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The ternary cobalt(III) complex [Co(EDDB)(en»)+ was prepared by oxidation of an aqueous 
solution of a cobalt(II) salt and the ligands by an equimolar amount of Pb02 • Chromatographic 
separation on a cation exchanger yielded two geometric isomers, that were characterized by their 
electronic absorption, 13C NMR and IR spectra. Gel permeation chromatography was used 
to partially separate the two geometric isomers to yield the corresponding enantiomers, whose 
absolute configuration was found by CD. 

Complexes of cobalt with flexible linear tetradentate ligands of the ethylene-bis
(ami no acid) type (EBAA) (-OOCCH(R)NHCH2CH2NHCH(R)COO-) can be 
employed as basic model compounds in the study of the stereochemistry of com
plexes of biogenic metals with peptides and proteins. These ligands can form three 
geometric isomers in octahedral complexes, cis-a, cis-P, and trans (Fig. 1). In the 
trans isomer, the central E ring and both G rings lie approximately in the equatorial 
plane of the octahedron, indicating considerable strain in the chelate rings. Thus, 
the formation of this isomer has been described only for the Pt(IV) complex!, and 
its identification is rather questionable. In all other described syntheses of EBAA 
complexes, the cis-a isomer was formed in predominating amounts, for both com
plexes of this type of basic ligand, derived from glycine2 , and for its C-alkyl substi
tuted derivatives a.-alanine3 , valine4 , prolines, and phenylalanine6 • However, only 
the cis-a isomer was formed in complexes of (S)-stilbenediamine-N,N'-diacetate7 

and leucine derivatives8 ; similarly, the cis-a isomer was formed in complexes of 
derivatives of proline5 •9 and valine4 , which also contained mono dentate ligands 
(H20, NO;, CI-). 

Recently, Moo-Jin Jun et al. 10 described the preparation of ternary cobalt(III) 
complexes of (2R,2'S)-2,2'-ethylene-bis(2-aminobutanoic) acid (EDDB) with mono
dentate ligands Cl, H20 and a bidentate ligand, CO~-. They found from the 1H NMR 
and electronic absorption spectra that only the cis-a isomer is formed in all the com
plexes. When en was the other ligand, a small amount of the cis-p isomer was formed 
in some cases4 - 6 and thus it was considered interesting to study the effect of this 
ligand on the distribution of geometric isomers in this type of ternary complexes. 
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EXPERIMENTAL 

Chemicals 

(R, S)-cx-bromobutyric acid (Fluka) was used in the synthesis without further purification.l,2-
-diaminoethane (Merck) was redistilled prior to use. All the other chemicals were of p.a. purity. 

Synthesis of (2R,2'S)-2,2'-ethylene-bis(2-aminobutanoic) Acid, HzEDDB 

This ligand was prepared by condensation of (R, S)-cx-bromobutyric acid with 1,2-diaminoethane 
in alkaline mediumll , with a yield of 1·8 g (78%). Melting point, 309°C, For ClOHzoNz04 
(232'3) was calculated: 51'66% C. 8'68% H. 12'06% N; found: 51'58% C, 8'77% H, 12'01% N. 

Preparation of Ethylenediamine-(2R, 2'S)-ethylene-bis
(2-aminobutanoato) Cobalt(III) Perchlorate, [Co(EDDB)(en)jCl04 

A suspension of 1·0 g (4'3 mmol) H 2 EDDB in 20 ml water was adjusted to pH 9 with IM-NaOH. 
Then a solution containing 1·02 g (4'3 mmol) CoCl 2 .6 H2 0 in 7 ml water was added, along 
with 1·03 g (4·3 mmol) Pb02 and 0·1 g of active carbon to accelerate the formation of an equi
librium mixture of the isomers. This mixture was heated with stirring to 60°C and maintained 
at this temperature for I hour. The mixture was cooled to laboratory temperature, the active 
carbon was filtered oft' and the wine-red solution was chromatographed on Dowex 50W-X8 
(50-100 mesh, Na + cycle). The mixture of isomers formed a compact layer in the upper part 
of the column; washing with water yielded a pink eluate. The complex was eluted with 0'2M
-NaCl04 at a flow rate of about I ml min - 1. The two purple layers A-I and A-II were eluted 
in this order. Electronic absorption spectroscopy indicated that eluates A-I and A-II contained 
the cis-(X-[Co(EDDB)(en)] + and cis-P-[Co(EDDB)(en)] + isomers, respectively, in a ratio of 
c. 6: I. Both cIliates were condensed on a rotating vacuum evaporator and the precipitated 
NaCl04 was filtered oft'. Repetition of this procedure resulted in removal of most of the NaCl04. 
The remainder of the NaCl04 was removed by gel permeation chromatography on a column 
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FIG. 1 

