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Abstract: A facile method for the synthesis of [1,2,4]
triazolo[4,3-b][1,2,4,6]thiatriazine 1-oxides 3a-h is pre-
sented. The approach involves a reaction between
N-triazol-3-ylamidines 2a-h and thionyl chloride in the
presence of pyridine. The structures of the synthesized
compounds were confirmed by spectral studies including
IR, 'H NMR, BC NMR, MS and elemental analysis.
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Introduction

1,2,4-Triazoles possess antimicrobial [1], antifungal [2], anti-
inflammatory [3], antioxidant [4, 5], antiviral [6], anticancer
[7] and anticonvulsant activity [8] depending on the sub-
stituents in the ring system. Interestingly, the 1,2,4,6-thia-
triazine l-oxides containing sulfur and nitrogen atoms,
demonstrate excellent fungicidal [9] and anti-HIV activities
[10]. The aim of the present work is to develop a synthesis
of some new heterocyclic compounds [1,2,4]triazolo[4,3-b]
[1,2,4,6]thiatriazine 1-oxides 3 (Scheme 1).

Results and discussion

The synthesis of triazolothiatriazine 1-oxide derivatives
3a-h was carried out according to the two steps outlined
in Scheme 1. These products were obtained by treatment
of N-triazol-3-ylamidines 2a—h with thionyl chloride in the
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presence of two equivalents of pyridine in dioxane under
reflux. The substrates 2a-h were prepared by reaction of
N-triazol-3-yl imidates 1 with a primary amine at room tem-
perature. In turn, the imidates 1 were obtained by conden-
sation of 3-aminol[1,2,4]triazole with orthoesters according
to a previously reported method [11]. The structures of all
synthesized compounds 2a-h and 3a-h are fully consist-
ent with infra-red (IR), 'H NMR, ®C NMR, MS and elemen-
tal analysis data. From a mechanistic viewpoint, it can be
suggested that intermediate products A are final precur-
sors to the observed products 3a-h. Compounds A could
not be isolated because their intramolecular cyclization
appears to be fast.

Conclusion

A facile and efficient procedure for the synthesis of novel
[1,2,4]triazolo[4,3-b][1,2,4,6]thiatriazine  1-oxides from
N-triazol-3-ylamidines and thionyl chloride in the pres-
ence of pyridine as a catalyst was developed. The yields
ranged from good to excellent.

Experimental

All chemicals, reagents and solvents were obtained from Sigma-
Aldrich Company and were used without any purification. The imi-
date 1 was prepared as previously reported [11].

IR spectra were recorded in KBr pellets with a Nicolet IR200
instrument. '"H NMR (300 MHz) and “C NMR (75 MHz) spectra were
recorded in DMSO-d, on a Briiker 300 spectrometer. Melting points
were determined on an Electrothermal 9100 melting point appara-
tus. Elemental microanalysis was performed on a model 2400 series
I Perkin-Elmer analyzer. The electron-spray ionization (ESI) positive
MS spectra were recorded on a Briiker Daltonics LC-MS spectrometer.

General procedure for the synthesis of N-triazol-
3-ylamidines 2a-h

A solution of N-triazol-3-ylimidate (1, 0.2 mol) and primary amine
(0.21 mol) in absolute ethanol (20 ml) was stirred at room tempera-
ture for 3 days. The resultant precipitate of 2 was collected by filtra-
tion and crystallized from methanol.
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Scheme 1

N-Ethyl-N’-(4H-1,2,4-triazol-3-yl)ethanamidine (2a) Yield 70%;
a white solid; mp 165-167°C; IR: v 3420 (NH,__ ), 3130 (NH__ ),
1645 cm™ (C=N); 'H NMR: § 1.56 (t, 3H, J=6.2 Hz, CEB-CH{NH), 2.14
(s, 3H, Cﬂ3—C(N):N), 3.07 (m, 2H, CHB—CHZ—NH-), 7.86 (s, 1H, N=CH-
NH), 9.10 (s 1H, CH3-CH2-NH), 10.88 (s, 1H, N=CH-NH); *C NMR: & 15.2
(CH,-CH,"NH-), 18.6 (CH,-C(N) =N), 38.7 (CH,-CH,"NH-), 153.8 (N = CH-

NH-), 154.3 (N=C(N)-N), 161.5 (N=C(CH,)-N). Anal. Calcd for C.H, N.:
C, 47.04; H, 7.24; N, 45.72. Found: C, 47.49; H, 7.25; N, 45.72.

