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Studies on Homo- and Hetero-Dinuclear Derivatives
of Antimony(III) Containing Schiff Base Ligands

Durgashanker
Yashpal Singh
Department of Chemistry, University of Rajasthan, Jaipur, India

Some new heterodinuclear antimony(III) derivatives of Schiff base having
the composition, K(µ-OPri)2 Sb[SC6 H4 NC(R)CHC(O)COOCH3 ] (1a–1e) have
been synthesized by the reactions of KSb(OPri)4 with benzothiazolines,
HNC6 H4 SC(R)CHC(O)COOCH3 in 1:1 molar ratio. Homodinuclear derivatives of
antimony(III), Ph2 Sb(µ-OPri)2 Sb[SC6 H4 NC(R)CHC(O)COOCH3 ] (2a–2e) have
been synthesized by equimolar reaction of Ph2 Sb(µ-OPri)2 Sb(OPri)2 (Prepared by
the reaction of KSb(OPri)4 with Ph2 SbCl in 1:1 molar ratio) with benzothiazoline
ligands in benzene. The reactions proceed with rearrangement of benzthiazoline
ring. All the derivatives have been characterized by elemental analysis, molecular
weight determinations, as well as conductance measurements and their plausible
structure have been proposed on the basis of IR and NMR (1 H and 13 C) spectral
studies.

Keywords Antimony(III); benzothiazolines; heterodinuclear; homodinuclear; Schiff
base

INTRODUCTION

Currently much attention is being paid to the preparation of metal ox-
ide materials which are used as microelectronics,1,2 ceramics,3 coating,4

and catalytic materials.5,6 Antimony oxides have potential applications
in the field of electronic ceramics and heterogenous catalysis,7,8 etc.
Recently Horley et al.9 and Haycock et al.10 have prepared homolep-
tic antimony(III) derivatives of carbamates, which have been used as
single source precursor for preparation of antimony oxide by MOCVD
technique. A survey of literature reveals that a significant number of
homo- and hetero-metallic alkoxide derivatives of antimony(III)11−13

have been reported, however, homo- and hetero-nuclear antimony(III)
derivatives with chelating ligands have received little attention.
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In the present article, we report the synthesis and characterization
of homo- and hetero-nuclear antimony(III) alkoxo derivatives of ben-
zothiazoline ligands.

RESULTS AND DISCUSSION

The equimolar reaction of KSb(OPri)4 with ligands, HNC6H4 SC
(R)CHC(O)COOCH3 [where R = C6H5(L1H2), 4-BrC6H4(L2H2), 4-
ClC6H4(L3H2), 4-CH3OC6H4 (L4H2), 4-CH3C6H4(L5H2)] have been car-
ried out in refluxing benzene. The reactions proceed with the opening
of benzothiazoline ring and yield heterodinuclear derivatives of anti-
mony(III), K(µ-OPri)2 Sb[SC6H4NC (R)CHC(O)COOCH3].

KSb(OPri)4 + HNC6H4SC(R)CHC(O)COOCH3
Benzene−−−−→
Reflux

K(µ-OPri)2Sb[SC6H4NC(R)CHC(O)COOCH3] + 2PriOH

[where R = C6H5(1a), 4-BrC6H4(1b), 4-ClC6H4(1c),

4-CH3OC6H4(1d), 4-CH3C6H4(1e)]

Progress, as well as completion of reaction, was checked by estimating
the isopropanol in the azeotrope, which was fractionated off azeotropi-
cally with benzene during the course of reaction.

The reaction of KSb(OPri)4 with Ph2SbCl have been carried out in
benzene. KCl was filtered off and the removal of excess solvents under
vaccum yield yellow brown liquid compound, Ph2Sb(µ-OPri)2Sb(OPri)2,
(2).

KSb(OPri)4 + Ph2SbCl
Benzene−−−−→ Ph2Sb

(
µ − OPri)

2Sb(OPri)2 + KCl

(2)

The reactions of compound (2) with ligands have been carried out in 1:1
molar ratio yield homodinuclear Schiff base derivatives of antimony(III)
(2a–2e).

(2) + HNC6H4SC(R)CHC(OH)COOCH3
Benzene−−−−−→
Reflux

Ph2Sb(µ-OPri)2Sb[SC6H4NC(R)CHC(O)COOCH3] + 2PriOH

[where R = C6H5(2a), 4-BrC6H4(2b), 4-ClC6H4(2c), 4-CH3OC6H4 (2d),
4-CH3C6H4(2e)].

Isopropanol liberated during the reaction was fractionated off
azeotropically with benzene, which was estimated to check the progress,
as well as completion of reaction.
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All the complexes are soluble in common organic solvents. Conduc-
tance measurements of the compounds (1a–1e) in nitrobenzene show
their nonelectrolytic nature. Molecular weight measurements of these
complexes reveal their monomeric nature.

