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Several new diorganotin(1V jchloro and tri- 
organotin(1V)chloro penicillin G derivatives have 
been prepared. The isolated compounds showed 
1: 1 stoichiometry, with formulae R,SnClpenG and 
R,SnClpenGNa, respectively (penG- = penicillin 
G- = 4 - thia - 1 - azabicyclo[3.2.0]heptane - 2 -car - 
boxylate, 3,3-dimethyl-7-0~0-6-(2-phenylacet- 
amido) anion; R=Me, Bu, Ph). The coordi- 
nation environment around the tin(1V) atom, in 
all of the complexes, was trigonal bipyramidal. 
Penicillin G behaved as a monoanionic, 
bismonodentate ligand in R,SnClpenG through 
the p-lactamic carbonyl and unidentate ester-type 
carboxylate anion, and as unidentate through 
the p-lactamic carbonyl in R,SnClpenGNa, as 
inferred on the basis of IR spectra. 

The rationalization of the Mossbauer parameter 
nuclear quadrupole splitting, AE (mm s-I), 
according to the point-charge model formalism, 
supported such an hypothesis. 

The partial atomic charges on tin atoms, QSn, 

calculated for all the diorganotin(1V)chloropenG 
and triorganotin(1V jchloropenGNa compounds by 
the CHELEQ program, correlated well with the 
experimental I19Sn Mossbauer parameter isomer 
shift, 6 (mms-I). The S/Qsn data for diorgano- 
tin(1V)chloropenG and for triorganotin(1V)- 
chloropenGNa derivatives have been correlated 
with the 6/Qsn values of triorganotin(1V) 
halide, cyanide, thiocyanate and cyanate com- 
pounds, whose trigonal bipyramidal polymeric 
structure has been well established. 

Finally, the biological activity of diorgano- 
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tin(1V)chloropenG and triorganotin(1V)chloro- 
penGNa derivatives has been tested using Ciona 
intestinalis fertilized eggs at different stages of 
development. 
Keywords: Organotin, antibiotics, penicillin G, 
structure, Mossbauer, point charge, infrared, tox- 
icity, Ciona intestinalis 

INTRODUCTION 

Metallic and organometallic complexes of several 
antibiotics have been the aim of much 
research. ' - I 3  Bleomycin derivatives have been 
synthesized and characterized by several meth- 
ods, owing to the increasing use of this antibiotic 
as an antitumor drug. I4 Little attention has been 
devoted to the penicillin G derivatives, which, in 
contrast, represent a large category of semisyn- 
thetic antibiotics, depending on the nature of the 
groups bonded to the aminic nitrogen atom of the 
6-aminopenicillic acid. 

Metallic derivatives of this 6-aminopenicillic 
acid have been reported by Sodhi et al . , ' s , 'h who 
claimed, through spectroscopic data, its behav- 
iour as a bidentate monoanionic ligand, coordi- 
nating the metal ions through B-lactamic carbonyl 
C=O and by deprotonation of the 6-amino 
group, while no involvement of the carboxylic 
group was observed. Metallic and organometallic 
D-penicillaminato derivatives have been 
investigated. "-"' Barbieri et al. ,Iy by Mossbauer 
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Table 1 
penicillinG" 

Analytical data for diorganotin(1V)chloro and triorganotin(1V)chloro derivatives of 

Analysis: Found (calcd.) (YO) 

Compound C H N CI Sn 

Me,SnClpenG 42.21 (41.77) 4.67 (4.48) 5.55 (5.41) 7.70 (6.85) 22.91 (22.93) 
BuzSnClpenG 47.10 (47.90) 5.68 (5.86) 5.21 (4.66) 6.04 (5.89) 19.30 (19.72) 
Ph,SnClpenG 52.82 (52.41) 4.59 (4.24) 4.38 (4.37) 5.83 (5.53) 18.73 (18.50) 
MelSnClpenGNa 40.73 (41.07) 4.96 (4.72) 4.97 (5.04) 6.10 (6.38) 21.72 (21.36) 
Bu,SnClpenGNa 50.14 (49.32) 6.84 (6.50) 4.91 (4.11) 5.53 (5.20) 17.21 (17.11) 
Ph,SnClpenGNa 55.32 (55.05) 4.83 (4.35) 3.63 (3.78) 4.27 (4.78) 15.78 (16::K)) 

