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1 INTODUCTION

The chemistry and structure of heterocyclic com�
pounds has been an interesting field of study for a long
time. The synthesis of 1,2,4�triazoles and investigation
of their chemical and biological behavior have gained
more importance in recent decades for biological,
medicinal and agricultural reasons [1]. 1,2,4�Triazole
containing compounds have been shown to exhibit a
variety of interesting biological actions, including
antibacterial [2], anticonvulsant [3], antimicrobial
[4,5], anticancer [6], antitubercular [7] and antifungal
[8,9] activities. 1,2,4�triazole compounds containing
Schiff base have attracted great and growing interest in
chemistry and biology for many years due to their fac�
ile synthesis and wide applications [9].

Schiff bases (known as azomethines), i.e., com�
pounds having a double C=N bond, are used as start�
ing materials in the synthesis of important drugs, such
as antibiotics and antiallergic, antiphlogistic, and anti�
tumor substances [10–12]. On the industrial scale,
they have a wide range of applications, such as dyes
and pigments [13]. Schiff base complexes have been
playing an important role in the development of coor�
dination chemistry related to catalysis and enzymatic
reactions [14–18], magnetism and molecular archi�
tectures [19–21].

EXPERIMENTAL

Synthesis. The title compound (Fig. 1), C22H18N4O2S,
was synthesized by published method [22].

1 The article is published in the original.

X�ray diffraction study. A yellow coloured prism�
shaped crystal sample with dimensions of 0.16 × 0.33 ×
0.63 mm was chosen for the crystallographic study. All
diffraction measurements were performed at room
temperature (296 K) using graphite monochromated
MoK

α
 radiation on a STOE IPDS II diffractometer.

The systematic absences and intensity symmetries
indicated the orthorhombic Pbca space group. A total
of 22686 reflection (3667 unique) within the θ range of
(2° < θ < 25°) were collected in the w scan mode and
cell parameters were determined by using X�AREA
software [23]. Absorption correction (μ = 0.18 mm–1)
by integration method via X–RED32 software [23].
The structure was solved by direct methods using
SHELXS97 [24]. The molecular graphics were done
using ORTEP�3 [25]. All non�hydrogen atoms were
refined anisotropically. The refinement was carried
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Fig. 1. Chemical diagram of 4�[(Benzylidene�amino)]�2�
(2�oxo�2�phenyl�ethyl)�5�thiophen�2�ylmethyl�2,4�
dihydro�[1,2,4]triazol�3�one.
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out using the full matrix least squares method on the
positional and anisotropic temperature parameters of
non�hydrogen atoms corresponding to 271 crystallo�
graphic parameters. All the H atoms were located geo�
metrically and refined using a riding model fixing the
bond lengths at 0.93 and 0.97 Å for CH and CH2,
respectively. The flip�type disorder means that in their
alternative positions, the different types of atoms (in
this case sulfur and carbon) occupy positions that are
close to each other, which influences their Uij values.
The disordered atoms of the thiophene ring were
refined using the following restraints: SIMU, DELU,
FLAT and SADI [24]. Details of the data collection
conditions and the parameters of the refinement pro�
cess are given in Table 1.

Crystallographic data for the structural analysis
have been deposited with Cambridge Crystallographic
Data Centre, CCDC reference number 947829 Cop�
ies of this information can be obtained free of charge
from The Director, CCDC, 12 Union Road, Cambridge,
CB12 1EZ, UK. (Fax: +44(0)1223�336033; e�mail:
deposit@ccdc.cam.ac.uk or www.ccdc.cam.ac.uk).

RESULTS AND DISCUSSION

The molecular structure of the title compound is
shown in Fig. 2. In the title compound, benzyl rings
and thiophene ring are bridged by 1,2,4�triazole ring
system in axial and equatorial positions, respectively.
The minimum dihedral angle is shown between the
benzyl (C12/C17) and 1,2,4�triazole (N1/C1) ring
system, 20.05(1)°, while benzyl (C12/C17) and
thiophene (C20/S1) rings are nearly perpendicular to
the each other with the 87.90(1)° value. The torsion
angles, (N1–C3–C4–C5) and (N3–N4–C11–C12)
are 163.1(2)° and 178.4(2)°, shows that for the title
compound, the side chain conformation induced by
anti�conformations, respectively. Within the molecule
of the title compound, a flip�disorder of the thiophene

