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The title compound, C14H9N5S, has been synthesized and

characterized both spectroscopically and structurally. The

triazolo±thiadiazole system, the pyridine ring and the phenyl

ring are all planar. The plane of the triazolo±thiadiazole

system forms dihedral angles of 1.53 (13) and 7.55 (12)� with

the planes of the pyridine and phenyl rings, respectively. In the

molecule, there are two intramolecular interactions of types

CÐH� � �N and CÐH� � �S. Intermolecular CÐH� � �N inter-

actions involving a phenyl CH group and a triazole N atom

lead to the formation of a one-dimensional chain. In the

crystal structure, two types of �±� interactions affect the

packing of the molecules. In addition, there are intermolecular

non-bonded S� � �N contacts of 2.870 (2) AÊ , which may cause

steric hindrance.

Comment

The prevalence of resistant infections has decreased the

applicability of existing chemotherapeutic and chemo-

preventive antimicrobial agents and stimulated the search for

new compounds. The 1,2,4-triazole nucleus and the nitrogen-

bridged heterocycles derived from it have recently been

incorporated into a variety of compounds with antibacterial

(Holla & Kalluraya, 1988), antifungal (Prasad et al., 1989) and

antiparasitic (El-Dawy et al., 1983) properties. In addition, it is

well known that derivatives of 1,2,4-triazole exhibit anti-

in¯ammatory (Unangst et al., 1992; Mullican et al., 1993),

antiviral (Jones et al., 1965), antimicrobial (Shams El-Dine &

Hazzaa, 1974; Misato et al., 1977; Koparõr et al., 2004) and

antidepressant activities (Kane et al., 1988), the last being

usually explored by the forced-swim test (Porsolt et al., 1977;

Vamvakides, 1990). Among the pharmacological pro®les of

1,2,4-triazoles, their antimicrobial, anticonvulsant and anti-

depressant properties seem to be the best documented.

Several thiadiazoles ®nd important applications in the ®elds

of medicine, agriculture and industry (Holla, Sarojini &

Gonsalves, 1998). 4-Amino-5-(4-aryl/4-heteroaryl)-4H-1,2,4-

triazole-3-thiols have been condensed with aromatic

carboxylic acids to yield a series of 3,6-(4-aryl/4-heteroaryl)-

1,2,4-triazolo[3,4-b][1,3,4]thiadiazoles. Phosphorous oxychlor-

ide is used as a cyclizing agent (CË etin, 2004; Holla, Gonsalves

& Shenoy, 1998). In view of these important properties, the

present single-crystal X-ray diffraction study of the title

compound, (II), was carried out in order to investigate this

bicyclic system and to con®rm the assigned structure.

In the present study, the new compound 6-phenyl-

3-(4-pyridyl)-1,2,4-triazolo[3,4-b][1,3,4]thiadiazole, (II), was

synthesized in 70% yield by the reaction of 4-amino-5-(4-

pyridyl)-4H-1,2,4-triazole-3-thiol, (I), benzoic acid and phos-

phorous oxychloride. The reaction sequences depicted in the

scheme were followed to obtain the new compound. The

structure of this compound has been con®rmed by IR, 1H

NMR and 13C NMR spectroscopies.

Compound (II) (Fig. 1) consists of a fused triazolo±thia-

diazole system, one pyridine ring and one phenyl ring. The

four rings are almost coplanar. As expected, the 1,2,4-triazole

and pyridine rings are planar, which can be attributed to a

wide range of electron delocalization. The plane of the tria-

zolo±thiadiazole system forms dihedral angles of 1.53 (13) and

7.55 (12)� with the planes of the pyridine and phenyl rings,

respectively.

The N1 C1 and N2 C2 bond distances [average =

1.315 (2) AÊ ] are in good agreement with those found for

structures containing the 1,2,4-triazole ring (OÈ zbey et al., 2000;

Bruno et al., 2003). In (II), the presence of the pyridine ring in

the 3-position of the triazole ring leads to an elongation of the

N1ÐN2 bond length to 1.395 (2) AÊ . This bond is 1.371 (2) AÊ

in 5-amino-3-tri¯uoromethyl-1H-1,2,4-triazole (Borbulevych

et al., 1998), in which an electron-withdrawing group is bound

to the 3-position of the triazole ring. The thiadiazole moiety
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Figure 1
A view of the molecule of compound (II), showing the atomic numbering
scheme. Displacement ellipsoids are drawn at the 50% probability level.
Intramolecular non-bonded CÐH� � �S and CÐH� � �N contacts are
represented by dashed lines.



displays differences in the pairs of bonds S1ÐC2/S1ÐC3 and

C2ÐN3/C3ÐN4, due to the fused 1,2,4-triazole ring and the

two different groups attached to either side of the triazolo±

thiadiazole system. The difference between the S1ÐC2

[1.724 (2) AÊ ] and S1ÐC3 [1.7651 (17) AÊ ] bond distances

indicates that the resonance effect caused by the triazole ring

is stronger than that caused by the thiadiazole ring. The bond

distances and angles of the pyridine ring are comparable with

those in the literature (Ni et al., 2003).

In the molecular structure, an intramolecular C14Ð

H14� � �S1 contact leads to the formation of a ®ve-membered

ring which is fused with the phenyl ring, while an intra-

molecular C8ÐH8� � �N4 contact leads to the formation of a

six-membered ring which is fused with the pyridine ring

(Fig. 1). Each of these rings is also fused with the triazolo±

thiadiazole system. In the intramolecular CÐH� � �N inter-

action, the C� � �N distance is 3.140 (2) AÊ , a little longer than

those in the literature [3.032 (5) (Xiang et al., 2004) and

3.063 (3) AÊ (OÈ zbey et al., 2000)].

