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Introduction

The circular dichroism (CD) spectra in the region of
the first and second d-d spin allowed absorption bands have
been investigated for a large number of metal complexes,
and have provided'a powerfﬁl information, for example, for
the stereochemistry and electronic structure of the metal

compiexes.1_43)

At present, however, there is no unifying
theoretical model which explains the relationship between
the CD spectra and structures of the complexes. 1In this
circumétances, it is highly desired to prepare optically
active complexes of a new type and to examine their CD.
behaviors.

In most of the optically active complexes so far studied,
the optical activity is contributed from "configurational"
effect due to a chiral distribution of two or more chelate

1-9)

rings around the central metal ion,” or from the

configurational effect combined with "vicinal" effect due

10-24) 1, the latter case, it

to optically active ligands.
has been known for several cobalt (III) complexes that the
configurational and vicinal contributions to the CD are

separable and almost additive.t0723)

It seems, therefore,
to be important to study the CD'spectra of the complexes
which have only the vicinal effect for elucidating the
origin of optical activity in metal complexes. However,
such a study has been made for the complexes of a limm@ted
type, although. several reports have been published éoir

24-43

far, and there remain some unresolved subjects with




respect to the CD éontributioh from the vicinal effect.
In these circﬁmstanées, it ié deSirable to study the CD
behavior of combiexés bf'different’types which bave only‘.
the vicinal effect. | o | |

The trans(N)f(nitrilotriacetafo)(glycinato)éobéltate—_
.(IIIf, trans(N)-[Co(nta)(gly)]-, which is a.parent complex

of the complexes in this wbrk, is optically inactive,

o
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trans (N)-[Co(nta) (gly)]
because it has a plane of symmetry through coordinéted
oxygen and nitrogen atoms of gly ligand and a nitrogen atom -
of nta ligand. When one of the two methylene protons of
glyvis.replaced by a methyl Qroup, leading tobtrans-[Co-
(nta) ((R)- or (S)-ala)]l” ((R)- or (S)-ala = (R)- or (S)-
alaninate) complex, of one: of six protons of ntalligand
is replaced by $’methyl group, leading to thé trans (N) -
[Co((R)= or (S)-alada)(gly)]l ((R)- or (S)-alada = (R)-
or.(S)-alaninate-N,N—diacetate) complex, the resultant
complex contains an asymmetﬁic;carbon atom and is
optically active. The optiéalvactivity-Of both complexes
is contributed only from the.vicinal effect due to the
optically acitve ligand, (R)4'or kS)-ala for the former

cdmplex and (R)- or (S)-alada for the latter one.




When one of the two coplanar N-acetate rings ofvnté
in the parent nta complex is replaced by a N-propionate
ring, leading to the trans(N)-[Co(B-alada) (gly)] (B-alada
= B-alaninate-N,N-diacetate), the resultant complex is
optically active because of loss of the plane of symmetry
in the original nta complex. The optical activity of this
complex is not contributed from the "conventional" sources
of chirality, configurational and vicinal effects, and is
contributed from the effect which is named as_"arrangemént"
in this work.

The optically active compléxes in this work have the
chiral structure where the two kinds of sources of chirality,
vicinél and arréngement effects, are introduced in various
manners to the pafent nta complex .or the corresponding
cis (N) complex. For example, the optical activity of the
trans(N)- or cis(N)—[Co((S)-alada)((S)-ala)]~ complex is
contributed from the vicinal effeéts due to the two
different optically active 1igands‘in the cbmplex.

The nitrilotricarboxylato ligands except;nta used to
prepare the present complexes have nonidenticalifeet; as
in (S)-alada and B-alada. Wheﬁ such a ligand coordinates
to an octahedral cobalt(III) ion as qdadfidentate, several
stereoisomers are possible with respect to the arrangemént
of the three feet of the ligand. 'Therefore, the present
complexes are also interesting in'connection with the
stereochemistry of the stereoisomers.

In this work, the preparation and the separation of

stereoisomers of the trans(N)- and cis(N)—(nitrilotri¥
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carboxylato) (aminocarboxylato)cobaltate (III) type

complexes will be reported. The structural assignmént of
these stereoisomers will be made based on the electronic
absorption and PMR spectra and stereochemical considerations.
The CD spectra of the chiral complexes of which the

optical activities are contributed frqm the vicinal and
arrangement effects will be discussed. Furthermore, the
absolute configuration of the chiral stereoisomers will be

determined on the basis of the CD spectra.

i

Purpose of this work.

This work was,conductedlwith the following purposes,

(a) To prepare new complexes of (nitrilotricarboxylato)-
jamiﬁocarboxylato)cobéltate(fII) type,

(b) To study the CD contribution from the vicinal and
arrangement effects;

(é). To determine the absolute configﬁratidn»of the
complex on the basis of the CD spectra,

(d) To explore the stereochemistry of the complexes
with nitrilotricarboxylato ligénds having nonidentical

feet.




Abbreviations of ligands.

"(a) Nitrilotricarboxylate kN-Os in general).

