroxy-4-oxoquinolin-3(4H)-ylidene)-6-(3-
methoxyphenyl)-5,6-dihydroimidazo[2,1-b][1,3,4]thiadiazol-
7-ium hydroxide (4c) Yield 93%; white solid; mp 197-198°C;
reaction time 2.5 h; IR: v 3321, 2950, 2843, 1692, 1648, 1606, 1503,
1442, 1388, 1275, 1033, 754 cm™; '"H NMR: 6 11.27 (s, 1H, exchanged
by D,0 addition, OH), 8.98 (bd, 1H, J=5 Hz, exchanged by D,0 addi-
tion, NH), 7.95 (d, J=8 Hz, 1H, Ar), 747 (t, J=8 Hz, 1H, Ar), 7.31-710
(m, 2H, Ar), 7.03 (d, J=8 Hz, 1H, Ar), 6.32 (d, /=5 Hz, 1H, CH), 3.73
(s, 3H, OCH,), 2.82 (q, /=75 Hz, 2H, CH,), 1.21 (t, J=75 Hz, 3H, CH,);
BC NMR: 6 193.9, 168.9, 162.4, 159.8, 143.6, 138.7, 137.6, 135.4, 131.2,
129.3, 125.3, 124.0, 122.9, 122.1, 121.3, 121.0, 116.4, 111.0, 104.1, 56.5, 25.1,
23.5. Anal. Calcd for C_H, N,0O,S: C, 60.54; H, 4.62; N, 12.84. Found:

2277200 4 4

C, 60.34; H, 4.62; N, 12.56.

6-(3,4-Dimethoxyphenyl)-2-ethyl-5-(2-hydroxy-4-oxoquinolin-
3(4H)-ylidene)-5,6-dihydroimidazo[2,1-b][1,3,4]thiadiazol-7-ium
hydroxide (4d) Yield 90%; white solid; mp 198-199°C; reaction time
2 h; IR: Vo 3343, 3283, 2962, 1691, 1630, 1512, 1453, 1407, 1260, 1161,
1018, 760 cm™; '"H NMR: ¢ 11.26 (s, 1H, exchanged by D,0 addition,
OH), 8.92 (bs, 1H, exchanged by D,0 addition, NH), 7.96 (d, J=75 Hz,
1H, Ar), 747 (t, J=75 Hz, 1H, Ar), 7.35 (s, 2H, Ar), 7.30-7.23 (m, 2H, Ar),
6.92 (d, J=9 Hz, 1H, Ar), 6.29 (d, J=4 Hz,1H, CH), 3.73 (s, 3H, OCH3),
3.67 (s, 3H, OCH,), 2.82 (q, J=7 Hz, 2H, CH,), 1.21 (t, J=7 Hz, 3H, CH,);
BC NMR: 0 192.4, 168.9, 162.4, 161.7, 161.2, 153.0, 148.4, 138.8, 132.7,
130.5, 128.2, 128.1, 125.2, 125.2, 123.0, 122.9, 121.0, 116.4, 111.3, 57.5, 56.7,
25.1, 23.5. Anal. Calcd for C_H N O.S: C, 59.22; H, 4.75; N, 12.01. Found:

