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The acid-base and complex-formation equilibria involving glucosamine and its complexes
alkyltin(1V) chlorides have been studied by potentiometric technique. The results prove
formation of 1 : 1 complex with trialkyltin(IV) and both 1 : 1 and 1 : 2 complexes w
dialkyltin(IV) species. The stability constants in water were determined, the effects of
perature (from 15 to 38C) and ethanol (up to 88 vol.%) was studied and the speciation of
complexes was resolved.
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The deleterious effects of alkyltin(lV) compounds on man and environment are
well documentet?. The alkyltin(1V) derivatives are highly toxic to insects and ma
mals’, supposedly due to the inhibition of mitochondrial oxidative phosphoryfeatith
the ability to bind certain proteihsFor these reasons, significant attention is paic
environmental pollution by alkyltin compounds and to their presence in food.
example, the level of tributyltin chloride (which is highly toxic to variety of aque
organism&® was found to range from 5 to 188 ppb as tin in the salmon fish tis
Investigation of the alkyltin-compounds-to-biomolecules interactions is thus of int
because it can provide an insight into behaviour of tin compounds in biological syste
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In the present paper we report on the complexes,8n8L, and RSnCl (where R is
methyl, Me or butyl, Bu) with glucosamine (G). This ligand is known to be associ
with humic mattefand to interact with trace metals in naturghis work is a continu-
ation of our earlier studies on alkyltin compleké$

EXPERIMENTAL

Materials and Reagents

Trimethyltin chloride, dimethyltin dichloride, tributyltin chloride and dibutyltin dichloride (all sL
plied by Merck) and G . HCI (Sigma) were used as received. Solutions &8l and BySnCl,
were prepared in ethanol. Sodium hydroxide stock solutions were prepared by diluting the con
concentrated volumetric solution vials (BDH). These solutions were systematically checked by
tion with potassium hydrogen phthalate. All solutions were prepared in deionized water.

Methods and Procedures

The potentiometric titrations were performed using a Metrohm 686 titroprocessor equipped \
665 Dosimate (Switzerland). Standardized, concentrat@d. ¢1) NaOH solution was used as the t
trant to minimize the volume added and to avoid a dilution due to volume change. The titropro
and electrode were calibrated with standard buffer solutions, prepared according to NBS Sp
tions'l. The temperature was maintained constant by a Colora Ultrathermostate.

The dissociation constant of G . HCI was determined by titration of the mixture: G . HCIM{.(
10 cn?) + NaNQ; (0.13m, 30 cn?) in an absence of any alkyltin compound. The stability conste
of G—alkyltin chloride complexes were determined by titrations of the mixture of G . HCIM0 XL cn?)

+ NaNG; (0.20 m, 20 cn?) to which either BSnCl (0.01m, 10 cn¥) or R,SnCl, (0.005m, 10 cn¥)
was added. The G/Sn mole ratios were chosen in accordance with known coordination prope
R3SnCI (one coordination vacari®y and RSnCl, (two coordination vacanciéy. The titration data
were evaluated based on equations:

MmGth ﬁ\ mM + g G + h H (l)
_ [MmGgHnl
AL ST ?

where M stands for alkyltin compound and H for protons. In the absence of tin compound |
obtain protolytic equilibria GH = G + H. If the alkyltin compound is added, it reacts with GF
forming a complex and releasing protons:

RnSNClay + (4 —n) GH' =—— RSNG4 Clany + (4 —n) H" | ®)

wheren = 2 or 3. The released protons are titrated by NaOH.

