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a b s t r a c t
A series of cis-bis{5-[(E)-2-(aryl)-1-diazenyl]quinolinolato}di-n-butyltin(IV) complexes has been synthesized and characterized by 1H-, 13C-, 119Sn NMR, ESI–MS (electrospray ionization mass spectrometry), IR
and 119mSn Mössbauer spectroscopic techniques in combination with elemental analyses. The structures
of four di-n-butyltin(IV) complexes, viz., nBu2Sn(L3)2 (3), nBu2Sn(L4)2 (4), nBu2Sn(L5)2 (5) and
n
Bu2Sn(L7)2  0.5C6H6 (7) (LH = 5-[(E)-2-(aryl)-1-diazenyl)quinolin-8-ol) were determined by single crystal X-ray diffraction. In general, the complexes were found to adopt a distorted cis-octahedral arrangement around the tin atom. These complexes retain their solid-state structure in non-coordinating
solvent as evidenced by 119Sn and 13C NMR spectroscopic results. The in vitro cytotoxicity of di-n-butyltin(IV) complexes (3–8) is reported against seven well characterized human tumour cell lines. The basicity of the two quinolinolato donor N and O atoms of the ligands are discussed in relation to the
cytotoxicity data.
Ó 2008 Elsevier Inc. All rights reserved.

1. Introduction
The chemical, biological and pharmaceutical properties of diorganotin(IV) complexes have been studied extensively. The structure–antitumour activity relationships of di- and triorganotin(IV)
quinolin-8-olate(s) and antitumour activity of organotin(IV) derivatives are also well documented [1,2]. The organotin(IV) quinolin8-olate(s) were also subjected to NMR spectroscopic techniques,
such as 119Sn, 15N, 13C and 1H NMR, as well as solid state 119Sn
CP MAS, in order to have comprehensive state of the art understanding of the subject [3,4]. The derivation of the coordination
number of the tin atom and the type of distortion of the coordination polyhedron of diorganotin(IV) complexes is not completely
reliable when based only on 119Sn NMR chemical shift data. Consequently, the structures of a few organotin(IV) quinolin-8-olates
have been investigated by X-ray crystallography. The diorgano-
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tin(IV) bis(quinolin-8-olate) group of compounds has received the
most attention and the crystal structures of R2SnL2 complexes,
where R = Me [5], p-ClPh and p-MePh [6], nBu and Cl [7], nBu [8],
t
Bu [8] and Ph [9], showed molecules with a highly distorted octahedral coordination of the tin atom by bidentate quinolin-8-olate
groups and essentially cis-R groups. In addition, structural information on two other types, viz., R2SnLX (e.g. R = EtCO2Me; X = Cl) [10]
and RSnL3 (R = p-ClPh) [11] are also available. Recently, we have
also reported the structures of six diorganotin(IV) complexes of
the type R2SnL2 (R = Ph or Bz; L = 5-[(E)-2-(aryl)-1-diazenyl]-quinolin-8-olate) [12,13] and these complexes also conform to the
same distorted cis-octahedral geometry described for diorganotin(IV) bis(quinolin-8-olate). On the other hand, there has been
some disagreement concerning the solid state structure of Ph3SnL,
with both four- [14] and ﬁve-co-ordinate [15] structures having
been assigned on the basis of 119Sn Mössbauer from the magnitude
of the quadrupole splitting. Finally, it was concluded that Ph3SnL
(L = quinolin-8-olate) is ﬁve coordinate with a trigonal bipyramidal
coordination geometry where two phenyl groups and a nitrogen
atom are in equatorial positions while a phenyl group and an
oxygen atom from the quinolin-8-olate ligand take up the axial
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positions in facial-R3 geometry [15]. To resolve these issues, we
have recently reported the crystal structures of four Ph3SnL compounds (L = 5-[(E)-2-(aryl)-1-diazenyl]quinolin-8-olate where the
aryl group is an R0 -substituted phenyl ring e.g. R0 = H; 20 -CH3; 40 OCH3; 40 -OC2H5) which represent the ﬁrst examples of structurally
characterized triphenyltin(IV) compounds containing quinolin-8olate ligand [16]. The results of the X-ray studies indicated that
the Ph3SnL complex (R0 = 20 -CH3) is distorted trigonal–bipyramidal,
with a phenyl C atom and the quinolin-8-olate N atom in axial
positions, while three other benzene solvated compounds (R0 = H;
40 -OCH3; 40 -OC2H5) have a distorted square pyramidal coordination geometry with one of the phenyl C atoms in the apical
position.
Thus, the recent work on the synthesis and characterization of
organotin(IV) complexes of compositions R2SnL2 (Bz, Ph) and
Ph3SnL (L = 5-[(E)-2-(aryl)-1-diazenyl)quinolin-8-olates) is greatly
motivated by the substantial interest in their molecular structures
and cytotoxic potentials [12,13,16].
In addition, organotin(IV) compounds are a widely studied class
of metal-based antitumour drugs and their intensive investigation
has led to the discovery of compounds with excellent in vitro antitumour activity, but, in many cases, disappointingly low in vivo potency or high in vivo toxicity [17–19]. It is well established that
organotin(IV) compounds are very important in cancer chemotherapy because of their apoptotic inducing character [20,21]. The design of improved organotin(IV) antitumour agents occupy a
signiﬁcant place in cancer chemotherapy as revealed from their
remarkable therapeutic potential reﬂected from the recent research reports [22–27]. The promising development in the search
for antitumour organotin(IV) compounds has been achieved with
some triphenyltin(IV) carboxylates such as 3,6-dioxaheptanoate
and 3,6,9-trioxadecanoate [28], 4-carboxybenzo-15-crown-5 and
4-carboxybenzo-18-crown-6 [28,29], steroidcarboxylate [30] and
terebate [2,31,32] when screened in vitro against human tumour
cell lines as per NCI protocol.
In this paper, we report on the synthesis, spectroscopic and
structural characterization of some new di-n-butyltin(IV) complexes involving 5-[(E)-2-(aryl)-1-diazenyl]quinolin-8-olate ligands (Fig. 1). The solid-state structures of the complexes
n
Bu2Sn(L3)2 (3), nBu2Sn(L4)2 (4), nBu2Sn(L5)2 (5), and nBu2Sn(L7)2
(7) have been determined using single-crystal X-ray crystallography in order to confer deeper insight into their coordination geometry. The coordination geometry of the tin atom of these complexes
in solution has been deduced from 119Sn NMR data in non-coordinating solvent, while the cleavage of the most labile bond in each
molecule has been studied using ESI mass spectrometry. The di-nbutyltin(IV) complexes of the type nBu2Sn(L)2 and nBu2SnCl(L)
were tested across a panel of human cell lines viz., WIDR (colon
cancer), M19 MEL (melanoma), A498 (renal cancer), IGROV (ovarian cancer) and H226 (non-small cell lung cancer), MCF7 (breast
cancer), EVSA-T (breast cancer) to establish their activity.

2. Experimental
2.1. Materials
n
Bu2SnCl2 (Merck), nBu2SnO (Fluka), 8-hydroxyquinoline
(Merck) and the substituted anilines (reagent grade) were used
without further puriﬁcation. The solvents used in the reactions
were of AR grade and dried using standard procedures. Benzene
was distilled from sodium benzophenone ketyl.

