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A Convenient Synthesis of New 3,7-Diphenylthieno[3,2-e]bis[1,2,4] 
triazolo[4,3-a:4’,3’-c]pyrimidine Derivatives by Oxidative Cyclization 

Using Alumina-supported Calcium Hypochlorite
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New 3,7-diphenylthieno[3,2-e]bis[1,2,4]triazolo[4,3-a:4’,3’-c]pyrimidine derivatives were easily synthesized at room 
temperature in good yield by the oxidative cyclization of thienopyrimidinyl hydrazones with alumina-supported 
calcium hypochlorite (Ca(OCl)2/Al2O3).
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Figure 1. Heterocyclic compounds containing 1,2,4-triazole.

Introduction

The heterocyclic compounds containing 1,2,4-triazole moiety 
continue to attract considerable interest because of their broad 
biological activities such as antimicrobial,1 antifungal,2 anti- 
inflammatory,3 and antibacterial4 agents. Furthermore, it has 
been noticed that introduction of an additional ring to the tri-
azolopyrimidine system which is one of the fused 1,2,4-triazole 
compound tends to exert profound influence in conferring new 
biological activities in these molecules. For instance, thieno-
triazolopyrimidinone 1 and pyrazolotriazolopyrimidine 2 deri-
vatives of tricyclic heterocyclic  compounds as shown in Fig. 1 
have been recently synthesized for xanthine oxidase inhibitor5 

and adenosine A2A/A3 receptor antagonists,6 respectively. The 
compound 3, 3,9-diphenyl-bis-1,2,4-triazolo[4,3-a][4’,3’-c] 
pyrimidine derivatives, were also found to possess strong anti-
bacterial activity.7 Recently, we have designed and synthesized 
a series of thienotriazolopyrimidine compounds 4 and 5 of po-
tential biological interest using iodobenzene diacetate.8

One of the useful methods for the preparation of fused 1,2,4- 
triazoles is based on oxidative cyclization of the fused hetero-
cyclic hydrazones. This oxidative cyclization has been carried 

out using various reagents of bromine,9,10 lead tetraacetate,11 
phosphorus oxychloride11 or thionyl chloride.12 These reagents 
are often associated with several restrictions such as toxicity, 
poor yield, and drastic reaction conditions. In order to overcome 
these drawbacks, the oxidant ferric chloride,6,13,14 chloranil,5,15 
iodobenzene diacetate7,8 and copper dichloride16 have been intro-
duced. However since the reactions using reagents listed above 
still have some limitations, such as need of aqueous workup, 
use of acetic acid, separation of iodobenzene, and removal of 
copper ions as a water-soluble complex, the more convenient 
and efficient alternative reagent is required.

As a continuation of our research work on thienopyrimidines 
and thienopyridines with biological interest,17 we wish to report 
herein the synthesis of new 3,7-diphenylthieno[3,2-e]bis [1,2,4] 
triazolo[4,3-a:4’,3’-c]pyrimidine derivatives 6a-h using alu-
mina-supported calcium hypochlorite (Ca(OCl)2/Al2O3 = 1:1, 
grounded mixture) in oxidative cyclization reaction. The use of 
alumina-supported calcium hypochlorite as a heterogeneous 
oxidant in this reaction has advantage of enhanced reaction rate 
and yield, simple work-up, low cost, and eco-friendly reagent.

Results and Discussion

Initially, we studied, as shown in Table 1, the oxidative pro-
perties of calcium hypochlorite on alumina in cyclization re-
action of thienopyrimidinyl hydrazone yielding the fused 1,2,4- 
triazole 4a (R = H) as a model reaction. The reaction was carried 
out in dichloromethane at room temperature varying the amounts 
of alumina-supported calcium hypochlorite (Table 1, Entries 
1-4). Among the results obtained, a maximum yield of 78% 
for 4a in 1 hr was achieved with 1:3 molar ratio of hydrazone 
to calcium hypochlorite. Isolation of the crude product was 
easily carried out by simple filtration and solvent evaporation, 
and pure compound 4a was produced by recrystallization. No 
further improvement was obtained in yield and reaction time 
when the reaction was performed in different solvents and re-
action temperatures (Table 1, Entries 5-7). The use of calcium 
hypochlorite without alumina resulted in decreased yield and 
longer reaction time (Table 1, Entries 8-11). Almost same yield 
(73%) was also obtained for the synthesis of 5a (R = H) under 
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Table 1. Optimization of reaction conditions for the synthesis of 4a using calcium hypochlorite

