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Some new tri- and diorganotin(IV) complexes of the general formula, R3Sn(H2L) and R02Sn(HL) [where
R = Me, n-Pr, n-Bu and Ph; R0 = Me, n-Bu, Ph and n-Oct; H3L = Schiff base (abbreviated as tren(4-Me-5-
ImH)3) derived from condensation of tris(2-aminoethyl)amine (tren) and 4-methyl-5-imidazolecarboxal-
dehyde (4-Me-5-ImH)] have been synthesized. The coordination behaviour of Schiff base towards
organotin(IV) moieties is discussed on the basis of infrared and far-infrared, 119Sn Mössbauer and multi-
nuclear (1H, 13C and 119Sn) magnetic resonance (NMR) spectroscopic studies. Thermal studies of all of the
synthesized organotin(IV) complexes have been carried out using TG, DTG and DTA techniques. The res-
idues thus obtained from pyrolysis of the studied complexes have been characterized by X-ray powder
diffraction analysis and IR. The newly synthesized complexes have been tested for their anti-inflamma-
tory activity and toxicity (LD50).

� 2010 Published by Elsevier B.V.
1. Introduction

There has been considerable interest in the synthesis of ligands
containing an imidazole moiety because of its biological signifi-
cance in a variety of metalloproteins, especially heme proteins. Tri-
podal hexadentate Schiff base ligands formed by the condensation
of polyfunctional amine such as tris(2-aminoethyl)amine (tren)
and imidazolecarboxaldehyde are capable of chelating a transition
metal via imine and deprotonated imidazole N donors. The
presence of ionizable protons on the imidazole rings of the several
imidazolecarboxaldehyde precursors and substituted imidazole-
carboxaldehyde precursors afforded an opportunity to synthesize
the complexes of transition metals in various combinations of oxi-
dation and spin states of metal atom and protonation states of the
ligands [1–6]. The tripodal Schiff base ligand containing three
imidazole groups is the first ligand affording spin-cross over
(SCO) behavior for both the FeII and FeIII oxidation states, and 2D
extended network structure based on imidazole–imidazolate
hydrogen bonds produces elastic interactions between SCO sites.
These ligands can bind to iron with or without ionization of the
imidazole ring. It has also been reported that the degree of depro-
tonation at imidazole moiety and the substituent effect control the
oxidation and spin states [1–9].
Elsevier B.V.

: +91 1332 73560.
A number of iron(II, III) complexes of tripodal ligands formed
by condensation of tris(2-aminoethyl)amine (tren) with three
molar equivalents of 2-imidazolecarboxaldehyde/1-methyl-2-
imidazolecarboxaldehyde/2-methyl-4-imidazolecarboxaldehyde/
4-methyl-5-imidazolecarboxaldehyde have been reported to
show low-spin–high-spin cross over phenomenon [1–10]. Further,
the counter anion has been reported to modify the SCO behavior
of these 2D complexes through interlayer elastic interactions [8].
Asymmetric tripodal iron complexes of tren and mixtures of alde-
hydes have also been synthesized and characterized [11]. Re-
cently, Cu(II) and Ni(II) complexes of the type, [MH3L](ClO4)2

(where M = Cu(II) and Ni(II), H3L = Schiff base derived from the
condensation of tren and 4-methyl-5-imidazole-carboxaldehyde)
have also been reported [12]. The structures of these two com-
plexes are isomorphous with each other and with the iron(II)
complex [6]. Further, a neutral complex CuHL and the ionic com-
plex Na[NiL] have also been reported [12]. However, complexes of
this type of tripodal Schiff base ligands with main group metals
have not been synthesized, and also organotin(IV) complexes of
such ligands have not been reported so far.

Recently, the chemistry of organotin(IV) complexes of Schiff
bases has stemmed from their antitumour [13–17], antimicrobial
[17–20], antinematicidal [21], anti-insecticidal [21] and anti-
inflammatory activities [19]. Several organotin(IV) derivatives of
dipeptides have been found to exhibit potent anti-inflammatory
activity [22–28]. Since fast and effective relief of pain and inflam-
mation in humans with minimum side effects continues to be a
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major challenge for medicinal chemistry researchers. Therefore,
from the pharmo-economic point of view, an anti-inflammatory
agent with minimum side effects and wider safety margin is highly
desirable. In view of this, we report herein synthesis and character-
ization of tri- and diorganotin(IV) complexes of tripodal Schiff base
derived from condensation of tren and 4-methyl-5-imidazolecar-
boxaldehyde (Fig. 1) along with their anti-inflammatory and toxic-
ity screening studies. Thermal behavior of these complexes has
also been included.

2. Experimental

2.1. Materials

All of the syntheses were carried out under an anhydrous nitro-
gen atmosphere. Dimethyltin(IV) dichloride (Merk-Schuchardt),
n-dibutyltin(IV) dichloride (Merk-Schuchardt), 4-methyl-5-imi-
dazolecarboxaldehyde (Aldrich), tris(2-aminoethyl)amine (tren)
(Aldrich) were used as received. Diphenyltin(IV) dichloride was
synthesized according to the reported method [29]. Solvents such
as methanol and cyclohexane (Qualigens) were dried and distilled,
and stored under nitrogen before use.

2.2. Measurements

The melting points, carbon, hydrogen and nitrogen analysis,
conductivity measurements and IR and far-IR spectra of the syn-
thesized complexes were carried out using the same methods
and instruments as reported previously [30]. UV spectra of the li-
gand and its organotin(IV) complexes were recorded on a Shima-
dzu 1601 UV–vis spectrophotometer in methanol. 1H, 13C{1H}
NMR and 119Sn{1H} NMR spectra were recorded at 27 ± 1 �C on a
Bruker Avance (500.133 MHz) FT NMR spectrometer equipped
with a Quattro probe tuned to 500.133 MHz for 1H, 125.033 MHz
for 13C and 186.50 MHz for 119Sn nuclei using CD3OD as solvent,
and TMS (for 1H and 13C NMR) and tetraphenyltin (for 119Sn
NMR) as the internal reference at the Indian Institute of Technol-
ogy Roorkee, Roorkee, India. 119Sn Mössbauer spectrum of
Me3Sn(L) was recorded by a standard Mössbauer spectrometer
having 1024 channels (procured from Wissel GmbH, Germany)
operating in the constant acceleration mode at UGC-DAE Consor-
tium for Scientific Research, Kolkata, India. The detector used
was a proportional counter of LND, USA make. The source used
was a 5 milli Curie Sn119 in CaSnO3 matrix. The isomer shifts are
calculated with respect to the centre of a pure SnO2 sample pro-
cured commercially. The spectra were recorded at 20 K using a
closed cycle refrigerator (supplied by Janis Research, USA) coupled
to a special anti-vibration stand. Thermal measurements were car-
Fig. 1. Chemical structure of Schiff base ligand (tren(4-Me-5-ImH)3) (H3L).
ried out on a Perkin–Elmer (Pyris Diamond) thermal analyzer in
air, in the temperature range 0–1000 �C with heating rate 10 �C/
min in a platinum crucible using alumina powder as a reference
material at I.I.C., Indian Institute of Technology Roorkee. The X-
ray powder diffraction (XRD) of residues obtained by pyrolysis of
the studied diorganotin(IV) derivatives of tripodal Schiff base li-
gand were recorded on a Bruker AXS diffractometer at I.I.C., Indian
Institute of Technology Roorkee using nickel monochromated Cu
Ka radiation (k = 1.541 Å).
2.3. Biological studies