SPECTROSCOPIC STUDIES

Infra-Red Spectra

The bands for OH and NH groups observed at 3638–3417 cm−1 and
3325–3225 cm−1 in the spectra of free ligands are found to be absent
in the spectra of the corresponding complexes (1a–1e and 2a–2e). The
new bands observed at 1625–1590 cm−1, 425–410 cm1, 408–400 cm−1,
and 590–580 cm−1 have been assigned to νC N, νSb←N,14 νSb S,15,16

and νSb-O17 modes, respectively. Disappearance of NH band and ap-
pearance of C N, Sb←N, and Sb-S bands indicate the rearrangement
of benzothiazoline ring during complexation. Moreover, the deprotona-
tion of OH group and formation of Sb O bond, show the involvement
of > C-O group in bonding.

The absorption band observed for isopropoxy groups at 1065 cm−1,
970 cm−1, and 600 cm−1 in the spectrum of KSb(OPri)4 have been as-
signed to νC O, I (Symmetric stretching, terminal-OPri)18, νC-O, II
(Symmetric stretching, bridging OPri)18 and ν Sb-O, III (Symmetric
stretching, bridging -OPri)18 mode of vibrations, respectively.

The spectrum of compound (2) shows the bands at 1120 cm−1,
950 cm−1, 610 cm−1 and 735 cm−1, which have been assigned to νC-O (a)
(Symmetric stretching, terminal-OPri),19νC-O (b) (Symmetric stretch-
ing, bridging-OPri),19νSb-O (c) (Symmetric stretching, bridging-OPri)19

and νSb-O-Sb20 modes, respectively.
In the spectra of the complexes (1a–1e and 2a–2e), absence of

the band for νCO [I and (a)] indicates that the terminal isopropoxy
groups of KSb(OPri)4 and compound (2) have been substituted by
ligand moiety during complex formation. It is further supported by
the deprotonation of OH and NH groups of ligands and shift in the
positions of the band for νC O [II (1010–980 cm−1) and (b) (1000–990
cm−1)], and νSb-O [III (625–615 cm−1)and (c) (695–690 cm−1)] of the
bridging isopropoxy groups as compared to their position in KSb(OPri)4
and compound (2), respectively.

1H NMR Spectra

In the 1H NMR spectra of the complexes [1a–1e and 2a–2e] the signals
observed at δ 15.1–15.35 ppm and δ 3.90–4.40 ppm due to OH and NH
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groups in the spectra of free ligands, are found to be absent, indicating
the deprotonation of these groups during complex formation.

The signals which were observed at δ 4.01 ppm and δ 1.21 ppm due to
OCH and –CH3 groups of terminal isopropoxy groups of KSb(OPri)4,

disappeared from the spectra of the complexes (1a–1e). In addition to
these, the signal for OCH and CH3 protons of bridging isopropoxy
groups show upfield shift in their position as compared to their position
in the spectra of KSb(OPri)4, and they have been observed at δ 4.51 ppm
and δ 1.27 ppm, respectively [Table I].

The signals appearing at δ 4.05 ppm and δ 1.07 ppm and assigned to
OCH and CH3 protons of terminal isopropoxy groups of compound

(2) are found to be absent in the spectra of the complexes (2a–2e). The
upfield shifts were observed in the position of the signals for OCH
and CH3 protons of bridging isopropoxy groups in the spectra of the
complexes as compared to their position in compound (2). These signals
are being observed at δ 4.40 ppm and δ 1.17 ppm, respectively.

The signals for OCH, OCH3(ester) and phenyl group protons ap-
peared in the spectra of these complexes have been summarized in
Tables I and II.

13C NMR Spectra

In the 13C NMR spectra of the complexes (1a–1e and 2a–2e), The signals
appearing at δ 158.68–160.07 ppm and δ 161.88–163.1 ppm, due to CN
and C O groups in the spectra of free ligands, show downfield shift on
complexation, which is further supported by a downfield shift observed
in the position of signal for CH group as compared to its position in
the spectra of free ligands.

The terminal isopropoxy groups are found to be absent in the spectra
of the complexes (1a–1e), which were observed at δ 61.61 ppm ( OCH)
and δ 25.87 ppm ( CH3) in the spectra of KSb(OPri)4. Moreover,
the signal for OCH (δ 79.17 ppm) and CH3(δ 28.15 ppm) group
carbns of bridging OPri groups of KSb(OPri)4 show upfield shift on
complexation (Table III).

In the spectra of compound (2) the signals observed at δ 61.98 ppm
and δ 25.43 ppm have been assigned to OCH and CH3 group carbons
of terminal OPri groups, which are found to be absent in the spectra of
the complexes (2a–2e). The bridging isopropoxy groups of compound (2)
appear at δ 79.16 ppm ( OCH) and δ 30.50 ppm ( CH3). These signals
show an upfield shift in the spectra of complexes (2a-2e) (Table IV).

