
ISSN 1070�3284, Russian Journal of Coordination Chemistry, 2014, Vol. 40, No. 6, pp. 343–357. © Pleiades Publishing, Ltd., 2014.

343

1 INTRODUCTION

In 1864, Hugo Schiff studied the condensation of
primary amines and carbonyl compounds to form typ�
ical products. Therefore, these compounds are re�
ferred as Schiff bases. After that synthesis, chelating
behavior and other properties of many Schiff bases
have been studied by many researchers [1]. In this
context, much work has been done all over the World.
Some of the work is reviewed as follows. It is
well known from the literature that nitrogen and sulfur
atoms play a key role in the coordination with metal at
the active site of numerous metallobiomolecules. Mo�
lecular design of Schiff�base complexes in the
21st century will be focused on directed variation of
the binding of azomethine derivatives to allow buildup
of different chelate ring size and combinations. There�
upon, the problem of selectively obtaining tetra, penta
and hexa�coordinated chelate structures will be re�
solved, as well as standard and non�standard metal
binding with chelating ligands [2]. Chelated ligands
have been extensively studied for their biological ap�
plications as antiviral, antibacterial, antifungal [3],
antimalarial agents [4], anti�leukemic [5], antifertility
[6], anti�tubercular [7], antipyretic, antitumor and
anticancer. Schiff bases constitute one of the most im�
portant class of biologically active ligands due to their
facile synthesis and good solubility in uncommon sol�
vents. Thus, they have played an important role in the
development of coordination chemistry [8] and they
readily form stable complexes with most of the metals.
These compounds are worth of attention for many rea�
sons, chief among them are their biological activities.
As many drugs are heterocyclic their sulphur, oxygen,
nitrogen, amino�nitrogen, azomethine nitrogen, and
alcoholic or phenolic oxygen are some of the donor at�
oms of interest. The past few decades have seen the in�

1 The article is published in the original.

troduction of a number of pharmaceutical compounds
which contain five, six and seven�membered rings,
such as piperazines, piperidines, imidazoles, benzodi�
azepines and other heterocycles containing nitrogen,
sulfur and oxygen [9–13]. 

Non�heterocyclic compounds are also the subject
of great interest to many researchers for a number of
years. The coordination chemistry of semi, thio�
semi, isothiosemicarbazones appeared to be very in�
teresting from the point of view of both the number
of metals forming complexes with them and the di�
versity of the ligand systems themselves (among
them being also macrocyclic ones) [14–17], i.e.,
set of donor atoms providing stabilization of various
oxidation states of metals and reactions of coordina�
tion ligands [18–20]. The in vitro anti�HIV activi�
ties indicates that compound (3�(2�(4methylami�
nobenzylideneamino)�6�(cyclopropylamino)�9H�
purin�9�yl)cyclopentyl)methanol was found to be
most potent compound with selectivity index of
>2000 and was found to be 32 times more potent
than the parent drug [21].

One of the most important goals of pharmacologi�
cal research is the search for new molecular structures
which exhibit effective antitumor activities [22]. This
has driven inorganic and organometallic chemists to
look for new metal compounds with good activities,
preferably against tumors that are responsible for high
cancer mortality. Organotin(IV) compounds are a
widely studied class of metal�based antitumor drugs
and their intensive investigation has led to the discov�
ery of compounds with excellent in vitro antitumor ac�
tivity, but, in many cases, disappointingly low in vivo
potency or high in vivo toxicity. It is well established
that organotin(IV) compounds are very important in
cancer chemotherapy because of their apoptotic in�
ducing character [23–27]. The design of improved or�
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ganotin(IV) antitumour agents occupies a significant
place in cancer chemotherapy, as revealed from their
remarkable therapeutic potential reflected in recent
research reports. The binding ability of organotin(IV)
compounds towards DNA depends on the coordina�
tion number and nature of the groups bonded to the
central tin atom. The phosphate group of DNA sugar
backbones usually acts as an anchoring site and the ni�
trogen of DNA base binding is extremely effective, this
often resulting in the stabilization of the tin center as
an octahedral species. Low doses of organotins can ex�
hibit anti�tumoural activity [28–30] and have suggest�
ed an action mode via a gene�mediated pathway in the
cancer cells, opening a new research sub�area on orga�
notin(IV) compounds. The chemical and biochemical
aspect of DNA inhibition, including biotechnological
aspects of organotin(IV) cancer chemotherapy, has al�
so been described. When organotin(IV) halides are
dissolved in water, the pH of the solution decreases
dramatically because they are converted slowly into
organotin(IV) hydroxides and then to bis(triorgano�
tin)oxides or diorganotin oxides. In contrast, di� and
tri�organotin(IV) carboxylates do not suffer from this
disadvantage and generally remain intact in water for
long periods, i.e., days. Consequently, a large number
of organotin(IV) carboxylates have been investigated
for their antitumor potential. Among organotin(IV)
carboxylates, triorganotin(IV) carboxylates are quite
well known as bactericides and fungicides and subse�
quently several such derivatives were found to be po�
tent when screened for their cytotoxicity [31–36].

Scope of Schiff base ligands. Parkinson’s disease
(PD) is the most common neurodegenerative move�
ment disorder, characterized by a specific loss of
dopaminergic neurons in the substantia nigra pars
compacta and affecting the population above the age
of 60 years [37]. Benzothiazoles are highly interesting

molecules for drug development, because they are
known to be useful for treating neurodegenerative dis�
orders [38]. Among the most efficient compounds,
lubeluzole has been shown experimentally to preserve
neurological function and reduce infarct volume in
animal models of focal brain ischemia [39], while oth�
er derivatives, such as KHG21834 were capable of
protecting PC12 cells and cortical and mesencephalic
neurons from amyloid b�induced degeneration [40].

