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2.5.1. Spectral data for compounds

2.5.1.1. Tetrahydro-3,7-diphenyl-[1,2,4] triazolo [1,2-a] [1,2,4] triazole-1,5-dithione (3a): white solid, m.p= 188-189 °C; R;
(petroleum ether:ethylacetate= 7:3 (v/v)) = 0.26; IR (KBr)/ v (cm™): 3385, 3180, 1500, 1251; 'H NMR (Acetone-dg, 400 MHz)/ &
ppm:6.81 (s, 2H, CH), 7.38-7.42 (m, 10H, Ar-H), 11.42 (s, 2H, NH); 3C NMR (DMSO-ds, 100 MHz) & (ppm): 73 (CH), 126.25 (CH),
127.76 (CH), 128.31 (CH), 129.73 (CH), 184.1 (C=S) ppm; CHNcalculated (%): C (58.89), H (4.29), N (17.18), S (19.63); CHNfound (%): C
(58.82), H (4.39), N (17.34), S (19.73).7

2.5.1.2. Tetrahydro-3,7-bis (3-nitrophenyl)-[1,2,4] triazolo [1,2-a] [1,2,4] triazole-1,5-dithione (3b): white solid, m.p= 190-191 °C;
R: (petroleum ether: ethyl acetate= 7:3 (v/v)) =0.15; IR (KBr)/ v (cm™): 3215, 1616, 1529, 1491, 1352, 1247, 1161; *H NMR
(Acetone-ds, 400 MHz)/ & ppm:7.25 (s, 2H, CH), 7.80 (t, J= 7.0 Hz, 2H, ArH), 8.00 (d, J= 7.0 Hz, 2H, ArH), 8.31 (d, J= 7.0 Hz, 2H,
ArH), 8.39 (s, 2H, ArH), 10.38 (s, 2H, NH) ppm; ); 3C NMR (Acetone-ds, 100 MHz) & (ppm): 72.0 (CH), 119.43 (CH), 122.55 (CH),
129.88 (CH), 133.76 (CH), 145.50 (CH), 148.60 (C), 158.09 (C), 184.11 (C=S) ppm; CHNcaicutated (%): C (46.02), H (2.2.87), N (20.13),
S (15.62), O (15.36); CHNEoung (%): C (46.45), H (3.01), N (19.18), S (15.35), O (16.01).

2.5.1.3. Tetrahydro-3,7-bis (4-methoxyphenyl)-[1,2,4] triazolo [1,2-a] [1,2,4] triazole-1,5-dithione (3c): white solid, m.p= 160-
162 °C; R; (petroleum ether: ethyl acetate= 7:3 (v/v)) =0.18; IR (KBr)/ v (cm™): 3390, 3157, 2960, 1613, 1508, 1249, 1173, 1028;
1H NMR (Acetone-dg, 400 MHz)/ 6 ppm: 3.72 (s, 6H, OCHs), 6.75 (s, 2H, CH), 6.99 (s, 4H, Ar-H), 7.28-7.30 (d, J= 6.8 Hz, 4H, Ar-H),
11.31 (s, 2H, NH) ppm; 3C NMR (DMSO-dg, 100 MHz) & (ppm): 55.73 (CH3), 77.03 (CH), 114.76 (CH), 127.67 (CH), 130.0 (C),
160.35 (C), 184.0 (C=S); ppm; CHNcacuated (%): C (55.96), H (4.66), N (14.51), S (16.58); CHNgoung (%): C (55.93), H (4.76), N
(14.72), S (16.68). 17

2.5.1.4. Tetrahydro-3,7-bis (2-chlorophenyl)-[1,2,4] triazolo [1,2-a] [1,2,4] triazole-1,5-dithione (3d):white solid, m.p= 197 °C; R¢
(petroleum ether: ethyl acetate= 7:3 (v/v)) =0.32; IR (KBr) v (cm™): 3433, 3183, 2929, 1498,1251; 'H NMR (DMSO-dy, 400 MHz)
& (ppm): 7.16 (s, 1H, CH), 7.34-7.36 (m, 1H, Ar-H), 7.43-7.47 (m, 2H, Ar-H), 7.54-7.61 (m, 1H, Ar-H), 11.48 (s, 1H, NH); 3C NMR
(DMSO-dg, 100 MHz) & (ppm): 74.86 (CH), 128.14 (CH), 128.63 (CH), 130.62 (CH), 131.87 (CH), 132.48 (C), 134.01 (C), 185.19
(C=S) ppm; CHNcalcutated (%): C (48.60), H (3.04), N (14.18), S (16.20), Cl (17.72); CHNfoung (%): C (47.99), H (3.58), N (14.76), S
(16.09), CI (17.58).

