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Synthesis and structural investigations on R2
Sn(IV)-D-aldonic acid complexes (R = methyl;
butyl). Their effect on a new toxicity test
organism, Liza saliens (Osteichthyes,
Mugilidae): a histological study
Nuccio Bertazzia, Girolamo Casellaa, Paolo D’Agatib, Tiziana Fiorea,
Caterina Mansuetob, Valentina Mansuetob, Claudia Pelleritoa,
Lorenzo Pelleritoa∗ and Michelangelo Scopellitia

Eight R2Sn(IV)-D-aldonate complexes [(R = Me, Bu; D-aldonate = D-galactonate2− (Galn), D-Gluconate2− (Glun), D-Gulonate2−
(Guln), D-Ribonate2− (Ribn)], five of which are new derivatives, have been synthesized and structurally characterized both in solid
and solution state by IR, 119Sn Mössbauer and 1H, 13C, 119Sn NMR spectroscopies, showing that ligands act as dianonic chelating
agents. In solution phase, NMR data suggest that the bidentate chelation is attained by the O1 carboxylate and the vicinal O2
alkoxide atoms, which can be dynamically extended to a third binding site (O4) competing with O2. In Me2Sn(IV)-D-gluconate
complex the occurrence of a self-association process leading to a dimeric species was also observed. Histopathological studies
on different organs of Liza saliens showed that the dibutyltin(IV)-D-aldonate complexes, although preserving the defense
immunity system, exhibit a specific toxicity on some target cells and organs. The toxicity of such complexes has been compared
with respect to the effects of a previous study with tributyltin(IV) chloride solutions. Copyright c© 2008 John Wiley & Sons, Ltd.
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Introduction

The interactions between organotin(IV) moieties and carbohy-
drates and their derivatives have been the subject of several
investigations concerning the regioselective properties of diorgan-
otin(IV) moieties (especially dibutyltin) in carbohydrates synthetic
chemistry[1] and their biological activity.[2,3] In water solution, the
formation of metal or organometallic ion complexes with sugar
moieties depends on the competition between the ligand hy-
droxyl groups and solvent molecules and it has been observed
that the coordination properties of simple sugars are dependent
on the steric arrangement of hydroxyl groups as well as on the so-
lution pH.[2] The presence of an anchoring group (e.g. carboxylate,
phosphate, amine, thiol) makes the sugar molecule more effec-
tive towards the formation of stable complexes in water.[2] As far
as diorganotin(IV) moieties with acidic carbohydrates derivatives
are concerned, it has been shown that the sugar often acts as
dianionic chelating ligand, via carboxylate and suitable alkoxidic
groups, even at low pH.[4 – 6]

Aldonic acids are a class of acidic carbohydrates derivatives used
in industrial,[7,8] medical[9,10] and cosmetic[11 – 13] applications or
as intermediates in organic synthesis.[14 – 16] An IR and Mössbauer
solid-state study of a hydrated dibutyltin(IV) gluconate compound
(Bu2SnGlun · H2O) and a potentiometric and 13C NMR solution
investigation of Me2SnGlun have been already reported.[6]

Furthermore, recently an experimental 1H, 13C, 119Sn NMR and
119Sn NMR DFT solution study of the Me2SnRibn complex has

been reported.[17] In this paper we present a structural study
on the complexes, five of which are new derivatives, obtained
between some of these ligands (Fig. 1) and R2Sn(IV) moieties
(R = Me, Bu). Histology has provided a rapid method to detect
effects of the pollutants in various fish tissues and organs.[18 – 21]

In this respect these diorganotin(IV) derivatives have been tested
on Liza saliens juveniles, a species already usefully employed to
evaluate chemical toxicity,[22] and their biological activity has been
compared with the effects of tributyltin(IV) chloride[22] using light
microscope and histopathological techniques. In fact, in aquatic
systems, tributyltin(IV) chloride is considered to be the most toxic
organotin moiety, 10–100 times more toxic than dibutyltin(IV)
moiety and its toxicity decrease with progressive de-alkylation to
di- and mono-organotins.[23,24] However, according to a previous
study,[25] dibutyltin(IV) proved to be a more powerful immunotoxin
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Palermo, Via Archirafi 18, 90123 Palermo, Italy

Appl. Organometal. Chem. 2008, 22, 389–396 Copyright c© 2008 John Wiley & Sons, Ltd.



3
9

0

N. Bertazzi et al.

than tributyltin(IV), and this suggested a need for the reassessment
of the potential toxicity of dibutyltin(IV) to aquatic organisms.