In addition, the study of naphthalene derivatives
has become of much interest in recent years on ac�
count of their antioxidant and antiparkinsonian activ�
ities. Many anticancer and anti�bacterial drugs are
known to behave as versatile ligands [41] some of
which exhibit increased anticancer activity when ad�
ministered in the complex form with the metal ions
[42, 43]. It has been suggested [44] that certain type
of cancers are caused by viruses. The interaction be�
tween metal ion and their ligands with cancer associ�
ated viruses might represent an important route in de�
signing [45] new anticancer therapies for tumors that
becomes resistant to the conventional drugs. A recent
methodology to design novel antiviral therapies is
achieved by coordinating a metal ion from an impor�
tant biomolecule, for instance a zinc finger protein
with antiviral agent, usually containing sulphur func�
tionalities with good complexing behavior. All these
observations have attracted our attention to report an�
tibacterial thiazole derived Schiff bases [46]. The
structure of all these compounds is shown in Fig. 1.

Physico�chemical properties of Schiff base com�
plexes of tin. Tin complexes exhibit a broad spectrum
of biological activities and are studied in view of their
structural diversity and their possible biological appli�
cations. In this regard, compounds which exhibit anti�
microbial [47], anti�inflammatory [48], bactericidal
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[49, 50], cardiovascular [51], biocidal [52], antituber�
cular [53], antifungal [54], and cytotoxic [55–58] bio�
logical activity have been described. Different com�
plexes have been investigated in the search of treat�
ments for diseases, such as trypanosomiasis [59]
and jaundice [60]. The chemistry of organostannyl
carboxylates is one of the most fascinating fields, and
pyridine tin carboxylates are the focus of many studies
due to their different coordination geometries and
their structural diversity, which depends upon the re�
action conditions. The 2,6�pyridine dicarboxylic acid
reacts with diorganotin oxide or diorganotin diacetate,
thereby generated structures with a pentagonal bipyra�
midal environment [61–68]. Interestingly, the pres�
ence of alkaline alkoxides favors the formation of
complexes with octahedral geometry [69]. The reac�
tion of 2,5�pyridinedicarboxylic acid with dimethyl,
dibutyl or diphenyl tin oxides gives cyclotrimeric or
polymeric seven�coordinated tin derivatives [70]. In
addition, the 2,4/3,4 and 3,5�pyridine dicarboxylates
react with organotinchlorides giving oligomeric struc�
tures with distorted trigonal bipyramidal geometries
[71]. 

Some organotin complexes derived from picolinic
acid possess octahedral or five�coordinated TBP
structures, where the carboxylate acts as a monoden�
tate ligand [72, 73]. It has been reported that seven�
coordinated tin complexes exhibit higher activity to�
wards some cancer cell lines when the 2,6�pyridine
carboxylate moiety is part of the molecule [74]. Other
studies have focused on the structural aspects of the
hypervalent species of the Schiff�based organotin
complexes [75, 76]. Binuclear and polynuclear transi�
tion metal complexes with macrocyclic ligands
have been synthesized and show biological impor�
tance [77–83]. Synthesis, spectroscopic characteriza�
tion, crystal structures, and in vitro cytotoxic activity
of self�assembly of extended Schiff base amino acetate
skeletons, 2�{[(2Z)�(3�hydroxy�1�methyl�2�bute�
nylidene)]amino} phenylpropionate and 2�{[(E)�1�
(2�hydroxyaryl)alkylidene]amino}phen�ylpropionate
skeletons incorporating organotin(IV) moieties have
been reported [84]. 

The crystal structures of complexes reveal that
the complexes exist as polymeric chains in which the
L�bridged Sn�atoms adopt a trans�R3SnO2 trigonal bi�
pyramidal configuration with R groups in the equato�
rial positions and the axial locations occupied by car�
boxylate oxygen from the carboxylate ligand and the
alcoholic or phenolic oxygen of the next carboxylate
ligand in the chain. The carboxylate ligands coordi�
nate in the zwitterion form with the alcoholic/phenol�
ic proton moved to the nearby nitrogen atom. A poly�
meric zig�zag cis�bridged chain structure is observed

without considering the weak Sn—O interaction; the
Sn atom has a slightly distorted trigonal bipyramidal
coordination geometry with the two O atoms of tri�
dentate amino propionate ligand in axial positions. On
the other hand, the structure of other complexes re�
veals a monomeric molecule in which the Sn atom has
a distorted octahedral coordination geometry involv�
ing the tridentate carboxylate ligand, two n�butyl
ligands occupying trans�positions and one water
ligand. The in vitro cytotoxic activity of triphenyl�
tin(IV) compounds against WIDR, M19 MEL, A498,
IGROV, H226, MCF7 and EVSA�T human tumor cell
lines are described in [85, 86]. 

The rigid, potentially tridentate ONS isatin derived
Schiff bases ligands of S methyldithiocarbazate
(Hisasme, A) and S�benzyldithiocarbazate (Hisasbz, B)
exhibit variable coordination in complexes with tran�
sition metals and main group metals are shown in Fig. 2.
The inflexibility of the ligand leads to a competition
between the distal donor atoms (O and S) for the metal
with the central N�donor being an effective pivot. This
arrangement leads to breakage of the M–O coordinate
bonds as the metal ion covalent radius increases as
seen in the Zn(II) and Sn(IV) complexes of the
monoanionic ligands. Elongation of the Co(II)–O
and Ni(II)–O coordinate bonds is also apparent and it
is clear that the ligands represent interesting examples
where ‘pseudocoordination’ of the O�donor effective�
ly blocks access by any other ligand to a coordination
site leading to a low coordination number. These fea�
tures may be useful in designing low coordination
number complexes without the requirement of steri�
cally demanding functionality attached to the ligand
backbone [87].

Synthesis of the Sn(IV) complexes with Schiff
bases derivatives have been achieved in one pot by the
reaction of 2�amino�4�R�phenol (R = H, Me, Cl,
NO2), 2�pyridinecarboxaldehyde, 2�picolinic acid
and dimethyl�, dibutyl�, and diphenyltin oxides. A
good crop of crystals enabled to use X�ray diffraction
to determine their molecular structures, which exhib�
ited pentagonal bipyramidal geometry where the butyl
groups occupied the axial positions whereas the nitro�
gen and the oxygen atoms occupied the equatorial po�
sitions. An unusual reduction oxidation reaction took
place by the reaction of 2�amino�4�nitrophenol, dibu�
tyltin oxide and 2�pyridinecarboxaldehyde, which
produced the corresponding amine and the amide
tin(IV) derivatives. Structures of these complexes were
established by X�ray crystallography and exhibited dis�
torted trigonal bipyramidal geometry [88]. 

