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The cyclization of 4-amino-5-aryl-3-cyanomethylthio-1,2,4-triazoles Il in the presence of concentrated sul-
furic acid yields 7H-6-amino-s-triazolo[3,4-b){1,3,4]thiadiazines IIL. Cyclization of 4-amino-5-aryl-1,2,4-tria-
zole-3-thiones I with phenacyl chloride yields 7H-3-aryl-6-phenyl-s-triazolo[3,4-b][1,3,4]thiadiazines I'V. Simi-
larly, compounds I condensed with cyanogen bromide, phenyl isothiocyanate and carbon disulfide to give
the corresponding cyclized products 6-amino-3-aryl-s-triazolo[3,4-b][1,3,4]thiadiazoles V, 3-aryl-6-phenyl-
amino-s-triazolo{3,4-bj1,3,4]thiadiazoles VI and 3-aryl-striazolo[3,4-b]1,3,4]thiadiazol-6(5H)thiones VII, re-
spectively. Also in the presence of phosphoryl chloride, compounds I underwent cyclization with monocarbo-
xylic acids and oxalic acid to 3,6-diaryl-s-triazolo[3,4-b][1,3,4]thiadiazole VIII and 6,6'-bis(3-aryl-s-triazolo-
[3,4-bY1,3,4]thiadiazoles) IX. The above compounds were screened for their antimicrobial activity.

J. Heterocyclic Chem., 24, 1173 (1987).

Cyclocondensation of 4-amino-5-aryl-1,2,4-triazole-3-
thiones I with a-chloroacetonitrile [3] and o-halocarbonyl
compounds [4-23] constitute an ideal approach to the syn-
thesis of the fused system 7H-s-triazolo[3,4-b][1,3,4]thia-
diazine. Other methods were also reported [24,25). s-Tria-
zolo[3,4-b][1,3,4]thiadiazole is another interesting fused
system of 1,2,4-triazole ring which was successfully synthe-
sized via two routes. The first route involved the cyclocon-
densation of 4-amino-5-substituted-1,2,4-triazole-3-thiones
with cyanogen bromide, carbon disulfide, isothiocyanates,
carboxylic acids and acid chlorides {7,8,26-34). The second
route was vie the ring closure of 5-substituted-2-hydrazino-
1,3,4-thiadiazoles with appropriate reagents [35-37]. Other
routes were also known [38-40]. These two fused systems
were reported to possess antimicrobial activity [16-21, 28,
31, 33, 37]. In continuation of our research in the synthesis
of pharmacologically active heterocycles [1,41,42], we wish
to describe here the synthesis and antimicrobial activity of
some 7H-s-triazolo[3,4-b][1,3,4]thiadiazine and
s-triazolo[3,4-6][1,3,4]thiadiazole derivatives.

Results and Discussion.

The required 4-amino-5-aryl-1,2,4-triazole-3-thiones I
and 4-amino-5-aryl-3-cyanomethylthio-1,2,4-triazoles 11
were prepared as previously described [1]. The latter com-
pounds namely 4-amino-5-aryl-3-cyanomethylthio-1,2,4-
triazoles underwent cyclization when treated with concen-
trated sulfuric acid at room temperature to yield 7H-6-
amino-3-aryl-s-triazolo[3,4-5][1,3,4]thiadiazines III
(Scheme I). The structure assigned to compounds III was
substantiated by their analytical (Table I) and spectral
data (Table II). Their ir spectra lacked the C=N stretch-
ing frequency of their precursor II and showed two bands

in the region 3300-3340 cm™ characteristic of » N-H [43].
The nmr spectra of compounds IT showed singlets at &
3.91 ppm (2H, CH,) and at 6 7.32-7.61 ppm (2H, NH,). The
cyclization of II to ITI involved a nucleophilic addition at
the cyano group followed by a proton acquisition, result-
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Table I
Analytical Data of 7H-3-Aryl-6-substituted-s-triazolo{3,4-b] 1,3,4]thiadiazines IIL, IV
B
4
candls
Ny
z
C H N S
Compound Y Z MP °C Yield Molecular Calcd. Calcd. Caled. Calcd.
(Lit mp) % formula (Found) (Found) (Found) (Found)
Ila H NH, 246247 60  C,H,NS 5192 393 3029  13.86
(51.90) 4.02) (30.12) (13.77)
1Iib 4Me NH, 255256 8l  C,H,NS 5385 453 2855  13.07
(54.01) (4.59) (28.46) (13.02)
HIh 4-Br NH, 257-258 65 C,,HBrN;S [a] 38.72 2.60 22.58 10.34
(38.77) (2.70) (22.46) (10.16)
1L [b] NH, 160-161 69 C,,H,,NS 53.85 4.53 28.55 13.07
(53.80) (4.58) (28.49)  (13.00)
IVa H CH, 212213 75 C,H,NS 6572 415 1917 1096
(214-215) [4] (65.66) 4.15) {19.15) (10.86)
IVb 4Me CH, 198-199 78 C,H,NS 6663 461 1829 1047
(200-201) [21] (66.57) (4.59) (18.37)  (10.30)
Ve 4-MeO CH, 197-198 68  C,H,N,0S 6333 439 1738 9.94
(200-203) {21] (63.19) (4.29) (17.44) (9.84)
Ivd 2Cl CH, 175-176 70 C,H,,CINS [c] 5880 340 1715 9.80
{172) [8] (58.65) 3.27) (17.22) (9.75)
Ve 4Cl CH, 255256 65  C,H,CINS [d] 5880 340 1715 9.80
(260-261) [21] (58.54) (3.38) (16.89) (9.58)
IvVf 2.Br CH, 195-196 80  C,H,BrNS [e] 5176 299  15.09 8.64
(51.68) (3.03) (15.02) (8.45)
Vg 3-Br CH, 224225 67 C,H,BrNS[f] 5176 299 15.00 8.64
(51.63) (2.94) (15.04) (8.60)
IVh 4-Br CH, 256-257 59 C,.H,,BrN,S [g] 51.76 2.99 15.09 8.64
(258-259) [21] (51.57) (2.88) (15.03) (8.58)
vi [b] C.H, 143-144 65  C,H,NS 6663 461 1829 1047
(66.55) 4.67) (18.28) (10.35)
1Vj 2-Me C.H, 165-166 64  C,H,NS 6663 461 1829 1047
(66.32) 4.58) (18.06) (10.26)