2.2. Physical measurements
Carbon, hydrogen and nitrogen analyses were performed with
a Perkin–Elmer 2400 series II instrument. IR spectra in the range
4000–400 cm1 were obtained on a BOMEM DA-8 FT-IR spectrophotometer with samples investigated as KBr discs. The 1H-, 13C and 119Sn NMR spectra were recorded on a Bruker AMX 400
spectrometer and measured at 400.13, 100.62 and 149.18 MHz,
respectively. The 1H, 13C and 119Sn chemical shifts were referred
to Me4Si set at 0.00 ppm, CDCl3 set at 77.0 ppm and Me4Sn set at
0.00 ppm, respectively. The splitting of proton resonances in the
reported proton NMR spectra are deﬁned as s = singlet, d = doublet, t = triplet, and m = multiplet. Positive-ion and negative-ion
electrospray ionization (ESI) mass spectra were measured on an
ion trap analyzer Esquire 3000 (Bruker Daltonics, Bremen, Germany) in the range m/z 50–1500. The samples were dissolved
in 100% acetonitrile and analyzed by direct infusion at a ﬂow
rate of 5 ll/min. The selected precursor ions were further analyzed by MS/MS analyses under the following conditions: an
isolation width of m/z = 8, a collision amplitude in the range
0.8–1.0 V depending on the precursor ion stability, an ion source
temperature of 300° C, a tuning parameter for compound stability of 100%, while the ﬂow rate and the pressure of nitrogen
were 4 l/min and 10 psi, respectively [33,34]. The Mössbauer
spectra of the complexes in the solid state were recorded using
a Model MS-900 (Ranger Scientiﬁc Co., Burleson, TX) spectrometer in the acceleration mode with a moving source geometry. A
10 mCi Ca119mSnO3 source was used, and counts of 30,000 or
more were accumulated for each spectrum. The spectra were
measured at 80 K using a liquid-nitrogen cryostat (CRYO Industries of America, Inc., Salem, NH). The velocity was calibrated
at ambient temperature using a composition of BaSnO3 and tin
foil (splitting 2.52 mm s1). The resultant spectra were analyzed
using the Web Research software package (Web Research Co.,
Minneapolis, MN).
2.3. Synthesis of 5-[(E)-2-(aryl)-1-diazenyl)quinolin-8-ols
The 5-[(E)-2-(aryl)-1-diazenyl)quinolin-8-ols, L1H–L7H, used for
synthesizing the di-n-butyltin(IV) complexes 1–7 were prepared
by the method described earlier [12,13].
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Fig. 1. Structure of the di-n-butyltin complexes (1–7) (Abbreviations: L1: R = 20 -CH3; L2: R = 30 -CH3; L3: R = 40 -CH3; L4: R = 40 -OCH3; L5: R = 40 -OC2H5; L6: R = 40 -Cl; L7:
R = 40 -Br).
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Fig. 2. The structures of the ligands LunH and L5H obtained after full geometry optimization at DFT level (refer to the supplementary materials for the structures of other
ligands L3H, L4H, L6H, L7H).

Fig. 3. A plot of proton afﬁnity (PA) of the N(1) atom of the ligands (para-substituents) against Hammett’s substituent constants (rP).

2.4. Synthesis of the di-n-butyltin(IV) complexes
2.4.1. Synthesis of nBu2Sn(L1)2 (1)
A methanolic solution of sodium methoxide (generated in situ
from 0.045 g, 1.95 mmol of Na in anhydrous methanol) was added
drop-wise into a stirred hot anhydrous benzene solution (45 ml)
containing L1H (0.5 g, 1.90 mmol). After the addition, a precipitate
appears and the stirring was continued for an additional 15 min. To
this reaction mixture, an anhydrous benzene solution (15 ml) of
n
Bu2SnCl2 (0.26 g, 0.85 mmol) was added drop-wise which resulted
in the formation of NaCl. The reaction mixture was reﬂuxed for 3 h
and ﬁltered to remove the NaCl. The ﬁltrate was collected and the
solvent was removed under reduced pressure. The resultant residue was extracted with hexane. The crude product was recrystallized from hexane, which upon cooling afforded a maroon
coloured crystalline product. Yield: 0.35 g (53.8%), mp: 64–65 °C.
Anal. found: C, 63.32; H, 5.78; N, 10.89%. Calc. for C40H42N6O2Sn:
C, 63.42; H, 5.58; N, 11.09%. IR (cm1): 1248 m(C(aryl)O. 1H NMR
(CDCl3) dH: Ligand skeleton: 9.33 [dd, 1H, H4], 8.53 [dd, 1H, H2],