Toxicity (LD50: average lethal dose at 50% survival) of the stud-
ied complexes was determined in albino mice of either gender
(body weight 20–25 g). The test compound was injected intraper-
itoneally at different dose levels in groups of ten animals and per
cent mortality in each group was observed after 24 h of drug
administration. The LD50 value (mg/kg) was calculated from the
data according to the procedure reported previously [22–24,28].
The anti-inflammatory activity (% inhibition) of the synthesized
derivatives were carried out in vivo using the carrageenan-induced
paw edema bioassay in rats according to the procedures reported
recently [22–24,28].
2.4. Synthesis

Schiff base (H3L) derived from the condensation of tris(2-ami-
noethyl)amine and 4-methyl-5-imidazolecarboxaldehyde) was
prepared by the reported method [9], and its di- and triorgano-
tin(IV) complexes were synthesized as described below.
2.4.1. Synthesis of Schiff base [tren(4-Me-5-ImH)3] (H3L)
To a methanol (�20 ml) solution of 4-methyl-5-imidazolecar-

boxaldehyde (0.446 g, 4.05 mmol) was added tris(2-amino-
ethyl)amine (0.195 g, 1.33 mmol) in 20 ml of methanol with
constant stirring. The resulting reaction mixture was refluxed for
1 h to give yellow solution. The methanol was allowed to evapo-
rate. The resulting yellowish-orange solid of Schiff base (tren(4-
Me-5-ImH)3 or H3L) as shown in Fig. 1 was obtained. It was recrys-
tallized with methanol and dried in vacuum [9].
2.4.1.1. H3L (1). Yellowish-orange solid; m.p., 188–190 �C; yield,
80%; Anal. Calc. for C21H30N10 (422.54): C, 59.69; H, 7.16; N,
33.15. Found: C, 59.61; H, 7.19; N, 33.11%. Selected IR data (KBr,
mmax/cm�1): 1646vs m(C@N)azomethine, 1580w, 1486m m(C@N)ring,
1386s d(N–H)imidazole. UV spectral bands, transition, kmax in nm, e
in M�1 cm�1: p ? p*, 204, 17066; n ? p*, 263, 35958.
2.4.2. Synthesis of diorganotin(IV) complexes of H3L by the
deprotonation with triethylamine

A mixture of 4-methyl-5-imidazolecarboxaldehyde (0.4998 g,
4.5 mmol) and tris(2-aminoethyl)amine (0.2194 g, 1.5 mmol) in
40 ml of methanol in a two neck flask was stirred under inert
atmosphere of dry nitrogen and refluxed for 1 h to give a yellow
solution. After cooling to room temperature, a methanol solution
(�10 ml) of R02SnCl2 (1.5 mmol) and a methanol (�10 ml) solution
of triethylamine (0.42 ml, 3.0 mmol), were simultaneously added
with constant stirring. It was further stirred for 30–35 h at room
temperature. It was centrifuged and filtered in order to remove tri-
ethylamine hydrochloride. The excess of solvent was gradually re-
moved by evaporation under reduced pressure. The solid thus
obtained was recrystallized from dichloromethane–methanol
(2:1 v/v) mixture.
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2.4.3. Synthesis of triorganotin(IV) complexes of H3L by the
deprotonation with triethylamine

The procedure for triorganotin(IV) complexes is similar to that
of diorganotin(IV) complexes as mentioned in Section 2.4.2. A yel-
low solution of Schiff base was prepared in situ as mentioned in
Section 2.4.2. After cooling to room temperature, a methanol solu-
tion (�10 ml) of R3SnCl (1.5 mmol) and a methanol (�10 ml) solu-
tion of triethylamine (0.21 ml, 1.5 mmol) were simultaneously
added with constant stirring. Rest of the procedure for isolation
and recrystallization is the same as mentioned in Section 2.4.2.

2.4.3.1. Me2Sn(HL) (2). Orange solid; m.p., 178–180 �C; yield, 94%;
Anal. Calc. for C23H34N10Sn (569.30): C, 48.53; H, 6.02; N, 24.60,
Sn, 20.85. Found: C, 48.49; H, 5.96; N, 24.57, Sn, 20.30%. Selected
IR data (KBr, mmax/cm�1): 1639vs m(C@N)azomethine, 1523w, 1452s
m(C@N)ring, 1354s d(N–H)imidazole, 637m mas(Sn–C), 574m ms(Sn–C),
452m m(Sn–N), 424w m(Sn N). UV spectral bands, transition, kmax

in nm, e in M�1 cm�1: p ? p*, 207, 18116; n ? p*, 271, 38762.

2.4.3.2. Me3Sn(H2L) (3). Reddish-orange solid; m.p., 138–140 �C;
yield, 86%; Anal. Calc. for C24H38N10Sn (585.34): C, 49.25; H, 6.54;
N, 23.93, Sn, 20.28. Found: C, 49.24; H, 6.55; N, 23.86, Sn, 19.79%.
Selected IR data (KBr, mmax/cm�1): 1645vs m(C@N)azomethine,
1513w, 1450m m(C@N)ring, 1352m d(N–H)imidazole, 637m mas(Sn–
C), 573m ms(Sn–C), 449m m(Sn–N), 428w m(Sn N). UV spectral
bands, transition, kmax in nm, e in M�1 cm�1: p ? p*, 205, 18790;
n ? p*, 267, 37470.

2.4.3.3. n-Pr3Sn(H2L) (4). Yellow solid; m.p., 110–112 �C; yield,
82%; Anal. Calc. for C30H50N10Sn (669.51): C, 53.82; H, 7.53; N,
20.92, Sn, 17.73. Found: C, 53.80; H, 7.48; N, 20.89; Sn, 17.47%. Se-
lected IR data (KBr, mmax/cm�1): 1642vs, 1618s m(C@N)azomethine,
1544sh, 1465m m(C@N)ring, 1348s d(N–H)imidazole, 560w mas(Sn–C),
501m ms(Sn–C), 450w m(Sn–N), 420m m(Sn N). UV spectral bands,
transition, kmax in nm, e in M�1 cm�1: p ? p*, 204, 11116; n ? p*,
270, 17504.

2.4.3.4. n-Bu2Sn(HL) (5). Orange solid; m.p., 135–137 �C; yield,
90%; Anal. Calc. for C29H46N10Sn (653.46): C, 53.30; H, 7.10; N,
21.44; Sn, 18.17. Found: C, 53.27; H, 7.11; N, 21.45; Sn, 18.01%. Se-
lected IR data (KBr, mmax/cm�1): 1639vs m(C@N)azomethine, 1516w,
1458m m(C@N)ring, 1352sh d(N–H)imidazole, 630m mas(Sn–C), 559m
ms(Sn–C), 448w m(Sn–N), 418w m(Sn N). UV spectral bands, tran-
sition, kmax in nm, e in M�1 cm�1: p ? p*, 204, 13334; n ? p*, 269,
21646.

