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Some Homo- and Hetero-Dinuclear Complexes
of Antimony(III) Derived from Schiff Base Ligands

Vaishali Vajpayee
Yashpal Singh
Department of Chemistry, University of Rajasthan, Jaipur, India

The reactions of a series of bifunctional tridentate Schiff base ligands LH2
(R′C(NYOH)CHC(R)OH] R=R′=CH3, Y=(CH2)2L1H2; R=CH3, R′=C6H5,
Y=(CH2)2 L2H2; R=R′=CH3, Y=(CH2)3 L3H2; R=CH3, R′ =C6H5, Y=(CH2)3
L4H2 with Sb(OPri)3 in 2:1 molar ratio yield SbLLH (1a–1d) type of precur-
sor derivatives. Reactions of these precursor derivatives with Sb(OPri)3 and
(Me3Si)2NH in 1:1 and 2:1 molar ratio respectively yield new type of ligand
bridged homo- (2a–2d) and hetero-(3a–3d) dinuclear derivatives respectively. These
complexes have been characterized on the basis of elemental analyses, molecular
weight measurements and a plausible structure has been suggested on the basis of
spectral [IR,NMR{1H, 13C, 29Si}] and FAB-mass studies.

Keywords 1H, 13C, and 29Si NMR; FAB Mass studies; homodinuclear and heterodinu-
clear compounds; Schiff base compounds of antimony

INTRODUCTION

In recent years, the chemistry of organoantimony(III) complexes has
attracted considerable attention due to the striking structural possi-
bilities ranging from discrete monomeric structures to supramolecular
assemblies.1−7 Although, alkoxobridged heterometallic derivatives of
antimony8−14 have been investigated, examples of ligand bridged homo-
and hetero-dinuclear derivatives of antimony are rare.15−17

In addition, a great many possible applications in catalysis18,19 and
materials science can be foreseen for heterometal complexes.

In view of the above, we report herein for the first time the synthesis
and spectroscopic characterization of a new series of ligand bridged
homo- and hetero-dinuclear antimony(III) complexes.
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EXPERIMENTAL

All the experiments have been carried out under strictly anhydrous con-
ditions. Solvents (E. Merck) have been dried by the literature method.20

Sb(OPri)3 was prepared by the method reported earlier.21 Schiff bases
(LH2) were prepared by the equimolar condensation reactions of β-
diketones and appropriate aminols.22 Hexamethyl disilazane (Aldrich)
has been distilled prior to use. Isopropyl alcohol in the azeotrope and
isopropoxy group in the complexes was determined oxidimetrically.23

Antimony was estimated iodometrically.24 The 1H (300 MHz), 13C (300
MHz), and 29Si (59.6 MHz) NMR spectra in CDCl3 solution were
recorded on JEOL FT Al 300 Spectrometer. 1H and 13C NMR spectra
were recorded using TMS as internal reference and 29Si NMR recorded
using Me3SiCl as external reference. IR spectra have been recorded
as nujol mull, using KBr cells in the range 4000–400 cm−1 on FTIR
spectrophotometer model 8400s Shimadzu. The FAB-mass spectra were
recorded on a MICROMASS QUATTRO II triple quadruple mass spec-
trometer. C, H and N were analyzed on a Perkin Elmer-2400 C, H, N
analyzer.

Since all the derivatives of each series (homo- and hetero- dinuclear)
have been synthesized by similar methods, the synthesis of only one
representative compound of each series is being discussed here and the
synthetic and analytical data of rest of the compounds is summarized
in Table I and II.

(a) Synthesis of SbL1L1H (1a)

The reaction mixture containing Sb(OPri)3 (2.58 g, 8.63 mmol) and L1H2
(2.47 g, 17.26 mmol) in benzene was refluxed for ∼20 h. The liberated
PriOH during this period was fractionated out azeotropically and deter-
mined periodically to monitor the progress and completion of the reac-
tion. When the azeotrope showed the negligible amount of isopropanol,
the reaction was stopped, and the excess solvent was removed under
reduced pressure to obtain a brown viscous liquid compound. The com-
pound was purified by dissolving it in benzene to get a clear solution. To
this solution n-hexane was added slowly until an oily layer begins to sep-
arate. The solution was stored overnight at −5◦C. An oily layer is sepa-
rated out, then the excess solvent was decanted and the compound was
dried under reduced pressure. The analysis of SbL1L1H was found to
have Sb, 29.11; C, 41.61; H, 5.59; N, 6.17 calculated for C14H23SbN2O4;
Sb, 30.07; C, 41.52; H, 5.68; N, 6.92%.
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(b) Preparation of 2a

A benzene solution (∼20 ml) of Sb(OPri)3 (0.77 g, 2.58 mmol) was added
to the benzene solution (∼30 ml) of 1a (1.05 g, 2.59 mmol). The resulting
reaction mixture was refluxed for ∼10 h. The liberated isopropanol was
fractionated off azeotropically and estimated. When the liberation of
isopropanol ceased, the reaction was stopped and the solution was al-
lowed to cool to room temperature. Removal of the excess solvent under
reduced pressure yielded a brown viscous liquid compound. The com-
pound was purified by benzene and n-hexane mixture. The analysis of
2a was found to have Sb, 37.82; OPri, 18.35; C, 33.09; H, 5.41; N, 4.35
calculated for C20H36Sb2N2O6; Sb, 37.45; OPri, 18.54; C, 33.22; H, 5.45;
N, 4.08%.