Experimental

Materials and methods

For all the complexes, the analytical data indicated a 1 : 1 R2Sn:L
stoichiometric ratio with the aldonic acid acting as dianionic
ligand. The complexes were analyzed, in our laboratory, for C, H
contents using a Vario EL III CHNS elemental analyzer (Elementar
Analysensysteme GmbH, Hanau, Germany). The tin content was
analyzed gravimetrically as SnO2 according to Neumann.[26]

Discrepancies in the tin content are probably imputable to
the behavior observed for other organotin(IV)-carbohydrates
derivatives which, after the thermal decomposition, may give
final products others than SnO2, such as mixtures of SnO2, SnO
and even Sn.[27]

All complexes were synthesized from R2SnO, freshly prepared
by hydrolysis of the parent R2SnCl2 (Fluka, Buchs, Switzerland),
(R = Me, Bu). The ligands were purchased as lactones, namely:
D-galactono-1,4-lactone (γ -Galn), D-glucono-1,5-lactone (δ-Glun),
D-gulono-1,4-lactone (γ -Guln) and D-ribono-1,4-lactone (γ -Ribn)
(Sigma, St Louis, MO, USA; Fluka, Buchs, Switzerland) and were used
without further purification according to the following procedures.

Me2SnL (1–4): 1 mmol of L (L = γ -Galn, δ-Glun, γ -Guln, γ -Ribn)
was dissolved in 20 ml of a 1 : 1 (v/v) water–ethanol (95%) mixture
and kept refluxing for 1 h to open the lactonic ring. Solid Me2SnO
(1mmol) was then added, obtaining for 1, 2 and 4 a clear solution
which was stirred for 2 h. After cooling, the solvent was removed in
a rotovapor device, obtaining a white solid which was recrystallized
from hot methanol and dried under vacuum over P4O10. For 3, after
the addition of solid Me2SnO, a white precipitate was formed which
was filtered, washed with cold methanol and dried under vacuum
over P4O10. [Anal.: found (calcd) %, Me2SnGaln (1) (C8H16O7Sn),
C, 28.23 (28.02); H, 4.65 (4.71); Sn, 32.71 (34.62); Me2SnGlun (2),
C, 27.05 (28.02); H, 4.46 (4.71); Sn, 33.50 (34.62); Me2SnGuln (3),
C, 27.64 (28.02); H, 4.41 (4.71); Sn, 32.95 (34.62); Me2SnRibn (4)
(C7H14O6Sn), C, 26.48 (26.87); H, 4.67 (4.51); Sn, 39.38 (37.91).]

Bu2SnL (5–8): 1 mmol of L (L = γ -Galn, δ-Glun, γ -Guln, γ -
Ribn) was dissolved in 20 ml of a 1 : 1 (v/v) water–ethanol (95%)
mixture and kept refluxing for 1 h to open the lactonic ring.
Solid Bu2SnO (1 mmol) was then added, obtaining a clear solution
after ca 40 min and was left under stirring for 4 h. The water
was removed by adding benzene to the water–ethanol mixture
and azeotropic distillation. The volume of solvent was reduced to
about 10 ml. On cooling, a white precipitate was obtained which
was recrystallized from hot acetone, washed with chloroform and
dried under vacuum over P4O10. [Anal.: found (calc)%, Bu2SnGaln
(5) (C14H28O7Sn), C, 38.91 (39.37); H, 6.12 (6.62); Sn, 27.91 (27.80);
Bu2SnGlun (6) (C14H28O7Sn), C, 39.46 (39.37); H, 6.46 (6.62); Sn,
28.02 (27.80); Bu2SnGuln (7) (C14H28O7Sn), C, 39.36 (39.37); H,
6.59 (6.62); Sn, 28.10 (27.80); Bu2SnRibn (8) (C13H26O6Sn); C, 38.86
(39.32); H, 6.65 (6.61); Sn, 26.88 (29.89).]

Spectroscopic data

FTIR spectra were recorded, both as nujol and hexachlorobutadi-
ene mulls, on a Perkin-Elmer model Spectrum ONE FT-IR, in CsI
windows, with eight averaged scans at 4 cm−1 resolution. The
119Sn Mössbauer spectra were recorded with a model 269 TAKES
(Ponteranica, Italy) controller and the following MWE (München

Wissenschaftilche Elektronik, Gmbh, Starnberg, Germany) appa-
ratus: MR250 driving unit, FG2 digital function generator and
MA250 velocity transducer, moving at linear velocity and constant
acceleration in a triangular waveform. A cryostat (NDR-1673-MB,
Cryo Instruments, USA) with an ITC-2 Oxford Instrument tem-
perature controller was used to maintain the absorber samples
(absorber thickness, [119Sn] = 0.50–0.60 mg cm−2) at the inves-
tigated temperature (77.3 ± 0.1 K). The multichannel calibration
was performed with an α-57Fe foil (thickness 4 µm, Ritverc GmbH,
Russian Federation) at RT using a 57Co/Rh source (10 mCi, Ritverc
GmbH), while the zero point of the Doppler velocity scale was
determined at room temperature through the absorption spec-
trum of natural CaSnO3 ([119Sn] = 0.50 mg cm−2) as source. Each
collected spectrum had an average count of 5 × 105 per channel.

