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a b s t r a c t

Two novel dinuclear organotin(IV) complexes [n-Bu2Sn(imda)(H2O)]2�Bipy (1) and [n-Bu2Sn(imda)
(H2O)]2�Phen (2) [H2imda = iminodiacetic acid, Bipy = 2,20-bipyridine and Phen = 1,10-phenanthroline]
were synthesised and characterized employing IR, 1H, 13C, 119Sn NMR, and 119Sn Mössbauer spectroscopic
and elemental analyses. Single crystal X-ray crystallography of 1 has confirmed that it is a binuclear
Sn(IV) species formed via carboxylate bridges where each metal adopted a seven coordinate distorted
pentagonal bipyramidal geometry. The iminodiacetate dianion (imda2�) acts as a potential tridentate
[N,O,O] carboxylate bridging ligand. The packing revealed that the additional a-diimine (Bipy or Phen)
does not coordinate to metal ion. However, its presence in the crystal lattice as spacer helps for the for-
mation of a supramolecular framework by bringing the two binuclear species close enough through
extensive H-bonding. The in vitro cytotoxicity of compounds 1 and 2 indicate better results than cisplatin
against three tumor cell lines investigated.

� 2009 Elsevier B.V. All rights reserved.
1. Introduction

The importance of metal-based drugs in treatment of various
diseases was pioneered from the successful results by cisplatin
[1]. Since then a number of other metal complexes have been
investigated and organotin complexes received special interest
[2]. Polynuclear organotin(IV) complexes [3] were found to give
satisfactory results among the various Sn(IV) compounds screened
for such investigations. Metal-directed self-assembly of metal or-
ganic frameworks (MOFs) or organometallic derivatives having
various intriguing topologies have also been extensively studied
[4,5]. An important objective in this regard is the synthesis of
new highly water soluble polymetallic complexes which may be
useful for testing the distinctive biological reactivity patterns. In
recent years, diorganotin (IV) carboxylates have attracted the
attention because of their biochemical and commercial applica-
tions [6]. In general, the biochemical activity of organotin com-
pounds is influenced by the structure of the resulting complex
molecules, henceforth, the coordination number around the tin
metal [7–9]. This recognition of relations between the structure
and the biological properties [10] becomes more pronounced for
those organotin(IV) compounds which contain functionalized car-
boxylate moieties. Crystallographic data have also revealed that
such complexes adopt structures which are dependent on both
All rights reserved.
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the nature of the alkyl (or aryl) substituents bound to the tin atom
and the type of carboxylate derived ligands [11,12]. Moreover, the
complexes containing two butyl groups at the tin(IV) center pos-
sessed the highest biological activity [3]. The effort to correlate
the biological activities of the metal complexes with the coordinat-
ing behavior of the ligand moieties specially those containing func-
tionalized dicarboxylate analogous with [N,O,O] biting centers is
scarce. Mononuclear as well as dinuclear organotin(IV) derivatives
containing pyridine-2,6-dicarboxylate complexes [13–15], some of
which exhibit in vitro antitumor activities, are known. However,
the polynuclear diorganotin(IV) complexes with hepta coordinated
{Sn} metal of an analogous functionalized dicarboxylate moeity
such as iminodiacetate dianion (imda2�), have not been tested
for biocidal as well as antitumor activities in vitro. Iminodiacetic
acid is a potential tridentate [N,O,O] chelating agent [16] forming
transition metal complexes whose X-ray crystallographic studies
indicate the presence of metal–organic framework through H-
bonding and p–p interactions. These complexes exhibit antimicro-
bial and superoxide dismutase (SOD) activities. This contemplated
us to carry out the synthesis of a few diorganotin(IV) complexes
incorporating iminodiacetate (imda2�) dianion with a view to
investigate if these complexes may be exploited as candidates for
antitumor activities. Here-in, we report the complexes [n-Bu2

Sn(imda)(H2O)]2�Bipy (1) and [n-Bu2Sn(imda)(H2O)]2�Phen (2)
characterized by IR, 1H, 13C, 119Sn NMR and 119Sn Mössbauer spec-
tral data. The single crystal X-ray crystallographic data are also
presented for the compound (1).

http://dx.doi.org/10.1016/j.jorganchem.2009.07.030
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Table 1
Crystal data with refinement parameters for complex (1).