{a] Anal. Calcd: Br, 25.76. Found: Br, 25.73. [b]Y. CH,= CH,CH,. [c] 4nal. Calcd: Cl, 10.85. Found: Cl, 10.70. [d] Anal. Calcd: Cl, 10.85. Found:
Cl, 10.59. [e] Anal. Caled: Br, 21.52. Found: Br, 21.68. [f] 4nal. Calcd: Br, 21.52. Found: Br, 21.70. [g] Anal. Caled: Br, 21.52. Found: Br, 21.72.

ing in ring closure and the formation of the amino-substi-
tuted heterocycles. This cyclization is very similar to the
already reported cyclization of aminonitrile to iminopyr-
rolidines [44].

Reaction with Phenacyl Chloride.

Heating the triazoles I in absolute ethanol with phena-
cyl chloride followed by neutralization with potassium car-
bonate afforded 7H-3-aryl-6-phenyl-s-triazolo[3,4-b]1,3,4]-
thiadiazines IV in 60-89% yield. The analytical (Table I)
and spectral data (Table II) are in accordance with the

structure asigned. The infrared spectra of compounds IV
were devoid of the characteristic stretching frequencies of
the NH, and C=0 groups. Their nmr spectra revealed a
singlet at 6 4.13-4.39 ppm (2H, CH,) and lacked the signals
for both SH and NH, protons indicating that cyclization
involving both functional groups took place. A recent re-
port [21] suggested that this reaction always yields the cy-
clized product even under the mildest conditions which is
in contrast to the two earlier reports [8,22] which claimed
the isolation of the uncyclized products A and B (Scheme
II). George et al [8] claimed that the reaction of triazole I
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Table II

Spectral Data of 7H-3-Aryl-6-substituted-s-triazolo[3,4-b]1,3,4]thiadia-
zines III and IV [a]

N—N
AN
Y-CGH‘ r s

Nﬁ/l

z

Compound Y Z & (Dimethylsulfoxide)

(Multiplicity, assignment)

1lla H NH, 8.51-7.92 (m, 5H, aromatic H), 7.48 (s, 2H,
NH,), 3.93 (s, 2H, CH,)

IITb 4Me NH, 8.29-7.53 (m, 4H, aromatic H), 7.40 (s, 2H,
NH,), 3.92 (s, 2H, CH,), 2.41 (s, 3H, CH,Ar)

IITh 4Br NH, 8.52-8.08 (m, 4H, aromatic H), 7.60 (s, 2H,
NH,), 3.92 (s, 2H, CH,)

I [b] NH, 7.49 (s, 5H, aromatic H), 7.28 (s, 2H, NH,),
4.22 (s, 2H, CH,Ar), 3.81 (s, 2H, CH,)

IVa H CH; 8.10-7.71 (m, 10H, aromatic H), 4.42 (s, 2H,
CH))

Ivb 4-Me C,H; 8.19-7.74 (m, 9H, aromatic H), 4.30 (s, 2H,
CH,), 2.51 (s, 3H, CH,Ar)

IVe 4-MeO C,H, 8.21-7.74 (m, 9H, aromatic H) [c], 4.41 (s,
2H, CH,), 3.87 (s, 3H, CH,0Ar)

Ivd 2-Cl CH, 8.00-7.59 (m, 9H, aromatic H), 4.31 (s, 2H,
CH,)

IVe 4-Cl  CH; 7.92-7.46 (m, 9H, aromatic H), 4.31 (s, 2H,
CH,)

1vf 2-Br CH; 7.92-7.62 (m, 9H, aromatic H), 4.31 (s, 2H,
CH,)

Ivg 3-Br CH; 8.19-7.72 (m, 9H, aromatic H), 4.31 (s, 2H,
CH,)

IVh 4-Br C,H, 8.00-7.70 (m, 9H, aromatic H), 4.23 (s, 2H,
CH,)

1vi [b] C,H, 7.93-7.38 (m, 10H, aromatic H), 4.31 (s, 2H,
CH,), 3.92 (s, 2H, CH,Ar)

Ivj 2-Me CH, 8.11-7.48 (m, 9H, aromatic H), 4.40 (s, 2H,

CH,), 251 (s, 3H, CH,Ar)

[a} The ir spectra of compounds III showed two bands in the region
3300-3340 cm™ for » N-H. [b] Y. CH, = CH,CH,. [c] Solvent deu-
terated chloroform.

