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SUMMARY
The preparations of chlorodimethyl- and chlorodi-n-butyl
tin(IV) derivatives of L-cysteine, L-cysteine ethyl ester and
DL-pencillamine are described. Infrared, n.m.r. and mass spectral data
are presented. The compounds contain Sn—-S bonds and suggestions for

structures are made.

INTRODUCTION

In their studies of the biochemistry of organotin compounds,
Aldridge and Cremer showed that diethvltin dichloride had a high affinity
for the —-SH groups of glutathione and dimercaprol (BAL), but that
bis(triethyltin) sulfate did notl. ESCA studies, on the other hand,
indicated that complexes were formed between tri—-#-butyltin chloride and
amino acids which contained free thiol groups2a Mitochondrial oxidative
phosphorylation is inhibited in Vi1iro by very low concentrations of
trialkyltin compoundsB., In view of the fact that organomercury and
—arsenic compounds exert their general inhibitory effects via metal-sulfur
bond formationl, we felt it would be valuable to determine whether Sn-§
bond formation could be involved in the case of organotin compounds.
Consequently, the syntheses and characterization of a series of organotin (IV)
derivatives-of L-cysteine, DL-pencillamine, glutathione reduced, and other
related compounds, were undertaken. Here we report the first preparations

of such compounds, present data showing the presence of Sn-S bonds, and

postulate possible structures.
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EXPERIMENTAL
A1l ccmpounds used in the syntheses were obtained commercially

and employed without further purification.

L~Cysteinato S—-(chlorodimethyl)stannane hydrate.

Dimethyltin(IV) oxide (1.66 g, 0.0l mol) was added slowly to a
solution of L-cysteine hydrochloride hydrate (1.76 g, 0.0l mol) in 100 mL
of 80% ethanol/water solvent. The mixture was stirred for 3 h until a
clear solution resulted. The solvent was removed with a rotary evaporator
and the resulting oil was placed in a vacuum desiccator for 3 days. A hard,
clear glassy solia was obtained in essentially quantitative yield.
Mp > 156°C {subl). Thin layer chromatography using aluminium oxide plates
and ethanol/water developing solvent showed only one peak. B&Anal. Calcd.
for C5H1403ClSNSn: C, 18.63; H, 4.37; S, 9.94; €1, 11.0. Found: C, 18.93;
H, 4,21; S, 10.0; C1, 11,1, The compound is soluble in alcohol, water and
acetone; insoluble in chloroform, hexane and benzene.

The derivative L-Cysteinato S-(chlorodi-zn-butyl) stannane hydrate was prepared

. i o
in a similar manner, except that the reactants were kept at 35-40 C. The
clear, glassy solid (mp 90-0-92-10C) is soluble in chloroform, ethanol and
acetone.

Ethyl L-Cysteinato S-{(chlorodimethyl) stannane.

L-cysteine ethyl ester hydrochloride (3.72 g, 0.02 mol) was
dissolved in 150 mL of absolute alcohol and dimethyltin(IV) oxide (3.32 g,
0.02 mol) was added with stirring over 2 h. The clear solution was allowed
to stand for 2 days and the large crystals which formed were filtered off
then dried in a vacuum desiccator. Yield 60%. Anal. Calcd. for C7H1602ClSNSn:
C, 25.20; H, 4.83; S, 9.6; N, 4.20; Sn, 35.58. Found: C, 25.47, H, 4.99;
S, 9.3; N, 4,06; Sn, 35.68. Mp 93,5—96-10C. The product is soluble in
ethanol and chloroform but is insoluble in water. The colorless crystals

slowly turn yellow over ca. 3 weeks.

Prepared in a similar manner was Ethyl L-Cysteinato S~ (chlorodi-zn-butyl)

stannane. B&nal. Calcd. for C13H280201SNSn: C, 37.48; H, 6.77; Sr, 28.4¢.

Found: C, 37.49; H, 6.83; Sn, 28.12.
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DL—-Penicillamino S-{chlorodimethyl) stannane.