The coordination chemistry of tridentate amino
acid�derived Schiff bases [89, 90] and related triden�
tate Schiff base [91–95] with diorganotin(IV) centres
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have been discussed widely. Much interest arises from
their pharmacological activity, where several organo�
tin(IV) complexes have shown antitumor and antiviral
activity. Diorganotin(IV) complexes of the general
formula R2Sn[Ph(O)C–CH–C(Me)N–C6H4(O)] (R

= Ph, Me) have been synthesized from the corre�
sponding diorganotin(IV) dichloride and the ligand,
3�(2�hydroxyphenylimino)�1�phenylbutan�1�one in
methanol at room temperature in presence of triethy�
lamine. Schematic reaction of tridentate chelated di�
organotin(IV) complexes preparation is shown below:

New dimethyltin(IV) compounds of N�(3�hydro�
xypyridine�2�yl)�salicylideneimine derivatives have
been synthesized and the crystal structure of
[Me2Sn(2�OC6H2(3,5�Cl2)CHNC5H3NO)]Me2SnL
also been determined by X�ray single crystal diffrac�
tion analyses as shown in Fig. 3. It has found that the
tin atoms are five�coordinated in a square pyramidal
geometry. The monomeric [Me2Sn(2�OC6H2(3,5�
Cl2)CHNC5H3NO)] units are linked into dimers by
weak intermolecular interactions with Sn···O bonding.
The in vitro antibacterial and antifungal tests of the
synthesized dimethyltin complexes have been carried
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out. [Me2Sn(2�OC6H2(3,5�Cl2)CHNC5H3NO)] sho�
wed higher activity against S. aureus ATCC 25923 than
the standard drug gentamisin. The results of antifungal
screening indicated that complex showed more activi�
ty against all Aspergillus [96, 97]. 

Diorganotin(IV) complexes with terdentate Schiff
bases N�[(2�pyrroyl)methylidene]�N'�tosylbenzene
1,2�diamine (L1) and N�[(2�hydroxyphenyl)methyl�
idene]�N'�tosylbenzene�1,2�diamine (L2) are well
known and have been synthesized in [98]. Molecular

structure of these complexes shown in Fig. 4. Howev�
er, the reaction between the precursor [η5�
C5H5Fe(CO)2]2SnCl2 and the Schiff bases in the pres�
ence of triethylamine gave [Et3NH]FeL. The crystal
structures of the ligands and complexes have been
studied by X�ray diffraction and is shown in Fig. 5. The
structure of tin complexes shows the tin to be five�co�
ordinate in a distorted square pyramidal environment
with the dianionic ligand acting in a terdentate man�
ner. In Fe complex iron atom is in a slightly distorted
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octahedral environment and is meridionally coordi�
nated by two ligands [98–100]. 

The synthesis of twenty new penta�coordinated dior�
ganotin(IV) compounds are reported in [101]. The molec�
ular structure of one of them is given in Fig. 6. The chemi�
cal name and formulae of these compounds are as (5S)�6�
Aza�2,2�di�n�butyl�11�hydroxy�5�isobutyl�1,3�dioxa�2�
stannabenzocyclononen�4�one, C21H33NO4Sn(1), (5S)�
6�Aza�2,2�di�n�butyl�5�isobutyl�11�methoxy�1,3�dioxa�
2�stannabenzocyclononen�4�one, C22H35NO4Sn(2),
(5S)�6�Aza�11�hydroxy�5�isobutyl�1,3�dioxa�2,2�diphe�
nyl�2�stannabenzocyclononen�4�one, C25H25NO4Sn(3),
(5S)�6�Aza�5�isobutyl�11�methoxy�1,3�dioxa�
2,2�diphenyl�2�stannabenzocyclononen�4�one,
C26H27NO4Sn(4), (5S)�6�Aza�2,2�di�n�butyl�5�[(20S)�
but�20�yl]�11�hydroxy�1,3�dioxa�2�stannabenzo�
cyclononen�4�one, C21H33NO4Sn(5), (5S)�6�Aza�2,2�
di�n�butyl�5�[(20S)�but�20�yl]�11�methoxy�1,3�dioxa�
2�stannabenzocyclononen�4�one, C22H35NO4Sn(6),
(5S)�6�Aza�5�[(20S)�but�20�yl]�11�hydroxy�1,3�dioxa�
2,2�diphenyl�2�stannabenzcyclononen�4�one,
C25H25NO4Sn(7), (5S)�6�Aza�5�[(20S)�but�20�yl]�11�
methoxy�1,3�dioxa�2,2�diphenyl�2�stannabenzocy�
clononen�4�one, C26H27NO4Sn(8), (5S)�6�Aza�2,2�di�
n�butyl�5�(2�methylsulfanylethyl)�11�hydroxy�1,3�dioxa�
2�stannabenzocyclononen�4�one, C20H31NO4SSn(9),
(5S)�6�Aza�2,2�di�n�butyl�5�(2�methylsulfanylethyl)�
11�methoxy�1,3�dioxa�2�stannabenzocyclononen�4�

one, C21H33NO4SSn(10), (5S)�6�Aza�5�(2�methylsulfa�
nylethyl)�11�hydroxy�1,3�dioxa�2,2�diphenyl�2�
stannabenzocyclononen�4�one, C24H23NO4SSn(11),
(5S)�6�Aza�5�(2�methylsulfanylethyl)�11�methoxy�1,3�
dioxa�2,2�diphenyl�2�stannabenzocyclononen�4�
one, C25H25NO4SSn(12), (5S)�6�Aza�5�benzyl�2,2�di�
n�butyl�11�hydroxy�1,3�dioxa�2�stannabenzocyclonon�
en�4�one, C24H31NO4Sn(13), (5S)�6�Aza�5�benzyl�2,2�
di�n�butyl�11�methoxy�1,3�dioxa�2�stannabenzo�
cyclononen�4�one, C25H33NO4S(14), (5S)�6�Aza�5�
benzyl�11�hydroxy�1,3�dioxa�2,2�diphenyl�2�stan�
nabenzocyclononen�4�one, C28H23NO4Sn(15), (5S)�6�
Aza�5�benzyl�11�methoxy�1,3�dioxa�2,2�diphenyl�
2�stannabenzocyclononen�4�one, C29H25NO4Sn(16),
(5S)�6�Aza�2,2�di�n�butyl�11�hydroxy�1,3�dioxa�5�phe�
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1,3�dioxa�2,2,5�triphenyl�2�stannabenzocyclononen�
4�one C28H23NO4Sn(20). These compounds have been
prepared by the reactions of α�amino acids (isoleucine,
leucine, methionine, phenylalanine and aminophenyl�
acetic acid), 2,4�dihydroxybenzaldehyde, 2�hydroxy�4
methoxy benzaldehyde and either di�(n�butyl)tin(IV)
oxide or diphenyltin(IV) oxide. They also reported that
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organotin compounds have high antineoplastic activity.
All compounds show a high antineoplastic activity and
these compounds were also tested in tumoral cell lines,
HeLa, HCT�15 and MCF�7, in order to evaluate the
antiproliferative activity and to obtain the medial inhib�
itory concentrations (IC50) values. Selectivity was ob�
served in the activities of some compounds over partic�

ular cell lines, which is very important for the future me�
dicinal applications in order to avoid the side effects.

The structure of diorganotin(IV) complexes of
N(4)�phenylthiosemicarbazones derived from 2�ben�
zoylpyridine and 2�acetylpyrazine are given in Fig. 7
and reaction scheme for the synthesis of these com�
plexes is shown below:
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Biological studies of these complexes, carried
out in vitro against selected bacteria and K562 leu�
kaemia cells, respectively, have shown that differ�
ent substituted groups attached at the thiosemicar�
bazone moieties and different diorganotin(IV)
groups displayed distinctive differences in the bio�
logical properties. Further study is in progress and
could be helpful in designing more potent antibac�

terial and antitumor agents for therapeutic use
[102].

In [103], it was reported that potassium 2�{[(2Z)�(3�
hydroxy�1�methyl�2�butenylidene)]amino}�4�methyl�
pentanoate and potassium 2�{[(E)�1�(2�hydroxyphe�
nyl)alkylidene]amino}�4�methyl�pentanoates under�
went reactions with PhnSnCl4 – n (n = 2 and 3) to give the
amino acetate functionalized Schiff base organotin(IV)
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complexes. These complexes were tested against A498,
EVSA�T, H226, IGROV, M19MEL, MCF7 and WIDR
human tumor cell lines, the average ID50 values obtained
were 55, 80 and 35 mg/mL for triphenyltin(IV) com�
pounds. The most cytotoxic triphenyltin(IV) compound

in the present report with an average ID50 value of around
35 mg/mL is found to be more cytotoxic for all studied
cell lines than doxorubicin, cisplatin, 5�fluorouracil and
etoposide. Schematic diagram of synthesis of triphenyl�
tin(IV) complexes is shown below: 

H2N O−K+

O

R

O

HO

HO
R

N O−K+

O

+ MeOH, reflux

–H2O

H
NHO* O

Sn
Ph

Ph
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MeOH, refluxPhnSnCl4 – n

n

R = H or CH3

Diorganotin(IV) complex with N�(5�bromo�2�hy�
droxybenzylidene) benzoylhydrazone ligand, which
coordinates to the metal centre in enolate form via the
phenolic O, imino N and enolic O atoms, was synthe�
sized in [104] and its structure is shown in Fig. 8. The
central tin atom is in distorted trigonal bipyramidal ge�
ometry with two oxygen atoms of the ligand in axial
positions, while the imino nitrogen atom of the ligand
and two methyl groups on tin occupy the equatorial
sites [105, 106].

All compounds of tin with 2�(9H�carbazol�9�yl)
acetic acid were characterized by X�ray crystallography,
confirming that complex {[n�Bu2SnOL]2O}2 is tetra nu�
clear one with ladder framework, complex
[n�BuSn(O)OL]6 is a hexanuclear organotin(IV) com�
plex with drum structure and complex [n�Bu3SnOL]6 is
a macrocyclic with 24�membered stannoxane ring.
Furthermore, these novel compounds have been syn�
thesized in [107] and screened for their in vitro antitu�
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Fig. 7. Structures of tin complexes with N(4)�phenylthiosemicarbazones.
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mor activity, using human hepatocellular carcinoma
cell line (BEL�7402) and human hepatocellular liver
carcinoma cell line (HepG2). Complex
[n�BuSn(O)OL]6 displayed the best cytotoxicity and
can be pointed out as a promising substrate to be subject
of further investigations [107]. Four new organotin(IV)
complexes of the type MeSnCl(Dact)],
[BuSnCl(Dact)], [PhSnCl(Dact)], and [Ph2Sn(Dact)]
were synthesized by the direct reaction of 2�hydroxyace�
tophenone�N(4)�cyclohexylthiosemicarbazone [H2Dact]
and organotin(IV) chloride(s) in absolute methanol
[108]. Salam et al. have also been published a paper on
organotin(IV) complexes with pyruvic acid phenylhy�
drazine (HPAPD): synthesis, spectral characterization,
and in vitro antibacterial activity. Four new triphenyl�
tin(IV) complexes of composition Ph3SnLH (LH = 2�/4�
[(E)�2�(aryl)�1�diazenyl] benzoate) were synthesized
[109]. The 119Sn NMR spectroscopic data indicate tet�
rahedral coordination geometry in non�coordinating
solvents. The crystal structures of three complexes,
Ph3SnL1H, Ph3SnL3H, Ph3SnL4H, were determined.
All these complexes display an essentially tetrahedral
geometry with angles ranging from 93.50° to 124.5° and
119Sn Mössbauer spectral data support this assignment
[110]. 