23772207475

C, 59.36; H, 4.71; N, 12.11.
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2-Ethyl-5-(2-hydroxy-4-oxoquinolin-3(4H)-ylidene)-6-(p-tol-
yl)-5,6-dihydroimidazo[2,1-b][1,3,4]thiadiazol-7-ium  hydroxide
(4€) Yield 89%; white solid; mp 215-216°C; reaction time 2 h; IR:
Vi 3320, 2948, 2845, 1650, 1608, 1538, 1503, 1440, 1387, 1273, 725 cm™;
'H NMR: 6 11.20 (s, 1H, exchanged by D,0 addition, OH), 9.02 (m, 1H,
exchanged by D,0 addition, NH), 795 (d, J=7.5 Hz, 1H, Ar), 762 (d,
J=75 Hz, 2H, Ar), 746 (t, J=75 Hz, 1H, Ar), 7.20 (t, J=75 Hz, 4H, Ar),
6.27 (d, 1H, J=5.7 Hz exchanged to singlet by D,0 addition, CH), 2.82
(a, J=75 Hz, 2H, CH,), 2.24 (s, 3H, CH,), 1.21 (t, J=75 Hz, 3H, CH,); 5C
NMR: 6 193.7, 169.0, 162.3, 161.9, 143.2, 138.8, 133.3, 130.0, 129.2, 128.2,
1270, 125.3, 122.8, 121.0, 116.5, 114.6, 111.2, 25.1, 23.5. Anal. Calcd for
C,H,N,0,S: C, 62.84; H, 4.79; N, 13.32. Found: C, 62.75; H, 4.83; N, 13.50.
2-Ethyl-6-(4-hydroxy-3-methoxyphenyl)-5-(2-hydroxy-4-oxo-
quinolin-3(4H)-ylidene)-5,6-dihydroimidazo[2,1-b][1,3,4]thiadi-
azol-7-ium hydroxide (4f) Yield 94%; white solid; mp 221-222°C;
reaction time 3 h; IR: v 3074, 2946, 2932, 1634, 1605, 1511, 1399,
1289, 1183, 1029, 769 cm™; 'H NMR: ¢ 11.26 (s, 1H, exchanged by D,0
addition, OH), 9.82 (bd, 1H, /=7 Hz exchanged by D,0 addition, NH),
8.87 (s, 1H, exchanged by D,0 addition, OH), 7.95 (d, J=8. Hz, 1H,
Ar), 748 (t, J=75 Hz, 1H, Ar), 7.34 (s, 1H, Ar), 7.26 (d, J=8 Hz, 1H, Ar),
719 (d, J=75 Hz, 2H, Ar) 6.70 (d, J=8 Hz, 1H, Ar), 6.26 (bd, /=7 Hz,
1H, converted to a singlet by D,0 addition, CH), 3.79 (s, 3H, OCH,),
2.82 (q, J=7 Hz, 2H, CHZ), 1.21 (t, J=7 Hz, 3H, CH3); BC NMR: 6 192.2,
168.9, 165.8, 162.4, 161.5, 151.7, 147.3, 138.7, 132.7, 130.5, 127.0, 125.1,
123.5, 122.9, 121.5, 121.0, 116.4, 113.0, 111.4, 56.6, 25.0, 23.5. Anal. Calcd
for C_ H N O.S: C, 58.40; H, 4.46; N, 12.38. Found: C, 58.23; H, 4.62;

22772007475

N, 12.13.

6-(4-Chlorophenyl)-2-ethyl-5-(2-hydroxy-4-oxoquinolin-3(4H)-
ylidene)-5,6-dihydroimidazo[2,1-b][1,3,4]thiadiazol-7-ium
hydroxide (4g) Yield 89%; white solid; mp 217-218°C; reaction time
2h; IR: Ve 3307 2951, 2855, 1689, 1648, 1605, 1502, 1390, 1268, 1094,
754 cm™; 'H NMR: 0 11.25 (s, 1H, exchanged by D,0 addition, OH), 9.07
(m, 1H, J=6 Hz, exchanged by D,0 addition, NH), 7.96 (d, J=8 Hz,
1H, Ar), 7.73-7.68 (m, 2H, Ar), 7.47-740 (m, 3H, Ar), 7.21-7.12 (m, 2H,
Ar), 6.32 (m, 1H, CH), 2.82 (q, /=75 Hz, 2H, CHZ), 1.21 (t, J=75 Hz,
3H, CH3); BC NMR: 6 193.4, 169.0, 162.3, 161.3, 138.8, 1377, 134.8, 131.0,
129.8, 128.7, 127.7, 125.4, 122.9, 121.1, 116.5, 114.6, 110.8, 25.0, 23.5. Anal.
Calcd for C,H, CIN,0SS: C, 57.21; H, 3.89; N, 12.71. Found: C, 57.24; H,

217717

3.85; N, 12.57.