8.22 [d, 1H, H6], 7.68 [d, 1H, H60 ], 7.35 [m, 4H, H3, H30 , H40 and
H50 ], 7.26 [d, 1H, H7 ] and 2.75 [s, 3H, CH3]; Sn–nBu skeleton:
1.45 [m, 4H, H1], 1.25 [m, 8H, H2 and H3], 0.78 [t, 6H, H4]
ppm. 13C NMR (CDCl3); dC: 162.2 [C8], 151.4 [C10 ], 143.0 [C2],
137.3 [C5], 136.5 [C8a], 135.6 [C20 ], 131.2 [C4], 129.8 [C30 ], 128.7
[C4a], 126.3 [C40 ], 122.3 [C50 ], 118.9 [C30 ], 115.5 [C6 and C60 ],
114.1 [C7], 17.6 [CH3]; Sn–nBu skeleton: 27.7 [C2], 26.7 [C3],
26.1 [C1], 13.6 [C4] ppm. 119Sn NMR (CDCl3) dSn: 249.8 ppm.
119
Sn Mössbauer: d = 1.00, D = 2.33, U1 = 1.84, U2 = 1.98 mm s1.
MW = 758. Positive-ion ESI mass spectra: m/z 781 [M + Na]+; m/z
496 [M–L1]+, 100%. MS/MS of 781: m/z 496 [M–L1]+; m/z 382 [M–
L1–butene–butane]+. MS/MS of 496: m/z 438 [M–L1–butane]+; m/
z 382 [M–L1–butene–butane]+. Negative-ion ESI mass spectra: m/
z 262 [L1], 100%. MS/MS of 262: m/z 234 [L1–N2]; m/z 143 [L1–
CH3C6H4N2].
The other di-n-butyltin complexes, 2–7, were prepared by
reacting the appropriate ligands, viz., L2H–L7H with nBu2SnCl2
according to the procedure described above. The characterization
and spectroscopic data of the complexes are presented below.
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2.4.2. nBu2Sn(L2)2 (2)
Maroon crystals of 2 were obtained from hexane. Yield: 0.33 g
(50.7%), mp: 80–82 °C. Anal. found: C, 63.40; H, 5.53; N, 11.01%.
Calc. for C40H42N6O2Sn: C, 63.42; H, 5.58; N, 11.09%. IR(cm1):
1253 m(C(aryl)O). 1H NMR (CDCl3) dH: Ligand skeleton: 9.31 [dd,
1H, H4], 8.54 [dd, 1H, H2], 8.23 [d, 1H, H6 ], 7.72 [m, 2H, H20 and
H60 ], 7.37 [m, 3H, H3, H40 and H50 ], 7.24 [d, 1H, H7] and 2.45 [s,
3H, CH3]; Sn–nBu skeleton: 1.44 [m, 4H, H1], 1.24 [m, 8H, H2
and H3], 0.77 [t, 6H, H4] ppm. 13C NMR (CDCl3); dC: 162.3 [C8],
153.5 [C10 ], 143.1 [C2], 138.8 [C5], 136.1 [C30 ], 135.7 [C8a], 135.5
[C4], 130.7 [C40 ], 128.8 [C50 ], 123.3 [C4a], 122.9 [C20 ], 122.3 [C3],
119.8 [C60 ], 118.7 [C6], 114.1 [C7], 21.4 [CH3]; Sn–nBu skeleton:
27.7 [C2], 26.7 [C3], 26.1 [C1], 13.6 [C4] ppm. 119Sn NMR (CDCl3)
dSn: 249.6 ppm. 119Sn Mössbauer: d = 0.99, D = 2.43, U1 = 2.00,
U2 = 2.00 mm s1. MW = 758. Positive-ion and negative-ion ESI
mass spectra were identical as for 1.
2.4.3. nBu2Sn(L3)2 (3)
Red crystals of 3 were obtained from a mixture of benzene and
hexane (v/v 1:1). Yield: 0.40 g (61.5%), mp: 171–172 °C. Anal.
found: C, 63.40; H, 5.56; N, 11.05%. Calc. for C40H42N6O2Sn: C,
63.42; H, 5.58; N, 11.09%. IR (cm1): 1247 m(C(aryl)O). 1H NMR
(CDCl3) dH: Ligand skeleton: 9.28 [dd, 1H, H4], 8.54 [dd, 1H, H2],
8.21 [d, 1H, H6], 7.82 [d, 2H, H20 and H60 ], 7.33 [m, 4H, H3, H30 ,
H50 and H7], and 2.40 [s, 3H, CH3]; Sn–nBu skeleton: 1.44 [m, 4H,
H1], 1.24 [m, 8H, H2 and H3], 0.77 [t, 6H, H4] ppm. 13C NMR
(CDCl3); dC: 162.1 [C8], 151.5 [C10 ], 143.0 [C2], 140.3 [C40 ], 136.1
[C5], 135.7 [C8a], 135.5 [C4], 129.7 [C30 and C50 ] 128.6 [C4a],
122.4 [C20 and C60 ], 122.2 [C3], 118.4 [C6], 114.0 [C7], 21.4 [CH3];
Sn-nBu skeleton: 27.7 [C2], 26.8 [C3], 26.1 [C1], 13.6 [C4]
ppm. 119Sn NMR (CDCl3) dSn: 249.8 ppm. 119Sn Mössbauer:
d = 0.88, D = 2.04, U1 = 1.79, U2 = 2.00 mm s1. MW = 758. Positiveion and negative-ion ESI mass spectra were identical as for 1.
2.4.4. nBu2Sn(L4)2 (4)
Orange crystals of 4 were obtained from a mixture of benzene
and hexane (v/v 1:1). Yield: 0.47 g (69.6%), mp: 154–56° C. Anal.
found: C, 60.83; H, 5.33; N, 10.62%. Calc. for C40H42N6O4Sn: C,
60.85; H, 5.36; N, 10.64%. IR (cm1): 1256 m(C(aryl)O). 1H NMR
(CDCl3) dH: Ligand skeleton: 9.26 [dd, 1H, H4], 8.53 [d, 1H, H2],
8.19 [d, 1H, H6], 7.92 [d, 2H, H60 and H20 ], 7.33 [m, 2H, H3 and
H7], 7.03 [m, 2H, H30 and H50 ] and 3.88 [s, 3H, OCH3]; Sn–nBu skeleton: 1.43 [m, 4H, H1], 1.26 [m, 8H, H2 and H3], 0.78 [t, 6H, H4]
ppm. 13C NMR (CDCl3); dC: 161.7 [C8], 161.3 [C10 ], 147.8 [C40 ],
142.9 [C2], 136.2 [C5], 135.5 [C8a], 135.5 [C4], 128.5 [C4a], 124.2
[C30 and C50 ], 122.1 [C3], 118.1 [C6 ], 114.2 [C20 and C60 ], 114.0
[C7], 55.5 [OCH3]; Sn–nBu skeleton: 27.8 [C2], 26.8 [C3], 26.1
[C1], 13.6 [C4] ppm. 119Sn NMR (CDCl3) dSn: 250.3 ppm. 119Sn
Mössbauer: d = 0.93, D = 2.04, U1 = 2.00, U2 = 1.85 mm s1.
MW = 790. Positive-ion ESI mass spectra: m/z 829 [M+K]+; m/z
813
[M+Na]+;
m/z
512
[ML4]+,
100%;
m/z
398
[ML4butenebutane]+. MS/MS of 829: m/z 512 [ML4]+; m/z
398 [ML4-butene-butane]+. MS/MS of 813: m/z 512 [ML4]+; m/
z 398 [ML4butenebutane]+. MS/MS of 512: m/z 454
[ML4butane]+; m/z 398 [ML4butenebutane]+. Negative-ion
ESI mass spectra: m/z 278 [L4]; m/z 263 [L4CH3] 100%. MS/MS
of 278: m/z 263 [L4CH3]; m/z 235 [L4CH3N2]; m/z 209. MS/
MS of 263: m/z 235 [L4CH3N2].
2.4.5. nBu2Sn(L5)2 (5)
Red crystals of 5 were obtained from a mixture of benzene and
hexane (v/v 1:1). Yield: 0.57 g (82.7%), mp: 275–276° C. Anal. found:
C, 61.66; H, 5.63; N, 10.26%. Calc. for C42H46N6O4Sn: C, 61.70; H,
5.67; N, 10.28%. IR (cm1): 1244 m(C(aryl)O). 1H NMR (CDCl3) dH: Ligand skeleton: 9.25 [dd, 1H, H4], 8.52 [dd, 1H, H2], 8.17 [d, 1H, H6],
7.88 [m, 2H, H20 and H60 ], 7.32 [m, 2H, H3 and H7], 6.97 [m, 2H, H30