N

N

S

NHN=CH

N

N

S

NN

Ca(OCl)2

Entry Oxidant,a (Sub:Oxi)b Solvent Time (h) Temperature Yield (%)c

1 Ca(OCl)2/Al2O3, (1:1) CH2Cl2 4 rt 56
2 Ca(OCl)2/Al2O3, (1:2) CH2Cl2 2 rt 69
3 Ca(OCl)2/Al2O3, (1:3) CH2Cl2 1 rt 78
4 Ca(OCl)2/Al2O3, (1:4) CH2Cl2 1 rt 76
5 Ca(OCl)2/Al2O3, (1:3) CHCl3 1 rt 75
6 Ca(OCl)2/Al2O3, (1:3) CHCl3 1 reflux 69
7 Ca(OCl)2/Al2O3, (1:3) CH3CN 1 reflux 70
8 Ca(OCl)2, (1:1) MeOH 4 rt 34
9 Ca(OCl)2, (1:2) CH2Cl2 4 rt 46
10 Ca(OCl)2, (1:3) CH2Cl2 4 rt 49
11 Ca(OCl)2, (1:3) MeOH 3 reflux 61

aOxidant Ca(OCl)2/Al2O3 is a grounded mixture of calcium hypochlorite and alumina (w/w = 1). bMolar ratio of substrate (hydrazone) and oxidant 
(calcium hypochlorite). cYield of isolated product.

Table 2. Triazole compounds from the oxidative cyclization of heterocyclic hydrazones using Ca(OCl)2/Al2O3

N

NHN R

Het.

3 eq. Ca(OCl)2/Al2O3

CH2Cl2, rt
N

Het.

NN
R

Entry Hydrazone Time (h) Triazole Yield (%)a mp (oC) (Lit.)

1

N

N

S

NHN

Cl
1

N

N

S

NN

Cl

75 242-244 (8) 

2

N

NS

NHN Br

1

N

NS

NN
Br

70 263-265 (8)

3 N

NHN OH
1 N

NN
OH

68 247-249 (16)

4 N N

NHN OMe

OMe
1 N N

NN
OMe

OMe

63 206-208 (16)

5

N
Me

N

NHN

OS

2
N
Me

N

S

NN

O

60 193-195 (5)

6 N N

NHN

O
2

N N

O

NN

71 174-176 (13)

7 N

N

NHN

　
2 N

N

NN

60 150-152 (18)

aYield of isolated product.
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Scheme 1. Synthesis of 3,7-diphenylthieno[3,2-e]bis[1,2,4]triazolo[4,3-a:4’,3’-c]pyrimidine derivatives 6a-h. Reagent and condition: i, urea, 
200 oC; ii, POCl3, N,N-dimethylaniline, reflux; iii, hydrazine hydrate, EtOH, reflux; iv, RCHO, cat. piperidine, EtOH, reflux; v, 5 eq. Ca(OCl)2/ 
Al2O3, CH2Cl2, rt
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Scheme 2. Proposed mechanism of oxidative cyclization of 11 by hypochlorite

the optimum condition (3 eq. of Ca(OCl)2/Al2O3, CH2Cl2, rt). 
These yields are comparable with those obtained using iodo-
benzene diacetate (4a: 85% and 5a: 75% in 1 hr).8

To further probe the synthetic scope of this reagent for the 
fused 1,2,4-triazole, we investigated the oxidative cyclization 
of other heterocyclic hydrazones to afford the corresponding 
1,2,4-triazolo derivatives (Table 2). Heterocyclization of the 
various hydrazones could be easily carried out at room tempera-
ture for 1 - 2 h, and the crude product from the reaction mixture 
was also easily separated by simple filtration. Evaporation and 
recrystallization of crude products gave the pure 1,2,4-triazolo 
compounds in good yields (60 - 75%). Comparison of the re-
activities of the tested hydrazones showed that the oxidative 
cyclization was not strongly affected by the substituent R and 
the nature of the heterocyclic moiety. Notably, the yield of tri-
azole remained unchanged when the phenyl group in the hydra-
zone was replaced by an n-propyl group (Table 2, Entries 7). 
Therefore, we have successfully developed a convenient and 
efficient method for the oxidative cyclization reaction of 
heterocyclic hydrazones.