Empirical formula C34H54N4O10Sn2

Formula weight 918.31
Wavelength (Å) 0.71073
Crystal system triclinic
Space group P1
Unit cell dimension
a (Å) 7.955 (5)
b (Å) 19.819 (5)
c (Å) 25.413 (5)
a (�) 85.264 (5)
b (�) 89.974 (5)
c (�) 89.898 (5)
Z 4
Absorption coefficient (mm�1)
Crystal size (mm) 0.24 � 0.22 � 0.18
h Range for data collection (�) 1.0–28.4
Index ranges �10 6 h 6 7, �26 6 k 6 26

�33 6 l 6 33
Reflections collected 18 920
Unique reflections (Rint) 12 349 (0.035)
Refinement method Full matrix least square on F2

Data/restrainst/parameters 12 349/0/902
Goodness of fit on F2 1.118
Final R indices [I > 2r(I)] R1 = 0.0847, wR2 = 0.2208
R indices (all data) R1 = 0.1314, wR2 = 0.3158
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2. Experimental

2.1. Materials and measurements

Iminodiacetic acid (Merck), di-n-butyltin diacetate (Aldrich)
and 2,20-bipyridine or 1,10-phenanthroline (Merck) were used as
received. The solvents used in the reactions were of AR grade
and dried using standard literature procedures. IR spectra were re-
corded on a Perkin–Elmer spectrum GX automatic recording spec-
trophotometer as KBr disc. 1H and 13C NMR spectra of the
complexes were recorded on a Brucker DPX-400 spectrometer
operating at 400 and 100.6 MHz, respectively, and with TMS as
internal reference in CDCl3. 119Sn NMR spectra were collected at
a spectrometer frequency of 186.4 MHz on a Varian UNITY 500
with a 10 mm broad band probe. All samples were prepared in
CDCl3 solution and chemical shift values were referenced exter-
nally with Me4Sn. Elemental analyses were performed on a PE-
2400-II elemental analyzer. The 119Sn Mössbauer spectrum of the
complex 1 in the solid state was recorded using a Model MS-900
(Ranger Scientific Co., Burleson, TX) spectrometer in the accelera-
tion mode with moving source geometry. A Ca119SnO3 source
was used and the spectrum was measured at 80 K using a liquid-
nitrogen cryostat. The velocity was calibrated at ambient temper-
ature using a composition of BaSnO3 and tin foil (splitting
2.52 mm s�1). Tumor inhibiting effect of compounds 1 and 2 was
tested in vitro by using the murine leukemia cell line P388 and hu-
man leukemia cell line HL-60 with the method of MTT. The human
Lung Epithelial Cell line A-549 was tested with the method of SRB.

2.2. Synthesis of the complexes [n-Bu2Sn(imda)(H2O)]2�Bipy (1) and
[n-Bu2Sn(imda)(H2O)]2�Phen (2)

Di-n-butyltin diacetate (1.75 g, 5 mmol) in 15 ml ethanol was
added dropwise to a magnetically stirred aqueous solution
(20 ml) of iminodiacetic acid (0.67 g, 5 mmol) in presence of 2,20-
bipyridine (0.3 g, 2.5 mmol) or 1,10-phenanthroline (0.45 g,
2.5 mmol) at room temperature. The stirring was continued over-
night and the solution was refluxed for 6 h. On cooling, colorless
crystals of 1 and 2 were obtained in solution. However, only the
crystals of 1 were single and suitable for X-ray crystallography.

