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Abstract 

Some new cobalt(II1) complexes with dl-8-amino- 
2-methyl-3,6-diazaoctanoate ion (abbreviated as dl- 
amda) and glycinate or dl-alaninate ion were prep- 
ared and the geometrical isomers of the respective 
complexes were separated by cation exchange 
chromatography. The three isomers of (glycinato)- 
(dl-8-amino-2-methyl-3,6-diazaoctanoato)cobalt(III) 
perchlorate isolated were assigned in the order of 
elution to (A,(3S,6R) + As(3R,6S)) - trans(O), 

(As(3S,6R) t An(3R,6S)) - trans(0) and (As(3S, 
6R) + An(3R,6S))-f3-mer(N)cis(O) type on the basis 
of their elemental analyses, visible absorption spectra 
and ‘H NMR spectra, where the subscripts R and 
S designate the absolute configuration of the dl- 
amda, and the configuration of the secondary amine 
nitrogen atom (set-3N and secdN in the dl-amda) 
such as (3S,6~) or (3R,6S) is described by the R or 
S rule proposed by Cahn, Ingold and Prelog [I] . 
In the case of the mixed complex of dl-alanine and 
dl-amda, [Co(dl-ala)(dl-amda)] ClO+ the isomers 
obtained were assi ned in the order of elution as: 

g, (AS,(3S,6R) t As(3R,6S))-trans(O), (A:(3S,6R) 
•t /&3R,6S))-rrans(O), (A;(3S,6S) + A;(3R, 
6R))-trans(O), (A;(3S,6R) + (A;(3R,6S))-trans- 
(0), (AF(3S,6R) + A~(3R,6S))-trans(O), a! or 
&fac(N)cis(O) and &mer(N)cis(O) isomers. Here 
the superscripts R and S designate the absolute con- 
figuration of the dl-alanine. 

Introduction 

The (amino acidato)cobalt(III) complexes with 
linear quadridentate ligand 8-amino-3,6-diazaocta- 
noate ion (NH2CH2CH2NHCH2CH2NHCH&OO-, 
abbreviated as dtma or adao) having an N-substituted 
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glycinate structure were first investigated by 
Schneider and Collman [2] . Subsequently, several 
reports were made on mixed (amino acidato) cobalt- 
(III) complexes with adao [3-61. 

In the present study, dl-8-amino-2-methyl-3,6- 
diazaoctanoate ion (NH2CH2CH2NHCH2CH2- 
NHCH(CHs)COO-, abbreviated as dl-amda), was used 
as a racemic, linear-quadridentate ligand. This is a 
methyl-substitution product of dtma. Considera- 
tion of molecular models of octahedral complexes 
of this ligand suggests that such insertion of a methyl 
group should give considerable steric effects on the 
molecules and various interesting physical and 
spectral properties are expected. The present paper 
deals with the preparation and structure of the 
racemic diastereoisomers of new complexes of [Co- 
(gly)(dl-amda)] C104 and [Co(dl-ala)(dl-amda)] Cl04 
on the basis of the results of the cation exchange- 
chromatography, the electronic absorption spectra, 
and ‘H NMR spectra. 

Experimental 

Preparation 

dl-8-Amino-2-methyE3,fSdiazaoctanoic acid 
This quadridentate ligand, dl-Hamda, was prep- 

ared by applying the method for the preparation 
of Hadao described by Schneider and Collman [2] 
with a slight modification. Sodium bicarbonate 
(37.0 g, 0.44 mol) was added to a solution contain- 
ing 2-chloropropionic acid (47.7 g, 0.44 mol) in 40 
ml of water. After the generation of carbon dioxide 
ceased, diethylenetriamine (41.3 g, 0.40 mol) and 
then 25 ml of an aqueous solution containing sodium 
hydroxide (17.6 g, 0.44 mol) were added to the solu- 
tion. The mixed solution was then stirred for 30 min. 
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The exothermic reaction proceeded for ca 20 min. 
Since the chelating agent (dl-Hamda) desired could 
not be isolated as crystals, the reaction mixture was 
used directly for the preparation of the following 
complexes. 

