
Condensed 1,2,4-triazoles are biologically important
compounds and are used as starting materials for the synthesis
of many heterocycles.  Apart from its extensive chemical
significance, the 1,2,4-triazole nucleus is found to be associated
with diverse medicinal properties and incorporated into a wide
variety of therapeutically interesting drugs.  The crystal
structure determination of the title compound is carried out to
establish the conformational aspects of the molecule (Fig. 1).

The crystal and experimental details are given in Table 1.  The
structure was solved by direct methods and refined by full-
matrix least-squares to a final reliability value of 0.0995.  All of
the non-hydrogen atoms were refined anisotropically and the H
atoms were allowed to ride on the parent atoms in the model.
The atomic coordinates of the non-hydrogen atoms are
presented in Table 2.

A ZORTEP plot of the molecule is shown in Fig. 2.  There are
two crystallographically independent molecules in the
asymmetric unit.  It is to be noted that the two molecules are
related by pseudo inversion symmetry with each other.  An in
depth analysis of the coordinates in molecules A and B reveal
some interesting features on the arrangement of the molecules
in the unit cell.  The y-coordinates of both molecules are
approximately similar, whereas a translation of 1/2 and 1/2 in x
and z coordinates lead to one and the same structure.  This
implies the possibility that the crystals can grow in monoclinic
space group too, depending on the environment.  In the present
situation, the system can be described as a pseudo B-centered
lattice upon translation of the coordinates by (1/2 0 1/2).

The bond lengths and bond angles are given in Table 3.  The
bond lengths and bond angles in both the molecules are
comparable with the values reported in the literature.1–3 The

bonds N3–C2 = [1.316(6); 1.321(6)Å] and N4–C5 = [1.308(5);
1.309(5)Å] in molecules A and B, respectively show a double-
bond character.  The other N–C bonds in both of the molecules
show an intermediate character, indicating a delocalization of
the electron cloud around the C2–N3–N4–C5 atoms.  The bond
lengths C2–S13 = [1.673(4); 1.675(4)Å] in both molecules are
comparable with the reported values.4

The triazole ring is planar, as can be seen from the torsion

x1ANALYTICAL SCIENCES   2005, VOL. 21

X-ray Structure Analysis Online

Crystal Structure of 4-Amino-3-(4′-chlorophenyl)-4-H-[1,2,4]-triazolo-5-thiol

Hemmige YATHIRAJAN,* Mon Nanjappa Gounder PONNUSWAMY,**† Chapuradoddy RAJU,* Basappa 
PRABHUSWAMY,* Kandavelu PALANI,** Padmarajaiah NAGARAJA,* and Basavegowda NAGARAJ*

*Department of Studies in Chemistry, University of Mysore, Manasagangotri, Mysore 570 006, India
**Department of Crystallography and Biophysics, University of Madras, Guindy Campus, Chennai 600 025,

India

The crystal structure of 4-amino-3-(4′-chlorophenyl)-4H-[1,2,4]-triazolo-5-thiol (ACPTT) was determined by
crystallographic methods.  There are two crystallographically independent molecules in the asymmetric unit and are
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Fig. 1 Chemical diagram of ACPTT.

Table 1 Crystal and experimental data

CCDC No. 245938
Empirical formula C8H7N4SCl
Formula weight 226.69
Crystal system Triclinic
Space group P1
Unit cell dimensions a = 8.035(2)Å

b = 11.496(2)Å
c = 11.752(4)Å

 = 66.58(1)˚
 = 73.07(1)˚
 = 76.11(1)˚

Z 4
V 943.3(4)Å3

T 293(2)K
Dx 1.596 Mg/m3

5.354 mm–1

Radiation (Cu Kα)  = 1.5418 Å
F(0 0 0) 464

 range for data collection 4.20 to 72.43˚
Reflections collected/unique 3811/3625 [R(int) = 0.0962]
Completeness to 2  = 71.95 97.4%
Refinement method Full-matrix least-squares on F2

No. of parameters 256
Goodness-of-fit on F2 1.415
Final R indices [1 > 2s(I)] R1 = 0.0995, wR2 = 0.3010
R indices (all data) R1 = 0.1085, wR2 = 0.3121
(∆ )max 0.726 e.Å–3

(∆ )min –0.807 e.Å–3

Measurement: Siemens SMART CCD
Programme system: SAINT
Structure determination: SHELXS97
Refinement: SHELXL97
Structure drawing: ZORTEP
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angle values: [N1–C2–N3–N4 = –1.2(4)˚, –1.7(4)˚;
C2–N3–N4–C5 = 0.5(5)˚, 0.2(5)˚; N3–N4–C5–N1 = –0.5(4)˚,
1.4(4)˚; N4–C5–N1–C2 = –1.3(4)˚, –2.5(4)˚ for the molecules A
and B respectively].  The dihedral angle between the phenyl
ring and the triazole group in both molecules A and B are
0.2(2)˚ and 6.0(1)˚ respectively.

The packing of the molecules viewed down the a-axis in the
unit cell is shown in Fig. 3.  The molecules are stacked
inversely one over the other along the a-direction (π·π
interaction distance between the molecules is 3.673 Å).  A
number of C–H·N and N–H·N intermolecular interactions
stabilize the molecules in the unit cell (Table 4).
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Table 2 Atomic coordinates (× 104) and equivalent isotropic 
displacement parameters (Å2 × 103) for the non-hydrogen atoms

Atom x y z *U(eq)

*U(eq) = (1/3)ΣiΣjai*aj*ai·aj

Fig. 2 ZORTEP plot of the molecules A and B of ACPTT with the
thermal ellipsoids drawn at the 30% probability level.

Table 3 Bond lengths (Å), and bond angles (˚)

Atoms Mol. A Mol. B Atoms Mol. A Mol. B

Table 4 Hydrogen bondings [Å & (˚)]

D-H D···A H···A D-H···A *Sym

*Symmetry equivalent positions:
    (1) x – 1, +y, +z + 1                (3) –x + 1, –y + 1, –z
    (2) –x + 1, –y + 1, –z + 1        (4) x + 1, +y, +z – 1

Fig. 3 Packing of the molecules viewed down the a-axis of
ACPTT.