DI.-peniciliamine (1.49 g, 0.0l mol) was dissolved in 100 mL
70:30 alcohol/water mixture and dilute hydrochloric acid added until pH 2.8.
Dimethyltin(IV) oxide (1.66 g, 0.01 mol) was slowly added with stirring
over 2% h, the pH of the solution being maintained at 3.6-3.8 with dil.
HCl. The solvent was then completely removed on a rotary evaporator and
the solid so obtained maintained under the vacuum at 100°C for a further
3/4 h. The product was removed from the flask and stored overnight in a
vacuum desiccator. VYield 90%. Mp 140°C (dec). BAnal. Calcd. for
C7H1602C15N5n: c, 25.30; H, 4.85; S, 9.64; Sn, 35.71. Found: C, 24.97;
H, 5,00; S, 9.2; Sn, 36.2.

DL-Pencillamino S-(chlorodi-n—butyl)stannane hydrate was prepared

in a somewhat similar manner, except that the solvent was removed quickly
and no drying was carried out at 100°c. This is a clear, viscous oil which
is soluble in acetone, chloroform and ethanol. Anal. Calcd. for
C13H3003ClSNSn: C, 36.01; H, 6,97; S, 7.38. Found: C, 36.35; H, 6.90;

S, 7.4.

S—-(chlorodimethylstannyl) 2—-thioethylamine.

Dimethyltin(IV) oxide (1.66 g, 0.0l mol) was added to a solution
of 2-aminoethanethiol hydrochlcride (1.14 g, 0.0l mol) in ethanol and the
mixture stirred for 6 h at 6OOC. On cooling, crystals of the product formed.
Yield 76%. Anal. Calcd. for C4H12ClSNSn: C, 18.45; H, 4.64; Sn, 45.59.
Found: C, 18.47; H, 4.62; Sn, 46.6. Mp 199.8°C.

1 s .
H NMR spectra were recorded at ambient temperature with a

Perkin-Elmer R32 spectrometer, using DZO and CDCl3 as solven'tsu The 13C
spectra were obtained with a JEOL-PFT-100FT instrument operating at 25.15
MHz, and coupled to a JEOL EC-100 data collection system. Infrared spectra
were obtained from KBr pressed disks (solids) or from f£ilms between KBr
windows (oils) using a Perkin-Elmer 457 grating spectrophotometer calibrated
with polystyrene film. Ultraviolet spectra were obtained using a Varian 634

instrument. Mass spectra were recorded with a JEOL D-100 Mass Spectrometer.

The pH measurements were obtained using a Jones Labstaph pH meter,
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calibrated with pH 7.0 and pH 9.2 buffers and further checked against a pH 4
buffer. Melting points were obtained with a Mettler FP2 melting point
microscope. Microanalyses were performed by the Australian Microanalytical

Service, C.S.I.R.0., Melbourne.

RESULTS AND DISCUSSION

In the preparation of-compounds where the formation of a
tin—caiboxylate bond was possible, a water—alcohol solvent mixture was
employed. Under these conditions the carboxylate group does not react with
the tin compound, and the formation of a tin-sulfur bond is favored. The
infrared spectra of the complexes (Table 1) shows the presence of the
v(Sn-S) mode near 400 cm * (with a corresponding absence of the v(S-H)
freguency) and the mass spectra (Table 2) contain peaks such as Sn—SCH2CHNHZ
which indicate the presence of Sn-S bonds. Thus, formation of Sn-S bonds
can be regarded as established and the formulae of the compounds confirmed
by microanalysis.

The behaviour of the L-cysteinato S-(chlorodimethyl) stannane
complex in solution appears fairly complicated. A 0.01 M solution in water

has a pH of 3.8 and titration with sodium hvdroxide produces two end points

corresponding to the consumption of cone and two mole equivalents of base,

respectively. This appears to correspond to titration of the protons on

the carboxylate and amino groups.

The ultraviolet spectrum of the compound at pH 3.8 contains two
maxima, whereas at pH 1.3 only one peak is present - as is the case at pH > 12.
(see Table 3). The pH dependence of the spectrum indicates that ionic species
are formed in solution: protonation of the ligand and coordination at the
tin atom being the likely possibilities. It is not possible to postulate
from the U/V spectrum which species are present — but it is clear from the
absence of a peak at 236 nm that the cvsteinate anion is not present at
pH > 12, Likewise, the absence of a peak at 256 nm (pH 1.3) indicates that
a chlorcdimethyltin ion is not present. Thus, a simple dissociation into

dimethyltin and cysteinate ions is not indicated by the U/V spectrum. The
(continued on p. 247}
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€ nax values at both ends of the pH scale contrast sharply with those observed

for cysteine at pH 0.4 and pH 12.

