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Abstract 

fuc-Triscobait(II1) chelates of L-a-amino acids such as L-alanine (L-ala), L-2-aminobutanoic acid (L-ambt), L-valine 
(L-val), and L-leucine (L-leu) were synthesized and the separation of the optical isomers of these chelates was 
attempted. For the chelates of L-ala and L-leu, (+)- and (-)-isomers were obtained separately, while for the 
chelates of L-ambt and L-val only the (+)-isomer was isolated. The solubilities of the chelates thus obtained in 
water were determined over the temperature range of 5 to 55 “C. The thermodynamic parameters of solution 
were estimated from the temperature dependence of the solubilities and the dissolution behavior was considered 
in terms of the thermodynamic parameters. A contribution of hydrophobic effect of these chelates to their 
solubilities was found to be cancelled out by a compensation relation between the enthalpy and the entropy 
changes accompanied by the hydrophobic hydration. As a first approximation it is concluded that the relatively 
low solubilities of these chelates are attributed to highly negative entropy of solution and that the chelates with 
relatively smaller enthalpy of solution are more soluble. 

Introduction ~z;is(glycinato)cobalt(III)* (Co(gly),) is negligible 

Water is highly associated through hydrogen bonding 
and hydrophobic solutes affect this hydrogen-bonded 
network structure of water, resulting in a significant 
decrease in both enthalpy and entropy of the system 
[l-8]. This phenomenon is termed ‘hydrophobic hy- 
dration’. The hydrophobic hydration and the related 
hydrophobic interaction [l, 91 among apolar sites of 
the hydrophobic solutes are also of great significance 
in the biochemical field [lo]. 

The majority of metal ions in biological materials 
seem to form complexes with biopolymers such as 
proteins. These metal complexes of biopolymers have 
large hydrophobic parts and may be expected to reveal 
appreciable hydrophobic effect. But an investigation of 
the hydrophobic effect of these complexes is rather 
difficult because of their complicated structures. 

The author has investigated the dissolution behavior 
of tris(2,4-pentanedionato)cobalt(III) (Co(acac),) in 
water or aqueous mixtures of some organic solvents 
and reported that Co(acac), is subject to hydrophobic 
hydration [ll-141. These studies have suggested that 
temperature dependence of the solubility may present 
thermodynamic information about hydrophobic hydra- 
tion [ll, 121 and that the hydrophobic hydration of 

One of the procedures for interpreting the properties 
of complicated biopolymers such as proteins is the 
comparative analysis of model compounds including 
substances of low molecular weight which contain the 
atomic groups specific for the biopolymers. Similarly, 
metal complexes of amino acids may be expected to 
give fundamental information for interpreting the prop- 
erties of metal-protein complexes such as metalloen- 
zymes. 

Thus, in this work triscobalt(II1) chelates of various 
L-amino acids which are constituents of natural proteins 
are selected as model compounds. From temperature 
dependence of solubility the dissolution behavior of 
these chelates in water is investigated and their hy- 
drophobic effect is estimated by using the procedure 
previously reported [ll, 121. 

Moreover, since these tris-chelates have both geo- 
metric and optical isomers, a difference in the solubilities 
of these isomers is also of interest from the standpoint 

*As an amino acid binds to a metal ion through both oxygen 
and nitrogen atoms, the resulting octahedral tris-complex has 
the following geometric isomers: in the facial (fat) isomer, three 
oxygen (or nitrogen) atoms form one face of the octahedron; in 
the meridional (mer) isomer, three oxygen (or nitrogen) atoms 
align on one meridian of the octahedron. 
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of coordination chemistry. In the present study, first 
the solubilities for two optical isomers, that is, the (+)- 
and (-)-isomers of the geometric fuc isomer are dis- 
cussed. 

