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SUMMARY 

A systematic study was made of the chromatographic separation of a series of 
diastereomeric and enantiomeric pairs of facial tris(aminoacidato)cobalt(III) chelates 
of formula [CO(L- or n-ser),_ .(&ala),] and [Co(gly)3-.(#3-ala),] (ser = serinato 
anion, B-ala = /?-alaninato anion and gly = glycinato anion) using aqueous solutions 
of sodium d-tartrate and sodium antimony d-tartrate (abbreviated to Na&art and 
Nal[Sb2(d-tar&], respectively) as eluents. From the data, the separation factors of 
enatiomeric pairs were calculated for d-[C(oL-se&] and li-[Co@-se&], d-[Co@-ser)J 
and rl-[Co(L-ser),], LJ-[Co(L-ser),(@-ala)] and A-[Co(D-@&?-ala)], etc. As a result, it 
was found that the separation factors of these enantiomeric pairs increase with in- 
creasing number of @-ala- li_eands when they are eluted with aqueous Na,d-tart 
solution. In contrast to this trend, the separation factors decrease with increase in the 
number of &ala- ligands when they are eluted with Na,[Sb,(d-tart),] solution. These 
trends are discussed in relation to stereochemical association models. 

INTRODUCTION 

It is difficult to obtain each of the enantiomers of non-charged chiral complexes. 
in an optically pure form. Chromatographic separation by the use of asymmetric 
adsorption has been reported as the only practical means for this purpose. However,i 
most of such chromatographic separations lead only to partial separations, and only 
one example of complete resolution has been reported, in which facial [Co@-ala)J 
was completely separated into enantiomers using a CM-Sephadex column with an 
ethanol-water solution of sodium d-tartrate (Na,d-tart) as eluent:’ This success was 
expected as the complex showed a similar NYR signal of the NH, groups to that of 
~WenM3’, which was known to be complttely separated into enantiomers with 

-~ __- 
l Part II: H. Nakazawa and H. Yoneda, J. Chromatogr., 160 (1978) 89. 

l * To whom correspondence should be addressed. 
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aqueous Na,&tart solution as eluent’. Thus, the mode of association of d-tart’- with 
fat-[Co($-ala),] was considered to be similar to that with [Co(en)J3’. 

For rhe mcde of association between d-tart’- and [Co(en)J3+, the face-to-face 
close contact structure of these two ions was established3-5. In such an association 
model, four carbon atoms in d-tart’- make a plane perpendicular to the three-fold 
axis of the complex, and from this plane, four carbon atoms stretch towards the com- 
plex and three of them form hydrogen bonds with the three axial N-H groups of the 
complex. A similar association model can be imagined for fac-[Co[$-ala)3] because 
this complex has also a facet made of three NH2 = oroups. To confirm this association 
model and to obtain a more detailed idea of optical resolution, a series of complexes 
of formula fat-[Co(cc-aminoacidato), _ .(/I-ala),] were prepared, and their chromato- 
graphic behaviours were studied using aqueous solutions of Na,d-tart and sodium 
antimony ri-tartrate (Na2[Sb2(ri-tart),]:- as eluents. 

EXPERtMENTAL 

fac-‘Co(r-srr)3_- nti_\-ture of I(L) atd _ Al>-_ One gram of L-serine and 0.8 g 
of CoClz - 6H20 were dissolved in 30 ml of water. The solution was oxidized with 7 g 
of lead( IV) oxide with stirring at 70’. After stirring for I h, a further 7 g of lead(IV) 
oxide were added. and the solution was kept at 70” for 0.5 h to complete the oxidation. 
The solution was filtered to remove insoluble material and thk filtrate was poured into 
a column packed with SP-Sephadex C-25(H+) (50 I-: 6 cm I.D.). The complexes 
produced made a band at the top of the column which was eluted with water. The 
absorbed band separated into four bands. A small amount of anionic complex came 
out first, followed by a violet band and a red-violet band, and a red band of cationic 
complexes remained at the top of the column. From the visible absorption spectra 
and the circular dichroism (CD) spectra of the second and third bands. it was con- 
firmed that the second vio!et band contains mer-[Co(r-ser),] and the third red-violet 
band contains fat-[Co(r_-ser),]. The eluate containing fat-[Co(t-ser)J was concen- 
trated in a vacuum evaporator and several times its volume of ethanol was added. A 
red-violet powder was deposited, which was filtered, washed with ethanol-diethyl 
ether and dried in air_ 

