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Three kinds of cobalt(III) complexes with S-(2-aminoethyl)-L-homocysteinate (L-aehc) and a bidentate
ligand (glycinate, oxalate, and ethylenediamine) were prepared and chromatographically separated into the
quasi-enantiomeric isomers: 4.-trans(O)-mer(N)-R(S), A1-cis(0O ) mer(N)-R(S), Ar-cis(O)-mer(N)-S(S), and Av-
cis(0)+fac(N)-S(S) for the glycinato complex, Ai-trans(N)-R(S) and Av-cis(N)-S(S) for the oxalato one, and
A41-R(S) and A.-S(S) for the ethylenediamine one. These isomers were characterized from their electronic
absorption, CD, and 3C NMR spectra. The conformations of the six-membered N-S chelate ring in the L-aehc,
of the chair for 4.-R(S) and of the chair or skew-boat for 4.-S(S), were suggested on the basis of the 3C NMR
spectra. The CD spectra of the isomers are discussed in relation to their geometrical and absolute configurations.

CD spectra of the cobalty(Ill) complexes with a
thioether-type terdentate ligand such as r-methio-
ninate, S-methyl-L-cysteinate and their derivatives have
been investigated in relation to the stereochemical prop-
erties of the coordinated sulfur donor atom.!-® In
these works, however, the chiral sulfur atom, R(S) or
S(S)? configuration, has been suggested to be configura-
tionally labile.8.19 S.(2-Aminoethyl)-L-homocysteinate
(r-aehc) functions as a quadridentate ligand to a cobalt-
(II1) ion and forms two five-membered (N-S and N-O)
chelate rings and a six-membered (N-S) one (Fig. 1).
Accordingly, the r-aehc cobalt(III) complex gives a
fixed chiral sulfur atom as well as the cobalt(III) comp-
lexes with (2-aminoethylthio)acetate!¥ or (2R)-2-(car-
boxymethylthio) propionate.!? The L-aehc ligand can
take two kinds of coordination modes which are mutu-
ally quasi-enantiomeric, as shown in Fig. 1. The sulfur
donor atom in (a) or (c) of Fig. 1 takes only S(S) con-
figuration, while two configurations, R(S) and S(S),
are possible for the sulfur donor atom in (b) or (d),
depending on the possible conformations, chair and
skew-boat, of the six-membered N-S ring. Of the four
isomers for [Co(L-aehc)(gly)]*, two isomers were deter-
mined to be the Ai-trans(O)-mer(N)-R(S) and A4.-
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Fig. 1. Possible isomers of [Co(L-aehc)(gly)]*: (a) AL-
cis(0) -mer(N)-S(S), (b) dr-cis(O).-mer(N)-R(S), (c)
Avr-cis(0)-fac(N)-S(S), and (d) AL-trans(O).-mer(N)-
R(S). dv-cis(O)-mer(N)-S(S) and dp-trans(O)-mer(N)-
S(S) are omitted.

cis(O) -mer(N)-R(S) ones by the X-ray crystal structure
analysis.13-19

In this work, the [Co(r-aehc)(bidentate)]-type
complexes were prepared and chromatographically
separated into their possible isomers, namely, four
isomers for the glycinato complex, two for the oxalato
one, and two for the ethylenediamine one. The [Co(L-
aehc)(NHs)2]?* and [Co(r-met)(NHs)s]2* complexes
were also prepared in order to compare the CD spec-
tra with the isomers of [Co(L-aehc)(en)]?+. The coor-
dination modes of r-aehc, A.-S(S), 4L-R(S), and 4.-
S(S), were suggested from comparisons of the CD and
13C NMR spectra of the Ar-trans(O)-mer(N)-R(S)- and
dr-cis(O)-mer(N)-R(S)-[Co(r-aehc)(gly)]* isomers with
those of the remaining isomers of the gly complex
and of the isomers of the ox and en complexes.

