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a b s t r a c t

Five new diorganotin(IV) compounds were prepared by reacting diorganotin dichlorides R2SnCl2 (R¼Me,
nBu and Ph) with sodium salts of the tridentate NO2 ligands (E)-3-hydroxy-2-((2-hydroxybenzylidene)
amino)propanoic acid (L1H2Na) and (E)-3-hydroxy-2-((1-(2-hydroxyphenyl)ethylidene)amino)propanoic
acid (L2H2Na). Themolecular structures of the resulting diorganotin (IV) compounds have been established
by elemental analysis and a combination of IR and NMR (1H, 13C, 119Sn) spectroscopy. In all cases, the 119Sn
NMR chemical shifts were indicative of five-coordinate tin atoms in solution. However, investigation of
compounds [Me2SnL1H]$H2O (1), [Ph2SnL1H]$2C6H6 (3), [Me2SnL2H]$CHCl3 (4) and [Ph2SnL2H] (5) by
single-crystal X-ray diffraction revealed that only compound 3 has a distorted trigonalebipyramidal ge-
ometry in the solid state. For compounds 1, 4 and 5 the coordination geometries are distorted octahedral,
either due to intermolecular association through Sn/O interactions (1) or coordination through the ox-
ygen atom from the pendant CH2OH group (4 and 5). At the supramolecular level, themolecular structures
are linked throughOeH/Ohydrogen bonds to give discrete dimeric assemblies (4),1D chains (3, 5) and 2D
hydrogen bonded layers (1).

� 2013 Elsevier B.V. All rights reserved.

1. Introduction

Organotin compounds are an important family of organometallic
compounds and their use in a large variety of applications, particu-
larly, in the chemical industry as PVC stabilizers, polyurethane foam
formers and antifungal agents, is well known [1]. A recent review
provides an account of the use of organotin compounds in the
preparation of diverse polysiloxane-containing materials via cross-
linking with either organic or inorganic polymers [2]. Besides var-
ied applications of organotin(IV) compounds, their pharmaceutical
potential remains at the forefront of their continued research [1,3].
Whilemacrocyclic tin compounds, e.g. tin ethyl etiopurpurin, areused
clinically for the treatment of age-related macular disease [4], a
noteworthy research effort has been and is directed toward the

development of organotin-based anti-tumor drugs [5]; the latter
motivated research in this area [6e8]. Recently, the chemistry of
organotin(IV) complexes of Schiff bases has also stemmed from their
antitumor, antimicrobial, antinematicidal, anti-insecticidal and anti-
inflammatory activities [9]. Among these, the organotin(IV) de-
rivatives of Schiff bases prepared from amino acids and amino-
alcohols have also exhibited various structural possibilities and
cytotoxic potential [10e22]. During the past few years, we have re-
ported on a series of organotin(IV) compounds derived from NO2 li-
gands such as 2-{[(E)-1-(2-hydroxyaryl)alkylidene]amino}acetates
[10e16], 2-{[(2Z)-3-hydroxy-1-methyl-2-butenylidene]amino}ace-
tate [17], [((E)-1-{2-hydroxy-5-[(E)-2-(aryl)-1-diazenyl]phenyl}me
thylidene)amino]acetate [18], b-{[(2Z)-(3-hydroxy-1-methyl-2-but
enylidene)]amino}propionate [19], 2-{[(2Z)-(3-hydroxy-1-methyl-2-
butenylidene)]amino}phenylpropionate and 2-{[(E)-1-(2-hydroxy
aryl)alkylidene]amino}phenylpropionate [20], 2-{[(2Z)-(3-hydro
xy-1-methyl-2-butenylidene)]amino}-4-methylpentanoate, and 2-
{[(E)-1-(2-hydroxyphenyl)alkylidene]amino}-4-methylpentanoates
[21]. Single-crystal X-ray diffraction analysis of several such organo-
tin(IV) compounds revealed that Schiff bases derived from amino
acids are versatile ligands with conformational flexibility, thereby
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creatingmono-, di-, tri-, tetra- or polymeric assemblieswith a variety
of coordination modes [10e21]. The molecular structures of the
compounds are strongly influenced by the nature of the ligand,
although in some cases the structure canbemodulatedbyvarying the
reaction conditions. Anoverviewof the structural versatility resulting
by the coordination of such Schiff bases toward organotin(IV) is given
in Scheme 1. Some structures related to those described in Scheme 1
are also documented [23]. A number of these organotin(IV) com-
pounds were tested in vitro as antitumor agents and the results
showed promising cytotoxic activity [12,19e21].