As shown Scheme 1, we then applied this useful agent to 
the synthesis of new 3,7-diphenylthieno[3,2-e]bis[1,2,4]tri-
azolo[4,3-a:4’,3’-c]pyrimidine derivatives 6a-h. The key inter-
mediate, 2,4-hydrazinylthieno[2,3-d]pyrimidine (10),19 was 
prepared starting from 2-aminothiophene-3-carboxamide (7)17j 
via 8 and 9 according to the modified procedures by Robba, M.20 
That is, heating 7 with 4 eq of urea in fusion gave the thieno 
[2,3-d]pyrimidine-2,4-(1H,3H)-dione (8) in 70% yield. Chlori-

nation of 8 was carried out with POCl3 and N,N-dimethylaniline 
under reflux in the usual way to get 9 in 63% yield. Then, treat-
ment of 8 with an excess hydrazine hydrate in refluxing ethanol 
afforded 10 in 73% yield. Subsequent reaction of 10 with appro-
priate aryl aldehydes in refluxing ethanol in the presence of 
catalytic amount of few drops of piperidine yielded the corres-
ponding hydrazones (11a-h) in 60 - 76% yields. The oxidative 
cyclization of 11a-h to the tetracyclic compounds 6a-h was 
successfully carried out by treatment of 11a-h with 5 eq of alu-
mina-supported calcium hypochlorite to afford the correspond-
ing 3,7-diphenylthieno[3,2-e]bis[1,2,4]triazolo [4,3-a:4’,3’-c] 
pyrimidine derivatives 6a-h in 66 - 79% yields. For instance, 
when a solution of 11a in dichloromethane was treated with 5 eq 
of alumina-supported calcium hypochlorite at room temperature 
for 2 h, the crude product was obtained as solid after simple 
workup of filtration and evaporation. The crude product was 
purified by recrystallization to give pure compound 6a in 70% 
yield. When compared to the oxidative cyclization of mono-
hydrazones (Table 2), the oxidative ring closure of dihydrazones 
11a-h required longer reaction time (2 h) and more amount of 
Ca(OCl)2/Al2O3 (5 eq) for complete reaction. Any excess of 
Ca(OCl)2/Al2O3 beyond 5 eq did not show any further increase 
in conversion and yield. The structures of all new compounds 
were confirmed by elemental analyses and spectroscopic studies.

Although the mechanism of cyclization is not certain, it is 
expected to be similar to the proposed mechanisms of other 
related oxidative cyclizations of pyrazolopyrimidinyl hydra-
zones6 and quinazolinyl hydrazones13 by ferric chloride or the 
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oxidative cyclizations of thienopyrimidinyl hydrazones8 by 
iodobenzene diacetate. The conversion of 11 to 6 was consi-
dered to proceed via cyclization of the corresponding nitrilimine 
intermediates through the electrophilic attack of hypochlorite 
on 11 followed by elimination of HCl (Scheme 2).

Conclusions

In summary, we have demonstrated here an efficient and 
convenient procedure for the synthesis of various fused 1,2,4- 
triazoles and new 3,7-diphenylthieno[3,2-e]bis[1,2,4]triazolo 
[4,3-a:4’,3’-c]pyrimidine derivatives 6a-h by oxidative cycli-
zation using alumina-supported calcium hypochlorite. The ad-
vantage of our protocol is easy workup, mild reaction condi-
tions, fast reaction rates, and good yields, which make the 
method a useful contribution to the present methodologies.

Experimental

Melting points were determined in capillary tubes on Büchi 
apparatus and are uncorrected. Each compound of the reactions 
was checked on thin-layer chromatography of Merck Kieselgel 
60F254 and purified by column chromatography Merck silica gel 
(70 - 230 mesh). The 1H NMR spectra were recorded on Bruker 
DRX-300 FT NMR spectrometer (300 MHz) with Me4Si as 
internal standard and chemical shifts are given in ppm (δ). IR 
spectra were recorded using an Excalibur FTS-3000 FT IR 
spectrophotometer. Electron ionization mass spectra were re-
corded on a HP 59580 B spectrometer. Elemental analyses were 
performed on a Carlo Erba 1106 elemental analyzer.

