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Abstract

Six triorganotin derivatives of thiolupinine(1-mercaptolupinane), 2-mercaptobenzoxazole and 2-mercaptobenzothiazole were
prepared and tested against several bacteria, fungi and protozoa. Most compounds exhibited high activity against the tested
microorganisms and particularly worth noting was the activity of triethyltin lupinylsulfide on Gram-negative strains. Triethylger-
manium lupinylsulfide was also prepared but was devoid of action on the whole set of tested microorganims. © 1999 Elsevier

Science S.A. All rights reserved.
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1. Introduction

The growing interest in metal-based chemotherapy of
neoplastic, parasitic and infectious diseases, prompted
us to undertake the study of antitumor and antimicro-
bial activity of some gold and tin derivatives of tertiary
aminothiols. Among these, thiolupinine—which was
recently prepared by us [I]—is peculiar for its high
liposolubility and strong basicity, which should warrant
the capability of its derivatives to pass through biologi-
cal barriers and also produce water soluble salts.

In a previous paper [2] we described the activity
(from moderate to very high) of seven gold complexes
against some strains of Escherichia coli, Staphylococcus
aureus, S. epidermidis, Candida albicans, Aspergillus
niger and Trichomonas vaginalis; the same compounds
were devoid of activity (MIC > 250 pg/ml) on Pseu-
domonas aeruginosa.

Here we describe the activity of six triorganotin
derivatives of thiolupinine, 2-mercaptobenzoxazole and
2-mercaptobenzothiazole against the above microor-
ganisms; additionally the activity of triethylgermanium
lupinylsulfide was explored. According to Sijpeisteijn et
al. [3], organogermanium compounds should be en-
dowed with antimicrobial activity similarly to orga-
notins.
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The biocidal activity of organotin compounds was
recognized in the mid-1950s and presently organotin
compounds represent important industrial and agricul-
tural biocides, wood preservatives and marine antifou-
lants [4].
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Trimethyltins are highly insecticidal, while tripropyl-,
tributyl- and triphenyltin compounds have a high de-
gree of fungicide and bactericide activity, which is most
effective against Gram-positive bacteria.

Some triorganotin complexes of Schiff bases are po-
tently active against Entamoeba histolytica: one com-
pound is much more active than emetine [5].

Triorganotin compounds have also been used to con-
trol the infective vector of Schistosoma and mosquitoes
[6].

Dialkyltin compounds are less active than the corre-
sponding trialkyltins as antimicrobial agents, but are
also substantially less toxic.

Various dialkyltin compounds exhibit antihelmintic
properties and are widely used for veterinary (particu-
larly poultry) helminthiasis and coccidiosis [7].
Dioctyltin maleate is amongst the most active com-
pounds employed in the control of the Leishmania
species in mice [§].

Dibutyltin derivatives of 2-mercaptobenzoxazole and
2-mercaptobenzothiazole exhibit a very high activity in
vitro against Trypanosoma equiperdum, as it has been
shown quite recently [9]; unfortunately, these com-
pounds were completely inactive in vivo.

Finally, more than 2000 organotin compounds were
tested by the NCI for anticancer activity and many of
them ( ~ 29%, mainly diorganotins) demonstrate activ-
ity against murine P388 leukemia (but not against
L1210 leukemia) and some of these show reproducible
antitumor activity in mice and rats. Although this
activity is lower than that of cisplatin, the toxic side
effects of platinum compounds are not seen [10,11].
Organotin compounds more active than cisplatin have
been described recently: dimethyltin carboxylates were
highly active against HeLa, Hep-2, RD, L,,; and P388
cell lines [12], while triethyltin lupinylsulfide 2 exhibit
an ICs, around 107 M against several cell lines of
multiresistant ovarian carcinomas [13].

Thus, in spite of the huge number of tri- and
diorganotins investigated so far, we deemed it interest-
ing to explore the influence on antimicrobial activity of
peculiar groups (f.i., aminothiols) saturating the resid-
ual valences of the metal.