- 

spectroscopy and in particular by applying the 
point-charge model formalism and lattice dyna- 
mics parameters, hypothesized the occurrence of 
monodimensional polymeric trigonal bipyramidal 
configurations, cis-R, , both for Me,Sn and 
Ph,Sn-DL-penicillaminates. Coordination 
occurred through the sulphur (S) atom, the amino 
group and the carboxylate anion, behaving as a 
unidentate, ester-type, ligand. Investigations on 
iron(I1) benzylpenicillin G have been reported by 
Asso et al.," who assumed, on the basis of IR 
spectroscopy, a bidentate behaviour of benzyl- 
penicillin G through the carboxylate group and 
the thiazolidinic nitrogen atom. 

On the other hand, preliminary results on the 
interaction of diorganotin(1V)chloro and 
triorganotin(1V)chloro moieties with a number of 
antibiotics and their biological activity have been 
the aim of several communications.22-24 
Moreover, the biological activity of a number of 
organotin(1V) compounds has been tested using 
Ciona intestinalis embryos at different stages of 
development .2s. " 

Following our previous investigations, this 
paper deals with the synthesis and structural 
aspects of several diorganotin(1V)chloro and tri- 
organotin(1V)chloro derivatives of penicillin G .  

EXPERIMENTAL 

R,SnClpenG and R,SnClpenGNa compounds 
were obtained by refluxing methanolic solutions 
of R2SnCI, or R,SnCI (gifts from Schering AG, 
Bergkamen, Germany) with methanolic sus- 
pensions of penicillinGNa, (ICN, USA), in the 
molar ratio 1 : 1 {penG- = penicillin G- = 
4-thia-1 -azabicyclo( 3.2.0lheptane - 2 - carboxylate, 

3,3-dimethyl-7-oxo-6-(2-phenylacetamido) anion; 
R = M e ,  Bu, Ph}. On cooling, the compounds 
precipitated and the solids, recovered by filt- 
ration, were recrystallized from methanol and 
analyzed for C,  H, N, Sn and CI contents (Table 
1). C, H and N analyses were performed at 
Laboratorio di Chimica Organica (University of 
Milano). Sn and CI contents were determined in 
our laboratory according to standard 
met hods. 27. 2x 

Infrared spectra were recorded, as Nujol and 
hexachlorobuadiene mulls, on Perkin-Elmer 
grating spectrometer (model 983 G), between CsI 
windows. The spectra were analysed through a 
Perkin-Elmer 3600 data station with 
Perkin-Elmer PE 983 software (Table 2). 

The "'Sn Mossbauer spectra (Table 3) were 
measured with a Laben 8001 multichannel ana- 
lyser and MWE (Munchen) MR 250 driving unit, 
FG2 digital function generator and MA 250 velo- 
city transducer, moving at linear velocity, 
constant acceleration, in a triangular waveform. 
A DN700 Oxford cryostat with a DTC 2 
temperature controller was used to maintain the 
absorber samples (absorber thickness 
0.5-0.6 mg 'I9Sn cm-') at the temperature of 
liquid nitrogen. 

The biological activity of penGNa, 
R,SnClpenG and R,SnClpenGNa (R = Me, 
Bu,Ph) was tested towards ('iona intestinalis 
specimens, collected from the Gulf of Palermo. 
Eggs and sperm gametes were removed from the 
gonoducts using steel needles. Fertilization was 
carried out in Millipore-filtered seawater 
(MFSW). Each experiment was repeated four 
times. 

Fifteen minutes after fertilization, some of the 
eggs were transferred in the compound solutions 
(lo-' and mol dm-') and allowed to develop 
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until the remainder (used as controls) were swim- 
ming larvae. Embryos at gastrula and neurula 
stage, incubated in the same solutions for one 
hour, were then always transferred into normal 
seawater. All the experiments were performed at 
27 "C. 

and lo-' mol dm-3 penGNa, 
R,SnClpenG and R,SnClpenGNa were prepared 
in Millipore-filtered seawater (pH 7.76-7.78) by 
diluting fresh concentrated stocks, obtained by 
dissolving stoichiometric amounts of each com- 
pound. Tin contents were assayed using a model 
372 Perkin-Elmer atomic absorption spectro- 
photometer equipped with a graphite furnace. 

