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SublNAFtY 

Syntheses and spectroscopic data (1H and 13CNMR IR -.-, -_ 

and M&ssbauer) are presented for L-cysteine ethyl ester, N-acetyl L-cysteine 

and Glutathione (reduced) tri-n-butyl tin derivatives. The L-cysteine 

ethyl ester compound appears to be four coordinate with a Sn-S bond while 

the N-acetyl L-cysteine complex contains a four coordinate (n-C4Hg)3Sn-S 

moiety and a (n-C4H9)3Sn-O-C0 grouping containing chelating carboxylate. 

In rmderately concentrated solutions, dimeric species exist with hydrogen 

bonding between NH and CO groups. The Glutathione complex is strongly 

associated, probably via WSn coordination. The (n-C4H913Sn entities in 

this complex are bonded to the cysteine and glycine residues. 

INTRODUCTION 

Organotin derivatives of amino-acids and dipeptides 

have been studied (l-31, but no investigations of sulfur-containing 

amino-acid derivatives have been reported. The effects of organotins 

in biological systems include inhibition of mitochondrial phosphory- 

lation (4) and functions of the nervous system (5). It has been 

reported that binding of organotinsby thiol groups is significant 

biological systems (6,7). 

in 
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Accordingly, we have studied some organotin derivatives 

of sulfur-containing amino-acids and the tripeptide glutathione reduced. 

We have reported the preparation of diorganotin complexes (8) and 

briefly reported results of triorganotin compounds (91- In this report, 

we present details of preparative procedures for tri-n-butyl tin 

compounds and investigate structural aspects from spectroscopic data. 

EXPERINENTAL. 

(a) Reagents 

Bis(tri-Z-butyltin) oxide was obtained from Alfa 

Inorganics Inc. L-cysteine ethyl ester hydrochloride, N-acetyl 

L-cysteine and glutathione reduced, were all obtained from Aldrich 

Chemicals, and L-cysteine from B.D.H. Biochemicals. All materials 

were used as supplied. 

(b) Syntheses 

(i) a-Glutamy cysteinato-glycinato (S-. 0-.) bis (tri-n-butvl 

stannane) (IV), [(YL-Bu Sn) SG 
3-L 

Glutathione r&uced (1.54g, 0.005 mol) was dissolved in 

120 cm3 water/ethanol (3~7) solvent through which nitrogen had been 

bubbled for Ld hour. The nitrogen atmosphere was maintained, and a 

solution of bis (tri-n-butyltin) oxide (2,98g. 0.005 mol) was added 

slowly. The solution was stirred for 3 hours, and the solvent removed 

under a stream of air. The gelatinous product was dissolved in 

chloroform, and the water layer discarded. The chloroform was allowed 

to air evaporate to 20 cm3, and the product precipitated out by adding 

n-pentane. The heavy oil was dried in a vacuum desiccator for a week, 

to yield a clear, brittle, plastic solid. Yield 3.32g (75%). M-St- 

61-63OC. Soluble in chloroform, carbon tetrachloride and ethanol, but 

insoluble in water. Analysis. Calculated for C34H6g06N3SSn2: 

* 
Abbreviations used are: 

Me = methyl; n-Bu = n-butyl; SG = Glutathione reduced; N-acet L-cyst = 

N-acetyl L-cysteine; L-cyst-eth = L-cysteine ethyl ester; gly = glycine. 
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C, 46.13; H. 7.85; 0. 10.84; N, 4-76; S, 3.62; Sn, 26.816, 

Found: C, 45.88; H, 7.98; 0, 11.9; N, 4.52; S, 3.0; Sn, 27.3%. 

Molecular weight fin 0.005 ?l solution) = 1204; (in 0.024 M solution) = 

185G; corresponding to degrees of association of 1.4 and 2.1 respectively. 

Calculated molecular weight = 885.30, The color of the solid darkens 

on heating and gases are evolved in the range 90-lSO°C_ A TG/DTA 

experiment (Rigaku-Denki Thermoflex instrument/lO°C min -1 ) showed a 

weight loss starting at cQ. 170°C (endothermic) under N2, becoming 

very rapid at 240°C. Approximately 60% weight loss was observed by 350°C. 