(R = C,H,) with phenacyl bromide in ethanol yields the
uncyclized product A which then cyclized into IV in the
presence of sodium ethoxide. On the other hand, El-Shafei
et al [22] claimed that the reaction of triazole I (R = C/H,)
with phenacyl bromide in ethanolic potassium carbonate
gave the uncyclized product B which upon treatment with
phosphoryl chloride cyclized to IV.

Reaction with Cyanogen Bromide.

Cyclocondensation of triazoles I with cyanogen bromide
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was first reported by Potts and Huseby [29]. Refluxing the
triazole I and cyanogen bromide in aqueous ethanol yield-
ed 6-amino-3-aryl-s-triazolo[3,4-b][1,3,4]thiadiazoles V.
Their analytical and spectral data (Table III and IV) are in
accordance with the structure assigned. Their ir showed
two broad bands in the region 3200-3400 cm™ characteris-
tic of » N-H [43]. The 6-amino group protons resonate fur-
ther downfield (8 7.72-8.71 ppm) than the 4-amino group
protons of their precursor I (6 5.14-5.87 ppm)[1]. Potts and
Huseby [29] suggested that the transformation of triazoles
I to V probably occurs via the intermediacy of a thiocya-
nate. However, a recent report by Sasaki and Ito [30] bas-
ed on their CNDO/2 calculations of triazole I suggested
the cyanamide as a preferable intermediate.

Reaction with Phenylisothiocyanate.

The reaction of triazoles I with aryl isothiocyanates and
arylisocyanates in dry pyridine was first reported by Rud-
nicka [45] to afford the corresponding uncyclized substi-
tuted thiourea and urea derivatives. Molina [34] recently
reported that mixing the triazoles I with arylisothiocya-
nates in dry dimethylformamide at room temperature af-
forded the uncyclized substituted thiourea which upon re-
fluxing has cyclized into 6-arylamino-3-substituted-s-tria-
zolof3,4-b]1,3,4]thiadiazoles VI. Molina was also able to
obtain compounds VI by refluxing the triazoles I with ar-
ylisothiocyanates. In our hands, the reaction between tri-
azoles I and phenylisothiocyanate was carried out in re-
fluxing ethanol for four hours where the only product iso-
lated was O-ethylphenylthiocarbamate. The structure of
this thiocarbamate was inferred from its spectral data and
mixed melting point. This indicates that the reaction took
place between the solvent and phenylisothiocyanate.
When the same reaction was repeated in the presence of
cyclohexylcarbodiimide (DCC), 3-aryl-6-phenylamino-s-tri-
azolo[3,4-b](1,3,4]thiadiazoles VI were obtained. Fur-
thermore reacting O-ethylphenylthiocarbamate with the
triazole Ii in DCC yielded 6-phenylamino-3-phenylmethyl-
s-triazolo[3,4-b][1,3,4]thiadiazole VIi. The structure of
compounds VI was based on their analytical (Table III)
and spectral data (Table IV). The infrared spectra of com-
pounds VI showed two bands at 3240-3280 cm™! character-
istic of » N-H [43] and a band at 1600-1630 c¢cm™* for »
C=N. Their nmr spectra were devoid of the signals for
both NH, and SH groups and revealed a singlet at 6 10.74-
10.81 ppm (1H, NH) and a multiplet at 6 7.41-8.18 ppm
(aromatic protons).

Reaction with Carbon Disulfide.

Refluxing the triazoles I and carbon disulfide in alco-
holic potassium hydroxide as reported by Potts and
Huseby [29] afforded 3-aryl-s-triazolo[3,4-b][1,3,4]thiadi-
azole-6(5H)-thiones VII. The analytical (Table III) and
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Compound

Va
Vb
Ve
vd
Ve
A3

Ve

Via
Vib
Vie
VIid
Vie
Vig
VIh
VIi
Viia
VIIb

Vilc

Y

4-Me

4-MeO

2-Cl

4-Cl

2-Br

3-Br

4.Br

4-Me

4-MeO

2-Cl

4-Cl

3-Br

4.Br

4-Me

4-MeO
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Table III
Analytical Data of 3-Aryl-6-substituted-s-triazolo[3,4-5]1,3,4]thiadiazoles V-VI

7—u
veudl 'r)\s
N ___—_'kz
C H N S

Z MP °C Yield Molecular Caled. Caled. Caled. Calcd.
(Lit mp) % formula (Found) (Found) (Found) (Found)

NH, 255-256 73 C,H,N,S 49.75 3.25 32.24 14.76
(256-257) [29] (49.68) (3.33) (32.27) (14.91)

NH, 293-294 58 CoH,NsS 51.92 3.93 30.29 13.86
(295) (29] (51.87) (4.02) (30.21)  (13.78)

NH, 267-268 51 C,.H,N;08 48.56 3.68 28.33 12.96
(268) [29] 48.41) (3.77) (28.13)  (13.10)

NH, 240-242 75 C,H,CIN,S [a] 42,94 241 27.83 12.74
(243) [29] (42.72) (2.39) (27.93) (12.85)

NH, 281-282 80 C,H,CINS [b.] 42.94 2.41 27.83 12.74
(42.83) (2.50) (27.68) (12.62)

NH, 203-204 70 C,H,BrN,S [c] 36.50 2.05 23.65 10.82
(36.32) (2.03) (23.76)  (10.65)

NH, 278-279 68 C,H,BrN,S [d] 36.50 2.05 23.65 10.82
(36.38) (1.96) (23.60) (10.91)

NH, 277219 46 C,H,BrN,S [e] 36.50 2.05 23.65 10.82
(36.48) (2.01) (23.50)  (10.98)