fat-_ CO(L-_wr),($-alaj_‘ a& far-‘C~(L-ser) (fi-ala)l_Y [both are mixfures of 

1 (L) and _ l(r j_-_ r-Serine ( 1.5 g) and $-alanine (1.4 g) were dissolved in a solution of 
2.4 g of CoCl, - 6H20 in 100 ml of water. Oxidation with lead(IV) oxide and chroma- 
toFaphic separation were carried out as in the first procedure. The reaction products 
were developed into six bands. as shown in Fig. 1. They consisted of a thin band Of a 
small amount of anionic complexes. a very broad violet band of meridional complexes, 
three red violet bands of facial complexes and a red band of cationic complexes. The 
visible absorption spectra and the CD spectra together with elemental analyses 
(Table 1) revealed that the complexes in the three red-violet bands a= fat-[Co(L-serh 
(&ala)], fat-[Co(r-ser) (&ala)l] and fk-[Co($-ala),]. The eluate of each of the& 
ihree bands was concentrated in a vacuum evaporator, and in each instance a red- 
violet powder was obtained on addition of ethanol_ 

Facial isomers containing D-serine or glycine with $-alanine were also prepared 
in the same way. 
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Fig. 1. Preparative elution on an SP-Sephadex column. 

TABLE I 

ELEMENTAL ANALYSES OF COMPLEXES 

COO&-X 

fac-[-6J(L-ser)J] 
fat-[Co&.-ser)&?-ala)] 
fat-[Co(L-ser) @ala)?] 
fat-[CoQ%ala),] 
fat-[Co(gly) (&ak&] 
fat-[Co(gly)@-ala)] 

___~~ 

C(X) ---___--__.. 
I 

Found Caicubted 

28.65 29.12 
28.82 30.43 
29.93 31.87 
29.59 33.45 
30.80 31.07 
26.02 28.48 

~_~. ______-- _-~- 

_.__. 
H (%J 

Found 

4.99 
5.03 
5.51 
5X2 
5.32 
4.64 

Calculated 
- 

4.85 
5.07 
5.31 
5.57 
5.23 
4.79 

N (‘3 

Fowid Calculated 

10.35 11.32 
11.29 11.83 
11.54 12.39 
11.45 13.01 
13.65 13.59 
13.39 14.24 

Absorption and circular dichoism spectral measurements 
The absorption (AB) and circular dichtoism (CD) spectra of the complexes 

were recorded on a Shimadzu UV-200 and a Jasco J4OCS spectrometer, respectively. 
I 

Retention volume measurement 

Retention volumes were measured on a laboratory-built chromato&raphic unit 
which consisted of a Jasco L_CP-pump, PM-l<0 pressure gauge, PC-150 pump con- 
troller, injector, column and Shimadzu UV-140 doub,le-beam spectrophotometer. 

The column was a 25cm precision stainless-steel tube of 4 mm I.D. packed 
with TSK 211 strongly acidic cation exchanger (Toyo Soda, Tokyo, Japan) [for 
collecting the eluate for the CD measurement, a larger column size (50 x 0.8 cm I.D.) 

was used]. A dual-pen strip-chart recorder was used. The detector was operated ai 
525 nm in each run. Blue Dextran 2000 was used as a marker for measuring the voi@ 
volume of the column. Sample solutions were prepared by dissolving 10 mg of the 
complex and a small amount of Blue Dextran 2OXl in a few millilitres of the eluent. 
The sample solution (10 ~1) was injected -into the column through a septum using 
a 100~~1 pressure syringe. The elution was performed with aqueous 0.05 M Na2S0,, 
0.1 M Na,d-tart and 0.1 M Naz[Sbz(d-tart);] solutions. The flow-rate was set at 0.2 
mI/min with Na,SO, solution and at 0.1 ml/min for the other two solutions_ 

RESULTS AND DISCUSSION 

Identification of each of the separated complexes 
Facial complexes separated on an SP-Sephadex column, [Co(L-ser),], [Co(L- 
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ser),(/?-ala)] and [Co(L-ser)($-ala),], contain the chiral L-ser- @and and are presumed 
to be a mixture of diastereomers, LI(L) and In [:l(~) = the complex with 4 configura- 
tion containing the L-aminoacidato anion]. The separation of diastereomers is, in 
general, not as difficult as that of enantiomers. In the present instance, each of these 
facial complexes was chromatographed through the TSK 211 column using 0.05 M 
Na,SO, solution as eluent. As expected, each elution curve consists of two peaks, a 
large first peak and a much smaller second peak, which indicates that the complex is 
in fact a mixture of A(L) and _4(~) diastereomers (Fig 2). By repeating the elution 
procedure several times, fractions of the first and the second peaks were collected and 
used for CD measurements. The problem was whether the isomer eluted first had the 
J or rl configuration. To determine this, we began with fat-[Co(L-ser)& 

NaZd-t+rt Na2Eb2d-ta9) 

Fig. 2. EIuticn curves of fat-[Co(L-ser)#-ala)] and fat-[Co(o-ser)&LaIa)]. 