(ii) N-acetyl L-cysteinato (S-, O-,) bis (tri-Z-butylstannane) (IV) 

N-dcetyl L-cysteine (1.63g. 0.01 molf and tri-n-butyl tin 

oxide (5.963, 0.01 mol) were mixed in 100 cm3 CHC13. The clear solution 

was stirred for 3 hours and the solvent removed_ The gelatinous product 

was dried in a vacuum desiccator for a week. Yield 5.63 (76%), M.pt_ 

64-66OC_ Soluble in CHC13 and Ccl*, but insoluble in Water_ 

Analysis. Calculated for C H 0 NSSn2: C, 46.99; H, 8.29; 
29 61 3 

Sn, 32.03%. 

Found: C, 46.78; H, 8.11; Sn, 31_5%_ Molecular weight (in 0.015 M 

solution) = 726 (Calc. = 741.15). The compound decomposes extremely 

rapidly under nitrogen between 240 and 300°C in a TG/DTA experiment, 

losing over 90% of the original sample mass. 

(iii) Ethyl L-cysteinato S-(tri-n-butylstannae) (IV) 

A solution of I,-cysteine ethyl ester hydrochloride in ethanol 

(1_86g, 0.01 mol) was titrated with 0.2 M aqueous NaOH to pH 10.5. TC 

this solution was added a solution of tri-n-butyltin oxide (2.98g, 0.005 

mol) in ethanol and the mixture stirred and warmed to 4S°C for $ hour. 

The solvent was removed, and the product dissolved in chloroform (50 cm3)_ 

The solution was filtered, washed with 20 cm3 of water, and the chloroform 

layer dried with anhydrous magnesium sulfate. Removal of the chloroform 

yielded a pale yellow oil which darkened on standinq. Yield 4.Og (91%), 

Analysis. Calculated for C17H3702SN Sn: C, 46.59; H, 8.50; S, 7.32%. 

Found: C, 45.86; H, 7.62; S, 6.9%. Soluble in organic solvents. 
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The product decomposes on standing: after 15 - 2 weeks, a solid is 

deposited. The compound decomposes rapidly under nitrogen between 

200 and 300° . In a TG/DTA experiment, to lose over 906 of the original 

sample mass. The thermal stability of this compound (slightly less 

than that of the N-acetyl L-cysteine derivative) stands in contrast 

with that of the L-cysteine derivative which decomposes rapidly at 

room temperature to give a mixture of products including L-cysteinato S- 

(tri-n-butyl stannanel (IV), L-cysteinato(S-,0-_)bis(tri-n-butyl stannanej- 

(IV) and bis (tri-n-butyltin)sulfide. 

(c) Spectra 

1 
H N.M_R, Spectra wereobtained using a Perkin-Elmer R-32 instrument, 

operating at 90 l-G12 and at ambient temperature. Spectra of organotin 

compounds were obtained from solutions in CDCl 
3 

with TMS as internal 

standard, Uncomplexed ligands were dissolved in D20 and TMS was used 

as an external standard in these cases. 

13 
C N-M-R. spectra were obtained with a JEOL PFT-100FT spectro- 

photometer as previously described (9). 

Infrared spectra were obtained using a Perkin-Elmer 457 instrument 

calibrated with polystyrene film. For solid samples, KBr pressed disks 

were'employed and for oils a liquid film was pressed between KEr plates, 

-1 
The 600-250 cm region for oil samples was recorded from a thin film 

on polypropylene disks. Solution spectra were recorded using a 

solution cell with 0.1 mm path length and fitted with KBr windows. 

&ssbauer Spectra were taken using a conventional constant 

acceleration drive connected to an electromechanicel transducer, The 

absorber was mounted in the tail of a variable temperature cryostat. 