NH, 189-190 79 C,H,N,S 51.92 3.93 30.28 13.86
(190) [29] (52.02) (4.01) (30.12)  (13.78)

C ,H,NH 307-308 51 C,H,,NS 61.41 3.79 23.88 10.92
(61.33) (3.86) 23.77) (10.87)

C ,H,NH 305-306 60 C,H;sN;S 62.51 4.27 22,79 10.43
(62.37) (4.36) (22.66) (10.31)

C,H,NH 296-297 62 C,.H,;N,08 59.42 4.06 21.66 9.91
(59.34) (4.09) (21.50) (9.90)

C.H;NH 286-287 59 C,H,,CIN,S [g] 54.96 3.08 21.37 9.78
(54.90) (3.12) (21.25) (9.63)

C,H,NH 310 68 C,H,,CIN;S [h] 54.96 3.08 21.37 9.78
(54.84) (3.10) (21.21) (9.65)

CH,NH 307-308 70 C,;H,,BrN,S {i] 48.39 2.71 18.82 8.61
(48.23) (2.74) (18.66) (8.49)

CH,NH 325 72 C,;H,,BrN,S [j] 48.39 2.71 10.82 8.61
(48.38) (2.78) (10.75) (8.56)

C.H,NH 250 76 C,H,;N;S 62.51 427 22.79 10.43
62.41) (4.30) (22.59) (10.31)

SH 212-213 76 C,HN,S, 46.13 2.59 23.92 27.36
(210) [29] (46.12) 2.50) (23.84) (27.13)

SH 227 51 C,.H(N,S, 48.36 3.25 22.57 25.82
(227) [29] . (48.52) (3.28) (22.39)  (25.68)

SH 228-229 45 C,,H,N,0S, 45.43 3.06 21.20 24.26

(225) [29] (45.34) (3.01) (21.11)  (24.33)
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Compound Y Z MP °C Yield
(Lit mp) %

Vild 2-Cl SH 171-172 53
(128-130) {9}

Vile 4-Cl SH 134-135 47

VIIf 2-Br SH 166-167 45

Viig 3-Br SH 182-183 60

VIIh 4-Br SH 193-194 57

VIILi [f1 SH 199-200 52
(148) [9]

VIIj 2-Me SH 193-194 48

[a] 4nal. Calcd: Cl, 14.08. Found: Cl, 13.98.
Calcd: Br, 26.98. Found: Br, 26.95.
11.01. [h] Anal. Calcd: Cl, 10.81. Found: Cl, 10.67.
[k] Anal. Caled: Cl, 13.19. Found: Cl, 13.35.
Calced: Br, 25.51. Found: Br, 25.56.

Table IV

Spectral Data of 3-Aryl-6-substituted-s-triazolo[3,4-b]1,3,4]thiadiazoles
V-VII [a)

N—N

Y‘CGM:4 >\

l|l S
N

r4

Compound Y Z & (Dimethylsulfoxide)

(Multiplicity, assignment)

Va H NH, 8.51-7.89 (m, 5H, aromatic H), 8.31 (s,
2H, NH,)

Vb 4-Me NH, 8.11-7.34 (m, 4H, aromatic H), 7.92 (s,
2H, NH,), 2.70 (s, 3H, CH,Ar)

Ve 4-MeO NH, 8.19-7.09 (m, 4H, aromatic H); 7.92 (s,
2H, NH,), 3.81 (s, 3H, CH,0Ar)

vd 2-Cl NH, 7.72 (s, 2H, NH,), 7.50 (m, 4H, aromatic
H)

Ve 4.Cl NH, 8.20-7.61 (m, 4H, aromatic H), 8.00 (s,
2H, NH,)

A% 1 2-Br NH, 8.00 (s, 2H, NH,), 7.71 (m, 4H, aromatic
H)

Vg 3-Br NH, 8.38-7.71 (m, 4H, aromatic H), 8.20 (s,
2H, NH,)

Vh 4-.Br NH, 8.71 (s, 2H, NH,), 8.52-8.13 (m, 4H,
aromatic H)

Vi [b] NH, 7.79 (s, 2H, NH,), 7.32 (s, 5H, aromatic
H), 4.31 (s, 2H, CH,Ar)

Via H CH,NH 8.12-7.41 (m, 10H, aromatic H) [c]

Vib 4-Me CHNH 8.00-7.21 (m, 9H, aromatic H) [c], 2.41

(s, 3H, CH,Ar)

Molecular
formula

Synthesis of Heterocycles. Part VIL
Table III (continued)

C,H,CIN,S, [k]

C,H,CIN,S, [1]

C,H,BrN,S, [m]

C,H,BrN,S, [n]

C,H,BrN,S, [o]

CH,N,S,

CIDHGlez
[b] 4nal. Caled: Cl, 14.08. Found: Cl, 14.18.
[e] Anal. Caled: Br, 26.98. Found: Br, 27.05.

[1] Anal. Calcd: Cl, 13.19. Found: C, 13.27.
[o] Anal. Caled: Br, 25.51. Found: Br, 25.23.

Vie

Vid
Vie
Vig
VIh

Vi
ViIa
VIib
ViIe
viId
Vile
VIIf
Viig
VIIh
VILi

VIIj

[f] Y. CH, = C,H,CH,.
[i] Anal. Calcd: Br, 21.47. Found: Br, 21.56. [j] 4nal. Calcd: Br, 21.47. Found: Br, 21.39.
[m] Anal. Calcd: Br, 25.51. Found: Br, 25.52.