In uiuo observations were made with a Leitz 
microscope and photographs were taken with a 
Leitz orthoplan microscope, using an Ilford FP4 
Plus film. 

Solutions of 

RESULTS AND DISCUSSION 

Chemical investigations 

1. Infrared data 
The more relevant bands present in the IR spec- 
tra of penGNa, and of the new organotin(1V)- 
chloro derivatives synthesized, are reported in 
Table 2. 

The binding mode of penG- can be interpreted 
by observing some of its characteristic absorption 
bands. 

Particularly, diagnostics are the strong bands 
attributable, in penG-, to vNH at 3347(s) cm-', 
p-lactamic vc+ at 1778(s) cm-', amidic vC4 at 
1697(~) cm-', V,,COO- at 1621(~) cm -I, (QNH + vCN) 
at 1501(s) cm-' and vSymCOO- at 1419(s) cm - I .  The 
shift of the absorptions of the peptidic vNH, at 
3297(s, bd), 3301(s, bd) and 3311(s, bd) cm-', in 
Me2SnClpenG, Bu,SnClpenG and Ph,SnClpenG, 
respectively, together with those due to amidic 
vc4 [1642(s,bd) cm-' in Me,SnClpenG, 
1641(s,bd) cm-' in Bu,SnClpenG and 
1641(s,bd) cm-' in Ph,SnClpenG, bands which 
contain also a contribution from vascO0- ; Table 21 
are probably a consequence of intermolecular 
hydrogen bonding in all of the derivatives. Such 
interactions have been shown, inter alia, in 
penGK by Dexter ef  (11. by X-ray conformational 
investigations.2' 

The shifts of the ,B-lactamic vc4, of the asym- 
metric and symmetric carboxylate stretchings 
[1642(s,bd), 1494(m) and 1367(s) cm-' in 

Me,SnClpenG; 1641(s,bd), 1495(m) and 
1367(s) cm-' in Bu,SnClpenG; 1641(s,bd), 
1494(m) and 1368(s) cm-' in Ph2SnClpenG] 
would imply coordination of tin atoms, by 
penG- , through both the p-lactamic C=O1'. 
and the carboxylate group. On the other hand, 
Av = ( v , , ~ ~ ~ -  - vsVsymCOO-) values are diagnostic of 
the COO- binding m ~ d e . ~ " . ~ '  In all the 
R,SnClpenG derivatives, Av values (Table 2) are 
characteristic of a unidentate ester-type carboxy- 
late 

In R,SnClpenGNa complexes, vNH occurred 
(present at 3297(s, bd) cm-' in Me,SnClpenGNa, 
at 3310(s, bd) cm-' in Bu,SnClpenGNa and at 
3347(s) cm- ' in Ph,SnClpenGNa), and in the 
p-lactamic and amidic vc4 (1750(s) and 1660(s); 
1740(s) and 1660(s); 1740(s) and 1670(s) cm-I), 
as shown in Table 2. No variation occurs in any of 
the R,SnClpenGNa complexes, in respect to 
penG-, for the asymmetric and symmetric car- 
boxylate absorptions; Av values (Table 2) for 
these complexes exclude carboxylate anion invol- 
vement in coordination. PenG- behaves towards 
the tin atom, as a neutral unidentate ligand, 
through the 8-lactamic C=O. 

As far as the p-lactamic vC+ shifts are con- 
cerned, both for diorganotin(1V)chloropenG and 
triorganotin(1V)chloropenGNa derivatives, it is 
noteworthy that coordination of p-lactamic C=O 
is, normally, revealed by a vc4 decrease greater 
than 100cm-';'s~16 lower shift values are inter- 
preted as the result of electron withdrawal from 
the p-lactamic C=O, owing to the involvement of 
the thiazolidinic nitrogen atom in coordination." 