The pH determination of the NMR samples was performed
only for the D2O solutions by a glass electrode with a CRIMSON
pH-meter mod. CriMSO2000 at 298 K. The corresponding pD
values given in Table 3 were obtained by the following equation:
pD = pH + 0.41.[28]

119Sn{1H} NMR experiments were carried out at 298 K on a
Bruker ARX 300 MHz (7.04 T) spectrometer at 111.92 MHz both in
D2O and DMSO-d6 solutions with a spectral width of 400 ppm.
One-dimensional 1H and 13C{1H} and two-dimensional 1H-COSY,
1H-NOESY, (1H-13C)-HSQC, (1H-13C)-HMBC NMR experiments were
carried out in D2O solution on Bruker Avance II DMX 400 MHz (9.40
T) spectrometer at 400.15 MHz (1H) and 100.63 MHz (13C) with
a spectral width of 8 and 200 ppm, respectively. 1H-NOESY were
acquired with different mixing times, ranging from 0.1 to 0.7 s. One-
dimensional 1H proton spectra in D2O at different temperatures
were also acquired for (1) and they were calibrated on the water
signal according toδHDO(T) = 5.060−(0.0122·T)+(2.11×10−5)·T2,
where T = temperature in ◦C.[29] The (1H-13C)-HSQC, (1H-13C)-
HMBC spectra for (1) and (2), used for the signal assignments, are
reported as Supplementary Information.

For 119Sn{1H} NMR spectra, in both solvents, the tetram-
ethyltin(IV) was employed as external reference (119Sn, δ =
0.00 ppm). 1H and 13C resonances were calibrated on tetramethyl
silane as external reference (1H, δ = 0.00 ppm; 13C, δ = 00.0 ppm).
119Sn{1H} and 13C{1H} spectra were acquired with broadband pro-
ton power-gated decoupling. For all nuclei, positive chemical shift
had higher frequencies than the reference. 13C{1H} line widths (LW)
in the text are considered as line width at half height. Concen-

Table 1. Infrared assignments of (νCOO) for coordinated carboxylate
groups and (νC O) lactones carbonyl frequencies

Assignments

Compound νC O νa(COO) νs(COO) �ν(COO)

γ -Galn 1790 vs – – –

Me2SnGaln (1) – 1614 vs 1377 m 242

Bu2SnGaln (5) – 1582 s 1471 mw 111

γ -Glun 1728 vs – – –

Me2SnGlun (2) – 1602 vs 1412 mw 190

Bu2SnGlun (6) – 1579 s 1414 w,b 165

γ -Guln 1781 vs – – –

Me2SnGuln (3) – 1611 w 1401 m 210

Bu2SnGuln (7) – 1600 vs 1419 mw 181

γ -Ribn 1781 vs – – –

Me2SnRibn (4) – 1642 vs 1363 m 279

Bu2SnRibn (8) – 1570 s 1420 mw 150

www.interscience.wiley.com/journal/aoc Copyright c© 2008 John Wiley & Sons, Ltd. Appl. Organometal. Chem. 2008, 22, 389–396
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Table 2. Mössbauer data, estimated C–Sn–C angles and idealized proposed geometries of the complexesa

Mössbaeur dataa ∠ (C–Sn–C)

Compound
δ1δ2

(mm s−1)
|�exp|1|�exp|2

(mm s−1)
�calc

c

(mm s−1)
�1�2

(mm s−1) ±13◦ Geometryb

1 1.31 3.96 4.02 1.13 161◦ Oh1

2 1.35 4.03 4.02 or 4.16 1.02 165◦ Oh1 or Oh2

3 1.19 3.55 −3.20 1.16 134◦ Tbp2

4 1.32 3.91 4.02 1.01 155 ◦ Oh1

5 1.36 3.62 −3.20 1.04 146◦ Tbp2

6 1.16 2.69 2.90 1.02 120◦ Tbp1

1.32 3.24 −3.20 1.02 127◦ Tbp2

7 1.25 3.00 2.90 1.04 120◦ Tbp1

1.37 3.84 4.16 1.07 155◦ Oh2

8 1.25 3.11 2.90 or −3.20 1.12 123◦ Tbp1 or Tbp2

a Experimental Mössbauer parameters measured at liquid nitrogen temperature; isomer shift, δ ± 0.02, with respect to room temperature Ca119SnO3;
nuclear quadrupole splitting, |�exp| ± 0.03.
b The proposed idealize structures are reported in Fig. 2.
c The partial quadrupole splitting values (mm s−1) employed were: {Me, Bu}Oh = −1.03[32]; {COO−