Experimental

Preparation of Ligand. S-(2-Aminoethyl)-L-homo-
cysteine was prepared by a procedure similar to that used
for the preparation of S-(carboxymethyl)-L-homocysteine,®
using 2-bromoethanamine hydrobromide instead of chloro-
acetic acid. The reaction mixture was neutralized with a
1 moldm—3 aqueous solution df sodium hydroxide and the
deposited sodium chloride was filtered off. The filtrate was
poured onto a column of Dowex 50W-X8 (H* form, 5cmX
40cm). After unreacted L-methionine had been swept with
a 0.2 mol dm—3 sodium citrate buffer solution (pH 4.25), the
desired product was eluted with a 1.0 mol dm—3 aqueous am-
monia. The eluate was concentrated with arotary evaporator
until it became sirupy. It was neutralized with concd hydro-
bromic acid and to the solution was added a large amount of
acetone. The crystals were collected by filtration and then
washed well with acetone. Found: C, 27.59; H, 5.89; N,
10.53%. Calcd for L-Haehc- HBr=CsH14N202S-HBr: C, 27.57;
H, 5.83; N, 10.80%.

Preparation and Separation of Complexes. 1) (S-(2-Amino-
ethyl)-L-homocysteinato X glycinato)cobalt(Ill) Perchlorate: [Co-
(L-aehc)gly)JClO4. A solution containing 4.0 g of L-Haehc-
HBr and 2.0g of glycine in 40cm3 of water was adjusted
to pH 7 with a 1 moldm-3 aqueous solution of sodium hy-
droxide. To this solution was added a solution containing
4.8g of CoClz2-6H20 in 40cm? of water, 0.5g of activated
charcoal, and 8.0g of PbO2. The mixture was stirred at ca.
65°C for 15min and then filtered. The filtrate was poured
onto a column of Dowex 50W-X8 (200—400 mesh, Na+ form,
3cmX40cm). After the column had been swept with water,
the adsorbed band was eluted with a 0.1 mol dm—2 aqueous
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solution of NaCl. Four colored bands; red-violet (A-1),
violet (A-2), red-violet (A-3), and red (A-4), were eluted in
this order. It was found from the absorption and CD spectral
measurements that A-1, A-2, A-3, and A-4 eluates contained
Ar-trans(O)-mer(N), Ar-cis(O)-mer(N), Av-cis(O).-mer(N),
and Ay-cis(O)-fac(N) isomers, respectively. Each eluate was
concentrated to a small volume with a rotary evaporator
below 25°C and the deposited NaCl was filtered off. The
filtrate was passed through a column of Sephadex G-10
(3.5cmX100cm) by elution with water. By use of an anion-
exchange column (QAE-Sephadex A-25, C104~ form, 3cmX
20cm), the chloride salt in the eluate was converted into
the perchlorate one. The eluate was concentrated to a small
volume again. After adding a small amount of ethanol, the
solution was kept in a refrigerator for several days. The
crystals which appeared were collected by filtration and
recrystallized from water by addition of ethanol. Found for
A-1: C, 23.44; H, 4.14; N, 10.13%. Found for A-4: C, 23.36;
H, 4.16; N, 10.13%. Calcd for [Co(r-aehc)(gly)]ClOs=
CoCsH17N30sSCl: C, 23.45; H, 4.18; N, 10.25%. Found for
A-2: C, 23.30; H, 4.57; N, 9.83%. Found for A-3: C, 22.48;
H, 4.41; N, 9.80%. Calcd for [Co(r-aehc)(gly)]C104- H20:
C, 22.46; H, 4.49; N, 9.82%.

2)  (S-(2-Aminoethyl)-L-homocysteinato)(oxalato)cobalt(III):
[Co(r-aehc)ox)]. This complex was prepared by the same
procedure as in 1), using oxalic acid dihydrate instead of
glycine. The reaction mixture was filtered and the filtrate
was passed through columns of Dowex 1-X8 (Cl- form,
4cmX25cm) and Dowex 50W-X8 (Na+ form, 4cmX25cm)
in order to remove charged compounds. The concentrated
eluate was poured onto a column of QAE-Sephadex A-25 (Cl-
form, 3.0cmX150cm) and eluted with water. The adsorbed
band was separated into two bands, dark-violet (B-1) and
purple (B-2), in this order. It was found from the absorption
and CD spectral measurements that B-1 and B-2 ‘eluates
contained di-trans(N) and Ar-cis(N) isoimers, respectively.
Each eluate was concentrated to a small volume with a rotary
evaporator below 25°C and kept in a refrigerator overnight.
The complex which precipitated was collected by filtration,
then washed with ethanol and ether. B-1 isomer was obtained
as violet needle crystals and B-2 isomer as light purple
powder. Found for B-1: C, 29.42; H, 4.02; N, 8.60%. Found
for B-2: C, 29.27; H, 3.98; N, 8.57%. Calcd for [Co(r-aehc)-
(ox)]=Co0CsH13N206S: C, 29.63; H, 4.04; N, 8.64%.