Dinitro(dl-&amino-2-methyl-3,ddiazaoctanoato)- 
cobalt(III), [C0(N0~)~(dl-amda)/ 
To ca 100 ml of an aqueous solution containing 

cobalt(H) chloride hexahydrate (95.2 g, 0.40 mol), 
the dl-amda solution prepared in (1) was added 
slowly and the pH of the mixture was brought to 5-6 
with acetic acid. Sodium nitrite (59.4 g, 0.86 mol) 
was then added to the solution. The resulting dark 
brown solution was oxidized by air bubbling for 5 
h, and the dinitro complex was separated out as a 
yellow precipitate. The crude crystals were washed 
with an aqueous solution containing a small amount 
of acetic acid, water-ethanol and ether, and then 
dried in air. Yield: 75 g (57.6%). The complex is 
sparingly soluble in hot water, and is insoluble 
in ethanol and ether. 

Dichl~~ro(dl-8umino-2-methyl-3,6-diazaoctanoato)- 
cobalt(M) hemihydrate, [CoC& (dl-amda)]. 
0.5HZ 0 
The crude dichloro complex was obtained by sus- 

pending the above dinitro complex in concentrated 
hydrochloric acid and warming on a water bath at 
80-90 “C until the liberation of nitrogen dioxide 
ceased, and then evaporating the solution to dryness 
on a water bath. The pure crystals of dichloro com- 
plexes were obtained by recrystallization from hot 
concentrated hydrochloric acid. 

Anal. Found: C, 26.65; H, 5.15; N, 13.42%. 
Calcd. for [CoClz(dl-amda)].0.5Hz0: C, 26.85; H, 
5.47;N, 13.42%. 

pmer(N)cis(O)-glycinato(dl-8-amino-2-methyl-3,6- 
diazaoctanoato)cobalt(IIl) perchlorate, &mer(N)- 
cis(O)-[Co(gly)(dl-amda)J CIO, 
A solution containing sodium hydroxide (2.8 g, 

0.07 mol) and glycine (5.3 g, 0.07 mol) in 50 ml of 
water was added to a solution of [CoClz(dl-amda)]. 
0.5Hz0 (20 g, 0.07 mol) and sodium perchlorate 
monohydrate (9.8 g, 0.07 mol) in 60 ml of water. 
The mixture was then heated and stirred in a water 
bath at about 50 “C for 2 h. The solution thus obtain- 
ed was concentrated to about 50 ml by heating at 
ca 50 “C under reduced pressure. Red crystals were 
obtained when the solution was allowed to stand in 
a refrigerator overnight. The isomer obtained was 
labelled as A-3. Yield: 5.2 g (19.7%). 

Anal. Found: C, 26.5 1; H, 4.97; N, 13.91%. Calcd. 
for [Co(gly)(dl-amda)]C104: C, 26.58; H, 4.97; N, 
13.78%. 

trans(O)-glycinato(dl-8-amino-2-methyl-3,6-diaza- 
octanoato)cobalt(III) perchlorate, trans(O)-[Co- 
(gly)(dl-amda)J Cl04 
After adjusting the pH of ca. 30 ml of dl-8- 

amino-2-methyl-3,6_diazaoctanoate solution (0.05 
mol) at 5-6 with 6 N HCI, 18.1 g (0.05 mol) of Na- 
[Co(C0s)s].3Hz0 [7, 81 was slowly added to the 
solution. After the evolution of carbon dioxide 
ceased, 3.8 g (0.05 mol) of glycine and 6.1 g (0.05 
mol) of sodium perchlorate monohydrate were ad- 
ded to the solution and the mixture was warmed 
in a water bath at ca. 50 “C for 3 h. The solution was 
cooled to room temperature, when the reddish- 
violet complex deposited out. The product obtain- 
ed was recrystallized from water. Yield: 2.0 g 
(25.0%). 