In the crystal structure of (II), intermolecular CÐH� � �N
interactions lead to a one-dimensional polymer which extends

almost along the c axis. In addition to these interactions, the

crystal structure contains two �±� stacking interactions. The

®rst of these is between the triazole ring and its symmetry-

related partner at (1 ÿ x, 1 ÿ y, ÿz), with a distance of

3.4594 (11) AÊ between the ring centroids and a perpendicular

distance between the rings of 3.259 (2) AÊ . The second is

between the triazole ring and the pyridine ring at (x, ÿ1 + y,

z), with a distance of 3.5029 (13) AÊ between the ring centroids

and a perpendicular distance between the rings of 3.501 (2) AÊ .

The hydrogen-bonding geometry is listed in Table 2. A short

contact distance not listed in the tables, yet noteworthy, is

S1� � �N2(1 ÿ x,ÿy,ÿz) of 2.870 (2) AÊ , which may cause steric

hindrance.

Experimental

To a mixture of 4-amino-5-(4-pyridyl)-4H-1,2,4-triazole-3-thiol, (I)

(5 mmol, 0.965 g), and benzoic acid (1 mmol, 0.61 g), phosphorous

oxychloride (27 mmol, 2.5 ml) was added and and the resulting

mixture heated under re¯ux for 8 h in a water bath. The excess

phosphorous oxychloride was then distilled off and the residue was

poured onto crushed ice while stirring. The resulting solid was washed

with dilute sodium bicarbonate solution and then recrystallized from

dimethylformamide (yield 70%; m.p. 495±497 K). IR (�, cmÿ1): 3120±

3060 (Ar CH), 1624±1580 (C C, C N), 680 (CHÐSÐCH); 1H

NMR (400 MHz, DMSO-d6): � 8.07 (d, J = 7.03 Hz, 2H, o-Ar CH),

7.62±7.69 (m, 3H, m, p-Ar CH), 8.24 (dd, J = 6.23 and 1.47 Hz, 2H,

pyridine CÐCH), 8.82 (d, J = 5.87 Hz, 2H, pyridine NÐCH); 13C

NMR (100 MHz, DMSO-d6): � 168.36 (C5), 151.46 (C1), 144.39 (C4),

133.69 (C3), 133.07 (C2), 130.43 (C6), 130.20 (C9), 129.50 (C7), 128.08

(C8), 120.16 (C10).

Crystal data

C14H9N5S
Mr = 279.32
Monoclinic, P21=n
a = 11.3331 (9) AÊ

b = 5.4092 (3) AÊ

c = 20.3509 (18) AÊ

� = 90.653 (7)�

V = 1247.49 (16) AÊ 3

Z = 4

Dx = 1.487 Mg mÿ3

Mo K� radiation
Cell parameters from 10973

re¯ections
� = 1.8±27.2�

� = 0.26 mmÿ1

T = 296 K
Plate, pale yellow
0.80 � 0.36 � 0.03 mm

Data collection

Stoe IPDS-2 diffractometer
! scans
Absorption correction: integration

X-RED32 (Stoe & Cie, 2002)
Tmin = 0.868, Tmax = 0.989

13221 measured re¯ections
2426 independent re¯ections

1642 re¯ections with I > 2�(I)
Rint = 0.085
�max = 26.0�

h = ÿ13! 13
k = ÿ6! 6
l = ÿ25! 25

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.037
wR(F 2) = 0.077
S = 1.02
2426 re¯ections
217 parameters

All H-atom parameters re®ned
w = 1/[�2(Fo

2) + (0.0296P)2]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max = 0.001
��max = 0.16 e AÊ ÿ3

��min = ÿ0.21 e AÊ ÿ3

The H atoms were located in a difference map and re®ned

isotropically [CÐH = 0.94 (2)±1.02 (3) AÊ ].

Data collection: X-AREA (Stoe & Cie, 2002); cell re®nement:

X-AREA; data reduction: X-RED32 (Stoe & Cie, 2002); program(s)

used to solve structure: SHELXS97 (Sheldrick, 1997); program(s)

used to re®ne structure: SHELXL97 (Sheldrick, 1997); molecular
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Figure 2
The crystal packing of (II), showing the intermolecular CÐH� � �N and
�±� interactions (dashed lines).

Table 1
Selected geometric parameters (AÊ , �).

S1ÐC2 1.724 (2) S1ÐC3 1.7651 (17)

C2ÐS1ÐC3 87.58 (9)
N2ÐC2ÐS1 139.23 (15)

N3ÐC2ÐS1 109.62 (12)

N4ÐN3ÐC2ÐN2 179.62 (15)
C1ÐN3ÐC2ÐS1 ÿ179.33 (13)

N1ÐC1ÐC4ÐC8 ÿ178.8 (2)
N4ÐC3ÐC9ÐC14 174.4 (2)

Table 2
Hydrogen-bond geometry (AÊ , �).

DÐH� � �A DÐH H� � �A D� � �A DÐH� � �A

C8ÐH8� � �N4 0.95 (2) 2.44 (2) 3.112 (3) 128 (2)
C14ÐH14� � �S1 0.97 (2) 2.73 (2) 3.140 (2) 106 (2)
C12ÐH12� � �N1i 0.94 (2) 2.56 (2) 3.452 (3) 160 (2)

Symmetry code: (i) xÿ 1
2;ÿy� 1

2; z� 1
2.



graphics: ORTEP-3 for Windows (Farrugia, 1997); software used to

prepare material for publication: WinGX (Farrugia, 1999) and

PLATON (Spek, 2003).
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