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The diorganotin(IV) complex [PhySn(L)(CH3COO)] (1), where HL = 2-acetylpyrazine N*-meth-
yl thiosemicarbazone, has been synthesized and characterized by elemental analysis, IR, UV/Vis
and NMR spectroscopy, mass spectrometry, and single-crystal X-ray diffraction. Complex 1 contains
mononuclear neutral molecules composed of one N, S tridentate anionic thiosemicarbazone ligand,
one acetato group, and one PhySn(IV) group with a seven-coordinated tin atom. In vitro biological
studies have indicated that complex 1 shows effective cytotoxicity with IC5y = 5.4 uM against the

K562 leukaemia cell line.
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Introduction

Heterocyclic thiosemicarbazones and their metal
complexes have received considerable attention in
chemistry and biology, owing to their marked and vari-
able biological properties [1 —6]. The biological activ-
ities of thiosemicarbazones often depend on the parent
aldehyde or ketone. On the other hand, the biological
properties of metal thiosemicarbazones can be modi-
fied and often differ from those of either the ligands or
the metal ions with changes in the metal ion coordina-
tion [7—9]. In some cases the highest in vivo activity is
associated with a metal complex rather than the parent
ligand, and some side effects may decrease upon com-
plexation [10, 11].

Tin complexes are known for their multiple ap-
plications as antimicrobials and biocides [12]. More-
over, diorganotin(IV) compounds are known to exhibit
important cytotoxic effects against tumor cell lines
[13-15].

In recent years we have been working on the
structural and biological properties of heterocyclic
thiosemicarbazones and their metal complexes [16].
The results have revealed that thiosemicarbazones de-
rived from 2-acetylpyrazine and their metal complexes
show significant antitumor activities. After a careful
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Scheme 1. The reaction scheme for the synthesis of 1.

literature search, we can affirm that 2-acetylpyrazine
N*-substituted thiosemicarbazones and their diorgan-
otin(IV) complexes are scarce. Therefore, it seemed
important for us to obtain their tin complexes as a
strategy for the preparation of new drug candidates in
which the metal and ligand could act synergistically.
From the present study, we describe the synthesis,
characterization and cytotoxicity of the 7-coordinate
diorganotin(IV) complex 1 with 2-acetylpyrazine N*-
methylthiosemicarbazone as ligand (Scheme 1).

Experimental Section

General

Materials: All solvents and reagents were commercially
available and used without further purification. 2-acetylpyr-
azine N*-methylthiosemicarbazone was prepared according
to the literature method [17].
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Instrumentation

Elemental analysis of C, H and N was performed on
a Perkin-Elmer 240 analyzer. The infrared spectra were
recorded from KBr discs on a Nicolet 170 FT infrared spec-
trophotometer. Electronic spectra were obtained with a Hi-
tachi U4100 spectrometer. '"H NMR spectra were recorded
using a Bruker AV-400 spectrometer. The masss spectra were
taken on an Esquire 3000 LC-MS spectrometer.

Synthesis

An ethanol solution containing Ph;SnCl, (0.068 g,
0.2 mmol) was added dropwise to an ethanol solution
(20 mL) of 2-acetylpyrazine N*-methylthiosemicarbazone
(0.042 g, 0.2 mmol) and NaOAc (0.016 g, 0.2 mmol).
After refluxing for 2 h with stirring, the resulting mix-
ture was filtered. Orange crystals suitable for X-ray studies
were obtained by slow evaporation of an ethanol solution. —
Elemental analysis for CyyH»3SnN5SO;: caled. C 48.92,
H 4.29, N 12.96; found C 49.02, H 4.64, N 12.78. — UV/Vis
(CoH50H): Apax = 320 nm. — 'H NMR(CDCl, ppm): 9.21
(s, 1H, NH), 8.64 (s, 1H, Pz), 8.53 (d, J = 1.6 Hz, 1H, Pz),
8.50 (d, J = 2.4 Hz, 1H, Pz), 7.74-7.72 (m, 2H, Ph), 7.62
(t, J = 4 Hz, 4H, Ph), 7.46—7.44 (m, 4H, Ph), 3.29 (s, 3H,
CH3), 2.38 (s, 3H, CH3), 2.09 (s 3H, CH3COO™). — MS ((+)-
ESI): m/z = 481.4 [(Ph);Sn(L)]". The complex is soluble in
CH;0H, C,H50H, DMF, and DMSO.