and H50 ], 4.09 [q, 2H, OCH2CH3] and 1.45 [t, 3H, OCH2CH3]; Sn–nBu
skeleton: 1.45 [m, 4H, H1], 1.24 [m, 8H, H2 and H3], 0.76 [t, 6H,
H4]ppm. 13C NMR (CDCl3); dC: 161.6 [C8], 160.7 [C10 ], 147.6 [C40 ],
142.9 [C2], 136.1 [C5], 135.7 [C8a], 135.4 [C4], 128.5 [C4a], 124.1
[C30 and C50 ], 122.0 [C3], 118.0 [C6], 114.6 [C20 and C60 ], 113.9
[C7], 63.7 [OCH2CH3] and 14.7 [OCH2CH3]; Sn–nBu skeleton: 27.7
[C2], 26.7 [C3], 26.0 [C1], 13.6 [C4] ppm. 119Sn NMR (CDCl3)
dSn: 250.6 ppm. 119Sn Mössbauer: d = 0.95, D = 2.10, U1 = 1.60,
U2 = 1.73 mm s1. MW = 818. Positive-ion ESI mass spectra: m/z
857 [M+K]+; m/z 841 [M+Na]+; m/z 526 [ML5]+, 100%; m/z 412
[ML5butenebutane]+. MS/MS of 857: m/z 526 [ML5]+; m/z
412 [ML5butenebutane]+. MS/MS of 841: m/z 526 [ML5]+;
m/z 412 [ML5butenebutane]+. MS/MS of 526: m/z 412
[ML5butenebutane]+.
MS/MS
of
412:
m/z
354
[ML5butenebutaneethaneN2]+. Negative-ion ESI mass spectra: m/z 292 [L5]; m/z 263 [L5C2H5], 100%. MS/MS of 292: m/z
263 [L5C2H5]; m/z 235 [L5C2H5N2]; m/z 209. MS/MS of 263:
m/z 235 [L5C2H5N2].
2.4.6. nBu2Sn(L6)2 (6)
Dark-red crystals of 6 were obtained from hexane. Yield: 0.59 g
(85.3%), mp: 84–85° C. Anal. found: C, 57.13; H, 4.52; N, 10.45%. Calc.
for C38H36N6O2Cl2Sn: C, 57.16; H, 4.54; N, 10.52%. IR (cm1): 1257
m(C(aryl)O). 1H NMR (CDCl3) dH: Ligand skeleton: 9.25 [dd, 1H,
H4], 8.54 [dd, 1H, H2], 8.23 [d, 1H, H6], 7.82 [d, 2H, H20 and H60 ],
7.45 [d, 2H, H30 and H5], 7.26 [m, 2H, H3 and H7]; Sn–nBu skeleton:
1.43 [m, 4H, H1], 1.26 [m, 8H, H2 and H3], 0.78 [t, 6H, H4] ppm.
13
C NMR (CDCl3); dC: 162.8 [C8], 151.8 [C10 ], 143.1 [C2], 135.9 [C40 ],
135.7 [C5], 135.6 [C8a], 135.5 [C4], 129.2 [C30 and C50 ], 128.8 [C4a],
123.6 [C20 and C60 ], 122.4 [C3], 119.0 [C6], 114.2 [C7], Sn–nBu skeleton: 27.7 [C2], 26.7 [C3], 26.2 [C1], 13.5 [C4] ppm. 119Sn NMR
(CDCl3) dSn: 248.5 ppm. 119Sn Mössbauer: d = 0.96, D = 2.21,
U1 = 1.88, U2 = 2.00 mm s1. MW = 798. Positive-ion ESI mass spectra: m/z 837 [M+K]+; m/z 821 [M+Na]+; m/z 516 [ML6]+, 100%; m/
z 402 [ML6butenebutane]+. MS/MS of 821: m/z 516 [ML6]+;
m/z 404 [ML62butene]+. MS/MS of 516: m/z 458
[ML6butane]+; m/z 402 [ML6butenebutane]+. Negative-ion
ESI mass spectra: m/z 282 [L6], 100%.
2.4.7. nBu2Sn(L7)2.0.5C6H6 (7)
Red crystals of 7 were obtained from a mixture of benzene and
hexane (v/v 2:1). Yield: 0.56 g (83.6%), mp: 154–56° C. Anal. found:
C, 53.13; H, 4.20; N, 9.07%. Calc. for C41H39Br2N6O2Sn: C, 53.16; H,
4.24; N, 9.07%. IR (cm1): 1247 m(C(aryl)O). 1H NMR (CDCl3) dH: Ligand skeleton: 9.25 [dd, 1H, H4], 8.53 [dd, 1H, H2 ], 8.24 [d, 1H,
H6], 7.77 [d, 2H, H20 and H60 ], 7.60 [m, 2H, H30 and H50 ], 7.35 [d,
2H, H3 and H7]; Sn–nBu skeleton: 1.43 [m, 4H, H1], 1.26 [m, 8H,
H2 and H3], 0.75 [t, 6H, H4] ppm. 13C NMR (CDCl3); dC: 162.8
[C8], 152.2 [C10 ], 143.2 [C2], 135.9 to 135.5 [C40 , C5, C8a and C4],
132.2 [C30 and C50 ], 128.8 [C4a], 123.8 [C20 and C60 ], 122.4 [C3],
119.1 [C6], 114.2 [C7]; Sn–nBu skeleton: 27.7 [C2], 26.7 [C3],
26.2 [C1], 13.5 [C4] ppm. 119Sn NMR (CDCl3) dSn: 248.2 ppm.
119
Sn Mössbauer: d = 0.69, D = 2.07, U1 = 2.00, U2 = 2.00 mm s1.
MW = 886. ESI mass spectrometric results are related to the unsolvated nBu2Sn(L8)2 molecule. The presence of C6H6 is not observed
in the mass spectra. Positive-ion ESI mass spectra: m/z 909
[M+Na]+;
m/z
560
[ML7]+,
100%;
m/z
446
[ML7butenebutane]+. MS/MS of 909: m/z 560 [ML7]+; m/z
446 [ML7butenebutane]+. MS/MS of 560: m/z 504
[ML7butane]+; m/z 446 [ML7butenebutane]+. Negative-ion
ESI mass spectra: m/z 326 [L7], 100%.
2.4.8. nBu2SnCl(L4) (8)
The chloro di-n-butyltin(IV) complex was prepared by dropwise addition of sodium methoxide (generated in situ from
0.04 g, 1.75 mmol of Na in 15 ml anhydrous methanol) into a stir-
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red hot anhydrous benzene solution (45 ml) of the ligand L4H
(0.5 g, 1.79 mmol). Immediate precipitation of the sodium salt occurred and then the reaction mixture was stirred vigorously for an
additional 15 min. To this reaction mixture, an anhydrous benzene
solution (15 ml) of nBu2SnCl2 (0.52 g, 1.71 mmol) was added dropwise. The reaction mixture was reﬂuxed for 3 h and ﬁltered to
remove the NaCl. The ﬁltrate was collected and the solvent was removed under reduced pressure. The resultant mass was washed
several times with ice cold hexane. The crude product was recrystallized from a mixture of benzene and hexane (v/v 1:2) which
afforded orange crystals of 8. Yield: 0.48 g (48.45%), mp: 72–
74° C. Anal. found: C, 52.71; H, 5.45; N, 7.3%. Calc. for
C24H30N3O2ClSn: C, 52.73; H, 5.53; N, 7.69%. IR (cm1): 1259
m(C(aryl)O). 1H NMR (CDCl3) dH: Ligand skeleton: 9.65 [dd, 1H,
H4], 8.20 [d, 1H, H2], 7.95 [d, 3H, H60 , H6 and H20 ], 7.74 [m, 1H,
H3], 7.25 [m, 1H, H7], 7.03 [m, 2H, H30 and H50 ] and 3.92 [s, 3H,
OCH3]; Sn–nBu skeleton: 1.72 [m, 4H, H1], 1.35 [m, 8H, H2 and
H3], 0.85 [t, 6H, H4] ppm. 13C NMR (CDCl3); dC: 161.7 [C8],
160.8 [C10 ], 147.6 [C2], 145.9 [C40 ], 138.1 [C4], 136.5 [C5], 136.3
[C8a], 128.4 [C4a], 124.4 [C30 and C50 ], 122.3 [C3], 118.4 [C6 ],
115.6 [C7], 114.3 [C20 and C60 ], 55.6 [OCH3]; Sn–nBu skeleton:
28.2 [C2], 26.9 [C3], 26.3 [C1], 13.4 [C4] ppm. 119Sn NMR (CDCl3)
dSn: - 104.1 ppm. 119Sn Mössbauer: d = 1.15, D = 2.51, U1 = 1.80,
U2 = 1.96 mm s1. MW = 547. Positive-ion ESI mass spectra: m/z
586 [M+K]+; m/z 570 [M+Na]+; m/z 548 [M+H]+; m/z 512 [MCl]+,
100%. MS/MS of 586: m/z 512 [MCl]+; m/z 548 [M+H]+. MS/MS of
570: m/z 512 [MCl]+. MS/MS of 548: m/z 512 [MCl]+; m/z 490
[M+Hbutane]+; m/z 434 [M+Hbutenebutane]+. MS/MS of
512: m/z 454 [MClbutane]+; m/z 398 [MClbutenebutane]+.
Negative-ion ESI mass spectra: m/z 278 [L4]; m/z 263
[L4CH3]100%. MS/MS of 278: m/z 263 [L4CH3]; m/z 235
[L4CH3N2]; m/z 209. MS/MS of 263: m/z 235 [L4CH3N2].
Refer to Fig. 1 for the numbering scheme of the ligand and
Sn–nBu skeletons for the assignment of 1H and 13C NMR signals.
2.5. X-ray crystallography
Crystals of compounds 3–5 and 7 suitable for an X-ray crystalstructure determination were obtained from slow evaporation of

