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A zinc complex of the 2-benzoylpyridine thiosemicarbazone (Hbpt) ligand, Zn(bpt), - DMF, has
been synthesized and characterized by elemental analysis, IR spectra and single crystal X-ray diffrac-
tion. The molecular structure has a Zn?* cation bonded to two perpendicular bpt ligands in a distorted
octahedral geometry through two sulfur and four nitrogen atoms. The crystal contains a disordered
DMEF solvate molecule. Adjacent molecules are interconnected by means of hydrogen bonding gen-
erating a 1-D chain structure. The cytotoxic activity measurement indicates that the complex exhibits
higher antitumor activity against lung cancer A549 cell lines than the free ligand.
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Introduction

The systematic and predictive use of hydrogen
bonding motifs for the design and exploitation of crys-
tal structures is one of the focal points in crystal en-
gineering [1]. In this regard, strong hydrogen-bond in-
teractions such as O-H:---O and N-H---O as well as
weaker hydrogen bonds such as C-H---O have been
successfully used for linking neighboring metal com-
plexes into 1-D, 2-D or even 3-D assemblies [2].

Recently, thiosemicarbazones and their metal com-
plexes have attracted considerable interest in coordina-
tion and medicinal chemistry, because of their versa-
tile bonding performance resulting from the presence
of several donor sites, an impressive structural diver-
sity, a wide range of applications as antiviral, antibac-
terial, antimalarial and antitumor agents, and nonlinear
optical properties [3 —5]. Thiosemicarbazones are ver-
satile multifunctional chelating ligands that can coordi-
nate as neutral groups or in the deprotonated form, and
also are flexible spacers with potential multiple binding
sites that can be used to construct coordination poly-
mers with multi-dimensional or supramolecular archi-
tectures [6]. The hydrogen atoms attached to the amino
nitrogen atoms of the thiosemicarbazone moiety also
have the ability to form donor hydrogen bonds through
which small, simple fragments can be assembled into
products with cavities, which is important in host-guest
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Scheme 1. Schematic drawing of the ligand Hbpt.

chemistry and has applications in chemistry, biology,
and materials science [7]. To date, many thiosemicar-
bazones such as marboran or triapine have been al-
ready extensively used in medical practice. The anti-
tumor activities can be increased by coordinating the
thiosemicarbazone to metal cations [8].

Heterocyclic thiosemicarbazones, especially those
containing a pyridine ring, are of importance owing to
their possible antitumor activities [9]. Hitherto, a large
number of thiosemicarbazones derived from 2-formyl-
and 2-acetyl-pyridine have been extensively investi-
gated [10], however, much less attention has been paid
to those derived from 2-benzoyl pyridine (Scheme 1)
[10a,11]. In this paper, we presents the synthesis,
IR spectra and crystal structure of the zinc complex
Zn(bpt), - DMF with a 1-D infinite chain structure
formed by hydrogen bonding interactions. The antitu-
mor activity against lung cancer A549 cell lines has
been evaluated for the free ligand and the title com-
plex.
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Experimental Section

General

Materials: According to the literature method, replac-
ing of di(2-pyridyl)ketone by 2-benzoyl pyridine, 2-benzoyl
pyridine was reacted with thiosemicarbazide in methanol
at reflux in the presence of acetic acid as a catalyst. A
white solid (2-benzoylpyridine thiosemicarbazone, Hbpt)
was formed [12]. All other chemicals were commercially
available and used without further purification.

Instrumentation: C, H and N elemental analyses were per-
formed on a Perkin-Elmer 240C analyzer. The infrared spec-
tra were recorded as KBr pellets on a Nicolet 170 FT-IR spec-
trophotometer in the range of 4000 —400 cm ™.

Synthesis

Zn(OOCCHj3); - 2H,0 (0.110 g, 0.500 mmol) and 2-
benzoyl pyridine thiosemicarbazone (0.256 g, 1.00 mmol)
were suspended in 30 mL of ethanol and refluxed for 4 h
with stirring. The resulting colorless precipitate was filtered
off, washed with cold ethanol and dried in a vacuum. Color-
less crystals suitable for X-ray diffraction were obtained by
slow evaporation of a DMF solution.