un}Oh = −0.11 (calculated from {COO−
un}Tet

[32]);
{COO−

br}Oh = 0.083 (calculated from {COO−
un}Tba

[33]) {ROH}Oh = 0.16[4]; {RO−}Oh = −0.32 (calculated from {RO−}Tba
[35]); {Me, Bu}Tbe = −1.13[33];

{COO−
br}Tba = 0.075[33]; {COO−

br}Tbe = 0.29 (calculated from {COO−
br}Tba

[33]); {RO−}Tba = −0.29[35]; {RO−}Tbe = −0.19 (calculated from
{RO−}Tba

[35]).

trations of γ -galn and δ-glun D2O solutions were ca 0.06 M while
for (1) and (2) the D2O and DMSO-d6 solutions were ca 0.07 M.
The spectral data were determined after 24 h to allow the systems
to equilibrate. In the solution-state discussion the oxygen atoms
reported without the proton symbol are intended as alkoxidic
ones.

Biological material

Lizasaliens, Risso, 1810 (Mugilidae, Osteichthyes) juveniles, ranging
from 20 to 30 mm in body length, were caught from the coast
of Sferracavallo (Palermo, Sicily) from July until November. This
mugilidae lives in the coastal waters in contact with sediments
and therefore it is heavily exposed to environmental pollution. The
juveniles were raised in eight cylindrical fibreglass aquaria, 30 cm
in diameter and 30 cm in height, containing 10 L of Millipore-
Filtered Sea Water (MFSW) or MFSW with added chemicals. The
MFSW was continuously aerated and changed every day. The
oxygen levels were kept in the 5.8–9.8 mg l−1 range while pH
range was continuously monitored and kept between 7.23 and
8.25. The MFSW temperature was kept at 19 ± 2 ◦C and cycles
of 16 h of light and 8 h of darkness were performed during the
experiments. The animals were nourished every day with Artemia
salina (SELC, Artemia systems, BAAS-Rode, Belgium). A total of 160
fish were divided equally as follows:

(i) Control groups: (1) reared in tanks with MFSW; (2) reared in
tanks with 0.07% dimethyl sulfoxide (DMSO)/MFSW solution;
(3) reared in tanks with 10−5 M solution of the ligands in
MFSW; (4) reared in tanks with 10−7 M solution of the ligands
in MFSW.

(ii) Dimethyltin(IV)-D-aldonate derivatives groups: (5) reared in
tanks with dimethyltin(IV)-D-aldonate derivatives 10−5 M in
MFSW solution; (6) reared in tanks with dimethyltin(IV)-D-
aldonate derivatives 10−7 M in MFSW solution.

(iii) Dibutyltin(IV)-D-aldonate derivatives groups: (7) reared in
tanks with dibutyltin(IV)-D-aldonate derivatives 10−5 M

in 0.07% DMSO/MFSW solution; (8) reared in tanks

with dibutyltin(IV)-D-aldonate derivatives 10−7 M in 0.07%
DMSO/MFSW solution.

Histology

The experiment was carried out over 20 days. Five fish were
sampled from each tank, anaesthetized with 0.01% MS-222
(tricaine methanesulfonate; Sigma) and fixed in Bouin’s liquid,
pH 7.2 for 5 days at 25 ◦C. The fish were dehydrated through a
graded series of ethanol infiltrated and embedded in paraplast. The
histological specimens were cut into 5 µm transverse sections on
a rotary microtome, stained with Gomori’s trichrome; nuclei were
stained black, cytoplasm/muscle red and collagen/connective
tissue green. Light microscope observations were carried out
by using a Leitz Diaplan microscope and pictures were obtained
using Kodak Tmax films.