Possible geometric isomers of the cobalt(JII) complex with the flexible linear tetradentate ligand 
EBAA. (R = out-of-plane or "relaxed" ring, G -c in-plane or "girdling" ring, E = central 
"ethylenediamine" ring) 
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packed with Sephadex G-IO. It was observed in this procedure that the coloured bands corres
ponding to the cis-rx and cis-P geometric isomers separated into two layers (A-I-I, A-I-2 and 
A-II-I, A-I1-2). Measuring of the optical rotation [rxl;. indicated that all four components exhibit 
optical activity. All the eluates were condensed to a small volume, ethanol was added and the 
solutions were left to stand in a refrigerator for several days. The precipitated purple crystals 
were washed with cold ethanol and acetone and filtered off, followed by elemental analysis. 
For CO(C12H26N404)Cl04.H20 (466'6) calculated: 30'86% C, 6'05% H, 12'01% N; found for 
A-I-I: 30'47% C, 6'21% H, 12'13% N; for A-I-2: 30'89% C, 5'14% H, 12'15% N; for A-II-I: 
30'54% C, 6'14% H, 12'10% N; for A-I1-2: 30'58% C, 6'12% H, 12'11% N. 

Paper Electrophoresis 

The purity and charge magnitude of the isomers obtained were found by using paper electro
phoresis. Whatman No.2 paper was used in the pH region pH 5- 7 at a constant ionic strength 
of O·IM-KN03 . The complex concentration was of the order of 10- 2 mol dm- 3 . A solution 
of 0·05 mol dm - 3 antipyrin with 0·02 mol dm - 3 tetraethylammonium iodide was used as 
a mobility standard. The standard was detected using Dragendorf reagent and the complexes 
using a 0'01% solution of dimethylglyoxime in ethanol. 

Spectral Measurements 

The IR spectra were measured using a Perkin-Elmer 337 instrument by the KBr technique, 
with measurements in the range 4000- 400 cm -1. 

Electronic absorption spectra were measured in the region 350-700 nm on a Specord UV-VIS 
instrument in 1 cm glass cuvettes. The concentrations of the aqueous solutions, of the order of 
10 - 2 mol dm - 3, were adjusted according to the conditions. 

The specific rotation was measured on a Perkin-Elmer 141 instrument at four wavelengths 
(436,546,578, and 589 nm). The CD spectra were measured using a Jobin-Yvon Dichrograph III 
in the region 350- 800 nm in quartz cuvettes. The concentrations of the aqueous solutions of 
the measured complexes were found from the appropriate absorption spectra and atomic absorp
tion spectroscopy. 

The 13 C NMR spectra were measured on a Varian VXR-300 instrument at a working fre
quency of 75 MHz. The appropriate compounds were employed to prepare 10% solutions in 
2 HzO. Dioxane was used as a standard. 

All measurements were carried out at laboratory temperature. 

RESULTS AND DISCUSSION 

The linear tetradentate EDDB ligand was prepared by condensation of (2R,2'S)-a.
-bromobutyric acid with 1,2-diaminoethane in alkaline medium. 
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The structure of this ligand was confirmed by IR and 13C NMR spectroscopy 
(Fig. 20). When flexible, linear tetradentate ligands of this type exhibit octahedral 
coordination, they can have three geometric isomers, as depicted in Fig. 1. It was 
found from X-ray structural analysis1Z ,13 that the strain in the chelate ring in Co(III) 
complexes with EBAA decreases in the order E > G > R. Consequently, the forma
tion of the octahedral complex with two R rings (cis-oc) will be energetically more 
favourable than the formation of the complex with one G and one R ring (cis-P). 
The trans isomer cannot be formed because the second bidentate ligand is en. 

The geometric isomers formed were identified by 13C NMR spectroscopy. Com· 
parison of the measured spectra (Fig. 2 and Table I) indicated that the cis-ct. isomer 
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The 13C NMR spectra of a the DL-EDDB 
ligand, b cis-IX-[Co(EDDB)(en)] +, c cis-p
-[Co(EDDB)(en)]+ in zHzO 
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The electronic absorption spectrum of ciS-IX
-[Co(EDDB) (en)] + (-----) and cis-p-
-[Co(EDDB)(en)]+ (--) 
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(C 2 symmetry) yields a simple spectrum with the same number of lines as the ligand 
alone. As the cis-f3 isomer contains three different chelate rings, its symmetry is 
decreased (C1) and some split signals are observed in the spectrum. 

The isomer geometry can also be found from the visible absorption spectra (Fig. 3 
and Table II), which have been described in detail for the [Co(EBAA)(en)]+ com
plexes. This type of compound has CoN40 2 holohedral structure. Because of the 
tetragonal symmetry, the first excited state of the cobalt d6 low-spin complex TIg{ Dh) 

is split to the 1 A2 and IE levels. Thus the 1 A l9 -+ lEg and 1 A ig -+ 1A2g transitions 
can be expected for the low-energy absorption band. The decreased symmetry of 
this band as a result of the splitting of the D4h component in the cis-a. isomer is 
apparent in Fig. 3, while the cis-f3 isomer exhibits a symmetric band in this region. 
It could be expected from the lower symmetry of the cis-f3 isomer that this isomer 
will have a higher molar absorption coefficient value than the more symmetric 
cis-a isomer; this was found experimentally to be true. 

