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Abstract The [Co(ox)(L-am)(en)]- type complexes have been prepared and
separated into four stereoisomers by means of chromatographic procedure. They have
been characterized by their absorption, CD and PMR spectra. Their observed CD
spectra have been analyzed to-the configurational and vicinal CD curves, which
have indicated to hold the additivity rule for the present system. The stereo-
selectivities have been classified into two groups; one is that between diastereoiso-
mers and another is that between geometrical isomers with the same absolute confi-
guration. The former have been found for several pairs of the diastereoisomers, while
the latter have been found for the most of pairs of the geometrical isomers. These
results have suggested the significance of the interactions between a side-chain of a
chelated aminoacidate ligand and another chelated ligand.

Introduction

Metal complexes containing optically active amino acids frequently exhibit
stereoselective effects on the formations of their diastereoisomers. In order to investi-
gate such stereoselectivity, the mixed ligand cobalt(Ill) complexes containing L-or
D-aspartic acid as the primary ligand were previously chosen in our laboratory' *, and
the observed stereoselectivities were explained in terms of the interaction between the
S-carboxylate group of aspartate ion and another ligand coordinated.

In the present work, [Co(ox)(L-am)(en)]- type complexes consisting of oxalate
(ox), L-aminoacidate (L-am), and ethylenediamine (en) were prepared in order to
investigate extensively stereoselective effects of L-am, using L-alanine (L-Ala),
L-valine (L-Val), L-isoleucine (L-iLeu), L-threonine (L-Thr), L-methionine (L-Met), and
L-serine (L-Ser).

Experimental

Preparation. The procedures for the [Co(ox)(L-Hasp)(en)] complex! were modified
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the procedures for the [Co (ox)(L-ala)(en)] complex. The reaction conditions
were taken as temperature 40°C, pH~9.5 and reaction time 36 h. The separation
was carried out by use of a column containing 200~400 mesh Dowex 5QW
-X8 resin Na* form (5.0 x 60.0cm). By elution with water, three desired bands
appeared (labeled A-1, A-2 and A-3 in turn). The A-1, after concentration to a small
volume, was poured onto a column containing Shephadex G-15 (2.6 x100.0cm). After
several hours’ elution with water, a considerably broadened band produced was collected
in a number of fractions (every 3ml). With the front fractions, the main CD peak
showed (+) sign, while (—) sign was found with the rear ones. The portions of the
fractions exhibiting distinctive (+) or (—) sign were collected, and they were rechro-
matographed up to the main CD peaks showed constant intensities. From those
fractions of the A-1 (+), A-1(—), A-2 and A-3, four isomeric complexes were crystal-
lized.

The preparation and separation of the isomers of the [Co(ox) (L-val) (en)] complex
were carried out similarly to the above, and two bands descended were labeled B-1 and
B-2 in turn. The B-1 and B-2 fractions were then rechromatographed with a Sephadex
G-15 column and a Dowex 50W-X8 column, respectively, whereby diastereoisomeric
parirs, B-1(+) and B-1(—), and B-2(+) and B-2(—), were obtained.

The [Co(ox)(L-ileu)(en)] , [Co(ox)(L-thr)(en)] , [Co(ox)(L-met)(en)] and [ Co(ox)
(L-ser)(en)] complexes were all prepared and separated by the same procedure
as that of the L-ala complex, and every four bands could be obtained in the chromato-
graphic separations, labeled C-1~C-4, D-1~D-4, E-1~E-4 and F-1~F-4 for the L-ileu,
L-thr, L-met and L-ser complexes, respectively.

Reaction Conditions. The conditions such as reaction time, temperature, pH and
solvent were varied in the experiment with the L-ser complex. The formation ratios
among the stereoisomers were evaluated from the spectral data of the isolated com-
plexes.