The counting system used a Kr-CO2 proportional counter with preamp., 

amplifier and SCA to accumulate a spectrum into 1024 channels of a 

multi-channel analyzer- Curve fitting was carried out using a least 
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squares computer programme, fitting either one or two doublets, as 

required. The(?:-Bu3Sn)2SG spectrum was taken with the absorber at 

liquid nitrogen temperature whilst the spectrum of(n-Ru3Sn).$N-acet- 

L-cyst)was taken while both absorber and source were at liquid N2 

temperature_ No detectable spectra could be obtained at room 

temperature. 

RESULTS AND DISCUSSION 

1 
H M.M.R. Spectra 

The 2-4 p.p.m. region of the 
1 
H N.M.R. spectrum of freshly- 

prepared n-Bu3Sn(L-cyst-eth) in CM313 is shown in Fig. la together with 

the corresponding region for the ligand [C~H~O~CCH(NH~)CHS-] at pH 12 

in D 0. 
2 

The 3-8 p.p.m. regions of the spectrum of (z-Bu3Sn12(N-acet- 

L-cyst) at various concentrations in CDC13 are shown in Fig- lb. 

The three spin systems, and the four spin systems (at 15% w/w 

concentration) were analysed with the LAOCOON III-program (Table 1). 

Peaks due to the butyl groups tended to obscure peaks of.low intensity 

arising from the ligand protons. Consequently the accuracy of the 

results from the butyltin derivatives are poorer than those from the 

trimethyltin derivative (9) and the L-cysteine ethyl ester anion, both 

of which showed excellent correlation between e_xperimental and 

calculated spectra. 

The residence times of the rotational isomers (Fig. 2) were 

calculated by Pachler's method (11,131. The larger proportion of isomer 

type I for the ligand anion may be due partly to electrostatic 

interactions. The compounds exist largely as isomers of type I, with 

isomer III also somewhat favored. These configurations permit closer 

approach of nitrogen to the tin atom and, as a result, the isomers 

may be stabilized by a Sn----N interaction. As shown in Fig. lb, the 

spectru~n of (n-Bu3Snj2(N-acet L-cyst) changes on dilution, probably 

due to disruption of hydrogen bonding. At 15% w/w concentration, 
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hydrogen bonding is still present, and the results indicate that the 

isomer of type III predominates. The species present at this concentration 

are postulated to be cyclic dimers (as shown by the 1-R. spectra - see 

below) and it is possible that the presence of the species (IV) a&ounts 

for the large residence time obtained_ 

More detailed investigations are needed to clarify this matter, 

since solvent effects and temperature could also play an important role 

(13,141. From the 
3 
J(NH-CH) value of 7.2 Hz, a dihedral angle of 

ca. 30° can be estimated for the CH-NH fragment (15). 

The spectrum of (n-Bu3Snj2SG which consists of a series of 

broad unresolved peaks. is not discussed here. 

(a) 

Fig. la 
1 
A N.M.R. 

Upper: 

Lawer: 

Fig. lb $ N.M.R. 

\ 4 
(b) 

J\ 

spectra in the 2-4 p.p.m. region. 

R-Bu3Sn(L-cyst-eth) 

L-cysteine ethyl ester at pH 12. 

spectra in the 3-8 p.p.m. region for 

(n-Bu3S02 (N-acet Iicyst) at various concentrations 

in CC14r 35% W/W (top); 25% w/w; 15% w/w; 5% w/w (bottom). 
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Fig. 2 Rotational isomers for M-Bu3Sn(L-cyst-eth) (2, II and III) 

and (n-B~3Sn)~(N-acet L-cyst) (IV). 

TABLE 1 

JAB (Hz) SAC(Hz) JBC(Hz) a(I) b (II) c (III) 

L-cyst-eth (pH 12) -12.6 3.8 8.6 0.76 0.14 0.10 

Me3Sn(L-cyst-eth) -13.1 3.5 7.7 0.64 0.10 0.26 

n-Bu3Sn(L-cyst-eth) -12.4 3.8 7.7 0.64 0.14 0.22 

(n-Bu3Sn)2(N-acet- 
L-cyst) -11.6 3.6 3.5 0.11 0.11 0.79 

(15% w/w) 

13C N-M R _ _ Spectra 

This technique enables the n-Bu3Sn-S moiety t0 be identified 

from the aC shift values observed around 13.5 p-p-m- and the n-Bu3Sn-0 
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moiety from IS(K) values CLZ. 17 p.p.m. (Table 2). Data from simpler 

organotin compounds which may be used for comparison is also presented. 

