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COMPLEX EQUILIBRIA INVOLVING 
TRIPHENYLTIN(1V) WITH SOME SELECTED 

AMINO ACIDS AND NUCLEOTIDES 

M.M. SHOUKRY’ and M.M.H. MOHAMED 

Department of Chemistry, Faculty of Science, Cairo University, Giza, Egypt 

(Received 9 October 1996; In frnal form 28 January 1997) 

Complex formation equilibria for triphenyltin(1V) with selected aminoacids and nucleotides having 
a variety of model functional groups were studied. Stoichiometries and stability constants for the 
complexes formed were determined by a potentiometric technique, in 75% dioxane-water solution. 
Amino acids and nucleotides are bound to Ph,Sn(IV) as monodentates. The effect of the pK, of the 
amino acid on the stability constant of its complex species was elucidated. Concentration 
distributions of the various complex species were evaluated as a function of pH. 

Keywords: complex formation, equilibria, triphenyltin(IV), aminoacid, nucleotides 

INTRODUCTION 

Organotin compounds have attracted considerable attention because of their 
significant biological activity. The first work on the biological properties of 
triphenyltin(1V) compounds was camed out in the early 1950s by van der Kerk 
and Luijten, who discovered the high fungicidal activity of triphenyltin(1V) 
compounds [ 11.  The first organotin compounds to reach commercialisation were 
triphenyltin(1V) acetate and triphenyltin(1V) hydroxide, both of which are widely 
used [2, 31 to combat a number of fungal diseases in various crops, particularly 
potato blight, leaf spot on sugar beet and celery, rice blast and coffee leaf rust. 
A further interesting property [4] of these triphenyltin fungicides is that they 
function as “antifeedants”, in that they deter insects from feeding, and they may 
also act as insect chemosteriiants. 

A detailed knowledge of the complex formation ability of triphenyltin(1V) 
with bioligands such as amino acids and DNA units has confirmed the biological 
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significance of this reagent. In continuation of our current studies of 
organotin(1V) complexes [5-81, the present investigation traces the formation and 
characteristics of triphenyltin(1V) complexes involving selected amino acids and 
nucleotides. 

EXPERIMENTAL 

Materials and Reagents 

Triphenyltin(1V) chloride (TPT) was received from Merck Chem. Co. The 
ligands (L) used were (natural hand of optically active aminoacids) glycine, 
alanine, proline, valine, P-phenylalanine, S-methylcysteine, iso-leucine, threo- 
nine, serine, methylamine, imidazole, acetic acid, histidine, histamine.2HC1, 
lysine.HC1, ornithine.HC1, penicillamine, mercaptoethylamine.HC1, mercapto- 
propionic acid, cysteine, inosine, uracil, thymine, thymidine and adenine. These 
were supplied by Fluka Chem. Co. Triphenyltin(1V) chloride was converted to 
the perchlorate by suspending it in dioxane, adding 0.99 equivalents of AgC104 
and stirring over night. The precipitate was filtered off and the resulting final 
solution was made up in 75% dioxane-water solution. The concentration of TPT 
was checked potentiometrically. Solutions of methylamine, imidazole and 
histidine were prepared in the protonated form by dissolving in equimolar HN03 
solutions. Carbonate-free sodium hydroxide stock solutions were prepared by 
diluting the contents of BDH concentrated volumetric solution vials. These 
solutions were systematically checked by titration against potassium hydrogen 
phthalate. All solutions were prepared in deionized water. 

Procedure and Measuring Techniques 

Potentiometric titrations were performed using a Metrohm 686 titroprocessor 
equipped with a 665 dosimat (Switzerland-Herisaue). The titroprocessor and 
electrode were calibrated with standard buffer solutions, prepared according to 
NBS specifications [9]. The titrations were carried out in a purified nitrogen 
atmosphere using a titration vessel described previously [lo]. The temperature 
was maintained constant by a Colora ultrathermostat; pK, in 75% dioxane-water 
solutions was determined as described previously [ 1 I] .  For this purpose various 
amounts of standard NaOH solution (in 75% dioxane) were added to a solution 
containing 0.10 M NaN03. The value of -log[H] was calculated from the 
amount of base added. The product of [OH] and [HI was taken and the mean 
value obtained in this way for the log concentration product is logK, = 16.21. 
This value is in good agreement with that previously determined in 70% dioxane, 
as logK, = 16.0 [ 111. 
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TRIPHENYLTIN COMPLEXES 219 

The following mixtures (A)-(C) were prepared in 75% dioxane-water mixture 
and titrated potentiometrically with standardized NaOH solution, -0.1 M. 