Elemental analysis: Cy9Hy9NgOS;Zn: caled. C 53.66,
H 4.50, N 19.42; found C 53.61, H4.47, N 19.41.

X-Ray crystallographic study

The crystal structure of the title complex was deter-
mined from single-crystal X-ray diffraction data. Intensity
data were collected on a Siemens SMART-CCD diffrac-
tometer with graphite monochromated MoKy, radiation (A =
0.71073 A) using the programs SMART and SAINT [13]. The
intensity data were corrected for Lorentz and polarization
effects as well as empirically for absorption. Of 7820 re-
flections collected, 5179 were independent (R, = 0.0412)
and used in all further calculations. The structure was solved
by Direct Methods and refined by full-matrix least-squares
on F2. The weighting scheme used was: w = 1/[c?(Fy?) +
(0.1014P)?] where P = (Fo> + 2F.2)/3. All non-hydrogen
atoms were refined with anisotropic thermal displacement
parameters. All hydrogen atoms were located according to
geometrical calculations. A summary of crystal and refine-
ment data for the complex is given in Table 1.

CCDC 660422 contains the supplementary crystallo-
graphic data. These data can be obtained free of charge from
The Cambridge Crystallographic Data Centre via www.ccdc
.cam.ac.uk/data_request/cif.

In vitro cytotoxicity study

A549, a human lung cancer cell line (purchased from the
Institute of Biochemistry and Cell Biology, SIBS, CAS) was
cultured in a RPMI-1640 medium supplemented with 10 %

Table 1. Summary of crystal data and refinement results for
the title complex.

Formula ngHnggOSzZn

Mr 649.10

Crystal size, mm?> 0.2x0.15%0.12

Crystal system triclinic

Space group P1

a, A 11.065(2)

b, A 12.651(2)

¢ A 15.021(3)

o, deg 114.137(4)

B, deg 96.486(3)

7, deg 103.232(3)

v, A3 1816.8(6)

Z 2

Degled» g cm™ 1.187

U(MoKy), cm™! 0.824

6 range for data collection, deg 1.85-23.31

F(000), e 672

hkl range —12<h<12, —-14<k<13,
—-16<1<13

Refl. measured 5179

Refl. unique 3717

Rint 0.0418

Param. refined 469

RI(F)wR2(F?) [I > 20 (I)] 0.064/0.171

R1(F)/wR2(F?) (all reflexions) 0.081/0.230

GoF (F?) 1.016

Apgy (max/min), e A—3 0.790/—0.323

FBS, 100 U mL~! of penicillin, and 100 ug mL~1 of strep-
tomycin at 37 °C in humid air atmosphere of 5 % CO,. Cell
cytotoxicity was assessed by the MTT assay. Briefly, cells
were placed into a 96-well-plate (5 x 103 cells per well). The
next day the compound diluted in culture medium at vari-
ous concentrations was added (200 uL per well) to the wells.
48 h later 20 uL of MTT (0.5 mg mL~! MTT in PBS) was
added, and cells were incubated for a further 4 h. 200 uL
of DMSO were added to each culture to dissolve the MTT
crystals. The MTT-formazan product dissolved in DMSO
was estimated by measuring absorbance at 570 nm with a
micro-plate reader. Then the inhibitory percentage of each
compound at various concentrations was calculated, and the
1C5q value was determined.

Results and Discussion

IR spectra

In the infrared spectrum of the complex, the
strong absorption band of the bpt ligand centered at
1594 cm~! is ascribed to the v(C=N) stretching vi-
bration, which is shifted by 6 cm™! to lower energy
in comparison with Hbpt, indicating the coordination
of the azomethine nitrogen atoms (N7 and N3; see
Fig. 1a) [14]. The band at 446 cm ™" is assigned to the
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Fig. 1. (a) The molecular structure of the title compound
along with the atom numbering scheme. (b) The one-
dimensional infinite chain structure formed through hydro-
gen bonding interactions.

V(Zn-N) vibration for the azomethine nitrogen [11a].
The v(C=S) stretching vibration band in the spectra of
the free thiosemicarbazone is assigned in the range of
830-860 cm~! [11a]. In the complex this band has
a red-shift of 50 cm~! to lower energy, indicating the
coordination of the thione sulfur atom. These obser-
vations have been confirmed by X-ray single crystal
structural analysis.