(c) Preparation of 3a

A benzene (∼50 ml) solution of SbL1L1H (1.17 g, 2.88 mmol) and hex-
amethyldisilazane (0.23 g, 1.42 mmol) was refluxed for ∼8 h, until
the evolution of ammonia ceases. After the completion of the reac-
tion, the excess solvent was removed under reduced pressure yielding
brown viscous liquid complex 3a. The compound was purified by the
similar method adopted for the purification of 2a. The analysis of 3a
was found to have Sb, 25.47; C, 42.81; H, 4.40; N, 5.74 calculated for
C17H31SbSiN2O4; Sb, 25.52; C, 42.79; H, 4.49; N, 5.87%.

RESULTS AND DISCUSSION

Reactions of Sb(OPri)3 with LH2[R′C(NYOH)CHC(R)OH] in 1:2 molar
ratio yield mononuclear precursor derivatives (1a–1d).

Sb(OPri)3 + 2LH2
benzene−−−−→
reflux

SbLLH + 3PriOH (1)

LH2 = L1H2 {R = R’ = CH3, Y = (CH2)2} 1a,
LH2 = L2H2 {R = CH3, R’ = C6H5, Y = (CH2)2} 1b,
LH2 = L3H2 {R = R’ = CH3, Y = (CH2)3} 1c,
LH2 = L4H2 {(R = CH3, R’ = C6H5, Y = (CH2)3} 1d.

Interactions of 1a–1d with Sb(OPri)3 in equimolar ratio in benzene
solution gave homodinuclear antimony complexes (2a–2d).

SbLLH + Sb(OPri)3
benzene−−−−→
reflux

SbLLSb(OPri)2 + PriOH (2)

Reactions of 1a–1d with hexamethyldisilazane in 2:1 molar ratio in
refluxing benzene yield heterodinuclear derivatives of antimony with
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silicon atom (3a–3d).

2 SbLLH + (Me3Si)2NH
benzene−−−−→
reflux

2SbLLSiMe3 + NH3 ↑ (3)

L = L1 = 2a & 3a, L = L2 = 2b & 3b, L = L3 = 2c & 3c, L = L4 = 2d &
3d.

All these derivatives are brown viscous liquids, soluble in organic
solvents and depict monomeric nature in benzene solution.

Spectral Studies

IR Spectra
The broad band for νOH present in the region 3200–3400 cm−1 in

the spectra of 1a–1d disappears in the spectra of homo- and hetero-
dinuclear derivatives (2a–2d and 3a–3d), respectively, and the forma-
tion of Sb-O bond and the coordination of C N to Sb is supported by
the appearance of bands in the region 550–585 cm−1 and 430–445 cm−1

(in the spectra of 1a–1d, 2a–2d, and 3a–3d) νSb–O21,25 and νSb←N26

respectively, and a shift of ∼15 cm−1 in the position of νC N (1610–
1625 cm−1). These bands show a smaller shift (10 cm−1) towards lower
wave number as compared to their position in the spectra of 1a–1d. The
band observed in the region 865–872 cm−1 may be assigned to νSi O27

in the spectra of 3a–3d.
The band observed in the region 1575–1594 cm−1 in the spectra of

2a–2d and 3a–3d for νC O shows a small shift towards lower wave
number as compared their position in the spectra of 1a–1d.

New bands appearing in the region 990–1012 cm−1 (in the spectra
of 2a–2d) and 1240 + 10 (in the spectra of 3a–3d) may be attributed to
νC O of isopropoxy and ν(Si Me) deformation, respectively.

1H NMR Spectra
The characteristic signals in the spectra of 1a–1d, 2a–2d and 3a–3d

are summarized in Tables III and IV.
Absence of –OH signal in the spectra of 1a–1d at δ 4.06–4.34 ppm

indicates the deprotonation of hydroxy group of amino alcohol present
in the ligand. Endic OH group present at δ 10.76–11.47 ppm in the
spectra of 1a–1d is found to be absent in the spectra of 2a–2d and 3a–3d,
suggesting the formation of homo- and hetero-dinuclear derivatives.

Presence of two sets of signals for methine and methyl protons of lig-
and moiety in the spectra of 2a–2d and 3a–3d suggests the two different
types of ligand environments (with small downfield shift as compared
to 1a–1d). This may be explained by the fact that one ligand is attached
to Sb only and another ligand bridges the two metals Sb and Si. One
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2574 V. Vajpayee and Y. Singh

set of signals appeared as doublet (CH(CH3)2) and as septet (CH(CH3)2)
at δ1.17–1.23 and 3.90–4.04 ppm, respectively, for isopropoxy group16 in
the spectra of 2a–2d showing the presence of only one type of isopropoxy
group. (CH3)3Si protons appear as singlet at δ 0.04–0.19 ppm in the
spectra of 3a–3d.