Experimental 

Synthesis of cobalt(III) chelates and separation of their 
optical isomers 

The following amino acids (reagent grade, Wako 
Chemical Industries Ltd.) were used without purifi- 
cation: r.-alanine (L-ala), L-2-amino-butanoic acid (L- 

ambt), r_-valine (L-val), r_-leucine (r_-leu), DL-2-amino- 
butanoic acid (DL-ambt), DL-norvaline (DL-nval) and 
DL-norleucine (DL-nleu). Their cobalt(II1) chelates were 
synthesized by refluxing the aqueous mixture (adjusted 
to pH 10 with 6 M (M is mol dmP3) potassium hydroxide) 
of hexaamminecobalt(III)chloride and the desired 
amino acid (mole ratio = 1:3) [15]. This procedure gave 
the fuc isomer as the main product. 

The resulting chelate was dissolved in 60% sulfuric 
acid. This solution was slowly diluted with water until 
a crystalline precipitate started to separate, then it was 
left to stand overnight. The precipitate was filtered 
under vacuum, washed with water, and air-dried at 
room temperature. The chelates of the L-amino acids 
thus obtained were (+)-isomers, while those of the 
Dr_-amino acids were optically inactive. 

The above filtrate was further diluted with water and 
after standing for a few days this solution was filtered 
again. The resulting filtrate was neutralized with 3 M 
sodium hydroxide and then concentrated at about 40 
“C. (- )-Isomers of the chelates of L-ala and L-leu 
could be isolated by this procedure, but the crystalline 
precipitates of the (-)-isomers of the chelates of L- 

val and L-ambt could not be obtained. 
The CD spectrum of the solution of each chelate in 

60% sulfuric acid was measured for the identification 
of the optical isomer. 

Determination of solubility 
The solubility was measured by the apparatus and 

procedure similar to those previously used [ll-141. In 
the procedure, an aliquot of solution saturated with 
each chelate was placed into a 5 or 10 cm3 volumetric 
flask by weight, 0.5 or 1 cm3 of 60% sulfuric acid was 
added in connection with the preparation of the cal- 
ibration curve (see below), and water was added to 
the mark. The concentration (in mol dmm3) of the 
chelate in this solution was analyzed spectrophoto- 
metrically and the solubility in mol kg-’ (S,) was 
obtained by calculating the mole numbers of the chelate 
in the aliquot of the saturated solution from the above 
concentration. In the spectrophotometric determination, 

the absorbance was measured at the wavelengths of 
219 nm for fuc-Co(ala), and 221 nm for the others. 

The preparation of calibration curves was carried 
out forfac-( - ),,&o(~-ala),,fuc-( + ),,&o(~-ambt), and 
fat-( +),,&o(~-val), in the following manner. The stock 
solutions of the chelates were prepared by dissolving 
weighed crystals in 60% sulfuric acid (concentration 
was about 2 X lop3 M); the working solutions ranging 
in concentration from 4 X 1O-6 to 3 X lop5 M were made 
up by diluting aliquots of the above stock solutions 
with water; the influence of sulfuric acid on the ab- 
sorbance was normalized by adding 0.5 cm3 of 60% 
sulfuric acid per 5 cm3 of the working solutions; the 
resulting calibration curves were straight in the con- 
centration regions tested and the Beer’s law equations 
were obtained by the least-squares method. 

In the solubility measurement of fuc-Co(DL-rival)))) 
fat-Co(DrAeu), and fat-Co(r_-leu),, the calibration 
curve for fuc-( -I-),,,Co(r_-val), was used without cor- 
rection because of the extremely low solubilities of 
these chelates. 

-Results and discussion 

Solubilities of cobalt(III) chelates 
The CD spectra for both( +)-and (- )-isomers offuc- 

Co(L-ala), are shown in Fig. 1 as a typical example. 
These spectra essentially agreed with those reported 
in the literature [16]. The CD spectra for the (+)- 
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Fig. 1. CD spectra of the optical isomers off&-Co(L-ala),. - 
fuc-( +)sssCo(L-ala),, - - -, fuc-( -)ssgCo(L-ala),. 
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