6-(4-Bromophenyl)-2-ethyl-5-(2-hydroxy-4-oxoquinolin-3(4H)-
ylidene)-5,6-dihydroimidazo[2,1-b][1,3,4]thiadiazol-7-ium
hydroxide (4h) Yield 87%; white solid; mp 217-218°C; reaction
time 2.5 h; IR: Ve 3312, 2955, 2860, 1690, 1646, 1606, 1502, 1452,
1388, 1271, 1067, 756 cm™; 'H NMR: ¢ 11.26 (s, 1H, exchanged by D,0
addition, OH), 9.09 (d, 1H, J=6 Hz exchanged by D,0 addition, NH),
795 (d, J=8 Hz, 1H, Ar), 7.63 (d, /=8 Hz, 2H, Ar), 7.58 (d, J=8 Hz,
2H, Ar), 747 (t, J=7 Hz, 1H, Ar), 7.16 (t, J=8 Hz, 2H, Ar), 6.32 (m, 1H,
converted to a singlet by D,0 addition, CH), 2.83 (q, /=7 Hz, 2H,
CHZ), 1.21 (t, J=75 Hz, 3H, CHS); BC NMR: 6 193.6, 169.0, 162.3, 143.5,
138.8, 135.1, 132.8, 131.0, 128.9, 126.8, 125.4, 124.0, 122.9, 121.0, 116.5,
110.7, 104.1, 25.0, 23.5. Anal. Calcd for C, H BrNAOSS: C, 51.97; H, 3.53;

217717

N, 11.54. Found: C, 52.05; H, 3.47; N, 11.32.

2-Ethyl-6-(4-fluorophenyl)-5-(2-hydroxy-4-oxoquinolin-
3(4H)-ylidene)-5,6-dihydroimidazo[2,1-b][1,3,4]thiadiazol-7-ium
hydroxide (4i) Yield 91%; white solid; mp 197-198°C; reaction time
2h; IR: Vax 3300, 2932, 2855, 1691, 1647, 1605, 1507, 1448, 1391, 1264,



DE GRUYTER

1233, 752 cm’; '"H NMR: 6 11.25 (s, 1H, exchanged by D,0 addition,
OH), 9.05 (bs, 1H, exchanged by D,0 addition, NH), 7.96 (d, /=7 Hz,
1H, Ar), 7.85-7.66 (m, 2H, Ar), 7.54-7.38 (m, 1H, Ar), 7.30-7.00 (m, 4H,
Ar), 6.31 (s, 1H, CH), 2.83 (q, J=7 Hz, 2H, CHZ), 1.21 (t, J=7 Hz, 3H,
CH3); BC NMR: 6 192.9, 168.9, 162.3, 143.5, 138.8, 135.4, 132.6, 132.0,
129.8, 125.4, 124.0, 122.1, 117.9, 116.5, 114.9, 110.9, 104.2, 25.0, 23.5. Anal.
Calcd for C,H _FN,0S: C, 59.43; H, 4.04; N, 13.20. Found: C, 59.72; H,

217717

3.98; N, 12.97.

2-Ethyl-5-(2-hydroxy-4-oxoquinolin-3(4H)-ylidene)-6-(4-
nitrophenyl)-5,6-dihydroimidazo[2,1-b][1,3,4]thiadiazol-7-ium
hydroxide (4j) Yield 87%; yellow solid; mp 220-221°C; reaction
time 3 h; IR: Voot 3308, 2950, 2857, 1693, 1648, 1607, 1518, 1387, 1353,
1270, 1104, 855 cm™; 'H NMR: ¢ 11.27 (s, 1H, exchanged by D,0 addi-
tion, OH), 914 (m, 1H, exchanged by D,0 addition, NH), 8.20 (d,
J=8Hz, 2H, Ar), 8.07-7.75 (m, 3H, Ar), 746 (t, J=8 Hz, 1H, Ar), 7.30-7.00
(m, 2H, Ar), 6.44 (m, 1H, converted to a singlet by D,0 addition, CH),
2.83(q, J=7 Hz, 2H, CH,), 1.21 (t, J=75 Hz, 3H, CH,); °C NMR: 6 192.5,
168.7, 148.7, 143.8, 142.6, 138.0, 129.0, 126.8, 125.3, 125.1, 124.1, 123.3,
123.2, 122.2, 1179, 116.0, 104.0, 25.0, 23.6. Anal. Calcd for C, H_N.O.S:

2177177575

C, 55.87; H, 3.80; N, 15.51. Found: C, 55.35; H, 3.74; N, 15.78.