In all of the R,SnClpenG and R,SnClpenGNa 
derivatives investigated, the thiazolidinic nitrogen 
atom of the ligand is not involved in coordination, 
which can be shown by the lack of significant 
shifts of [QNH+vCN (amide II)] bands" and CN 
stretchings,". '' which occurred at 1501 and 
1026 cm-', respectively, in penGNa (Table 2). 
Coordination of the thiazolidinic sulphur atom 
could also be excluded on the basis of the occur- 
rence of absorption bands, due to vCS," at 
580-582(s) cm-', both in the free and coordinated 
penGNa. 

In the 600-450cm-' region there are bands 
present which can be assigned to v , ~ ~ ~ ~ ~ ~  
and vSnC132-37 in the dialkyl- and trialkyl- 
tin(1V)chloro derivatives, and to tin-phenyl 
y-mode in Whiffen's notation,,' in diphenyl- 
tin(1V)chloropenG and triphenyltin(1V)chloro- 
penGNa, respectively. 

As far as trimethyltin(1V)chloropenGNa and 
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Table 3 Experimental Mossbauer parameters, isomer shift 6 (mm s-.') and 
nuclear quadrupole splittings AE,,, (mms-I) rl and r2 measured at liquid 
nitrogen temperature and nuclear quadrupole splittings according to the point- 
charge formalism applied to the idealized structures of Fig. l(a-f) 

Structure in 
Compound" 6 lAE,,,J r, r, Fig. 1 A E&d 

Me,SnClpenG 1.26 3.29 0.98 0.96 a 
b 

Bu2SnClpenG 1.30 3.22 0.81 0.83 a 
b 

PhzSnClpenG 1.21 2.79 0.90 0.92 a 
b 

Me$nClpenGNa 1.36 3.48 0.86 0.87 d 
e 
f 

Bu3SnClpenGNa 1.44 3.30 0.86 0.85 d 
e 
f 

Ph,SnClpenGNa 1.30 2.93 0.91 0.93 d 
e 
f 

C 

C 

C 

3.17 
3.25 
3.13 
3.17 
3.25 
3.13 
2.71 
2.86 
2.76 

-3.71 
-4.09 

2.36 
-3.71 
-4.09 

2.36 
-3.26 
-3.90 

2.07 

a Sample thickness ranged between 0.50 and 0.60 mg "'Sn cm-'; isomer shift, 
6 t0 .03  mm s - '  with respect to RT BaSnO,; r, and r2 values are the full width 
at half height of the resonant peaks, respectively at greater and lower velocity 
with respect to the centroid of the Mossbauer spectra; nuclear quadrupole 
splittings, A E t  0.02 mm SKI; the partial quadrupole splitting values (pqs) in 
mms-' ,  used for calculation of theoretical AE are discussed in the text. 

tributyltin(1V)chloropenGNa complexes are con- 
cerned, the occurrence of only one, asymmetric, 
vSnC2 (Table 2) is indicative of a trigonal equator- 
ial, planar, RsSn configuration with local Dsh 
symmetry. 

These IR findings, therefore, would suggest 
that the tin(1V) atom achieves, both in 
R,SnClpenG and in R,SnClpenGNa complexes, a 
coordination number of five. 

2. Mossbauer data 
The occurrence, in all of the investigated com- 
pounds, of only one absorbing tin(1V) species has 
been evidenced by the full-width values, r 
(mm s- I )  calculated at half-height of the resonant 
peaks (Table 3).3' 

The isomer shift, 6 (mms-')  (Table 3) of 
RzSnClpenG and R,SnClpenGNa follows the 
meaning of the parameter, increasing with the 
charge density on the tin(1V) atom on going from 
the phenyl- to the butyl-tin(1V)  derivative^.^'.^' 

Nuclear quadrupole splitting data (Table 3), 
A E  (mm s-I), lie within the values reported, 

both for RISn(IV) and R,Sn(IV) derivatives, 
characterized by trigonal bipyramidal 
configurations.4", '' 

Calculated C-Sn-C angles for Me,SnClpenG, 
BuzSnClpenG and Ph,SnClpenG (127.7", 125.9" 
and 125.8", respectively) were in good agreement 
with the expected C-Sn-C angles for the cis-R2 
trigonal bipyramidal configuration." 