4MeO C,H,NH

2-Cl
4-Cl
3-Br
4-Br

[b]

H

4-Me

C,H,NH
CH,NH
C.H,NH
C.H,NH

C.H,NH
SH

SH

4-MeO SH

2-C1

4-Cl

2-Br

3-Br

4-Br

{b]

2-Me

SH

SH

SH

SH

SH

SH

SH

1177
C H N S
Calcd. Calcd. Caled. Caled.
(Found) (Found) (Found) (Found)
40.22 1.88 20.85 23.86
(40.10) (1.75) (20.68)  (23.59)
4022 188 2085 2386
(40.17) (1.92) (20.77)  (23.73)
34.51 1.61 17.89 20.48
(34.32) (1.49) (18.01)  (20.32)
34,51 1.61 17.89 20.48
(34.70) (1.50) (17.95)  (20.56)
34.51 1.61 17.89 20.48
(34.46) (1.56) (17.84)  (20.30)
48.36 3.25 22.57 25.82
(48.31) (3.23) (22.49)  (25.96)
48.36 3.25 22.57 25.82
(48.50) (3.13) (22.73)  (26.01)
[c] Anal. Calcd: Br, 26.98. Found: Br, 26.83. [d] Anal.

[g] Anal. Calcd: Cl, 10.81. Found: Cl,

[n] Anal.

8.00-7.12 (m, 9H, aromatic H) [c], 3.81
(s, 3H, CH,0Ar)

8.22-7.51 (m, 9H, aromatic H) [c]
8.11-7.62 (m, 9H, aromatic H) [c]
8.31-7.49 (m, 9H, aromatic H) [c]
10.83 (s, 1H, NH) [d], 8.23-7.51 (m, 9H,
aromatic H)

10.74 (s, 1H, NH) [d], 7.41 (s, SH, aro-
matic H), 4.28 (s, 2H, CH,Ar)
8.27-7.61 (m, SH, aromatic H), 5.52 (s,
1H, NH)

8.11-7.42 (m, 4H, aromatic H), 5.42 (s,
1H, NH), 2.31 (s, 3H, CH,Ar)
8.28-7.31 (m, 4H, aromatic H), 5.71 (s,
1H, NH), 3.92 (s, 3H, CH,0Ar)
8.21.7.51 (m, 4H, aromatic H), 5.32 (s,
1H, NH)

8.28-7.61 (m, 4H, aromatic H), 5.51 (s,
1H, NH)

8.19-7.57 (m, 4H, aromatic H), 5.22 (s,
1H, NH)

8.00-7.48 {m, 4H, aromatic H), 5.00 (s,
1H, NH)

8.18-7.82 (m, 4H, aromatic H), 6.16 (s,
1H, NH)

7.43 (s, 5H, aromatic H), 6.18 (s, 1H,
NH), 4.39 (s, 2H, CH,Ar)

8.13-7.48 (m, 4H, aromatic H), 4.93 (s,
1H, NH), 2.31 (s, 3H, CH,Ar)

[a] The ir spectra of compounds V-VII showed the characteristic stretch-

ing frequencies of the NH group.
deuterated trifluoroacetic acid.

[b}Y.CH, = CH,CH,. [c]Solvent

[d] Board.
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Table V
Analytical Data of 3,6-Diaryl-s-triazolo[3,4-b] 1,3,4]thiadiazoles VIII and IX

[\
Y-CGH‘/QN X s
CHgZ
C H N S

Compound Y Z MP Yield Molecular Formula Calcd. Caled. Caled. Calcd.
(Lit mp) % (Found) (Found) (Found) (Found)

Villaa[s] H H 201-202 63 C,;H, NS 64.72 3.63 20.13 11.52
(201) [27] (64.35) (3.76) (19.98) (11.48)

VIilba 4Me H 199-200 8  C,H,NS 6572 415 1917 1096
(65.64) (4.20) (19.05) (10.98)

VIica 4MeO H 188-189 65  C,H,N,0S 62.31 3.93 1817 1040
(62.22) (4.01) (18.00) (10.41)

VIlIce 4-MeO H 186-188 56  C,H,,CIN,0S [b] 5605 324 1635 9.35
(55.92) (3.32) (16.19) 9.39)

Villda 2-Cl H 176177 60 C,;H,CIN,S [¢] 51.59 291 17.92 10.25
(183) [7] ' (57.48) (2.92) (17.86) (10.10)

VIlIce 4Cl 4l 235-236 60  C,H,CLN,S [d] 5188 233 16.14 9.23
(51.74) (2.41) (16.08) (9.15)

VIlifa 2.Br H 159-160 95  C,H,BN,S [e] 5043 254 1569 8.97
(50.33) (2.46) (15.57) (9.08)

VIiIfb 2.Br 4Me 186 57 C,H,BrNSf] 5176 299 1509 8.64
(51.63) (3.04) (15.02) (8.45)

Viligh 3-Br 4-Me 215-216 65 C,.H,,BrN,S [g] 51.76 2.99 15.09 8.64
(51.56) (3.07) (14.98) (8.58)

ViiIha 4Br H 228-229 51  C,H,BrN,S [b] 5043 254 1569 8.97
(50.32) (2.46) (15.52) (8.89)

IXa H il 326327 50 C,H,N,S, 5371 251 2785 1593
(>300) [7] (53.59) (2.56) (27.76)  (15.96)

1Xb 4Me il 315316 58 ChH,N,S, 5579 328 2603 1489
(55.63) (3.38) (25.83) (14.78)