6-([1,1’-Biphenyl]-4-yl)-2-ethyl-5-(2-hydroxy-4-oxoquinolin-
3(4H)-ylidene)-5,6-dihydroimidazo[2,1-b][1,3,4]thiadiazol-7-ium
hydroxide (4Kk) Yield 91%; white solid; mp 198-199°C; reaction time
3h;IR: Ve 3313, 2954, 2860, 1690, 1646, 1606, 1502, 1451, 1389, 1270,
756 cm™; 'H NMR: 6 11.26 (s, 1H, exchanged by D,0 addition, OH), 9.08
(m, 1H, exchanged by D,0 addition, NH), 7.98 (d, J=8 Hz, 1H, Ar), 7.82
(d, J=8 Hz, 2H, Ar), 7.68 (d, J=8 Hz, 2H, Ar), 7.65 (d, J=7.5 Hz, 2H, Ar),
7.50-7.30 (m, J=8 Hz, 4H, Ar), 716 (t, J=8 Hz, 2H, Ar), 6.35 (m, 1H,
converted to a singlet by D,0 addition, CH), 2.82 (q, J=7.5 Hz, 2H, CH,),
1.22 (t, J=75 Hz, 3H, CHS); BC NMR: 6 193.7, 169.0, 162.4, 144.3, 139.8,
139.2, 134.7, 130.8, 130.3, 129.9, 128.5, 128.4, 127.6, 126.4, 126.3, 125.4,
124.0, 123.1, 122.0, 116.5, 111.0, 25.0, 23.5. Anal. Calcd for C_H N O.S:

277722473

C, 67.20; H, 4.60; N, 11.61. Found: C, 67.11; H, 4.59; N, 11.26.

Acknowledgment: The authors gratefully acknowledge
the financial assistance from Urmia University.

References

[1] Zhang,Y.; Hubbard, ). W.; Akhmedov, N. G.; Petersen, J. L.;
Séderberg, B. C. G. Total synthesis of the tetracyclic indole
alkaloid Ht-13-B. J. Org. Chem. 2015, 80, 4783-4790.

Li, L.; Yang, Q.; Wang, V.; Jia, Y. Catalytic asymmetric total syn-
thesis of (-)-galanthamine and (-)-lycoramine. Angew. Chem.
Int. Ed. 2015, 54, 6255-6259.

Zhang, Y.; McArdle, I. W.; Hubbard, J. W.; Akhmedov, N. G.;
Séderberg, B. C. G. Total synthesis of the tetracyclic indole
alkaloid ht-13-A. Tetrahedron Lett. 2016, 57, 2865-2867.

Liu, H.; Zhang, X.; Shan, D.; Pitchakuntla, M.; Ma, Y.; Jia, Y. Total
syntheses of festuclavine, pyroclavine, costaclavine, epi-costa-
clavine, pibocin A, 9-deacetoxyfumigaclavine C, fumigaclavine
G, and dihydrosetoclavine. Org. Lett. 2017, 19, 3323-3326.
Rimaz, M. Two efficient one-pot approaches for regioselective
synthesis of new 3-arylpyridazino[4,3-c]quinolin-5(6H)-ones.
Aust. J. Chem. 2015, 68, 1529-1534.

2

B

[4

[5

J. Khalafy et al.: Synthesis of imidazo[2,1-b][1,3,4]thiadiazol-7-ium hydroxides = 301

[6] Sultana, F.; Reddy Bonam, S.; Reddy, V. G.; Nayak, V. L.;

Akunuri, R.; Rani Routhu, S.; Alarifi, A.; Halmuthur, M. S.

K.; Kamal, A. Synthesis of benzo[d]imidazo[2,1-b]thiazole-

chalcone conjugates as microtubule targeting and apoptosis

inducing agents. Bioorg. Chem. 2018, 76, 1-12.

Hamama, W. S.; Ibrahim, M. E.; Raoof, H. A.; Zoorob, H. H.