2.4.3.5. n-Bu3Sn(H2L) (6). Reddish-orange semi-solid; yield, 87%;
Anal. Calc. for C33H56N10Sn (711.59): C, 55.70; H, 7.93; N, 19.68;
Sn, 16.68. Found: C, 55.67; H, 7.95; N, 19.59; Sn, 16.49%. Selected
IR data (KBr, mmax/cm�1): 1642vs m(C@N)azomethine, 1532w, 1462s
m(C@N)ring, 1374m d(N–H)imidazole, 633m mas(Sn–C), 604w ms(Sn–
C), 453m m(Sn–N), 420w m(Sn N). UV spectral bands, transition,
kmax in nm, e in M�1 cm�1: p ? p*, 205, 20988; n ? p*, 265,
31640.

2.4.3.6. Ph2Sn(HL) (7). Orange solid; m.p., 250–252 �C; yield, 88%;
Anal. Calc. for C33H38N10Sn (693.44): C, 57.16; H, 5.52; N, 20.20;
Sn, 17.12. Found: C, 57.10; H, 5.51; N, 20.10; Sn, 16.96%. Selected
IR data (KBr, mmax/cm�1): 1643vs m(C@N)azomethine, 1548w, 1466m
m(C@N)ring, 1347w d(N–H)imidazole, 280s mas(Sn–C), 246s ms(Sn–C),
460m m(Sn–N), 424w m(Sn N). UV spectral bands, transition, kmax

in nm, e in M�1 cm�1: p ? p*, 207, 24280; n ? p*, 269, 18304.

2.4.3.7. Ph3Sn(H2L) (8). Reddish-orange solid; m.p., 146–148 �C;
yield, 91%; Anal. Calc. for C39H44N10Sn (771.56): C, 60.71; H, 5.57;
N, 18.15; Sn, 15.39. Found: C, 60.67; H, 5.55; N, 18.11; Sn,
15.23%. Selected IR data (KBr, mmax/cm�1): 1640s m(C@N)azomethine,
1515sh, 1462w m(C@N)ring, 1348s d(N–H)imidazole, 280s mas(Sn–C),
226s ms(Sn–C), 456m m(Sn–N), 413w m(Sn N). UV spectral bands,
transition, kmax in nm, e in M�1 cm�1: p ? p*, 207 (25958); n ? p*,
264 (16666).
2.4.4. Synthesis of di-n-octyltin(IV) complex of H3L by azeotropic
removal of water method

To the cooled methanol solution of the pre-prepared Schiff base
as described in Section 2.4.2, a hot methanol solution of n-Oct2SnO
(0.4517 g, 1.5 mmol) was added with constant stirring at room
temperature under inert atmosphere of dry nitrogen. The reaction
mixture was heated with constant stirring for another�48 h at 60–
65 �C. The solution was filtered to remove unreacted reactants, and
the excess of solvent was gradually removed by evaporation under
vacuum. The solid thus obtained was recrystallized from dichloro-
methane–methanol (2:1 v/v) mixture.
2.4.4.1. n-Oct2Sn(HL) (9). Reddish-orange solid; m.p., 100–102 �C;
yield, 88%; Anal. Calc. for C37H62N10Sn (765.68): C, 58.04; H, 8.16;
N, 18.29; Sn, 15.50. Found: C, 58.00; H, 8.19; N, 18.25; Sn,
15.52%. Selected IR data (KBr, mmax/cm�1): 1640vs m(C@N)azomethine,
1550m, 1465m m(C@N)ring, 1368m d(N–H)imidazole, 575w mas(Sn–C),
514w ms(Sn–C), 449w m(Sn–N), 420w m(Sn N). UV spectral bands,
transition, kmax in nm, e in M�1 cm�1: p ? p*, 205, 19680; n ? p*,
266, 32762.

Note: vs: very strong; s: strong; m: medium; w: weak; br:
broad; sh: shoulder.
3. Results and discussion

3.1. Synthesis, reactivity and solid-state characteristics

The reactions of R3SnCl and R02SnCl2 with Schiff base (tren(4-
Me-5-ImH)3) (H3L) (formed in situ) in a 1:1 M ratio in the presence
of Et3N, led to the formation of the complexes according to Eqs. (1)
and (2). The reaction of di-n-octyltin(IV) oxide with H3L (formed in
situ) in a 1:1 M ratio resulted the product with an azeotropic re-
moval of water according to Eq. (3).

H3Lþ R3SnClþ Et3N
��������!CH3OH

Room temperature
R3SnðH2LÞ þ Et3N �HCl

ðR ¼Me;n-Pr;n-Bu and PhÞ ð1Þ

H3Lþ R02SnCl2 þ 2Et3N ��������!CH3OH

Room temperature
R02SnClðHLÞ þ 2Et3N � HCl

ðR0 ¼ Me;n-Bu and PhÞ ð2Þ

H3Lþ n-Oct2SnO
��!CH3OH

Reflux
Oct2SnðHLÞ þH2O ð3Þ

The above reactions were found to be feasible and required 30–
35 h of stirring at room temperature, except the reaction men-
tioned in Eq. (3), which required �48 h of stirring at 60–65 �C.
All of the synthesized organotin(IV) complexes of H3L are yellow
to orange powder except n-Bu3Sn(H2L), which is semi-solid. The
synthesized complexes are obtained in good yield (82–94%) and
are hygroscopic in air atmosphere. Diorganotin(IV) and triorgano-
tin(IV) derivatives of H3L are soluble in methanol and dimethyl-
sulfoxide and have poor solubility in ethanol and other organic
solvents. The analytical data of the synthesized complexes are gi-
ven in Section 2, which show a 1:1 metal-to-ligand ratio. The molar
conductance values (at room temperature) of 10�3 M solutions (in
methanol) of the synthesized organotin(IV) complexes are in the
range 5.0–12.0 ohm�1 cm2 mol�1, suggesting their non-electrolytic
nature.
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3.2. Infrared and far-infrared spectral studies

The characteristic infrared and far-infrared frequencies and
their assignments in H3L and its di- and triorganotin(IV) complexes
are given in Section 2. Two strong bands observed in the IR spec-
trum of the ligand at 1580 and 1386 cm�1, which may be assigned
to the combination bands (d(NH)(minor) + m(C@N)(major)] and
(d(NH)(major) + m(C@N) (minor)] [31], respectively, are shifted to-
wards lower wave numbers (1550–1513 and 1374–1347 cm�1) in
the organotin(IV) complexes, indicating the coordination of ring
nitrogen to the central tin atom. The shifts observed in the other
bands of imidazole ring in this region are in agreement with struc-
tural changes occurring in the ring on account of bonding of ring
nitrogen to tin [32].

The IR spectrum of H3L shows a very sharp and strong band at
1646 cm�1 assignable to the m(C@N) azomethine [33]. In the IR
spectra of di- and triorganotin(IV) complexes, the m(C@N) is
slightly shifted to lower wave numbers indicating the coordination
of azomethine nitrogen to tin. A slight shift in m(C@N) azomethine
further suggests that all azomethine nitrogens are not taking part
in the bonding with central tin atom. The above modes of coordi-
nation of H3L are further supported by the appearance of two
new bands at 454 ± 6 and 421 ± 8 cm�1 in the spectra of organo-
tin(IV) complexes, which are assigned to m(Sn–N) [32,33] and
m(Sn N) [17], respectively.

The IR and far-IR spectra of di- and trialkyltin(IV) complexes de-
pict two bands at 599 ± 39 and 553 ± 52 cm�1 assignable to the
mas(Sn–C) and ms(Sn–C), respectively, whereas the corresponding
vibrational bands in di- and triphenyltin(IV) analogues are ob-
served at 280 and 236 ± 10 cm�1, respectively [22–28,34]. These
data clearly indicate the existence of cis-R3Sn(IV) and R2Sn(IV)
moieties in the studied complexes.