The 6(aC) and 1J(11g'117Sn-13 C) values are indicative of the coordination 

state of the tin in solution (9)_ 

The shift values for the free ligands are also given. These 

data have been obtained from solutions in D20. Since the pH dependence 

of chemical shifts of amino-acids and peptides (16), complex solvent-solute 

interactions (13,171 and group electronegativity effects (18) have 

already been demonstrated, direct comparisons of the free ligand shifts 

with those of the organotin derivatives are not possible_ The organotin 

derivatives may be useful for the study of steric factors and also the 

effects of protic and non-protic solvents on the properties of amino-acids 

and peptides of this type. 

Mossbauer Spectra 

The spectrum of (?z-Bu~S~)~SG is shown in Fig. 3, and Table 3 

also contains isomer shift and quadrupole splitting values of related 

compounds. The inner doublets of both (n-Bu3Sn)2SG and (n-Bu3Sn) 
2- 

(N-acet L-cyst), can be assigned to the n-Bu3Sn-S moiety and the outer 

doublets to n-Bu3Sn-0. Values of the parameter @ (the ratio of guadrupole 

splitting to isomer shift) below 2.1 are indicative of essentially 

tetrahedral structures about the tin atom; while p>2.1 indicates higher 

coordination number (19). Quadrupole splitting values for pentacoordinate 

structures have been reported, (21) and attempts to differentiate between 

five-coordinate structures such as (A) and (B) using quadrupole splitting 

values have been made, but these have met with limited success (20). 

X R 

(A) 

R\Snm R 

R' 

(B) 
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The associated nature of (n-Su3Sn)2SG indicates that the outer 

doublet is likely to have originated from a structure of type (A). 

The monomeric nature of (+Bu3Sn)2Wacet L- cyst) and the psition of 

v(C=O) (see below) would suggest a structure of type (B). 

I 1 I 1 

-6 -f -4 -3 -2 -1 0 12 3 4 5 6 
0.90 

mm/s 

Fig. 3 &f&sbauer spectrum of (n-Bu3Sn)2SG. 

The areas of the doublets (Fig. 3) of (n-Bu3Sn)2SG are in the ratio 

1:1.75, while those of (n-Bu3Sn)2(N-acet L-cyst) are 1~1-30- The 

stronger association observed in (n-Bu Sn) 
3 2 

SG is shown to be due to Sri+++ 

coordination (see below), and probably accounts for the different 

ratios observed. The (R-_Bu3Sn)2(N-acet L-cyst) is associated in the 

solid Vk intermolecular hydrogen bonding. No simple relationships 

appear to exist between coordination number and the reccil-free 

fraction (20,22), but recent variable temperature studies have shown 

a relationship between association in the lattice structure and the 

recoil-frce.fraction (22). 
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TABLE 3 

Compound 1.s -1 
(ms 1 Q.S (mms 

-1 
1 

Ref. 

WBu3Sn)2SG 1.43 1.76 1.23 

1.44 3.43 2.38 

(r.-Bu3Sn) 2 (N-acet L’cyst) i 1.34 1.62 1.21 

1.38 3.59 2.60 

(?Z-Bu3Sn)2(SCH2COO) 1.40 1.75 1.25 32 

1.40 3.77 2.69 

n-Bu3SnSC 12H25 1.50 1.44 0.96 32 

"-Bu3Sn02C(CH2) llCH3 3.62 20 

YZ-Bu3Sn(gly) 1.42 3.21 2.26 1 

Infrared spectra 

Solid and solution spectral data are contained in Table 4. 

Discussion of the results will be centred on the v (N-H) and v(C=O) nwdes. 