benzene/hexane (v/v 1:1) solutions of the respective compounds.
All measurements were made at 160 K on a Nonius KappaCCD diffractometer [35] with graphite-monochromated Mo Ka radiation
(k = 0.71073 Å) and an Oxford Cryosystems Cryostream 700 cooler.
Data reduction was performed with HKL Denzo and Scalepack [36].
The intensities were corrected for Lorentz and polarization effects,
and empirical absorption corrections based on the multi-scan
method [37] were applied. Equivalent reﬂections were merged.
The data collection and reﬁnement parameters are given in Table
1, and views of the molecules (3–5 and 7) are shown in Figs. 4–7.
The structures were solved by direct-methods using SHELXS97
[38] for 3 and 4, and SIR92 [39] for 5 and 7.
The asymmetric unit in 3 and 4 contains one molecule in a general position, plus two half molecules, each of which sits across a
C2-axis. In 3 and 4, the butyl groups in each of the C2-symmetric
molecules are disordered. Two sets of equally occupied positions
were deﬁned for the atoms of each disordered symmetry-independent butyl group. Similarity restraints were applied to the chemically equivalent bond lengths and angles involving all disordered
C-atoms, while neighbouring atoms within and between each conformation of the disordered butyl groups were restrained to have
similar atomic displacement parameters.
The 40 -ethoxyphenyl group of one quinolinolato ligand in 5 is
disordered over two conformations. Two sets of overlapping positions were deﬁned for the atoms of the ethoxyphenyl group and
the site occupation factor of the major conformation reﬁned to
0.541(4). Similarity restraints analogous to those described for 3
were employed during the reﬁnement.
In 7, the asymmetric unit contains one molecule of the Sn-complex, plus one half of a molecule of benzene, which sits across a
centre of inversion. The benzene molecule is highly disordered
within its cavity and a reasonable model could not be developed.
Therefore, the contribution of the solvent molecules to the intensity data was removed by using the SQUEEZE [40] routine of the
PLATON [41] program. Omission of the solvent molecule from the
model leaves one cavity of 212 Å3 per unit cell, located at a centre
of inversion. The number of electrons contributing to each void in
the structure was calculated by the SQUEEZE routine to be approximately 38 e. This corresponds well with the electron count for one

Table 1
Crystal data, data collection parameters and reﬁnement results for di-n-butyltin(IV) complexes 3–5 and 7

Empirical formula
Formula weight
Crystal size (mm)
Crystal color, shape
Crystal system
Space group
a (Å)
b (Å)
c (Å)

a
b (°)

c
V (Å3)
Z
Dx (g cm3)
l (mm1)
Transmission factors (min, max)
2hmax (°)
Reﬂections measured
Independent reﬂections (Rint)
Reﬂections with I > 2r (I)
Number of parameters
Number of restraints
R(F) (I > 2r (I) reﬂns)
wR(F2) (all data)
GOF(F2)
max, min Dq (e/Å3)

3

4

5

7

C40H42N6O2Sn
757.41
0.17  0.20  0.25
Red, prism
Monoclinic
C2/c
35.8749(4)
21.8444(3)
23.1536(3)
90
126.1936(6)
90
14643.2(3)
16
1.374
0.740
0.719, 0.823
60
184867
21411 (0.079)
11070
968
78
0.053
0.177
1.05
1.29, 2.94

C40H42N6O4Sn
789.41
0.10  0.25  0.30
Orange, tablet
Monoclinic
C2/c
37.6805(5)
20.7797(3)
19.4559(3)
90
106.7291(8)
90
14589.0(4)
16
1.438
0.750
0.789, 0.930
55
169908
16708 (0.092)
8881
993
52
0.045
0.145
1.04
1.70, 1.96

C42H46N6O4Sn
817.46
0.17  0.20  0.35
Red, prism
Triclinic

P1

C38H36Br2N6O2Sn  0.5(C6H6)
926.21
0.10  0.25  0.30
Red, tablet
Triclinic

P1

9.4380(2)
13.8486(3)
15.5419(2)
99.069(1)
97.614(1)
92.793(1)
1983.26(7)
2
1.369
0.692
0.748, 0.894
60
60733
11577 (0.041)
10128
565
254
0.033
0.076
1.03
1.04, 0.90

11.3778(2)
11.7967(2)
16.0362(2)
87.3218(8)
76.9184(8)
70.5888(7)
1976.41(6)
2
1.556
2.716
0.602, 0.771
55
46102
9054 (0.058)
7060
462
51
0.042
0.115
1.06
1.23, 1.52
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Fig. 4. The molecular structure of nBu2Sn(L3)2 (3). Displacement ellipsoids are shown at the 50% probability level. Only one orientation of the disordered n-butyl group is
shown.

Fig. 5. The molecular structure of nBu2Sn(L4)2 (4). Displacement ellipsoids are shown at the 50% probability level. Only one orientation of the disordered n-butyl group is
shown.

molecule of benzene per cavity (42 e), which is consistent with the
crystallization solvent (benzene/hexane) and the residual electron
density peaks initially observed for this region of the structure. The
assumed solvent composition was used in the subsequent calculation of the empirical formula, formula weight, density, linear
absorption coefﬁcient and F(0 0 0). One of the butyl groups in 7 is
disordered over two conformations. Two sets of overlapping positions were deﬁned for central two methylene groups of the disordered butyl group and the site occupation factor of the major

conformation reﬁned to 0.776(7). Similarity restraints analogous
to those described for 3 were employed during the reﬁnement.
For each structure, the non-hydrogen atoms were reﬁned
anisotropically. All of the H-atoms were placed in geometrically
calculated positions and reﬁned by using a riding model where
each H-atom was assigned a ﬁxed isotropic displacement parameter with a value equal to 1.2Ueq of its parent C atom (1.5Ueq for
the methyl groups). The reﬁnement of each structure was carried
out on F2 using full-matrix least-squares procedures, which min-
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Fig. 6. The molecular structure of nBu2Sn(L5)2 (5). Displacement ellipsoids are shown at the 50% probability level. Only one orientation of the disordered 40 -ethoxyphenyl
group is shown.

Fig. 7. The molecular structure of nBu2Sn(L7)2 (7). Displacement ellipsoids are shown at the 50% probability level. Only one orientation of the disordered n-butyl group is
shown.

imized the function Rw(F 2o  F 2c )2. Corrections for secondary
extinction were applied for 3 and 4. Four reﬂections in 3, six
reﬂections in 4 and one reﬂection in 7, whose intensities were

considered to be extreme outliers, were omitted from the ﬁnal
reﬁnement. All calculations were performed using the SHELXL97
program [42].
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2.6. Biological tests
The in vitro cytotoxicity test of di-n-butyltin(IV) compounds 3–
8 were performed using the SRB test for the estimation of cell viability. The cell lines WIDR (colon cancer), M19 MEL (melanoma),
A498 (renal cancer), IGROV (ovarian cancer) and H226 (non-small
cell lung cancer) are currently used in the anticancer screening panel at the National Cancer Institute of the National Institutes of
Health, USA [43]. The MCF7 (breast cancer) cell line is estrogen
receptor (ER)+/progesterone receptor (PgR)+ and the cell line
EVSA-T (breast cancer) is (ER)/(Pgr). Prior to the experiments,
a mycoplasma test was carried out on all cell lines and found to
be negative. All cell lines were maintained in a continuous logarithmic culture in RPMI 1640 medium with Hepes and phenol
red. The medium was supplemented with 10% FCS, penicillin
100 lg/ml and streptomycin 100 lg/ml. The cells were mildly
trypsinized for passage and for use in the experiments. RPMI and
FCS were obtained from Life technologies (Paisley, Scotland). SRB,
DMSO, Penicillin and streptomycin were obtained from Sigma
(St. Louis MO, USA), TCA and acetic acid from Baker BV (Deventer,
NL) and PBS from NPBI BV (Emmer-Compascuum, NL).
The test compounds 3–8 and reference compounds were dissolved to a concentration of 250,000 ng/ml in full medium, by
20-fold dilution of a stock solution which contained 1 mg of compounds/200 ll. Compounds 3, 4 and 6 were dissolved in DMSO
(dimethylsulfoxide) while compounds 5, 7 and 8 did not dissolve
completely in DMSO, and the suspension of the test compound in
DMSO was used to make the appropriate dilutions in medium.
Cytotoxicity was estimated by the microculture sulforhodamine
B (SRB) test [44].
2.6.1. Experimental protocol and cytotoxicity tests
The experiment was started on day 0. On day 0, 10,000 cells per
well were seeded into 96-wells ﬂatbottom microtiter plates (falcon
3072, DB). The plates were incubated overnight at 37° C, 5% CO2 to
allow the cells to adhere to the bottom. On day 1, a three-fold dilution sequence of ten steps was made in full medium, starting with
the 250,000 ng/ml stock solution. Every dilution was used in quadruplicate by adding 200 ll to a column of four wells. This procedure results in the highest concentration of 625,000 ng/ml being
present in column 12. Column 2 was used for the blank. After incubation for 3 days, the plates were washed with PBS twice. Fluorescein diacetate (FDA) stock solution was diluted to 2 lg/ml with PBS