General procedure for the preparation of 11a-h. A mixture 
of the hydrazine 10 (5 mmol) and the appropriate aldehyde (5 
mmol) in absolute ethanol (20 mL) containing a few drops of 
piperidine, was refluxed for 5 h. After cooling and evaporation, 
the solid products formed were filtered, dried and recrystallized 
from methanol.

2,4-Bis-(2-benzylidenehydrazinyl)thieno[2,3-d]pyrimidine 
(11a): 65% Yield, mp 257 - 259 oC; IR (KBr) 3110 and 3080 
(NH), 1460 (C=N) cm‒1; 1H NMR (DMSO-d6) δ 11.58 (s, 1H, 
NH), 10.95 (s, 1H, NH), 8.29(s, 1H, (s, 1H, N=CH), 8.15 (s, 1H, 
N=CH), 7.91 (d, 1H, J = 5.9 Hz, thiophene H-6), 7.72 (d, 2H, 
H-2’ and H-6’), 7.67 (d, 2H, H-2” and H-6”), 7.52-7.34 (m, 
6H, H-3’, H-4’, H-5’, H-3”, H-4” and H-5”), 7.27 (d, 1H, J = 
5.9 Hz, H-5); MS (m/z) 372 (M+); Anal. Calcd. for C20H16N6S: 
C, 64.50; H, 4.33, N, 22.56. Found: C, 64.28; H, 4.54; N, 22.37.

2,4-Bis-(2-(4-chlorobenzylidene)hydrazinyl)thieno[2,3-d] 
pyrimidine (11b): 76% Yield, mp 281 - 283 oC; IR (KBr) 3115 
and 3070 (NH), 1454 (C=N) cm‒1; 1H NMR (DMSO-d6) δ 11.64 
(s, 1H, NH), 11.06 (s, 1H, NH), 8.29(s, 1H, (s, 1H, N=CH), 
8.11 (s, 1H, N=CH), 7.90 (d, 2H, H-2’ and H-6’), 7.74 (d, 2H, 
H-2” and H-6”), 7.58-7.52 (m, 3H, H-6, H-3’ and H-5’), 7.48 
(d, 2H, H-3” and H-5”), 7.28 (d, 1H, J = 5.9 Hz, H-5); MS 
(m/z) 441 (M+); Anal. Calcd. for C20H14Cl2N6S: C, 54.43; H, 
3.20, N, 19.04. Found: C, 54.21; H, 3.06; N, 19.23.

2,4-Bis-(2-(4-methylbenzylidene)hydrazinyl)thieno[2,3-d] 
pyrimidine (11c): 68% Yield, mp 253-255oC; IR (KBr) 3122 
and 3087 (NH), 1458 (C=N) cm‒1; 1H NMR (DMSO-d6) δ 
11.51 (s, 1H, NH), 10.87 (s, 1H, NH), 8.24 (s, 1H, N=CH), 

8.09 (s, 1H, N=CH), 7.88 (d, 1H, J = 5.9 Hz, thiophene H-6), 
7.61 (d, 2H, H-2’ and H-6’), 7.56 (d, 2H, H-2” and H-6”), 7.30 
(d, 2H, H-3’ and H-5’), 7.25 (m, 3H, H-5, H-3” and H-5”), 
2.41(s, 6H, 2 Me); MS (m/z) 400 (M+); Anal. Calcd. for 
C22H20N6S: C, 65.98; H, 5.03, N, 20.98. Found: C, 66.20; H, 
4.88; N, 20.77.