The lH n.m.r, spectra are given in Table 4. In aqueous solution
(pH 3.8), the cysteinato complex displays a simple AB pattern similar to the
one shown by cysteine itself near this pH. At pD > 11, the spectrum of the
organotin compound becomes a complex ABC type, which is also similar
behavior to that of free cysteine4. In view of the observations made from
the U/V spectrum, the species present at high pH may be formed by replacement

of the chloride by hydroxyl to give a species such as:

OH

(CH3)2Sn——SCH2 CH CO2

h
OH NHZ

PR

113/117

2 —_
The similar “J¢( Sn-CH) values found for [Me Sn(OH)4T(5)

2
and the cysteine complex, at high pH values, support the species proposed,

as does the reduced shift value of the methyltin protons.

1 13 . . s .

H and C n.m.r. spectra of the cysteine and penicillamine
complexes are indicative of pentacoordinate tin species, However, the
spectra were obtained for D20 solutions, and it is difficult to know whether

coordination by water molecules is responsible for the pentacoordination.

I.R. spectra can distinguish between coordination by HZO' -NH2
and -COCH groups, all of which have the potential to coordinate to tin.
The spectra of both the cysteine and penicillamine complexes (Table 1) contain
broad peaks centered at 3450 cm--l and 3000 cm—l, which are characteristic of
H20 and —NH2 groups involved in hydrogen bondinge. The strong peaks at
ca. 1620 cm.‘l are assigned to v (C=0) which may coordinate to the tin atom.
It is noted that organotin complexes of some aminoacids which contain Sn-0
bonds, also show the carbonyl frequencies in this region, but coordination
to tin is not proposed7. It has been shown that the v (C=0) frequency may

(continued on p. 250)



- kT4 L°z8 ) ..N}mozmmoz_
11 < ad
v1°S = (OHQ)? *mp.o 8°LL 9°18 () .uma:ovcmmmz
68°'C = Amzzv@
0E°T = ANEZ z
¥V = (HO)9 - 20°¢ 86°¢ 0E° 1 L°89 0°2L (@) *3- 35480 (TO) us "o
z ¢
ST'G = (OHQ) P xa1dwod 6E°T B°EL 0°8L (e) HN Ammovm:ovcmmmz
ST°6 = (OHQ) 9 96°1 16°% A2 E°GL 1°6L (e) é&:ovcmmmz
4
91'G = (OHA) ¢ 65°¢ b ¥ T AN 1°08 Esm&:ov:m o
2
19 WU -~ -U L unoduo:;
u1o ("HDY ¢ (1) 9 (oWuS) 9 (KO mSH:.N (HO maﬂv 2 P 0

*sbutpear g¢~¢ Fo oberear oyl axe pue ‘yApTA ZH Q0f v uayel sjuensuon BurTdnod

*(wdd £0°T $eM SUOTITPUOD TROTIUIPT Aopun Hocmm

°SUOTINTOS maooo 10 SWI TRUIDIUT 10 SUOTANTOS oN

W FO IFTYS BYlL)
a 103 wdd g = YWI TRUASIAD 03 BATIVTAX 9IE SIITYUS TEOTWAYD

v1300d5 :ﬂ

VLIS *Y°W°'N

8

4

] b aIavL



249

*PaATosax 2q jou pTnos syead wumummmm?
*(1T<ud) 06°0 = Scmmﬁmzs POATOSSTP 0} @ATIRT9I 3ITYS HSEEU*
. . € 4
6 *‘Jox Eou,mo JUDATOS ._..UQUQ SIUDATOS O n_m
cceps dce €
§°6C ‘S°TE = ( HD)
prop = Nﬁmzovu {5789 = (HON) T°€LT _w.ooo A Ecumsscmmmz
29T = (*HD) f6°0¢ = (CHO) .
{5°29 = (HON) {8°g§ = Amzomv 6°0LT 1°186 1L vam.pmazov:m&mz
.oe € w z ) ‘
YT = (THD) fp°0F = M HO LTS .
‘€29 = (HMON) !£'GG = (“HDS) 0°TLT 789 - 9°6£6 LUET §'92 1°82 09z Evpm-.u&u:o?m ng
r r o
3FTUS € Z T 29 oA ol+] o0 punoduo)
S33TUS 12130 0=2 *3su0) butrtdnod S3JTYS TROTWAYD