In [111], electron�deficient tin(IV) tetraphe�
nylporphyrin perchlorate, [SnIV(TPP)(ClO4)2], was
synthesized and used as a highly efficient catalyst for
chemical fixation of carbon dioxide. The bifunctional
catalytic system [Sn(TPP)(ClO4)2]–tetrabutylphos�
phonium bromide (TBPB) was applied for preparation
of cyclic carbonates from epoxides and carbon diox�
ide. The effect of reaction parameters was also investi�
gated [111]. They gave a conclusive remarks on this
work that the catalytic activity of [Sn(TPP)(ClO4)2]
complex for synthesis of cyclic carbonate from ep�
oxides and carbon dioxide was investigated. The na�
ture of co�catalysts and temperature influenced the
catalytic activity. The [Sn(TPP)(ClO4)2]–TBPB cata�
lytic system was found to be more active than the oth�
ers in DMF at 50°C. The reaction rates for linear ep�
oxides were higher than that of cyclic epoxides with
this catalytic system. The yield of cyclic carbonate is
closely linked to the nature of the axial ligand and co�
catalyst/catalyst molar ratio. The triorganotin(IV)
Schiff�base complexes have been synthesized and
characterized in [112]. All these complexes were found
to be monomeric, colored viscous liquids and are sol�
uble in polar solvents (methanol, ethanol, DMSO,
and DMF). On the basis of 119Sn NMR observations,
a five coordination geometry around tin(IV) atom in
these complexes is proposed tentatively. Five new
chlorodiorganotin(IV) complexes derived from dithio�
carbamate ligands have been prepared and structurally
characterized in [113]. The complexes I–V with the
general formula {(Ph2SnCl)Dtc} (Dtc = R1R2(NCS)2;
R1 = Bn, R2 = 9�anthrylmethyl (I); R1 = Bn, R2 = 9�phe�

nanthrylmethyl (II); R1 = Bn, R2 = 1�pyrenylmethyl
(III); R1 = 1�naphthylmethyl, R2 = 1�pyrenylmethyl
(IV); R1 = R2 = 1�pyrenylmethyl (V)) have been ob�
tained from Ph2SnCl2 and the sodium dithiocarbam�
ate salts of benzyl(9�anthrylmethyl)amine, benzyl(9�
phenanthrylmethyl) amine, benzyl(1�pyrenylmeth�
yl)amine, 1�naphthylmethyl(1�pyrenylmethyl)amine,
and di(1�pyrenylmethyl)amine. 

Two new diorganotin(IV) complexes have been
synthesized from the reaction of diorganotin(IV)
dichlorides with the Schiff base 3�(3�hydroxypyridin�
2�ylamino)�1�phenylbut�2�en�1�one in [114]. On the
basis of spectral and structural investigations, the
Schiff base exists in the keto�amine form in both solu�
tion and the solid phase, and is coordinated to tin as
dianionic tridentate via the imine nitrogen and phe�
nolic and enolic oxygen atoms. On the basis of 119Sn
NMR data, the coordination number of tin is retained
as five in solution. The synthesized organotin com�
plexes are specialized in inhibiting both Gram�posi�
tive (B. subtilis and S. aureus) and Gram�negative
(E. coli and P. aeruginosa) bacterial species, and the
diphenyl complex exhibits a greater inhibitory effect.
In view of the fact that diphenyltin(IV) derivatives are
often less toxic than other diorganotin(IV) derivatives,
it is suggested that the new diphenyltin(IV) complex I
may be good candidate for anticancer studies. Homo�
bimetallic carboxylates with general formulae
(R3Sn)2L (where R = Me, n�Bu, Ph; L = acetylene di�
carboxylate dianion) have been synthesized by reflux�
ing disodium salt of acetylene dicarboxylic acid with
triorganotin chlorides in 1 : 2 (L : M) molar ratio in
methanol under reflux in [115]. The unhydrated
[K(μ3�S,O�HTBA)]n and corresponding hydrate
[K(μ2�S,O�HTBA)(μ2�S,O�H2TBA)(μ�H2O)]n have
been isolated from slow evaporation of the filtrate de�
rived from the reaction in water between H2TBA
(H2TBA = terephthaloylbisanaline) and equimolar
potassium hydroxide, depending on the absence or
presence of methanol. Hydrogen bond patterns in hy�
drated complex: (a) formation of the bilayer by means
of N–H–O hydrogen bonds and (b) water molecules
join the bilayers into pairs of O–H–O hydrogen
bonds. The crystal structures show that coordination
occurs through the S and O donors. The potassium
have distorted tetragonal bipyramidal and distorted

O
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O

Ph

Sn
Me

Me

Br

Fig. 8. Proposed structure of penta�coordinated dimethyl�
organotin(IV) complexes.
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cubic coordination environments in unhydrated and
distorted square antiprism coordination environment
in hydrated complex. Thermal analysis shows that the
unhydrated is more stable than the corresponding hy�
drate [116]. 

A new series of tin(IV) complexes of general for�
mulae [Sn(L�1)(Opri)2], [Sn(HL�1)2(Opri)2], [Sn(L�
2)(Opri)2], [Sn(HL�2)2(Opri)2] (L is dianion of Schiff
bases derived from the condensation of 2�hydroxy�1�
naphthaldehyde with glycine (L�1) and β�alanine (L�2);
Opri = isopropoxide) was synthesized by reaction of
tin(IV) tetraisopropoxide with the ligands, in appro�
priate stoichiometric ratios (1 : 1 and 1 : 2). This would
result in the replacement of the isopropoxide group
from the tin(IV) tetraisopropoxide and hydrogen(s)
from ligand with the azeotropical removal of isopro�
panol [116]. Recently, six new tin complexes
of the formulae [(Ph3Sn)2(PhSn)10(Sn)2(µ2�O)8(µ3�
O)18(C7HCl3O3)2], {[(n�Bu)3Sn]2(C7HCl3O3)}n,
[(Me3Sn)2(C7HCl3O3)]n, [(Ph2Sn)(C7HCl3O3)2],
[(n�Bu)2Sn(C7HCl3O3)2], and [(Me2Sn)4(C7HCl3O3)2