X-Ray crystallographic study

An orange crystal with approximate dimensions of
0.47 x 0.21 x 0.03 mm® was mounted in random orientation
on a glass fiber. Intensity data were collected at T =
296(2) K on a Siemens SMART-CCD diffractometer with
graphite-monochromatized MoKy, radiation (A =0.71073 A)
using the programs SMART and SAINT [18]. The structure
was solved by Direct Methods and refined by full-matrix
least-squares based on F2. All non-hydrogen atoms were
refined anisotropically. The positions of hydrogen atoms
were added in idealized geometrical positions. Details are
given in Table 1.

CCDC 800548 contains the supplementary crystallo-
graphic data for this paper. These data can be obtained free
of charge from The Cambridge Crystallographic Data Centre
via www.ccdc.cam.ac.uk/data_request/cif.

Cytotoxicity assay

K562 leukaemia cells (purchased from Institute of Bio-
chemistry and Cell Biology, SIBS, CAS) were placed into
96-well plates at a density of 1 x 10* cells per well and
allowed to grow in a CO; incubator. After 24 h, the
medium was removed and replaced by fresh medium con-
taining the tested compounds which were dissolved in
DMSO at 0.01 M and diluted to various concentrations with

Table 1. Summary of crystal data and numbers pertinent to
data collection and structure refinement for complex 1.

Formula sz H23 SnN5 S02
M, 540.200

Crystal size, mm?> 0.47 x 0.21 x 0.03
Crystal system monoclinic

Space group C2/c

a, A 28.112(3)

b, A 10.282(1)

¢ A 16.729(2)

v, A3 4772.9(9)

Z 8

Dcaied, g cm 3 1.50

U(MoKy), cm™! 1.2

6 range data collection, deg 2.39-23.39
F(000), e 2176

hkl range +31, —11 — 12, 19

11979 / 1192/ 0.0696
0.0401 /0.1087
0.0568 / 0.1155

0.956

1.37/-0.64

Refl. measured / unique / Rjn
R1/wR2[I >20(1)]

R(F) 1 wR2 (F?) (all refl.)
GOF

Apgin (max / min), e A3

Table 2. Selected bond lengths (A) and angles (deg) for com-
plex 1.

Sn(1)-0(2) 2.339(3) Sn(1)-N(4) 2.451(4)
Sn(1)-O(1) 2.454(3) Sn(1)-N(3) 2.345(4)
Sn(1)-C(9) 2.146(5) C(3)-N(3) 1.312(6)
Sn(1)-C(15) 2.149(5) S(1)-C(2) 1.730(5)
Sn(1)-S(1) 2.551(1) N(@3)-N(2) 1.362(5)
N(4)-Sn(1)-N(3) 68.00(1) N(2)-C(2) 1.331(6)
N(3)-Sn(1)-S(1) 75.68(1) O(2)-Sn(1)-S(1) 83.87(1)
C(9)-Sn(1)-C(15) 167.7(2) O(1)-Sn(1)-N(4)  78.30(1)

Table 3. Hydrogen bond lengths (10%) and bond angles (deg)
for complex 12.

D-H---A dH---A) dD---A)
N(1)-H(1A)---0(2)" 243 3.191(6)
2 Symmetry operation: #! —x+1/2, y+1/2, —z+1/2.