Results and Discussion

Solid state study

Infrared spectra

In Table 1 are given the νCOO infrared absorption bands of
coordinated carboxylate groups as well as the ν(C O) for the
starting lactones (νOH and νa(C – Sn – C) and νs(C – Sn – C) infrared
absorptions are given as Supplementary Information, Table S1).
The lactonic ν(C O) absorptions in the 1790–1720 cm−1 range
are no longer observed in the complexes due to the opening of
the lactonic ring. The νa(COO) stretchings for the complexes are in
the 1640–1570 cm−1 range as usually observed for carboxylates
groups bound to organotin(IV) moieties[6] and exclude the
occurrence of free COOH. The correspondingνs(OCO) are localized in
the 1470–1360 cm−1 range. The estimated �ν = νa(OCO) − νs(OCO)

values would indicate[30] a unidentate carboxylate coordination
mode in the case of 1, 3 and 4, and the occurrence of bridging
caboxylate groups for 5–8; for 2 the �ν value does not allow a
clear distinction between the two binding modes.[30]

Appl. Organometal. Chem. 2008, 22, 389–396 Copyright c© 2008 John Wiley & Sons, Ltd. www.interscience.wiley.com/journal/aoc
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Figure 1. Three dimensional representation of (a) D-galactonic acid, (b) D-gluconic acid, (c) D-gulonic acid and (d) D-ribonic acid, and numbering of the
carbon atoms.

Figure 2. Proposed idealized structures for the complexes according
to the point charge formalism (R = Me, Bu; OR′ = alkoxidic oxygen;
R′OH = alcoholic oxygen).

119Sn Mössbauer spectra

The Mössbauer data are shown in Table 2. The compounds
have fairly large nuclear quadrupole splitting (|�exp|) values; the
calculation based on the simple point charge treatment of Sham
and Bancroft,[31] which assumes the splitting to be due solely to
the disposition of the Sn–C bonds, gives C–Sn–C bond angles
ranging from 120 to 165◦.

Table 2 also gives the quadrupole splitting values calculated
(�calc) using the point charge model formalism[31 – 34] for the
idealized spatial arrangements of Fig. 2. For the dimethyltin(IV)
compounds 1, 2 and 4, the six-coordinated structure Oh1 appears
the most suitable; however, Oh2 remains a possibility for (2) in
consideration of its borderline infrared �ν value (Table 1). For
compound (3) Mössbauer data point to a Tbp2 configuration
which implies a polymeric arrangement with bridging carboxylate
groups and it appears possible that, in consideration also of
its poor solubility, the infrared �ν = 210 cm−1 value may not
actually reflect an unidentate carboxylate behavior.[30] For the
dibutyltin(IV) derivatives 5–8, Mössbauer data are in agreement
with a Tbp local geometry. The best fit of spectral data for 6
has been obtained assuming the presence of two different Tbp
tin centres. A similar two-sites fit has been reported for the
mentioned Bu2Sn(IV)Glun · H2O.[6] We note that the two products
are not identical since they differ for one water molecule in
their formula, which might well be responsible for the different
spectral parameters. Evidence of two sites has been obtained also
in the case of 7, where one tin centre is better described by
an Oh2 geometry. All the proposed structures for dibutyltin(IV)
compounds consider the occurrence of intermolecular interaction.

Solution-state investigation by NMR spectroscopy

Solution-state investigations were carried out for the soluble
dimethyltin(IV) derivatives (1) and (2) by 1H, 13C and 119Sn
NMR spectroscopy. For complex (4) the NMR solution-state
investigation has been recently reported and it has been shown
that 1H NOE, 119Sn resonances and 13C line-width analysis give
useful information about the coordinating sites and the occurrence
of self-association processes.[17] Complexes 3 and 5–8 were not
investigated because of their very low solubility in common NMR
solvents.

119Sn{1H} NMR spectra

In D2O 1 and 2 show a broad signal at −110 ppm (LW = 1200 Hz)
and at −120 ppm (LW = 1350 Hz), respectively, characteristic
of penta-coordinated dimethyltin(IV) species.[36,37] In DMSO-d6 1
presents a single resonance at −96 ppm (LW = 650 Hz) while 2
shows two signals at −107 ppm (LW = 140 Hz) and at −298 ppm
(LW = 350 Hz). In DMSO-d6 the signals for both complexes appear

www.interscience.wiley.com/journal/aoc Copyright c© 2008 John Wiley & Sons, Ltd. Appl. Organometal. Chem. 2008, 22, 389–396
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Table 3. 13C{1H} and 1H chemical shifts (ppm) of the lactones, free acids and complexes at 298 K

Compound C1a C2 C3 C4 C5 C6 CH3 H2 H3 H4 H5 H6 H6′ CH3

GalnA pD = 3.7 180.2 73.3 73.9 71.9 72.6 66.0 – 4.55 4.09 3.68 n.a 3.73 3.72 –

Me2SnGaln (1) pD = 4.6 182.6 (35) 72.1 (18) 71.5 (6) 69.4 (18) 69.7 (8) 62.6 (7) 2.7 (33) 4.47 3.97 3.70 3.95 3.71 3.68 0.77