3) (S-(2-Aminoethyl)}L-homocysteinato)(ethylenediamine)cobalt-
(II1) Perchlorate: [Co(L-aehc)(en)]ClOs)e. A solution
containing 2.0g of L-Haehc-HBr in 40cm? of water was
adjusted to pH 7 with a 1 moldm~3 aqueous solution of
sodium hydroxide. To this solution were added 2.0g of
trans-[CoClz(en)z]JCI' and 0.5g of activated charcoal. The
resulting mixture was stirred at ca. 75°C for 15min. The
color of the solution changed from green to violet and finally
to orange-red. The mixture was filtered and the filtrate was
poured onto a column of Dowex 50W-X8 (200—400 mesh,
Nat form, 3.5cmX30cm). After the column had been swept
with water, the adsorbed band was eluted with a 0.5 mol dm—3
aqueous solution of NaCl. Four colored bands: a red-violet,
another red-violet, orange-red (C-1), and orange (C-2), were
eluted in this order. It was found from the absorption and
CD spectral measurements that C-1 and C-2 eluates contain-
ed the desired isomers, but the earlier two red-violet eluates
contained a by-product; the absorption spectra of the two
eluates did not show any sulfur-to-metal charge transfer band
in the region of 30—35X103cm~1.1-4.6-8.10-12  Each of the
C-1 and C-2 eluates was concentrated to a small volume with
a rotary evaporator below 25°C. The solution was passed
through columns of Sephadex G-10 (3.5cmX100cm) and
QAE-Sephadex A-25 (ClO4~ form, 3cmX20cm), by elution
with water as in ). To the eluate concentrated again was
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added a small amount of methanol ; this mixture was keptin a
refrigerator for several days. The complex which precipitated
was collected by filtration, then washed with methanol and
ether. C-1 isomer was obtained as orange-red needle crystals
and C-2 isomer as orange-red powder. Found for C-1: C,
18.91; H, 4.55; N, 10.88%. Calcd for [Co(r-aehc)(en)](ClOs)z -
Hz0=CoCsH21N4010SClz- H20: C, 18.72; H, 4.53; N, 10.92%.
Found for C-2: C, 18.89; H, 4.12; N, 11.12%. Calcd for [Co-
(L-aehc)(en)](C104)2-0.5H20: C, 19.05; H, 4.20; N, 11.11%.

4)  (S-(2-Aminoethyl)-L-homacysteinato)diamminecobalt(I1I)
Chloride: [Co(r-aehcXNHz)]Cls. To a solution con-
taining 2.0 g of L-Haehc.HBr in 200 cm3 of water was added
3.5g of cis-K[Co(COas)2(NHs)z]-H20.1® To this solution
was gradually added 3 mol dm—3 hydrochloric acid with stir-
ring at ca. 45°C until the evolution of carbon dioxide ceased.
The color of the solution changed from blue-violet to dark
red. The mixture was filtered and the filtrate was poured onto
a column of SP-Sephadex C-25 (Na* form, 3 cmX90cm).
After the column had been swept with water and 0.02 mol
dm=3 acetic acid (pH 4.5), the adsorbed band was eluted with
a 0.2 moldm=3 aqueous solution of NaCl. Only the red
band was eluted; it was concentrated to a small volume with
a rotary evaporator below 20°C. The solution was passed
through a column of Sephadex G-10 (4 cmX45 cm) and then
poured onto a column of SP-Sephadex C-25 (Na* form, 3
cmX90 cm) again. The adsorbed band was eluted by the
same conditions as described above. Four colored bands:
red, red-violet, red (D-1), and another red (D-2), were eluted
in this order. It was found from the comparison with the
absorption and CD spectra of [Co(r-aehc)(en) ]2+ isomers that
D-1 and D-2 eluates contained the desired isomers. Since the
yield was very poor, the desired isomers could not be isolated.
The concentration of the complex cation in each eluate was
evaluated by the plasma emission spectral analysis.

