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Abstract 

The two trimethyltir-dipeptide complexes, 
PhCO~Leu*His~OMe(SnMes) and PhCO*His*Cys* 
OMe(SnMea), have been synthesised and characteris- 
ed. 

Introduction 

Most notable amongst the protein systems to 
which triorganotin fragments are known to bind are 
the haemoglobins [la-e] and the adenosine tri- 
phosphotase system [Za-e] . Both histidine (via the 
imidazole ring) and cysteine (via the sulphydryl 
group) residues have been implicated in the binding 
of triethyltin to cat and rat haemoglobins, with two 
triorganotin residues bound at identical sites on the 
alpha-chain sub-unit of the haemoglobin tetramer, 
and also in the low-affinity site of the ATPase system. 
In both cases the coordination number at tin was 
considered from Mossbauer data to be five in a cis- 
trigonal bipyramidal arrangement [Id, 2c, 2d] . How- 
ever, the binding at the high-affinity ATPase site 
appears to involve only a histidyl imidazole residue 
resulting in four-coordination for tin, although a 
cis trigonal bipyramidal geometry could not be 
unequivocally excluded [2c, 2d] . 

Although other workers have previously char- 
acterised triorganotin derivatives of simple amino 
acids, their N-acyl derivatives, glycylglycine, methyl 
cysteinate and glutathione [3a-i] , these compounds 
do not represent accurate models for triorganotin- 
protein interactions of these types, since they take 
little or no account of the additional terminal amino 
and carboxyl functions, which in the proteins them- 
selves would be involved in peptide-link formation 
along the protein backbone. In order to overcome 
this shortcoming in modelling strategy, we have 
synthesised the trimethyltin derivatives of two ter- 
minally-protected dipeptides, methyl N-benzoyl-l- 
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leucyl-l-histidinate (I) and methyl N-benzoyl-l- 
histidyl-l-cysteinate (II) as models for the inter- 
action of trimethyltin with, respectively, the high- 
affinity site of ATPase (histidine only), and the low- 
affinity site of ATPase and haemoglobins (histidine 
and cysteine). 

xi% Sn Me, 

I 
SnMe, 

II 

Both complexes are off-white, non-crystalline 
solids which are soluble in dmso, although complex 
I is also soluble in methanol and chlorinated hydro- 
carbons. In the solid, I exhibits both antisymmetric 
and symmetric v(SnC,) vibrations (infrared (RBr 
disc): 549 cm-’ and 519 cm-‘; Raman: 548 cm-’ 
and 514 cm-‘], characteristic of a non-planar [Mes- 
Sn] moiety. The value of the Mossbauer quadru- 
pole splitting (3.16 mm s-l) is, however, significantly 
higher than might be expected for ideal tetrahedral 

]SnGNl coordination and indicates disortion 
towards trigonal bipyramidal geometry. Confirma- 
tion of this inference is afforded by the observation 
of fragments in the mass spectrum resulting from 
cleavage of the leucine a-carbon-to-peptide carbonyl 
bond for both dipeptide ligands either side of the 
[Me&in] moiety along a one-dimensional polymeric 
chain, formed by a long interaction between the 
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terminal amide oxygen of one molecule and the 
tin of an adjacent molecule. That the intermolecular 
association is very weak is indicated by the very 
small lowering of the amide v(C=O), and also by 
the high negative value of the Mijssbauer recoil- 
free fraction temperature coefficient, fz, (-1.91 X 
10” K-r) which is of the same magnitude as those 
previously determined for organotin compounds 
known from crystallographic data to possess molec- 
ular lattices [4] . 

In contrast, complex II exhibits only the anti- 
symmetric v(SnCa) mode in the infrared at 551 
cm-’ (the compound decomposes in the laser pre- 
cluding Raman measurement), whilst Mijssbauer 
quadrupole splitting and a values of 3.35 mm s-r 
and -1.69 X lO_ K-l, respectively, are indicative 
of a more tightly bound one-dimensional chain 
structure in which planar [MeaSn] moieties are 
bridged by the dipeptide, and resulting in a tram 
trigonal bipyramidal geometry at tin. That the axial 
ligands at tin are imidazole nitrogen and sulphydryl 
sulphur, is apparent from the observation of frag- 
ments in the mass spectrum at m/e values of 554, 
524, 360 and 345 which contain a central [(imida- 
zole)-Sn-S-CH-] unit. 