(A) 40 cm3 of a solution containing 2.5 X 

(B) 40 cm3 of a solution containing 2.5 X lo-' M TPT and 0.1 M NaCIO,. 
(C) 40 cm3 of a solution containing 2.5 X lop3 M TPT, 2.5 X lo-' M ligand 

M ligand and 0.1 M NaCIO,. 

and 0.1 M NaClO,. 

The acid dissociation constants of the ligands were determined by titrating 
mixture (A) of each. The stability constants of the hydroxo complexes 
[TPT(OH)] were determined by titrating mixture (B). The stability constants of 
the triphenyltin(1V) complexes were determined by titrating mixture (C). 

Equilibrium constants were evaluated from titration data. These are defined by 
equations ( I )  and (2) 

1(M) + p(L) + q(H) (M)I(L)p(Wq (1) 

Here, M, L and H represent organotin(IV), ligand and proton respectively. 
Calculations were performed using the computer program [ 121 MINIQUAD-75 
loaded on an IBM 486 computer. The model selected gave the best statistical fit 
and was chemically consistent with the titration data without giving any 
systematic drifts in the magnitudes of various residuals, as described elsewhere 
[12]. The fitted model was tested by comparing the experimental titration data 
points and the theoretical curve calculated from the values of acid dissociation 
constant of the ligand and formation constants of the corresponding complexes. 
The results obtained are listed in Table I. The concentration distribution diagrams 
were obtained using the program SPECIES [ 131 

RESULTS AND DISCUSSION 

The acid dissociation constants of the ligands have been reported [14]. We 
redetermined them under the experimental conditions used for determining the 
stability constants of the organotin(1V) complexes. It is found that pK, values of 
the ligands in 75% dioxane-water solutions are higher than those reported in 
water. This may be due to the increased basicity of the ligand donor groups. 

Acid-base chemistry of triphenyltin(1V) has been characterized by fitting the 
potentiometric data (mixture B), to various acid-base models. The fitted model 
was found to be consistent with a [(Ph)$nOH] species having logp,,, = -5.71 
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TABLE I Formation constants for triphenyltin(1V) involving amino acids and nucleotides. 
___ 

svstem 1 P 4" h p h  s 
TIT 
Glycine 

Alanine 

Proline 

Valine 

PPhenylalanine 

S-Methylcysteine 

iso-Leucine 

Threonine 

Serine 

Methy lamine 

Imidazole 

Acetic acid 

Histidine 

Histamine 

Ornithine 

Lysine 

Mercaptoethylamine 

Mercaptopropionic acid 

1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
I 
0 
1 
0 
1 
0 
I 
0 
I 
0 
1 
0 
I 
0 
0 
1 
1 
0 
0 
1 
1 
0 
0 
1 
1 
0 
0 
1 
I 
0 
0 
1 
1 
0 
0 
1 
1 

0 
1 
1 
1 
1 
1 
I 
1 
1 
1 
1 
I 
1 
1 
1 
I 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
I 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
I 
1 
1 
1 

-1  
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
2 
0 
1 
1 
2 
0 
1 
1 
2 
0 
1 
1 
2 
0 
1 
1 
2 
0 
1 
1 
2 
0 
1 

-5.7 l(0.02) 
9.74(0.02) 
6.75(0.03) 
9.97(0.00) 
6.83(0.09) 

10.62(0.01) 
7.4810.02) 
9.75(0.00) 
6.49(0.04) 
9.13(0.00) 
6.48(0.04) 
9.02(0.00) 
5.81(0.02) 
9.70(0.01) 
6.96(0.03) 
9.30(0.00) 
6.22(0.02) 
9.3 l(0.01) 
6.20(0.03) 
9.99(0.00) 
6.73(0.01) 
6.02(0.01) 
3.92(0.01) 
6.92(0.00) 
4.79(0.01) 
9.41(0.00) 

14.95(0.01) 
6.23(0.01) 

I 1.94(0.03) 
9.34(0.00) 

14.59(0.01) 
5.85(0.01) 

1 1.14(0.07) 
10.45(0.00) 
19.18(0.01) 
7.22(0.02) 