N-Ethyl-N’-(4H-1,2,4-triazol-3-yl)propanamidine (2b) Yield 80%;
a white solid; mp 144-146°C; IR: v 3445 (NH__ ), 3162 (NH__ . ),
1648 cm™ (C=N); 'HNMR: 8 1.13 (t, 3H, J=6.2 Hz, CHE-CHZ-C(NH) =N),
1.44 (t, 3H, J=9.0 Hz, CHB-CHZ-NH), 2.62 (q, 2H, J=6.2 Hz, CH;'CHZ'
C(N)=N), 3.52 (m, 2H, CH3-CH2-NH), 7.66 (s, 1H, N=CH-NH-), 9.60 (s,
1H, CHg-CHZ-Nﬂ-), 11.08 (s, 1H, N=CH-NH); “C NMR: & 9.9 (QHK-CHZ-
C(N)=N), 14.2 (CH,-CH,-NH), 20.0 (CH,-CH,-C(N)=N), 42.8 (CH,-CH,-
NH), 154.6 (N=CH-NH-), 157.0 (N=C(N)N), 167.0 (N:Q(CHZCH3)-N).
Anal. Calcd for CH/N.: C, 50.28; H, 7.84; N, 41.88. Found: C, 50.27;
H, 7.26; N, 41.89.

N-Propyl-N"-(4H-1,2,4-triazol-3-yl)ethanamidine (2c) Yield 65%;
a white solid; mp 130-132°C ; IR: v 3440 (NH__ .), 3200 (NH__ . ),
1640 cm™ (C=N); 'H NMR: 8 1.15 (t, 3H, J=8.0 Hz, CH,-CH,-CH,"NH),
2.01 (m, 2H, CHS-Cﬂz-CHz-NH), 2.44 (s, 3H, CﬂB-C(N):N), 3.49 (m, 2H,
CH,-CH,-CH,NH), 7.26 (s, 1H, N=CH-NH), 9.72 (s, 1H, CH,-CH,CH,
NH), 11.80 (s, 1H, N=CH-NH); “C NMR: § 12.8 (CH,-CH,-CH,-NH), 22.0
(CH,-CH,-CH,NH), 23.0 (CH,-C(N)=N), 44.7 (CH,-CH,-CH,"NH), 152.9
(N=CH-NH), 158.6 (N=C(N)-N), 166.6 (N=C(CH,)-N). Anal. Calcd for
CH_N.: C, 50.28; H, 7.84; N, 41.88. Found: C, 50.30 H, 7.85; N, 41.90.
N-Propyl-N'-(4H-1,2,4-triazol-3-yl)propanamidine (2d) Yield
71%; a white solid; mp 170-172°C; IR: v 3410 (NHCWHC), 3180(NH__,. ),
1640 cm™ (C=N); '"H NMR: § 1.14 (t, 3H, J=8.2 Hz, CHB—CHZ-CHZ—NH),
131 (t, 3H, J=76 Hz, CH-CH,C(N)=N), 1.98 (m, 2H, CH,-CH,-CH,-
NH), 2.80 (q, 2H, J=76 Hz, CH,-CH,C(N)=N), 3.50 (m, 2H, CH,-
CHZ-CﬂZ-NH), 7.29 (s, 1H, N=CH-NH), 9.54 (s, 1H, CHs-CHZ-CHZ-Nﬂ),
11.04 (s, 1H, N=CH-NH); ®C NMR: § 11.6 (QH3—CH2-CH2»NH), 12.9
(CH,-CH,-C(N)=N), 23.0 (CH,-CH,-CH,-NH), 24.0 (CH,-CH,-C(N)=N),
45.9 (CHB-CHZ-QHZ—NH), 152.8 (N=CH-NH), 156.9 (N=C(N)-N), 165.7
(N=C(CH,CH,)-N). Anal. Calcd for CHN.: C, 53.02; H, 8.34; N, 38.64.
Found: C, 53.02; H, 8.35; N, 38.63.