Measurements. The absorption spectra were measured with a Hitachi 323 Record-
ing Spectrophotometer. The CD spectra were recorded on a JASCO J-40CS automatic
recording spectropolarimeter with JASCO Model J-DPZ data processor. The measure-
ments of PMR spectra were carried out with a JEOL Model JNM-PS-100 or a FX-100
spectrometer (100MHz) at about 25°C, using D,0-D,SO, (ca. 309) solvent. Sodium
D,-trimethylsilylpropionate (TMSP) was taken as the internal standard.

Results and Discussion

Characterization. The results of elemental analyses, and the absorption and CD
spectral data for the isolated complexes are summarized in Table 1. For a [Co(ox)
(L-am)(en) ]- type complex, there are four stereoisomers. The geometrical forms (mer
and fac) were determined from the absorption spectra, and the absolute configurations
(A and A) by the signs of the main CD peaks in the first absorption band region. The
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TABLE 1. ELEMENTAL ANALYSES, ABSORPTION AND CD SPECTRAL DATA

Elemental anal., %2 Band 1 Band 11 CD

Label Complex c u N 00T om g 1077 g em gy 107 e ST Ac
A-1(+)  mer-A- [Colox)(L-ala)(en)] « ZH.O (225;323) \3:253 (115:67';) 19.3 9% 27.0 175 %573 j: %gg
A-l(=)  mer-a- [Colox)(L-ala)en)] - 2H,O Bn B e 193 9%5 270 w17 s2%
A-2 Jac-A- [Co(ox)(L-ala)(en) ] « 1.5H.O (222;%3) (g;g) (}g;:}; 19.3 149 27.2 163 18.8 —3.89
A3 fac-A- [Colox)(L-ala)en)] - 2.8H.0 G e i 193 Mo 2.2 163 18.7 +3.38
B-1(+) mer-A- [Colox)XL-vallen)] + 1L7H.O (gg:gg) (g-}}g) (H:gg) 19.3 104 2.9 189 %gé Hgg
B-1(-) mer-A- [Colox)(L-val)en)] « 1.2H,0 é%;%%) <§1§2> ({%ﬁg) 19.2 91 26.9 172 %; :f:{zg
B-2-) fac-a- [Colox)(L-val)en)] « 35H.0 el dvey 19 %7 272 181 18.9 —3.89
B-2+) fac-A- [Colox)(L-val(en)] « 1L4H.O ey Ak 193 165 27.1 177 186 +3.28
c-1 mer-A- [Co(ox)(L-ileu)en)] » 1.2H, O éiti% <2‘§é> <Hi% 19.3 9% 27.0 171 %g:é j:%:gg
c-2 mer-t- [Colox)(L-ileu)(en)] « 15H,0 é%;g% <2;22) (ﬂ:gg) 19.2 100 29.6 187 ;S; - fgg
c-3 fac-A- [Colox)(L-ileu)(en)] « 1.2H.0 PN L N 151 2.2 164 18.9 -4.18
c-4 fac-A- [Colox)(L-ileu)(en)] « 0.7H, 0 B 2 B i 44 271 169 186 +2.52
D-1 mer-A- [Colox)(L-thr)en) ] + 0.7H, 0 (223:254) <§j18§> : llgif) 19.3 9% 26.9 173 %(7); - ?gg
D2 mer-a- [ColomiLthoen)) -20H:0 G285, T GG 103 voomo gy Dol
D-3 Jfac-A- [Colox)(L-thr)en)] - 0.7H, O B SR a2 152 272 1M 187 +3.34
D4 Jac-a- [Colox)(L-thr)(en)] B AEA N - N L 157 272 M 189 —4.25
E-1 mer-A- [Co(ox)(L-met)(en)] - LOH O Jn an AR e % 2.9 B e T
E-2 mer-0- [Colox)(L-met)(en)] » LOH, 0 S L S LR 93 268 7B ) ok
E3  jac-d- [Colox)(L-met)(en)] - 26H,0 o Sy v w2 w22 74 188 -3.50
E-4 fac-A- [Colox)(L-met)en)] « LOH. O o 2B R 2 w272 Mmoo 187 +3.70
F-1 mer-0- [Colox)(L-sen)en)] - 21H.0 (%2183) (gﬁgg) &%1(7)421) 19.2 % 2.0 1 207 iR
F2  mer-A- [Colox)L-ser)en)] - L5H.O s Bl e 12 % 270 w8+l
F-3 fac-A- [Colox)(L-ser)en) ] - 1.0H, 0 NS A - N Y u8 212 163 22.9 +3.57
F-4 fac-- [Colox)(L-ser)en) ] - 0.1H, 0 I N R X 155 27.2 168 23.1 ~3.75
a) (): caled.