X-Ray crystal structure

The molecular structure of the complex along with
the atomic numbering scheme and the one-dimensional
infinite chain structure arising from hydrogen bond-
ing interactions are shown in Fig. 1. The space-filling
arrangements are illustrated in Fig. 2. Selected bond
lengths and angles are listed in Table 2, hydrogen bond
lengths and angles in Table 3.

As shown in Fig. 1, the ZnT cation is coordinated
by two deprotonated bpt ligands in a distorted octa-
hedral geometry. The equatorial plane with a mean
deviation of 0.040 A is formed by two imino ni-
trogen atoms (N3, N7), one pyridine nitrogen atom
(N8) and one thiosemicarbazonato sulfur atom (S2)
from two bpt ligands with Zn-N and Zn-S dis-
tances of 2.175(4)-2.244(4) A and 2.420(2) A, re-
spectively. One pyridine nitrogen atom (N4) and one

Table 2. Selected bond lengths (A) and angles (deg) of the
title complex.

Zn(1)-N@) 2216(5) Zn(1)-N(3) 2.244(%)
Zn(1)-N(3) 2.184(4)  Zn(1)-N(7) 2.175(4)
Zn(1)-S(1) 2403(2)  Zn(1)-S(2) 2.420(2)
S(1)-C(1) 1.720(6)  S(2)-C(14) 1.717(6)
N@3)-C(2) 1.284(7)  N(7)-C(15) 1.279(6)
N(2)-N(3) 1.351(6)  N(6)-N(7) 1.366(6)
N@2)-C(1) 1.341(7)  N(6)-C(14) 1.331(7)
N(1)-C(1) 1.335(7)  N(5)-C(14) 1.340(7)
N@)-Zn(1)-N(7)  156.2(2) N@)-Zn(1)-S(1)  151.4(2)
N@®)-Zn(1)-S(2)  152.9(2) N()-Zn(1)-SQ2)  79.6(2)
N@3)-Zn(1)-N@)  73.5(2) N(D-Zn(1)-N@®)  73.4(2)
N@)-Zn(1)-S(1)  78.8(2) S()-Zn(1)-S(2)  96.1(1)
S()-Zn(1)-N@®)  96.4(2) N@-Zn(1)-N(7)  93.2(2)
N@3)-Zn(1)-S2)  119.6(2) N@)-Zn(1)-S2)  91.72)
N@®)-Zn(1)-N3)  86.4(2) N(D)-Zn(1)-S(1)  115.32)
N@)-Zn(1)-N(8)  88.8(2)

Table 3. Hydrogen bond lengths (A) and bond angles (deg).

D-H---A dH---A) d(D---A) /(DHA)
N(1)-H(1A) ---N(2) 2.18 3.026(7) 167.2
N(5)-H(5A) ---N(6) 2.22 3.046(7) 161.8
b
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Fig. 2. The space-filling packing along the a axis showing the
elliptical channels with their cross-section size. The solvate
molecules in the channels are omitted for clarity.

thiosemicarbazonato sulfur atom (S1) from one bpt
ligand occupy the apical positions with Zn-N and
Zn-S distances of 2.216(5) A and 2.403(2) A, re-
spectively. The two bpt ligands are approximately per-
pendicular and function as tridentate groups forming
two five-membered chelating rings. Although a five-
coordinate [Cu(Hbpt)Cl;] complexes [10a], a macro-
cyclic tetranuclear copper(Il)-copper(I) mixed-valence
complex [Cul(bpt)(SCN)Cu'(SCN)(CH3CN)], [15]
and a four-coordinate [Pd(bpt)Cl] [16] have been re-
ported, to the best of our knowledge, the title complex
represents the first Zn-containing bpt derivative.

In the supramolecular structural architecture, the
imino nitrogen atoms of the thiosemicarbazone moi-
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eties act as hydrogen-bond acceptors while the un-
coordinated terminal amino nitrogen atoms act as
donors. The separations N(1)---N(2) and N(5)- - -N(6)
are 3.026(7) and 3.046(7) A with N-H---N angles
of 167.2 and 161.8°, respectively. Additionally, inter-
molecular 7-7 stacking interactions may be present
between the pyridine rings of neighboring chains. The
spatial arrangements of the complex along the a axis
are of interest. The packing representation along the
a axis exhibits larger elliptical channels with a cross-
section of 11.6 x 10.8 A into which the DMF solvate
molecules are filled (Fig. 2).