3.3. 119Sn Mössbauer spectrum

The 119Sn Mössbauer spectrum of Me3Sn(H2L) could be taken as
representative for the assignment of structure of the studied trior-
ganotin(IV) complexes of H3L. The 119Sn Mössbauer spectrum of
Me3Sn(H2L) exhibits isomer shift (I.S.) at 0.91 mm s�1 and quadru-
pole splitting (Q.S.) at 3.52 mm s�1 showing that the electric field
gradient around tin nucleus is produced by the inequalities in
the tin–nitrogen bonds and is also due to geometric distortions.
The q (Q.S./I.S.) value of 3.87 clearly indicates a coordination num-
ber greater than four in the solid-state. The observed Q.S.
(3.52 mm s�1) and I.S. (0.91 mm s�1) values of Me3Sn(H2L) sug-
gested the existence of fac-cis-R3Sn(IV) moieties in a distorted
octahedral arrangement around tin atom for the complexes
R3Sn(H2L) (R = Me, n-Pr, n-Bu and Ph) (Fig. 2). The gross distortions
in octahedral structure may be due to the asymmetry of multiden-
tate ligand (tripodal Schiff base) with different N donor atoms. A
similar structure has been reported for the closely related com-
Fig. 2. fac-cis-Octahedral structure of R3Sn(H2L).
pounds R3SnCl�L (where R = CH3 and Ph; L = Schiff bases derived
from 2-amino-5-(o-methoxyphenyl)-1,3,4-thiadiazole) [35].
3.4. Electronic spectral studies

In the electronic spectra of Schiff base (H3L) and its organo-
tin(IV) complexes in methanol, two intense bands are observed
at 205 ± 2 and 267 ± 4, which may be due to a p ? p* transition
of the imidazole ring and a n ? p* transition of an >C@N (azome-
thine) chromophore, respectively. The broad bands obtained in the
region 322–329 nm in the spectra of the complexes may be as-
signed to the charge transfer bands coupled with secondary band
of imidazole ring.
3.5. Multinuclear (1H, 13C and 119Sn) NMR spectral studies

3.5.1. 1H NMR spectra
1H NMR spectral data of Schiff base (H3L) and its di- and trior-

ganotin(IV) complexes are presented in Table 1. In the 1H NMR
spectrum of H3L, a resonance at d 8.23 ppm has been assigned to
the azomethine (–CH@N–) protons. In most of the studied organo-
tin(IV) complexes, three signals are observed in the range d 8.87–
7.33 ppm for azomethine protons, indicating the non-equivalence
of azomethine protons. Further, a large shift is observed in two sig-
nals (Dd (0.64–0.05) and (0.24–0.04) ppm, for azomethine protons)
in most of the organotin(IV) complexes, suggest the participation
of two azomethine nitrogen in coordination. The proton signals
of three (–N–CH2–CH2–N@) groups (at position 2–3, 20–30 and
200–300) appear as a broad singlet at d 3.70 ppm and a multiplet cen-
tered at d 2.86 ppm in H3L. In the organotin(IV) complexes, a num-
ber of resonances with large downfield shift are observed for these
protons (see Table 1) which also support the participation of the
azomethine nitrogen in bonding to tin.

The exchangeable NH imidazole proton was not observed up to
d 15 ppm under experimental condition in both H3L and its organo-
tin(IV) complexes [9]. The imidazole protons (@C–H)imidazole of
Schiff base appear as a sharp singlet at d 7.62 ppm, whereas in
organotin(IV) complexes, the corresponding protons appear as a
number of signals, indicating non-equivalence of imidazole rings.
The methyl protons attached to the imidazole ring of H3L appear
as a sharp singlet at d 2.32 ppm. In most of the studied organo-
tin(IV) complexes, these methyl protons are observed as more than
one signals with downfield shift. The shifting observed in the (@C–
H)imidazole and –CH3 indicates the participation of imidazole ring
nitrogen in coordination. Ph2Sn(HL) shows more than one reso-
nances for Hc and Hd, and one broad doublet for Hb protons of
Sn–C6H5 indicating the presence of more than one tin species in
solution. The characteristic signals of all the magnetically non-
equivalent alkyl- or phenyl-protons of organotin(IV) moieties have
also been assigned, which are in good agreement with reported
values [22–28,34].

The 2J(1H–119/117Sn) coupling constant, which gives important
information about the coordination environment, is also deter-
mined for some of the organotin(IV) complexes as shown in Table
1. The 2J(1H–119Sn) values are 76.0 and 80.0 Hz for Me2Sn(HL), 72.3
and 77.7 Hz for Me3Sn(H2L) and 84.8 Hz for n-Bu3Sn(HL) and
3J(1H–119Sn) for Ph2Sn(HL) is 75.7 Hz, which lie in the range of a
distorted octahedral arrangement [36,37]. In the studied com-
plexes, the values of \C–Sn–C calculated by using Lockhart and
Manders [36,37] equation (h = 0.0161 |2J|2 � 1.32 |2J| + 133.4) are
in the range 122.13–137.18� (Table 1), which also indicates cis-or-
ganic group in a distorted octahedral geometry around tin.

The number of protons for various groups calculated from the
integration curves and from the expected molecular formula are
in good agreement with each other.



Table 1
1H NMR spectral data [d (ppm)] of di- and triorganotin(IV) complexes of H3La.

S. No.b d (H–C@N) (imine) d (–CH)
(imidazole)

d (N–CH2–CH2–N) d (–CH3) d (Sn–R)

1 8.23, s, (3H) [H-5,
H-5’, H-5”]

7.62, s, (3H) [H-8,
H-8’, H-8”]

3.67, sbr, (6H); 2.93–2.79, m,
(6H)

2.32, s, (9H) [H-11,
H-11’, H-11”]

2 8.87, s, (1H); 8.47,
s, (1H); 8.39, s,
(1H), [H-5, H-5’,
H-5”]

7.80, s, (1H); 7.69,
s, (2H); [H-8, H-8’,
H-8”]

4.34–4.29, t, 14 Hz, (2H); 4.00–
3.93, m, (4H); 3.81, dbr, (2H);
3.22, dbr, (2H); 3.08–3.05, t, (2H)

2.58, s, (6H); 2.45, s,
(3H); [H-11, H-11’,
H-11”]

Ha: 0.94, s, (3H), 2J(1H–119Sn) [76.0 Hz]; 0.80, s,
(3H), 2J(1H–119Sn) [80.0 Hz]; [C–Sn–C = 126.07�/
130.84�]c

3 7.94, s, (1H); 7.49,
s, (1H); 7.33, s,
(1H), [H-5, H-5’,
H-5”]

6.93, s, (1H); 6.82,
s, (2H); [H-8, H-8’,
H-8”]

2.88, dbr, (4H); 2.56–2.52, m,
(2H); 2.16, dbr, (6H)

1.71, s, (3H); 1.53, s,
(6H); [H-11, H-11’,
H-11”]

Ha: -0.35, s, (6H), 2J(1H–119Sn) [72.3 Hz]; �0.36, s,
(3H), 2J(1H–119Sn) [77.7 Hz]; [C–Sn–C = 122.13�/
128.06�]c