and 200 ll of this solution was added to each of the control, experimental and blank wells. The plates were incubated for 30 min at
37° C and the ﬂuorescence generated from each well was measured at an excitation wavelength of 485 nm and an emission
wavelength of 535 nm using an automated microplate reader (Labsystems Multiskan MS). The data were used for the construction of
concentration–response curves and the determination of the ID50
value by use of the Deltasoft 3 software. ID50 value represents
the inhibitory dose in ng/ml measured from the ﬂuorescence indicating a cell kill of 50%.
The variability of the in vitro cytotoxicity test depends on the
cell lines used and the serum applied. With the same batch of cell
lines and the same batch of serum the interexperimental CV (coefﬁcient of variation) is 1–11% depending on the cell line and the
intraexperimental CV is 2–4%. These values may be higher with
other batches of cell lines and/or serum.
2.7. Quantum chemical calculations
The geometries of the unsubstituted ligand (LunH) and parasubstituted ligands, viz., L3H–L7H were optimized using the
B3LYP [45] density functional theory (DFT) method with the 631G(d) basis set. Harmonic frequency calculations were performed
at all the stationary points to characterize its nature and to ensure
that the optimized structure corresponds to a global minimum. The
optimized structures of an unsubstituted ligand (LunH) and a representative para-substituted ligand (L5H) are shown in Fig. 2 while
the geometric parameters for LunH, L3H–L7H are listed in Table 2.
The basicity of the N(1) atom of the ligand and the O(1) atom of
the corresponding anion generated after removal of the H-atom
of the O(1)H group is estimated from the proton afﬁnity of the
N(1) atom [PA (N(1))] and the O(1) atom [PA (O(1))]. The PA for
a base (B) is deﬁned as the negative of the enthalpy (H) change
for the reaction:

B þ Hþ ! BHþ
Therefore, at any ﬁnite temperature (T) the PA can be estimated
from the expression:

PA ¼ HðBÞ þ HðHþ Þ  HðBHþ Þ
At 0 K, H(H+) can be taken as zero and H(B) = E(B), where E(B) is
the energy of base B at 0 K. In the present calculations, the PA values at 0 K were estimated simply from the total energies calculated

Table 2
Selected bond lengths (Å), angles (°), and torsion angles (°) for optimized structures (B3LYP/6-31G(d)) of ligands (LunH, L3H–L7H)a and the proton afﬁnity (PA in kcal/mol) values
for the N(1) atom of L–H and O(1) atom of LO anion
Bond lengths (Å)/angles (°)

O(1)–C(1)
O(2)–C(13)
O(2)–C(16)
N(1)–C(8)
N(1)–C(9)
N(2)–N(3)
N(2)–C(4)
N(3)–C(10)
C(1)–C(2)
C(1)–C(9)
O(1)–H
C(9)–N(1)–C(8)
O(1)–C(1)–C(9)
C(4)–N(2)–N(3)–C(10)
PA (N(1))
PA (O(1))
a
b
c

LunH

1.344
–
–
1.319
1.360
1.265
1.405
1.415
1.387
1.431
0.984
117.8
118.4
179.8
237.1
342.2

Refer to Fig. 2 for numbering scheme.
Data taken from Ref. [13].
C(13)–C(16) distance.

L3H

1.344
1.509c
–
1.319
1.360
1.265
1.406
1.413
1.387
1.430
0.984
118.0
118.4
179.9
238.5
343.3

L4H

1.345
1.361
1.420
1.319
1.360
1.266
1.406
1.408
1.386
1.430
0.984
117.8
118.4
180.0
240.6
344.9

L5H

L6H

L7H

1.343
–
–
1.319
1.360
1.266
1.403
1.413
1.387
1.431
0.984
117.8
118.4
179.9
235.4
338.6

1.343
–
–
1.319
1.360
1.266
1.403
1.413
1.387
1.431
0.984
117.8
118.4
180.0
235.5
338.5

b

(Calc.)

(Expt.)

1.345
1.359
1.429
1.319
1.361
1.266
1.406
1.408
1.386
1.429
0.984
117.8
121.8
179.9
241.0
345.0

1.352(2)
1.362(3)
1.429(2)
1.312(3)
1.366(2)
1.262(2)
1.422(3)
1.418(3)
1.367(3)
1.419(3)
–
116.97(19)
120.86(19)
179.24(18)
–
–
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at the B3LYP/6-311G(d,p)//6-31G(d) level: PA(N(1)) = E(L–
H)  E(L–H–NH+) and PA(O(1)) = E(L–O)  E(L–H). In the present
study, the main aim is to calculate relative PA values for the ligands
and for this purpose, the B3LYP method [46,47] was used which is
known to produce reliable PA values. Gaussian-03 program was
used for all the electronic structure calculations [48].

The di-n-butyltin(IV) complexes could be isolated by fractional
crystallization with high purity in moderate to good yield (51–
85%). The complexes are crystalline in nature, stable in air and
are soluble in all common organic solvents.

3. Results and discussion

The results of the X-ray crystallographic study on complexes 3–
5 and 7 (Figs. 4–7) are fully consistent with the other spectroscopic
evidence described in Section 3.4. As a representative example, the
selected geometric parameters of 5 are given in Table 3. The corresponding geometric parameters for the other complexes (3, 4 and
7) have very similar values. The asymmetric unit of 3 and 4 contains one molecule in a general position, plus two half molecules,
each of which sits across a C2-axis. The butyl groups in the C2-symmetric molecules are disordered. These two complexes crystallize
in the same space group, have quite similar unit cell dimensions,
and are close to isostructural. The ethoxyphenyl group of one
bidentate ligand in 5 is disordered over two positions, which result
primarily from a reversal of the direction of the zig-zag conformation of the ethoxy group. In 7, the asymmetric unit contains one
molecule of the Sn-complex, plus one half of a molecule of benzene, which sits across a centre of inversion. One of the butyl
groups in this complex is disordered over two conformations.
The Sn-atom in all four complexes (3–5 and 7) has a distorted
octahedral coordination geometry in which the O-atoms from the
two bidentate ligands are approximately trans to one another,
but cis to the two n-butyl ligands, while the quinolin-8-olate Natoms are trans to the butyl groups. The small bite angle subtended
by the donor atoms of the quinolin-8-olate moiety is the main reason for the distortion from a regular octahedral geometry. The metric parameters of these di-n-butyltin(IV) complex molecules
closely match those of their diphenyltin(IV) and dibenzyltin(IV)
analogues [12,13]. The Sn-coordination geometry is also very similar to that found in nBu2Sn(quinolin-8-olate)2 and tBu2Sn(quinolin-8-olate)2, which have more compact ligands [8]. Some
variations are observed in the dihedral angle between the planes
of the substituted phenyl ring and the quinolin-8-olate ring in each
of the L ligands of 3–5 and 7. Whereas these dihedral angles range
from 37.0(2)° to 40.0(2)° among the four symmetry-independent
L3 ligands in 3, the range across the four symmetry-independent
L4 ligands in 4 is only 6.0(2)° to 9.1(2)°, which indicates a much
higher degree of coplanarity of these rings in 4. In 5 and 7, one L
ligand is more twisted than the other, with the two dihedral angles
being 11.2(1)° and 30.4(2)° for 5, and 6.12(7)° and 21.9(2)° for 7. In
the related diphenyltin(IV) and dibenzyltin(IV) analogues [12,13],
both nearly planar and slightly twisted arrangements of the L ligands were observed, with the dihedral angle between the planes
of the substituted phenyl ring and the quinolin-8-olate ring varying from 5° to 20°.