The C O, OCH3 (ester) and aromatic group carbons are also ob-
served in the spectra of the complexes 1a–1e and 2a–2e, have been
summarized in Tables III and IV. In addition to the signals observed
in the spectra of 1a–1e some new signals have been observed in the
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Derivatives of Antimony with Schiff Base Ligands 1813

spectra of the compounds, (2a–2e), which have been assigned to phenyl
group carbons attached to antimony in these compounds.

On the basis of above spectral evidences, it is clear that the ben-
zothiazoline ligands behave as bifunctional tridentate moiety in the
complexes. In view of the tridentate nature of ligand moiety, presence
of two OPri groups between antimony and potassium or antimony and
nonelectrolytic nature of compounds (1a–1e), the following structures
may be proposed for the complexes (1a–1e) and (2a–2e), respectively.

FIGURE 1 Proposed structure for the complexes (1a–1e).

EXPERIMENTAL

All the chemicals used were of reagent grade. Care was taken to ex-
clude moisture throughout the experimental work. Solvents were dried
by standard methods.21 The benzothiazoline ligands,22 KSb(OPri)4,18

and Ph2SbCl23 were prepared by reported methods. Antimony, nitro-
gen, and sulphur were estimated by iodometric,24 Kjeldhal’s,24 and
Messenger’s method,24 respectively. The isopropanol and isopropoxy
groups were estimated oxidimetrically using 1N K2Cr2O7 solution in
25% H2SO4.25 Molecular weight of the complexes have been measured
ebullioscopically in benzene solution using Beckman’s thermometer.

FIGURE 2 Proposed structure for the complexes (2a–2e).
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Conductivity of the compounds (1a–1e) has been determined in ni-
trobenzene solution. Nitrobenzene was purified by standard method.26

The IR spectra were recorded on a FT IR spectrophotometer Model
8400 S Shimadzu as liquid film and nujol mull on KBr optics in the range
4000–400 cm−1. 1H and 13C NMR spectra were recorded in CDCl3 or
DMSO-d6 solution on JEOL FT AL 300 MHz spectrometer. TMS was
used as an external and internal reference for 13C and 1H NMR spectra,
respectively.

Since similar methods have been used for the synthesis of all the
complexes therefore, for the sake of brevity, the synthesis of one repre-
sentative complex each of both the series is given in detail. The synthetic
and analytical data of other analogues complexes have been summa-
rized in Tables V and VI.

Synthesis of K(µ OPri)2Sb[SC6H4NC(C6H5)CHC(O)COOCH3]

A benzene solution (∼25 ml) of KSb(OPri)4 (1.47 g, 3.70 m mol) was
mixed with a benzene solution of corresponding ligand, L1H2 (1.16g,
3.70 mmol), and the mixture was refluxed on fractionating column for
about four h. Isopropanol liberated was fractionated off as an azeotrope
with benzene periodically, and it was estimated to check the progress
and completion of reaction. After completion of reaction, removal of the
excess solvents under reduced pressure, yielded yellow solid compound,
which was further purified by dissolving it in benzene; to this, a clear
solution n-hexane was mixed until the precipitates began to separate.
The precipitate was redissolved by heating. This solution was cooled at
low temperature (0–5◦C), when the compound precipitates, the solvent
was decanted, and compound was finally dried under vaccum.

Synthesis of
Ph2Sb(µ OPri)2Sb[SC6H4NC(C6H5)CHC(O)COOCH3]

A benzene solution of KSb(OPri)4 (6.30 g, 15.86 mmol) was mixed with
a benzene solution of Ph2SbCl (4.94g, 15.86 mmol), and the mixture
was stirred and gently warmed for about five h. KCl was precipi-
tated during the reaction. The solution was cooled at room tempera-
ture and KCl was filtered off. The excess solvent from the filtrate was
removed under reduced pressure to yield a yellow-brown liquid com-
pound, Ph2Sb(µ OPri)2Sb(OPri)2,(2). The compound was analyzed to
have Sb, 19.30; OPri, 37.08 calculated for C24H38O4Sb2, Sb, 19.20;

OPri, 37.28%.
A benzene solution (∼25 ml) of compound (2) (1.48 g, 2.33 mmol)

was added to the benzene solution (∼25 ml) of corresponding ligand,
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Derivatives of Antimony with Schiff Base Ligands 1817

L1H2 (0.73 g, 2.33 mmol) and mixture was refluxed on fractionating
column for about four h. The isopropanol liberated during the reac-
tion was fractinated off azeotropically with benzene and estimated to
check the progress, as well as completion of reaction. When reaction
was complete, the volatile components were removed under vaccum,
for the purification of the compound, it was dissolved in benzene and
added n- hexane until the oily layer began to separate. The mixture was
cooled at low temperature (0–5◦C), and then the solvent was decanted
off. The compound was finally dried under reduced pressure to yield a
yellow-colored viscous liquid.
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