N-Cyclopentyl-N"-(4H-1,2,4-triazol-3-yl)ethanamidine (2e) Yield
63%; mp 185-186°C; IR: v 3430 (NH,, ), 3170 (NH, . ), 1642 cm™
(C=N); 'H NMR: § 1.26 (m, 4H, CH,-CH,-CH,-CH,-CH-NH), 240 (s,
3H, CH,-C(N)=N), 2.87 (m, 4H, CH,-CH,-CH,-CH,-CH-NH), 4.49 (m,
1H, CH,-CH,-CH,-CH,CH-NH), 6.98 (s, 1H, N=CH-NH), 9.41 (s, 1H,

3e: R' = Me; R? = cyclopentyl
3f: R' = Et; R? = cyclopentyl
3g: R'= Me; R?=Bn

3h: R' = Et; R2=Bn

CH,-CH,-CH,-CH,-CH-NH), 12.08 (s, 1H, N=CH-NH); °C NMR: § 22.9
(CH,-C(N)=N), 23.8 (CH,CH,CH,CH,CH-N), 331 (CH,CH,CH,
CH,-CH-NH), 62.6 (CH,-CH,-CH,-CH,-CH-N), 152.8 (N=CH-NH), 155.3
(N=C(N)-N), 165.75 (N=C(CH,)-N). Anal. Calcd for C;H,N,: C, 5594
H, 7.82; N, 36.24. Found: C, 55.92; H, 7.84; N, 36.25.

N-Cyclopentyl-N’-(4H-1,2,4-triazol-3-yl)propanamidine (2f)
Yield 65%; mp 158-159°C; IR: v 3438 (NH,,_ ), 3190 (NH_ . ),
1641 cm™ (C=N); 'H NMR: & 1.18 (t, J=6.8 Hz, 3H, CHS-CHZ-C(N)=N),
1.68 (m, 4H, CH,-CH-CH,-CH-CH-NH), 2.80 (m, 4H, CH,-CH-CH,
CH,-CH-NH), 3.18 (q, 2H, J=6.8 Hz, CHS-CHZ-C(N):N ), 443 (m,
1H, CH,-CH,-CH,-CH,CH-NH), 698 (s, 1H, N=CH-NH), 9.22 (s, 1H,
CH,-CH,-CH,-CH,-CH-NH), 12.20 (s, 1H, N=CH-NH); "C NMR: & 18.0
(CH,-CH,C(N)=N), 23.6 (CH,CH,-CH,-CH,CH-NH), 26.8 (CH,-CH,
C(N)=N), 32.8 (CH,-CH,-CH,-CH,-CH-NH), 63.0 (CH,-CH,-CH,-CH,-CH-
NH),152.7 (N=CH-NH), 155.0 (N=C(N)-N), 166.9 (N=C(CH,CH,)-N).
Anal. Calcd for C _H _N.: C, 57.95; H, 8.27; N, 33.79. Found: C, 57.96; H,
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8.27; N, 33.80.