3.1. Optimized structures of ligands (LunH, L3H–L7H) and the proton
afﬁnity for the N(1) atom of L–H and the O(1) atom of LO anion
The optimized structures for the ligands (LunH and L5H) are
shown in Fig. 2 while the geometrical parameters for LunH, L3H–
L7H along with the proton afﬁnity for the N(1) atom of L–H and
the O(1) atom of the LO anion are listed in Table 2. The X-ray
experimental geometric parameters for L5H are also included in Table 2 along with calculated values for comparison. The calculated
values agree well with the experimental data. Most of the geometric parameters are found to be insensitive to the nature of the substituents. However, the substituents can have a strong effect on the
basicity of donor atoms, as discussed later. Since the basic structures of the di-n-butyltin(IV) complexes (1–7) are similar for the
differently substituted ligands, it can be expected that the ligand
properties will have direct inﬂuences on the stability of the corresponding di-n-butyltin(IV) complexes, as well as on their cytotoxic
activity (see Section 3.5). As the O(1) and N(1) atoms of the ligands
act as donor atoms to bind with the Sn-atom, we further investigated how the basicity of these two atoms changes with the
change in substituents. The proton afﬁnity values (Table 2) for both
the N(1) and O(1) atoms increase for the electron donor substituents (such as Me (in L3H), OMe (in L4H), and OEt (in L5H)), while
it decreases for the electron withdrawing substituents when compared with the unsubstituted ligand (LunH). A good correlation is
observed between the proton afﬁnities for the N(1) atom of the ligands and the O(1) atom of the corresponding anions and Hammett’s parameters (rP) [49] for different remote substituents. A
correlation between PA(N(1)) and rP are shown in Fig. 3. Ligands
with the –NH2, –CN and –CF3 substituents are also included in
the correlation to increase the breadth of this comparison.
3.2. Syntheses
The di-n-butyltin(IV) complexes of 5-[(E)-2-(aryl)-1-diazenyl)quinolin-8-ol were prepared by reacting stoichiometric
amounts of nBu2SnCl2 and LNa (generated in situ from Na and
anhydrous methanol) in anhydrous benzene (Eq. (1)) using the
procedure described for the dibenzyltin(IV) analogues [12]. The
di-n-butyltin(IV) complexes (1–7) could also be prepared by reacting nBu2SnO with LH in 1:2 molar ratios using a Dean–Stark apparatus in toluene (Eq. (2)) and in some cases, the yields were better.
The work-up convenience and purity considerations led to the
choice of Eq. (1). On the other hand, nBu2SnCl(L4) (8) was obtained
by the reaction of nBu2SnCl2 and L4Na in an equimolar ratio in
anhydrous benzene (Eq. (3)). The work-up details and characterization data for the complexes are described in Section 2.4.

2L1—7 H þ 2NaOMe þ n Bu2 SnCl2

Benzene n

!

Reflux;3 h

Bu2 SnðL1—7 Þ2

þ 2MeOH þ 2NaCl
2L1—7 H þ n Bu2 SnO

Toluene n

!

Reflux;3 h

L4 H þ NaOMe þ n Bu2 SnCl2
þ NaCl

ð1Þ
Bu2 SnðL1—7 Þ2 þ H2 O
Benzene n

!

Reflux;3 h

ð2Þ

Bu2 SnClðL4 Þ2 þ MeOH
ð3Þ

3.3. Structural results from single crystal X-ray diffraction

Table 3
Selected bond lengths (Å) and angles (°) for nBu2Sn(L5)2 (5)
Sn(1)–C(21)
Sn(1)–C(31)
Sn(1)–O(1)
Sn(1)–O(2)
Sn(1)–N(1)
Sn(1)–N(2)
N(1)–C(9)
N(2)–C(19)
N(3)–N(4)
N(5)–N(6)
O(1)–Sn(1)–N(1)
O(1)–Sn(1)–N(2)

2.158(2)
2.150(2)
2.111(1)
2.103(1)
2.332(2)
2.396(1)
1.357(2)
1.365(2)
1.251(3)
1.264(2)
73.74(5)
84.10(5)

O(2)–Sn(1)–N(1)
O(2)–Sn(1)–N(2)
O(1)–Sn(1)–O(2)
C(21)–Sn(1)–N(1)
C(21)–Sn(1)–N(2)
C(31)–Sn(1)–N(1)
C(31)–Sn(1)–N(2)
C(21)–Sn(1)–C(31)
O(1)–Sn(1)–C(21)
O(1)–Sn(1)–C(31)
O(2)–Sn(1)–C(21)
O(2)–Sn(1)–C(31)
N(1)–Sn(1)–N(2)

84.51(5)
72.94(5)
152.19(5)
92.05(7)
161.32(6)
158.10(7)
88.33(7)
108.28(8)
102.84(6)
93.34(7)
94.91(6)
101.28(8)
73.05(5)
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3.4. Spectroscopy
The IR spectra of the ligands (L1H–L7H), and their diphenyltin(IV) and dibenzyltin(IV) complexes were described in our earlier
communications [12,13]. The m(OH) band is found to be absent in
the IR spectra of di-n-butyltin(IV) complexes, 1–8, conﬁrming
bonding through the O-atom of the ligand. A strong band at around
1250 cm1, is assigned to the m(C(aryl)-O), i.e. C8–O–Sn linkage in
the complexes [12,13,50].
The 1H and 13C NMR data of L1H–L7H were also described earlier
[12,13]. The conclusions drawn from the ligand assignments were
then subsequently extrapolated to their complexes owing to their
data similarity and it was possible to detect all proton and carbon
signals for di-n-butyltin(IV) complexes 1–8 (see Section 2.4). The
1
H NMR integration values and the number of 13C signals correspond with the proposed formulations of the products. The 1H
and 13C chemical shift assignment of the di-n-butyltin(IV) moiety
is straightforward from the multiplicity patterns and resonance
intensities. The coordination number in solution was determined
from the 119Sn chemical shift and the 1J(119Sn–13C) coupling constants of the n-butyl ligands, since tin shielding and the coupling
constant both increase with coordination number. The 119Sn
NMR spectrum of each of the di-n-butyltin(IV) complexes studied
displayed only one resonance signal for nBu2Sn(L1–7)2 (1–7) at
around 250 ppm and for nBu2SnCl(L4) (8) 104 ppm, in deuterochloroform solutions. The observed d(119Sn) chemical shifts for the
chelated complexes (1–8) fall within the typical ranges for ﬁve (ca.
90 to 330 ppm) and six (ca. 125 to 515 ppm) coordinate
derivatives [51]. The d(119Sn) values of complexes (1–7) are comparable with the shift observed for nBu2Sn(quinolin-8-olate)2
(262 ppm in CHCl3 solution [51,52] and 260 in CDCl3 [53]).
The solution 119Sn NMR shift of nBu2Sn(quinolin-8-olate)2 was
found to be comparable with that obtained from the solid state
119
Sn CP MAS NMR (277 ppm), indicating that nBu2Sn(quinolin8-olate)2 possesses the same structure in solution and in the solid
state [3]. This conclusion was subsequently conﬁrmed for
n
Bu2Sn(quinolin-8-olate)2 by crystallography [8,54]. On the other
hand, the d(119Sn) value for the chloro di-n-butyltin(IV) complex
(8) corresponds well with that of nBu2SnCl(quinolin-8-olate)
(112 ppm in CHCl3 solution [51,55]). Furthermore, the
1 119
J( Sn–13C) coupling constant values are around 625 Hz (1–7)
and 590 Hz (8), which correspond well with the reported values
[56,57]. On this basis, it is concluded that the nBu2Sn(L1–7)2 complexes (1–7) are six-coordinate in solution, while nBu2SnCl(L4) (8)
is a ﬁve coordinate species. Thus, the 119Sn NMR data indicate that
the complexes retain their solid-state structures in solution (see
Mössbauer and crystal structure discussion).
The 119Sn Mössbauer data i.e. isomer shift (d), quadrupole
splittings (D) and the line widths at half-peak height (C) for
the di-n-butyltin(IV) complexes (1–8) are given in Section 2.4.
In general, the complexes displayed a doublet with d and D values in the range 0.69–1.15 and 2.04–2.51 mm s1, respectively.
The observed D values for the nBu2Sn(L1–7)2 complexes (1–7)
lie within the range delimited for those diorganotin complexes
which have a cis-R2Sn octahedral geometry [58,59]. The values
are in agreement with the data observed for the cis-octahedral
n
Bu2Sn(quinolin-8-olate)2 complex (D = 2.04 [60]) [8]. The magnitudes of the d and D values in the complexes 1–7 are similar to
each other, which would indicate that they are isostructural.
Thus, the Mössbauer spectroscopic data suggest a cis-R2Sn octahedral geometry for complexes 1–7. On the other hand, the observed D value for nBu2SnCl(L4) (8) is 2.51 mm s1, which falls
within the range observed for R2SnCl(quinolin-8-olate) complexes (R = alkyl or aryl, D range = 2.40–3.36 mm s1) [60] that
have a trigonal bipyramidal geometry where the Cl and N atoms
occupy the axial positions.