(5) "(N-H) region 

The position.of the v(N-HI bands is influenced by 

hydrogen bonding and by coordination of the nitrogen to tin. The shift 

to lower wavenumber caused by coordination has been discussed (1,231. 

Studies related to hydrogen bonding in amino-acids, peptides and 

model systems have been extensive (15,24-27). 

YZ-Bu3Sn(L-cyst-eth) exhibits -broad bands of relatively low 

intensity which are typical of hydrogen bonded hH 2 groups (21). The 

instability of this compound prevented detailed studies on solutions. 

The spectrum of (n-B~3Sn)~(N-acet L-cyst) was recorded over a wide 

concentration range (Fig. 4a) and provided some very interesting data. 

In the solid there is one baud of medium intensity in the infrared 

due to a hydrogen bonded N-H group. At decreasing concentrations in 

CC14, a second band due to free N-H is observed. The latter increases 

in intensity on dilution while that due to bonded N-H decreases. 
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(a) 

1 

2 
v 

v 

3 

kk 

4 

v' 

5 El 
3LOO 3200 3mJ 

b 

X00 3200 3000 

WAVENUMBER u-n-’ WAVENUMBER 

Fig. 4a The v(N-H) (left) and v(C=O) (right) regions in 

i-r. spectrum of (n-Bu3Sn)2(N-acet L-cyst) 

1. solid ligand. 

solution in CC1 
4. 

2. solid complex. 3. complex, 50% w/w 

4. complex, 20% w/w. 5. complex, 2.5% w/w. 

Fig. 4b The v(N-HI (left) and utC=O) (right) regions in the i-r. 

(b) 

1700 1600 I 

cm’ 

the 

0 

spectrum of (n-Bu3Sn)SG. 

1. solid ligand. 2. complex, thin film. 3. complex. 

20% w/w solution in CC14. 4. complex, 12% w/w. 

5. complex 5% w/w. 

Treatment of these results according to the method outlined by Werner 

et al. (28) suggests that the hydrogen bonded species are cyclic dimers. 

The disappearance of the bonded v(N-H) band at a concentration 0.06M 

effectively rules out double hydrogen bonding in an extended form (27). 

The presence of dimeric species as shown by structure (IV), would require 

a cis arrangement of the amide group. Such an arrangement may be forced 

on the molecule by the steric requirements of the bulky organotin 
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moieties. The virtual disappearance of the bonded N-H stretching 

frequency at 12% w/w concentration indicates that the association is 

relatively weak (27,301. 

The spectrum of (n-Bu3Sn)2SG is shown in Fig. 4b and is 

recorded over a wide concentration range (50% - 5% w/w solutions). 

The v(N-H) peaks do not show appreciable concentration dependence, 

which rules out the presence of intermolecular hydrogen bonding. 

Molecular weight determinations show that the complex is associated in 

solution (the solution employed in molecular weight determinations were 

also used to record 1-R. spectra). Thus this portion of the spectrum 

could be due to the presence of intranwlecularly hydrogen bonded N-H 

groups and/or due to N-H coordination to the tin atom. The association 

in solution must certainly be due to N+Sn coordination, and complexes 

of glutathione with nickel, palladium, cobalt and copper show bands 

-1 
at 3260-3300 cm which have been assigned to coordinated amino or 

amide groups (30). 

(ii) v(C=O) region 

The u(C=O) bands of (n-Bu3Sn)2(N-acet L-cyst) and 

(n-Bu3Sn)2SG are shown in Figs, 4a and 4b respectively. 
-1 

The 1625 cm 

peak of the N-acetyl L-cysteine derivative shows a shift, until at 12% 

solution both amide and carboxylate C=O bands are observed. The shift 

of the amide band is consistent with the loss of hydrogen bonding. The 

carboxylate band appears to be analogous to those reported for tribeslzyltin 

acetate (32). tricyclohexyltin qlycinate (1) and bis(tributyltin)- 

thioqlycolate (32jfi all of which are thought to contain intramolecular 

interacting groups. The solution spectra certainly rule out carboxylate 

bridging: the difference [w(C=O) 
=ym- 

U(C=o) 
sylil~ b 

eing relatively 

constant (Table 4) and similar to values reported for unassociated 

orqanotin carboxylates (33) - 

This region for the qlutathione derivative is complicated by 

the presence of two carboxylate and two amide carbonyl groups. The 
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TABLE 4 