5) Triammine(L-methioninato)cobalt(lll) Perchlorate: [Co-
(v-metYNH3)s[ClOy)2. A solution containing 4.8 g of am-
monium chloride and 7.2 cm3 of 25% aqueous ammonia in
40 cm?® of water were added to a solution containing 4.0 g of
L-methionine in 12cm3 of water. To this solution was
added a solution containing 1.7 g of Co(CH3COO)2-4H20 in
40 cm? of water and 10g of PbO.. The molar ratio, Co?*:
L-methionine: NH3z: NH4t, was 1:1:3:3.5. This solution was
stirred at ca. 60°C for 18 min, cooled to room temperature,
and then filtered. The filtrate was poured onto a column
of SP-Sephadex C-25 (Na* form, 4cmX120cm). After the
column had been swept with water and then with a 0.03 mol
dm=3 aqueous solution of NaCl, the adsorbed band was
eluted with a 0.18 mol dm~23aqueous solution of NaCl. Three
colored bands: pink, orange-pink, and orange, were eluted in
this order. It was found from the absorption and CD spectral
measurements that the second eluate contained the desired
complex. The second eluate was concentrated to a small
volume with a rotary evaporator and the deposited NaCl was
filtered off. The filtrate was passed through a column of
QAE-Sephadex A-25 {ClO4~ form, 3 cmX20cm) by elution
with water. The eluate was concentrated to a small volume.
The crystals which appeared were collected by filtration, then
washed with ethanol and ether. Found: C, 12.25; H, 4.05; N,
11.89%. Calcd for [Co(r-met)(NH3)3)(ClOs)z-0.5H20=CoCsHe-
N4010SClz-0.5H20: C, 12.88; H, 4.32; N, 12.02%.

Measurements. The electronic absorption spectra were
recorded with a JASCO UVIDEC-1 spectrophotometer and
the CD spectra with a JASCO J-20 spectropolarimeter. The
concentration of D-1 or D-2 isomer for [Co(r-aehc)(NHa)z ]2+
was measured with a Jarrell-Ash model 96—975 plasma
Atom Comp. The 'H and 8C NMR spectra were recorded
on a JEOL JNM-FX-100 NMR spectrometer at the probe
temperature in DzO or 70% DC1O4 solvent. Sodium 2,2-dimeth-
yl-2-silapentane-5-sulfonate (DSS) was used as an internal
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reference.

Results and Discussion

Structural Assignment.

Two pairs of quasi-

[Co(r-aehc)(bidentate)]-type Complexes 2753

enantiomeric geometrical isomers, A -cis(O)-mer(N)
and Adi-cis(O)-mer(N), and Ar-cis(O)-fac(N) and A4.-
trans(O)-mer(N), are expected for [Co(r-aehc)(gly)]t,
regardless of the chiral sulfur atom, R(S) or S(S), in L-
aehc (Fig. 1).19 In the first absorption band region, A-1

32 36
o/103cm™1

16 20 24 28

Fig. 2. Absorption and CD spectra of [Co(L-aehc)-
(gly)]*: Avr-cis(O)-mer(N) (—) and Adr-cis(O)-

mer(N) (------)
TABLE 1.

40 lollo 1:8 16 20 24 28 32 36 40 44 48
0/10% cm™!
Fig. 3. Absorption and CD spectra of [Co(r-aehc)-
(gly))*: Avr-cis(O)-fac(N) (—) and Adir-trans(O)-
mer(N) (------ )-

ABSORPTION AND CD sPECTRAL DATA OF [Co(L-aehc)(L)] (L=gly, ox, en, and

(NHs)z), AnD [Co(L-met)(NH3)s]?+

Absorption CD

Complex c/103cm™! 6/103cm™!
(¢/mol-1dm3cm™1) (Ae/mol-1dm3cm?)