In vitro cytotoxic activity

ICsq values (compound concentration that produces
50 % of cell death) were calculated for the free ligand

and the title complex against lung cancer A549 cell
lines. The Hbpt ligand and its complex all exhibited
significant antitumor activity. It is worth noting that the
title complex showed a lower ICs value (4.8 uM) than
the free ligand (14.1 uM), indicating that the antitumor
activity of the complex is greater than that of the free
ligand. In addition, the antitumor activity of the com-
plex also was higher than that of the cobalt (I) com-
plex against the same cell line [17]. The Zn complex
has the potential to be used for medical practice as a
metal-based drug.

Acknowledgement

This work was financially supported by the Natural
Science Foundation of Henan Province (No. 0611011900)
and the Foundation of Educational Department of Henan
Province (No. 2007150012).

[1] a) A.D. Bond, W. Jones, in Supramolecular Organi-
zation and Materials Design, (Eds.: W. Jones, C.N.R.
Rao), Cambridge University Press, Cambridge, 2002;
b) G.R. Desiraju, Acc. Chem. Res. 2002, 35, 565 —573.

[2] a) C.B. Aakerdy, J. Desper, M. M. Smith, J. F. Urbina,
J. Chem. Soc., Dalton Trans. 2005, 2462 —-2470;
b) C. B. Aakerdy, A. M. Beatty, K. R. Lorimer, J. Chem.
Soc., Dalton Trans. 2000, 3869 —3872; ¢) K. Uemura,
S. Kitagawa, K. Fukui, K. Saito, J. Am. Chem. Soc.
2004, 726, 3817-3828; d) F. Zordan, G. M. Espal-
largas, L. Brammer, Cryst. Eng. Comm. 2006, 8, 425 —
431.

[3] a) J.S. Casas, M.S. Garcia-Tasende, J. Sordo, Co-
ord. Chem. Rev. 2000, 209, 197 -261; b) D. X. West,
A.E. Liberta, S.B. Padhye, R.C. Chikate, P.B. Son-
awane, A.S. Kumbhar, R. G. Yerande, Coord. Chem.
Rev. 1993, 123, 49-71; ¢) A.R. Cowley, J.R. Dil-
worth, P.S. Donnelly, E. Labisbal, A. Sousa, J. Am.
Chem. Soc. 2002, 124, 5270 -5271.

[4] a)J. Easmon, G. Piirstinger, G. Heinisch, T. Roth, H. H.
Fiebig, W. Holzer, W. Jiger, M. Jenny, J. Hofmann, J.
Med. Chem. 2001, 44, 2164 -2171; b) M. C. Pirrung,
S.V. Pansare, K.D. Sarma, K. A. Keith, E.R. Kern,
J. Med. Chem. 2005, 48, 3045 -3050; ¢) M. Moham,
A. Agarawal, N.K. Jha, J. Inorg. Biochem. 1988, 34,
41-54.

[5] a) M. X. Li, B. Yan, B.G. Zhang, C.Y. Duan, J. Xu,
Q.J. Meng, Inorg. Chem. 2005, 44, 5459 —5466;
b) Y.P. Tian, C.Y. Duan, C.Y. Zhao, X.Z. You,
T.C.W. Mak, Z.Y. Zhang, Inorg. Chem. 1997, 36,
1247 -1252; ¢) Z. H. Liu, C. Y. Duan, J. Hu, X.Z. You,
Inorg. Chem. 1999, 38, 1719-1724; d) G.M. Lima,
J.L. Neto, H. Beraldo, H. G. L. Siebald, D.J. Duncalf,
J. Mol. Struct. 2002, 604, 287-291; e) A.R. Cow-

ley, J. Davis, J.R. Dilworth, P. S. Donnelly, R. Dobson,
A. Nightingale, J. M. Peach, B. Shore, D. Kerr, L. Sey-
mour, Chem. Commun. 2005, 845 —847.