�δ 2.4 −1.2 −2.4 −2.5 −2.9 −3.4 – −0.08 −0.12 0.02 0.01 −0.02 −0.04 –

GlunA pD = 3.0 178.5 74.9 73.7 73.3 74.1 65.3 – 4.41 4.08 3.73 3.72 3.77 3.60 –

Me2SnGlun(2) pD = 4.5 181.4b (−) 75.9 (16) 70.2 (8) 73.5 (12) 71.2 (3) 63.0 (4) 4.2 (48) 4.36 4.10 3.87 3.73 3.80 3.64 0.81

�δ 2.9 1.0 −3.5 0.2 −2.9 −2.3 – −0.05 0.02 0.14 0.01 0.03 0.04 –

a Line width in Hz in parentheses.
b Signal assigned from the (1H–13C)-HMBC spectrum.

Figure 3. Selected regions of the 1H spectra (values in ppm) for Me2SnGaln (1) and Me2SnGlun (2), showing the broadening of the ligand signals.

sharper than those in D2O showing a systematic increase of
119Sn δ in accordance with what has been observed for similar
systems.[4,17] This behavior was expected on the basis of the
different coordinating properties of the two solvents and indicates
the occurrence of tin–solvent exchange equilibria. For 2, the
appearance of the second resonance in DMSO-d6 (at −298 ppm)
attributable to a hexa-coordinated dimethyltin(IV) species[36,37]

also points to the occurrence of self-association processes, as
already advanced in the case of 4.[17]

1H and 13C{1H} NMR spectra

The D2O solution-state 1H and 13C{1H} δs for 1, 2 and for related
ligands are given in Table 3 (1H and 13C{1H}δs of the corresponding

aldonic forms are given as Supplementary Information; Table S2).
In the case of the ligands, the signals of both the lactonic and the
free acidic forms are observed. In particular, for the equilibrated
δ-glucono lactone solution, the 1H and 13C{1H} spectra showed
the simultaneous occurrence of the free acidic, the δ and γ forms
(Table S2 in Supplementary Information). The presence in the 1
and 2 spectra of a unique pattern corresponding to the ligands
acidic form of the ligands is indicative of aldonate derivatives
formation.

In the 1H spectra for 1 and 2, the signals appear broad, indicating
the probable occurrence of exchanging species in solution (Fig. 3).
As a matter of this, for 1, improvement in the signals resolution
is observed by increasing the temperature and the shape of

Appl. Organometal. Chem. 2008, 22, 389–396 Copyright c© 2008 John Wiley & Sons, Ltd. www.interscience.wiley.com/journal/aoc
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Figure 4. Proposed configuration in solution for 1 and 2. (A) and (B): monomeric forms for 1 and 2, respectively, with the ligands acting as dianionic
chelating ones via O2; (A′) and (B′): monomeric forms for 1 and 2, respectively, with the ligands acting as dianionic chelating ones via O4; (C) dimeric
structure for 2 showing the Sn–OH(3) interaction. The double arrows indicate the occurrence of exchanging water in the tin coordination sphere as well
as, in the case of C, the competition between water and OH(3) for the tin center. Methyl groups have been omitted.

the resolved CH3Sn satellites at higher temperatures does not
correspond to the typical pattern of 2J[117Sn,1 H] and 2J[119Sn,1 H]
couplings, strongly supporting the occurrence of different species
in solution (see Fig. S5 in Supplementary Information).

In the 1H-NOESY spectra (see Figs S6 and S7 in Supplementary
Information), spatial correlations H2–CH3, H4–CH3 for both
compounds and an additional H3–CH3 cross-peak only for 2 are
observed. The H2–CH3 dipolar interaction is in agreement with
the coordination of O2 to the tin atom. Moreover, the H4–CH3

dipole–dipole couplings support the view that OH4, as an alcoxidic
species, is also involved in the tin coordination, competing with
O2 probably via proton-catalyzed cleavage of the Sn–O bonds[5]

[Fig. 4(A,A′ and B,B′)]. The observed H3–CH3 dipolar interaction for
2 is indicative of an Sn–OH(3) interaction due to the formation of a
dimeric species [Fig. 4(C)]. H2–H3 and H2–H4 dipolar interactions
for the two compounds are also observed in the 1H-NOESY spectra,
which can be explained by admitting a suitable arrangement of
this protons in the ring resulting from the Sn–O4 interaction
[Fig. 4(A′, B′)].