absorption and CD spectra for the L-ileu complex are illustrated in Fig. 1. The
absorption and CD spectra for the other complexes showed similar features to those of
the L-ileu complex.

It is known that the observed CD spectrum of a complex with an optically active
ligand can be separated into two curves due to the configurational and vicinal contri-
butions®”. The separated curves with the present complexes are shown in Figs. 2 and 3,
respectively, from which it is seen that the configurational CD curves are substantially
similar to one another, irrespective of the chelated L-am, indicating that the additivity
rule holds for the present system. The vicinal CD curves due to the chelated L-ams
consist chiefly of negative components in the first absorption band region. The vicinal
CD curves for the L-ileu and L-thr complexes suggest that the second asymmetry on
chelated ligand is almost regardless of CD spectra.
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fog €

Fig. 1. Absorption and CD spectra of ;

mer—[Co(ox) (L-ileu) (en)] and
--------- Jfac-[Colox) (L-ileu) (en)] .

Stereoselectivity. The formation ratios represented by percentages among the
stereoisomers of the present complexes are given in Table 2, in which the previously
reported results for related complexes™? are also included for comparison.

In the present system, since activated charcoal was used, the equilibratios among
the stereoisomers are considered to be accomplished®®. The formation ratios observed
are considered from the following two points of view ; the stereoselectivity between the
diastereoisomers (A and A) and that between the geometrical isomers (mer and fac) with
the same absolute configuration (A or A).

We assume three factors governing the formation ratios among the stereoisomers in
the ;present system ; (a) electrostatic repulsion among the donor atoms, (b) interaction
between the polar side—chain of chelated L-am and the -NH, or -COO~ group of
another chelated ligand, and (c) steric hindrance due to the bulky substituent of a
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20 25 30 20 25 30
/10" cm™
Fig. 2. Configurational CD curves of ;
L-ala, ------ L-val, «eeveeee L-iley,
— - —L-~thr, —- - —L-met and —- —1L-ser complexes.

mer

fac
-0} -

+05 k -

20 25 30 20 25 30
5/16" cm”

Fig. 3. Vicinal CD curves of ;
L-ala, -——-- L-val, --eoeeeee L-ileu,
— - —L-thr, — - - —L-met and ——L-ser complexes.

77
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TABLE 2. FORMATION RATIOS AMONG STEREOISOMERS

Complex mer—A» mer-A® Jac-A® Jac-A»
[Co(ox)(L-ala)(en) ] 37 (1) 44 (2) 8 (4) 11 (3)
[Co(ox)(L-val)(en) ] 44 (1) 37 (2 5 (4) 14 (3)
[Col(ox)(L-ileu)(en) ] 48 (1) 34 2 5 (4) 13 (3
[Co(ox)(L-thr)(en) ] 25 (2) 59 (1) 10 (3) 6 (4)
[Co(ox)(L-met)(en) ] 35 (1) 4 (©) 11 ) 10 (13)
[Co(ox)(L-ser)(en) ] 26 (2) 54 (1) 13 (8) 8 (4)
[Co(ox)(L-Hasp)(en) ] ¥’ 11 © 72 (1) I 3 (@)
[Co(ox)(L-Hglu)(en)] ®’ 32 48 11 9
[Co(ox)(L-leu)(en)] ¥ 35 49 8 8
[Co(ox)(L-aspNH.,)(en)] ¥ 62 (1) 19 (@ 14 (3) 5 (4)

a) ( ): elution order on chromatography. b) Ref. 1.
c) Ref. 2.