As the CD spectrum(Fig. 3, Ia) of the peak eluted first with fat-[Co(L-ser),] 
resembles that of J-fat-[Co(L-ala),], whose absolute configuration has been estab- 
lished6, the isomer eluted first is concluded to have the d configration. Therefore, the 
configuration of the isomer eluted second should be rl (Fig 3, IIa). With fac-[Co(L- 
ser)&Lala)], the CD spectrum pattern of the isomer eluted first (Fig. 3, Ib) is very 
similar to that of the isomer eluted first with fat-[Co(r_-ser),] in that the major CD 
band lies in the longer wavelength region (about 525 nm). Therefore, the isomer 
eluted first with fac-;Co(L-ser)z(p-ala)] is also assigned the d configration. It is worth 
noting that a new minor CD component of opposite sign to the major CD band ap- 
pears at about 500 nm, which may be attributed to the effect of replacement of L-ser- 
with /?-ala-. This erffect should be more marked with fat-[Co(L-ser) (@-alah]. In fact, 
in the CD spectrum (Fig. 3. Ic) of the isomer eluted first with the third complex, the 
component in the lonser wavelength region diminishes and the component at about 
500 nm is enhanced. As the isomer eluted first is a major component of the third com- 
plex mixture (il- and d-[Co(t-ser) (@-ala)2]) as it is of the first ill- and _4-[Co(r-ser),]) 
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A-foe-[Co(L-se+] 

A-rat-[co(B-otc)J 
Cd) 

I II 

Fig. 3. CD spectra of -l-fat-[Co(L-ser),_.(~-ala),] (1) and rt-fat-ICo(L-ser),-,(~-alah (II). 

and the second complex (Al- and &[Co(L-se& (/?-ala)]) mixtures, the isomer eluted 
first with the third complex must also have the .L1- configuration. 

As fat-[Co@-ala),] was not separated into two peaks with 0.05 M Na2S0, 
solution, 0.1 M Na,d-tart solution was used as the eluent and optical resolution was 
achieved_ Fig. 3, Id, shows the Cd spectrum of the isomer eluted second. The CD 
pattern is similar to that of the isomer eluted first with fat-[Co(t.-ser) (@-ala),]. There- 
fore, it can be concluded that the isomer eluted first with [Co@-ala),] has the II con- 
figuration and that the isomer eluted second has the ~1 configuration. This assignment 
coincides with the assi_gnment made by analogy with rl-[Co(en),13+-d-tart”- (see 
Part I of this serie& The CD spectra of the isomers eluted second with three com- 
plexes (Fig. 3, II), [Co(L-ser),_,@ala),,] (12 = 0, 1 and 2), are not identical with but 
are similar to those of the corresponding isomers eluted first, except that the CD sign 
is reversed. From these CD -spectra, the CD spectra of II- and d-facL[Co(o-ser),_, 
&ala),] were estimated, as they cculd not be measured directly because only small 
amounts of D-serine complexes were available. When eluted with 0.05 M Na,SO., 
solution, the elution curve of fat-[Co(r>-ser),_,(@-ala),] is the same as that of fac- 
[Co(r-ser),_.(&ala),] (see Fig. 2). Therefore, the configuration of the isomer eluted 
first in the D-serine complex must be il. Thus, we have obtained two series of retention 
volumes of diastereomeric pairs, d- (major product) and ~l-fac-[Co(r_-ser)j_,(@-ala),] 
and rl- (major product) and d-fat-[Co@-ser),_,,(@-ala),]. These retention vclumes 
were rearranged to make the enantiomeric pairs il-fat-[Co(L-ser),_&?-ala),] and ll- 
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TABLE11 