2,4-Bis-(2-(4-bromobenzylidene)hydrazinyl)thieno[2,3-d]
pyrimidine (11d): 65% Yield, mp 283 - 285 oC; IR (KBr) 3115 
and 3080 (NH), 1460 (C=N) cm‒1; 1H NMR (DMSO-d6) δ 11.65 
(s, 1H, NH), 10.87 (s, 1H, NH), 8.25 (s, 1H, N=CH), 8.11 (s, 
1H, N=CH), 7.88 (d, 1H, J = 5.9 Hz, thiophene H-6), 7.82 (d, 
2H, H-2’ and H-6’), 7.72 (d, 2H, H-2” and H-6”), 7.68 (d, 2H, 
H-3’ and H-5’), 7.64 (d, 2H, H-3” and H-5”), 7.28 (d, 1H, J = 5.9 
Hz, H-5); MS (m/z) 530 (M+); Anal. Calcd. for C20H14Br2N6S: 
C, 45.30; H, 2.66, N, 15.85. Found: C, 45.19; H, 2.75; N, 15.61.

2,4-Bis-(2-(4-methoxybenzylidene)hydrazinyl)thieno[2,3-d] 
pyrimidine (11e): 68% Yield, mp 274 - 277 oC; IR (KBr) 3113 
and 3076 (NH), 1457 (C=N) cm‒1; 1H NMR (DMSO-d6) δ 11.44 
(s, 1H, NH), 10.78 (s, 1H, NH), 8.22 (s, 1H, N=CH), 8.09 (s, 
1H, N=CH), 7.89 (d, 1H, J = 5.9 Hz, thiophene H-6), 7.66 (d, 
2H, H-2’ and H-6’), 7.60 (d, 2H, H-2” and H-6”), 7.20 (d, 1H, 
J = 5.9 Hz, H-5), 7.05 (d, 2H, H-3’ and H-5’), 6.99 (d, 2H, H-3” 
and H-5”), 3.81 (s, 3H, MeO), 3.78 (s, 3H, MeO); MS (m/z) 
432 (M+); Anal. Calcd. for C22H20N6O2S: C, 61.09; H, 4.66, N, 
19.43. Found: C, 60.85; H, 4.50; N, 19.20.

2,4-Bis-(2-(3-Chlorobenzylidene)hydrazinyl)thieno[2,3-d] 
pyrimidine (11f): 66% Yield, mp 153 - 155 oC; IR (KBr) 3115 
and 3080 (NH), 1460 (C=N) cm‒1; 1H NMR (DMSO-d6) δ 11.73 
(s, 1H, NH), 11.16 (s, 1H, NH), 8.28 (s, 1H, N=CH), 8.11 (s, 1H, 
N=CH), 7.85 (d, 1H, J = 5.9 Hz, thiophene H-6), 7.76-7.74 
(m, 2H, H-2’ and H-2”), 7.59-7.37 (m, 6H, phenyl), 7.31 (d, 
1H, J = 5.9 Hz, H-5); MS (m/z) 441 (M+); Anal. Calcd. for 
C20H14Cl2N6S: C, 54.43; H, 3.20, N, 19.04. Found: C, 54.29; 
H, 3.42; N, 18.89.

2,4-Bis-(2-(3-methylbenzylidene)hydrazinyl)thieno[2,3-d] 
pyrimidine (11g): 60% Yield, mp 206 - 208 oC; IR (KBr) 3110 
and 3075 (NH), 1458 (C=N) cm‒1; 1H NMR (DMSO-d6) δ 11.65 
(s, 1H, NH), 11.03 (s, 1H, NH), 8.65 (s, 1H, N=CH), 8.00 (s, 
1H, N=CH), 7.95-6.91 (m, 10H, thiophene and phenyl), 2.41 (s, 
3H, Me), 2.35 (s, 3H, Me); MS (m/z) 400 (M+); Anal. Calcd. 
for C22H20N6S: C, 65.98; H, 5.03, N, 20.98. Found: C, 65.84; 
H, 4.84; N, 20.84.

2,4-Bis-(2-(3-bromobenzylidene)hydrazinyl)thieno[2,3-d] 
pyrimidine (11h): 63% Yield, mp 158 - 160 oC; IR (KBr) 3115 
and 3076 (NH), 1460 (C=N) cm‒1; 1H NMR (DMSO-d6) δ 11.69 
(s, 1H, NH), 11.18 (s, 1H, NH), 8.25 (s, 1H, N=CH), 8.09 (s, 1H, 
N=CH), 7.75 (d, 1H, J = 5.9 Hz, thiophene H-6), 7.62 (m, 2H, 
H-2’ and H-2”), 7.51-7.37 (m, 6H, phenyl), 7.30 (d, 1H, J = 5.9 
Hz, H-5); MS (m/z) 530 (M+); Anal. Calcd. for C20H14Br2N6S: 
C, 45.30; H, 2.66, N, 15.85. Found: C, 45.48; H, 2.50; N, 15.70.