Indeed, the nature of the thiols used could prove of
great importance in regulating chemical stability, in
vivo absorption, distribution and topical and/or sys-
temic toxicity of the studied compounds, eventually
making them suitable for human use.

2. Chemistry

Compounds 1-4 and 7 were easily prepared by react-
ing thiolupinine with triorganotin halides and triethyl-
germanium chloride, respectively. Preparation of
compounds 5 and 6 required the action of trimethyltin

chloride on 2-mercaptobenzoxazole and 2-mercapto-
benzothiazole in the presence of sodium ethoxide. The
analogous reaction with 2-mercaptobenzimidazole gave
the  1,3-bis(trimethyltin)benzimidazol-2-thione  (8).
Compound 8 was rather unstable in the presence of
water; thus, its antimicrobial activity was not
investigated.
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The structures of the prepared compounds were sup-
ported by elemental analyses and spectroscopic data.

Particularly, the S-substitution of compounds 5 and
6 and N,N-disubstitution of compound 8 were sup-
ported by the pattern of '"H NMR of aromatic protons
and also by the different stability toward water. While
compound 8 was rapidly hydrolyzed generating 2-mer-
captobenzimidazole, compounds 5 and 6 were relatively
stable.

3. Experimental

Melting points were determined by the capillary
method on a Biichi apparatus and are uncorrected.

Elemental analyses were performed at the Microana-
lytical Laboratory of the ‘Dipartimento di Scienze Far-
maceutiche’ of Genoa University and the analytical
results for C, H, N and S were within + 0.3% of the
calculated values, unless otherwise stated.

UV spectra were recorded with a Perkin—Elmer 550S
spectrophotometer; '"H NMR spectra were taken on a
Varian Gemini 200 spectrometer, using CDCl; or
DMSO-d as solvent.

3.1. Trimethyltin lupinylsulfide hydrochloride (1) and
triethyltin lupinylsulfide hydrochloride (2)

Trimethyltin chloride (1 g, 5 mmol) or tricthyltin
bromide (1 g, 3.5 mmol) and freshly distilled stoichio-
metric thiolupinine were dissolved in peroxide-free
THF ( ~ 8 ml); the mixture was stirred in a closed tube
for 24 h at room temperature (r.t.). The solvent was
removed under reduced pressure and the oily residue
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was dissolved in water, treated with 6 N NaOH and
extracted with ether. The ether extract residue was
chromatographed on neutral alumina (1:20) eluting
with dry ether: 1.12 g of trimethyltin lupinylsulfide
(64.1% yield) or 1.16 g of triethyltin lupinylsulfide (85%
yield) were obtained as oily, colorless, free bases.

Analysis (C, H, N, S) for trimethyltin lupinylsulfide
according with C,;3H,;NSSn, but + 0.6% on carbon
and nitrogen were found.

Analysis (C, H, N, S) for triethyltin lupinylsulfide
according with C,(H;;NSSn, but + 0.4% on nitrogen
was found.

The free bases were converted to the hydrochlorides
by dissolving them in the stoichiometric volume of 0.1
N ethanolic HCl and removing the solvent under re-
duced pressure.

Analysis (C, H, N, S) for compound 1 according with
C3H,;NSSn - HCI- 0.5H,0, but + 0.6% on nitrogen
and — 0.5% on sulfur were found.

Analysis (C, H, N, S) for compound 2 according to
C,H43NSSn - HCL.

3.2. Tributyltin lupinylsulfide hydrogen fumarate (3)

Tributyltin chloride (1 g, 3 mmol) and freshly dis-
tilled thiolupinine (0.57 g, 3 mmol) were dissolved in
methanol ( ~ 8 ml); the mixture was stirred in a closed
tube for 4 h at r.t. The solvent was removed under
reduced pressure; the oily residue was dissolved in
absolute ethanol, basified with 10% NH,;, filtered and
the solution was evaporated to dryness. The residue
was chromatographed on neutral alumina (1:30) eluting
with dry ether: 0.95 g (yield 65.2%) was obtained as an
oily, colorless, free base.

Analysis (C, H, N, S) for tributyltin lupinylsulfide
according to C,,H,sNSSn, but —0.8% on carbon and
—0.6% on sulfur were found.