2.2.1. Compound (1)
yield 64%, m.p.: 218 �C. Anal. Calc. for C34H54N4O10Sn2: C, 44.57;

H, 5.94; N, 6.12; Sn, 25.91. Found: C, 44.24; H, 5.99; N, 6.11; Sn,
25.86%. IR (KBr, cm�1): vas(COO), 1668; vs(COO), 1382; v(CH3),
3086, 2928; v(CH2), 2958, 2876; v(C@O), 1772, 1705; v(Ar), 1616,
1605, 1510, 1460; v(Sn–O–Sn), 685; v(Sn–C), 531; v(Sn–O),
459; v(Sn–N), 466. 1H NMR (CDCl3, ppm): d 0.89 (t, CH3), 1.92
(t, aCH2), 1.71–1.84 (m, bCH2), 1.32 (h, cCH2), 3.91 (s, –CH2–CO),
2.35 (q, –NH–), 7.23–8.48 (m, Ar), 3.42 (s, H2O). 13C NMR (CDCl3,
ppm): d 26.5 {aCH2, 962 Hz, 1J(119Sn–13Ca)}, 26.3 (bCH2), 26.2
(cCH2), 13.3 (CH3), 165 (COO), 56.4 (–CH2–NH–), 125.6–147.1 (m,
Ar). 119Sn NMR (CDCl3, ppm): d �521.

2.2.2. Compound (2)
yield 64%, m.p.: 218 �C. Anal. Calc. for C36H54N4O10Sn2: C, 45.99;

H, 5.79; N, 5.96; Sn, 25.25. Found: C, 45.93; H, 5.75; N, 5.91; Sn,
25.21%. IR (KBr, cm�1): vas(COO), 1662; vs(COO), 1384; v(CH3),
3083, 2926; v(CH2), 2953, 2874; v(C@O), 1773, 1707; v(Ar), 1613,
1606, 1508, 1463; v(Sn–O–Sn), 682; v(Sn–C), 533; v(Sn–O),
456; v(Sn–N), 465. 1H NMR (CDCl3, ppm): d 0.87 (t, CH3), 1.90
(t, aCH2), 1.76–1.82 (m, bCH2), 1.36 (h, cCH2), 3.93 (s, –CH2–CO),
2.34 (q, –NH–), 7.31–8.43 (m, Ar), 3.40 (s, H2O). 13C NMR (CDCl3,
ppm): d 26.7 (aCH2), 26.1 {bCH2, 44.56 Hz, 2J(119Sn–13Cb)}; 26.3
{cCH2, 117.53 Hz, 3J(119Sn–13Cc)}, 13.5 (CH3), 167 (COO), 56.1
(–CH2–NH–), 125.2–146.8 (m, Ar). 119Sn NMR (CDCl3, ppm): d
�532.
2.2.3. Spectra of free ligands
H2imda: IR (KBr, cm�1): v(COOH), 3322; v(C@O), 1775, 1707; 1H

NMR (D2O, ppm): d 3.91 (s, –CH2–CO), 2.35 (q, –NH–); 13C NMR
(D2O, ppm): d 171 (COOH), 57.2 (–CH2–NH–).

Phen/Bipy: IR (KBr, cm�1): v(Ar), 1628, 1608, 1510, 1464; 1H
NMR (CD3OD, ppm): d 7.20–8.51 (m, Ar); 13C NMR (CD3OD,
ppm): d 124–148 (m, Ar).
2.3. Crystal structure determination of (1)

A single crystal of the compound 1 was mounted on a glass
capillary and data were collected using graphite-monochromated
Mo Ka radiation (k = 0.71073 Å) on Bruker SMART APEX CCD
diffractometer at 293 K. The data integration and reduction were
processed with SAINT [17] software. An empirical absorption cor-
rection was applied to the collected reflections with SADABS using
XPREP [17]. All the structures were solved by the direct method
using SIR-97 [18] and were refined on F2 by the full-matrix
least-squares technique using the SHELXL-97 [18] program pack-
age. Crystal parameters and refinement results are presented in
Table 1.
3. Results and discussion

3.1. Synthesis

Iminodiacetic acid (H2imda) reacts with di-n-butyltin diacetate
in presence of an a-diimine viz. 2,20-bipyridine (Bipy) or 1,10-phe-
nanthroline (Phen), to yield a dinuclear compounds 1 or 2. The syn-
thetic route for the compounds is shown in Scheme 1. The
analytical data are consistent with the stoichiometry [n-Bu2Sn(im-
da)(H2O)]2�Bipy (1) or [n-Bu2Sn(imda)(H2O)]2�Phen (2). The com-
pounds were soluble in water and usual organic solvents.
Suitable crystals of the compound 1 were obtained on slow evap-
oration of the mother liquor. The compounds were characterized
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Scheme 1. Synthetic procedure for the complexes 1 and 2.
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by various spectroscopic techniques and single crystal X-ray dif-
fraction of 1.

