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In the title compound, C17H12F2N4S, the ®ve-membered

triazole ring and two benzene rings are planar, while the six-

membered thiadiazole ring is slightly distorted, with a mean

deviation of 0.234 AÊ . Both the ring S and adjacent non-

bridgehead C atom deviate signi®cantly [0.320 (2) and

0.370 (2) AÊ ] from the thiadiazole plane. In the crystal

structure, four different kinds of intra- and intermolecular

CÐH� � �N hydrogen-bonding interactions are observed,

leading to the formation of a one-dimensional zigzag chain

along the crystallographic b axis.

Comment

1,2,4-Triazoles fused with six-membered ring systems are

found to possess diverse applications in the ®elds of medicine,

agriculture and industry. The commonly known systems are

triazoles fused with pyridine, pyridazine, pyrimidine, pyrazines

and triazines. A literature survey reveals that there are not

many examples of triazoles fused with thiadiazines. Moreover,

a large number of triazolothiazines have been shown to

exhibit antimicrobial (Feng et al., 1992) and diuretic (Mohan &

Anjaneyulu, 1987) properties and act as photographic

couplers (Holla et al., 2001). On the other hand, much atten-

tion has been paid to partially ¯uorinated heterocyclic

compounds, because of their unique chemical, physical and

biological properties (Shaaban & Fuchigami, 2002). The

development of ef®cient methods for selective ¯uorination of

heterocycles is, therefore, of much importance. In this paper,

we report the synthesis and crystal structure of the title

compound, (I).

In (I), the ®ve-membered triazole ring (atoms N2, N3, N4,

C9 and C10) and the benzene rings (C1, C2, C3, C4, C5 and C6

of the di¯uorobenzene ring, and C11, C12, C13, C14, C15 and

C16 of the methylbenzene ring) are essentially planar, with

mean deviations of 0.002, 0.003 and 0.007 AÊ , respectively,

while the six-membered thiadiazole ring, composed of atoms

Received 25 October 2004

Accepted 29 October 2004

Online 6 November 2004



N1, N2, C7, C8, C9 and S1, is slightly distorted, with a mean

deviation of 0.234 AÊ (Fig. 1). Owing to the greater bulk of the

3-methylphenyl and 2,4-di¯uorophenyl rings, both C8 and S1

deviate signi®cantly [0.370 (2) and 0.320 (2) AÊ ] from the

thiadiazole plane. Both the SÐC (with mean distance 1.775 AÊ )

and CÐN bond lengths are in line with this observation in

related complexes (Sert et al., 2003; Zou et al., 2004). The C

and N atoms are involved in the conjugated form of the ®ve-

membered triazole ring, because the CÐN bond lengths, in

the range 1.290 (5)±1.374 (5) AÊ , are longer than a typical

double C N bond [ca 1.269 (2) AÊ ], but shorter than a CÐN

single bond [ca 1.443 (4) AÊ ] (Jin et al., 2004) (Table 1). The

dihedral angle between the thiadiazole ring and the 2,4-di-

¯uorobenzene ring is 26.47 (9)�, which is larger than that

between the two benzene rings [12.57 (17)�]; the thiadiazole

ring and the triazole ring of (I) subtend a dihedral angle of

12.43 (12)�.
In the crystal structure, the title compound forms four

different kinds of intra- and intermolecular CÐH� � �N
hydrogen bonds, with C� � �N distances in the range 3.032 (5)±

3.394 (5) AÊ ; these hydrogen-bonding interactions lead to the

formation of a one-dimensional zigzag chain along the crys-

tallographic b axis (Fig. 2).

Experimental

The key intermediate 4-amino-5-mercapto-3-(3-methylphenyl)-1,2,4-

triazole was prepared from 3-methylbenzoic acid hydrazide, whose

starting material was 3-methylbenzoic acid, following the literature

method of Zhang et al. (1990). To a solution of 4-amino-5-mercapto-

3-(3-methylphenyl)-1,2,4-triazole (0.01 mol) in absolute ethanol was

added 2-bromo-40-methylacetophenone (0.01 mol). The mixture was

re¯uxed for 7 h. The solid obtained on cooling was ®ltered, washed

with cold water, dried and recrystallized from ethanol to give crystals

of the title compound. IR (KBr): 2917, 2845 (CH2), 1597 (C N),

1540, 1497, 1482, 1447 (C N, C C), 1274 (NÐN C), 1102 (CÐF),

851, 787, 708 (di- and trisubstituted benzene), 700 (CÐSÐC) cmÿ1.
1H NMR (chloroform-d): � 7.76±7.92 (m, 3H, Ar-H), 7.30±7.53 (m,