2.5.1.5.Tetrahydro-3,7-bis (3-chlorophenyl)-[1,2,4] triazolo [1,2-a] [1,2,4] triazole-1,5-dithione (3e): white solid, m.p= 194-195
°C; R¢ (petroleum ether: ethyl acetate= 7:3 (v/v)) = 0.35; IR (KBr)/ v (cm): 3427, 3191, 2927, 1501, 1247 ;*'H NMR (Acetone-dg,
400 MHz)/ & ppm: 7.07 (s, 1H, CH), 7.47-7.51 (m, 3H, Ar-H), 7.55 (s, 1H, Ar-H), 10.14 (s, 1H, NH); 13C NMR (DMSO-ds, 100 MHz) &
(ppm): 76.62 (CH), 124.88 (CH), 126.39 (CH), 128.12 (CH), 131.84 (CH), 134.15 (C), 139.76 (C), 184.47 (C=S) ppm; CHNcaicuated
(%): C (48.60), H (3.04), N (14.18), S (16.20), Cl (17.72); CHNgoung (%): C (48.32), H (3.13), N (14.31), S (16.29), Cl (17.81). Y7

2.5.1.6. Tetrahydro-3,7-bis (4-chlorophenyl)-[1,2,4] triazolo [1,2-a] [1,2,4] triazole-1,5-dithione (3f): white solid, m.p= 201-203
°C; Re(petroleum ether: ethyl acetate)= 7:3 (v/v)) =0.31; IR (KBr)/ v (cm™): 3438, 3168, 2925, 1629, 1492, 1249, 1157; 'H NMR
(Acetone-ds, 400 MHz)/ & ppm: 6.84 (s, 2H, CH), 7.39 (s, 4H, ArH), 7.51 (s, 4H, ArH), 11.48 (s, 2H, NH) ppm; 13C NMR (DMSO-ds,
100 MHz) & (ppm): 75.50 (CH), 128.4 (CH), 130.45 (CH), 133.21 (CH), 133.8 (CH), 184.1 (C=S) ppm; CHNcalculated (%): C (48.60), H
(3.04), N (14.18), S (16.20), Cl (17.72); CHNoung (%): C (58.82), H (4.39), N (17.34), S (19.73).77

2.5.1.7. Tetrahydro-3,7-bis (3-hydroxyphenyl)-[1,2,4] triazolo [1,2-a] [1,2,4] triazole-1,5-dithione (3g): white solid, m.p= 165-167
°C; Rt (petroleum ether: ethyl acetate= 7:3 (v/v)) =0.12; IR (KBr)/ v (cm™): 3423, 3177, 2958, 1601, 1505, 1250; H NMR
(Acetone-ds, 400 MHz) & (ppm): 6.95 (s, 4H, Ar-H), 7.24 (s, 1H, CH), 8.62 (s, 1H, OH), 9.97 (s, 1H, NH) ppm; 13C NMR (Acetone-dg,
100 MHz) & (ppm): 73 (CH), 112.01 (CH), 113. 88 (CH), 119.03 (CH), 130.0 (CH), 145.50 (CH), 158.09 (C), 184. 0 (C=S) ppm;
CHNGocutated (%): € (53.70), H (3.88), N (15.04), S (17.68), O (9.70); CHN¢oung (%): C (53.76), H (3.58), N (15.34), S (17.74), O (9.66).

2.5.1.8. Tetrahydro-3,7-bis (3-hydroxy-4-methoxyphenyl)-[1,2,4] triazolo [1,2-a][1,2,4]triazole-1,5-dithione (3h): white solid,
m.p= 177-180 °C; R¢ (petroleum ether: ethyl acetate= 7:3 (v/v)) =0.06; IR (KBr)/ v (cm™): 3422, 2929, 1510, 1278, 1133; 'H NMR
(Acetone-ds, 400 MHz)/ & ppm:3.81 (s, 6H, OCH3), 6.86 (s, 2H, CH), 6.96-7.40 (m, 6H, ArH), 7.89 (s, 2H, OH), 9.88 (s, 2H, NH)
ppm; 13C NMR (Acetone-ds, 100 MHz) & (ppm): 55.40 (OCHj), 77.09 (CH), 111.54 (CH), 112.79 (CH), 117.32 (CH), 129.98 (C),
146.91 (C), 148.37 (C), 185.00 (C=S); CHNcalcuiated (%): C (51.52), H (4.29), N (13.35), S (15.55), O (15.29); CHNfound (%): C (51.34),
H (4.83), N (12.88), S (14.98), O (15.97).