ADJUSTED RETENTION VOLUMES AND SEPARATION FACTORS OBTAINED ON 
ELUTION WITH 0.05 M Na2SO~ SOLUTION 

~- 
Conlpiex Retention whnte (ml) Separation fuctor 

fat-A-[CO(D-ser),] 3.25 
fat-. I-[Co(r-ser),] 3.24 1.003 

fac-_l-[Co(D-ser)3] 4.10 
fat-:l-[Co( L-se&] 4.19 1.002 

fat-. I-[CO(D-ser)&kila)] 4.05 
hc-. I-[Co(r-ser),(p-ala)] 4.05 1.000 

fat-. I-[Co(3-ser),(~-ala)] 5-43 
hc-_ l-[Co(L-ser)2(~-ala)] 5.41 1.004 

fat-_ I-[Co(D-ser) (+aia)z] 4.5’ 
fat-. 1-[CofL-ser) ($-ala)J 4.51 I .cw 

fat-. I-[CO(D-SCX! t$-ala)r] 6.30 
fkc-_l-[Cd L-Kr)(~-ala)2] 6.20 1.006 

fx- 1,. I-[Cd/i’-ala)J 4.74 - 

fat-[Co(D-ser),_,($-ala).]. When 0.05 &I Na,SO, solution was used, the ratio of the 
retention volumes of each cnantiomeric pair was always close to unity, as shown in 
Table Ii, indicating that they are in fact enantiomeric pairs. 

As stated before, the CD spectrum of J-fat-[Co(L-ser),_.($-ala).] shows a 
gradual change with increasing number of$-ala- groups. If we changed the configura- 
tional assignment of one of these complexes from -1 to : 1, this gadual change in the CD 
pattern would be broken. In addition, ._I-fat-[Co(L-ala),] is fairly soluble in water, 
whereas _l-fat-[Co(r-ala),] is insoluble. Therefore, it is natural to assume that the 
more soluble diastereomcr of the facial tris(aminoacidato)metal chelate is L1(~) or 
.i(~). and that the less soluble diastereomer is .,1(r) or J(D). Consideritq that the 
second eluted isomer _ l(r) or _ l(D) has a very low solubility, most of this isomer is 
presumed to be removed at the filtration stage of the preparation_ The very small 
amount of this isomer observed can be thus understood. 

Hence. we can conclude that, in all respects. the present assigtment is correct. 

Tremi of the separatiotr factors of enantionleric pairs ehted with iI-tartrate 
The separation of each diastereomeric pair was also complete when 0.1 IW 

NaJ-tart solution was used in place of 0.05 1ci Na,SO., solution (see Fig. 2). The 
diasteromeric mixture obtained by the preparation procedure was dissolved in the 
eluent (0.1 ftl Na+i-tart) and the solution was stirred and filtered to remove the un- 
dissolved portion. The filtrate thus obtained was used as the sample solution, and was 
injected into the column for the determination of the retention volume of the dia- 
stereomers. For each run of a series of r-serine complexes we obtained the retention 
volumes of 3(r) and -I(L), and for each run of a series of D-serine complexes we ob- 
tained the retention volumes of J(D) and /l(D). Thus, we could combine the data for 
A(L) with -I(D). and A(D) with -*I(L), and calculate the ratio of ‘tie retention volumes 
of each enantiomeric pair, that is. the separation factor of each enantiomeric pair. The 
separation factor of an enantiomeric pair fac-[Co(gly)z($-ala)] and fat-[Co(gly) 
($-ala)z] was obtained simply from the retention volumes of two peaks in each elution 
curve, because these complexes exist originally as an enantiomeric pair. The rest&s 



OPTICAL RESOLUTION. III. 323 

TABLE III 
ADJUSTED RETENTION VOLUMES (ml) AND SEPARATION FACTORS OBTAINED ON 
ELUTION WITH Na&art AND WITH NazlSbdd-tart)21 
_ __~- 
Complex 

fac-il-[Co(wser)a] 2.56 1.005 
fat-.+[Co(r-ser)J] 2.88 
fat-il-[Co(D-ser),] 3.66 1.007 
fat--l-[Co(r-ser)J] 3.69 
fac-:l-[Co(D-ser)L(fl-ala)] 3.75 1.035 
fat-_l-[Co(L-xr),(&ala)] 3-63 
fat-_I-[Co(D-ser),(&ala)] 4.90 1.032 
fat-;-1-[Co(t_-sex)@ala)] 4.75 
fat-:l-[Co@ser) (&ala)z] 4.34 1 .oos 
fat-J-[Co@-ser) (G-ala)11 3.36 
fat-_l-[Co(o-ser) (&aIa)z] 6.30 1.090 
fat-:l-[Co(r-ser) (j?-ala)r] 5.78 
fac-il-[Co(pala)J1 4.80 1.062 
fac-_l-[Co(&ala)J] 5.09 
fac-_l-[Co(gly)2(&ala)r] 5.46 1.022 
fat-. l-[Co(gly)L(&ala)L] 5.58 I 
fa;-_+[Co(gly) (/3-ala)l] 5.24 1.047 

faxl-[Cokly) (&ala)l] 5.49 

Na2d-turf Na2JSb2 (d-tart) z_Y 

Retention sohne Separation fuctor Retention voiun~e Separation frrctor 

1.71 1.702 
2.91 
2.40 1.510 
3.63 
1.5s I.349 
3.4s 
3.75 1.193 
4.98 
3.50 1.159 
4.16 
6.08 1.060 
5.73 
4.50 1.060 
5.03 