13C NMR Spectra
In the 13C NMR spectra (Table IV) of 2a–2d and 3a–3d exhibit two

sets of signals for each of the C O (δ 186.92–195.45 and 186.02–195.26
ppm) and CH C (δ 91.46–96.36 and 91.27–96.16 ppm) groups, which
is consistent with the presence of two different ligand environment
and two metals. These signals appeared with small downfield shift as
compared to its position as in the spectra of 1a–1d.

The signals in the region (δ 163.37–165.95 and 162.94–165.84 ppm)
have been observed for C N in the spectra of 2a–2d and 3a–3d with
small downfield shift as compared to its position in the spectra of 1a–
1d, suggesting the involvement of C N group in coordination.

The signals for carbons of isopropoxy group CH(CH3)2 and CH(CH3)2
in the spectra of 2a–2d have been observed in the region δ 58.36–59.47
and 24.85–25.88 ppm, respectively. Presence of only one set of signals
supports the presence of only one type of isopropoxy group in the ho-
modinuclear complexes. The signal for Si(CH3)3has been observed in
the region δ 1.87–2.68 ppm in the spectra of 3a–3d.

29Si NMR Spectra
29Si NMR signal in the spectra of compounds (3a–3d) is observed

in the range δ 20.18–22.71 ppm. Presence of 29Si signal in this range

TABLE V Fragmentation Mode of C6H5(NCH2CH2O)CHC(CH3)OSbO-
CH2CH2NC(C6H5)CHC(CH3)OSb(OCH(CH3)2)2 (2b)

Complex m/e

C6H5C(NCH2CH2O)CHC(CH3)OSbOCH2CH2NC(C6H5)CHC(CH3)OSb(OCH(CH3)2)2 767

C(NCH2CH2O)CHC(CH3)OSbOCH2CH2NC(C6H5)CHC(CH3)OSb(OCH(CH3)2)2 690

C(NCH2CH2O)CHCOSbOCH2CH2NC(C6H5)CHC(CH3)OSb(OCH(CH3)2)2 675

C(NCH2CH2O)CHSbOCH2CH2NC(C6H5)CHC(CH3)OSb(OCH(CH3)2)2 647
NCH2CH2OSbOCH2CH2NC(C6H5)CHC(CH3)OSb(OCH(CH3)2)2 622
CH2OSbOCH2CH2NC(C6H5)CHC(CH3)OSb(OCH(CH3)2)2 594
CH2OSbOCH2CH2NC(C6H5)CHCOSb(OH)(OCH(CH3)2) 537
CH2OSbOCH2CH2NC(C6H5)CHCOSb(OH)2 495
CH2OSbOCH2CH2NCCHCOSb 384
Sb2O3 293
SbO¯

2 156
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Dinuclear Complexes of Antimony 2575

TABLE VI Fragmentation Mode of C6H5(NCH2CH2O)CHC(CH3)-
OSbOCH2CH2NC(C6H5)CHC(CH3)OSi(OCH(CH3)2)2(3b)

Complex m/e

C6H5C(NCH2CH2O)CHC(CH3)OSbOCH2CH2NC(C6H5)CHC(CH3)OSi(CH3)3 602

C6H5C(NCH2CH2O)CHC(CH3)OSbOCH2CH2NC(C6H5)CHC(CH3)OSi 557

C6H5C(NCH2CH2O)CHC(CH3)OSbOCH2CH2NC(C6H5)CHC(CH3)O 529

C6H5C(NCH2CH2O)CHC(CH3)OSbOCH2CH2NC(C6H5)CH 486

C6H5C(NCH2CH2O)CHC(CH3)OSbOCH2CH2N 384

C6H5C(NCH2CH2O)CHC(CH3)OSbOCH2 356

C(NCH2CH2O)CHC(CH3)OSbOCH2 279

C(NCH2CH2O)CHC(CH3)SbOCH2 263

C(NCH2CH2O)CHC(CH3)Sb 233

C(NCH2CH2O)CHSb 206
C(NCH2CH2O)CH 85

indicates the presence of tetracoordinated Silicon atom28,29 in these
compounds.

FAB-Mass Spectra
FAB-Mass spectra of two compounds (one from each series) of the

homodinuclear compound (2b) and heterodinuclear compound (3b) has
been recorded which shows the monomeric nature of these compounds.
The mass spectral fragmentation pattern of compound 2b and 3b is
summarized in Tables V and VI, respectively.

FIGURE 1 Proposed structure for 1a–1d .
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FIGURE 2 Proposed structure for 2a–2d.

In view of the bifunctional tridentate ligand and hexacoordinated
antimony Fig. 1 for 1a–1d and presence of hexa and tetracoordinated
antimony Fig. 2 for 2a–2d and on the basis of spectral studies, hexaco-
ordinated antimony and tetracoordinated silicon atom Fig. 3 for 3a–3d
may be proposed.

FIGURE 3 Proposed Structure for 3a–3d.
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