/ ZCOOH
nta -'-°°°°-°°°°-nitrilqtriacetic N:C 2COOH
' acid (Hjnta) CH, COCH
' *
(R)-or (s)-alada-. (R)- or (S)-alanine- /CH(CH3)COQH
N,N-diacetic acid N—CH2COOH
{(R)- or (S)-H3alada) CHZCOOH
; (R, S)-alalpa eeees (R, S)-alanlne-N—lso-f‘ CH(CH ) COOH
‘ : proplonlc-N—acetlc acid N;;H(CH )y COOH
{(R, S) -H alalpa) CHZCOOH
(S S)-alalpa ceeee (S, S)-alanlne-N—lso-~~ /CH(CH )COOH
propionic-N-acetic ac1d N:FH(CH )COOH
{(s,S)-H alalpa) CHZCOOH
K/Biaiada” cecseeane B-alanihe—N,N-diacetic /CHZCHZCOOH
. acid (8-Hjalada) - Ngcm,coon
i . CHZCOOH

_ : S %* .
(S)-alapa ee++ese.. (S)—-alanine-N-propionic- /QH(CH ) COOH

N-acetic acid . . N=- CHZCH2COOH
((S)—H3alapa)‘ CH,,COOH
" (b) Aminocarboxylate (am in general)
gly eececcccen glycine.(Hgly) NH20H2COOH

(S)-ala ceceneen (S)—élaniné ((S)-Hala) NHZCH(CH3)COOH

(S)-val cecececece. (S)-valine ((S)-Hval) NHZEH(CH(CH3)2)COOH
) %*
(S)=-sexr seeceecec.. (S)-serine ((s)-Hser) NHZCH(CHZOH)COOH
(S)-pro ececececees. (S)=proline ((S)-Hpro) $H4——¢HCOOH
" CH CH
\2 / 2
CHy

-5



(S)=sar .....ee. (S)=-sarcosine ((S)~Hsar) NH(CH3)CH2COOH

B-ala ......... B=-alanine (B-Hala)

(R)=-0-Me-B-ala -- (R)-c-methyl-f-alanine
((R)-a~Me-B-Hala)

(8)-B-Me-B-ala -- (S)-B-methyl-B-alanine
((S)-B-Me-f-Hala)

(S,S)=-achc ......(1S,28)-trans~-2-amino-
cyclohexanecarboxvlic
acid ((s,S)-Hachc)

" (S,R)-achc ......(1lS,2R)-cis-2-amino-
cyclohexanecarboxylic
acid ((s,R)-Hachc)

Y=-ambut .......; Y-aminobutylic acid
(y=Hambut)

NH
2CH2CH2COOH

*
NH CHZCH(CH3)COOH

2
*
NHZCH(CH3)CH2COOH
x5 xS
NHZCH——-CHCOOH
A
N2 ‘;HZ
CHZ—-CH2‘
xR 4S8 _
NHch—*”CHCOOH'
/ N\
G, o,
CHZ——CH2

NHZCHZCHZCH2COOH



A general consideration of stereoisomers of complexes.

In the (nitriolotricarboxylato) (aminocarboxylato)-
cobaltate (III) type complexes, the nitrilotricarboxylato
ligand occupies the four coordination sites of an octahedron
by its three feet in the only way, remaining two sites cis
to each other. The aminocarboxylato ligand coordinates to
the remaining two siteé in the two coordination ways,
tians and cis, with'respect to the two donor nitrogen atoms
in the complex. Accofdingly, two geometrical isomers, ‘
trans(N)’and cis(N), are possible for each of the complexes

of this type (Fig. i).

Yo/ (e

% L

trans (N) A cis (N)

Fig. 1. Two possible geometrical isomers.

For the complex with nitrilotriacetaté’(ﬁta) of which
‘the feet are identical, only the trans(N) and cis(N)
isomers are possible. On.the other hand, for the complex
with a nitrilotricarboxylato ligand which has nonidentiéal
feet, additional stereoisomers (géometrical and/dr optical)
are possible with respect to the arrangement of the three
feet. For exémple, when the ligand'B-alaninate-N;NQ

diacetate (B-alada) spans four coordination sites by its



three feet, of which one makes a six-membered chelate ring
and the other two five-membered rings, three kinds of

structure are possible as shown in Fig. 2. Thus, the

e G, | O @OEO
ol o] ¢/

; X Y VA

Fig. 2. Three possible structures of the coordinated

B-alada,

isomers possible for the.B-alada complexes Vith an amino-
carboxylate are distinguishable from one another by use of
two,kinds of prefixes, that is, trans(N) or cis(N), and the
| designatioa.(x,Y or Z)*l of the three structures. In this
work, such,isoﬁers with respect to fhe arrangement of the
chelate rings of nitrilotricarboxylato ligand are named as
_ “érrangement" isomer. The arrangement isomers poséible
. for the present complexes are shown with their c'lesignations*l

in Table I.

*1. A coorainated nitrilotriéarboxylato ligand is observedr
along the arrow (I) and pictured scheméticélly as in (II).
Each chelate ring of the nitrilotricarboxylato ligands is
shown by the followiné abbreviations, Nf+—0, N-acetate ring,
t%¥—O,IN—iso—propionate ring. (the symbdl, ¥ , represents the

methyl group), and NA%—O, N-propionate ring.

-8-




\\Y(‘Ox
N 0 0
z(/ _J ' Y
Co
X
0—>—N——0
o o .
() (I1)

The designétions of the arrangemént isomers were made
as follows. The three.feet of nitrilotricarboxylato‘ligénd
are named by the symbols, X, Y and 2 (I). The ﬁoot other
~-than N-acetate riﬁg is noted and the symbols corresponding
to the‘noted foot or feet are used aé the prefixes; If the
distinction is‘imPCSsible in this manner, the feet are
distinguished by use of the following subscripts: "R or S"
(absolute configuration of asymmetric carbon atom on the
ring) and "6" (six-membered ring). Additional designation,
u or s, is used for the B-alaninate-N,N-acetato (B-alada)
complex. The u denotes unsymmetrical isomer with respec£ to

the coordinated B-alada, while the s symmétrical isomer.