- 
- 
- - 
- 

are shown in Table III and Fi_g. 4a. As can be seen in Fig. 4a, the separation factor of 
the enantiomeric pair is largest with fat-[Co($-ala),], which contains three six- 
membered chelate rings, and decreases regularly with increasing number of five- 
membered chelate rings (gly- or ser-). It should be noted that the separation factors 
for the pair d-fat-[Co(D-ser) (@-ala)J and J-fat-[Co(L-ser) ($-ala)J and the pair 
d-fat-[Co(L-ser) (/!I-ala)J and il-fat-[Co(D-ser) (#-ala),] are different from each other, 
the former being exceedingly high and the latter exceedingly low. However, the aver- 
a_ge is close to the value ,for fat-[Co(gly) (,3-ala)2J. 

For the mechanism of the optical resolution of fat-[Co(P-ala),], the face-to- 
face close contact model was proposed, in which the &tart’- anion approaches, along 
the three-fold axis of the complex, the triangular facet formed by the three NH2 
groups of the complex. -Here, three N-H bonds served for hydrogen bonding with 
three oxygen atoms of d-tart’- to strengthen the association. The situation will change 
upon replacement of $-ala- with gly- or ser-. As is well known, cc-aminoaqidato 
ligands form a five-membered chelate ring which is almost a plane including a central 
metal ion’. Thus, two N-H bonds are directed upwards and downwards from this plane 
with identical angles. Therefore, looking at the complex fat-FCo(L-ser),], for example, 
along its three-fold axis, the t\vo N-H bonds of a chelate ring are directed like a letter 
V. There is no difference between the two N-H bonds as there is with the axial and 
equatorial bonds in the @ala- chelate ring s. Consequently, the oxygen atoms of the 
r/-tart’-anion have two possibilities for formins hydrogen bonds with either of these two 
N-H hydrogen atoms of the complex. This situation may work unfavourably for the 
d-tart’- anion in discriminating :I from _l. The smallest separation factor of the ttis- 
(serinato) complex can thus be understood. 



S. YAMAZAKI, l-. YUKIMOTO, H. YONEDA 

0 0 

. 

i 

- 

3 

. 

0 

- 

- 

0 

- 

5er 3 l2lllO 

O-alai 0 1 1 1 2 1 3 

1.8 

0 
1.6 

a 

1.A 

- 

0 

0 I 0 
3 0 

ser 3 IZlllO 
O-alaJ 0 I 1 I 2 1 3 

n 

Fig. 4. Separation factors of fat-trisaminoacidatocobalt(II1) complex. Eluent: (a) 0.1 M Na&art 
solution; (b) 0.1 M Nar[Sb2Wtart),] solution. c‘, Serine complex: 9, glycine complex. 

Trend of the separation factors of enantiorneric pairs eluted with Naz[Sb2(d-tart)j 
The separation of each diastereomeric pair was also complete when 0.1 M 

Naz[Sb,(d-fart)z] solution was used (see Fig. 2). The procedure for obtaining the 
separation factors of each enantiomeric pair was the same as that for d-tart’-. The 
results are shown in Fig. 4b and Table III. As can be seen in the figure, the separation 
factor decreases with increasing number of $-ala- groups. This trend is the opposite 
of that with d-tart’-. Therefore, the discrimination mechanism with [Sb2(d-tart)#- 
is presumed to be diiferent to that with d-tart’-. For the mechanism of discrimination 
of tris-chelate complex cations by [Sb,(&tart),]‘-, we proposed in Part II a key-and- 
lock-type association model between the [Sbz(d-tart)z]‘- and the L-shaped channel of 
the _-1 complex_ Although the explanation of the trend of the separation factors with 
increasing number of/-i -ala- groups in the series of [Co(ser),_.($-ala),] is not clear, 
this model predicts that the .I isomer will be eluted first, which agrees with the experi- 
mental observations. 
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