Ar-trans(O)-mer(N )- 18.52 (1.93) 19.23 (—0.66)
[Co(1-aehc)(gly)]* 21.14 (1.96) 21.20 (—0.81)
27.03 (2.24) 28.57 (—0.21)
35.34 (3.88) 34.56 (+17.83)
44.64 (4.11) 44.21 (+18.8)
Avr-cis(O)-mer(N)- 18.94 (2.16) 18.67 (+2.75)
[Co(1-aehc)(gly)]* 27.03 (2.23) 21.74 (—0.51)
36.36 (3.89) 26.89 (—0.21)
46.95 (4.08) 30.12 (+0.14)
37.60 (—0.75)
42.55 (+0.79)
45.45 (—5.56)
di-cis(O)-mer(N)- 18.90 (2.22) 17.80 (+0.19)
[Co(r-aehc)(gly)]* 27.03 (2.23) 20.83 (—0.77)
34.97 (3.99) 25.97 (+0.28)
45.45 (4.19) 28.96 (—0.22)
34.60 (+10.1)
44.44 (+13.0)
Av-cis(0)-fac(N)- 19.53 (2.32) 19.05 (+2.35)
[Co(1-aehc)(gly)]* 26.81 (2.26) 22.58 (—0.02)
36.36 (3.92) 25.32 (+0.31)
44.64 (4.18) 28.90 (+0.23)
35.59 (—11.5)
45.05 (—7.09)
Adi-trans(N)- 19.53 (2.10) 16.61 (+0.17)
[Co(1-aehc)(ox)] 26.25 (2.27) 19.69 (—0.87)
34.72 (3.92) 25.45 (+0.11)
42.92 (4.11) 28.01 (—0.42)
34.13 (+11.3)
38.17 (—2.39)

45.05 (+15.3)
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TasLE 1. Continued
Absorption CD
Complex o/103cm™1 6/103cm™?
(¢/mol-1dm3cm™1) (Ae/mol-1dm3cm™1)
Ar-cis(N)- 18.73 (2.20) 18.15 (+1.86)
[Co(1-aehc)(ox)] 26.18 (2.19) 20.79 (—0.27)
34.60 (3.88) 23.98 (+0.03)
43.67 (4.09) 26.25 (—0.12)
28.57 (+0.03)
36.76 (—5.24)
42.92 (+6.16)
46.95 (—4.33)
A4.-[Co(1-aehc)(en) ]2+ 20.58 (2.10) 19.96 (—1.04)
27.93 (2.23) 28.41 (—0.39)
35.56 (3.96) 35.09 (+6.07)
46.30 (4.18) 43.29 (+15.4)
Ap-[Co(r-aehc)(en)]2+ 19.92 (2.21) 19.16 (+3.30)
27.78 (2.28) 22.08 (—0.91)
35.56 (3.89) 26.45 (+0.12)
44.64 (4.09) 29.32 (+0.42)
31.85 (+0.48)
36.90 (—12.7)
44.44 (—5.68)
4.-[Co(1-aehc)(NHa)z]2+ 19.92 (2.29) 20.20 (—1.43)
27.78 (2.4sh”) 25.32 (+0.14)
34.84 (3.95) 28.41 (—0.55)
46.73 (4.11) 33.56 (+9.87)
42.55 (+10.4)
Ar-[Co(r-aehc)(NHa)z]2+ 19.88 (2.34) 18.90 (+1.73)
27.78 (2.46sh) 21.51 (—0.48)
34.97 (3.96) 25.19 (+0.12)
45.66 (4.36) 27.25 (—0.08)
28.99 (+0.05)
35.71 (—6.58)
46.30 (—4.17)
[Co(L-met)(NHj3)3]J2+ 20.00 (2.03) 20.00 (+0.50)
27.03 (2.2sh) 27.47 (—0.16)
34.36 (3.94) 30.58 (+0.06)
47.62 (4.22) 35.84 (—5.64)
46.30 (1+6.87)
a) sh denotes a shoulder.
isomer of [Co(L-aehc)(gly)]* exhibits well separated two
absorption components, A-2 and A-3 isomers exhibit ‘

