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Synthesis and crystal structure of 6-(1-benzyl-5-methyl-1H-1,2,3-triazol-4-yl)-4-(2-
methoxyphenyl)-3,4-dihydropyrimidine-2(1H)-thione
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The structure of 6-(1-benzyl-5-methyl-1H-1,2,3-triazol-4-yl)-4-(2- methyoxyphenyl)-3,4-dihydropyrimidine-2(1H)-
thione was determined by X-ray crystallography. The compound crystallizes as colourless needles shaped in the triclinic
system, space group P1 with cell constants: a = 10.0624(5) A, b = 10.3668(6) A, ¢ = 11.8773(9) A, a =91.865 (4)°, B=
114.838 (2)°, y = 99.304 (3)°, V = 1102.58(12) A3, Z = 2. The crystal structure was solved by direct methods and
refined by full-matrix least-squares on F2 to final values of R1 = 0.0583 and wR2 = 0.1930. In the crystal structure,
supramolecular chains mediated by C-H...O contacts along the a-axis are linked into a double layer via N-H...S
hydrogen bonds and n—r [ring centroid (pyrimidine)...ring centroid (triazole) distance = (3.508(1) A] interactions. The
resulting double layer stacks along the b-axis without any specific interactions.
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INTRODUCTION

1,2,3-triazoles have found a wide range of
important applications in pharmaceutical, polymer,
and material fields [1]. In addition, they have
shown a broad spectrum of biological properties
such as antibacterial [2] anti-allergic [3], anti-HIV
activity [4] and also serve as potential
chemotherapeutic agents for various diseases [5].
On the other hand, substituted pyrimidine nuclei are
found antiviral [6], anti-tubercular, antineoplastic,
anti-inflammatory, diuretic, antimalarial and
cardiovascular [7]. In view of these bioactivities of
the individual heterocycles, it was envisaged that
the synthesis of novel hybrid molecules containing
two of the above said moieties in a single frame is
worth attempting. Several similar structures related
to the title compound have been synthesized and
antibacterial activities are reported by our coauthors
[8]. Here we present the crystal structure of 6-(1-
benzyl-5-methyl-1H-1,2,3-triazol-4-yl)-4-(o-tolyl)-
3,4-dihydropyrimidine-2(1H)-thione (1),
C21H21NsOS.

HoN

EXPERIMENTAL
Synthesis and characterization

The title compound (1) was obtained according
to the reaction scheme 1.

A mixture of (E)-1-(1-benzyl-5-methyl-1H-
1,2,3-triazol-4-yl)-3-(2-methoxyphenyl)prop-2-en-
1l-one (0.2 g, 0.58 mmol), thiourea (0.067 g, 0.88
mmol) and 10 % ag. KOH in ethanol (10 ml) was
refluxed for 30-40 minutes and poured onto excess
of crushed ice and neutralized with dilute
hydrochloric acid. The precipitated 6-(1-benzyl-5-
methyl-1H-1, 2,3-triazol-4-yl)-4-(2-
methoxyphenyl)-3,4-dihydro pyrimidine-2(1H)-
thione were filtered and recrystallized from ethanol.
Needle-like colourless single crystals of the title
compound 1, suitable for single crystal X-ray
diffraction analyses, grown in ethanolic solution by
slow evaporation of the solvent at room
temperature were collected (yield 2.58 g (93 %) ,
m.p. 175-177°C).
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10 % KOH in ethanol (10 ml
! : (0 mh) CHy
was refluxed
for 30-40 minutes

Scheme 1. Reaction scheme and chemical diagram of the title compound (1)
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X-ray — single crystal analyses

A crystal of the title compound having
approximate dimensions of 0.30x0.24x0.10 mm?3
was mounted on a glass fiber using cyanoacrylate
adhesive. All measurements were made on a Bruker
AXS Kappa Apex Il single crystal X-ray
diffractometer using graphite mono-chromated
MoKa (A =0.71071 A) radiation and CCD (Charge
coupled device) detector. Diffraction data were
collected at room temperature by the w-scan
technique. Accurate unit cell parameters and
orientation matrix were obtained by a least-squares
fit of several high angle reflections in the ranges
1.9° < 6< 26.3° for the title compound.