 Table I. The possible arrangement isomers for the complexesa)
Ligand Arrangement isomer
e O
g 0—+N—-0
nta X
| o o o o
N_\—'-«g o—ﬂt{—l—o o-_-}-—zix‘—*-o o+-1!1——k-o
(8)-alada x. X z
);0 o o
N:tg O—JI-—Y-O 0+.1'v_—|-0 O—L-_»'I-f—o
(R)=alada z X | X
= I S T N N
Qg' O-¥N-¥O 0-4N40 o¥nN+4-0 04-NY¥0 O+N4 O O-4N+O0
(R,S)-alaipa XsZp XRrZs XsYRr YgZ2gp - YRpZg XprYg
o 0 0 0
Nég ‘ 0-¥-—It+0 0—1-_1!1-—‘-0 6—}-_1!1‘-1-0
(s,S)-alaipa ¥ Xz Yz
0 : L
N%O O—l-ltl-{-i-o o-H-N—-0 o-|-:1!1:+o
o 2 X Y '
B-alada u s
0 o
'NiH'\g 0—7——1\}1—-&0 o—{jl‘ﬁ-o o++—-1t!—o o+i-1|~;—x-o O—Y—:DE+O o—!—%—‘—o
‘ (S)-alapa XgZg Y526 YgXg ZgXe XsYeg Z2gYg

a) See footnote *1.

-10-




Chaptef I. Experimental

I-1. Preparation of nitrilotricarboxylato ligands.

I-1-1. (R)-'and (S)=-Alanine-N,N-diacetic acid: (R)- and

(s) H alada.

(1) .The ligana (s);H3a1ada was prepared by the following
procedure. A solution of monochloroacetic acid (130 g, 1.1
mol) in 200 ml (0.8 mol) of 4N potaséium hydroxide was added
to a solution of (S)-alanine (44.5 g, 0.5 mol) in 125 ml
(0.5 mol) of 4N potassium hydfoxide. To the resulting
solution 325 ml (1.3 mol) of 4N potassium hydroxide was
addedvdropwise with vigorous stirring at 70-75° for

3 hr (at 90° for‘20 min at the final stage of the reaction).
The pPH of the solution was maintained in the range of 9-11
during the reaction. After the reaction had been completed,
the reaction mlxture was acidified to pH 0.6 with
concentrated hydrochlorlc acid and the solution was
concentrated on a vacuum evaporator until an appropriaté
améuht.of granular drystals (potéssium chloride) appéared.
The crystals were removed by filtration( washedeell with»
hot methanol and the combined‘filtrate and washings‘&efe
concentrated again. After about 100 g'éf potassium chloride
in total had been removed from;the mixture by repeating

this operation, the fine cryétals began to cryétallize out
from thé final filtrate. The solution was kept in a refrig-
erator overnight and the desired product deposited waéafiltered
and washed well with cold water. The combined filtrate aﬁd

washings were concentrated on a vacuum evaporator and the

-11-




potassium chloride deposited was removed by filtration. The
desired product deposited from the filtrate was collected by
filtration and washed with cold water and the combined
filtrate and washings were concentrated again. After this
operation was repeated several times, the desired product
112 g in total was obtained. The product was contaminated
with a considerable amount of potassium chloride and
recrystallized a few times from boiling water; yield 62.5 g

(61 8); [(@121725 _41.2°- -42.4° (c 4, water) in several

experiments.  -Anal. Calcd for C7H11NO6:

N, 6.83 $. Found: C, 40.66; H, 5.42; N, 6.71 s.

Cc, 40.97; H, 5.41;

The (R)-H.,alada ligand was prepared'by the same

3
procedure as that for (S)—H3alada by use of (R)-alanine
instead of (S)-alanine; [q]gs +41.4° (c 4.0, water). Anal.

Found: C, 40.53, H, 5.24; N, 6.74 %.

(2) Recovery of(S)—H3alada from X-trans (N)-K[Co((S)-alada) (gly)].

* In order to examine the optical phrity of the (S)- and

(R)—H3alada obtained in (1), optically pure (S)-H,alada was

3
recovered from the X-trans(N)-K[Co((S)-alada)(gly)]-3.5H20,

ﬁhich was confirmed to be optically pure (I-3-2-(2-b)).
Into a solution of 2 g of the (S)-alada complex in dilute
aqueous ammonium was bubbled hydrogen sulfide until the
supernétant solution of the resul£ing mixture became -to
pale yellow. The cobalt sulfide precipitated was removed
by filtration and the filtrate was concentrated to syrup.
To the concentrate wés added 3 ml of water and small amount

of insoluble materials were removed by filtration. The

~12-




filtrate was poured intd a column (17 x 50 mm) cohtaining

a cation-exchange resin (Dowex 50W—X8, 200-400 mesh,.
hydrogen form). Water was pasééd'through the column and
the eluates containing the desired acid were collected and
concentrated to dryness. The desired acid deposited was
23

recrystallized once from boiling water; yield 0.6 g; [a]D

-42.6° (c 4, water).

I-1-2. (s,S)- and (R,S)-Alanine—N—iso-propionic—N—acetic

acid: (S,S)- and (R;S)-H3alaipa.

(1) (8,S)- and (R,S)-Alanine-N-monoéiso-propidnic acid.

A\solution of a=-chloropropionic acid (119.g, 1.1 mol)
in 200 ml (1.2 mol) of 4N potassium hydroxide was added to a
solution of (S)-alanine (89 g, 1.0 mol) in 250 ml (1.0 molf
of 4N potassium hydroxidé. To the resulting solution 4N
potassiumvhydroxide (325 m1, 1.3 mol) was added dfopwise
with.vigorous stirring at 85590°.for 3 hr. The pH of
of the solution was maintained in the 10-11 range during
the reactibn. The reaction_mi#ture was acidified to pH
2.4 with concentrated hYdrochloric acid, The
contaminant potassium chloride was removed as much asv
posSible from the solution by a similar procedure to that
in'the_preparation of-(S)—H3alada (I-1-1-(1)). When the pH
of the solution was adsusted to 2.0 with concentrated
hydrochloric acid, the thte'crYSfals began to crystallized
out. To the mixture was added a.larée'amount of methanol
and this was kept ih a refrigeratorhovernight. The crystals

deposited were filtered and Washed well with cold water.