chelated L-am. These assumptions seem to be reasonable on the basis of various
experimental facts. 11011

The stereoselectivities between the diastereoisomers are given in Table 3 for the A
forms. It is found that the fac-L-val, fac-L-ileu, mer-L-thr and mer-L-ser complexes
exhibit about 709%. In the complexes containing the L-am which has no polar
side-chain, the stereoselectivities can be explained by the factor (c); the steric hindrance
of a bulky substituent against the -NH, group of ethylenediamine is larger than that
against the -COO~ group of oxalate, and this is supported by the PMR spectra of the
fac-L-leu complex as is seen in Fig. 4. The A isomer having the substituent near to the
-NH, group shows two doublets for -CH, signal, while the A isomer having the sub-
stituent near to the -COQO~ group shows only one doublet. This differences can be
understood by considering that the steric hindrance prevents free rotation of isopropyl

TABLE 3. STEREOSELECTIVITIES

Complex mer-A® Jac-AY mer—AD) mer—AP
[Co(ox)(L-ala)(en)] 54 59 82 80
[Co(ox)(L-val)(en) ] 46 73 90 73
[Co(ox)(L-ileu)(en) ] 41 71 91 73
[Colox)(L-thr)(en) ] 71 39 71 91
[Colox)(L-met)(en) ] 56 47 76 82
[Colox)(L-ser)(en) ] 68 37 67 87
[Colox)(L-Hasp)(en) ] 87 18 44 96
[Co(ox)(L-Hglu)(en)] © 60 45 74 84
[Co(ox)(L-leu)(en)] © 58 50 81 86
[Colox)(L-aspNH,)(en)] ¥ 77 26 58 93

a) Stereoselectivity between diastereoisomers.

b) Stereoselectivity between geometrical isomers with the same absolute config-
uration.

c) Ref. 1.

d) Ref. 2.
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a | 6.0Hz € kY 7.2H, I‘—1 O l‘—’l 7.2Hz

|‘_|‘1,16.on d k—-;|7,2|-|z|<—+| f k—1 |<—17.2Hz

&

1 1 1
1.0 1.0 1.0
ppm vs. TMSP
Fig. 4. PMR spectra of ;
a) fac-A-L-leu, b) fac-A-L-leu, c) mer-A-L-val,
d) mer-A-L-val, e) fac-A-L-val and f) fac-A-L-val isomeric complexes.

TABLE 4. SEPARATION DISTANCE BETWEEN CH,; SIGNALS

Complex mer-A mer-A Jac-A Jfac-A
[Colox)(L-val)(en) ] 25Hz 23Hz 10Hz 17Hz
[Co(ox)(L-leu)(en) ] — 3Hz 2Hz 0Hz

group for the A isomer. Thus, it is expected to form fac-A and mer-\ isomers
stereoselectively for the complexes having nonpolar side-chain of L-am. The PMR
spectra of the L-val complex (Fig. 4) suggest that the steric hindrance in the [Co(ox)
(L-am) (en) ] system is the largest for the structure having branched g-carbon on the
chelated L-am side-chain (we call this as p-branched structure), since the four ste-
reoisomers show all two doublets for -CH; signal. And then, it may be considered that
the L-val complex has more rigid structure with respect to the chelated L-val compared
with other complexes. Thus, the L-val complex seems to exhibit larger stereoselectivity
than the L-leu one. The situation may be the same for the L-ileu complex, because L-ileu
has p-branched structure. On the PMR spectra, the separation distances between the
two -CH; signals for the L-val and L-leu complexes are given in Table 4. It is found
from Tables 2 and 4 that the larger distance exhibits the larger formation ratio for each
of the complexes. In the L-val and L-ileu complexes, the stereoselectivities of the mer
isomers are smaller than those of the fac ones. The reason can be understood by the
orientation of hydrogen atoms on the chelated ethylenediamine as is seen in Fig. 5. One
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(a) S (c)
S
He Hz
(b) (d) S
S
He H2

Fig. 5. Orientation of hydrogen atoms on ethylenediamine of ;

a) mer—-A, b) mer-A, c) fac-A and d) fac-A stereoisomers.
S : Substituent.

of the hydrogen atoms on the apical -NH, group of ethylenediamine directs to the
aminoacidate substituent for fac isomers. Thus, the difference of steric hindrance
between diastereoisomers is larger for the fac isomers than for the mer ones.