According to the above evidence, rationaliza- 
tion of the nuclear quadrupole splittings, AE,  
according to the point-charge model 
formalism4Ms (PCF) has been applied to the idea- 
lized structures of Fig. l(a-f). 

The results, shown in Table 3, allow experi- 
mental and calculated A E  to be compared. The 
difference between experimental and calculated 
A E  values must be within the range k0.4 mm s-I, 
if the hypothesized configurations are to be 
a c ~ e p t e d . ~ ~  

On this basis, as far as R,SnClpenG derivatives 
are concerned, no choice is possible among the 
structures of Fig. l(a-c), Table 3, which are all 
cis-R2 but with different arrangements of CI, 
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O(=C) and O(C0)-  atoms. The structure of Fig. 
l(a), on the basis of literature reports, is the most 

A better test could be proposed for the struc- 
tures of R,SnClpenGNa derivatives. 

While fac-R,SnO(=C)CI and T-shaped 
R,SnO(=C)CI trigonal bipyramidal configu- 
rations (Fig. l(e,f)  could be ruled out (see AEcalcd 
reported in Table 3 ) ,  the equatorial 
R,SnO(=C)CI structure (Fig. Id) is more likely 
to be assumed. 

The partial auadrupole splittings (pqs), 
mms-’ ,  [{Alk)’ e =  -1.13; {Ph)tbr= -0.98; 
{Alkjtba= -0.95; {Ph)tba= -0.89; {COO):%,= 
-0.10; {Cl)’be = 0.20; { C p  = 0.20; {c+o};:&mic = 
{c=Oy&* = 0.10; {(s=o}~:&mic = {C=O)’&* = 
0.4071, which have been used in the application of 
the PCF were literature or calculated 
values. 19. ‘uM3.46.47 

Such structural hypotheses, for all of the com- 
pounds synthesized, have been confirmed by the 
linear correlation found between the isomer 
shifts, 6, and the partial atomic charge on tin 
atoms, Qsn (Table 4; Fig. 2), computed according 
to tbp valence bond structures, by using appropri- 
ate bond orders and formal charges on diorgano- 
tin(1V)chloropenG (Fig. 3a), and triorgano- 
tin(1V)chloropenGNa (Fig. 3b), by an orbital 
electronegativity equalization pro~edure.~”” 

Furthermore, in Table 5 are reported values of 
Qsn (CHELEQ) on the atoms bonded to the 
central tin atom in the diorganotin(1V)chloro- 
penG and triorganotin(IV)chloropenGNa, 
obtained with the above-mentioned procedure. 
For comparison purposes in Fig. 2 points 1-7 are 
also reported, which refer to a homologous series 
of triorganotin(1V) derivatives whose trigonal 
bipyramidal polymeric structures, with equatorial 
R,Sn, have been determined by X-ray investi- 
gations or other spectroscopic  technique^.^^.^'^ 

The isomer shifts, 6, and Qsn values are aver- 
ages of the Me,Sn, Bu,Sn and (whenever poss- 
ible) also of Et3Sn, Oct3Sn, Pr,Sn and, finally, 
Cy3Sn derivatives. 

Figure 2 shows the straight line obtained in the 
triorganotin(1V) series (points 1-7, 0; correla- 
tion coefficient Y =0.857). The data 6/Qs, which 
refer to Alk3SnClpenGNa and Ph,SnClpenGNa 
(points 8 and 9) and to Alk,SnClpenG and 
Ph2ClpenG (points 10 and 11) titted quite well 
with the line of triorganotin(1V) derivatives in 
Fig. 2, suggesting analogous solid-state struc- 
tures. 

As far as diorganotin(1V) chloropenG deriva- 
tives are concerned, polymerization could occur 
through bis-monodentate behaviour of the ligand 
penG-, as demonstrated by I R  spectroscopy 
(Fig. 4a). 

o=c 
c’\ I , Sn -Cl 
c , I  

o-c- 

0 
I 

0 

o = c  

CI 

d 

CI 

c‘\ I 
CI 

cl\ I 

o-c- 

0 
I 

b 

(A) 

o = c  

C 

f 

Figure I 
group in R,SnClpenGNa (d-f). The R groups are represented by C ,  , C7 and C, ,  