-13-




The product (60 g) obtained was a mixture of (s,8)- and
(R,S)-alanine-N-mono-iso-propionic acid and contaminated
with a small amount of potassium chloride. The combined
filtrate and washings were concentrated on a vacuum
evaporator and potassium chloride deposited as granular
crystals Was removed by filtration. An additional 32 g of
the crude desired product was obtained from the filtrate.
The combined product was‘recrystallized from boiling water;
yield 74 g (46 %); laly + 6.2° (c 4, water). The PMR
ﬁéasurement showed that the produét was a mixture of
approximately equal amount of the (S,S)- and‘(R,S)-isomers.

Anal. Calcd for C_H..NO C, 44.71; H, 6.89; N, 8.69 %.

611" 4°
Found: C, 44.68; H, 6.97; N, 8.63

oo

(2) (s,8)- and'(R,S)-H3a1aipa.

‘A mixture of (S,S)- and (R,S)-alanine-N-mono-iso-propionic

acid (56.3 g; 0.35 mol) obtained in (1) and monochloroacetic
acid (38.7 g, 0.41 mol) were dissolved with stirring in
253 ml (1.0l mol) of 4N potassium hydroxide. To this

solution 113 ml (0.45 mol) of 4N potassium hydroxide was

- added dropw1se with v1gorous stirring at 85-90° for 3 hr

(at 95-98° for 30 min at the final stage of the reaction).
The pH of the solutlon was maintained in the 11-11.5 range
during'the reaction. After the addition, the solution was
acidified to pH'l.6 with coﬁcentrated hydrochloric acid.
After a large amount of potassium chloride had been removed
from the solution as in thé.preparation of (S)-H,alada

3
(I-1-1-(1)), 50 ml of water was added to the final sSyrupy

~14-




filtrate. The pH of the solution was adjusted’toll.o with
concentrated hydrochloric.acid and the solution was'képt
in a fefrigerator for a few hours. The first crop deposited
as fine crystals was filtered and washed well with cold water.
This product was the desired .acid, which conﬁaminated with a
small amount of potassium chloride. The combined filtrate
and washings were concentrated again and the potassium
chloride depoéitéd was removed by filtration. The several
crops were obtained by repeéting this operation. The crops
(20 g) which contain mainly (S,S)-isomer (more than 90 %)
were collected and recrystallized se&eral times from boiling
water until the thical rotation at 300 nm became constant;
yield 14.8 g (19.3 ¢ based on the mixture of (S,S)- and
(R,S)-alanine-N-mono-iso-propionic acids used); [a]g2 -57.1°
(c 0.8, water). The crops (12.1 g) which contain mainly
(R,S)-isomer (more than 90 %) were recrystallized from
bdiling water until the optical rotation at 300 nm became
zero within experimenﬁal error; yield 10.8 g (14.1 %).
The separatibn of isomers from the other crops (10.6 g)
Qas not attempted. The prdportion of the (S,5)- and
(R,S)-isoﬁers in a produdtbcanvbe apprOximately estimated
on the bésis of thehcharacteristic peaks in thé IR spectra:

1 for (R,S)-isomer.

688 cm ' for (s,S)-isomer and 717 cm_
Anal. Calcd for CgH, ,NOg: C, 43.83; H, 5.99; N, 6.39 .
Found: C, 43.99; H, 5.91; N, 6.39 % for (R,S)-H,alaipa and

C, 43.81; H, 6.05; N, 6.40 % for (S,S)-H,alaipa.

I-1-3. PB-Alanine-N,N-diacetic acid: B-H3alada.

This was prepared from the B-alanine and monochloro-

~15-



acetic acid by the method of Thuchiya and co—workérs?S)

I-1-4. (S)-Alanine-N-propionic-N-acetic acid: (S)—H3alapa.

(1) (S)-Alanine-N-monopropionic acid.

A solution of B-chloropropionic acid (58.7 g, 0.55 mol)
in 100 ml1 (0.4 mol) 6f 4N potassium hydroxide was added to
a solution of (S)-alanine (44.5 g, 0.5 mol) in 125 ml
(0.5 mol) of 4N potassium hydroxide. To the resulting
solution 163 ml (0.65 mol ) of 4N potassium hydrbxide was.
édded dropwise with vigorous stirring at 75-80° for about
2 hr. The pH of the solution was maintained in the range
of 9-10 during the reaction. The reaction mixture was
acidified to pH 2.0 with concentrated hydrochloric acid and
concentrated as faf as possible on a vacuum evaporator.

After an appropriate amount of water had been added to the

'residue in order to dissolve potassium chloride deposited

as glanularﬁcrystals, the remaining fine crystals were

collected by filtration and washed well with cold water;

‘'yield 55 g. The product was the desired acid, which was

contaminated with a small amount of potassium chloride.

This was recyrstallized from 90 ml of boiling water; yield

24
D

+3.2° (¢ 2.47, watér)).

40.8 g (51 %) of prismatic crystals; [a]

water) (1it?®) [a]20

+4.7° (c 6,

(2) (S)-H3a1apa.

(S)-Alanine-N-monopropionic acid (32.2 g, 0.2 mol)
obtained in (1) and monochloroacetic acid (22,7 g, 0.24 mol)

were dissolved with stirring in 140 ml (0.56 mol). of 4N
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potassium hydroxide. To this solution 70 ml (0.56 mol) of
4N potassium hydroxide waé added dropwise with vigorous |
stirring at 80-85° for 2.5 hr. ~The pH of the solution

was maintained in the range 10-11 during‘the reaction.