Table 1. Crystallographic characteristics and the X�ray data
collection and structure�refinement parameters for
C22H18N4O2S

System, sp. gr., Z Orthorhombic, Pbca, 8 

a, b, c, Å 10.1970(4), 26.8880(5), 
15.2119(13) 

α, β, γ, deg 90, 90, 90

V, Å3 4170.8 (4) 

Dx, g/cm3 1.282

Radiation, λ, Å MoK
α , 0.71073 

μ, mm–1 0.18

T, K 296

Sample size, mm 0.16 × 0.33 × 0.63

Diffractometer STOE IPDS II

Scan mode ϕ� and ω�scans

Absorption correction, 
Tmin, Tmax

0.9375, 0.9740

θmax, deg 25

h, k, l ranges –12 ≤ h ≤ 12, –31 ≤ k ≤ 27,
–18 ≤ l ≤ 18

Number of reflections:
measured/unique (N1),
Rint/with I > 2σ(I) (N2)

22686/3667, 0.053/1963

Refinement method Full�matrix least�squares on F2

Number of refined
parameters

271

Reliability factors:

wR2 relative to N1 0.090

R1 relative to N2 0.037

S 0.83

Δρmax/Δρmin, e/Å3 0.16/–0.30

Programs X�AREA [23], X�RED32 [23],
SHELXS97 [24], SHELXL97 
[24], ORTEP�3 [25].
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Fig. 2. An ORTEP�3 drawing of the title compound, with displacement ellipsoids drawn at the 30% probability level. H atoms are
shown as spheres of arbitrary radius. H bond is drawn as dashed lines.
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ring containing S1 is observed. There are two positions
of the thiophene ring, rotated by ca 180° about the sin�
gle C18–C19 bond. These two orientations are not
equivalent; the site�occupation factors refined to
0.731(3) and 0.269(3).

The some selected bond lengths, bond angles and
torsion angles are given in Table 2. In the title mole�
cule, the bond lengths and angles are within normal
ranges and they are comparable with those related
structure [26–28]. Title compound containing the tri�
azole ring display the characteristic features of 1,2,4�
triazole derivatives. The interatomic distances within
the five�membered triazole cycle are not equal. The
C2–N2 is double bond and shorter than the conju�
gated C2–N3, C1–N1 and C1–N3 bonds. The C–N
bond distances in the triazole ring are comparable with
those found in related structures [29, 30]. The length

of the azomethine C11 = N4 double bond is 1.274(3) Å,
which is slightly shorter than standard 1.28 Å, but it is
consistent with related structures [31, 32]. The imino
group is syn�periplanar with the triazole ring as can be
shown by the C1–N3–N4–C11 torsion angle of
17.4(4)°.

Table 2. Selected molecular structure parameters (Å, deg)

Bond Distance Bond Angles Torsion Angles

O1–C1 1.217(3) C1–N1–N2 113.0(2) C2–N3–C1–O1 –176.5(3)

O2–C4 1.212(3) C1–N1–C3 125.5(2) N4–N3–C1–O1 –0.8(4)

N1–C1 1.356(3) N2–N1–C3 119.2(2) N3–N4–C11–C12 178.4(2)

N1–N2 1.390(3) C2–N2–N1 104.7(2) C2–C18–C19–C20A –108.7(2)

N1–C3 1.434(3) C2–N3–N4 120.6(2) C2–C18–C19–C20B 71.6(3)

N2–C2 1.293(3) C2–N3–C1 108.7(2) C2–C18–C19–S1B –110.1(3)

N3–C2 1.374(3) N4–N3–C1 130.6(2) C2–C18–C19–S1A 73.0(3)

N3–N4 1.384(3) C11–N4–N3 118.1(2) N4–N3–C2–C18 1.6(4)

N3–C1 1.395(3) O1–C1–N1 129.0(2) N4–C11–C12–C13 5.7(4)

N4–C11 1.274(3) O1–C1–N3 128.7(3) N4–C11–C12–C17 –173.2(3)

C19–C20A 1.387(7) N1–C1–N3 102.3(2)