3.2. Spectroscopic studies

3.2.1. FT-IR spectra
The coordination sites of the ligands were determined by means

of FT-IR spectroscopy. The stretching frequencies of interest are
those characteristic of the carboxylic acid function, v(Sn–C),
v(Sn–O) and v(Sn–O–Sn) bonds frequencies. The free iminodiacetic
acid (H2imda) shows broad band due to O–H stretching frequen-
cies of COOH group in the 3500–3050 cm�1 region which was ab-
sent in the spectrum of the complexes, indicating that the ligand
binds Sn metal in the anionic (imda2�) form. The carboxylate group
in imda2� may exhibit a range of different coordination mode as
presented in Scheme 2. When the COO� group coordinates as a
C
O O

Sn

C
O O

C
O O

Sn Sn

C
O O

Sn Sn
Sn

A B C D

Scheme 2. Important coordination modes of –COO� group.
monodentate ligand (structure A), the difference between the
wavenumbers of the asymmetric and symmetric carboxylate
stretching vibration frequencies, Dv = (vasCOO�–vsymCOO�), is in
the range 250–300 cm�1 [19]. For the symmetric bidentate coordi-
nation (structure B), Dv is considerably smaller compared to that of
the ionic carboxylate compounds [20]. The magnitude of Dv for
asymmetric bidentate coordination modes as depicted in struc-
tures C and D, is also very large but smaller compared to that of
the monodentate (structure A) mode of coordination. It is therefore
concluded that iminodiacetate anion (imda2�) coordinates prefer-
ably in a monodentate manner. A medium intensity band near
685 cm�1 in the spectra of the complexes 1 and 2 is characteristic
of the v(Sn–O–Sn) bond stretching vibration suggesting formation
of an Sn–O–Sn bridged structure for the complexes. The absorption
bands characteristic of Sn–C, Sn–O and Sn–N, bonds stretching
vibrations were also observed at appropriate positions. The X-ray
crystallographic data for the complex 1 have confirmed a carboxyl-
ate bridged structure.
3.2.2. NMR spectroscopy
The 1H NMR spectrum of the complexes did not show the reso-

nance signal of the O–H proton for the H2imda expected at
13.12 ppm. However, the spectra contained resonance signals
characteristic of –CH3, a-CH2, b-CH2 and c-CH2 protons of the n-
butyl substituents at Sn atom as the multiplets in the appropriate
intensity ratio. The multiplet appearing in the range 7.22–
8.50 ppm is characteristic of the aromatic protons of Phen/Bipy
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moeity. The broad multiplet in the spectra is probably due to imi-
nic proton. The broadening of the signal is characteristic of nuclear
quadrupole relaxation effect of nitrogen (I = 1) [21]. The additional
broad strong singlet at �3.40 ppm is probably due to the coordi-
nated water in the complex moeity.

The 13C NMR spectra of the compounds contained resonance
signals characteristic of the skeletal carbons of the ligand moeity,
n-butyl substituents bound to {Sn} atom as well as that of the aro-
matic carbons of the bipyridine or phenanthroline moeity present
in the complexes 1 or 2. The spectra of the compounds showed a
significant downfield shift of carbon resonances, compared with
the free ligand. This shift is a consequence of an electron density
transfer form ligand to the acceptor. The 119Sn–13C resonance cou-
plings were also observed as satellites i.e. 1J(119Sn–13Ca) at 972 Hz
for compound 1; 2J(119Sn–13Cb) and 3J(119Sn–13Cc) at 44.56 and
117.53 Hz, respectively for compound 2. The complementary infor-
mation for complexes is given by the value of the coupling con-
stants. The Lockhart and Manders equation [22] which correlates
the C–Sn–C bond angle with the coupling constant 1J(119Sn–13Ca)
is given below

h ¼ 0:08771Jð119Sn—13CaÞ þ 76:7543

The magnitude of h calculated from this expression (162�) for
compound 1 is comparable to that obtained (h = 163.6�) from the
X-ray crystallographic data. This indicates that the two butyl
groups are in axial positions (Fig. 1a).