The calculations were performed using the progfamiNIQUAD-75 which minimizes the sum of
squares of weighed residuals in the analytical hydrogen ion concentration by successively vary
set of formation constants. The stoichiometry and stability constants of the complexes forme
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ascertained by trying various possible composition models for the system studied, as: MG, (M +
(MG + MG, + MG3), (MG + [MG(OH)]) and (MG + MG + [MG(OH)]). The model selected wa:
that which gave the best statistical fit and which was chemically consistent with the titration
without giving any systematic drifts in the magnitudes of various residuals as described efsew

RESULTS AND DISCUSSION

The addition of organotin compound to G . HCI results in presence and abser
Me;SnCl in a decrease in pH value of the solution due to protons released in the
plex formation. The titration curves of;81Cl complexes are consistent with a form
tion of 1 : 1 (Sn : G) species, whereas those §8n&l, corresponds to a consecutiv
formation of 1 : 1 and 1 : 2 species, as expected according to the litératuiiche
obtained values of stability constants at°5are listed in Table I. From the temper
ture dependence @, Fig. 1, the values of enthalpgtiSy9 and entropy £S39 of
complex formation were calculated (see values in Table I).

It is seen that the stability constants of the methyltin derivatives are higher than
of the butyl counterparts (see Table I). In addition, the {SARI complex formation is
exothermic for R = Me but endothermic for R = Bu (see Table 1) for which also ent
of formation is higher. This reveals an increased disordering of the system due t
interactions of butyl groups with hydroxyls of G and molecules of water. Thus
lower stability of Bu complexes in water can be mainly attributed to the higher hy
phobicity and bulkiness of butyl compared to methyl groups.

- ° 3
L]
3+ 4
Fe. 1
Effect of temperature on the stability constant
B (log B) of glucosamine 1) constants of its 2 L L L
complexes with MgSnCl ) and BySnCl (3) 3.247 3300 3.356 3'45} 1033'472

Collect. Czech. Chem. Commun. (Vol. 62) (1997)



1026 Shoukry, El-Medani:

D-Glucosamine is known to bind the transition metal ®h%via the amino and
deprotonated hydroxyl groups (NHO™, donor set). The potentiometric data are fitt
assuming that glucosamine is bound to alkyltin(IV) by the amino group only. The
mation constants of trialkyltin complexes with glucosamine are compared favou
with those of the monodentate imidaZ8leThis reveals that glucosamine binds wi

G o CH3
H3C 3 cl ‘ G
Sn ; ;Snj %
Cl ‘ G
CH
Cl CHy s
1 2

trialkyltin by the amino group. The lof values for the dialkyltin complexes witt
glucosamine are about three orders lower than those of the bidentate amino agjd:s
O-, donor set)’. This is taken as an evidence for the involvement of the amino g
only in the dialkyltin(IV) complexes with glucosamine. The structure of the com|
species as suggested on the basis of the literature data on analogous pyridin
plexed?3are shown in structures and2. In G-RSnCI species G is supposed to |
bound as axial ligand together with Cl atom. Similarly, ir&SnCl, two axis should
be occupied each by G—CI couple (thus being bothisrconfiguration) leaving the
alkyls in trans-configuration.

TaBLE |
The formation constants and thermodynamic parametepsgbicosaminium and alkyltin (IV) com-
plexes with glucosamine in pure water at°Z5

System logf3 AHC, kJ/mol AL, J/deg mol
Glucosamine (G) 7.369 (0.004) -47.11 (7.37) -7.94
MesSnCl-G 4.737 (0.035) ~17.99 (4.70) +12.93
BuSNCI-G 3.636 (0.053) +16.43 (5.78) +22.33
MezSnCh—G 6.780 (0.019) - -

13.287 (0.007)
BW,SNChL-G 5.286 (0.114) - -
9.474 (0.108)

2 1:2 complex.
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In order to examine effect of organic compounds upon the GSIM& complex
formation the corresponding stability constants were also determined in va
water/ethanol mixed solvents. As a reference, also the dissociation*ah @t¢ same
solvents was studied. It is namely known that the properties of water closed i
active site cavities of enzymes considerably differ from those measured in |
watef®-2%and, it was suggested that these properties approximately correspond tc
(or can be simulated by those) existing in the water/alcohol mi¥tures

As it is seen from Fig. 2, the stability constant of 'Gktreases, whereas that ¢
G-Me;SnCl complex decreases as the ethanol fraction increases. This can be exj
by a better solvation of virtually hydrophobic specigSiR/R;SnCl by ethanol result-
ing in lowering the complex stabili§23