In the mass spectrometer, the main mechanism of ion formation
is the cleavage of the most labile bond between tin and chloride or
an organic ligand yielding two complementary ions, where the cationic part of the molecule is observed in the positive-ion mass spectra, i.e. [ML]+ or [MCl]+, and the anionic part in the negative-ion
mass spectra, i.e. [L] [17,18,61]. The ion [Cl] cannot be observed in
the spectra because the m/z value of 35 is outside the instrument
scan range. When both chlorides and an organic ligand are coordinated to the tin atom, the loss of chlorine is preferred. Other ions observed in the ﬁrst-order positive-ion mass spectra are sodium and
potassium ion adducts and in some cases protonated molecules. It
is also noteworthy that the position of the methyl group on the ligand in nBu2Sn(L13)2 complexes (1–3) has no inﬂuence on the
ion formation and the same mass spectra were obtained for these
three complexes. The tandem mass spectra of some important ions
were recorded in order to obtain more structural information. The
neutral losses of butane or butene conﬁrm the presence of a butyl
substituent on the tin atom and the loss of 28 (N2) conﬁrms the
presence of an azo group in the molecule. Moreover, the loss of alkyl
is observed in the spectra of complexes (4, 5 and 8), which contain
an alkoxy group. The molecular weight of all studied complexes can
be conﬁrmed from the information obtained from both positive-ion
and negative-ion ﬁrst-order spectra.
3.5. In vitro cytotoxicity
The results of the in vitro cytotoxicity test in human tumour cell
lines on nBu2Sn(L37)2 (3–7), nBu2SnCl(L4) (8) along with a diphenyltin(IV) complex Ph2Sn(L)2 (where L = 5-[(E)-2-(aryl)-1-diazenyl]quinolin-8-olate) are given as ID50 values in Table 4, and
compared with the data for some compounds that are in current
clinical use as antitumour agents. The table clearly shows that
di-n-butyltin(IV) complexes (3–7) are overall, but not for every cell
line, more active than cisplatin. The compounds 3, 4 and 6 display
the highest activity, even higher than several of the standard cytotoxic agents. All di-n-butyltin(IV) compounds show a dramatic increase in in vitro cytotoxicity compared with the related
diphenyltin(IV) compound, Ph2Sn(L)2. However, the exact reasons
for increased activity could not be inferred from the present data.
A reverse trend i.e. an increase in activity from n-butyl to phenyl
substituents has also been found (see Ref. [2], also for more information on structure–activity relationship).
Further, di-n-butyltin(IV) compounds (3–7) allow calculations
on the structure activity relationship with respect to the substituents at the para-position of the diazo forming moiety of the ligand
Table 4
The ID50 values (ng/ml) of test compounds (3–8) in vitro (using as cell viability test) in
seven human tumour cell lines
Test compounda

3
4
5
6
7
8
Ph2Sn(L)2b
DOX
CPT
5-FU
MTX
ETO
TAX

Cell lines
A498

EVSA-T

H226

IGROV

M19

MCF-7

WIDR

90
136
589
248
112
1605
16902
90
2253
143
37
1314
<3.2

38
46
167
85
32
527
8677
8
422
475
5
317
<3.2

113
224
864
407
147
1721
8950
199
3269
340
2287
3934
<3.2

65
111
351
395
44
440
4774
60
169
297
7
580
<3.2

59
65
268
72
64
374
10104
16
558
442
23
505
<3.2

48
95
374
143
51
968
7332
10
699
750
18
2594
<3.2

233
451
2064
1190
330
3680
8441
11
967
225
<3.2
150
<3.2

a
Abbreviations: 3 = nBu2Sn(L3)2, 4 = nBu2Sn(L4)2, 5 = nBu2Sn(L5)2, 6 = nBu2Sn(L6)2,
7 = nBu2Sn(L7)2, 8 = nBu2SnCl(L4), DOX = doxorubicin, CPT = cisplatin, 5-FU = 5-ﬂuorouracil, MTX = methotrexate, ETO = etoposide and TAX = paclitaxel.
b
L = 5-[(E)-2-(phenyl)-1-diazenyl]quinolin-8-olate.
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Fig. 8. The correlation between ID50 values and the proton afﬁnity (PA) of the N(1) atom of the ligands.

(L37H). The ID50 values given in Table 4 show that the activity of
the nBu2Sn(L3–7)2 compounds (3–7) decrease in the order
3 < 4 < 5 (Me, OMe and OEt substituents in L3H, L4H and L5H,
respectively), whereas the ID50 value for 6 (Cl-substituted compound) for all cell lines is higher than that of 3, the ID50 value for
7 (Br-substituted compound) is found to be less than that of 3
for EVSA-T, IGROV and MCF-7 cell lines and slightly higher for
other cell lines.
In general, the activity seems to depend upon the basicity of the
donor atoms of the ligand employed [62]. The compounds become
less active as the basicity increases and this correlation is depicted
in Fig. 8. Compounds 5 and 7 with –OEt and –Br substituents (L5H
and L7H) deviate from the correlation possibly due the solubility
problem in DMSO (see Section 2.6 for details). It can be anticipated
from this trend that the incorporation of electron withdrawing
substituent (such as CF3) in the ligand of di-n-butyltin(IV) compound will possibly enhance the cytotoxic activity. Thus, the test
results of the di-n-butyltin(IV) compounds (3–7) led to important
structure-activity information and related work in this area is in
progress.
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[7] E. Kellö, V. Vrábel, J. Holeček, J. Sivy, J. Organomet. Chem. 493 (1995) 13–16.
[8] A. Szorcsik, L. Nagy, M. Scopelliti, A. Deák, L. Pellerito, K. Hegetschweiler, J.
Organomet. Chem. 690 (2005) 2243–2253.
[9] A. Linden, T.S. Basu Baul, A. Mizar, Acta Crystallogr. Sect. E 61 (2005) m27–
m29.
[10] S.W. Ng, C. Wei, V.G. Kumar Das, J.P. Charland, F.E. Smith, J. Organomet. Chem.
364 (1989) 343–351.
[11] M. Schumann, R. Schmiedgen, F. Huber, A. Silvestri, G. Ruisi, A.B. Paulsen, R.
Barbieri, J. Organomet. Chem. 584 (1999) 103–117.
[12] T.S. Basu Baul, A. Mizar, X. Song, G. Eng, R. Willem, M. Biesemans, I.
Verbruggen, R. Butcher, J. Organomet. Chem. 691 (2006) 2605–2613.
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