119Sn NMR spectra of the complexes 1 and 2 exhibited sharp
resonance signals at �521 and �532 ppm, respectively, consistent
with the hepta coordination of {Sn} atom [23].
3.2.3. Mössbauer spectroscopy
While IR spectroscopic data provide ample informations regard-

ing the coordination sites and their probable binding with metals,
they give no indication about the molecular structures. This latter
question is resolved usually from the X-ray crystallographic data
Fig. 1a. ORTEP view of the moeity [n-Bu2Sn(imda)(H2O)]2 drawn at 50% prob
and if possible by recording 119Sn-Mössbauer spectra of the
organotin(IV) complex. Complex 1 gave beautiful single crystals
suitable for X-ray diffraction study. We have performed 119Sn-
Mössbauer spectral investigations for this complex (1) in order to
compare the probable informations given by these two techniques.
The compound 1 showed a doublet with the experimental
Mossbauer parameters, d = 1.45, |D| = 4.16 and C1 = 0.87 mms�1

determined by computer evaluation [24]. These values are charac-
teristic for the {Sn} atom of the organotin(IV) moeity within the
complex. A successful correlation has been reported between the
quadrupole splitting |D| and the structure of differently coordi-
nated Sn(IV), using either a simple point charge model [24] or a
more elaborate hybridization treatment [25]. The observed |D|
value obtained by means of the pqs concept considering a mono-
dentate coordination mode of the –COO�, indicated that the Sn(IV)
could be present in octahedral (Oh) or pentagonal bipyramidal
(pbp) environment. Linear oligomerization (as also indicated from
the X-ray data) through the monodentate –COO� groups may re-
sult in carboxylate bridges between the two tin centers. The ob-
served |D| value indicate configuration where the n-butyl groups
are located invariably in axial position. The hepta coordination to
form the most probable pbp geometry is achieved via additional
coordination from the iminic nitrogen of the imda2� and H2O.
For Sn(IV) complexes containing a n-Bu2Sn(IV) moeity, the magni-
tude of quadrupole splitting |D| is also related with the parameter
[R] and angle h, which is given [24] by
jDj ¼ �4½R�½1� ð3=4Þ sin2 h�1=2 ð1Þ
where [R] denotes the pqs value of substituent (i.e. butyl group),
and h is the C–Sn–C angle. On inserting the value |D| = 4.16 mms�1

and h = 163.6 for complex 1 (X-ray data) in Eq. (1), we get
[R] = �1.07 mms�1. This value of [R] agrees well within 1% error
with that reported i.e. [R] = �1.09 mms�1 for heptacoordinated
Sn(IV) complexes [26]. The present Mössbauer data are consistent
ability of the thermal ellipsoids (H-atoms have been omitted for clarity).



Table 2
Selected bond lengths (Å) and angles (�) for [n-Bu2Sn(imda)(H2O)]2�Bipy (1).

Bond lengths
Sn1–C5 2.118(11) Sn2–C17 2.113(11)
Sn1–C9 2.128(10) Sn2–C21 2.132(10)
Sn1–O2 2.233(7) Sn2–O7 2.208(8)
Sn1–N1 2.310(9) Sn2–O2W 2.309(7)
Sn1–O1W 2.324(7) Sn2–N2 2.321(10)
Sn1–O3 2.330(7) Sn2–O6 2.338(7)
Sn1–O6 2.767(7) Sn2–O3 2.752(7)