The réadtion mixture waé acidified to pH'l.4 withv
coﬁcentrated hyrochloric acid and concentrated as far as
possible on a vacuum evaporaﬁor; To the concentrate a large
amount of methanol was added and thevmixture wés stifred
well at about 70°. A large amount of potassium chloride
remained in solid was filtered and washed with hot methénol,
and then the combined filtrate and Washings-were concentrated
tovsyrup on a vacuum evaporator. To the concentrate was
added lOO.ml of water. The solution was pou:ed

into a column (35 x 800 mm) containing a cation-ékchénge
resin (Dowex-X8, 200-406 mesh, hydrogen form) and water

was passed through the column., The eluates containing the
desired acid were collected and concentrated to drynesé.

The crystalé (22 g) deposited-were}iecrystallized from 35

ml of boiling water; yield 19 g (43 2); [a12%-8.4° (c 4,

8713 76

water). Anal. Calcd for C,H,,NO_.: C, 43;84; H, 5.89; N,
6.39 $. Found: C, 43.77; H, 6.04; N, 6.36 %.

I-2. Preparation of B-aminocatboxylato ligands.

I-2-1. (R)=-a-Methyl-B—alanine: (R)-a-Me-f-Hala..

The racemic_modificatioh'was.prepared by Pollack's

57 . .
method )and>resolved.by the method of Kakimoto and

8) o '
 Armstrong’th% mp 192-194° (decomp); [alg’ -15.3° (c 5,

water) (1it;”) mp 194-196°, [a]2’

-15.4° (c 1, water)).
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I-2-2. (S)-B—-Methyl-B-alanine: (S)—B-Me-B—Hala;

This ligand was derived from (S)-alanine by the method

,60
of Balenovic '& mp 211-213° (decomp) ; [o«.]]é5 +36.4° (c 2,

water)(lit?o) mp 212°; [o.]%9 +37.07° ¥ 1° (c 6, water)).

I-2-3, (+)b—(lS,ZS)—trans-2-aminocyclohexanecarboxylic

acid: (S,S)-Hachc.

(1) (¥) -N-Benzoyl-trans-2-aminocyclohexanecarboxylic acid.

(i)-Trans-2—aminocyclohexanecarboxylic acid was

prepared from o-aminobenzoic acid by the action of

61,62)

metallic sodium in iso-amyl alcohol. This was

.benzoylated by the reaction with benzoyl chloride_in an

| - 6
usual method;®3) mp 226-227° (1it,%?) 226-227°).

(2) fOptidal resolution of (¥)-N-benzoyl-trans-2-amino-

éyclohexaneqarboxylic acid.

To a_éolution of 20.4 g (0.0826 mol) of (¥)-N-benzoyl-
trans-2-aminocyclohexanecarboxylic acid in 260 ml of
boiling ethanol was added 10 g (0.0826 mol) of
(-)D—a-phenethylamine. After the solution resulted had
been allowed to stand in a réfrigerator, the crude less
‘solubel aiaStereomer were collected by filtration; yield

13.6 g; [oa]320 +59.7° (¢ 1, ethanol). Since it has beeﬁ

found by Nohira and'co-worker564)

that the optical
resolution of the benzoylate could be achieved by a
preferential crystaliization, the diastereomer obtained

Was used in the next step without further purification.

The diastereomer was added in 4N sodium hydroxide in an ice-
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bath and free a-phenethylamine separated out was removed
by extractlon w1th ether. The water layer was made ac1d
to Congo red with 3N hydrochlorlc acid and the crude

benzoylate deposited was collected by flltratlon, y1e1d

9.0 g, +128° (c 1, ethanol). This was recrystalllzed

(21350
twice from boiling methanol to give pure (+)D-N-benzoyl-
trans-2-aminocyclohexanecarboxylic acid; yield 7.7 g;
[a]315 +152° (c l,_ethanol), td]ég_+45.4°'(c 1, ethanol);
mp 250-251° (1it,%%) (@120 +44.5° (c 0.67, ethanol); mp
257-258°). |

The pure'less soluble diastereomer was obtained by
two recrystallization of the crude product obtained as
described above from boiling ethanol; [a]320 +77.1°
(c 1, ethanol), mle +25.7° (c 2, ethanol); mp 199.5-
200.5°, Anal. Calcd for C22H28N203: c, 71.70; H, 7.67;
N, 7.60 %. Found: C, 71.52; H, 7.62;'N,‘7.66 %.

(3) (SqS);Hachc.

A mixture of 6.6 g of the optically pure benzoylate
obtalned in (2) and 200 ml of concentrated hydrochloric
acid was refluxed until the crystals of benzoylate had
completely dissolved (about 60 hr). The solution obtained
was cooled in a refrigerator for a few hours and‘the beaoic
acid‘deposited was femoved'by filtration. - The filtrate'was
concentrated to drynees onba vacuﬁm evaporator and the residue
was dissolved in LO ml ofhwater.v After a.small-amount,bfv
insolublé materials had been removed by filtration, the

filtrate'was'poured into a column (l7vx 250 mm) containing
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a cation-exéhénge resin (Dowex 50W-X8, 200-400 mesh, hydrogeh
forﬁ). The column was swepted with water and the eluates
containing the desired aminocarboxylic acid were collected
and concentrated to dryness. The white powdef obtained was
recfystallizéd from 70 % ethanol to give the dihydrate of

the desired acid as transparent granular crystals;

yield 3.6 g. Anal. Calcd for c7H13§02-2H20: C, 46.90; H,

9.58} N, 7.87; H,0, 20.10 %. Found: C, 46.99; H, 9.56;N; 7.69;

2

"H20, 20.10 %. This lost easily water of crystallization

over anhydrous calcium chloride in a vacuum dessicator;

Anal. Caled for C.H,.NO,: C, 58.70; H, 9.17; N, 9.78 %.

7H1 380,
Found: C, 58.57; H, 9.31; N, 9.70 %, mp 250° (decomp) ;
[a]]l)6 +77.3° (c 2, water) (lit,®?) mp 264°; [a]é7 +66.5°

(c 2, water)).