In continuation of our studies with Schiff base ligands derived
fromamino acids and encouraged by thefindingof in vitro antitumor
activity, we prepared a newseries offive diorganotin(IV) compounds
using sodium (E)-3-hydroxy-2-((2-hydroxybenzylidene)amino)pro
panoate and sodium (E)-3-hydroxy-2-((1-(2-hydroxyphenyl)ethyl-
idene)amino)propanoate. The molecular structures of the com-
pounds were established from a combined study of elemental
analysis, 1H, 13C, and 119SnNMR spectroscopy, IR spectroscopy andX-
ray diffraction analysis.

2. Experimental

2.1. Materials

Me2SnCl2 (Merck), nBu2SnCl2, Ph2SnCl2, 20-hydroxyacetophenone
(Aldrich), 2-hydroxybenzaldehyde, L-serine (Sisco) were used as
received. Solvents used in the reactions were of AR grade and dried
using standard procedures. Benzene was distilled from sodium
benzophenone ketyl.

2.2. Physical measurements

Carbon, hydrogen and nitrogen analyses were performed with a
PerkineElmer 2400 series II instrument. IR spectra in the range of
4000e400 cm�1 were obtained on a Perkin Elmer Spectrum BX
series FT-IR spectrophotometer with samples investigated as KBr
discs. 1H and 13C NMR spectra of the compounds were recorded on
a Bruker AMX 400 spectrometer and measured at 400.13 and
100.62 MHz, respectively. 119Sn NMR spectra were measured on a
Jeol GX 270 spectrometer at 100.75 MHz. The 1H, 13C and 119Sn
chemical shifts were referred to Me4Si (d 0.00 ppm), CDCl3 (d
77.00 ppm), and Me4Sn (d 0.00 ppm), respectively.

2.3. Synthesis of the ligand salts

2.3.1. Sodium (E)-3-hydroxy-2-((2-hydroxybenzylidene)amino)
propanoate (L1H2Na)

L1H2Nawas prepared by stirring amethanolic solution (30mL) of
2-hydroxybenzaldehyde (1.15 g, 9.49mmol) and sodium2-amino-3-
hydroxypropanoate that was generated in situ from a hot aqueous
solution (10 mL) of NaHCO3 (0.79 g, 9.40 mmol) and 2-amino-3-
hydroxypropanoic acid (L-serine) (1.00 g, 9.51 mmol). A yellow co-
lordevelopedalmost immediately, andstirringwascontinued for1h,
followed by reflux for 4 h. After removal of the volatile components,
the residue was washed thoroughly with hot hexane, filtered and
dried in vacuo. After extraction into anhydrousmethanol followedby
filtration, the resulting solutionwas concentrated to aminimum and
allowed to cool to room temperature, affording the crude product.
Repeated recrystallization from methanol yielded pure L1H2Na
(1.35 g, 62% yield). M.p.: >250 �C. IR (cm�1): 1653 n(OCO)asym.

2.3.2. Sodium (E)-3-hydroxy-2-((1-(2-hydroxyphenyl)ethylidene)
amino)propanoate (L2H2Na)

L2H2Nawas prepared by dissolving NaHCO3 (0.79 g, 9.40 mmol)
in water (5 mL) and adding this solution to a stirred hot aqueous

solution (5 mL) containing 2-amino-3-hydroxypropanoic acid (L-
serine) (1.00 g, 9.51 mmol). The reaction mixture was refluxed for
1 h and then evaporated to dryness. The residue was extracted into
hot anhydrous methanol and filtered while hot. To the hot filtrate,
an anhydrous methanolic solution (5 mL) of 20-hydrox-
yacetophenone (1.29 g, 9.47 mmol) was added under stirring. A
yellow color developed almost immediately and stirring was
continued for 1 h, followed by reflux for 4 h. After removal of the
volatile components, the residue was washed thoroughly with
hexane, filtered and dried in vacuo. The product was extracted into
hot anhydrous methanol and removal of the volatile components
under vacuum yielded pure L2H2Na (0.90 g, 39% yield). M.p.:
>250 �C. IR (cm�1): 1635 n(OCO)asym.