General procedure for the preparation of 6a-h. A mixture of 
11a-h (2 mmol) and Ca(OCl)2/Al2O3 (10 mmol: grounded mix-
ture in mortar of calcium hypochlorite; 10 mmol, 1.43 g and 
neutral alumina; 1.43 g) in dry dichloromethane (20 mL) was 
stirred rapidly at room temperature for 2 h. After the reaction 
mixture was filtered, the filtrate was evaporated under reduced 
pressure. The resulting crude product was purified by recrystal-
lization using a mixture of chloroform and ethanol.
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3,7-Diphenylthieno[3,2-e]bis[1,2,4]triazolo[4,3-a:4’,3’-c]
pyrimidine (6a): 70% Yield, mp 341 - 343 oC; 1H NMR (DMSO- 
d6) δ 8.08 (d, 1H, J = 5.9 Hz, thiophene H-8), 8.06 (d, 2H, H-2’ 
and H-6’), 7.79-7.58 (m, 9H, H-2”, H-6”, thiophene H-9, H-3’, 
H-4’, H-5’, H-3”, H-4” and H-5”); MS (m/z) 368 (M+, 100), 
264 (8), 103 (13), 77 (10); Anal. Calcd. for C20H12N6S: C, 65.20; 
H, 3.28, N, 22.81. Found: C, 64.98; H, 3.46; N, 22.68.

3,7-Bis(4-chlorophenyl)thieno[3,2-e]bis[1,2,4]triazolo[4,
3-a:4’,3’-c]pyrimidine (6b): 79% Yield, mp 179 - 181 oC; 1H 
NMR (DMSO-d6) δ 8.11-8.08 (m, 3H, thiophene H-8, H-2’ and 
H-6’), 7.78-7.76 (m, 4H, H-2”, H-6”, H-3’ and H-4’), 7.72 (d, 
2H, H-3” and H-4”), 7.61 (d, 1H, J = 5.9 Hz, thiophene H-9); 
MS (m/z) 437 (M+, 100), 285 (15), 151 (19), 103 (10); Anal. 
Calcd. for C20H10Cl2N6S: C, 54.93; H, 2.30, N, 19.22. Found: 
C, 55.19; H, 2.12; N, 19.08.

3,7-Bis(4-methylphenyl)thieno[3,2-e]bis[1,2,4]triazolo[4,
3-a:4’,3’-c]pyrimidine (6c): 66% Yield, mp 271 - 273 oC; 1H 
NMR (DMSO-d6) δ 7.97 (d, 2H, H-2’ and H-6’), 7.77 (d, 1H, 
J = 5.9 Hz, thiophene H-8), 7.63-7.57 (m, 3H, H-2”, H-6” and 
thiophene H-9), 7.50 (d, 2H, H-3’ and H-4’), 7.43 (d, 2H, H-3” 
and H-4”), 2.49 (s, 3H, Me), 2.47 (s, 3H, Me); MS (m/z) 396 
(M+, 95), 265 (19), 131 (15), 103 (8); Anal. Calcd. for C22H16N6S: 
C, 66.65; H, 4.07, N, 21.20. Found: C, 66.88; H, 3.89; N, 20.98.

3,7-Bis(4-bromophenyl)thieno[3,2-e]bis[1,2,4]triazolo[4,
3-a:4’,3’-c]pyrimidine (6d): 70% Yield, mp 238 - 240 oC; 1H 
NMR (DMSO-d6) δ 8.03 (d, 2H, H-2’ and H-6’), 7.93 (d, 2H, 
H-2” and H-6”), 7.85 (d, 2H, H-3’ and H-4’), 7.80 (d, 1H, J = 5.9 
Hz, thiophene H-8), 7.71 (d, 2H, H-3” and H-4”), 7.63 (d, 1H, 
thiophene H-9); MS (m/z) 526 (M+, 75), 343 (20), 264 (22), 236 
(32), 181 (50), 131 (15), 102 (100), 84 (50), 66 (61); Anal. Calcd. 
for C20H10Br2N6S: C, 45.65; H, 1.92, N, 15.97. Found: C, 45.79; 
H, 1.81; N, 16.11.