N-Benzyl-N'-(4H-1,2,4-triazol-3-yl)ethanamidine (2g) Yield 78%;
a white solid, mp 172-174°C, IR: v 3452 (NH__ .), 3185 (NH__. ),
1643 cm™ (C=N); 'H NMR: § 2.33 (s, 3H, CH,-C(N)=N), 4.81 (s, 2H,
Ph-CH,-NH), 6.79 (s, 1H, N =CH-NH), 740-7.80 (m, 5H, CH,__ ), 9.77
(s, 2H, Ph-CHZ-NH), 11.67 (s, 1H, N=CH-NH); 2C NMR: & 22.0 (QHB-
C(N)=N), 49.0 (Ph-CH,-NH), 126.6, 127.8, 132.4, 134.5(C, . CH,), 154.0
(N=CH-NH), 1579 (N=C(N)-N), 166.8 (N=C(CH,)-N). Anal. Calcd for
C,H,N,: C, 6138; H, 6.09; N, 32.45. Found: C, 61.40; H, 6.11; N, 32.45.
N-Benzyl-N'-(4H-1,2,4-triazol-3-yl)propanamidine (2h) Yield
74%; awhite solid; mp 180-182°C, IR: v 3449 (NH_,,), 3190 (NH, .. ),
1646 cm™ (C=N); 'H NMR: § 1.26 (t, 3H, J=6.2 Hz, Cﬂa-CHZ—C(N):N),
3.32(q, 2H, J=6.2 Hz, CHB—CEZ—C(N) =N), 4.98 (s, 2H, Ph-CHZ-NH), 6.99
(s, 1H, N=CH-NH), 764788 (m, 5H, CH,_ ), 943 (s, 2H, Ph-CH,
NH), 11.92 (s, 1H, N=CH-NH); “C NMR: 8 11.8 (CH,-CH,-C(N) =N), 27.1
(CH,-CH,-C(N)=N), 50.7 (Ph-CH,;N), 125.2, 126.7, 130.8, 1311 (C,,,
QéHS), 153.6 (N=CH-NH), 159.1 (N=C(N)-N), 166.0 (N :Q(CHZCHB)—N);
MS: m/z=276 [M+1]*. Anal. Calcd for C H,N.: C, 62.86; H, 6.59; N,
30.54. Found: C, 62.87; H, 6.60; N, 30.55.

General procedure for synthesis of [1,2,4]triazolo[4,3-b]
[1,2,4,6]thiatriazine 1-oxides 3a-h

Thionyl chloride (0.12 mol) was added dropwise to a mixture of
N-triazol-3-ylamidine 2a-h (0.12 mmol) and pyridine (0.24 mol) in
anhydrous 1,4-dioxane (40 ml). The mixture was heated under reflux
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for 6 h and then left to cool. The precipitate of pyridinium chloride
was filtered. The solvent was removed under reduced pressure and
the resulting solid was filtered off and crystallized from a mixture of
dichloromethane and ethanol (v/v, 8:2) to give an analytically pure
product 3a-h.

2-Ethyl-3-methyl-2H-[1,2,4]triazolo[4,3-b][1,2,4,6]thiatriazine
1-oxide (3a) Yield 52%; a yellow solid; mp 240-242°C, IR: v 1080
(§=0), 1612 cm™ (C=N); 'H NMR: § 1.40 (t, 3H, J=9.0 Hz, CH,-CH,-
N), 2.54 (s, 3H, CﬂB-C(N):N), 3.47 (q, 2H, J=9.0 Hz, CH3-CH2-N), 752
(s, 1H, N=CH-N-SO); 2C NMR: § 14.2 @HB—CHZ-N), 19.3 @HB—C(N) =N),
403 (CH;CH,N), 1514 (N=CH-N-S0), 156.2 (N=C(N)-N),163.8
(N=C(CH,)-N); ESI-MS : m/z 200 [M+1]*. Anal. Calcd for C;H,N,OS:

C, 36.17; H, 4.55; N, 35.15; O, 8.03; S, 16.09. Found: C, 36.18; H, 4.56; N,
35.17; O, 8.04; S, 16.10.

2,3-Diethyl-2H-[1,2,4]triazolo[4,3-b][1,2,4,6]thiatriazine 1-oxide
(Bb) Yield 45%; a yellow solid; mp 230-233°C; IR: v 1080 (S=0),
1612 cm™ (C=N); 'H NMR: § 1.06 (t, 3H, J=6.0 Hz, Cﬂg—CHZ—C(N) =N),
142 (t, 3H, J=9.0 Hz, CH,-CH,N), 2,58 (q, 2H, J=6.0 Hz, CH,-CH,-
C(N)=N), 3.49 (q, 2H, J=9.0 Hz, CHa-Cﬂz-N), 7.66 (s, 1H, N=CH-N-SO);
5C NMR: 8 10.7 (CH,-CH,-C(N)=N), 15.0 (CH,-CH,-N), 20.1 (CH,-CH,-
C(N)=N), 41.0 (CHS—QHZ—N), 152.60 (N=CH-N-S0), 155.8 (N=C(N)
N), 165.1 (N=C (CH,CH,) N); ESI-MS: m/z 214 [M+1]*. Anal. Calcd for
C,H,N.OS: C, 39.42; H, 5.205 N, 32.84; O, 7.50; S, 15.04. Found: C, 39.44;

H, 5.21; N, 32.86, O; 7.51; S, 15.05.