Bond angles
C5–Sn1–C9 163.6(4) C17–Sn2–C21 163.9(4)
C5–Sn1–O2 97.2(4) C17–Sn2–O7 97.2(4)
C9–Sn1–O2 93.4(4) C21–Sn2–O7 93.0(3)
C5–Sn1–N1 91.9(4) C17–Sn2–O2W 84.8(3)
O2–Sn1–N1 103.3(4) C21–Sn2–O2W 85.8(3)
O2–Sn1–N1 71.8(3) O7–Sn2–O2W 74.8(3)
C5–Sn1–O1W 85.3(4) C17–Sn2–N2 91.4(4)
C9–Sn1–O1W 85.4(3) C21–Sn2–N2 103.6(4)
O2–Sn1–O1W 75.2(3) O7–Sn2–N2 72.0(3)
N1–Sn1–O1W 146.3(3) O2W–Sn2–N2 145.8(3)
C5–Sn1–O3 88.6(4) C17–Sn2–O6 89.7(3)
C9–Sn1–O3 90.5(4) C21–Sn2–O6 89.9(3)
O2–Sn1–O3 142.5(3) O7–Sn2–O6 142.4(3)
N1–Sn1–O3 71.0(3) O2W–Sn2–O6 142.8(2)
O1W–Sn1–O3 142.2(2) N2–Sn2–O6 70.9(3)
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with a seven coordinate distorted pentagonal bipyramidal (pbp)
geometry of the complex.
3.3. Single crystal X-ray crystallographic studies

The single crystal X-ray data for the complex 1 have been sum-
marized in Tables 1 and 2. The ORTEP views of the moiety [n-Bu2Sn
(imda)(H2O)]2 and [n-Bu2Sn(imda)(H2O)]2�Bipy are shown in Figs.
1a and b, respectively. The molecular unit is apparently a dimers,
held together via two carboxylate bridges with d(Sn–O–
Sn) = 5.0935 ± 0.023 Å. Additional coordination from H2O to the
metal atom results in a seven coordinate, distorted pentagonal
bipyramidal (pbp) geometry around each tin metal (Fig. 1a). The
Fig. 1b. ORTEP view of [n-Bu2Sn(imda)(H2O)]2�Bipy (1) sho
H2O oxygen (O1W), imda2� oxygens (O2, O3) along with nitrogen
(N1) and the bridging oxygen (O6) form the equatorial plane
[Sn–O = 2.324(7), 2.330(7), 2.233(7), 2.767(7) and Sn–
N = 2.310(9) Å]. The observed C–Sn–C bond angle [163.6�(4)] indi-
cates that the two butyl groups are attached to each {Sn} atom at
the axial positions [Sn–C = 2.118(11) and 2.128(10) Å]. The Sn� � �Sn
distance within the dimeric moiety is 4.242 ± 0.002 Å, which is
comparable to that reported for an analogous dimeric complex
[Bu2Sn(pyridine-2,6-dicarboxylate)(H2O)]2 [27]. The neighboring
[n-Bu2Sn(imda)(H2O)]2 dimers are further attached to each other
by weak H-bonding through Bipy nitrogen atoms as well as the
intermolecular H-bonding (Fig. 1b). It appears from the packing
diagram (Fig. 2) that the 2,20-bipyridine is present in the crystal lat-
tice and acts as a spacer in the formation of supramolecular frame-
work to stabilize the crystal lattice (Table 3).
3.4. In vitro antitumor activity

In order to compare the cytotoxicity of the compounds pre-
sented in this paper, the preliminary in vitro cell tests were per-
formed on tumor cells whose detailed experimental procedures
are available in the literature [28]. The growth inhibitory effects
on the murine leukemia cell line (P388) and human leukemia
cell line (HL-60) were measured by the microculture tetrazolium
[3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide,
MTT] assay [29]. The growth inhibition for the human non-small-
cell lung cancer cell line (A-549) was analyzed employing the sul-
forhodamine B (SRB) assay [30]. The results of the in vitro cytotoxic
effects of the compounds 1 and 2 (Table 4) against the three tumor
cell lines (P388, HL-60 and A-549) were compared using cisplatin
as a reference (control). The inhibitory effect of the compounds 1
and 2 was relatively higher than that exhibited by cisplatin against
the three tumor cell lines for the experimental concentration range
(10�4–10�7 M) suggesting that the present compounds can be used
as potent antitumor agents. The observed higher activities of the
test compounds in reference to that of the cisplatin can reasonably
be correlated [31] in terms of a structural effect i.e. a long chain
of the dinuclear (Sn–Sn) units stabilized or controlled via an
wing H-bonding interactions between adjacent units.



Fig. 2. Packing diagram of the complex 1.