Z(D-H:---A)
150.2

phosphate-buffered saline (PBS) before the experiment. The
final concentration of DMSO was lower than 1 %. After 24 h
incubation, cultures were incubated in 100 uL of a medium
with 10 uL of a 5 mgmL~! MTT solution for 4 h at 37 °C.
The medium with MTT was removed, and 100 uL of DMSO
was added to each well to dissolve the formazan. The ab-
sorbance at 570 nm was measured with a microplate reader
(Bio-Tek ELX800, USA). The inhibitory percentage of each
compound at various concentrations was calculated, and the
1C5q value was determined.

Results and Discussion
Crystal and molecular structure of 1

Table 1 summarizes crystal and refinement data for
complex 1. Selected bond lengths and angles are given
in Table 2. Hydrogen bond lengths and angles are
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Fig. 1. Molecular structure of complex 1 with atomic num-
bering scheme adopted.

Fig. 2. Hydrogen bonds (dashed lines) in crystals of com-
plex 1.

listed in Table 3. The molecular and crystal structures
along with the atom numbering scheme are depicted in
Figs. 1 and 2, respectively.

As shown in Fig. 1 the tin atom in 1 is seven-
coordinate and adopts a distorted pentagonal bipyra-
midal geometry with the pentagonal plane defined by
the tridentate N, S thiosemicarbazone and the bidentate
acetato group, whereas the axial positions are occupied
by the two phenyl groups. The distortion from pentag-
onal bipyramidal geometry is evident from the bond
angles N(3)-Sn(1)-N(4) 68.00(1)°, N(3)-Sn(1)-S(1)
75.68(1)°, C(9)-Sn(1)-C(15) 167.7(2)°, O(2)-Sn(1)-
S(1) 83.87(1)°, and O(1)-Sn(1)-N(4) 78.30(1)°. The

pseudo-macrocyclic coordination mode of the ligand
affords two five-membered chelate rings, which are
nearly planar, the dihedral angle between the chelate
rings being 4.5°. The C—S bond lengths of ca. 1.73 A
are within the normal range of C-S single bonds, in-
dicating that the thiosemicarbazone moiety adopts the
tautomeric thiol form and acts as a mononegative lig-
and [16a]. The C(3)-N(3) and N(3)-N(2) distances
of 1.312(6) and 1.362(5) A, respectively, are interme-
diate between formal single and double bonds, point-
ing to an extensive electron delocalization over the en-
tire ligand skeleton. The shortening of the bond lengths
of Sn—N (imine) relative to Sn—N (pyridine) may be at-
tributed to the fact that the imine nitrogen is a stronger
base compared with the pyridine nitrogen [19].

The molecules of complex 1 are held together in the
crystal through intermolecular hydrogen bonds involv-
ing the terminal nitrogen atom N(1) of a thiosemicar-
bazone ligand and the oxygen atom O(2) of an acetato
group (Fig. 2). The separation for N(1)---O(2) (sym-
metry code: —x—+1/2,y4+1/2, —z+1/2)is 3.191(6) A
with the N-H- - - O angle being 150.2°.

IR spectra

The infrared spectral bands most useful for deter-
mining the mode of coordination of the ligand are
the v(C=N), v(N-N) and v(C=S) vibrations. The IR
spectrum of HL does not display v(C—SH) in the re-
gion 2500-2600 cm~! indicating that in the solid
state these ligands remain in the thione form [20].
The v(C=N) bands of HL at 1610 cm™' are shifted
to 1541 cm™! in the spectrum of complex 1, a clear
sign of coordination via the imine nitrogen atom [21].
The band at 861 cm™! in HL is assigned to v(C=S),
whereas in its complex the band is shifted to lower fre-
quency (847 cm™ 1), indicating the coordination of sul-
fur [22]. The increase in the frequency of the v(N-N)
band of the thiosemicarbazone in the spectrum of the
complex is due to the increase in the bond strength,
again confirming the coordination via the imine nitro-
gen. These observations were also evident from the
above-described molecular structure determination.