In the 1H spectra the magnitudes of the observed 2J[117,119Sn,1 H]
satellites flanking the CH3Sn proton signals (Fig. 3) are 84.2 ± 5.0
and 85.2 ± 5.0 Hz for 1 and 2, and by using the above
values in the Lockhart–Manders relation,[38] the C–Sn–C angles
calculated for the compounds are: (136 ± 7)◦ and (138 ± 7)◦,
respectively. The uncertainty in the values arises from the
large broadening of the corresponding satellites at 298 K. The
estimated C–Sn–C values indicate a skew-octahedral local tin
geometry attributable either to the monomeric forms of 1 and

2, which consider the presence of water molecules in the tin
coordination sphere, as well as the dimeric form of 2, where
a competitive Sn–OH(3) and Sn–H2O interaction cannot be
excluded [Fig. 4(C)].

In the CH3Sn region the spectra of 1 and 2 show some low-
intensity signals corresponding to the typical CH3Sn pattern, at
0.57 and 0.58 ppm, flanked by the 2J[117,119Sn,1 H] whose measured
integrated intensities are 3 and 1%, respectively. For both systems
the 2J[117,119Sn,1 H] values are ca 70 Hz giving estimated C–Sn–C
angles of ca 120◦, which do not match any of the proposed
geometries. These signals are imputed to side products, possibly
hydrolyzed species, and have not been further investigated.

In the 13C{1H} spectra, the broadening of some 13C signals
(Table 3), not observed in the corresponding ligands spectra,
confirmed the occurrence of dynamic processes in the NMR time
scale: besides the broadening of the C1 and CH3Sn signals occur-
ring in the spectra of both compounds, the broadening of the C2,
C4 and the C2, C3 and C4 signals has been also observed for 1
and 2, respectively (Figs S8 and S9 in Supplementary Information;
the measured LW are reported in Table 3). The signal broadening
of C2 indicates that also in solution the ligands act as dianionic
chelating agents via the deprotonated O2 [Fig. 4(A, B)]. Moreover,
the C4 broadening in 1 and 2, is similar to that observed for C2
(Table 3) and confirms that both O4 and O2 are interacting with
the tin atom. For 2, the small C3 broadening together with the pre-
viously discussed H3-CH3

1H-NOESY dipole coupling give further
evidence of the dimer formation via inter-molecular Sn–OH(3)
interaction. Finally, the large broadening of the carbon CH3 signals
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Table 4. Effects of dibutyltin(IV)-derivatives, 10−5 M solutions, on selected target organs of Liza Saliens

Compound

Organ 5 6 7 8

Gills Detached secondary lamellae
epithelial cells; red cells
deprived of hemoglobin;
picnotic nuclei

Fused erythrocytes; picnotic
nuclei; hemoglobin around
the nuclei; degranulating cells
near gills; edema in
epithelium of secondary
lamellae

Detached secondary lamellae
epithelial cells; red cells
deprived of hemoglobin;
picnotic nuclei

Compacted, shape-altered
erythrocytes of primary and
secondary lamellae; picnotic
nuclei; swollen epithelium in
secondary lamellae

Heart Relaxed musculature; detached
muscle bands; altered
erythrocytes; pigment around
the nuclei; fine granulation in
heart cells

Relaxed musculature; detached
muscle bands; altered
erythrocytes; pigment around
the nuclei; fine granulation in
heart cells

Relaxed musculature; detached
muscle bands; altered
erythrocytes; pigment around
the nuclei

Relaxed musculature; detached
muscle bands; altered
erythrocytes; pigment around
the nuclei; fine granulation in
heart cells

Liver Detached hepatocyte cords;
clear cytoplasm; compacted,
irregular shape erythrocytes
with reduced pigment;
dilated sinusoid

Detached hepatocyte cords;
clear cytoplasm; compacted,
irregular shape erythrocytes
with reduced pigment;
dilated sinusoid

Detached hepatocyte cords;
clear cytoplasm; compacted,
irregular shape erythrocytes
with reduced pigment;
dilated sinusoid

Detached hepatocyte cords;
clear cytoplasm; compacted,
irregular shape erythrocytes
with reduced pigment;
dilated sinusoid

Kidney Irregular outline of cells
surrounding the tubules;
fused and accumulated
erythrocytes; fragmented
chromatin in renal tubule
cells; melanomacrophage
aggregate

Irregular outline of cells
surrounding the tubules;
fused and accumulated
erythrocytes; fragmented
chromatin in renal tubule cells

Irregular outline of cells
surrounding the tubules;
fused and accumulated
erythrocytes; fragmented
chromatin in renal tubule cells

Irregular outline of cells
surrounding the tubules;
fused and accumulated
erythrocytes; anomalous
nephrons, lymphocytes,
erythrocytes