(µ3�O)2(CH3O)2] have been obtained from 3,5,6�
trichlorosalicylic acid and an organotin chloride or or�
ganotin oxide [117]. All the complexes were character�
ized by elemental analysis, FT�IR and NMR (1H, 13C
and 119Sn) spectroscopy. The structural analyses reveal
that complex [(Ph3Sn)2(PhSn)10(Sn)2(µ2�O)8(µ3�
O)18(C7HCl3O3)2] has a novel cage structure, which
contains two triphenyltin nuclei, 10 monophenyltin
nuclei and two inorganic tin nuclei; complex
[(Me3Sn)2(C7HCl3O3)]n has an infinite chain struc�
ture and complex [(Me2Sn)4(C7HCl3O3)2(µ3�O)2

(CH3O)2] displays a typical ladder structure [118].
New bis�o�benzosemiquinonato tin(IV) complexes
(3,6�SQ)2SnCl2, (3,6�SQ)2SnBr2, and (3,6�
SQ)2SnPh2 (3,6�SQ is radical�anion 3,6�di�tert�butyl�
o�benzosemiquinone) were synthesized by different
methods in [119]. The reaction of tin(IV) catecholates
(3,6�Cat)SnX2 · 2THF (Х = Cl, Br) with nitrogen(IV)
oxide leads to EPR�active six�coordinated
mono�o�benzosemiquinonato complexes of (3,6�
SQ)SnX2(NO2) · THF type which undergo symmetri�
zation to the corresponding diradical bis�o�benzosemi�
quinonato species (3,6�SQ)2SnX2. Diphenyltin(IV)
catecholate (3,6�Cat)SnPh2 · THF reacts with Br2, I2

and NO2 to give five�coordinated species (3,6�
SQ)SnPh2X (X = Br, I, NO2) which transform to bis�(o�
benzosemiquinonato)diphenyltin(IV) (3,6�SQ)2SnPh2.
The molecular structures of (3,6�SQ)2SnBr2 and (3,6�
SQ)2SnPh2 were determined by X�ray analysis.

Electronic spectra. Electronic spectral data of the
ligands and their metal complexes contain absorption
reasons, band assignments and proposed geometry of
the complexes. Ligands show strong peaks ~448, 380
and 259 nm. The two strong bands are attributed to the
benzene π–π* and imino π–π* transitions. These

bands are not significantly affected by the chelation,
the third band in the spectra of the ligand is assigned to
the n–π* transition. In the metal complexes this band
shifted to a longer wavelength with increasing intensi�
ty. This shift may be attributed to the donation of lone
pairs of electron of nitrogen atoms of the ligands to the
metal ions.

IR spectra. Practically all the ligands and metal
complexes have been characterized in detail by re�
cording their IR spectra. The free ligands show ab�
sorption bands in the range ~1650 cm–1 that charac�
terize azomethine (C=N) group [104, 105]. The band
due to the thiazole ring (–C=N) was absorbed in the
range 1600–1610 cm–1, and the vibrational character�
istics of thiazole ring have been found at ~2600 cm–1.
The C–S–C group vibrations of thiazole ring in free
ligands occur in the range ~705 cm–1. The formation
of the Schiff base o�vanillidene�2�aminobenzothiazo�
le is noted from the absence of C=O and NH2 peaks in
the spectrum of the ligand [106]. The bands in the re�
gion 500–600 cm–1 were assigned to ν(Sn–O). Fur�
thermore, there are two kinds of Sn–O–Sn vibrations
in the respective spectra of complexes {[n�
Bu2SnOL]2O}2 and [n�BuSn(O)OL]6, which is abso�
lutely absent in complex [n�Bu3SnOL]6 (L = 2�(9H�
carbazol�9�yl) acetic acid [107]. In the triorgano�
tin(IV) derivatives two strong or medium absorptions
are always observed in the 500–600 cm–1 region. They
are due to νas and νs Sn–C stretching vibrations and
are consistent with an essentially trigonal pyramidal
arrangement of organic groups with a marked devia�
tion from planarity. The appearance of a single Sn–C
stretching band at ~550 cm–1 in the spectra of trimeth�
yltin(IV) complexes has been observed. A single Sn–C
stretching vibration has been also observed in the spec�
tra of the diorganotin(IV) derivatives with a trans�octa�
hedral configuration of two alkyl groups. In the spec�
trum of derivatives, two medium absorptions at 565 and
525 cm–1 were found. The bands at 550–560 cm–1 can
be assigned to the Sn–O bond. The bands at 450–
500 cm–1 can be assigned to the Sn–N bond. For tin
compounds, the bands at 299–305 and 440–460 cm–1

can be assigned to the Sn–Cl and Sn–S bonds, re�
spectively.

1H and 13C NMR spectroscopy. Apart from IR and
UV�Vis, diamagnetic complexes of Sn and Cd as well
as the corresponding ligands have also been character�
ized by NMR spectroscopy. NMR spectra of the
Cd(II) complexes show absence of signals due to
N(2)H in 1H NMR spectrum and (C=S) in 13C NMR
spectrum, which were observed in the spectra of free
ligand (PHMTSC), indicating thiolization of (C=S)
followed by deprotonation and complexation with
metal ions. The 13C NMR spectra also support the
structures proposed for the Sn complexes. The signal
due to the carbon atom attached to the azomethine ni�
trogen atom in the ligand appeared at δ 158.2 ppm.
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However, in the spectra of the metal complexes, the
signal appeared at the lower δ values. This consider�
able shift in the spectra of metal complexes indicates
the coordination of nitrogen to the central metal atom
in complexes. Furthermore, the shifting of the 13C res�
onance, which is attached to the sulfur atom in the
spectra of metal complexes compared to the free
ligand indicates coordination through sulfur to the
metal atom. The new signal due to the methyl group
attached to the metal atom in the spectra of metal
complexes was also recorded. The methine proton for
Salen�Sn and Salen(t�Bu)Sn type complexes are lo�
cated at δ 8.5–8.7 ppm as a single peak. This suggests
that the two CH=N protons are equivalent, and fur�
ther supports the idea of a monomeric solution state
structure. It also suggests planarity of the ligand. The
equivalence of the methane and t�Bu protons and the
CH3 protons of the Me�Ph group indicates a trans ar�
rangement of the two alkyl groups on tin. The sym�
metrical arrangement of the ligand and trans arrange�
ment of the alkyl groups on tin suggest an octahedral
environment around the central tin atom. The NH2