C19–C20B 1.397(8) N2–C2–N3 111.1(2)

C19–S1B 1.659(4) N2–C2–C18 124.5(2)

C19–S1A 1.689(3) N3–C2–C18 124.4(3)

S1A–C22 1.643(4) N1–C3–C4 111.5(2)

C20A–C21 1.448(8) O2–C4–C5 121.9(3)

S1B–C21 1.626(5) O2–C4–C3 119.7(3)

C20B–C22 1.473(9) C20B–C19–S1B 110.6(4)

C21–C22 1.321(5) C18–C19–S1B 119.9(2)

C20A–C19–S1A 110.2(3)

C18–C19–S1A 120.75(18)

S1B–C19–S1A 119.3(3)

C22–S1A–C19 91.53(17)

C21–S1B–C19 91.8(2)

C22–C21–S1B 119.6(2)

C21–C22–S1A 117.7(2)

Table 3. Hydrogen�bond geometry (Å, deg)

D–H⋅⋅⋅Aa D–H H⋅⋅⋅A D⋅⋅⋅A D–H⋅⋅⋅A

C11–H11⋅⋅⋅O1 0.93 2.28 2.934(3) 127

C3–H3B⋅⋅⋅O1i 0.97 2.40 3.235(4) 143

C8–H8⋅⋅⋅Cg1ii 0.93 2.78 3.702 173

a Symmetry code: (i) x – 1/2, y, –z + 1/2, (ii) 1/2 – x, 1/2 + y, z.
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The crystal structure is stabilized by C–H⋅⋅⋅O type
intra and intermolecular hydrogen bonds. An
intramolecular hydrogen bond C11–H11⋅⋅⋅O1, form�
ing rings with the graph set S(6) [33] (Fig. 2). In the
crystal structure, C3–H3B⋅⋅⋅O1 (symmetry code: x – 1/2,
y, –z + 1/2) hydrogen bond links the molecules into a
C(6) [33] chain along the c axis. The crystal structure
is further stabilized by an intermolecular C–H⋅⋅⋅π
stacking interaction (C8–H8⋅⋅⋅Cg1 with symmetry
code: 1/2 – x, 1/2 + y, z; the Cg1 ring is consistent with
C12–C17). The details of the hydrogen bonds are
summarized in Table 2. A packing diagram of the title
compound is shown in Fig. 3.
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Fig. 3. Packing diagram of the title compound.



CRYSTALLOGRAPHY REPORTS  Vol. 59  No. 7  2014

CRYSTAL STRUCTURE OF 4�[(BENZYLIDENE�AMINO)]�2�(2�OXO�2�PHENYL�... 973

22. Y. Ünver, E. Dü dü, K. Sancak, et al., Turk. J. Chem.
33, 135 (2009).

23. Stoe & Cie X�AREA (Version 1.18) X�RED32 (Ver�
sion 1.04) (Stoe&Cie, Darmstadt, 2002.

24. G. M. Sheldrick, Acta Crystallogr. A 64, 112 (2008).

25. L. J. Farrugia, J. Appl. Crystallogr. 45, 849 (2012).

26. I. Y lmaz, N. B. Arslan, C. Kazak, et al., Acta Crystal�
logr. E 62, o3067 (2006).

27. H. Tanak, M. Yavuz, Z. Lagap, et al., Acta Crystallogr.
E 66, o301 (2010).

28. R. Ustabaç, Y. Ünver, N. Suleymano lu, et al., Acta
Crystallogr. E 65, o1006 (2009).

29. Y. Köysal and H. Tanak, Spectrochim. Acta A 93, 106
(2012).

30. H. Tanak, Y. Köysal, Y. Ünver, et al., Mol. Phys. 108,
127 (2010).

31. H. Tanak, Y. Köysal, Y. Ünver, et al., Acta Crystallogr.
E 65, o3039 (2009).

32. H. Tanak, A.A. A ar, and O. Büyükgüngür, Spectro�
chim. Acta A 118, 672 (2014).

33. J. Bernstein, R. E. Davies, L. Shimoni, et al., Angew.
Chem. Int. Ed. Engl. 34, 1555 (1995). 

g

)

ï

g

)

g

)