The unit cell parameters were determined for
36 frames measured (0.5° phi-scan) from three
different crystallographic zones and using the
method of difference vectors. The intensity data
were collected with an average four-fold
redundancy per reflection and optimum resolution
(0.75 A). The intensity data collection, frames
integration, Lorentz-polarization correction and
decay correction were done using SAINT-NT
(version 7.06a) software. Empirical absorption
correction (multi-scan) was performed using
SADABS [9] program. The structure was solved by
direct methods using ShelxS [10] and refined by
full-matrix least-square procedures on F? with
ShelxL-97 [10]. All H atoms were positioned
geometrically and constrained to ride on their
parent atom with C—H = 0.93-0.97 A and N—H =
0.86 A, and with Uis(H) = 1.5 Ueq for methyl H
atoms and 1.2Ue(C) for other H atoms. The
investigated crystal was found to be a two-
component rotational twin. The data for both
components were integrated using SAINT and
scaled with TWINABS. Final refinement was
performed using a HKLF5 file generated by
TWINABS with a BASF parameter (0.1666(1)).
The crystal structure contained solvent accessible
voids of 148 A%, showed no electrons in the voids.
This might indicate that the crystal lost its solvent
during crystallization without collapsing the
structure.

NMR

'H NMR and **C NMR spectra were recorded in
CDCl; and DMSO-ds on a Bruker Advance 300
MHz spectrometer and the chemical shifts are
reported as ¢ values in parts per million (ppm)
relative to tetramethylsilane, with J values in Hertz.
The splitting patterns in the *H NMR spectra are
reported as follows: s = singlet; d = doublet; br s =
broad singlet; br d = broad doublet; m = multiplet.

13C NMR data are reported with the solvent peak
(CDClI3=77.0 MHZ2) as the internal standard.

White solid; m.p. 175-177 °C; Yield:93%; 'H
NMR (300 MHz, CDCls): 8,51 (br s, 1H, NH),
7.35-6.84 (M, 9H, ArH), 6.84 (br s, 1H, NH), 5.63
(brs, 1H, -CH), 5.55 (m, 2H, -CH2), 5.18 (br s, 1H,
olefinic -CH ), 3.86 (s, 3H, -OCHj3), 2.27 (s, 3H, -
CH3); ®C NMR (75 MHz, CDCls): 175.45,
156.09, 137.61, 134.16, 130.25, 129.54, 129.08,
128.51, 127.46, 127.09, 121.08, 110.59, 97.88,
55.41, 52.11, 50.48, 29.60, 9.47.

RESULTS AND DISCUSSION

The chemical diagram of the studied compound
(1) is illustrated in Scheme 1 and experimental
conditions are summarized in Table 1.

Selected bond distances and bond angles are
listed in Table 2.

Table 1.. Crystal data and structure refinement for 1

Crystal Data

Empirical formula C21H21Ns08S
Formula weight 391.49 g mol*
Temperature 293(2) K
Wavelength 0.71073 A
Crystal system Triclinic
Space group P1

Hall Symbol -P1

a=10.0624(5) A,
b = 10.3668(6) A,
c=11.8773(9) A,
a=91.865 (4)°,
B=114.838 (2)°,
y=99.304 (3)°

Unit cell dimensions

Volume 1102.58(12) A3

z 2

Calculated Density 1.179 Mg/m3
Absorption coefficient 0.166 mm~1

F(000) 412

Crystal Color, habit colourless, needle
Crystal size 0.30 x0.24 x0.10 mm3

Data Collection

Diffractometer Bruker APEX 1l CCD area

detector

0 range for data collection 1.9 to0 26.3°.

Index ranges —12<h<12, -12<k<12, —
14<1<14

Reflections collected 20070

Independent reflections 20070 [R(int) = 0.0000]

Completeness to theta = 99.1 %
26.28°
Refinement
Refinement method Full-matrix least-squares on
F2
Absorption correction Multi-scan
Data / restraints / parameters ~ 20070/0 / 256

Goodness-of-fit on F2 1.143

Final R indices [1>20(1)] R1=0.0583, wR2 =0.1778
R indices (all data) R1=0.0717, wR2 = 0.1930
Largest diff. peak and hole 0.314 and -0.261 e.A™3

CCDC Deposition number 974620
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A diagram of the molecular structure with 50%
probability and the atom numbering scheme are
shown in Fig. 1.