Estimation of equilibrium concentrations of alkyltin(IV) chlorides and their cc
plexes as a function of pH provides a useful picture for alkyltin binding towards gl
samine. In all the species distributions the concentration of the complex increase
increasing pH, thus favouring the alkyltin complex formation in the physiological
range. Under the selected experimental conditions, the magnitude of the stability
stants controls the concentration distribution of the different species. FosSh€IRG,
complexes, the maximum proportion of 1 : 1 complexes is 41.2% at pH 5.0 and ¢
at pH 7.0 for the dimethyl and dibutyl derivatives of tin, respectively. The 1 : 2 spi
predominates with a maximum percentage of 90.6% at pH 8.5 fg&m@4, and of
31% at pH 8.8 for B46nCl. The differences in concentration maxima of methyltin &
butyltin complexes are an additional illustration of the above mentioned higher sta
of methyltin complexes.

8.0 4.5
log By a < log B . b
78L > I
e
4.1
7.6 i
39
]
7.4 L L 3.7 . L
0.249 0.562 %eth  0.875 0.249 0.562 Oy 0.875
Fic. 2

Effect of the solvent composition on stability of glucosaminiangnd MgSnCl-glucosamine com-
plex () in ethanol/water mixturesh.q, volume fraction of ethanol

Collect. Czech. Chem. Commun. (Vol. 62) (1997)



1028 Shoukry, El-Medani:

The authors thank Prof. R. van Eldik for his help and interest. Financial support by Volksw

Foundation is gratefully acknowledged.

O wWNBE

[ee]

12.

13.
14.
15.
16.

17.
18.
19.
20.

21.
22.
23.

REFERENCES

. Barnes J. M., Magos L. J.: Organomet. Chem. Re88 (1964).

. Aldridge W. N.: Rev. Silicon, Germanium, Tin Lead Com$d9 (1978).

. Ascher K. R. S., Nissim S.: World Rev., Pest. Con#al88 (1964).

. Aldridge W. N.: Adv. Chem. Sefll57, 186 (1976).

. Elliott B. M., Aldridge W. N., Bridges J. W.: Biochem. 177, 461 (1979).

. Sullivan J. J., Torrelsom J. D., Wekell M. M., Hollinworth T. A., Saxton W. L., Miller G. .

Panalo K. W., Uhler A. D.: Anal. Cheng0, 626 (1988).

. Bremner J. M. inSoil Biochemistry(A. D. Mc Laren and G. H. Peterson, Eds). Dekker, N

York 1967.

. Shoukry M. M.: J. Coord. Cher5, 111 (1992).

. Shoukry M. M.: J. Inorg. Biocherd8, 271 (1992).
10.
11.

Shoukry M. M.: Bull. Soc. Chem. Ft30, 177 (1993).

Bates R. G.Determination of pH-Theory and PracticBnd ed. Wiley Interscience, New Yorl
1975.

Barbieri R., Silvestri A., Lo Giudice M. T., Ruisi G., Musmeci M. T.: J. Chem. Soc., Da
Trans.1989 519.

Aslanov L. A, lonov V. M., Atliya W. M., Permin A. B.: J. Struct. Chet8, 166 (1978).
Gans P., Sabatini A., Vacca A.: Inorg. Chim. At& 237 (1976).

Feakins D., Lawrence K. G., Tomkins R. P. T.: J. Chem. B3&7 753.

Lerivrey J., Dubois B., Decock P., Micera G., Urbanska J., Kozlowski H.: Inorg. Chim.
125, 187 (1986).

Shoukry M. M.: Talantd3, 177 (1996).

Rees D. C.: J. Mol. Bioll41, 323 (1980).

Rogers N. K., Moore G. R., Sternberg M. J. E.: J. Mol. Bi8R 613 (1985).

Sigel H., Martin R. B., Tribolet R., Haring U. K., Malini Balakrishnan R.: Eur. J. Biocié®).
187 (1985).

Sigel H.: Pure Appl. Chen6l, 923 (1989).

Franks F., Ives D. J. G.: Q. R&0, 1 (1966).

Hulme R.: J. Chem. Sot963 1524.

Collect. Czech. Chem. Commun. (Vol. 62) (1997)