4 8.53, s, (1H); 8.40,
s, (1H); 8.24, s,
(1H), [H-5, H-5’,
H-5”]

7.78, s, (2H); 7.65,
7.62, d, (1H) [H-8,
H-8’, H-8”]

4.10, sbr, (2H); 3.87–3.80, sbr,
(2H); 3.68–3.64, m, (2H); 3.48,
sbr, (2H); 3.23, sbr, (2H); 2.94–
2.78, m, (2H)

2.41, s, (6H); 2.35,
2.33, d, (3H); [H-11,
H-11’, H-11”]

Ha and Hb: 1.27–0.98, mbr, (12H); Hc: 0.83–0.82,
d, (9H)

5 8.82, s, (1H); 8.45,
s, (1H); 8.26, s,
(1H), [H-5, H-5’,
H-5”]

7.72, s, (1H); 7.67,
s, (2H); [H-8, H-8’,
H-8”]

4.28–4.22, t, 14 Hz, (2H); 3.95–
3.85, m, (2H); 3.69, dbr, (2H);
3.37–3.31, m, (4H); 3.01–2.96,
m, (2H)

2.54, s, (6H); 2.44, s,
(3H); [H-11, H-11’,
H-11”]

Ha: 1.07–1.04, m, (4H); Hb: 1.45, m, (4H); Hc:
1.34–1.27, m, (4H); Hd: 0.66–0.64, t, (3H);
0.95–0.92, t, (3H)

6 8.29, 8.28, d, 5 Hz,
(3H) [H-5, H-5’, H-
5”]

7.75, s, (1H); 7.63,
s, (2H); [H-8, H-8’,
H-8”]

3.69, dbr, (6H); 3.02–2.93, m,
(6H)

2.34, s, (6H); 2.54, s,
(3H); [H-11, H-11’,
H-11”]

Ha: 1.22–1.19, t, 8.0 Hz, (6H), 2J(1H–119Sn)
[84.8 Hz]; Hb: 1.69–1.63, m, (6H), 3J(1H–119Sn)
[59.3 Hz]; Hc: 1.41–1.35, m, (6H); Hd: 0.96–0.93, t,
7.5 Hz, (9H); [C–Sn–C = 137.18�]c

7 8.30, s, (1H); 8.09,
s, (1H); 7.97, s,
(1H), [H-5, H-5’,
H-5”]

7.77, s, (1H); 7.68,
s, (1H); 7.66, s,
(1H); [H-8, H-8’,
H-8”]

4.33–4.27, t, (4H); 4.13–4.10, t,
(4H); 3.71–3.69, t, (2H); 3.51–
3.48, t, (2H);

2.54, s, (3H); 2.34, s,
(3H); 2.28, s, (3H);
[H-11, H-11’, H-11”]

Hb: 7.82, d br, 3.5 Hz, (4H), 3J(1H–119Sn) [75.7 Hz];
Hc: 7.29–7.26, m, (2H), 7.23, sbr, (2H), 4J(1H–119Sn)
[83.7 Hz]; Hd: 7.43–7.42, t, (1H), 7.39–7.38, t, (1H),
5J(1H–119Sn) [43.9 Hz]

8 8.30, s, (1H); 8.27,
s, (1H); 8.15, s,
(1H), [H-5, H-5’,
H-5”]

7.33, d, (1H);
7.23–7.19, dd,
(2H); [H-8, H-8’,
H-8”]

3.58, dbr, (6H); 2.99, 2.78, sbr,
(6H)

2.49, s, (3H); 2.32, s,
(6H); [H-11, H-11’,
H-11”]

Hb: 7.76, dbr, (6H), 3J(1H-119Sn) [72.5 Hz]; Hc:
7.46–7.43, t, 7.0 Hz, (6H); Hd: 7.57, dbr, (3H)

9 8.30, s, (1H); 8.28,
s, (2H), [H-5, H-5’,
H-5”]

7.75, s, (1H); 7.63,
s, (2H) [H-8, H-8’,
H-8”]

3.69, dbr, (6H); 3.02–2.93, m,
(6H)

2.49, s, (3H); 2.34, s,
(6H); [H-11, H-11’,
H-11”]

Ha-ld: 1.76–1.68, 1.21–1.18, m, (28H); Hx:1.04–
1.01, t, 7.0 Hz, (6H)

a Hydrogen number as indicated in Fig. 1 of H3L.
b S.no. as indicated in Section 2; s: singlet; d: doublet; dd: double doublet; t: triplet; m: multiplet; br: broad; sbr, singletbroad, dbr, doubletbroad, mbr, multipletbroad.
c Calculated using Eq. (h = 0.0161 |2J|2 � 1.32 |2J| + 133.4).
d Strongly overlapping multiplets.
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3.5.2. 13C NMR spectra
The 13C NMR spectral data along with assignment of character-

istic peaks of H3L and its di- and triorganotin(IV) complexes are
presented in Table 2. In the 13C NMR spectrum of H3L, carbons at-
tached to three azomethine nitrogens, viz. C-5, C-50 and C-500 are
observed at d 152.86 ppm [33]. However, in all of the studied
organotin(IV) complexes, two or three resonances due to azome-
thine carbons are observed indicating the non-equivalence of these
groups. Further, in the 13C NMR spectra of organotin(IV) com-
plexes, the signals of C(8, 80), C(10, 100), C(6, 60) and methyl groups
(C-11, 110) are shifted to downfield 137.04 ± 1.17, 129.75 ± 1.61,
140.83 ± 3.68 and 12.14 ± 3.45 ppm, respectively, as expected for
a process involving deprotonation of N(9)–H for triorganotin(IV)
derivatives and N(9)–H and N(90)–H for diorganotin(IV) deriva-
tives. The alkyl carbons of Schiff base and organotin(IV) complexes
appear well within the expected ranges and their assignment are
given in Table 2. All the magnetically non-equivalent carbons of al-
kyl- or phenyl- groups attached to tin are identified and their
chemical shift values are in close agreement with reported values
[34]. Moreover, presence of more than one signal for tin–phenyl
carbons for Ph2Sn(HL) (Table 2) also suggests that these groups
are present in magnetically different environments of more than
one tin species in solution.

The heteronuclear coupling constant 1J(13C–119Sn) in the stud-
ied organotin(IV) complexes are determined, which provide vital
information about the coordination environment and geometry
of the complexes. In all the complexes, the satellite are resolved
and observed 1J(13C–119Sn) values are in the range 690.56–
759.86 Hz as given in Table 2.

These values lie in a typical range for six-coordinated organo-
tin(IV) complexes [36–38]. Moreover, the calculated values of
\C–Sn–C using observed 1J(13C–119Sn) values in the equation given
by Lockhart and Manders [36,37] (|2J| = 11.4h � 875) are in the
range of 137.3–143.4� (as given in Table 2), which are intermediate
between the corresponding values for cis-octahedral (\C–Sn–
C = 90�) and trans-octahedral (\C–Sn–C = 180�) organotin(IV) moi-
eties. Thus, the most plausible structure of these complexes is best
described by a highly distorted octahedral geometry with cis-or-
ganic groups [31].