3-Methyl-2-propyl-2H-[1,2,4]triazolo[4,3-b][1,2,4,6] thiatriazine
1-oxide (3c) Yield 36%; a beige solid; mp 192-194°C; IR: v 1081
(§=0), 1616 cm™ (C=N); 'HNMR: § 1.13 (t, 3H, J=7.2 Hz, CH,-CH,-CH,-
N), 1.90 (m, 2H, CH,-CH,-CH,"N), 2.42 (s, 3H, CH,-C(N) =N), 3.46 (t, 2H,

J=6.3 Hz, CH,-CH,-CH-N), 7.20 (s, 1H, N=CH-N-SO); “C NMR: & 12.1

2 T2
(CH,-CH,-CH,"N), 21.1 (CH,-CH,-CH,-N), 22.8 (CH,-C(N)=N), 43.7 (CH,-
CHZ-QHZ-N), 152.3 (N=CH-N-S0), 157.6 (N=C(N)-N), 166.2 (N :Q(CHQ-
N); ESI-MS: m/z 214 [M+1]*. Anal. Calcd for C,H,N,0s: C, 39.42; H,

5.20; N, 32.84; O, 7.50; S, 15.04. Found: C, 36.43; H, 5.42; N, 32.86; O,
7.05; S, 15.08.

3-Ethyl-2-propyl-2H-[1,2,4]triazolo[4,3-b][1,2,4,6]thiatriazine
1-oxide (3d) Yield 40%; a beige solid; mp 212-214°C; IR: v 1083
(§=0), 1616 cm™ (C=N); 'H NMR: § 1.10 (t, 3H, J=8.2 Hz, CES-CH[
CHz-N), 1.28 (t, 3H, J=8.9 Hz, Cﬂa-CHz-C(N)zN), 1.96 (m, 2H, CH3-
CH,-CH,N), 2.80 (g, 2H, J=89 Hz, CH,-CH,C(N)=N), 3.46 (t, 2H,
J=8.4 Hz, CH,-CH,-CH,-N), 713 (s, 1H, N=CH-N-S0); "C NMR: § 11.2
(CH,-CH,-CH,N), 12.6 (CH,-CH,-C(N)=N), 22.4 (CH,-CH,-CH,N), 23.2
(CH,-CH,-C(N)=N), 45.7 (CH,-CH,-CH,N), 152.0 (N=CH-N-50), 156.5
(N=C(N)-N), 166.8 (N:Q(CHQCHQ-N); ESI-MS: m/z 228 [M+1]*. Anal.
Calcd for C_.H N,OS: C, 42.28; H, 5.77; N, 30.81; O, 7.04; S, 14.11. Found:
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C, 42.29; H, 5.78; N, 30.84; O, 7.05; S, 14.10.

2-Cyclopentyl-3-methyl-2H-[1,2,4]triazolo[4,3-b][1,2,4,6]thiatri-
azine 1-oxide (3e) Yield 28%; a yellowish solid; mp 216-2018°C; IR:
v 1082 (S=0), 1615 cm™ (C=N); 'H NMR: & 1.24 (m, 4H, CH,-CH,-CH,-
CH,-CH-N), 2.38 (s, 3H,CH,-C(N) =N), 2.85(m, 4H, CH,-CH,-CH,-CH,-CH
N), 4.48 (m, 1H, CH,-CH,-CH,-CH,-CH N), 6.88(s, 1H, N=CH-N-S0); *C
NMR: & 22.8 (CH,-C(N)=N), 23.6 (CH,-CH,-CH,-CH,-CH-N), 32.2 (CH,-
CH,-CH,-CH,-CH-N), 62.0 (CH,-CH,-CH,-CHCH-N), 151.8 (N=CH-N-
S0), 155.5 (N=C(N)-N), 165.3 (N :Q(CHB)-N). ESI-MS : m/z 240 [M+1]".
Anal. Calcd for C9H13NSOS: C, 45.17; H, 5.48; N, 29.27; O, 6.69; S, 13.40.