IXc 4-MeO il 319320 62  C,H,N,0.8, 5193 306 2423 1386
(51.78) (2.97) (24.09) (13.59)

IXe 4-Cl [i] 328-330 72 C, H,CL.N,S, [j] 45.86 1.71 23.78 13.60
(45.73) (1.83) (23.78) (13.55)

IXf 2.Br i 318320 65  C,H,Br,N,S, k] 3859 144 2001 1144
(38.66) (1.35) (19.95)  (11.42)

IXg 3.Br i 331332 50  C,H,Br,N,S, Il 3859 144 2001 1144
(38.61) (1.29) (20.05) (11.39)

IXh 4Br i 343-344 5 C,H,Br,N,S, [m] 3859 144 2001 1144
(38.73) (1.38) (19.89) (11.34)

IXi [n] i 309310 68  C,H,N,S, 5579 328 2603  14.89

(55.74) (3.21) (26.07)  (14.89)

[a] Two letters after compound number: the first one indicates an aryl substituent in the triazole nucleus at position 3-, and the second one indicates an
aryl substituent at other cities. [b] Anal. Calcd: Cl, 10.34. Found: Cl, 10.43. [c] 4nal. Calcd: Cl, 11.33. Found: Cl, 11.44. [d] 4nal. Caled: Cl, 20.42.
Found: Ci, 20.33. [e] 4nal. Calcd: Br, 22.37. Found: Br, 22.51. [f] Anal. Calcd: Br, 21.52. Found: C, 21.72. [g] Anal. Calcd: Br, 21.52. Found: Br,
21.71. [h] 4nal. Calcd: Br, 22.37. Found: C, 22.24. [i] For compounds of series IX, Z. C;H, = structure below where Y corresponds to the same in
the Table. [i] Anal. Caled: Cl, 15.04. Found: Cl, 14.92. [k] 4nal. Caled. Br, 28.52. Found: Br, 28.59. [l] Anal. Calcd: Br, 28.52. Found: Br, 28.65.
[m] Anal. Calcd: Br, 28.52. Found: Br, 28.80. [n] Y. C;H, = C,H,CH,.

N—N
/Q\
VCH‘ )

..._J_
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spectral data (Table IV) are in accordance with the struc-
ture assigned. Their ir spectra showed a band at 3100-
3180 cm™ for » N-H [43] and their nmr spectra showed a
singlet at 6 5.00-6.17 ppm (1H, NH). These spectral data
showed that compounds VII exist preferably in the thione
rather than the thiol form. Similar conclusion for 1,3,4-
thiadiazole-3-thiones was supported by ir, uv and LCAO-
MO calculation studies [46). Dash et al [9] claimed the
novel reaction of triazoles I with carbon disulfide in pyri-
dine to afford VII and did not refer to the fact that this re-
action was previously reported by Potts and Huseby [29]
using alcoholic potassium hydroxide. However, when the
same reaction was repeated according to the Dash proced-
ure only unchanged starting material was recovered which
is in accordance with an earlier report [36]. It was suggest-
ed [29] that this ring closure has most likely involved di-
thiocarbamate intermediate.

Reaction with Monocarboxylic Acid and Oxalic Acid.

The reaction of triazoles I with carboxylic acid in the
presence of phosphoryl chloride was previously described
by Lalezari et al [27]. Heating the triazoles I with benzoic
acid or substituted benzoic acids in the presence of phos-
phoryl chloride yielded 3,6-diaryl-s-triazolo[3,4-5][1,3,4}
thiadiazoles VIIL. On the other hand, when the same reac-
tion was repeated with oxalic acid 6,6"-bis(3-aryl-s-triazolo-
[3,4-b]{1,3,4]thiadiazoles IX were obtained. The analytical
and spectral data of compounds VIII and IX are given in
Tables V and VI respectively, and are in accordance with
the structure assigned. Their infrared spectra showed a
band at 1600-1620 cm™ for » C=N. The nmr spectra of
compounds of series VIII and IX lacked the signals for
SH and NH, protons and revealed the presence of the aro-
matic and alkyl substitutent protons characteristic of
every member of the two series, integrating to the correct
number of protons present.
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Table VI

Spectral Data of 3,6-Diaryl-s-triazolo[3,4-b][1,3,4]thiadiazoles
VIII and IX [a]

I\
Y-CGM{( )\

N s
'l‘ —
CH;Z
Compound Y Z & (Dimethylsulfoxide)

(Multiplicity, assignment)

VIiIaa H H
VIiIba 4Me H

8.31 (m, 10H, aromatic H)
8.19 (m, 9H, aromatic H), 3.91 (s, 3H,

CH,Ar)

VIillca 4-MeO H 8.00 (m, 9H, aromatic H), 4.21 (s, 3H,
CH,0Ar)

ViiIce 4-MeO 4-CI 841 (m, 8H, aromatic H), 4.15 (s, 3H,
CH,0Ar)

VIilida 2Cl H 8.00 (m, 9H, aromatic H)
Villee- 4Cl 4-Cl 851 (m, 8H, aromatic H)
VIIIfa 2-Br H 8.00 (m, 9H, aromatic H)

Viiifb 2-Br 4-Me 8.41 (m, 8H, aromatic H), 4.00 (s, 3H,
CH,Ar)

VIIigh 3-Br 4-Me 8.33 (m, 8H, aromatic H), 3.91 (s, 3H,
CH,Ar)