2.4. Preparation of the diorganotin(IV) compounds

2.4.1. [Me2SnL
1H]$H2O (1)

Me2SnCl2 (0.47 g, 2.13 mmol) dissolved in anhydrous methanol
(30 mL) was added dropwise under stirring to an anhydrous
methanolic solution (30mL) containing L1H2Na (0.50 g, 2.16mmol).
The reaction mixture was refluxed for 6 h, whereupon the solvent
was removed under vacuum. The residue was washed thoroughly
with hexane, filtered, dried in vacuo and then extracted into chlo-
roform. After filtration, the chloroform solution was concentrated
and slow evaporation at room temperature yielded yellow crystals
of 1 in 68% (0.52 g) yield. M.p.: 158e160 �C. Anal. calcd. for
C12H17NO5Sn (%): C, 38.52; H, 4.58; N, 3.75. Found: C, 38.43; H, 4.62;
N, 3.80. IR (cm�1): 1645 n(OCO)asym; 1617 n(C(H)]N). 1H NMR
(CDCl3) d: 8.45 [s,1H, C(H)N]; 3J(119/117SnN]C1H)¼ 58 Hz], 7.43 [dd,
1H, H7], 7.23 [d, 1H, H9], 6.77 [m, 2H, H6 & H8], 4.17 [m, 2H, H10],
4.08 [d, 1H, H2], 3.97 [br, 1H, OH (D2O exchangeable)], 0.94, 0.69 [s,
6H, SneMe, 2J(119Sn,1H ¼ 75 Hz)] ppm. 13C NMR (CDCl3) d: 172.6
[C3], 171.8 [C1], 167.6 [C5], 137.0 [C7], 134.9 [C9], 121.6 [C8], 116.6
[C6], 116.3 [C4], 69.0 [C2], 64.5 [C10], 0.60, �0.18 [SneMe] ppm.
119Sn NMR (CDCl3) d: �155.8 ppm.

2.4.2. [nBu2SnL
1H] (2)

A similar synthetic procedure to that for 1was used, except that
Me2SnCl2 was replaced by nBu2SnCl2. In the work-up, the chloro-
form extract was concentrated to give a pasty material that was
thoroughly washed with hexane and kept in the refrigerator
overnight. Trituration with hexane in an ice bath afforded 2 as an
amorphous powder in 44% yield. M.p.: 78e80 �C. Anal. calcd. for
C18H27NO4Sn (%): C, 49.10; H, 6.19; N, 3.18. Found: C, 48.90; H, 5.80;
N, 3.20. IR (cm�1): 1653 n(OCO)asym; 1619 n(C(H)]N). 1H NMR
(CDCl3) d: 8.47 [s, 1H, C(H)N]; 3J(119/117SnN]C1H)¼ 54 Hz], 7.37 [dd,
1H, H7], 7.19 [d, 1H, H9], 6.73 [m, 2H, H6 & H8], 4.13 [m, 2H, H10],
3.80 [d,1H, H2], OH (not detected),1.72e1.26 [complexm,12H, H1*,
H2* & H3* (SneBu)], 0.94, 0.88 [t, 6H, H4* (SneBu)] ppm. 13C NMR
(CDCl3) d: 174.8 [C3], 174.0 [C1], 169.3 [C5], 137.8 [C7], 136.1 [C9],
122.6 [C8], 117.7 [C6], 117.3 [C4], 70.2 [C2], 65.3 [C10], 27.07, 27.05
[C2* (SneBu)], 26.8, 26.6 [C3* (SneBu)], 22.4, 22.0 [C1* (SneBu)],
13.7, 13.6 [C4* (SneBu)] ppm. 119Sn NMR (CDCl3) d: �196.6 ppm.

2.4.3. [Ph2SnL
1H]$2C6H6 (3)

A similar synthetic procedure to that for 1was used, except that
Me2SnCl2 was replaced by Ph2SnCl2. In thework-up, the chloroform
extract was concentrated, whereupon the product was precipitated
with hexane. The residue was purified by recrystallization from
anhydrous benzene to yield a yellow microcrystalline product in
45% yield. M.p.: 162e164 �C. Anal. calcd. for C34H31NO4Sn (%): C,
64.16; H, 4.91; N, 2.20. Found: C, 64.23; H, 4.80; N, 2.20. IR (cm�1):
1654 n(OCO)asym; 1615 n(C(H)]N). 1H NMR (CDCl3) d: 8.57 [s, 1H,
C(H)N]; 3J(119/117SnN]C1H) ¼ 61 Hz], 8.06, 7.95 [m, 4H, H2* (Sne
Ph)], 7.66 [dd, 1H, H7], 7.52 [complex m, 6H, H3* & H4* (SnePh)],
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