a broad band, and A-4 isomer exhibits a sharp band
(Figs. 2and 3, and Table 1). These splittings of the first
absorption bands agree well with the splitting pat-
terns which can be expected from the semiempirical
calculation!® on the basis of the ligand field strength,
N>$§>0.1-4.6-8.10-19  Of these isomers, A-1 and A-3
isomers were determined to be Ar-trans(O)-mer(N)1®
and dv-cis(O)-mer(N),¥ respectively, by the X-ray
crystal structure analysis and then A-2 isomer was
assigned to Ay-cis(O)-mer(N) from a comparison of the
absorption and CD spectra with those of A-3 one.1¥
Thus A-4 isomer is Ai-cis(O)-fac(N). For the [Co(L-
aehc)(ox)] complex, the isomers are regulated to a pair
of quasi-enantiomeric isomers, 4i-trans(N) and Ay-
cis(N) (Fig. 1). In the first absorption band region, B-1
isomer of [Co(r-aehc)(ox)] exhibits a band with an
explicit shoulder on the lower energy side and B-2
isomer exhibits a sharp band (Fig. 4 and Table 1).
These spectral patterns suggest that B-1 isomer is 4;-
trans(N) and B-2 one Ai-cis(N). Similarly, the two
isomers, 4. and Ay, are possible for the ethylenediamine
complex, [Co(r-aehc)(en)]2*. In this case, however, itis
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520 2 28 32 36 40 4 48
/103 cm™!

Fig. 5. Absorption and CD spectra of [Co(L-aehc)-

(en)]?*: AL (—) and Ay (------ ), and [Co(L-met)-

(NHa)a]2* (--re-).

difficult to assign the structure of the two isomers on the
basis of their first absorption bands (Fig. 5), so their 13C
NMR spectra were measured.

The 13C NMR spectra of the six isomers of the gly
and ox complexes can be classified into two groups ac-
cording to the distribution of the chemical shifts due
to the B-methylene carbon atom of r-aehc (Fig. 6). One
group, the 4 isomers, exhibits the resonance line in the
range of 40—43 ppm (A-1, A-3, and B-1 isomers), while
the other, the AL isomers, exhibits the line in the range
of 34—37 ppm (A-2, A-4, and B-2 isomers). The same
trend was observed for the 13C NMR spectra of the two
isomers of [Co(r-aehc)(en)]?*, namely, the resonance
line for the B-methylene carbon atom of C-1 isomer
(34.51 ppm) appears at a higher field than that of C-2
one (40.25ppm) (Fig. 6). Stereomodel examination
reveals that the interligand interaction between the
six-membered N-S chelate ring containing the -
methylene and the five-membered N-S chelate ring of L-
aehc is more remarkable for the Ay isomer than for the
drone. Taking the classification based on the 13C NMR
spectral behavior of the B-methylene carbon and the
steric effects of the chemical shift of carbon!®:20 into
consideration, the C-1 isomer of [Co(r-aehc)(en)}2+ is
tentatively assigned to A, and the C-2 isomer to A4L.
This assignment is consistent with that from their CD
spectra (vide infra).

According to the model constructions, the coordi-
nated sulfur atom of the A, isomer is limited to S(S)
configuration, whereas that of the 4. isomer is able
to take R(S) and S(S) configurations which depend on
the conformation of the six-membered N-S chelate
ring in L-aehc, namely, the R(S) coordination takes with
a chair-formed N-S chelate ring and the S(S) coor-
dination with a skew-boat one. In fact, 4.-trans(O)-
mer(N)-[Co(r-aehc)(gly)]* (A-1) has the R(S) configu-
ration and the six-membered N-S chelate ring in
the chair form,'® and the Ap-cis(O)-mer(N) isomer

[Co(L-aehc)(bidentate)]-type Complexes
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Fig. 6. The distribution of 13C NMR chemical shifts
of [Co(r-aehc)(L)].
a—d: L=gly; e and {: L=o0x; g and h; L=en.

(A-3) also has R(S) with the chair-formed N-S chelate
ring.¥ These two glycinato isomers show similar 13C
NMR spectral behavior on the carbon atoms of r-aehc
to those of the 4y-trans(N)-[Co(r-aehc)(ox)] and Ar-
[Co(L-aehc)(en)]?* ones (Fig. 6). Thedistribution of the
chemical shifts for each carbon atom of L-aehc seems to
be related with the interligand interaction between the
six-membered N-S chelate ring and the five-membered
N-S chelate ring, as in the case of the chemical shift for
the B-methylene carbon mentioned above. Thus it is
suggested that the six-membered N-S chelate ring for
the ox and en complexes takes a chair conformation
(simultaneously R(S) configuration) in the 41 isomers.