‘ZH §°'ZF O3 sSjuelsuod Hutidnoo pue wdd 1'of

©3 UPATD 9aB S3ITUS TROTUWAUD

€1309dS O
s £T



250

fall in the region 1630-1570 cm-l for a series of organotin complexes which
contain C=0 groups coordinated to tin, and the strength of the coordination,
along with possible mass effects, can influence the position of this bands’ga
The mass spectra of these complexes indicate that coordination is possible
via the free carboxylate group. The spectrum of (n—C4H9)2Sn(Cl)SCH2CH(NH2)COO
shows the presence of di-tin species, while that of (CH3)2Sn(C1)SCH2CH(NH2)coo
shows a number of peaks which arise from the [(CH3)2Sn(Cl)SCH2CO]; dimer.

At the temperatures employed to obtain the mass spectra, decomposition of

the complexes occurs, and this may make structural assignments less
straightforward. However, we have compared the mass-spectra with that of

(CH3)3SnSCH COOH, taken over temperatures where decomposition does not occur

2
. +
and have observed the species (CH3)3SnSCH2COOSn(CH3)3 ’

H
\
O—H
H
l NHZ Cl
o) R
¢ —CH—CH,—S —3Sn_
I R
r_9 0
4 =
SSn—S—CH,—CH—CZ_
rR™ | | o}
Ct NH; |
H—0O
(n H R=Me, n-Bu
s A° al
0—C
] l /Me
NH,— HC—CH;S —Sn_
Me\\\l Me
Sn — SCH;—CH — NH,
~
Me l é—O
Ci 0/ \CZHS
(n
cl
0
n-Bu l S—CH: Vi
~on” ~CH—C—0 CzHs
n-Bu” ®C
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. .
C0] therein. The data therefore
2

indicate a dimeric five-coordinate structure in the solid, involving

+
(CH3) 3SnSCH2COSn (CH3) 3 and [ (CH3) 3SnsCH2

coordination by C=0 to tin, and the presence of hydrogen bonding, as shown
. . s + -
in structure I. A monomeric structure containing stn(Cl)SCH2CH(NH3 )CO2 °

H20 cannot, however, be completely excluded at this stage.

Structural inferences may be drawn quite readily from the spectra
of the L-cysteine ethyl ester complexes. The coupling constants

1_,119/117 1 2_.119/11 . -
J( / Sn- 3C) and J( 24 7Sn—CH3) in CDCl3 solutions are also

indicative of five-coordinate tin (Tabie 4). The U(NHZ) bands in the i.r.

spectra are typical of coordinated -NH_ groups, whereas the Vv (C=0) groups

2
are not coordinatedg. Coordination of the NH2 group has also been

postulated for a series of organotin(IV) amino acid derivatives7- The i.r.
spectrum of the compound (CH3)ZSn(Cl)SCH2CH2NH2 is similar in the Vv (N-H),
v({Sn-S) and v(Sn-Cl) regions to the spectra of the L-cysteine ethyl ester
derivatives. The mass spectrum of the dimethyltin cysteine ethyl ester
derivative suggests the presence of dimeric species and a structure such

as (II). However, in the case of the dibutyltin complex, all the spectral
evidence indicates a monomeric structure (III). This apparent discrepancy

may be explained because a thermogram of the dimethyltin complex shows that
considerable decomposition occurs at the mass spectral probe temperature

which was employed. Hence, dimeric species may be formed by decomposition

and association in the solid. In any event, preliminary X-ray crystallographic

data (R = 0.069) indicates that this complex does exist with a structure

analogous to (III).
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