3.5.3. 119Sn NMR spectra
The 119Sn NMR spectral data of organotin(IV) derivatives of H3L

are given in Table 3. The 119Sn NMR spectrum of Ph2Sn(HL) is
shown in Fig. 3. The 119Sn NMR chemical shifts are very sensitive
to coordination number of tin and are greatly shifted upfield up
on coordination to Lewis base. Typical ranges of 119Sn chemical
shifts have been reported [39] for coordination number five (d
�90 to �330 ppm) and six (d �125 to �515 ppm) organotin(IV)
complexes in CDCl3 solution. The 119Sn spectra of the studied di-
and triorganotin(IV) complexes, except Ph2Sn(HL), exhibit only



Table 2
13C NMR spectral data of the di- and triorganotin(IV) complexes of H3La,b in CD3OD.

Ligand/
complexc

d (ppm)

1 C-5, C-50 , C-500: 152.86; C-6, C-60 , C-600: 137.59; C-8, C-80 , C-800: 136.39, 136.65; C-10, C-100 , C-1000: 128.08; C-3, C-30 , C-300: 58.67; C-2, C-20 , C-200:
55.34, 55.01; C-11, C-110 C-1100: 9.98, 10.20

2 C-5, C-50 , C-500: 156.52, 154.40; C-6, C-60 , C-600: 137.19 (137.59)d; C-8, C-80 , C-800: 136.41, 136.03; C-10, C-100 , C-1000: 130.79; C-3, C-30: 51.40
(50.85)d; C-300: 53.04; C-2, C-20: 48.49, 48.55; C-200: 45.45; C-11: 15.58; C-110: 15.04; C-1100: 9.90; C-a: 8.06 (8.19)d [1J(13C–119Sn) = 701.0 Hz]; [\C–
Sn–C = 138.2�]e

3 C-5, C-50 , C-500: 153.64, 153.38; C-6, C-60 , C-600: 139.50; C-8, C-80 , C-800: 136.86, 136.25; C-10, C-100 , C-1000: 130.10; C-3, C-30 , C-300: 58.48 (57.88)d; C-
2, C-20 , C-200: 55.02, 51.29; C-11: 13.07; C-110: 9.95; C-1100: 9.21; C-a: �4.47 [1J(13C–119Sn) = 690.56 Hz]; [\C–Sn–C = 137.3�]e

4 C-5, C-50 , C-500: 154.21, 153.86, 152.93; C-6, C-60 , C-600: 144.50, 143.93; C-8, C-80 , C-800: 136.64, 136.46, 135.87; C-10, C-100 , C-1000: 131.26; 128.82
(128.04)d; C-3, C-30 , C-300: 58.77, 55.40, 55.07; C-2, C-20 , C-200: 53.14, 52.25, 49.67, 45.45; C-11, C-110 , C-1100: 11.19, 10.30; C-a: 22.29
[1J(13C–119Sn) = 714.60 Hz]; C-b: 32.53, 31.53, 28.64, 28.52 [2J(13C–119Sn) = 126.21, 42.91, 106.01 Hz]; C-c: 13.16; [\C–Sn–C = 139.4�]e

5 C-5, C-50 , C-500: 156.23; C-6, C-60 , C-600: 139.40; C-8, C-80 , C-800: 138.20; C-10, C-100 , C-1000: 131.36; C-3, C-30 , C-300: 51.58; C-2, C-20 , C-200: 49.01; C-11,
C-110 C-1100: 8.69; C-a: 25.50 [1J(13C–119Sn) = 729.04 Hz]; C-b: 27.29, [2J(13C–119/117Sn) = 57.94 Hz]; C-c: 27.17 [3J(13C–119Sn) = 82.46 Hz]; C-d:
13.03, 12.24; [\C–Sn–C = 140.7�]e

6 C-5, C-5,0C-500: 153.57, 153.16; C-6, C-60 , C-600: 138.02; C-8, C-80 , C-800: 136.86, 136.25; C-10, C-100 , C-1000: 128.23; C-300: 58.55, 58.17; C-3, C-30:
55.23, 55.03; C-2, C-20 C-200: 51.42, 48.51; C-11, C-110 , C-1100:10.06, 9.29; C-a: 16.52 [1J(13C–119Sn) = 729.64 Hz]; C-b: 27.86 [2J(13C–119Sn)
�47.50 Hz]; C-c: 26.76 [3J(13C–119Sn) = 70.08 Hz]; C-d: 12.71 [4J(13C–119Sn) = 47.39 Hz]; [\C–Sn–C = 140.8�]e

7 C-5, C-50 , C-500: 159.45, 158.39, 154.46; C-6, C-60 , C-600:137.98, 137.46, 137.15; C-8, C-80 , C-800: 136.23, 136.05; C-10, C-100 , C-1000: 128.68, 128.14; C-
3, C-30 , C-300: 53.73, 52.39; C-2, C-20 , C-200: 50.16, 48.54; C-11, C-110 , C-1100: 10.18; 9.90, 8.52; C-a: 146.93, 146.54, 143.99 [1J(13C-119Sn) =
759.86 Hz]; C-b: 133.19, 132.85, 131.40 [2J(13C–119Sn) = 123.25 Hz, 110.12 Hz]; C-c: 129.33, 129.10, 128.83, 128.42 [3J(13C-119Sn) = 47.02, 38.08,
40.17 Hz]; C-d: 131.40, 130.64, 130.07 [4J(13C–119Sn) = 121.14 Hz]; [\C–Sn–C = 143.4�]e

8 C-5, C-50 , C-500: 157.61, 153.61; 153.27; C-6, C-60 , C-600: 137.49, 137.33; C-8, C-80 , C-800: 136.56; C-10, C-100 , C-1000: 127.97; C-3, C-30 , C-300: 58.32,
54.96; C-2, C-20 , C-200: 51.85, 51.30, 50.18, 48.53; C-11, C-110 , C-1100: 10.28, 10.06, 9.31; C-a: 140.21 [1J(13C–119Sn) = 725.02 Hz]; C-b: 136.15
[2J(13C–119Sn) = 43.05 Hz]; C-c: 128.45 [3J(13C–119Sn) = 66.12 Hz]; C-d: 129.24 [4J(13C–119Sn) = 51.16 Hz]; [\C–Sn–C = 140.3�]e

9 C-5, C-50 , C-500: 155.45, 153.55; 153.13; C-6, C-60 , C-600: 137.93; C-8, C-80 , C-800: 136. 89, 136.28; C-10, C-100 , C-1000: 130.05, 128.20; C-3, C-30 , C-300:
58,57, 58.23, 55.26; C-2, C-20 , C-200: 55.05, 51.76, 51.53; C-11, C-110 , C-1100: 10.09, 9.77, 9.31; C-a: 19.30 [1J(13C–119Sn) = 695.95 Hz]; C-b-C-l: 30.62,
28.90, 20.96, 20.89, 19.18, 19.08, 18.98; C-x: 17.69 [8J(13C-119Sn) = 70 Hz]; [\C–Sn–C = 137.7�]e

a Ref. [9].
b Carbon No. as indicate in Fig. 1 of H3L.
c S. No. as indicated in Section 2.
d Calculated using Eq.(|2J| = 11.4h � 875).
e Small peak.

Table 3
119Sn NMR spectral data of the synthesized di- and triorganotin(IV) complexes of H3L.