16.07(0.02) 
10.22(0.01) 
19.39(0.01) 
6.89(0.06) 

16.07(0.06) 
12.46(0.01) 
20.82(0.01) 
1 1.28(0.07) 
19.70(0.06) 
12.37(0.01) 
19.07(0.0 I )  
1 1.89(0.07) 
19.38(0.06) 

1.9E-7 
2.7E-10 

3.38-8 
9.48-7 

4.6E-7 

l.lE-6 

3.OE-7 
8.7E-8 
3.48-7 

6.4E-7 

1.8E-7 

2.3E-8 

5.OE-8 

1.2E-7 
3.OE-7 
3.OE-8 
4.OE-7 
2. I E-7 
6.9E-7 

1.7E-7 
2.7E-8 
l.lE-8 
1 .OE-9 
7.2E-9 

2.5E-8 

1.6E-8 

3.78-8 

1.5E-8 

2.3E-8 

5.6E-9 

7.1E-8 

I .3E-7 

4.88-7 

2.1 E-7 

4.7E-7 

7.88-8 

1.2E-7 
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TRIPHENYLTIN COMPLEXES 22 1 

TABLE 1 cont Formation constants for triphenyltin(1V) involving amino acids and nucleotides. 

Penicillamine 0 
0 
1 
1 

0 
I 
1 

Inosine 0 
1 

Uracil 0 
1 

Thymine 0 
1 

thymidine 0 
1 

Adenine 0 
0 
1 

Cysteine 0 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
2 
0 
1 
1 
2 
0 
1 
1 
0 
I 
0 
1 
0 
1 
0 
1 
2 
0 

12.41(0.01) 
20.73(0.02) 
11.10(0.02) 
18.91(0.02) 
12.24(0.01) 
21.22(0.03) 
12.98(0.09) 
19.60(0.04) 
9.41(0.01) 
7.17(0.01) 

10.45(0.02) 
8.23(0.02) 

10.93(0.01) 
8.60(0.01) 

11.10(0.01) 
8.85(0.01) 

10.80(0.02) 
14.54(0.08) 
6.86(0.11) 

1.2E-7 

3.1E-7 

3.8E-7 

5.2E-7 

3.3E-8 
1.5E-8 
4.38-7 
2.6E-8 
1.3E-7 
3.68-8 
1.4E-I 
3.OE-8 
2.1E-7 
1.7E-6 

”Here, 1, p and q are the stoichiometric coefficients corresponding to TIT, amino acid or nucleotide. 
and H+, respectively. bStandard deviations are given in parentheses. ‘Sum of squares of residuals. 

f 0.02. The concentration of the hydrolysed species increases with increasing 
pH, attaining a maximum of 99.9% at pH = 8.6. 

Potentiometric titration curves for the triphenyltin(1V)-glycine system, taken 
as being representative, are shown in Figure 1. The complex titration curve starts 
at pH = 4 and is significantly lower than the ligand titration curve. This 
corresponds to the formation of a complex species through release of a hydrogen 
ion. Combined results of all ligands investigated show the formation of one 
complex species with a ligand-to-metal ratio of 1 : 1. There was no evidence for 
the formation of polymeric species. The stability constant, represented by the 
logK value, of the TIT-methylamine complex is 6.73. This is fair agreement with 
the stability constants obtained for the amino acids studied (Table I), if the 
difference in the basicity of methylamine and those of amino acids would be 
considered. This coincidence reveals that the amino acids coordinate to 
Ph,Sn(IV) as monodentates, most likely via the amino group. Histidine, 
histamine, lysine, ornithine, mercaptoethylamine, mercaptopropionic acid, 
penicillamine and cysteine (H,L) form the complexes [(TPT)(L)] and 
[(TPT)(HL)]. The acid dissociation constant of the protonated complex is given 
by relationship (3 )  [ 151 
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8 -  

Values of pKH are 5.7 I and 5.29 for histidine and histamine, respectively. These 
compare favourably with the acid dissociation constant of the imdazole residues 
of histidine and histamine, which are 5.54 and 5.24, respectively. Furthermore, it 
should be recognized that the stability constants of the deprotonated complexes 
of histidine and histamine are in fair agreement with the stability constants 
obtained for the other aminoacid complexes, but not with the imidazole complex 
(IogK = 3.92). This provides a further support for the view that histamine and 
histidine coordinate to Ph,Sn(IV) through their amino groups. 