Upon dissolution the solid-state chain struc- 
ture of both complexes is broken down. However, 
the nature of the solution species is complex. In 
da-methanol, the r3C NMR spectrum of complex 
I exhibits a single Sn13CH3 resonance with clearly 
resolved satellites (1J(“7*“QSn-‘3C) = 471,2, 493.1 
Hz), showing that five-coordination is retained 
in solution, presumably by coordination of a sol- 
vent molecule. Chemical shift data for the imida- 
zole ring carbon atoms indicate that the tin is bound 
to Nl of the ring. In addition, the spectrum shows 
the presence of cis and tram isomers resulting from 
restricted rotation about both the amide and 
peptide bands. Only one type of Sn1’CH3 reso- 
nance may be distinguished in CH2C12/CDC13, al- 
though the two SnCH3 resonances (separated by 
0.01 ppm) are observed in the ‘H spectrum (in 
CDCla). Both single-bond 1J(“7*“gSn-13C) (475 
Hz, unresolved) and two-bond 2J(“7V119Sn-1H) 
(61.2, 63.9 Hz) confirm five-coordination for tin, 
whilst the frans amide conformer of the dipeptide 
skeleton is favoured. In contrast to the situation 
in d4-methanol, the imidazole 13C chemical shift 
pattern in the chlorinated methane solvent mix- 
ture shows the occurrence of a dynamic equilib- 
rium between both ring nitrogen atoms as bind- 
ing sites for the trimethyltin group. These data, 
therefore, tend to support a ‘head-to-tail’ dimeric 
structure in this non-donor solvent system, in 
which the tin atoms are bridged by amide car- 
bony1 and rotating imidazole groups. A similar 
situation also appears to occur in dmso solu- 
tion. 

I still possesses substantial Lewis acidity, and 
shows a distinct tendency towards tram trigonal 
bipyramidal five-coordination, thus casting some 
doubt on the proposed four-coordinated nature of 
the high-affinity binding site of the ATPase system, 
and (ii) in complex II, even though the juxtaposi- 
tion of the histidyl and cysteinyl residues in the 
dipeptide might be expected to favour chelation of 
the dipeptide to tin leading to a cis trigonal bipyra- 
midal geometry of tin, the nitrogen and sulphur 
donors prefer axial sites of a trans trigonal 
bipyramidal arrangement, at least in the solid-state. 
As such, this structure may provide a reasonable 
model for the bonding of the triorganotin residues 
by the 13a cystein and 2Oo histidine residues in cat 
haemoglobin as proposed by Taketa and his co- 
workers [ le] . 

Acknowledgements 

We thank the SERC and the International Tin 
Research Institute for support. 

References 

2 

1 (a) M. S. Rose and W. N. Aldridge, Biochem. J.. 160, 821 
(1968); 
(b) B. M. Elliott and W. N. Aldridge, Biochem. J., 163. 
583 (1977); 
(c) M. S. Rose,Biochem. J., 111. 129 (1969); 
(d) B. M. Elliott, W. M. Aldridge and J. W. Bridges, Bio- 
them. J., 177. 461 (1979). 
(e) F. Taketa, K. Sievenlist, J. Kasten-Jolly and N. 
Palosaati, Arc. Biochem. Biophjs., 203. 466 (1980). 
(a) K. Cain and D. E. Griffitbs. Biochem. J.. 162. 575 
(1977); 
(b) W. N. Aldridge and B. W. Street, Biochem. J.. 118. 171 
(1970). 
(c) B. G. Farrow and A. P. Dawson, Eur. J. Biochem., 86, 
85 (1978); 
(d) A. P. Dawson, B. G. Farrow and M. J. Selwyn, Bio- 
Chem. J., 202. 163 (1982): 
(e) A. P. Dawson and M. J. Selwyn,Biochem. J.. 138, 349 
(1974). 



Terminally Protected Dipeptides with Trimethyltin 

3 (a) B. Y. K. Ho and J. J. Zuckerman, Inorg. Chem., 12. 
1551 (1973); 
(b) G. Domazetis, R. J. Magee and B. D. James,J. Organo- 
met. Chem.. 162, 239 (1978); 
(c) G. Roge, F. Huber, H. Preut, A. Silvestri and R. 
Barbieri,J. Chem. Sot., Dalton Trans., 595 (1983); 
(d) G. Roge, F. Huber, A. Silvestri and R. Barbieri, Z. 
Naturforsch., Teil B:, 37, 1456 (1982); 
(e) J. D. Cashion, G. Domazetis and B. D. James, J. 
Organomet. Chem., 185, 433 (1980); 

9 

(f) F. Huber, H. J. Haupt, H. Preut, R. Barbieri and M. T. 
Lo Giudice, Z. Anorg. Allg. Chem., 432. 51 (1977); 
(9) G. Domazetis, R. L. Magee and B. D. James, Inorg. 
Chim. Acta, 32. L48 (1979); 
(h) G. Domazetis, M. F. MacKay, R. J. Magee and B. D. 
James,Znorg. Chim. Acta, 34, L247 (1979); 
(i) G. Domazetis, R. J. Magee and B. D. James, J. Organo- 
met. Chem., 173. 357 (1979). 

4 P. G. Harrison, R. C. Phillips and E. W. Thornton, J. Chem. 
Sot., Chem. Commun., 603 (1977). 