I-2-14. (+)D-(lS,2R)-cis—2-aminocyclohexanecarboxylic

‘acidi (S,R)-Hachc.

The absolute configuration of this aminocarboxylic

acid was confirmed in this work (see Section II-1-(2)).

(1) (*)-N-Bezyloxycarbonyl-cis—-2-aminocyclohexanecarboxylic
acid. |

The (f)-cis-2-aminocyclohexanecarboxylic acid was
prepared from cis-1,2-cyclohexanedicarboxylic acid

5)

according to the method of Armitage and co-workers;6
232-233° (1it§5) mp 235°). Its benzyloxycafbonyl derivative
was prgpared by the reaction with benzyloxycarbonyl chloride
in an usual method;®3) mp 129-130°. anal. Calcd for
C15H19Nd4: C, 64.95; H, 6.92; N, 5.05 3. Found: C, 64.86;
H, 6.74; N, 5.08 %.
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(2). Optical resolution of (f)-NibenzyloXycarbthl-cis~2-

aminocyclohexanecarboxylic acid.

To a solution of 27.7 g (0.1 mol) of (¥)-N-benzyloxy-

carbonyl-cis-2-aminocyclohexanecarboxylic acid in 132 ml of hot

ethyl acetate was added 12.1 g (0.1 mol) of K—)D-q-phenethYI—
amine. After the solution had béén allowed to_stand.0vernight
at room temperature, the crude less soluble diasteredmer
deposited was collected by filtratidn; yield 17.7 g. This
was recrystalliéed from boiling ethyl acetate. The optical

purity of the diastereomer was checked by the optical

rotation measurements of the benzyloxfcarboxylate
obtained by the method described  below, because the
diastereomer had very unstable water of crystallization
and furthermore its optical rotation was very small in
the range of 600-300 nm. Two recrystallization gave the
pure less soluble diastereomer; yield 12.5 g; mp 135.5-
137.5°; [a]gz +4.1o (c 5,‘ethanol); Apal. Calcd for .
Cy3HyoN,0,+0.2H,0: C, 68.69; H, 7.63; N, 6.97 %, Found:
C, 68.59; H, 7.71; N, 6.75 %. The crude benzyloxycarboxylate
was obtained from 8.0 g of the_diaSte;eomer by the same
procedure as that fdr the correspondipg trans isomer
described in I-2-3-(2). This was recrystallizéd twice
froﬁ boiling 70 % methanol and further recfystallization

did not give the change of its properties; yield 4.4 g,

22
D

(c 5, ethanol). Anal. Calcd forClSngNo4

H, 6.92; N, 5.05 %. Found: C, 64.70; H, 6.86; N, 5.12 %.

mp 125-126°; [0] " +16.7° (c 5, ethanol),v[a]295“+53.7ﬂ'v

: C, 64.95;
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(3) (S,R)-Hachc.

A solution of 2.8 g of the benzYloxycarboxylate»obtained
in (2) in 50 ml of methanol was subjectétho'catalytic
reductlon u51ng a 10 % palladlum on charcoal as catalyst in
an usual method.63) After completlon of the reaction, the
_catalyst was removed by flltratlon and washed w1th a small
amount of water. The combined flltrate and washings were
concentrated to dryness on a VaCuum evaporator. The -desired
'acid of white Crystals'obfained was-recrystallized once from

' ' 22.5 ' .
50% methanol; yield 1.2 g; mp 245° (decomp); [a] ©.+19,2°

(c 2.7, water). . Anal. Calcd for C7H13NO2 C, 58. 70; 3,_9.17;

N, 9.78 %. Found: C, 58.44; H, 9.10; N, 9.75 %.

(4) (+)D-(lS,ZR)-N—Benzoyl-cis-2-aminocyclohexanecarboxylic

acid.

This was prepared by the benzoylation of the (+) = (18,2R) -
cis-2-aminocyclohexanecafboxylic acid in an usual method;63):7

mp 205.5-206.5°; La]gz +38.0°,
66)

? o
[a]346 +127.2° (c 2.95,

195 & ethanol) (1it,®°) mp 206.5-207°, [alg,e +41.9°, [aly,q

+132° (0.31, 95 % ethanol).
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I-3. Preparation of Complexes.

I-3-1. Nitlirotriacetato (nta) complexes; trans(N) and

cis (N)-potassium (or sodium)(nitrilotriacefato)(amiho—

carboxylato)cobaltate(III): trans(N)- and cis (N)-K(or Na)-

[Cd(nta)(am)] (am = gly, (S)-éla, (S)-ser, (S)—vél,'saf,

(8)~-pro, B-ala, (R)-o-Me-B-ala, (S)-B-Me-B-ala, (S,S)-achc,

" (S,R)-achc, or y=—ambut). '

The final products of all the desired complexes were
air-dried at room temperature unless otherwise stated and
the results of their chemical analyses were summarized

in Table II (page 50).

(1) . Preparation of reaction mixtures and separation of

the trans(N) and cis(N) isomers.

- To 3.92 g (0.02 mol) of H3nta was added 2N ?otassium
hydroxide (ca. 20 ml) until the pH reached 5.0-5.6 and to the
resulted solution was added a solution of 5.0 g (0.02 mol) of
cobalt (II) acetate tetrahydrate in 15 ml of water and then

3 g of lead dioxide. After thé resﬁlting'mixture had been
mechanically stirred at 50° for about 10 min (before sprlingly
soluble blue substances begin to crystallize out), the desired
aminocarboxylic acid (0.02 mol) and 3 g of lead dioxide were
added to it-and the mixture resulted was sterred at 505'

- during the following reaction time: ‘2 hr for a-amino-
carbéXylato éomplexes and 1 hr for the B- andyy-amino—
carboxylato ones. After héving been'aliowed to stand at
foéﬁréemﬁerature, the reactiOn‘mixture_was filtered and

washed with a small amount of water. The ‘combined
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filtrate and washings were concentrated to about 20 ml on a
Qacuum evaporator. After removal.of insoluble substances by
filtration, the filtrate was poured dropwise with vigorous
stirring in about 400 ml of ethanol.(only in the (S)-pro
complex, a small amount of ether was added additionally to it).b
it). Almost all fo the colored complexes were precipitated

as a powder by this operation. The crude product precipitated
was filterea ans washed ethanol and wther, and then dried

over anhydrous calcium chlotide in a vacuum desiccator.