The free base was converted to the hydrogen fu-
marate by dissolving it in the stoichiometric volume of
0.2 M ethanolic fumaric acid and removing the solvent
under reduced pressure.

Analysis (C, H, N, S) for compound 3 according with
C,,H,sNSSn - C,H,0,, but —0.4% on carbon and sul-
fur, + 0.5% on hydrogen and + 0.6% on nitrogen were
found.

3.3. Triphenyltin lupinylsulfide hydrochloride (4)

Triphenyltin chloride (1.5 g, 3.7 mmol; 95% purity)
and freshly distilled thiolupinine (0.68 g, 3.7 mmol)
were dissolved in peroxide-free THF (~8 ml); the
mixture was stirred in a closed tube for 5 h at r.t. The
solvent was removed, the residue was taken up several
times with dry ether and dried on KOH under vacuum:
1.2 g (yield 57.3%) of a white, hygroscopic solid were
obtained.

Analysis (C, H, N, S) for C,gH;;NSSn-HCI-
0.5H,0, but —0.4% on hydrogen and nitrogen and
— 1.4% on sulfur was found.

3.4. 2-[(Trimethyltin)mercaptoJbenzoxazole (5) and
2-[(trimethyltin)mercaptoJbenzothiazole (6)

To 0.115 g (5 mmol) of sodium dissolved in 4 ml of
absolute ethanol stoichiometric 2-mercaptobenzothia-
zole or 2-mercaptobenzoxazole and, after solubiliza-
tion, 1 g (5 mmol) of trimethyltin chloride in 4 ml of
absolute ethanol was added; the mixture was stirred in
a closed tube for 4 h at r.t. The reaction mixture was
filtered and the solution was evaporated to dryness:
1.415 g (yield 90.1%) of a white solid, m.p. 112—113°C.

Analysis (C, H, N, S) for C,,H;;NOSSn.

Compound 6: 1.32 g (yield 80.0%) of a yellow col-
ored oil, which separated a small amount of white solid
on standing.

Analysis for C,,H;NS,Sn, but + 0.7% on carbon
and sulfur and + 0.5% on nitrogen were found.

3.5. Triethylgermanium lupinylsulfide hydrochloride (7)

Triethylgermanium chloride (1 g, 5.1 mmol) and
freshly distilled thiolupinine (0.95 g, 5.1 mmol) were
dissolved in peroxide-free THF ( ~ 8 ml); the mixture
was stirred in a closed tube for 22 h at r.t. The reaction
mixture was filtered and the solution was evaporated to
dryness; the residue was washed several times with dry
ether to give 1.15 g (yield 77.3%) of white solid, m.p.
91-93°C.

Analysis for C,(H;;NSGe - HCI.

3.6. 1,3-bis(Trimethyltin)benzimidazol-2-thione (8)

To 0.115 g (5 mmol) of sodium dissolved in 4 ml of
absolute ethanol, 0.750 g (5 mmol) of 2-mercaptobenz-
imidazole (non-completely soluble) and 1 g (5 mmol) of
trimethyltin chloride in 4 ml of absolute ethanol were
added; the mixture was stirred in a closed tube for 2 h
at r.t. The reaction mixture was filtered and the solu-
tion evaporated to dryness. The residue was washed
several times with petroleum ether leaving the unre-
acted 2-mercaptobenzimidazole; after evaporation of
petroleum ether the residue was treated with dry ether.
The ether solution was filtered and evaporated yielding
0.338 g (14.2%) of waxy solid, releasing a gas that was
irritating to mucosae.

Analysis for C,3H,,N,SSn,-H,0, but —0.5% on
carbon was found.