Titration curves of the triphenyltin(1V) complex with niercaptopropionic acid 
coincide with the ligand curve in the region of neutralization of the carboxylic 
group. This is followed by lowering of the complex curve with respect to the 
ligand in the region of neutralization of the SH group. This is taken as a visual 
indication of complex formation through the release of a hydrogen ion from the 
SH group. Comparing the stability constant of the triphenyltin(1V) complex with 
mercaptopropionic acid (S-donor) and with methylamine (N-donor), Table I, 
shows that the coordination potentiality of the SH group is higher than that of the 
amino group. 

4 -  

2 " . ' . . I . " " . I . ' ' . . . ~ . ' . . . ' I ' " . . ' ~ . " '  
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TRIPHENY LTIN COMPLEXES 223 

Penicillamine and mercaptoethylamine may coordinate either as S- or N- 
donors. Stability constants of their triphenyltin(1V) complexes, in the deproto- 
nated form, are in fair agreement with that of mercaptopropionic acid (S-donor) 
and far from methylamine (N-donor). This reveals that penicillamine and 
mercaptopropionic acid bond through the S-atom. 

The acid dissociation constant of the protonated complex formed with 
penicillamine calculated using (3) is 7.80. This compares favourably with the 
microscopic acid dissociation constant of NH3+ 8.16 [ 161, if the increase of 
acidity as a result of metal complex formation is considered. 

Inosine has a dissociable proton at N1 in the six membered ring. Both N1 and 
N7 in the imidazole ring serve as donors to metal ions in solution [ 171. In the 
acidic pH range, N, remains protonated, while the metal ion is attached to N7. 
The gradual change from N,-binding to N,-binding in complex formation with 
increasing pH has been extensively documented by NMR [I81 and ESR 1193 
measurements. In the potentiometric titration of the inosine complex, the pH was 
varied from 5.0 to 8.80. It is therefore assumed that N1 plays a role during 
complex formation. This is in agreement with Martin’s conclusion [20] that 
starting from pH = 5-6, migration of metal ion occurs from N7 to N1. This is also 
supported by our previous investigation of Pd-DNA equilibria [21]. 

Uracil, thymine and thymidine have a dissociable proton at N3. The acid 
dissociation constants obtained from this study were compared with that of the 
N, proton of inosine. The purinic derivative (inosine) is slightly more acidic than 
the pyrimidinic species (uracil, thymine and thymidine), a property which can be 
related to the condensed rings in inosine. Based on existing data, the pyrimidinic 
nucleotides bond as monoanions, most probably through the N3 atom. 

It is known that a relationship exists between the dissociation constant of a 
series of structurally related ligands and the stability constants of their 1:l 
complexes with a given metal ion. Such a relationship can be used to estimate the 
stability constants of metal complexes of closely related species if their pK, and 
any KML values are known. Figure 2 demonstrates such a relationship for the 
triphenyltin(1V) complexes of amino acids and related compounds. 

Estimation of equilibrium concentrations of triphenyltin(TV) complexes as a 
function of pH provides a useful picture for organotin binding toward bioligands 
as amino acids and nucleotides. To illustrate the main features observed in the 
species distribution plots in these systems, the speciation diagram obtained for 
the triphenyltin(1V)-penicillamine system is shown in Figure 3. In all the species 
distributions the concentration of the complex increases with increasing pH, thus 
favouring complex formation with triphenyltin(1V) in the physiological pH 
range. Under the selected experimental conditions, the magnitude of the stability 
constants controls the concentration distributions of the different species. 
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2 4 6 s 10 12 

PH 

FIGURE 2 Correlation of formation constant of TPT-amino acid complex with acid dissociation 
constant of the amino acid. 

The coordination geometry of Ph,Sn(IV) is believed to be trigonal bipyramidal 
with three phenyl groups equatorial and two solvent molecules in axial positions, 
complex formation would then involve ligand substitution of one solvent 
molecule. The location of the two trans solvent molecules prevents chelation of 
the ligands. Similar behaviour was found for (CH,),Pb(II) complexes with 
sulfhydryl-containing amino acids [22]. 

60 i 
20 1 

2 4 6 8 10 I t  

PIf 

FIGURE 3 Concentration distribution of various species as a function of pH in the TPT- 
penicillarnine system. 
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