In order to separate the isomer, 3.5 g of the prod- 
uct obtained was dissolved in water and was chroma- 
tographed on cation-exchange resin (Dowex SOW- 
X8, Na’ form, 100-200 mesh, 0 36 X 800 mm 
column). By eluting with 0.08 M aqueous solution 
of sodium chloride, the adsorbed layer on the resin 
was separated into red bands, and the two sorts of 
isomer were obtained as perchlorates by the addition 
of NaC104 to the eluates and the concentration of 
the solution. The isomers obtained were labelled as 
A-l and A-2 in their eluting order. Yield: A-l ; 1 .OO g 
(28.6%) A-2; 0.34 g (9.7%). Recovery: 38.3%. 

Anal. A-l: Found: C, 26.08; H, 4.97; N, 13.67%. 
Calcd. for [Co(gly)(dl-amda)] C104~0.5Hz0: C, 
26.00; H, 5.09; N, 13.48%. A-2: Found: C, 26.04: 
H, 5.10; H, 13.77%. Calcd. for [Co(gly)(dl-amda)]- 
C104.0.5Hz0: C, 26.00; H, 5.09;N, 13.48%. 

fl-mer(N)cis(O)-dluluninato(dl-8-amino-2-methyl- 
3,ddiazaoctanoato)cobalt(III) perchlorate, /3-mer- 
(N)cis(O)-(Co(dl-ala)(dl-amda)J ClO, 
This complex was prepared by the same procedure 

as for fl-mer(N)cis(O)- [Co(gly)(dl-amda)]’ complex, 
using dl-alanine instead of glycine in 0.04 molar 
scale. Yield: 4.0 g (23.8%). 

Anal. Found: C,28.18;H,5.41;N, 13.09%. Calcd. 
for [Co(dl-ala)(dl-amda)] C104.0.5Hz0: C, 27.95; H, 
5.39;N, 13.04%. 

Column chromatography of the complex [Co(dl- 
ala)(dl-amda)]‘: A solution containing sodium 
hydroxide (1.6 g, 0.04 mol) and dl-alanine (3.6 g, 
0.04 mol) in 20 ml of water was added to the solu- 
tion of [CoClz(dl-amda)] *0.5H20 (12.5 g, 0.04 mol) 
in 50 ml of water, and then the mixture was heated 
in a water bath at 60-65 “C for 2 h. In order to sepa- 
rate the isomers the reaction mixture was chroma- 
tographed on cation-exchange resin (Dowex 5OW- 
X8, Na’ form, 100-200 mesh). In this case, the 
cation-exchange resin (ca. 120 ml) was added into 
the reaction mixture of the complex. The resin 
which adsorbed the complexes was then filtered, 
washed with distilled water, suspended in water, 
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latter to be either /3+ze$N)cis(O)-(A~(3S,6R) + 
Az(3R,6S)) or /?+zer(N)cis(O)-(A~(3S$R) + At- 
(3R,6S)) form. 

The Order of Elution of the Isomers in Cation- 
exchange Chromatography 

The order of elution of the two trans(0) isomers 
of [Co(gly)(dl-amda)]’ seems to be dominated by 
whether or not the methyl group of the dl-amda 
in the complex ion is located above the C-N bond 
axis, and in the [Co(dl-ala)(dl-amda)]+, by the 
orientation of the methyl groups of the dl-ala and 
dl-amda coordinated as well. The rate of elution of 
B-l and B-2 which have a methyl group not located 
above the C-N bond is faster than the rate of elution 
of B-3, B-4 and B-S, which all have a methyl group 
located directly above the C-N bond axis. This is 
consistent with the result of the column chromato- 
graphy of A-l and A-2. On the other hand, the factor 
which causes different elutions between B-l and 
B-2 (or B-4 and B-S) seems to be the coordination 
mode of the bidentate dl-alaninate ion in the com- 
plexes. Among the three tram(O) isomers having 
the methyl group located directly above the C-N 
bond, B-3, B-4 and B-5, B-3 has the highest rate of 
elution, probably due to the configuration of racemic 
(Ag(3S,6S) + Ag(3R,6R)) which has two second- 
ary amine protons parallel to each other. 

The absolute configuration for five tram(O) iso- 
mers in the [Co(dl-ala)(dl-amda)]’ complex may 
be clarified by introducing (R&alar&e or (S)-alanine 
in the place of dl-alanine in the preparation of the 
complexes and by column chromatography. 
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