[6] a) I. Pal, F. Basuli, T.C.W. Mak. S. Bhattacharya,
Angew. Chem. 2001, 113, 3007 —3009; Angew. Chem.
Int. Ed. 2001, 40, 2923 -2925; b) C.Y. Duan, Z. H.
Liu, X.Z. You, F. Xue, T.C.W. Mak, Chem. Com-
mun. 1997, 381-382; ¢) C.J. Fang, C.Y. Duan,
C.He, Q.J. Meng, Chem. Commun. 2000, 1187 —1188;
d) E. Lépez-Torres, M. A. Mendiola, C.J. Pastor, B. S.
Pérez, Inorg. Chem. 2004, 43, 5222-5230; e) L.J.
Ashfield, A.R. Cowley, J.R. Dilworth, P.S. Donnelly,
Inorg. Chem. 2004, 43, 4121 —4123.

[7] a) J. Rebek Jr., Acc. Chem. Res. 1999, 32, 278 —286;
b) L.R. MacGillivray, J.L. Atwood, Angew. Chem.
1999, 711, 1080-1096; Angew. Chem. Int. Ed. 1999,
38, 1018 —1033; ¢) J. De Mendoza, Chem. Eur. J. 1998,
4,1373-1377.

[8] N. Farrell, Coord. Chem. Rev. 2002, 232, 1-4.

[9] a) J.P. Scovill, D.L. Klayman, C.F. Franchino, J.

Med. Chem. 1982, 25,1261 —1264; b) K. C. Agrawal,

A. C. Sartorelli, Prog. Med. Chem. 1978, 15,321 —356;

c) D.X. West, S.B. Padhye, P.B. Sonawane, Struct.

Bonding. 1991, 76, 1 -50.

a) D.X. West, J.S. Ives, J. Krejci, M. M. Salberg,

T.L. Zumbahlen, G.A. Bain, A.E. Liberta, Polyhe-

dron 1995, 14, 2189 -2200; b) H. Beraldo, L. Tosi,

Inorg. Chim. Acta. 1983, 75, 249-257; c¢) H. Be-

raldo, L. Tosi, Inorg. Chim. Acta. 1986, 125, 173 -182;

d) R.H.U. Borges, E. Paniago, H. Beraldo, J. Inorg.

Biochem. 1997, 65, 267-275; e) A. Abras, H. Be-

raldo, E. Fantini, R.H.U. Borges, M. A. daRocha,

L. Tosi, Inorg. Chim. Acta. 1990, 172, 113-117,

f) I. C. Mendes, L. R. Teixeira, R. Lima, T. G. Carneiro,

[10]



284 M. X. Li et al. - Zinc Complex of the 2-Benzoylpyridine Thiosemicarbazone Ligand

H. Beraldo, Transition Metal Chem. 1999, 24, 655—  [14] R.P. John, A. Sreekanth, V. Rajakannan, T. A. Ajith,

658. M. R. P. Kurup, Polyhedron 2004, 23, 2549 —2559.
[11] a) D.X. West, 1. S. Billeh, J. P. Jasinski, J. M. Jasinski, [15] Z.H. Liu, S.Y. Yang, C.Y. Duan, X.Z. You, Chem.

R.J. Butcher, Transition Metal Chem. 1998, 23, 209 — Lett. 1999, 1063 — 1064.

214; b) D. X. West, A. M. Stark, G. A. Bain, A.E. Lib-  [16] P. Pelagatti, A. Venturini, A. Leporati, M. Carcelli,

erta, Transition Metal Chem. 1996, 21, 289 —295. M. Costa, A. Bacchi, G. Pelizzi, C. Pelizzi, J. Chem.
[12] C.Y. Duan, B.M. Wu, T.C.W. Mak, J. Chem. Soc., Soc., Dalton Trans. 1998, 2715 -2722.

Dalton Trans. 1996, 3485 —3490. [17] M.X. Li, J. Zhou, Z.L. Wang, J.P. Wang, Z. Natur-
[13] G.M. Sheldrick, SHELXTL (version 5.1), Bruker AXS forsch. 2008, 63b, 1-5.

Inc., Madison, Wisconsin (USA) 1997.