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

D–H� � �A D–H H� � �A D� � �A D–H� � �A

N4–H01� � �O1i 0.80(9) 2.22(9) 2.973(10) 157(9)
N4–H01� � �O2i 0.80(9) 2.61(10) 3.308(10) 146(8)
N3–H02� � �O8 0.78(9) 2.23(9) 2.972(10) 159(9)
N3–H02� � �O7 0.78(9) 2.66(10) 3.343(11) 149(8)
N2–H03� � �O9ii 1.08(9) 1.91(9) 2.922(11) 155(7)
N2–H03� � �O10ii 1.08(9) 2.43(9) 3.307(11) 138(6)
N1–H04� � �O16iii 1.21(9) 1.90(8) 2.935(11) 140(6)
N1–H04� � �O15iii 1.21(9) 2.28(9) 3.297(11) 139(6)

Symmetry codes: (i) x + 1, y�1, z; (ii) x�1, y, z; (iii) x, y + 1, z.

Table 4
Inhibitory effect of the compounds on tumor cells of P388 (MTT), HL-60 (MTT) and A-
549 (SRB).

Cell line Concentration Inhibitory rate (%)

(mol/l) Compound 1 Compound 2 Cisplatin

P388 10�4 100 100 84
10�5 100 100 48.4
10�6 100 100 23
10�7 19.5 62.6 18.5

HL-60 10�4 100 100 100
10�5 98.9 98.6 100
10�6 97.1 92.8 48.9
10�7 90.3 29.1 19.2

A-549 10�4 100 100 36.8
10�5 72.0 74.7 15.1
10�6 61.7 40.2 12.5
10�7 34.9 23.8 17.4
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extensive H-bonding and the presence of additional spacers like
Bipy or Phen in the molecular unit (Fig. 1b). A few organotin deriv-
atives specially those containing a long chain alkyl substituent on
{Sn} atom preferably n-butyl group are reported [32] to exhibit
remarkable cytotoxic effects. The additional contribution from n-
butyl group bonded to {Sn} atom in the present compounds to-
wards the cytotoxic effects may not be ruled out.
The data in Table 4 indicate that compounds 1 and 2 at 10�4 M
concentration are highly effective against all the cell lines exam-
ined. They retained high inhibition rates of 100% against P388 tu-
mor cell line even for the concentration range 10�5–10�6 M but
were relatively less active towards HL-60 and A-549. However,
they were observed not much effective against all the three tumor
cell lines at 10�7 M concentration.
4. Conclusion

Iminodiacetic acid reacts with di-n-butyltin diacetate in pres-
ence of an a-diimine viz. 2,20-bipyridine or 1,10-phenanthroline
taken in 2:2:1 mole ratio in aqueous ethanol resulting in com-
plexes with stoichiomoetries [n-Bu2Sn(imda)(H2O)]2�Bipy and [n-
Bu2Sn(imda)(H2O)]2�Phen. The FT-IR, 1H, 13C and 119Sn NMR as well
as 119Sn Mössbauer spectroscopic data on the complexes revealed
that the ligand imda2� binds the metal as dianionic ligand behav-
ing as tridentate [N,O,O] chelating agent such that the metal adopts
a hepta coordinate distorted pentagonal bipyramidal (pbp) geom-
etry. The presence of carboxylate bridging from imda2� produced
a dinuclear structure of the complex as confirmed from the single
crystal X-ray diffraction data. The a-diimine chelator, which does
not directly bind the {Sn} atom is rather present in the crystal lat-
tice acting as a spacer between the adjacent dinuclear units involv-
ing weak H-bonding interactions to form a supramolecular
framework. Apart from this special structural feature, the present
compounds deserve attention as they are rare examples of hepta
coordinated organotin derivatives. The cytotoxicity tests of the
compounds show that these compounds can be used as potent
antitumor drugs.
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Appendix A. Supplementary material

CCDC 728949 contains the supplementary crystallographic data
for compound 1. These data can be obtained free of charge from
The Cambridge Crystallographic Data Centre via www.ccdc.cam.a-
c.uk/data_request/cif.

Supplementary data associated with this article can be found, in
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