Idealized structures of (A) the R?SnC102 group in RzSnClpenG (a-c); (B)  the R,SnCIO 
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Figure 2 Correlation between the isomer shift, 6 (mm s-I) and Q (partial atomic 
charge on tin atoms (CHELEQ), for several triorganotin(1V) complexes (points 1-7, 
Table 4; 0 )  with well-ascertained polymeric trigonal bipyramidal configurations. 
Points 8-11 (Table 4; H) refer to the complexes reported in this work. Full and 
broken lines refer to the least-squares fit treatment of points 1-7 and 8-11 from 
Table 4. The related equations and correlation coefficients (r) are, respectively, 

a,.,= 1.584- 1.281Qsn, r=0.857 
&,,= 1.514-0.939Qs,, r=0.978 

Polymerization in triorganotin(1V)chloro- Table 4 Experimental Mossbauer parameter, isomer shift d 
penGNa could be achieved through hydrogen (mms-')  and calculated partial charge o n  tin atoms, 
bonding between amidic NH of one QsJCHELEQ),"~' for homologous series of penta- 

coordinated triorganotin(1V) and diorganotin(1V) derivatives 

0"" c 
-0.00 

o-c- 
ll 

-0.50 

G 

C b 
Figure 3 Trigonal bipyramidal configuration assumed for 
diorganotin(1V)chloropenG (a) and triorgano tin(1V)chloro- 
penGNa complexes, points 8-1 1 (Table 4 )  together with bond 
orders and formal charges used for calculation of Qsn 
(CHELEQ).~"" 

~ ~ ~ _ _ _ _ _ _  

Point Refs for dh 
Compound' b Q,, no.' and Q5nh 

Al klSnCl 1.51 
Al k,SnCN 1.36 
Al k,SnNCO 1.43 
Ph,SnCI 1.35 
Ph,SnNCS 1.40 
Ph,SnNCO 1.20 
Ph,SnF 1.22 

AlkzSnClpenG 1.28 
Ph,SnClpenG 1.21 

Alk,SnClpenGNa 1.40 
PhlSnClpenGNa 1.30 

0.097 
0.134 
0.160 
0.167 
0.198 
0.229 
0.252 
0.128 
0.208 
0.270 
0.317 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11  

5x 
58 
58 
64 
58 
58 
58 
This work 
This work 
This work 
This work 

"See discussion in the text. hAverage of the d and Qsn 

(CHELEQ) values reported in the cited references. 
'Identification numbers of the points reported in Fig. 2. 
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Table5 Calculated Q (CHELEQ)4K ” values for the atoms bonded to the tin(1V) atoms, according to 
structures, bond orders and charges of Fig. 3(a, b) 

Q 

o=( ~ 

Compound” Sn C, cz C, CI O - e O  (p lactamic) 

Me,SnClpenG 0.268 -0.024 -0.025 -0.093 -0.516 -0.010 
Bu,SnClpenG 0.271 -0.01 1 -0.01 1 -0.093 -0.516 -0.0,10 

Me,SnClpenGNa 0.150 -0.028 -0.028 0.018 -0.507 -0.0.12 
Bu,SnClpenGNa 0.105 -0.017 -0.017 -0.464 -0.509 -0.0.12 
Ph,SnClpenGNa 0.208 -0.009 -0.009 -0.1 10 -0.506 -0.0-12 

Ph,SnClpenG 0.317 -0.042 -0.042 -0.091 -0.515 -0.0.;1 

- 
I’ p enG , penicillin G 

R3SnClpenGNa unit with the peptidic C+O of 
another, etc. (Fig. 4b). 

Finally, it is remarkable that the data points 8- 
11, which refer to Alk3SnClpenGNa, 
Ph’SnClpenGNa, Alk,SnClpenG and 
Ph,SnClpenG, respectively, lie on a line (the 
broken line, with r=0.978 in Fig. 2), confirming 
the occurrence, for all of the compounds, of 
similar structures.s’. “,’) 

Biological investigations 

The biological effects of penGNa, R2SnClpenG 
and R,SnClpenGNa described in this investi- 
gation are briefly summarized as follows: 

PenGNa 
Eggs incubated in lo-’ and lO-’moldm-’ 
penGNa solutions for 15 min after fertilization 
(uncleaved eggs) or at the two-cell stage deve- 
loped regularly. In fact, as observed in the 
controls (Fig. 5), the larvae obtained from 
the treated embryos were normal and swimming 
(Fig. 6). 