In vitro cytotoxicity

In terms of the cytotoxic activity of thiosemicarb-
azones [23,24], we have tested the ability of com-
plex 1 as well as the starting compound Ph,SnCl; to in-
hibit tumor cell growth against K562 leukaemia cells.
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Fig. 3. The cytotoxicity of the tested compounds against the
K562 leukaemia cell line [cis-DDP = cis-diamminedichloro-
platinum(ID)].

ICsyp values (compound concentration that pro-
duces 50 % of cell death) in micromolar units were
calculated (Fig.3). The comparison of the cytotoxic
activities indicates that 1 shows a much lower ICsg

value (5.4 puM) than both HL (25.9 um) [16c] and
Ph,SnCl; (38.9 uMm) indicating that coupling of HL
to Ph,Sn(IV) leads to an enhancement of the anti-
tumor activity of the free ligand. This confirms that
complexation with a metal has a synergetic effect
on the cytotoxicity [11,16]. In particular, it should
be emphasized that 1 shows activity comparable to
that of cis-diamminedichloroplatinum(Il) (cis-DDP)
(1.2 uM). Therefore, complex 1 merits further biolog-
ical screening as well as studies of the mechanism of
action.

Acknowledgement

This work was financially supported by the National Nat-
ural Science Foundation of China (21071043) and the Nat-
ural Science Foundation of the Educational Department of
Henan Province (2010B150003).

[1] I.C. Mendes, J.P. Moreira, J.D. Ardisson, R.G. dos
Santos, P.R.O. da Silva, I. Garcia, A. Castifieiras,
H. Beraldo, Eur. J. Med. Chem. 2008, 43, 1454 — 1461.

[2] E A. Beckford, M. Shaloski, Jr., G. Leblanc, J. Thess-
ing, L.C. Lewis-Alleyne, A.A. Holder, L. Li, N.P.
Seeram, Dalton Trans. 2009, 10757 - 10764.

[3] M. Baldini, M. Belicchi-Ferrari, F. Bisceglie, G. Pelosi,
S. Pinelli, P. Tarasconi, Inorg. Chem. 2003, 42 2049 —
2055.

[4] Z. lakovidou, A. Papageorgiou, M. A Demertzis,
E. Mioglou, D. Mourelatos, A. Kotsis, P. Nath Yadav,
D. Kovala-Demertzi, Anti-Cancer Drugs 2001, 12, 65 —
70

[5] P. Chellan, N. Shunmoogam-Gounden, D.T. Hen-
dricks, J. Gut, P.J. Rosenthal, C. Lategan, P.J. Smith,
K. Chibale, G.S. Smith, Eur. J. Inorg. Chem. 2010,
3520-3528

[6] B.D. Wang, Z.Y. Yang, M. H. L, J. Lai, Q. Wang,
Z.N. Chen, J. Organomet. Chem. 2009, 694, 4069 —
4075.

[7]1 A.I. Matesanz, J. M. Perez , P. Navarro, J. M. Moreno,
E. Colacio, P. Souza, J. Inorg. Biochem. 1999, 76, 29 —
37.

[8] T. Murafuji, Y. Miyoshi, M. Ishibashi, A.F. M.
Mustafizur Rahman, Y. Sugihara, I. Miyakawa,
H. Uno, J. Inorg. Biochem. 2004, 98, 547 —552.

[9] D.X. West, G.A. Bain, R.J. Butcher, J.P. Jasin-

ski, Y. Li, R. Y. Pozdniakiv, J. Valdes-Martinez, R. A.

Toscano, S. Hernandes-Ortega, Polyhedron 1996, 15,

665 -674

C.R. Kowol, R. Trondl, P. Heffeter, V. B. Arion, M. A.

Jakupec, A. Roller, M. Galanski, W. Berger, B. K. Kep-

pler, J. Med. Chem. 2009, 52, 5032 —5043.