Two isomers, 4L and AL, are possible for [Co(r-
aehc)(NHas)z]2+ as well as the ethylenediamine complex.
The absorption spectra of D-1 and D-2 isomers of the
diammine complex are quite similar to those of the
[Co(r-aehc)(en)]2+ and [Co(r-met)(NHas)s]?*+ complexes
over the whole region (Figs. 5 and 7). Furthermore, the
CD spectral patterns of D-1 and D-2 isomers also agree
well with those of [Co(rL-aehc)(en)]?+ isomers (vide
infra).

CD Spectra. The CD spectra of the r-achc
complexes are shown in- Figs. 2—5 and 7, and their
data are summarized in Table 1. Three pairs of quasi-
enantiomeric geometrical isomers for the gly and ox
complexes exhibit approximately enantiomeric CD
patterns, respectively, though some deviations are ob-
served in the first absorption band region (Figs. 2—4).
This enantiomeric CD spectral relationship can be
applied for the assignment of the two isomers of [Co(L-
aehc)(en)]2*, namely, A, for C-1 isomer and 4. for C-2
one (Fig. 5). This assignment agrees with that based on
their 13C NMR spectra mentioned above. Similarly, D-1
and D-2 isomers of [Co(r-aehc)(NHza)z2]?* correspond to
4:1- and A.:-[Co(L-aehc)(en)]2+, respectively, as shown in
Fig. 7. Here, it should be noted that 4.-[Co(r-aehc)
(NHs)2]2+ (D-1) isomerized gradually to 4. one (D-2)
in aqueous solution, while 4. isomer did not. This
trend in isomerization agrees with the suggestion from
the stereomodel examination that r-achc prefers A.
coordination to 4. one, because of more strained R(S)
caused by the 4. coordination of rL-aehc. Further study
is being undertaken to investigate the isomerization
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Fig. 7. Absorption and CD spectra of [Co(L-aehc)-
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in detail.

In order to estimate the CD contribution due to the
L-methionine moiety of L-aehc, the triammine(L-methi-
oninato)cobalt(IlII)  complex, [Co(r-met)(NHs)s]2+,
was prepared. The 'H NMR spectrum of the triam-
mine complex exhibits a peak (2.34 ppm) with a shoul-
der at lower field due to the S-methyl protons, sug-
gesting the coexistence of R(S) and S(S) isomers. This
result suggests that the CD spectrum of [Co(r-met)-
(NHs3)s]?* is mainly due to S(C) of the r-met (Fig. 5).
In contrast to the triammine complex, [Co(L-aehc)-
(NH3)2]2* and [Co(r-aehc)(en)]?t have two additional
CD contributions besides that due to S(C) of r-aehc,
namely, one from the configurational chirality due to
the skew pair of chelate rings of rL-aehc and the other
the chirality due to the sulfur donor atom, though the
two contributions can not be separated. As shown in
Fig. 5, the CD curves of [Co(r-aehc)(en)]?+ isomers in
the region of 24—48X103cm~! are almost enantio-
meric, taking into account that the CD curve of [Co-
(-met)(NHas)3]?* is subtracted from that of 4.- or A-
[Co(r-aehc)(en)]?t, while their CD patterns in the first
absorption band region deviate significantly from the
enantiomeric relation. The same situation holds for
each of the quasi-enantiomeric pairs of the other L-aehc
complexes (Figs. 2—4). The Ar isomers of all the L-aehc
complexes exhibit a similar CD pattern ((+) and (—)
from lower energy) in the first absorption band region,
regardless of the geometrical configurations with re-
spect to the coordinated atoms, while the patterns of
4L isomers depend remarkably on their geometrical
configurations. These CD spectral behaviors of 4. and
Ay isomers in the first absorption band region are also
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observed for the CD spectra of the S-(carboxymethyl)-L-
homocysteinato and S-(2-carboxyethyl)-L-homocys-
teinato complexes.?22 These deviations in the first
absorption band region seem to be attributed to the
difference of configurational chiralities due to the
coordinated r-aehc, 41-R(S) and A.-S(S), rather than
the chiral sulfur atom, taking account of the fact that
the CD patterns of R(S)- and S(S)-[Co(R-cmtp or R-
cetp)(NHa)3]*, which are mainly contributed to the
chirality due to the sulfur donor atom, are almost
enantiomeric in the first absorption band region
(where R-cmtp and R-cetp denote (2R)-2-(carboxymeth-
ylthio)propionate and (2R)-2-(2-carboxyethylthio)propio-
nate).12
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