Infra-red Spectra' (in cm 
-1 

) 

ii) Solid phizsz am? oils 

Compound V(N-H) ViC=o) 
2 

V(Srl-C) V(.sIl-S) 'J(S-H) 

n-Bu3Sn(L-cyst-eth) 3375(m) 1743(s) 6OOk.1 330(m) absent 

3200(w) 513(w) 

(n-Bu3Sn)2(N-acet L-cyst) 

I 

3270(m) 1625(s_br) 595(m) - absent 

3090(w) 515(m) 

(n-Bu3SxQ2SG 

I 

3395(m.brl 1645(s.br) 600(s) 390(w) absent 

3295(s_br) 518(m) 

N-acetyl L-cysteine 

I 

3372(s) 1723(s) 2548(s) 

3280(w_br) 1585(s_brl 

Glutathione (red) 

i 

3344(s) 1715(s) 2525(m) 

3245(s) 1655?(s) 

3124(s) 

3024(s) 

(ii) SoZution spectra (in CCt,l 

compound w(N-H) v(C=o1asym w(C=G)sym A* v (sn-cl w(Sn-s1 

(n-B~3Sn)~(N-acet L-cyst) 

(50% w/w) 

(20% w/w) 

(12% w/w) 

(2.5% w/w) 

(?z-Bu3Sn)2SG 

(>50% w/w, film) 

(20% w/w) 

I 
3418(m) 1645(s,v.br) 

3295(m) 

3090(w) 

I 

3425(m) 1675'kh) 

3300(w,br)1660(vs) 

I 

3425(m) 1685+(s) 

1662(s) 

i 

3428(m) 1685i(s) 
1662(s) 

3400(w,sh)1645(s,br) 

3293(m) 

3070(w,br) 

3400(w) 1650(s,v.br) 

3293(m) 

3060(sh,br) 

1382(s) 278 

1381(s) 281 

1379(s) 283 
1395(s) 250 

1392(s) 258 600(m) 

595(m) 

518(m) 

590(m) 

523(m) 

590(m) 

525(m) 

385(w) 

590(m) 
525(m) 
600(m) 

515(w) 

385(w/w 

520(w) 
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TABLE 4 (Cont'd) 

Compound 
* 

v(N-H) v(C=O)asym v(C=O)sym A v(Sn-C) v(Sn-S) 

(12%(W/W) 3400(w) 1650(s,v.br) 1392(s) 258 600(m) 

3293(m) (1380?) (270?) SlS(vw) 

3060(w) 

(5% w/w) f3410(w,br)1658(s) 

3293(m) 

3060(w,br) 

1390(s) 268 600(w) 

1. Assignments based on published values and by comparison with spectra of 

the ligand and simpler organotin compounds. 

2, 
-1 

The "(RHO) modes also appears in the 1600 cm region (ref. 231. 

i amide carbonyl group 

* A = [v(C=O)asym - u(C=O)sym] 

S = strong: m = medium; w = weak; br = broad; sh = shoulder. 

disappearance of 

glycine residue, 

-1 
the 1715 cm band 

shows that bonding 

in the free ligand, due to the 

has occurred at this carboxylate 

group. The broad band observed in the complex (Fig. Qbf shows a small 

shift in solution. The v (C=O) sym 
-1 

bands are observed at 1390 cm (or 

-1 
1380 cm )_ These do not show any appreciable shift in solution, thus 

eliminating the possibility of carboxqrlate bridging. 

STRUCTURES OF THE ORGFNOTIX DERIVATIVES 

From the results presented, a number of deductions can be 

made concerning the structures of the contpound~ reported. 