The yield was approximately 7 g.

About 7 g of each crude product obtained above was dissolved
in a small amount of water and the insoluble substances were
removed by filtration. The filtrate was adsorbed on a column
(35 X 800 mm) containing an anion-exchange resin (Doveg,l-XS,
200-400 mesh, chloride form): After the column had been swepted
with water, the adsorbed band was eluted with 0.07 M aqueous
solution of potassium-chloride at a rate of about 2.5 ml/min.
After the elution for about 3 days, two colored bands,

a reddish purple one and a violet.one, were separately
eluted in this order. The reddish purple band was confirmed
to be trans(N) isomer and the violet one to be cis(N) isomer.
by the measurements of their absorption spectra (see Section
I1-3-1). In the sar, (S)-pro and y-ambut complexes, the
'violet bands were not observed; only tfans(N) isomer was

obtained.

(2) 1Isolation of complexes.

(a) Each of the eluates in (1) was concentrated to several
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milliliterS'on a vacuum evaporator below 40° and the potassium
chloride deposited was removed by filtration. A small amount
vof methanol was added to the filtraté at about 40° and the
”pOtessium chloride depositediwas removed again. lAfter the
-~ concentration and the separation oﬁ potassium chloride were ‘
repeated.-a few times; the crystals of the desired-complex
’began‘to crystallize out from the filtrate except for the
five complexes described below. The complex.deposited was
collected by filtrationand recrystallized from warm water
by adding methanol.’ |

By the above treatment, the five complexes obtained
as powders contaminated with a small amount of potassium
chloride because of difficulty of their crystallization;

therefore, they were treated as in (b) or (c).

(b) In the three complexes of them, the trans (N) isomers of
(S)-val and (S)—pro.complexes and the cis(N) one of
(R)=-a-Me-B-ala complex,"each of the crude complexes was
.dissolved in a minimum amount of water and an appropriate
amount of silver acetate was added to the solution in order to
vscpdféfe the contaminant potassium chloride. The resulting
mixture was well stirred with a glass rod. The silver chloride
precipitated was removed by filtration and to the filtrate a
large amount of ethanol was added in order to precipitate
almost all of the colored complexes. The-powdery product was
collected by filtration'and washed well'with ethanol, and

then ether. It was recrystellized from a small amount of

weter by adding methanol, and then ethanol if necessary.

The pure complex was obtained as a nonhygrosoopic~powder.
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(c) 1In the.othef complexes, the trens(N) isomer of (R,S)-achc
complex'and the cis(N) one of B—alaecomplex, the counter ions
were'conQerted from potassium to sodium ones by the column
chromatogfaphic method. Each of the crude complexes(ca. 0.5 g)
was dissolyed in a small amount of water and the resulting
solution was poured into a column (17 X 50 mm) containing

va eation-exchange resin (Dowex 50W-X8, 200-400 mesh, sodium
form); The.colored eluate ebtained by sweepiﬁg Qith water
was concentrated to a few milliliters on a cacuum evaporator
below 40°. To the concentrate was added a small amount of
methanol and the crystalline cemplex deposited was filtered

and recrystallized from warm water by adding methanol.

I-3-2. (R)- or (S)-Alaninate-N,N-diacetato ((R)- or (S)— .

alada) complexes; trans(N)- and cis (N)-potassium ((R)- or

(S)-alaninate-N,N-diacetato) (aminocarboxylato)cobaltate (III);

trans(N)- and cis(N)-=K[Co((R)- or (S)—alada)(am)] (am =

gly or f-ala for (S)- alada, and (S)—ala, (S) pro, (R)-ca-Me~-

B-ala, or (S) B-Me-B-ala for both of (R)- and (S)-alada).

(1)  Preparation of reaction mixtures and separation of

trans (N) and cis(N) isomers.

The reaction mixture was prepared by a similar procedure
to the used for the nta complexes described in I-3-1-(1),

using (R)- or (S)—H3a1ada_(4.l g, 0.02 mol).instead of H_nta,

3
after adding'aminocarboxy1ic acid, two hour reaction was
taken for a-aminocarboxylaﬁo complexes and one hour for

f-aminocarboxylato ones. Each curde product obtained was

chromatographed by the same procedure as that for nta
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complexes. - Two colored bands, a reddish purple one (trans (i)
isomer) and a violet one (cis (N) isomer), were éeparately
eluted in this order except for the y-ambut or (S)-pro

comblex, in which only the reddish purple band‘was eluted.

(2) Separation of arrangement isomers.

(a) .X-trans(N)- and X-cis(N)-[Co((S)-alada) (am)1” and
“Z-trans (N)- and Z—cis(N)—[Co((R)—alada)(am)]—_complexes
(1somer-1 for each of the complexes).

From each of the eluates in (1), the pure crystalllne
complexes were obtalned as a ‘potassium salt by a similar
procédure to that for the nta complexes described in
I—3-l—(2?$). Oonly the trans(N) isomer of (R)-oa-Me-B-ala
Aéomplex was obtained as a nonhygroscopic poWder by the
same treatment‘as that for the complexes in I-3-1-(2-b).
In all caées, the yield of the solid complex finally
isolated was more than 80 % of the complex estimated on
the basis of'measurement of the absorption of the eluate

separated by column chromatography. . -

(b) Purification of X-trans(N)-K[Co((S)-alada) (gly)] by

diastereomer formation.