VIITha 4Br H 8.42 (m, 9H, aromatic H)

IXa H [b] 8.81-8.32 (m, 10H, aromatic H)

IXb 4-Me [b] 8.32.7.68 (m, 8H, aromatic H), 3.61 (s, 6H,
2CH,Ar)

IXc 4-MeO [b] 8.39-7.39 (m, 8H, aromatic H), 4.11 (s, 6H,
2CH,0Ar)

IXe 4-Cl  [b] 8.29-7.81 (m, 8H, aromatic H)

IXf 2.Br [b] 8.18-7.83 (m, 8H, aromatic H)

IXg 3-Br [b] 8.29-7.62 (m, 8H, aromatic H)

IXh 4-Br [b] 8.42-7.51 (m, 8H, aromatic H)

IXi [e] [b] 8.18-7.39 (s, 10H, aromatic H), 4.81 (s, 4H,

2CH,Ar)

[a] The ir spectra of compounds VIII and IX showed a band in the
region 1620-1600 cm™ for » C=N. [b] Same as in [i] Table V. [c] Y.
CH, = CH,CH,.

Electronic Spectra of Compounds ITI-V, VII and VIIL

The ultraviolet absorption spectra of compounds III-V,
VII and VIII were determined in ethanol, a summary of
the spectral data is listed in Tables VII and VIII. The ul-
traviolet absorption of the 7H-s-triazolo[3,4-b][1,3,4]thia-
diazine nucleus, as represented by the 3-ethyl-6-methyl
product, occurs at A max 273 nm (log € 4.15). The introduc-
tion of a 6-amino substituent (compounds III, Table VII)
results in a hypsochromic shift of about 8 nm of the above
absorption maximum. On the other hand, the introduction
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of a 6-phenyl substituent (compounds IV) results in a 10
nm bathochromic shift of the absorption maximum. The
introduction of a substituted phenyl group at position 3 of
TH-s-triazolo[3,4-b][1,3,4]thiadiazine nucleus III and IV
results in the appearance of a second absorption maxi-
mum at A 243-256 nm (log € 3.95-4.68) and also a 8-10 nm
bathochromic shift of the absorption maximum which ori-
ginally occurs at 273 nm. This red shift is due to the in-
crease in conjugation which results from the aryl group.
The ultraviolet absorption of s-triazolo[3,4-b][1,3,4]thiadi-
azole nucleus as reported [29] occurs at A max 251 nm (log
€ 3.45). The introduction of a 6-amino substituent (com-
pounds V, Table VIII) results in 2 9 nm hypsochromic
shift of the absorption maximum, whereas the introduc-
tion of 6-thione substituent (compounds VII) does not af-
fect the maximum absorption of the s-triazolo[3,4-b]1,3,4}-
thiadiazole nucleus. In contrast, Potts and Huseby [29] re-
ported a 13 nm hypsochromic shift for the 6-amino substi-
tutent and a 36 nm bathochromic shift for the 6-thione
substituent. The introduction of a 3-aryl substituent gave
the expected red shift due to the increase in conjugation.
It is worthwhile to notice that the 3-ortho-substituted phe-
nyl derivatives does not show such red shift. This is due to
steric inhibition of the ortho substituted phenyl deriva-
tives to acheive complete coplanarity with the s-triazolo-

[3,4-b][1,3,4]thiadiazole nucleus [29].

Table VII

Ultraviolet Absorption Spectral Data for 7H-3-Aryl-6-substituted-s-tria-

zolo[3,4-b]1,3,4]thiadiazines ITI-IV

Compound Y Z A max (Ethanol) nm (log €)

IIIa H  NH, 273 (4.42), 243 (4.16)[a]
HIb 4Me NH, 276 (4.24), 245 (4.07) [a]
IiTh 4Br NH, 281 (4.44), 245 (4.11) [a]
L b} NH, 265(4.33)

IVa H  CH, 286(4.28), 248 (4.31)
IVb 4Me C.H, 280 (4.30), 251 (4.38)
IVe 4-MeO C,H, 286 (4.53), 256 (4.39)
Ivd 2Cl  C.H, 282 (4.21), 246 (4.06)
IVe 4Cl  CH, 286 (4.57), 254 (4.63)
IvE 2Br C.H, 282 (4.12), 246 (3.95)
Ivg 3-Br CH, 281 (4.08), 251 (4.01)
IVh 4Br C.H, 282 (4.60), 256 (4.68)

Vi b]  CH,
1Vj 2Me C,H,

280 (4.22)
262 (4.25), 248 (4.25)

[a] Shoulder. [b] Y. CH, = C,H,CH,.
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Table VIII

Ultraviolet Absorption Spectral Data for
3-Aryl-6-substituted-s-triazolo[3,4-b)1,3,4]thiadiazoles V, VII and VIII

—N

N
I\
“ce“{er)\S
N

:J\Z

Compound Y Z A max (Ethanol) nm (log €)

Va H NH, 272(4.29)(a]

Vb 4Me NH, 272 (4.37)[a], 263 (4.38)
Ve 4MeO NH, 278 (4.43)

vd 2Cl  NH, 250 (4.07)

Ve 4Cl  NH, 270 (4.57)

\%i 2Br NH, 260 (4.42)

Vg 3Br NH, 269 (4.50)

Vh 4Br NH, 280 (4.39), 272 (4.40)
Vi b] NH, 242432

Vila H  SH 274 (4.09) [a], 251 (4.40), 233 (4.24)
ViIb 4Me SH 274 (4.20) [a], 251 (4.47)
Vile 4MeO SH 274 (4.28) [a], 254 (4.46)
VIld 2Cl SH 251 (4.30)