(10]

[11] I.C. Mendes, J.P. Moreira, J.D. Ardisson, R. G. dos
Santos, P.R. O. da Silva, I. Garcia, A. Castineiras,
H. Beraldo, Eur. J. Med. Chem. 2008, 43, 1454 —
1461.

[12] A.P. Rebolledo, G.M. de Lima, L.N. Gambi, N.L.
Speziali, D.F. Maia, C.B. Pinheiro, J. D. Ardisson,
M.E. Cortés, H. Beraldo, Appl. Organomet. Chem.
2003, /7,945 -951.

[13] M. Gielen, Appl. Organomet. Chem. 2002, 16, 481 —
494.

[14] M. Gielen, M. Biesemans, R. Willem, Appl
Organomet. Chem. 2005, 19, 440 —450.

[15] M. Gielen, J. Braz. Chem. Soc. 2003, 14, 870—-877.

[16] a) M. X.Li, L.Z. Zhang, D. Zhang, B. S. Ji, J. W. Zhao,
Eur. J. Med. Chem. 2011, 46, 4383 -4390; b) M. X.
Li, Q.Z. Sun, Y. Bai, C.Y. Duan, B.G. Zhang, Q.J.
Meng, Dalton Trans. 2006 2572 -2578; c) M. X. Li,
C.L. Chen, C.S. Ling, J. Zhou, B.S. Ji, Y.J. Wu, J. Y.
Niu, Bioorg. Med. Chem. Lett. 2009, 19, 2704 —2706;
d) L.P. Zheng, C.L. Chen, J. Zhou, M. X. Li, Y.J.
Wu, Z. Naturforsch. 2008, 63b, 1257 —1261; e) M. X.
Li, J. Zhou, Z.L. Wang, J.P. Wang, Z. Naturforsch.
2008, 63b, 1-5; f) D. Zhang, Q. Li, M. X. Li, D. Y.
Chen, J.Y. Niu, J. Coord. Chem. 2010, 63, 1063 —
1070; g) M. X. Li, D. Zhang, L.Z. Zhang, J. Y. Niu,
B.S. Ji, J. Organomet. Chem. 2011, 696, 852 —858.

[17] J. Zhou, Y. X. Wang, C.L. Chen, M. X. Li, Acta Crys-
tallogr. 2008, E64, 094.

[18] G.M. Sheldrick, SHELXTL V5.1, Software Reference

Manual, Bruker Analytical X-ray Instruments Inc.,

Madison, Wisconsin (USA) 1997.

S. A. Khan, K. Saleem, Z. Khan, Eur. J. Med. Chem.

2007, 42, 103 -108.

[19]



X.F. Zhu et al. - A 7-Coordinate Diorganotin(IV) Complex of 2-Acetylpyrazine N*-Methylthiosemicarbazone 153

[20] S. Singh, N. Bharti, F. Naqvi, A. Azam, Eur. J. Med. [23] A. Perez-Rebolledo, J.D. Ayala, G.M. de Lima,

Chem. 2004, 39, 459 —465. N. Marchini, G. Bombieri, C.L. Zani, E. M. Souza-
[21] A. Pefez-Rebolledo, G.M. de Lima, N.L. Speziali, Fagundes, H. Beraldo, Eur. J. Med. Chem. 2005

O.E. Piro, E. E. Castellano, J. D. Ardisson, H. Beraldo 40,467 -472

J. Organomet. Chem. 2006, 691, 3919 —3930. [24] I.C. Mendes, F.B. Costa, G. M. de Lima, J. D. Ardis-
[22] G.F. de Sousaa, V.M. Deflona, E. Niquet, J. Mol. son, I. Garcia-Santos, A. Castifieiras, H. Beraldo, Poly-

Struct. 2004, 687, 17-21. hedron 2009 281179 -1185