Chemistry of bicyclic [1,3,4]thiadiazole 5-5 systems contain-

ing ring-junction nitrogen. Res. Chem. Intermed. 2017, 43,

6259-6291.

McReynolds, M. D.; Dougherty, J. M.; Hanson, P. R. Synthesis

of phosphorus and sulfur heterocycles via ring-closing olefin

metathesis. Chem. Rev. 2004, 104, 2239-2258.

Matsukawa, T.; Ban, S. Reaction of a-bromoacetophenones

with 2-anino-1, 3, 4-thiadiazoles. Yakugaku Zasshi 1952, 72,

610-614.

[10] Melby, ). O.; Nard, N. J.; Mitchell, D. A. Thiazole/oxazole-
modified microcins: complex natural products from risbosomal
templates. Curr. Opin. Chem. Biol. 2011, 15, 369-378.

[11] Jin, Z. Muscarine, imidazole, oxazole, and thiazole alkaloids.
Nat. Prod. Rep. 2011, 28, 1143-1191.

[12] El-Desoky, S. I.; Bondock, S. B.; Etman, H. A.; Fadda, A. A.;
Metwally, M. A. Synthesis of some new thiazole derivatives of
pharmaceutical interest. Sulfur Lett. 2003, 26, 127-135.

[13] Romagnoli, R.; Baraldi, P. G.; Prencipe, F.; Balzarini, .; Liekens,
S.; Estévez, F. Design, synthesis and antiproliferative activity
of novel heterobivalent hybrids based on imidazo[2,1-b][1,3,4]
thiadiazole and imidazo[2,1-b][1,3]thiazole scaffolds. Eur. J.
Med. Chem. 2015, 101, 205-217.

[14] Alwan, W. S.; Karpoormath, R.; Palkar, M. B.; Patel, H. M.;
Rane, R. A.; Shaikh, M. S.; Kajee, A.; Mlisana, K. P. Novel
imidazo[2,1-b]1,3,4-thiadiazoles as promising antifungal
agents against clinical isolate of Cryptococcus neoformans.
Eur. J. Med. Chem. 2015, 95, 514-525.

[15] Martel, G.; Hamet, P.; Tremblay, J. Central role of guanylyl
cyclase in natriuretic peptide signaling in hypertension and
metabolic syndrome. Mol. Cell. Biochem. 2009, 334, 53—65.

[16] Patel, H. M.; Sing, B.; Bhardwaj, V.; Palkar, M.; Shaikh, M. S.;
Rane, R.; Alwan, W. S.; Gadad, A. K.; Noolvi, M. N.; Karpoor-
math, R. Design, synthesis and evaluation of small molecule
imidazo[2,1-b][1,3,4]thiadiazoles as inhibitors of transform-
ing growth factor-p type-/ receptor kinase (ALK5). Eur. J. Med.
Chem. 2015, 93, 599-613.

[17] Chandrakantha, B.; Isloor, A. M.; Shetty, P.; Fun, H. K.; Hegde,
G. Synthesis and biological evaluation of novel substituted
1,3,4-thiadiazole and 2,6-di aryl substituted imidazo[2,1-b]
[1,3,4] thiadiazole derivatives. Eur. J. Med. Chem. 2014, 71,
316-323.

[18] Bhongade, B. A.; Talath, S.; Gadad, R. A.; Gadad, A. K. Biologi-
cal activities of imidazo[2,1-b][1,3,4]thiadiazole derivatives: A
review. J. Saudi Chem. Soc. 2016. 20, S463-S475.

[19] Ramprasad, J.; Nayak, N.; Dalimba, U.; Yogeeswari, P.;
Sriram, D.; Peethambar, S. K.; Achur, R.; Kumar, H. S. S. Syn-
thesis and biological evaluation of new imidazo[2,1-b][1,3,4]
thiadiazole-benzimidazole derivatives. Eur. J. Med. Chem.
2015, 95, 49-63.

[20] K. Gadad, A. K.; Palkar, M. B.; Anand, K.; Noolvi, M. N.;
Boreddy, T. S.; Wagwade, J. Synthesis and biological evalua-
tion of 2-trifluoromethyl/sulfonamido-5,6-diaryl substituted
imidazo[2,1-b]-1,3,4-thiadiazoles: A novel class of cyclooxyge-
nase-2 inhibitors. Bioorg. Med. Chem. 2008, 16, 276-283.