Vile 4Cl SH 290 (4.02), 250 (4.40)
VIIf 2Br SH 251 (4.31)

Viig 3Br SH 292 (3.91), 251 (4.29)
VIIh 4Br SH 290 (4.03), 251 (4.29)
VILi Bb] SH 251 (4.33)

VIIj 2Me SH 250 (4.03)

Villba H  CH, 263(447)

VHIca  4MeO CH, 264 (4.49)

Villda 2Cl CH, 268 (4.53)

VIIIfa  2.Br CH, 268 (4.41)

ViIlha  4Br CH, 266 (4.09)

[a] Shoulder. [b] Y. C,H, = C,H,CH,.

Antimicrobial Activities of Compounds THI-IX.

The above synthesized compounds were tested for their
antimicrobial activity by the agar dilution technique. The
results [42,47) showed that compounds IITh, VIa-c,g-i,
and VIlab,e,fh,j are active against the gram-positive
bacteria S. aureus and compound VIle is active against
the gram-negative bacteria E. coli. Compounds Vla-e,g,h
show an inhibition of growth of the yeast-like C albicans
and the fungi 4. niger.
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EXPERIMENTAL

All melting points were determined on an electrothermal melting point
apparatus, and are uncorrected. Elemental analysis were performed by
Prof. Dipl. Ing., Dr. H. Malissa and G. Reuter, West Germany. Spectra
were recorded with Perkin-Elmer 580B Infrared spectrophotometer (po-
tassium bromide wafer technique) and Pye-Unicam SP8-100 visible and
ultraviolet spectrophotometer (in ethanol). The 'H-nmr spectra were re-
corded on a varian T-60A spectrometer using tetramethylsilane (TMS) as
an internal standard.

7H-6-Amino-3-aryl-s-triazolo[3,4-b][1,3,4]thiadiazine (III).

4-Amino-5-aryl-3-cyanomethylthio-1,2,4-triazole IT (0.005 mole) [1] was
dissolved in 10 ml of concentrated sulfuric acid and left for 3 hours at
room temperature. It was then diluted with water and neutralized with
20% ammonium hydroxide. The precipitate was filtered and crystallized
from ethanol-water mixture (Table I).

TH-3-Aryl-6-phenyl-s-triazolof3,4-b] 1,3,4]thiadiazine (IV).

Phenacyl chloride (1.55 g, 0.01 mole) was added portionwise to a stir-
red solution of the triazole I (0.01 mole) in a minimum amount of abso-
lute ethanol (ca. 50 ml). The mixture was then refluxed for 5 hours, cool-
ed to room temperature and neutralized with aqueous sodium carbonate
solution. The solid product was crystallized from ethanol-water mixture
(Table I).

7H-3-Ethyl-6-methyl-s-triazolo[3,4-b)1,3,4]thiadiazine was prepared as
above using 4-amino-5-ethyl-1,2,4-triazole-3-thione and chloroacetone,
yield 40% mp 97-98° (lit mp 95-97° [24]).

6-Amino-3-aryl-s-triazolo[3,4-b][1,3,4]thiadiazole (V).

Cyanogen bromide (0.05 mole) and triazole I (0.04 mole) were refluxed
in 75% aqueous ethanol (50 ml) for 2-3 hours. The reaction mixture was
evaporated to one-fourth of its volume and then diluted with a saturated
solution of sodium acetate. The precipitated solid was collected and crys-
tallized from ethanol (Table III).

3-Aryl-6-phenylamino-s-triazolo[3,4-b][1,3,4]thiadiazoles VI.

Phenylisothiocyanate (2 ml, 0.015 mole) was added to a solution of tri-
azole I (0.01 mole) in absolute ethanol (100-150 ml) and the mixture stir-
red at room temperature for 3-4 hours. To the stirred solution, dicyclo-
hexylcarbodiimide (DCC) (3.1 g, 0.015 mole) was added and the whole
mixture was refluxed for 5-6 hours. Upon cooling a white solid separated,
filtered and crystallized from a large volume of ethanol (Table III).

3-Aryl-s-triazolo[3,4-b]]1,3,4]thiadiazol-6(5H)-thiones VII.

The triazole I (0.01 mole) and potassium hydroxide (0.6 g, 0.01 mole)
were dissolved in methanol (100 ml). To this mixture, carbon disulfide (4
ml) was added and the whole mixture refluxed for 24 hours. The solution
was then evaporated to dryness and aqueous hydrochloric acid (50%, 50
ml) was added. The filtered solid was washed with water and crystallized
from pyridine-acetate mixture (Table I1I).

3,6-Diaryl-s-triazolo[3,4-b)1,3,4]thiadiazoles VIII.

A mixture of triazole I (0.01 mole), carboxylic acid (0.01 mole) and
phosphory! chloride (10 ml) was refluxed for about one hour. The reac-
tion mixture was poured onto crushed ice and the solid was filtered and
crystallized from acetic acid (Table V).

6,6'-Bis(3-aryl)-s-triazolo[3,4-b]1,3,4]thiadiazoles IX.

A mixture of triazole (0.02 mole), oxalic acid (1.26 g, 0.01 mole) and
phosphoryl chloride (15 ml) was refluxed for about one hour. The reac-
tion mixture was poured onto crushed ice and the solid was filtered and
crystallized from acetic acid (Table V).
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