Complex No.a d (ppm)

2 �402.09
3 �415.73
4 �421.89
5 �412.53
6 �268.09
7b �523.65, �599.59, �607.24
8 �535.70
9 �420.60

a S. No. as indicated in Section 2.
b Intensity ratio of the peaks is 7:2:1 respectively.
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one signal which rules out the possibility of two different tin spe-
cies. The observed 119Sn chemical shift values in the range d
�268.09 to �523.65 ppm (Table 3) suggest six-coordination corre-
spond to the octahedral geometry around tin. The spectrum of
Ph2Sn(HL) shows two additional signals at d �599.50 and
�607.24 ppm, which may be due to a complex species with higher
coordination number viz., hepta-coordinated tin. This suggests
either the presence of two or more types of different tin environ-
ments or a fast interchange of two or more different species in
the solution. Therefore, 119Sn NMR spectral data of Ph2Sn(HL) re-
veal that the weak interactions between central tin with central
nitrogen ((N-1) triethylamine) or third azomethine nitrogen may
occur or a solvent molecule may occupy seventh coordination site
leading to the fast interchange of octahedral species to pentagonal-
bipyramidal species in the solution. The intensity ratio of these
three peaks is 7:2:1 indicating the hepta-coordinated species are
the minor species in solution.

The possible geometries around tin in di- and triorganotin(IV)
complexes of H3L is best described by a cis-distorted octahedral
or skew trapezoidal-bipyramidal configuration as shown in Figs.
4 and 5, respectively, whereas in Ph2Sn(HL), structure is described
by the interchange of cis-distorted octahedral to pentagonal-bipy-
ramidal as shown in Fig. 6a–c.

3.6. Biological studies

3.6.1. Anti-inflammatory activity
The anti-inflammatory activity (% inhibition) data of the synthe-

sized complexes are presented in Table 4. The activity of the stan-
dard drug phenylbutazone has been used for comparison.
Organotin(IV) complexes of H3L exhibited anti-inflammatory activ-
ity of varying degree (6.38–20.26% inhibition), which are more ac-
tive than Schiff base (H3L) (5.21% inhibition). It has also been
observed that organotin(IV) complexes show better activity as
compared to the starting organotin(IV) chloride/oxides (Table 4)
with only exception of Me3SnCl (9.89% inhibition), which is slightly
more active than that of its Schiff base complex, Me3Sn(H2L) (8.89%
inhibition). Among the studied organotin(IV) derivatives of Schiff
base (H3L), phenyl derivatives are more active than the alkyl ana-
logues. Further, triorganotin(IV) derivatives are found to be more
active than diorganotin(IV) analogues, viz. Me3Sn(H2L) (8.89% inhi-
bition) > Me2Sn(HL) (6.38% inhibition), n-Bu3Sn(H2L) (16.69% inhi-
bition) > n-Bu2Sn(HL) (12.28% inhibition) and Ph3Sn(H2L) (20.26%



Fig. 4. Plausible distorted cis-octahedral structure/skew trapezoidal-bipyramidal configuration of R2Sn(HL) (R = Me, n-Bu, n-Oct and Ph).

Fig. 5. Plausible distorted cis-octahedral structure of R3Sn(H2L) (R = Me, n-Pr, n-Bu and Ph).

Fig. 6. Plausible interchange of geometry in Ph2Sn(HL) from distorted octahedral/ pentagonal-bipyramidal geometry through the extra bonding modes of central tin to (a)
central N-1 (triethylamine) or (b) third azomethine; or (c) coordination of one solvent molecule.

Fig. 3. 119Sn NMR spectrum of Ph2Sn(HL) (6).
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Table 4
Anti-inflammatory activity and toxicity data of Schiff base (H3L), organotin(IV) complexes of H3L, organotin(IV) chlorides/oxides and phenylbutazone.

Complex/starting materials/reference drug Anti-inflammatory activity Toxicity LD50 (mg/kg p.o.)

Dose (mg/kg p.o.) % Oedema inhibition

H3L 40 5.21 >400
Me2Sn(HL) 40 6.38 >400
Me3Sn(H2L) 40 8.89 >400
n-Bu2Sn(HL) 40 12.28 >800
n-Bu3Sn(H2L) 40 16.69 >800
Ph2Sn(HL) 40 17.78 >800
Ph3Sn(H2L) 20 10.15 >800

40 20.26
80 36.30

n-Oct2Sn(HL) 40 9.23 >400
n-Pr3Sn(H2L) 40 7.17 >400
Me2SnCl2 40 2.97 >400
n-Bu2SnCl2 40 5.35 >400
Ph2SnCl2 40 4.65 >400
n-(Oct)2SnO 40 6.39 >400
Me3SnCl 40 9.89 >400
n-Pr3SnCl 40 5.13 >400
n-Bu3SnCl 40 4.89 >400
Ph3SnCl 40 7.29 >400
Phenylbutazone 20 12.67 –

40 31.89 –
80 48.26 –
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inhibition) > Ph2Sn(HL) (17.78% inhibition), but they are less active
than phenylbutazone (31.89% inhibition). Among triorganotin(IV)
complexes, the order of their percent inhibition is: n-
Pr3Sn(H2L) < Me3Sn(H2L) < n-Bu3Sn(H2L) < Ph3Sn(H2L). Further-
Fig. 7. TGA profiles of (a) R2Sn(HL) (R = Me, n-Bu, n-Oct and Ph) and (b) R3Sn(H2L)
(R = Me, n-Pr, n-Bu and Ph).
more, among diorganotin(IV) complexes, the order of their
percent inhibition is Me2Sn(HL) < n-Oct2Sn(HL) < n-Bu2Sn(HL)
< Ph2Sn(HL) as shown in Table 4. The observed activity may be
due to the easier formation of Ph3Sn1+/Ph2Sn2+ moiety. The analysis
of data of Table 4 indicates that the anti-inflammatory activity of
the studied complexes is influenced by the nature of organic
groups attached to tin as well as the coordinating environment
of tin.
Fig. 8. DTA curves of (a) R2Sn(HL) (R = Me, n-Bu, n-Oct and Ph) and (b) R3Sn(H2L)
(R = Me, n-Pr, n-Bu and Ph).
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3.6.2. Toxicity studies
The LD50 values of the studied complexes are presented in Table

4. All of the complexes have LD50 values greater than
>400 mg kg�1, suggesting their safety margin. Further, di- and tri-
butyltin(IV) as well as di- and triphenyltin(IV) derivatives showed
LD50 value (>800 mg kg�1) greater than that of di- and trimethyl-
tin(IV), di-n-octyltin(IV) and tri-n-propyltin(IV) derivatives
(>400 mg kg�1).

Among all of the studied complexes, Ph3Sn(H2L) is the most ac-
tive and has less toxicity.

3.7. Thermal studies

The TG and DTA curves of studied organotin(IV) complexes are
presented in Figs. 7 and 8, respectively, and thermal decomposition
data are given in Table 5. The main diffraction lines of the residues
thus obtained by pyrolysis of the studied organotin(IV) complexes
have been summarized in Table 6.

All of the studied organotin(IV) complexes of Schiff base (H3L)
decompose in two steps, except n-Pr3Sn(H2L), which decomposes
in a single step. Me2Sn(HL) and Ph2Sn(HL) decompose in a similar
Table 5
Thermal analysis data of organotin(IV) complexes of Schiff base (H3L) in air.