protons were located at 2.91 ppm. Coupling (3J) of the
methine proton to the tin atom was observed. The mag�
nitude of the coupling constant was used to determine
the tin species present in solution. For the dichloro
compounds, a coupling constants of 3J(119Sn�/H) 37
and 39 Hz, respectively, were observed. This compares
well to the value calculated for SalenSnCl2, 

3J(119Sn�/H)
36 Hz. For the alkyl chloro Sn derivatives coupling
constants of 3J(119Sn�/H) 12.6 and 13.2 Hz, respec�
tively, were calculated [120].

119Sn NMR spectra. The most convenient tech�
nique used to study organotin(IV) derivatives in solu�
tion and in the solid state is 119Sn NMR spectroscopy.
The 119Sn nucleus has a spin of 1/2 and a natural abun�
dance of 8.7%; it is about 25.5 times more sensitive
than 13C, taking into account the isotopic abundance.
The isotope 117Sn is slightly less sensitive (natural
abundance 7.7%) and has not been used much. Both
of these nuclei have negative magnetogyric ratios, and
consequently the nuclear Overhauser enhancements
are negative. Some examples of the applications of this
method are mentioned later in different sections. 119Sn
chemical shifts are influenced by variation in coordi�
nation number, bond angles, and nature of substitu�
ents at tin. 119Sn NMR is strongly dependent on the
coordination number of tin, and an increase in coor�
dination number produces a large upfield shift. The
119Sn NMR spectra of [Sn(R)2Cl2(Hcdacacen)] (R =
Me, Ph, Bu) show sharp singlets at 9.5, 70.6, and 141.8
ppm for the complexes, respectively. These resonances
are at significantly lower frequency than that of
SnMe2Cl2 (+137 ppm), SnBu2Cl2 (+123 ppm), and
SnPhCl2 (–27 ppm). In 119Sn NMR, the chemical
shift strongly depends on the coordination number of
tin and an increase in coordination number produces

a large upfield shift. The 119Sn moves up field by 60–
150 ppm with a change in the coordination number of
tin from four to five and by 130–200 ppm from five to
six. On the basis of these chemical shift ranges, it ap�
pears reasonable to assume that for the methyl com�
plex the coordination number of tin is five in solution.
However, the 119Sn signals for R = Ph and Bu lie at
higher frequencies than that of six�coordinate com�
plexes of phenyl and butyl tin derivatives, suggesting
that in chloroform the adduct partially dissociates and
loses the six�coordinate structure, even though the
presence of only one set of signals for the ligand in
1H NMR spectra of the complexes indicates that the
free and coordinated ligands are involved in fast inter�
change. In all the complexes, Hcdacacen seems to be a
monodentate neutral ligand, coordinating to metal as
dangling through oxygen while an intramolecular hy�
drogen bond still exists between O and N. 119Sn NMR
was carried out on (δ = –501 ppm) and (δ = –450 ppm)
organotin compounds which have been synthesized in
[120]. The chemical shifts are in the range for six�co�
ordinate tin compounds. The values for tin complexes
also compare well with other six�coordinate Salen�Sn
complexes. These chemical shifts also show that sub�
stituents on the phenyl ring of the ligand have no sig�
nificant effect on the shielding or deshielding of the tin
nucleus. The Schiff bases H2L

x, H2L
y, and H2L

z have
been prepared from the reaction of 2�amino�4�chlo�
rophenol with acetylacetone, benzoyl acetone, and
dibenzoylmethane, respectively [121]. Organotin(IV)
complexes [SnPh2(Lx)], [SnPh2(Ly)], [SnPh2(Lz)],
and [SnMe2(Lz)] have been synthesized from the reac�
tion of SnPh2Cl2 and SnMe2Cl2 with these Schiff
bases. The synthesized complexes have been charac�
terized by elemental analysis and FT�IR, 1H, 13C, and
119Sn NMR spectroscopy. Spectroscopic data suggest
the Schiff bases are completely deprotonated and co�
ordinated tridentate to tin via imine nitrogen and phe�
nolic and enolic oxygen atoms; the coordination num�
ber of tin is five. Thermal decomposition of the com�
plexes has been studied by thermogravimetric. 

119Sn Mössbauer spectra. 119Sn Mössbauer data
can usually give information on the more or less cova�
lent nature of the bonds formed by tin with different
atoms through determination of the isomer shift
values (δ) and also an insight into the probable struc�
ture of the complexes, both in the solid state or in fro�
zen solution, by the determination of experimental
nuclear quadrupole splittings |Δexp|. In all the cases, the
experimental Mössbauer spectra show a single resonant
doublet with full width at half height broader than that
of the Ba119SnO3 source (~1 mm s–1) with τav ~ 90 mm s–1,
which is consistent with the occurrence of only one
absorbing species. The experimental Mössbauer pa�
rameters with calculated Δ according to the point�
charge model formalism applied to the idealized tetra�
hedral structure. The difference between experimental
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and calculated values does not exceed the limit of tol�
erance of the method (±0.4 mm s–1), and thus the ex�
perimental |Δexp| data can be explained satisfactorily by
assuming a slightly distorted tetrahedral geometry
[110]. The large quadrupole splittings obtained for
(C4H9)2Sn(Pic)2 and (H2C=CH)2Sn(Pic)2 indicate a
trans arrangement of hydrocarbon groups in these
compounds, and the relatively low value for
(C6H5)2Sn(Pic)2 reveals a cis configuration.