Me,SnClpenG 
Eggs incubated for 15 min after fertilization in 
lo-’ and mol dm-j Me,SnClpenG solutions 
cleaved regularly, like the controls, up to 32-64 
cells. Up to this stage, blastomeres could be 
observed as unfused cells. Subsequently they 
looked like disorganized masses bearing sensorial 
granules (Fig. 7). 

and mol dm-’ Me,SnClpenG solutions and 
then transferred to normal seawater, originated 
anomalous larvae with twisted and short tails 
(Fig. 8). 

Gastrulae or neurulae, incubated for 1 h in 

Bu,SnClpenC 
Eggs incubated for 15 min aftei fertilization in 

and mol dm-’ BuzSnC penG solutions 
cleaved up to eight blastomeres which appeared 
to be different in size and occasionally tended to 
fuse. As a consequence, 24 h later eggs resembled 
an uncleaved lump. Moreover, the follicular cells 
which generally surround the eggs were absent as 
in the case of Me,SnClpenG (Fig 9). 

Eggs incubated in mol dm-’ solution 
cleaved but gave rise to anomalour embryos with- 
out tails, in the membranes and with small sensor- 
ial organs (Fig. 10). 

Finally, gastrulae or neurulae ir cubated for 1 h 
in mol dm-’ solution and then transferred 
into normal seawater developed a5 abnormal lar- 
vae with twisted and short tails. 

Ph,SnClpenG 
Fertilized eggs incubated in lo-’ and 
lo-’ mol dm-3 PhzSnClpenG solutions originated 
anomalous embryos; some of thoie treated with 

mol dm-’ solution had a short tail (Fig. 11). 
When gastrulae or neurulae were treated for 1 h 
and then transferred into normal seawater, they 
developed into anomalous larvae uithin the mem- 
branes, with short tails. 

Me,SnClpenGNa 
Eggs incubated in 1W5 mol dm-? 
Me’SnClpenGNa solution stopped developing at 
the two-four cell stage. When egi,s were treated 
with mol dm-’ solution, SO? gave rise to 
anomalous embryos, some of which had pigment 
spots, and 40% blocked at an anonialous four-cell 
stage (Fig. 12). Gastrulae or neurdae incubated 
for 1 h in lo-’ mol dm-’ solutions originated ano- 
malous embryos. 
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Figure4 Proposed structures of RzSnClpenG (a) and R,SnClpenGNa (b) on the 
basis of the spectroscopic investigations. 

Bu,SnClpenGNa 
Eggs incubated in lo--' mol dm-' (Fig. 14) 
Bu'SnClpenGNa solution for 15 minutes after 
fertilization elongated but they remained Ph,SnClpenGNa 
uncleaved (Fig. 13), while eggs incubated in Fertilized eggs treated with mol dm-' 
lo-' mol dm-' solution blocked at the two-four- Ph'SnClpenGNa solution did not elongate regu- 
cell stage, at a different size. Gastrulae or neuru- larly before the cleaving process. Hence, they 
lae incubated for 1 h in mol dm-' solution, blocked at the two-three blastomere stage. Eggs 

gave rise to anomalous and disorganized embryos 
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Figure 5 Ciona intestinalis control larvae (magnification X50). 

Figure 6 Larvae developed from eggs incubated for 15 min after fertilization in lo-’ mol dm-’ penGNa 
solution (magnification X50). 
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-re7 Anamalous embryos developed from eggs incu- Figure9 Eggs incubated in mol dm-3 
bated after fertilization in Bu,Sn(IV)ClpenG solution after fertilization. They cleaved up 
solution (magnification ~ 5 0 ) .  to the 8-, 16- or 32-cell stage and afterwards stopped dividing. 