3,7-Bis(4-methoxyphenyl)thieno[3,2-e]bis[1,2,4]triazolo 
[4,3-a:4’,3’-c]pyrimidine (6e): 72% Yield, mp 235 - 237 oC; 
1H NMR (DMSO-d6) δ 8.04 (d, 2H, H-2’ and H-6’), 7.76 (d, 1H, 
J = 5.9 Hz, thiophene H-8), 7.68 (d, 2H, H-2” and H-6”), 7.60 
(d, 1H, thiophene H-9), 7.23 (d, 2H, H-3’ and H-4’), 7.19 (d, 
2H, H-3” and H-4”), 3.88 (s, 6H, 2 MeO); MS (m/z) 428 (M+, 
100), 295 (12), 133 (40), 103 (20), 90 (22); Anal. Calcd. for 
C22H16N6O2S: C, 61.67; H, 3.76, N, 19.61. Found: C, 61.44; H, 
3.59; N, 19.71.

3,7-Bis(3-chlorophenyl)thieno[3,2-e]bis[1,2,4]triazolo[4,
3-a:4’,3’-c]pyrimidine (6f): 76% Yield, mp 203 - 205 oC; 1H 
NMR (DMSO-d6) δ 8.30 (s, 1H, H-2’), 8.19 (s, 1H, H-2”), 8.09 
(d, 1H, 4’), 7.96 (d, 1H, H-4”), 7.87-7.85 (m, 2H, H-6’ and H-6”), 
7.81 (d, 1H, J = 5.9 Hz, thiophene H-8), 7.74-7.68 (m, 3H, H-4’, 
H-5’ and H-4”), 7.64-7.61 (m, 2H, H-5” and thiophene H-9); 
MS (m/z) 437 (M+, 95), 285 (12), 151 (19), 103 (8); Anal. Calcd. 
for C20H10Cl2N6S: C, 54.93; H, 2.30, N, 19.22. Found: C, 54.76; 
H, 2.19; N, 19.10.

3,7-Bis(3-methylphenyl)thieno[3,2-e]bis[1,2,4]triazolo[4,
3-a:4’,3’-c]pyrimidine (6g): 68% Yield, mp 95 - 97 oC (de-
compose); 1H NMR (DMSO-d6) δ 7.99-7.96 (m, 2H, H-6’ and 
H-6”), 7.82 (d, 1H, J = 5.9 Hz, thiophene H-8), 7.55-7.40 (m, 

5H, thiophene H-9, H-2’, H-2”, H-5’ and H-5”), 7.26-7.23 (m, 
2H, H-4’ and H-4”), 2.48 (s, 6H, 2 Me); MS (m/z) 396 (M+, 
90), 265 (19), 131 (10), 103 (12); Anal. Calcd. for C22H16N6S: C, 
66.65; H, 4.07, N, 21.20. Found: C, 66.44; H, 3.90; N, 20.04.

3,7-Bis(3-bromophenyl)thieno[3,2-e]bis[1,2,4]triazolo[4,
3-a:4’,3’-c]pyrimidine (6h): 72% Yield, mp 178 - 180 oC; 1H 
NMR (DMSO-d6) δ 8.30 (s, 1H, H-2’), 8.19 (s, 1H, H-2”), 8.09 
(d, 1H, H-6’), 7.96 (d, 1H, H-6”), 7.94 (d, 1H, H-4’), 7.85 (d, 
1H, H-4”), 7.78 (d, 1H, J = 5.9 Hz, thiophene H-8), 7.55-7.46 
(m, 3H, thiophene H-9, H-5’ and H-5”); MS (m/z) 526 (M+, 
70), 236 (30), 181 (59), 102 (95), 84 (40), 66 (39); Anal. Calcd. 
for C20H10Br2N6S: C, 45.65; H, 1.92, N, 15.97. Found: C, 45.49; 
H, 1.85; N, 15.80.
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