Fig. 1. View of the molecule with an atom-
numbering scheme. Displacement ellipsoids for the non-
H atoms are drawn at the 50% probability level. The H
atoms are presented with spheres with arbitrary radii.

The data for publication were prepared with
WinGX [11], ORTEP [12], Platon [13] and
Mercury [14] program packages.

Hydrogen bonding geometry is presented in
Table 3.

In the title compound, C2:1H21NsOS, the essentially
planar triazole (N1/N2/N3/C8/C9) ring [maximum
deviation = 0.003(1) A for the C9 atom] forms

Table 2. Bond lengths [A] and angles [°] for 1

dihedral angle of 7.7 (1)° with the pyrimidine
(N4/N5/C11-C14) ring [maximum deviation = -
0.032(1) A for the C13 atom]. The methoxy phenyl
ring attached to the pyrimidine ring is in equatorial
position. The dihedral angle between the benzene
rings is 61.9 (1) °. The methoxy group at C20 is
almost coplanar with the attached benzene ring as
evidenced by the torsion angle of C21-01-C20-
C19 = 1.7 (3)°. The phenyl group and triazole
heterocycle are linked by methylene group at
carbon atom C7 with C6-C7-N1 angle of 113.1
(1)° distorted from ideal tetrahedral geometry
(109.7°). This can be attributed to steric factors of
the adjacent cyclic system. The bond distances
N3—C8, C8—C9, C9—N1, N1—N2 and N2—N3
are 1.362(2), 1.367(2), 1.358(2), 1.329(2) and
1.308(2) A respectively, which agrees with C=C,
N=N, C—N distances found in literature for
compound having triazole heterocycles [15, 16].

The molecular conformation is stabilized by two
weak intramolecular C13-H13...01 and N4-
H4A...N3 hydrogen bonds, both forming S(5) ring
motifs [17] (Table 3).

Bond distance

C7-N1 1.458(2) Cl13-C15 1.508(2)
C8-N3 1.362(2) Cl14 - N5 1.319(2)
c8-C9 1.367(2) Cl4 — N4 1.348(2)
C9-N1 1.358(2) Cl4-51 1.685(2)
C9-C10 1.482(2) C20-01 1.367(2)
Cl1-C12 1.321(2) C21-01 1.403(2)
C11-N4 1.398(2) N1 - N2 1.329(2)
C13-N5 1.469(2) N2 — N3 1.308(2)
Bond Angle
N1-C7-C6 113.1(1) N5 - C13-C12 108.7(1)
N3-C8-C9 108.9(1) N5 - C13-C15 110.9(1)
N3-C8-C11 119.0(1) C12-C13-C15 112.4(1)
C9-C8-Cl1 132.1(1) N5-Cl14-N4 117.0(1)
N1-C9-C8 103.4(1) N5-C14 -S1 122.2(1)
N1-C9-C10 123.5(1) N4 - C14 -S1 120.8(1)
C8-C9-Cl10 133.1(1) 01-C20-C15 116.1(1)
C12 - C11- N4 119.8(1) 01-C20-C19 123.7(2)
N4 -C11-C8 113.5(1) C15-C20-C19 120.1(2)
N2 -N3-C8 108.7(1) N2 -N1-C9 111.7(2)
Cl4-N4-C11 122.9(1) N2 - N1-C7 119.1(1)
C14-N5-C13 128.0(1) C9-N1-C7 129.2(1)
C20-01-C21 118.2(1) N3 -N2-N1 107.3(1)
Table 3. Hydrogen bond for 1(A, °)
D-H...A D-H d(H..A) d(D...A) <(DHA)
C13-H13...01 0.98 2.30 2.786(2) 109.0
N4-H4A...N3 0.86 2.31 2.690(2) 107.0
C7-H7B...S1 0.97 2.85 3.808(2) 169.8
N5-H5A...S1" 0.86 2.50 3.343(1) 166.1

Symmetry codes: (i) x-1,y, z; (i) -x+2, -y+1, -z+1
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In the crystal structure, C7-H7B...S1 contacts
lead to the formation of a supramolecular chain
along the a-axis. These chains are linked into a
double layer via N5-H5A...S1 intermolecular
hydrogen  bonds forming R,*(8) cyclic
centrosymmetric dimers and intermolecular n—mn
interactions occur between inversion related
molecules with Cgl...Cg2'" = 3.508(1) A and
Cg2...Cgl'" = 3.508(1) A [Table 3 and Fig. 2;
Cgl and Cg2 are the centroids of the triazole
(N1/N2/N3/C8/C9) ring and  pyrimidine
(N4/N5/C11-C14) ring, respectively, symmetry
code: (iii) 1-x, 1-y, -z].