Found: C, 45.18; H, 5.50; N, 29.28; O, 6.71; S, 13.41.
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2-Cyclopentyl-3-ethyl-2H-[1,2,4]triazolo[4,3-b][1,2,4,6]thiatria-
zine 1-oxide (3f) Yield 25%; a yellowish solid; mp 200-202°C; IR: v
1080 (S=0), 1616 cm™ (C=N); '"H NMR: 8 1.16 (t, ] =6.4 Hz, 3H, CH,-CH,-
C(N)=N), 1.62 (m, 4H, CH-CH -CH,-CH -CH-N), 2.77 (m, 4H, CH-CH -
CHZ-CHZ-CH-N), 3.10 (q, 2H, J=6.4 Hz, CHB-Cﬂz-C(N):N), 440 (m, 1H,
CH,-CH,-CH,-CH,-CH-N), 6.92 (5, 1H, N=CH-N-50); “C NMR: § 170 (CH,-
CH,C(N)=N), 23.0 (CH,CH,-CH,-CH,CH-N), 26.2 (CH,-CH,-C(N)=N)
319 (CH,CH,CH,CH,CH-N), 62.8 (CH,CH,CH-CH,CH-N), 1525
(N=CH-N-S0), 154.8 (N=C(N)-N), 166.2 (N= Q(CHZCHQ-N); ESI-MS: m/z
254 [M+1]*. Anal. Calcd for C,_H N.OS: C, 4741; H, 5.97; N, 27.65; O, 6.32;

10771575

S, 12.66. Found: C, 45.18; H, 5.50; N, 29.28; O, 6.71; S, 13.41.

2-Benzyl-3-methyl-2H-[1,2,4]triazolo[4,3-b][1,2,4,6]thiatriazine
1-oxide (3g) Yield 47%; a brown solid; mp 209-201°C; IR: v 1080
(§=0), 1614 cm™ (C=N); 'H NMR: & 2.30 (s, 3H, CH;C(N) =N), 4.78 (s,
2H, Ph-CH,N), 6.70 (s, 1H, N=CH-N-S0), 702-7.30 (m, 5H, CH_,_ . ); °C
NMR: $ 21.2 (QHB—C(N) =N), 48.5 (Ph—QHZ-N), 125.6, 126.4, 130.4, 132.02
(C,pom CH,), 153.0 (N=CH-N-80), 157.1 (N=C(N)-N), 166.2 (N=C(CH,)-

N); ESI-MS: m/z 262 [M+1]*. Anal. Calcd for C H, N,OS: C, 50.56; H,

4.24; N, 26.80; O, 6.12; S, 12.27. Found: C, 50.57; H, 4.27; N, 26.79; O,
6.10; S, 12.30.

2-Benzyl-3-ethyl-2H-[1,2,4]triazolo[4,3-b][1,2,4,6]thiatriazine
1-oxide (3h) Yield 50%; a dark brown solid; mp 242-242°C; IR: v
1083 (S=0), 1614 cm™ (C=N); 'H NMR: & 1.23 (t, 3H, J=6.8 Hz, CHB—
CHZ-C(N)=N), 3.22 (q, 2H, J=6.8 Hz, CHB-CHZ-C(N)=N), 490 (s, 2H,
Ph-CH,N), 6.75 (s, 1H, N=CH-N-S0), 730781 (m, 5H, CH_ )
BC NMR: 6 11.2 @HS-CHZ-C(N):N), 26.0 (CHS-QHZ-C(N)ZN), 50.01
(Ph-CH,N), 124.6, 1259, 129.8, 1316 (C, CH,), 15264 (N=CH-N-
S0),157.6 (N=C(N)-N), 165.0 (N:Q(CHZCHQ—N); ESI-MS: m/z 276
[M+1]*. Anal. Calcd for C,H_N,0S: C, 52.35; H, 4.76; N, 25.44; O, 5.81;

S, 11.65. Found: C, 52.36; H, 4.78; N, 25.45; O, 5.82; S, 11.66.