4. Antimicrobial activities

Compounds 1-7, together with commercial tri-
phenyltin chloride and some reference drugs, were
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tested for their activity against the following strains of
bacteria, fungi and protozoa: E. coli ATCC 25922, P.
Sg aeruginosa ATCC 37853, S. aureus ATCC 25923 and
o= ATCC 6538, S. epidermidis clinical isolated, C. albicans
% = ATCC 10231, A. niger ATCC 16404, and clinically
§0§ WE220Q 3 isolated T. vaginalis OZ-2.
: £l greezag = The procedures for the antibacterial, antifungal and
= o antitrichomonal assays have already been described [2].
=3
N
50 % &N ® . .
O greo-ddg o 5. Results and discussion
2|9
AN
The results of the antimicrobial screening of com-
~ pounds 1-7, triphenyltin chloride and some reference
= d drugs are shown in Table 1.
3G BRKEG © The synthesized organotin derivatives 2—6, as well as
20 SO — — = N O 7o) . . . .
SE | 5 man - the triphenyltin chloride, were rather strongly active
G| A A against the considered strains of bacteria, fungi and
protozoa. Compounds 2 and 5 also exhibited activity
=) against P. aeruginosa (MIC =31 and 62 pg/ml, respec-
ﬁé tively). Compound 1 was only moderately active and
E Z - o limited to a few strains.
o= 23 » 23 & The triethylgermanium compound 7, in spite of the
$E | d [ structural similarity with the tin compound 2, was
v 2 A completely devoid of action on the whole set of micro-
organisms. Triethylgermanium acetate was found to be
= active on all of the tested strains of fungi [3].
. a _ag Ll The observed activities of triorganotin compounds
E8 | onSdonelam were clearly related to the nature of the organic moi-
SE | & S48 ;
v < \ eties bound to the metal.
The activity of compounds 1-4 (all derived from
= thiolupinine) on Gram-positive bacteria, fungi and tri-
g chomonas increased greatly with increasing organic
“w < N . . . .
s 22 « 928 moiety size. However, this observation does not hold
g9 § Lee § g § eem for the Gram-negative bacteria, whose susceptibility
“u < A decreased with increasing molecular size of the tested
agent. The strong activity of the triethyltin compound 2
2| sa@ on Gram-negative strains was very peculiar and was
g £ superior to that of both lower and higher homologues.
lel vy . . .
3 =49) 2 n ) Also the nature of the thiolgroup-bearing moiety
2| 8Y | 8RR ARK R S S :
s SE = aar=aa o seems to play some role on the in vitro antimicrobial
5| 5= activity. Thus, 2-[(trimethyltin)mercapto]benzoxazole
2 (5) and 2-[(trimethyltin)mercapto]benzothiazole (6)
2 8 were somewhat more active than trimethyltin lupinyl-
N . . . .
':% 5 - - © 2 sulfide (1) against some particular microorganisms.
5| S0 |d-guddgayge@ These differences were not impressive and could ren-
- S & 34 34 . k R
g |4 A A der questionable the purported importance of the thiol
g group-bearing moieties, even though we supposed that
é © the latter should appear in full in the in vivo investiga-
S g _ tions. However, much larger influences of the thiols
kS| = % o used were observed in other cases, as in that of the
E 2 £ % 2 N dibutyltin compounds evaluated as trypanocides [9],
-2 E 2% g g = indirectly supporting our working hypothesis.
~ s 8 . . . . .
20| & a g < S % Comparing triphenyltin lupinylsulfide (4) with the
= o 0B = . : : :
€= 10 —NemtTHme~EADS S simple triphenyltin chloride, the latter appeared as ac-
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tive as, or a little more active than the former against
all tested strains, with the only exception of C. albicans.
This is not surprising due to the fact that the tin atom
in the latter compound is more exposed and prone to
reaction; however, for the same reason, the triphenyltin
chloride is less suitable than 4 for use as a therapeutic
agent.

Concluding, some interesting antimicrobial activities
were observed with the synthesized triorganotin com-
pounds with a MIC as low as 0.06 pg/ml for one strain
of S. aureus (4) and 1.95 pg/ml for E. coli (2). Consider-
able differences in susceptibility among the microorgan-
isms were also observed for a given compound.
Therefore, the prosecution of this study is justified with
the investigation of the activity on some more microor-
ganisms and the preparation of new tri- and diorgano-
tin compounds derived from other thiols.

The study of all these compounds as anticancer
agents will also be pursued.
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