%Transmittance

80

75

=l

65

60

55
50 |

45 —f

40

35

~

H
N

N—N
Oss
H

2000 1000
Wavenumbers (cm-1)

FT-IR of 3a

O

H
N

11.421

7.426
7.412

T 6.816

7.389
—3.340
—2.473

|

T
18

T
15

10 9

5 4 3 2 1 o PpPm

S@F% 6

1H NMR of 3a




100 ]

95

85

80

75

70

65

60

55

50

%Transmittance

45

40

35

30

s
O,N §1(‘1—»; NO,
s

4000 3000 2000

_ Wavenumbers (em-1)

1000

FT-IR of 3b

& T = © o
R RS-y S33
2 N BRI
H
SyN
5 NG
O,N, NL 0,
N S
H
T T T T T T T T T T T T T T T T T
18 17 16 15 14 13 12 11 10 5 3 2 pPPmM

eiine

1H NMR of 3b



%Transmittance

OCH;

3000 2000

\Wavenumbers (cm-1)

1000

FT-IR of 3¢

..,mJ@*

—11.316

—6.299
7.300
7.283
6.991
6.750

——3.465
—2.480

gl
—
.
—3.727

OCH,

18

T T
17 16 15 14

N
b "

ppm

1.00 -
408
405

206/
51

1H NMR of 3c




—
o
8
8
—_—
2
o
n 9
k-
g N\& €
2
mz | Z= 9
% g
3
7]
)
-3
o
@
o
ALIAL TTT NEALAA] L RLAANLAERR R SRR R R AR R Ry ]
b <
B3 8 8 8 R R 8 8 ¢ ¢ 8 83 & ' ¢e
B SoUBHIWSURI] %
= _____ . SUBMuSLRIL%: e

FT-IR of 3d

768°1
890°¢
e
987°¢
59°¢C
GEL'E
8€6°€
89T°L
EvETL
06E"L
T9€°L
G9€°L
9€EP°L
9P L
qsh L
€LV L
8%5°L
P96°L
0LS"L
165°L
T19°L
198°L
€69°L
420 R
19178~

L8y* 11~

Leil

|

@ (@)
&8
<l

®

'H NMR of 3d



[431%
€6°6€
PL"6E
6°6€
ST°07
9€°0%
LS 07

98" L ——

¥1°821
£9°821 /
29" 08T ~X=
18T — 7~
8y 2€T N

T0°9€T

61'G8T ——

1

ppm

180 160 140 120 100 80 60 40 20

200

13C NMR of 3d

L LN AR AR RN AR RN RN AR RN RRRRR R

g8 8 8 8 R R 8 8 8 8
w

RN RARRARAARNRARRNRRRRRRE]

¢ 2 8 8 & R§

L ) %

1000

4000

Wavenumbers (cm-1)

FT-IR of 3e



e | 5]
7
7
?
7
7
7
7

%__
L

R TAN
2455

0003

)

s
Tooo =

1H NMR of 3e

%Transmittance

00

95

90

85

80

75
70
65 -

60

55

| |

50

45

40

©
&
Ll

A

Non"s

T
3000 2000
\Wavenumbers (cm-1)

1000

FT-IR of 3f




LY ——

J

BeE=——

WY =

g e SN
1

B Il =~—

ppPm

'H NMR of 3f

e

f

T
1000

2000

Wavenumbers (cm-1)

™
2 2 2 8 8 &
B ¥ ¥ o o

100 -}
95
20
85
80
75
70
65
60
55

souBpISUE)| %

FT-IR of 3g



H
A
HO, “_L
7 16 16 14 13 12 11 10 8 8 7 © & 4 3 2 1  ppm
&l el (el
1H NMR of 3g
I: e W b sibe)
80 _JV\\l
» H I
| |
80 | i
78 \ J I‘f hl
70 I !
- |
\
B0
M.
L | EY@“‘%
R s =
- N
35 4 1,00 H
30
25
20
15
10
4000 3000 1000

FT-IR of 3h




e oo oo oo
= 2386 22 828
S SS2a 82 838
o =66 w e oeies
" OCH;

N.

SY
OH

NS
H;CO' H

T T T T T T T T T T T T T T T T T T T T
19 18 17 16 15 14 13 12 11 10 8 B8 7 6 &6 4 3 2 1 o ppm

RN

'H NMR of 3h

— 185.00

13C NMR of 3h