The follicular cells, which normally surround the eggs, are 
detached (magnification x 50). 

mol dm-3 Me,Sn(IV)ClpenG 

Figarc 8 Gastrulae incubated for 1 h in mol Figure 10 Anomalous embryos developed from eggs incu- 
Me$3n(fV)ClpenG solution and then transferred into normal mot dm-3 Bu,Sn( 1V)ClpenG 
seawater. Anomalous larva with twisted and short tails are 
clearly present (magnification ~ 5 0 ) .  

bated after fertilization in 
solution (magnification ~ 5 0 ) .  
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Figure 11 Uncleaved eggs incubated a’ter fertilization in 
fertilization in rnol dm-’ Ph,Sn(IV)ClpenG solution lo-’ mol dm-3 Bu3Sn(IV)ClpenGNa solution (rnagnifica- 
(magnification ~ 5 0 ) .  tion X 50). 

Anomalous embryos from eggs incubated after Figure 13 

Figure 12 Anomalous embryos developed from eggs incu- 
bated in lO-’mol dm-j Me’Sn(1V)ClpenGNa solution (mag- 
nification X50). (magnification x 50). 

Figure 14 Anomalous embryos derived from gastrulae incu- 
bated for 1 h in lO-’mol dm Bu,Sn(I\)ClpenGNa solution 
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subcylindrica (Mollusca, Mesogastropoda).6s In 
the latter work, quantitative evaluations of chro- 
mosome abnormalities occurring during both 
mitotic and meiotic processes were given. 

In the present report, genotoxicity of 
organotin(1V)chloropenicillin G compounds was 
unequivocally demonstrated by the fact that 
Cionu intestinalis fertilized eggs either blocked at 
early stages of development, or gave rise to ano- 
malous larvae. 

Since experiments carried out using both peni- 
cillin G sodium and penicillin G derivatives made 
it apparent that anomalies occurred exclusively 
after the use of the latter, we conclude that 
genotoxicity is presumably due to the organo- 
tin(1V)chloro moieties. More precisely, in agree- 
ment with previous studies developed on terres- 
trial and aquatic animals,ffi we believe that 
genotoxic effects can be related to the presence or 
organotin(1V) in these complexes. 

Two major non-exclusive hypotheses can be 
advanced to explain the results of our work: 

Figure 15 Anomalous embryos from fertilized eggs incu- 
bated in lo-’ mol dm-3 Ph,Sn(IV)ClpenGNa solution (magni- 
fication x 50). 

incubated in mol dm-3 Ph3SnClpenGNa 
solution could be grouped as follows: 30% 
blocked at early developmental stages, while the 
remainder appeared as embryonic masses show- 
ing external sensorial granules (Fig. 15). 
Gastrulae or neurulae treated with and 

mol dm-, solutions gave rise to anomalous 
embryos. The anomalies were like those observed 
for Me,SnClpenGNa and Bu,SnClpenGNa. 

Discussion 

Results obtained from in uiuo observations of 
Ciona intestinalis developing embryos suggested 
two main considerations. The first was that both 
diorganotin(1V)chloropenicillin G and triorgano- 
tin(1V)chloropenicillin G sodium derivatives are 
as toxic as the organotin(1V) parents, indepen- 
dently of the presence of the ligand. The second 
was that the toxicity responses to triorgano- 
tin( 1V)chloropenicillin G sodium compounds 
were higher than those to diorganotin(1V)chloro- 
penicillin G,  and that in the diorganotin(1V) and 
triorganotin(1V) series, once again, the butylti- 
n(1V) derivatives were the most active 
 toxicant^^^^^ towards living animals, as already 
ascertained, inter ulia, in ascidian developing 

and in male gonads of Truncatellu 

(1) Consistent ultrastructural damage, involv- 
ing the mitochondria1 complexes and cyto- 
membranes, might be induced by the heavy 
metal, tin, contained in the compounds.26 

(2) Irregular cleaving processes might reflect 
damage affecting chromosome structure 
and polymerization of mitotic spindle tubu- 
lin during the first cell divisions. 
Chromosome aberrations, such as chromo- 
some fragments, chromosome bridges and 
large decondensed chromosome regions, 
have been found in early developing 
embryos of Anilocaru physodes (Crustacea, 
Isopoda), following exposure to 
bis[dimethyltin( 1V)chloro Jprotoporphyrin 

Alternatively both events (1) and (2) might 
1x.67 

have occurred. 
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