In the complexes containing L-am with polar side—chain, L-thr and L-ser com-
plexes, the observed stereoselectivities are understood by the factor (b). In the mer
isomers, the effects of (b) may be regarded as an attractive force through hydro-
gen-bonding (H-bonding) mediated by water molecule pictured in Fig. 6, because the
addition of ethanol to the aqueous system resulted in the reduction of the stereose-
lectivity (see Table 5). It is considered that the hydrogen bonding prefers to the -NH,
group of ethylenediamine than to the —-COO" group of oxalate. This effect has been
supported in the cases of the L-Hasp"” and L-aspNH,? complex. The hydrogen bonding
effect will lead the stereoselective formation of the mer-A and fac-A isomers. As to
the fac-A isomers, however, the stereoselectivities were unnoticed compared with mer—A
isomers. It seems that there is no interaction between the polar side-chain and water
molecule for the fac-A isomers (Table 5).

The stereoselectivities between the geometrical isomers with the same absolute
configuration (Table 3) can be understood by factors (a), (b) and (c), in analogy with the
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L-ser

-NHz
(a) (b)

Fig. 6. Formation of hydrogen bonding mediated water molecule for [Co(ox) (L-ser) (en)] .
The hydrogen bonding is pictured from (a) horizontal side and (b) apical side.

TABLE 5. SOLVENT EFFECTS OF ETOH ON
STEREOSELECTIVITY BETWEEN THE
DIASTEREOISOMERS FOR [Co(ox)(L-ser)-
(en)] COMPLEX

H.O/EtOH(V/V) mer—A Jac-A
10 67 36

7.5 66 34

5 64 36

3 61 37

2 61 36

above mentioned stereoselectivities between the diastereoisomers, the factor (a) being the
most significant. For example, as to the L-val complex having g-branched structure it
can be explained as follows; the preferential formation of the mer isomer, compared
with the fac one, is evidently due to (a), and the difference of the stereoselectivity
between the A and A isomers is due to (c), that is, a hydrogen atom on the -NH, group
of ethylenediamine directs, for the fac-A isomer, to the L-am substituent (Fig. 5). Thus,
the difference of steric hindrance between the mer and fac isomers is larger for the A
configuration than that for the A one. The stereoselectivities between the geometrical
isomers with the same absolute configuration for the A-ser, A-aspNH, and A-Hasp
complexes are less than those of the other complexes. These facts may be arisen from
strong interaction, factor (b), due to hydrogen bonding.

The data on the stereoselectivities between the diastereoisomers for the L-ser
complex under various conditions are given in Tables 5 and 6. These results showed
that the conditions used for Preparation (40°C, pH 9.5, 36 h and in H,0) were in fact
adequate conditions in order to investigate the stereoselectivities in the present system.

Elution Order. 1t is found from Table 2 that the observed elution order among
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T ABLE 6. STEROSELECTIVITIES IN [Co(ox)(L-ser)(en) ]
UNDER VARIOUS CONDITIONS

mer—-A Jac-A

0.5 50 46

Time 4 60 43
(h) 32 68 36
128 68 37

4 55 44

Temperature 15 58 38
O 40 68 37
60 66 36

3.5 69 36

pH 7.5 69 36
9.5 68 37

stereoisomers is approximately parallel to the order of the formation ratios. This trend
can be explained in terms of dipole moment.*>'? It seems reasonable to assume that
a stereoisomer having smaller dipole moment is eluted prior to a stereoisomer having
larger one in the use of Dowex 50W-X8 resin. On the other hand, it seems also
reasonable to assume that a stereoisomer with smaller dipole moment is formed more
predominantly by the factor (a).
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