Thymus Overdeveloped cortical part;
fused red cells

Fused red cells Overdeveloped cortical part;
fused red cells

Irregular outline cells; heavily
colored plasm; fused and
hemolised erythrocytes

Pancreas As in the control Altered, pigment-deprived
erythrocytes; destroyed islet
of Langerhans; pink stained
fine granulation adherent to
pancreas

As in the control Altered, pigment-deprived
erythrocytes; destroyed islet
of Langerhans; pink stained
fine granulation adherent to
pancreas

Spleen As in the control Anomalous erythrocytes;
prevalence of lymphocytes
along the connective septa

As in the control Fused erythrocytes; hemoglobin
around the nucleus; broken
red cells; fine powder outside
the nucleus

Muscles As in the control Lightly detached fibres; fused or
shape-altered erythrocytes

As in the control Lightly detached fibres; fused or
shape-altered erythrocytes

Intestine Fused erythrocytes even at the
bottom of villi

As the control As in the control As in the control

Gonad Less colored than control;
degranulating cells

Less colored than control;
degranulating cells

Less colored than control;
degranulating cells

Slightly separated and
degranulating cells near
gonads

also points to the occurrence of several equilibria involving the
tin atom attributable to tin-ligands and tin–solvent exchange.

Biological investigation

The in vivo experiments and histological studies carried on juve-
niles of Liza saliens showed that only the dibutyltin(IV)-derivatives
solutions at concentration of 10−5 M produce alterations in liver,
heart, kidney, spleen, pancreas, gills and on erythrocytes. The
results are summarized in Table 4; selected images are avail-
able as Supplementary Information. The controls appear as
described in the literature.[39] Compounds 6 and 8 are more
toxic than 5 and 7, the ligands and the dimethyltin(IV) complexes
causing no effect on the fish juveniles. The immuno-defense
system was not attacked by tested compounds, and activation
of degranulating cells was noted around the gills and gonad,
degranulation (and active substances release) being the char-
acteristic acute response in tissues exposed to noxious agents.

Such a response has been found to be similar in mammalians
and salmonides.[40] In Liza saliens, it seems to be present a gen-
eral response after chemical treatment. As far as the erythrocytes
were concerned, morphological alterations were observed in some
cases.

It is noteworthy that in many cells of renal tubule there is a clear
fragmented of chromatin, and the cells lose their junctions. The
absence of normal cohesion is probably due to the fact that cells
are destroyed by the chemical. The hystopatological study also
demonstrated that the DBT-derivatives exhibit a specific toxicity on
some target organs: 6 and 8 heavily modify the pancreatic structure
by destroying the erythrocytes with a consequent hemoglobin
pouring (observed as a fine granular pink pigment outside the
organ). Such induced alterations, however, appear less severe
than those observed for TBTCl on the same species;[22] alterations
in eyes, gills, muscles, liver, intestine, pancreas and heart were
already observed at 10−7 M TBTCl, along with thymus atrophy,
spleen reduction and alteration of head and kidney. Muscle fibres
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appeared normal after treatment: the treated fishes moved as the
controls, and the histological study showed that only for 6 and 8
the muscle fibres were slightly detached.

Conclusions

In the studied dimethyltin(IV)- and dibutyltin(IV)-D-aldonate
derivatives the ligands act as dianionic chelating agents via the
carboxylate and a suitable deprotonated alcoholic group. The
solid-state investigation showed that the carboxylate may behave
as monodentate as well as bridging bidentate but could not
indicate which alkoxidic group is acting as the second coordinating
site. The NMR investigation in aqueous solution, performed on the
soluble Me2SnGaln (1) and Me2SnGlun (2), showed that O2 is the
second binding site which, in the case of the monomeric species,
competes with O4. At the investigated concentrations it has been
observed that 2 undergoes self-association. It is noteworthy that
the occurrence of dimerization in water is inferred from the 13C{1H}
spectrum while the 119Sn{1H} NMR measurements did not give
evidence of this.

The histological study carried out on Liza saliens selected target
organs showed that the dibutyltin(IV)-D-aldonate derivatives
at 10−5 M concentration exhibit a specific toxicity on the
selected target organs which proved to be lower than that of
triorganotin(IV) chloride, since organ alterations appeared reduced
and the immuno-defense system preserved. The toxicity observed
for the present dibutyltin(IV) D-ribonate and D-gluconate is higher
than that of D-galactonate and D-gulonate.

Supplementary Material

Supplementary electronic material for this pa-
per is available in Wiley InterScience at: http:
//www.interscience.wiley.com/jpages/1099-0739/suppmat/
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