4H, Ar-H), 4.35 (s, 2H, SCH2), 2.38 (s, 3H, CH3). MS m/z(%): 344

(M+ + 2, 4.59), 342 (M+, 72.29), 229 (3.13), 206 (12.14), 153 (21.99),

145 (20.76), 139 (100), 119 (42.59), 118 (33.33), 117 (53.46), 116

(26.97), 91 (15.54), 90 (22.93), 89 (22.13), 58 (95.41), 51 (11.74), 39

(13.56). Elemental analysis for C17H12F2N4S: C 59.23, H 3.76, N

16.02%; calculated: C 59.58, H 3.51, N 16.36%; m.p. 432±434 K.

Crystal data

C17H12F2N4S
Mr = 342.37
Monoclinic, P21=c
a = 15.4067 (15) AÊ

b = 13.3329 (13) AÊ

c = 7.7173 (7) AÊ

� = 103.117 (2)�

V = 1543.9 (3) AÊ 3

Z = 4

Dx = 1.473 Mg mÿ3

Mo K� radiation
Cell parameters from 1797

re¯ections
� = 2.4±24.7�

� = 0.24 mmÿ1

T = 298 (2) K
Block, colorless
0.38 � 0.16 � 0.14 mm

Data collection

Bruker SMART APEX area-
detector diffractometer

' and ! scans
Absorption correction: multi-scan

(SADABS; Bruker, 2002)
Tmin = 0.915, Tmax = 0.963

8055 measured re¯ections

2783 independent re¯ections
2414 re¯ections with I > 2�(I)
Rint = 0.032
�max = 25.2�

h = ÿ15! 18
k = ÿ13! 15
l = ÿ9! 8

Refinement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.080
wR(F 2) = 0.195
S = 1.29
2783 re¯ections
218 parameters
H-atom parameters constrained

w = 1/[�2(Fo
2) + (0.0859P)2

+ 0.5857P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max < 0.001
��max = 0.36 e AÊ ÿ3

��min = ÿ0.30 e AÊ ÿ3

Table 1
Selected bond lengths (AÊ ).

S1ÐC9 1.743 (4)
S1ÐC8 1.807 (4)
N1ÐC7 1.285 (4)
N1ÐN2 1.395 (4)
N2ÐC9 1.369 (4)

N2ÐC10 1.374 (5)
N3ÐC9 1.290 (5)
N3ÐN4 1.395 (5)
N4ÐC10 1.306 (5)
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Figure 1
The molecular structure of (I) with the atom numbering, showing
displacement ellipsoids at the 50% probability level.

Figure 2
Part of the crystal structure, showing the in®nite hydrogen-bonding
network of (I) running along the b axis. Hydrogen bonds are indicated by
dashed lines.



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

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

C5ÐH5� � �N3i 0.93 2.49 3.364 (5) 157
C8ÐH8A� � �N3i 0.97 2.47 3.394 (5) 159
C8ÐH8A� � �N4i 0.97 2.62 3.312 (5) 129
C12ÐH12� � �N1 0.93 2.42 3.032 (5) 123

Symmetry code: (i) ÿx; 1
2� y; 1

2ÿ z.

All H atoms were positioned geometrically and allowed to ride on

their parent atoms at distances of Csp2ÐH = 0.93 AÊ with Uiso =

1.2Ueq(C), Csp3ÐH = 0.96 or 0.97 AÊ with Uiso = 1.5Ueq(C).

Data collection: SMART (Bruker, 2002); cell re®nement: SAINT

(Bruker, 2002); data reduction: SAINT; program(s) used to solve

structure: SHELXS97 (Sheldrick, 1997); program(s) used to re®ne

structure: SHELXL97 (Sheldrick, 1997); molecular graphics: XP in

SHELXTL (Bruker, 2002); software used to prepare material for

publication: SHELXL97.
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