1. Ethyl I.-cysteinato S-(tri-n-butyl stannane) (IV) 

-1 
Since the v(C=O) band appears at 1743 cm , the carbonyl 

oxygen does not coordinate with the tin atom. In addition, the 13C 

N.M.R. spectrum is indicative of four coordinate tin in solution. 
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The infrared spectrum, however, shows that the NH2 group is involved 

in hydrogen bonding. 

The 
1 
H N.M.R. results indicate that the preferred conformer 

is (Il. It is apparent that the chemical shift of the -SCH2- protons 

is markedly affected by the tributyltin moiety in comparison with the 

spectrum of the free ligand. This effect is probably due to the 

electronegativity of the tributylstannyl group (lO,ll)_ 

2. N-Acetyl L-Cysteinato (S,O)-bis(tri-n-butvl stannane) (IV) 

The 13C N ‘rl R _I- _ spectrum of a solution ea. 30% n/w (in 

CDC13) and the M&sbauer spectrum at liquid N2 temperature show that 

the n-Bu3Sn-S moiety is four coordinate about tin and the n-Bu3Sn-0 

grouping is similar to that in tributyltin carboxylates. In dilute 

solution. the molecular weight corresponds to a n~nxxner while infrared 

and 
1 
H N.M.R. spectra reveal the p_resence of intermolecular hydrogen 

Progressive dilution causes changes in the 
1 

bonding. H N.M.R. spectral 

peaks and the predominance of rotational isomer(II1) in a 15% w/w 

solution may be deduced. 

The V(c=O) values in both solid and solution infrared 

spectra compare well with those from structures containing chelating 

carboxylate groups- A dimeric formulation (structure IV), with 

association Via hydrogen bonding between the NH and CO groups of 

neighbouriny molecules is consistent with the solution infrared 

spectra. Such a structure would be consistent with the high residence 

time observed for isomer (III). The dihedral angle (ea. 30°) estimated 

from the 'H N.M.R, data is also consistent with this model, in which 

the NH-Ui fragment can move into a position to allow the tributylstannyl 

groups of the two molecules to be furthest apart. 

The hydrogen bonding association in solution is fairly weak 

(as shown by its disappearance below 12% W/W), but in the solid such 

association is probably rare extensive, The structure of the compound 

may therefore be represented by Fig. 5. 
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BqSn 

\ S- C” 

2- 
CH _ ~0===.s”*u3 
I 

c\g/ 

.*o \ I 
6u,Sns<oiC CH--CH,--S\SnBu, 

Fig. 5 Structure of @-B~~Sn)~(N-acet L-cyst) - 

3. e_Glutamyl cysteinato-qlycinato(S-,0-)bis(tri-;l-butvl- 

stannane) (IV) 

For this particularly interesting complex, the infrared 

spectrum shows the organotin entities are bonded to the cysteine and 

glycine residues. One tin atom is four coordinate and the other 

pentacoordinate, as shown by both 
13 

C N.L.1.R. and %ssbauer spectra. 

The occurrence of intramolecular association is shown by the infrared 

spectrum, molecular weight determinations, and indicated by the increased 

area of the outer doublet in the %ssbauer spectrum. The infrared 

spectrum'rules out carboxylate bridging or intermolecular hydrogen 

bonding and shows that the strong association observed in dilute 

solutions is due to N-+Sn coordination. 

pBu Q-Bu n-Bu Q-Bu n_-Bu Q-Bu 

\/ \/ \/ 
. . .._ *Sn- (Gly-Glut)--;*Sn-(Gly-Glut)*Sn-(Gly-Glut)...--- 

n ‘Bu cb!St n’ Bu c?St 
1 -- I -- I 

Sn(pBuJ Sn(n-Bu,) Sn(_n -BuJ 

Fig.6 Structure of W-Bu3Sn12SG. 



It is thereFore proposed that the organotin units consist 

c4HQ 

WhT 
\ /C4Hg 0 

--+ Sn 
\ o- 

: -CH2 

[Cysteine residue] 

[Glycine residue] 

c4n9 

Overall, the structure may be written as in Pig. 6_ 
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