Fig. 2. View of the crystal packing showing
supramolecular double layer along the a- axis, which
involves the C-H...S (blue dotted lines), N-H...S (red
dotted lines) and m-7m (green dotted lines) interactions.
[Cgl and Cg2 are the centroids of the triazole
(N1/N2/N3/C8/C9) ring and pyrimidine (N4/N5/C11-
C14) ring, respectively, symmetry codes: (i) -1+x, V, z,
(i) 2-x, 1-y, 2-z, (iii) 1-x, 1-y, 1-z, (iv) =X, 1-y, 1-z, (V)
-1-X, 1-y, 1-z, (vi) -2+X, Y, z, (Vii) 1+x, Y, Z].

The resulting double layer stacks along the b-
axis without any specific interactions (Fig. 3).

Fig. 3. View of the overall crystal packing
highlighting the stacking of double layers along the b-
axis.

CONCLUSION

The title compound was synthesized and
confirmed by NMR and structural (single-crystal
X-ray diffraction) techniques. The molecular
conformation is stabilized by two weak
intramolecular C-H...O and N-H...N hydrogen
bonds. The crystal packing is stabilized by
supramolecular chains mediated by C-H...O
contacts along the a-axis linked into a double
layer via N-H...S hydrogen bonds and n—n
interactions.

SUPPLEMENTARY MATERIALS

CCDC 974620 contains the supplementary
crystallographic data for this paper. The data can be
obtained free of charge via
www.ccdc.cam.ac.uk/data_request/cif, by e-mailing
data_request@ccdc.cam.ac.uk, or by contacting The
Cambridge Crystallographic Data Centre, 12 Union
Road, Cambridge CB2 1EZ, UK; fax: +44(0)1223-
336033.

Acknowledgements: The authors thank Dr. Babu
Vargheese, SAIF, lIT, Madras, India, for his help
with the data collection.

REFERENCES

1.J. Morales-Sanfrutos, M. Ortega-Munoz, J. Lopez-
Jaramillo, F. Hernandez-Mateo, & F. Santoyo-
Gonzalez, J. Org. Chem. 73, 7768 (2008).

2.M.J. Genin, D.A. Allwine, D.J. Anderson, M.R.
Barbachyn, D.E. Emmert, S.A. Garmon, D.R. Graber,
K.C. Grega, J.B. Hester, D.K. Hutchinson, J. Morris,
R.J. Reischer, C.W. Ford, G.E. Zurenko, J.C. Hamel,
R.D. Schaadt, D. Stapert, & B.H. Yagi, J. Med. Chem.
43, 953 (2000).

3.D.R. Buckle, C.J.M. Rockell, H. Smith, & B.A. Spicer,
J. Med. Chem. 29, 226 (1986).

4.MJ. Giffin, H. Heaslet, A. Brik, Y.C. Lin, G. Cauvi,
C.H. Wong, D.E. McRee, J.H. Elder, C.D. Stout, &
B.E. Torbett, J. Med. Chem., 51, 6263 (2008).

5.S. Wang, Q. Wang, Y. Wang, L. Liu, X. Weng, G.L.X.
Zhang, & X. Zhou, Bioorg. Med. Chem. Lett., 18, 6505
(2008).

6.H.l. El-Subbagh, S.M. Abu-Zaid, M.A. Mahran, F.A.
Badria, A.M. Al-Obaid, J. Med. Chem., 43, 2915
(2000).

7.A.R. Trivedi, D.K. Dodiya, N.R. Ravat, V.H. Shah,
Arkivoc. X1, 131 (2008).

8.S. Nagarajan, M. Sathishkumar, P. Shanmugavelan,
R.Ranganathan, A. Ponnuswamy, R. Venkatesn,
V.Shanmugaiah, Eur. J. Med. Chem., 58, 464 (2012).

9.Bruker, APEX-1l and SAINT-Plus (Version 7.06a),
Bruker AXS Inc. Madion, Wisconsin, USA, 2004.