[7

[8

[9



302 — |.Khalafy et al.: Synthesis of imidazo[2,1-b][1,3,4]thiadiazol-7-ium hydroxides

[21]

[22]

[23]

[24]

[25]

[26

[27]

(28]

[29]

[30]

(31]

[32]

[33]

[34]

(35]

Fascio, M. L.; Errea, M. |.; D’Accorso, N. B. Imidazothiazole and
related heterocyclic systems. Synthesis, chemical and biologi-
cal properties. Eur. J. Med. Chem. 2015, 90, 666—-683.

Eckert, H. Diversity oriented syntheses of conventional hetero-
cycles by smart multi component reactions (MCRs) of the last
decade. Molecules 2012, 17, 1074-1102.

Dekamin, M. G.; Azimoshan, M.; Ramezani, L. Chitosan:

a highly efficient renewable and recoverable bio-polymer
catalyst for the expeditious synthesis of az-amino nitriles and
imines under mild conditions. Green Chem. 2013, 15, 811.
Rimaz, M.; Khalafy, J.; Mousavi, H. A green organocatalyzed
one-pot protocol for efficient synthesis of new substituted
pyrimido[4,5-d]pyrimidinones using a Biginelli-like reaction.
Res. Chem. Intermed. 2016, 42, 8185-8200.

Jiang, B.; Li, C.; Shi, F.; Tu, S.-).; Kaur, P.; Wever, W.; Li, G.
Four-component domino reaction providing an easy access to
multifunctionalized tricyclo[6.2.2.0*¢]dodecane Derivatives. /.
Org. Chem. 2010, 75, 2962-2965.

Enders, D.; Hiittl, M. R. M.; Grondal, C.; Raabe, G. Control of
four stereocentres in a triple cascade organocatalytic reaction.
Nature 2006, 441, 861-863.

Venkateswarlu, S.; Murty, G. N.; Satyanarayana, M.; Siddaiah,
V. Efficient PEG-mediated green synthesis of isoaurones: first
synthesis of 4’,6-dihydroxy-4-methoxyisoaurone isolated from
trichosanthes kirilowii. Synth. Commun. 2017, 47, 1495-1500.
Capello, C.; Fischer, U.; Hungerbiihler, K. What is a green
solvent? A comprehensive framework for the environmental
assessment of solvents. Green Chem. 2007, 9, 927.

Ramesh, G.; Janardhan, B.; Rajitha, B. Green approach: an
efficient synthesis of 2,4-disubstituted-1,3-thiazoles and
selenazoles in aqueous medium under ultrasonic irradiation.
Res. Chem. Intermed. 2014, 41, 8099-8109.

Hamama, W. S.; Gouda, M. A.; Badr, M. H.; Zoorob, H. H.
Synthesis of some new fused and binary 1,3,4-thiadiazoles

as potential antitumor and antioxidant agents. J. Heterocycl.
Chem. 2013, 50, 787-794.

Zheng, Y.-H.; Lu, H.-Y.; Li, M.; Chen, C.-F. Synthesis, structures,
and optical properties of aza[4]helicenes. Eur. J. Org. Chem.
2013, 15, 3059-3066.

Cox, E. D.; Cook, J. M. The Pictet-Spengler condensation: a
new direction for an old reaction. Chem. Rev. 1995, 95,
1797-1842.

Scozzafava, A.; Supuran, C. T. Complexes with biologically
active ligands. Part 101 Inhibition of carbonic anhydrase

isozymes / and // with metal complexes of imidazo[2,1-b]-1,3,4-
thiadiazole-2-sulfonamide. Metal-Based Drugs 1997, 4, 19-26.

Sharma, S.; Saha, B.; Sawant, D.; Kundu, B. Synthesis of novel
N-rich polycyclic skeletons based on azoles and pyridines. J.
Comb. Chem. 2007, 9, 783-792.

Vicente-Garcia, E.; Raman, R.; Lavilla, R. New heterocyclic
inputs for the Povarov multicomponent reaction. Synthesis
2011, 14, 2237-2246.