References

[1] Bhat, A. R.; Varadarai Bhat, G.; Gautham Shenoy, G. Synthe-
sis and in-vitro antimicrobial activity of new 1,2,4-triazoles.

J. Pharm. Pharmacol. 2012, 53, 267-272.

Emami, S.; Shojapour Sh.; Faramarzi M.A.; Samadi, N.; Iran-
nejad, H. Synthesis, in vitro antifungal activity and in silico study
of 3-(1,2,4-triazol-1-y)flavanones. Eur. J. Med. Chem. 2013, 66,
480-488.

Dogadan, E.; Tozkoparan, B; Kaynak, F. B.; Eriksson, L.; Kupeli,
E.; Yesilada, E.; Ertan, M. Design and synthesis of some new
thiazolo [3,2-b]-1,2,4-triazole-5(6H)-ones substituted with flur-
biprofen as anti-inflammatory and analgesic agents. Arzneimit-
telforschung 2007, 57,196-202.

Soleymani, R.; Niakan, N.; Tayeb, S.; Konandeh, K. G. Synthesis
of novel aryl quinoxaline derivatives by new catalytic methods.
OrientJ. Chem. 2012, 28, 687-701.

Kochikyan, T. V.; Samvelyan M. A.; Arutyunyan E. V.; Arutyun-
yan V. S.; Avetisyan A A.; Malakyan, M. G.; Vardevanyan, L. A.;
Badzhinyan, S. A. Synthesis and antioxidant activity of new
1,2,4-triazole derivatives. Pharm. Chem. J. 2011, 44, 525-527.
Hassan, A.; El-Sayed Ahemed, H.; El-Fattah, M.; Haikal, Z.
Synthesis, antiviral, and antimicrobial activity of 1,2,3-triazole
thioglycoside derivatives. Phosphorus Sulfur Silicon Relat Elem.
2013, 188, 649-662.

[2

[3

[4

[5

[6



100 —— A. Hajri and M. L. Marzouki: Synthesis of [1,2,4]triazolo[4,3-b][1,2,4,6]thiatriazine 1-oxides DE GRUYTER

[7] Olcay, B.; Bahittin, K.; Murat, K. Synthesis and anticancer evalu- 5(4H,6H)-dione 1-oxides. Agric. Biol. Chem. 1987, 51,
ation of some new unsymmetrical 3,5-diaryl-4H-1,2,4-triazole 3173-3175.
derivatives. Turk. J. Chem. 2006, 30, 29-40. [10] Chen, W.; Zhan, P.; De Clercq, E.; Pannecouque, C.; Balzarini, J.;
[8] Mahendra, R.; Mangesh, S.; Ghodake Kailash, G.; Bothara Jiang, X.; Liu, X. Design, synthesis and biological evaluation of
Shashi, V.; Bhadari Nikakje, A.; Chakravarthy, K.; Nisheeth, A.; N2,N4-disubstituted-1,1,3-trioxo-2H,4H-pyrrolo[1,2-b][1,2,4,6]
Prashant, D. Synthesis and anticonvulsant activity of clubbed thiatriazine derivatives as HIV-1 NNRTIs. Bioorg. Med. Chem.
thiazolidinone-barbituric acid and thiazolidinone-triazole 2013, 21, 7091-7100.
derivatives. Arkivoc 2007, 15, 58-74. [11] Abderrahim, R. A novel synthetic route to new 1,2,4-Tria-
[9] Sanemitsu, Y.; Shiroshita, M.; Maeda, K; Inoue, S. zolo-1,3,5-triazin-4-ones derivatives. Phosphorus Sulfur Silicon

A Novel class of fungicides: ,2,4,6-thiatriazine- 2H-1,3, Relat. Elem. 2006, 181, 581-585.