TABLE I 

The 13C chemical shifts of the studied compounds in 2 H2 0 

Compound 

H2EDDB 
cis-oc-[Co(EDDB) (en)]CI04 .H20 
cis-,8-[Co(EDDB)(en)]CI04 ·H2 0 

182-8, 65'7, 46'9, 26'3, 10·0 
188,0,70'7,54'3,46'2,26'5,11'7 
185-8,184'3,69,7,69'5,54'0,44'3,26'3,10'6 

a For assignment, see Fig. 2. 

TABLE II 

Electronic and CD spectra of isomers 

Isomer 

i1-cis-oc 
A-cis-oc 
i1-cis-,8 
A-cis-,8 

Ligand field spectra, A.max(e)a 
--~~-----

IA 1 
19 --+ T 2g 

361 (123) 
361 (123) 
355 (144) 
355 (144) 

lA 1 Ig --+ T 1g 

527 (88) 
527 (88) 
480 (107) 
490 (107) 

540 (-0'70) 
540 (+0'11) 
495 (-0'04) 
495 (+0'05) 

----- -------~--------------

a The values of A.m•x are given in nm, those of e or i1e in I mol- 1 em -1. 
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Both of the geometric isomers of the EOOB racemic ligand could be partially 
resolved to yield the corresponding enantiomers using gel permeation chromato
graphy on Sephadex G-IO. This procedure has been used successfully for cationic14 

and anionic15 Co (III) complexes and is especially useful as partial resolution of the 
racemates is accompanied by purification of the complex with separation of inorganic 
salt used as an elution agent in the chromatographic separation. of the geometric 
isomers. Table II gives the degree of optical purity of the enantiomers obtained after 
a single passage through the column. 

The absolute configuration of the isomers obtained was found by measuring the 
CO spectra on the basis of the Cotton effect observed for the 1 A 19 --+ 1 T19 transition. 
It was confirmed on the basis of correlation of the stereochemical data for these 
complexes with the X-ray diffraction data 12,13 that the negative Cotton effect cor
responds to the d absolute configuration and the positive effect to the A configura
tion. The two dominant structural sources of dissymetry in the [Co(EOOA)X2J 
and [Co(EOOB)X2J complexes are the spatial arrangement of the chelate rings 
and the configuration of the asymmetric N atom. It can be seen from Table II that 
the CO bands for the cis-a isomer are more intense than those for the cis-fJ isomer, 
in agreement with observations for the [M(EOOA)X2J complex, where M = Co(III), 
Cr(III) (ref. 16). 

EOOB and both of its complexes exhibit two intense absorption bands in the IR 
spectra in the region 1 500-1 800 cm -1. The free ligand has an antisymmetric 
stetching vibration of COO- at 1 580 cm- 1 and a symmetric stretching vibration 
at 1 395 cm -1. The corresponding bands for the cis-a isomer lie at values of 1 627 
and 1 370 cm -1 and for the cis-fJ isomer at 1 635 and 1 374 cm -1. Thus, the dif
ference -v(COO-) = vas(COO-) - vs(COO-) is greater for the isomers than for 
the pure ligand, as coordination leads to a shift of vas(COO-) to higher wavenumbers 
and of vs(COO-) to lower wavenumbers. This behaviour in the IR spectra is typical 
for the asymmetrically coordinated COO- group, which acts as a monodentate 
ligand in these complexes. 

As mentioned above, the cis-a isomer was formed in approximately a six-fold 
excess over the cis-fJ isomer. It follows from the study of models that this is a result 
of nonbonding repulsive interactions betw('en the hydrogen atoms of en and EOOB, 
that prevent formation of a larger amount of the cis-fJ isomer. When these steric 
interactions between ligands that have been postulated for the diamine analogue are 
eliminated in the cis-fJ isomer by using a different type of bidentate ligand (carbonate, 
oxalate, malonate) or monodentate ligand (H20, Cl-, etc.), a much larger amount 
of the cis-fJ isomer is obtained 16. Therefore, it is surprising that Moo-Jin Ju et al.10 

obtained only the cis-a isomers in the preparation of ternary Co(III) complexes 
with EOOB and monodentate ligands. Similarly, these authors1? obtained stereo
selectivity only the d-cis-a isomer of [Co(EDDP)CI2J - in the preparation of the 
ternary Co(Il) complex with (2S,2'S)-2,2'-ethylene-bis(2-aminopropanoic) acid 
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(EDDP). The diastereoselectivity ofthe complexes is strongly affected by the prepara
tion procedure. In both syntheses, these authors employed oxidation with atmospheric 
oxygen in alkaline medium with subsequent acidification with HCI and evaporation 
of the solution obtained. It was recently found 18 that the oxidation of cobalt saIts 
with atmospheric oxygen in the presence of EBAA in alkaline medium leads to the 
formation of double-bridge /l-hydroxo-/l-peroxo-dicobalt(III) complexes of the 
C02 L20 20H- type, where L = EBAA. These complexes are relatively stable but 
decompose in acid medium to form the CiS-IX-[Co(EBAA)X2]+ complexes with 
release of H20 2 . From this point of view, the stereoselective formation of the cis-IX
-isomers described in refs10 ,17 is not surprising. 

The authors wish to thank Dr P. Novomeskf for measuring the 13C NMR spectra. 
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