The 119Sn Mössbauer data for the tin(II) com�
pounds prepared, along with previously published data
on related heterocyclic tin(II) compounds. All com�
pounds exhibit isomer shift values greater than that of
β�tin, evidence generally taken as confirmation of the
presence of tin(II). Tin(II) derivatives derived from
mercaptoethanol and ethanedithiol exhibit Mössbau�
er resonances at room temperature, evidence general�
ly considered to indicate strong polymeric lattices
which contribute to large recoil�free fraction. The ob�
servation of ambient�temperature 119Sn Mössbauer
spectra for certain molecular solids does not affect our
conclusion which is based upon close analogies with
other associated tin(II) solids.

X�ray crystallography. Spectroscopic data and
X�ray analysis have shown Salen�Sn (Salen = 2,2'�
ethylene�bis(nitrilomethylidene)diphenol) complexes
have octahedral (Salen�SnR2), square pyramidal, and
tetrahedral (Salen�Sn) geometries. In each case, the
ligand occupies the equatorial coordination sites
around the central tin atom. For the new Sn�Salen
complexes presented here, the structures consist of a
central six coordinate tin atom in a distorted Oh geome�
try. Chlorine has been passed to the complexes then the
Salen(t�Bu) ligand occupies the four equatorial posi�
tions with the chlorine atoms in the axial positions. The
tridentate phensal(t�Bu) ligand (phensal(t�Bu) = 3,5�
di�tert�butylsalicylidene(1�aminophenylene�2�amine),
occupies three of the equatorial sites. The fourth is oc�
cupied by the n�butyl group and the axial positions are
occupied by chlorine atoms. The distorted octahedral
geometry around the tin atom is a result of the strain
imposed by the tetradentate ligand and from the con�
straints imposed by the six membered ring Sn–N–C–
C–C–O. This is reflected in the equatorial plane for
the large O(1)SnO(2) angle (103.23°) and (101.34°),
respectively, and the correspondingly more acute
N(1)SnN(2) angle (77.61° and 77.56°, respectively).
The distorted geometry can also be seen in the devia�
tion from 180° of the angles O(1)SnN(2) and
O(2)SnN(2) (166.35° and 167.10°, 168.39°, and
167.71°, respectively). The distorted octahedral ge�
ometry is not reflected in the axial plane. The ClSnCl
bond angle for tin complexes is close to the ideal value
of 180°. With the slightly more flexible tridentate
phensal(t�Bu) ligand, the ClSnCl angle of 165° in one
tin complex is less than the idealized 180°. However,
the geometry around the tin atom is not as distorted as
reported for other six�coordinate organotin tetraden�

tate ligand complexes. The bite angles O(1)SnN(1)
and O(2)SnN(2) are similar for all the complexes (ap�
proximately 90°), but larger than those reported for
other six coordinate tin Schiff base compounds. For
example, the bite angles for n�Bu2SnVanophen
(Vanophen�N,N'�1,2�phenylene�bis(3�methoxysali�
cylideneimine)) are 81° and 79°, respectively. The
Sn–O bond lengths for all the tin complexes are simi�
lar to other tin compounds, a typical Sn–O bond dis�
tance in the SnO4N2 system being around 202 pm. The
Sn–N distances for all the complexes ~217 pm are
much shorter than those observed in Sn(IV) systems
with Sn ← N donor acceptor bonds ~237 pm. The
Sn–N bond lengths for chlorine tin complexes are sig�
nificantly larger than the Sn–N bond lengths [120]. 

DFT calculation. Homobimetallic carboxylates
with general formulae (R3Sn)2L (R = Me, n�Bu, Ph;
L = acetylene dicarboxylate dianion) have been syn�
thesized by refluxing disodium salt of acetylene dicar�
boxylic acid with triorganotin chlorides in 1 : 2 (L : M)
molar ratio in methanol under reflux [99]. DFT calcu�
lations have been performed for structural elucidation
and results were compared with semi�empirical data.
FT�IR data indicate bidentate chelation of the ligand
with tin, and the complexes exhibit five�coordinate
geometry in the solid state. Such coordination behav�
ior is also supported by DFT and semi�empirical stud�
ies. NMR data confirm four�coordinate geometry in
solution.

Biological aspects. Anti�tubercular activity [122] of
p�acetamidobenzaldehyde thiosemicarbazone in 1946
led to a number of papers concerning pharmacological
use Schiff bases of Sn of these compounds due to the
wide spectrum of their biological activity [123, 124].
Thiosemicarbazone shows antitumorous, antiviral,
antifungal, antibacterial, and antimalarial activities.
The primary task of researchers was to investigate the
new compounds with respect to their activity against
tumors and viruses. They are mainly used as anticon�
vulsants, antiprotozoal agents, radio protector, and ra�
diopharmaceuticals. The in vitro antibacterial activi�
ties of the Schiff bases and their complexes have been
evaluated against Gram�positive (Bacillus subtilis and
Staphylococcus aureus) and Gram�negative (Escheri�
chia coli and Pseudomonas aeruginosa) bacteria. H2L

x,
H2L

z, and all complexes exhibited good activities and
have potential as drugs [114, 115]. There are also sev�
eral reports on their anti�leukemic activity in mice
[125] as well as on antimicrobial [126] and pesticide
effects [127]. Schiff bases show remarkable activity on
plant hormones such as the auxins on the root growth.
Schiff bases [128] of the ester and carboxylic acid de�
rivatives show remarkable activities as plant growth
hormones. Schiff bases of thiadiazole have good plant
growth regulator activity toward auxin and cytokine
[129, 130]. Thiazole�derived Schiff bases show analge�
sic and anti�inflammatory activity. Furan semicarba�
zone metal complexes exhibit significant anthelmintic
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and analgesic activities. Aryl azo Schiff bases exhibit
anticancer activity. Schiff bases of indol�2�carboxal�
dehyde show inhibitor activities to KB cell lines. Dior�
ganotin(IV) complexes and Schiff bases show antitu�
mor activities in vitro, inhibiting interaction to KB
HCT�8 and BEL�7402 tumor cell lines [131, 132]. 
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