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

DE GRUYTER

Wadhwa, P.; Kaur, T.; Sharma, A. The first catalyst and solvent-
free synthesis of 2-arylimidazo[2,1-b][1,3,4]thiadiazoles:

a comparative assessment of greenness. RSC Adv. 2015, 5,
44353-44360.

Khalafy, J.; Etivand, N.; Dilmaghani, S.; Ezzati, M.; Marjani, A.
P. A convenient and mild synthesis of new 2-aryl-3-hydroxy-
6,7-dihydro-1H-indol-4(5H)-ones via a one-pot, three-compo-
nent reaction in water. Tetrahedron Lett. 2014, 55, 3781-3783.
Khalafy, J.; Mohammadlou, M.; Mahmoody, M.; Salami,

F.; Marjani, A. P. Facile synthesis of new 10-substituted-
5H-naphtho[1,2-€e][1,2,4]triazolo[3,4-b][1,3,4]thiadiazin-5-ones.
Tetrahedron Lett. 2015, 56, 1528-1530.

Khalafy, J.; Poursattar Marjani, A.; Salami, F.; Mohammadlou,
M. Tin (/) chloride catalyzed synthesis of new pyrazolo[5,4-b]
quinolines under solvent-free conditions. Synthesis 2015, 47,
1656-1660.

Poursattar Marjani, A.; Abdollahi, S.; Ezzati, M.; Nemati-Kande,
E. A facile synthesis of xanthene-1,8(2H)-dione derivatives by
using tetrapropylammonium bromide as catalyst. J. Heterocycl.
Chem. 2018, 55, 1324-1330.

Poursattar Marjani, A.; Khalafy, J.; Mahmoodi, S. A simple
one-pot synthesis of new 9-aroyl-3,4,6,7,9,10-hexahydro-
1,8(2H,5H)-acridinediones. ARKIVOC 2016, 3, 262-270.

Ezzati, M.; Khalafy, J.; Poursattar Marjani, A.; Prager, R. H. The
catalyst-free syntheses of pyrazolo[3,4-b]quinolin-5-one and
pyrazolo[4’,3":5,6]pyrido[2,3-d]pyrimidin-5,7-dione derivatives
by one-pot, three-component reactions. Tetrahedron 2017, 73,
6587-6596.

Khalafy, J.; Arlan, F. M.; Chalanchi, S. S. One-pot, three-compo-
nent synthesis of a new series of 2-amino-4-aroyl-5-o0xo-5,6-di-
hydro-2H-pyrano([3,2-c]quinoline-3-carbonitrile in the presence
of SBA-15 as a nanocatalyst. J. Heterocycl. Chem. 2018, 55,
149-153.

Ahmadi sabegh, M.; Khalafy, J. The regioselective and
catalyst-free synthesis of some new bis-quinoxalines and bis-
pyrido[2,3-b]pyrazines by double condensation of 1,4-phe-
nylenebis-glyoxal with 1,2-diamines. Heterocycl. Commun.
2018, 24, 193-196.

Javahershenas, R.; Khalafy, ). A new synthesis of pyrrolo[3,2-d]
pyrimidine derivatives by a one-pot, three-component reaction
in the presence of L-proline as an organocatalyst. Heterocycl.
Commun. 2018, 2, 37-42.

Khalafy, J.; llkhanizadeh, S.; Ranjbar, M. A green, organome-
tallic catalyzed synthesis of a series of novel functionalized
4-aroyl-4H-benzo[glchromenes through one-pot, three compo-
nent reaction. J. Heterocycl. Chem. 2018, 55, 951-956.

Ezzati, M.; Khalafy, J.; Marjani, A. P.; Prager, R. H. An efficient
one-pot, four-component synthesis of pyrazolo[3,4-blpyridines
catalyzed by tetrapropylammonium bromide (TPAB) in water.
Aust. J. Chem. 2018, 71, 435-441.

Riley, H. A.; Gray, A. R. In Organic Syntheses; A. H. Blatt, Ed.
Wiley & Sons: New York, NY, 1943; Vol. /I, pp. 509-510.