10. G. M. Sheldrick, Acta Cryst. A, 64, 112 (2008).

11. L.J. Farrugia, J. Appl. Cryst., 32, 837 (1999).

12. L. J. Farrugia, J. Appl. Cryst., 30, 565 (1997).

13. A.L. Spek, J. Appl. Cryst. 36, 7 (2003).

14. 1. J. Bruno, J.C. Cole, P. R. Edgington, M. Kessler, C.
F. Macrae, P. McCabe, J. Pearson, R. Taylor, Acta
Cryst. B, 58, 389 (2002).

15.C.-C. Huang, F.-L. Wu, Y. H. Lo, W.-R. Lai and C.-H.
Lin, Acta Cryst. E66, 1690 (2010).

16.J. I. Sarmiento-Sanchez, G. Aguirre and 1. A. Rivero,
Acta Cryst., E67, 01856 (2011).

17. J. Bernstein, R.E. Davis, L. Shimoni, & N.-L. Chang,
Angew. Chem. Int. Ed. Engl., 34, 1555 (1995).

53



S. Murugavel et al.: Synthesis and crystal structure of 6-(1-benzyl-5-methyl-1H-1,2,3-triazol-4-yl)-4-(2-methoxyphenyl-

CHUHTE3 U KPUCTAJIHA CTPYKTVYPA HA 6- (1-bEH3UJI-5-METWJI-1H-1, 2, 3-TPUA30JI-
4-UJI) -4- (2-METOKCUDEHWUII) -3,4-AUXUAPOITUPUMUIVH-2 (1H) - TUOH

C. Mypyrasen® *, JI. Jlakiumanan?, C. Harapamkan®, A. ITonycBamu®

! Kameopa no usuxa, lpasumencmeen uncmumym no mexuonoauu ,, Taumau Iepusp “, Benop, Tamuanady, Unous,
2Kameopa no ¢usuxa, Konexc no unscenepcmeo u mexuonoauu "C. A60yn Xaxuiin, Mensuwapam, Benop, Hnous,
$Kamedpa no opeanuuna xumus, @axyimem no xumus, Yuusepcumem ,, Maoypaii Kamapadac“, Madypaii, Tamuanady,
Hnous.

Ilonmy4yena na 9 nexemspu 2013 r.; PeBusupana Ha 22 ¢eBpyapu 2014 1.

(Pesrome)

Crpykrypatra Ha  6-  (1-6emsun-5-merwmi-1H-1,2,3-tpuazon-4-um) -4-  (2-  methyoxyphenyl)  -3,4-
muxunponupumuarH-2 (1H) -THoH e ompeneneHa ype3 peHTreHoBa Kpucranorpadus. ChelIMHEHHETO KpUCTAIU3Upa
BBB BHJ Ha O€3IBETHHU HITH, OQOPMEHH B TPUKIMHHA CHCTEMA, IPOCTPAHCTBEHA Ipymna Pi ¢ KIEThUHHTE KOHCTAHTH: a
= 10.0624 (5) A, b = 10.3668 (6) A, ¢ = 11.8773(9) A, o = 91.865 (4)° , B = 114,838 (2)°, y = 99.304 (3)", V =
1102.58(12) A3, Z = 2. Kpucranuara cTpykTypa 6e pelleHa upe3 AUPEKTHH METOAM M YTOYHEHA MO MbJIHATA MATPUIA
Ha Hal-MaJIKUTE KBaApaTH IO F2 no okonvarenuu croimocture Ha R; = 0.0583 u WR, = 0.1930. B KpHUCTalHaTa
CTPYKTYpa, CYNpaMOoJICKyJIIpHH BEPHTH ¢ ocpeaqHndecTBOTO Ha C-H ... O BpB3KH 0 g-0cTa ca CBBP3aHH B IBOCH CIIOH
ypes NH ... S BOIOpOIHM BPB3KH M T-T [pa3CTOSHHETO NPBCTCHHO LCHTPOUICH (MUPUMHIHMH) ... NPBCTEHHO
uentpousen (tpuaszon) = (3.508(1) A] Bzaumoneiictus. [lomydenute ABOIMHM cloeBe ce TMOAPEKIAT Mo ocTa b Ge3
KOHKPETHH B3aUMOJICHCTBUSL.
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