Complex Step no. Temperature
range in TG (�C)

Peak temperature
in DTG (�C)

Peak temperat
in DTA (�C)

Me2Sn(HL) I 70–253 230
II 253–606 505 505 (exotherm

557 560 (exotherm
Me3Sn(H2L) I 29–439 187

II 439–623 505 508 (exotherm
549 550 (exotherm

n-Pr3Sn(H2L) I 199–502 250 258 (exotherm
462 469 (exotherm
496 500 (exotherm

n-Bu2Sn(HL) I 27–305 259 256 (endother
II 305–602 551 465 (exotherm

509 (exotherm
556 (exotherm

n-Bu3Sn(H2L) I 27–355 198, 224 239 (exotherm
II 355–601 522 523 (exotherm

552 551 (exotherm
Ph2Sn(HL) I 24–380 166, 250 259 (exotherm

II 380–570 442 430 (exotherm
478 488 (exotherm
542 549 (exotherm

Ph3Sn(H2L) I 28–299 166, 168, 238
II 299–568 505 508 (exotherm

n-Oct2Sn(HL) I 25–363 149, 176, 196 233 (exotherm
II 363–571 526 528 (exotherm

Table 6
The main diffraction lines (intensity) for the residue obtained.

Tin compound/residue of complex Main diffraction lines d (Å) (intens

1 2

Sna 2.92 (100) 2.79 (9
(2 0 0) (1 0 1)

SnOa 3.39 (100) 3.00 (5
SnO2

a 3.35 (100) 2.64 (8
(1 1 0) (1 0 1)

Me2Sn(HL) 3.33 (100) 2.63 (9
Me3Sn(H2L) 3.34 (94) 2.64 (1
n-Pr3Sn(H2L) 3.34 (100) 2.64 (7
n-Bu2Sn(HL) 3.34 (100) 2.63 (8
Ph2Sn(HL) 3.32 (37) 2.64 (4
Ph3Sn(H2L) 3.35 (100) 2.64 (9
n-Oct2Sn(HL) 3.34 (100) 2.64 (7

a Ref. [40].
manner and mass losses in the first step and second steps are given
in Table 5. However, the total observed mass loss in Me2Sn(HL) is
greater than the calculated values (Table 5) due to the partial mass
loss through sublimation followed by oxidation to SnO2, which is
evidenced by the exothermic peak at �550 �C observed in DTA (Ta-
ble 5 and Fig. 8). The residue of Me2Sn(HL) left at 610 �C and that of
Ph2Sn(HL) at 570 �C has been analyzed by IR and XRD. The m(Sn–O)
at 617/619 cm�1 [34] in IR spectrum of the residue indicated the
formation of SnO2 which was confirmed by its XRD data. The ob-
served d values in the residue are in good agreement with the re-
ported values for SnO2 [40]. n-Bu2Sn(HL) and n-Oct2Sn(HL) show a
similar two steps TG profiles (Fig. 7) and mass losses are given in
Table 5. The masses of residues left are 11.07% (for SnO2 calc.:
21.99%) for n-Bu2Sn(HL) and 4.43% (for SnO2 calc.: 18.89%) for n-
Oct2Sn(HL). The main diffraction lines observed in the XRD pattern
of the residues are found to correspond to those of SnO2, which is
also supported by the presence of m(Sn–O) at 618 and 617 cm�1,
respectively, in the IR spectra.

Among triorganotin(IV) complexes, Me3Sn(H2L) and n-
Bu3Sn(H2L) decompose in two steps, whereas Ph3Sn(H2L) and n-
Pr3Sn(H2L) decompose differently. The mass losses in the first step
ure Enthalpy
(mJ/mg)

Loss of mass% Species lost
(obsd.) (calc.)

26.69 (26.56) C8H13N3

ic) �1098.7 62.94 (52.59) C15H21N7 + Sn sublimation and oxidation
ic) �1917.3

51.32 (51.67) C16H26N6

ic) �2216.6 41.03 (28.94) C8H12N4 + Sn sublimation and oxidation
ic) �1973.4
ic) �79.3 78.42 (82.12) C30H49N10 + Sn sublimation and oxidation
ic) �2498.7
ic) �2967.3

mic) 43.9 37.53 (38.32) C15H28N3

ic) �655.6 51.40 (43.51) C14H18N7 + Sn sublimation and oxidation
ic) �792.9
ic) �1448.3
ic) �210 54.92 (54.32) C22H38N6

ic) �1972 41.64 (28.99) C11H18N4 + Sn sublimation and oxidation
ic) �1972
ic) �31.9 31.94 (30.75) C13H15N3

ic) �913.1 46.32 (52.12) C20H23N7 + Sn oxidation
ic) �1945.4
ic) �1528.5

34.95 (35.30) C14H20N6

ic) �2980 46.59 (49.31) C25H24N4 + Sn oxidation
ic) �82.9 48.08 (47.35) C23H44N3

ic) �4238 47.49 (37.14) C14H18N7 + Sn sublimation and oxidation

ity (%)) (h k l)

3 4 5

0) 2.06 (34) 2.02 (74) 1.48 (23)
(2 2 0) (2 1 1) (1 1 2)

0) 2.89 (90) 2.67 (90) 1.77 (80)
0) 2.37 (25) 1.77 (65) 1.68 (18)

(2 0 0) (2 1 1) (2 2 0)
8) 2.36 (35) 1.76 (96) 1.67 (24)
00) 2.36 (31) 1.76 (67) 1.68 (27)
6) 2.37 (32) 1.77 (37) 1.68 (20)
1) 2.36 (39) 1.76 (61) 1.67 (29)
0) 2.35 (34) 1.73 (19) 1.68 (16)
8) 2.36 (31) 1.76 (92) 1.67 (25)
2) 2.35 (47) 1.76 (51) 1.68 (36)
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of decomposition are observed, 51.32% (calc.: 51.67%) and 54.92%
(calc.: 54.32) corresponding to the loss of C14H20N6 + 2CH3 for
Me3Sn(H2L) and C14H20N6 + 2C2H9 for n-Bu3Sn(H2L), respectively.
The remaining organic groups attached to tin and rest part of Schiff
base moiety are lost in the second step (Table 5) followed by the
sublimation and oxidation of material to SnO2 [41] which is evi-
denced by the exothermic peaks observed in DTA (Fig. 8). Further,
the XRD analysis of the residue confirms the formation of SnO2,
which is also supported by the m(Sn–O) observed at 617 cm�1 in
the IR spectrum.

In Ph3Sn(H2L), the mass loss (34.95%) in the temperature range
28–299 �C, corresponds to the loss of Schiff base moiety C14H20N6

(calc.: 35.30%) and the rest of Schiff base moiety (C7H9N4) and phe-
nyl groups (3Ph) attached to tin (weight loss: C25H24N4; observed:
46.59%; calculated: 49.31%) are lost in the second step, followed by
the oxidation of tin to tin oxide as evidenced by an exothermic
peak in DTA curve (Fig. 8). The mass of residue left is 18.45%, which
corresponds to SnO2 (calc.: 18.76%). Whereas the decomposition of
n-Pr3Sn(H2L) occurs in single step and the experimental mass loss
(observed: 78.42%) corresponds to the loss of all organic moieties
(calc.: 82.12%) along with oxidation of tin, which is evidenced by
an exothermic peak at �500 �C observed in its DTA. The end prod-
uct (SnO2) in both the cases is confirmed by the appearance of
m(Sn–O) at 620 cm�1 and observed d values in its XRD spectrum.
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