This experiment was carried out in order to examine
'whether the X-trans (N)- [Co((s)-alada)(gly)] complex obtained
in (a) is optically pure or not. A suspen31on of 1.0 g
(0.0025 mol) of (+)D;[Co(ox)(én)2]I~in'2-5 nl of water was
stirred with 0.04 g of silver acetate until the brown crystals
of thé resolving.agent'went to sight. The silver iodide was

filtered and washed with a small aount of water. The combined
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filtrate and washings were warmed to 50°, and while l.l‘g .
(0.0025 mol) of the X-trans(N)-[Co((S)-alada) (gly)]-3.5H,0
Qas dissoved in 1.5 ml of‘water at SQ°._ Both the solutions
. were mixed and the resulting solution was cooled in a
refrigerator for a few four. The brownish-pink needle
diastéreomer deposited was collected by filtration énd washed
with water-methanol (1 : 1) and methanol aﬂd air-dried. The
diastereomer was recrystallized from 15 ml of warm water
(about 50°) by adding methénol;4yield 1.1 g; The CD
_intensity 6f the potassium salt of the desired complex

was unchanged by further recryétallization.* Anal.

Calcd for (+)D-[Co(ox)(en)2]~x-trans(N)-tCo((S)#alada)—
,(giy)]~5H20: C, 26.02; H, 5.54; N, 12.14 %. Found:

C, 25.95; H, 5.24; N, 12.21 %. The diastereomer (0.9 g)
was dissolved in a minimum amount of water and the

solution was poured into a column (10 x 50 mm)

containing a cation-exchange resin (Dowex 50W-X8, 200-400

mesh, potassium form). By sweeping with water, the desired

* The purity of theAdiastereomer was estimated as follows.
An.aqueous solution of the potassium'salt was prepared from the
diastereomer (about 0.03 g) by use of a column containing a
cation-exchange resin (potassium form) as described in |

the next'étep to_obtain the desired potassium salt from the
pure diastereomer. The desired,elﬁateﬂwas adjusted to a
reasonable concentration by dilution with water and the CD
intensity were determined from its absorption and CD

spectra.

-28-



complex, K[Co((S)-alada) (gly)], was eluted as a reddish purple
solution, while the resolving agent, (+)546—[Co(ox)(en)2]+,
'remained at top of the column. The reddish purple eluate

was concentrated to a few milllliters below 40° on a vacuum
evaporator. An appropriate amount of ethanol was gradually
added to the solution.’ The plate crystals deposited were
collected by’filtration; vield 0.439. -The CD spectrum of

this complex completely'conincided with that of the

original complex used for the purification. This indicates

that the original complex is optically pure.

(c) Y-trans(N)-K[Co((S)-alada) (gly)] (isomer-ii).

The X-trans(N)-K[Co((S)-alada)(gly)]-3.5H20 (isomer-i,
12.0 g) obtained in (a) was dissolved in 50 ml of water and
1.2 g‘of activated charcoal was added to the solution. After
the resulting mixture had been kept with stirring at 70°
for l'hr, the charcoal was removed by filtration. To the

filtrate was added 25 ml of ethanol and the prismatic

crystals (isomer-i) deposited were removed by filtration.

The filtrate was evaporated to a few milliliters on a
vacuumvevaporator below 30° and a small amount of methanol
was added to the concentrated solution_and the crystals
.dep051ted were removed by filtration. By this process,

the crystalline complex of 9.9 g in total, which was the
essentially.pure X-trans (N) complex (isomer-i), was recovered
from the original filtrate. To the final filtrate a large
amount of ethanol was added in order to precipitate almost

all of colored materials and the pinkish powder precipitated
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was filtered and wahsed with ethanol and ether, ahd dried

. over anhydrous calcium chloride in -a vacuum dessicator;
’yiela 1.5 g of hygroscopic powder.
The crude product (0.6 g) dissélved in a minimun

amount of water was chromatographed over an énioh-exchahge
resin by a similar procedure as that described for the
nta cohpiexgs (I-3-1-(1)). After about 15 days' élution,b
three colored bands, two partly overlapped reddish purple
ohes (trans (N) i;omers) in dominént'amount ahd a violet
- one (cis(N) isomer) in a trace amount, were eluted in this
order. It was‘confirmed by the absorption and CD measure-
ments of the fractionated eluates that the §iolet band
consisted of the X-cis(N) cbmplex isolated in :(a)
In the trans (N) isomers, the earlier eluted band B
consisted of isomer-i and thé'later eluted band anéther
isomer, isomer-ii (Y-trans(N) isomer). The later eluted
fractions, which showed a constant CD valﬁe, were collected
and concentrated alﬁost,to dryness below 30° on a vacuum
eVapofator._ To the residue a sméll amount of methanol
was added and the potaésiuﬁ chloride‘deposited was removgd
bj filt:ation. From the eluate, the isOmgf-ii was obtained
as alhygroscopic powder contaminated'with a small amount of
pofassium chloride because of difficulty of crystallizatibn
and it was direa over.calcium chloride in a vacuum |
dessicator; yield 0.05 g. No eleméntal analysis was carried,
-out. |

The Y-trans(N) isomer (isomer-ii) isomerizes‘slpwly.to the

X-trans(N) isomer (isomer-i) in water at room temperature. After
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AN
about 40 days, theiabsorpﬁion and CD spcetra of the solution
-~ become constant and their-shepes are agree with those'of
the X-trans (N) isomer within experimintal error. The
molar absorpt1v1ty (e) and molar circular dichroism
(Ae) of the Y-trans(N) isomer (isomer-ii) were determined

from the result of the isomerization.

I-3-3. (R,S)—Alanine-N-iso—propionate—N—acetato ((R,S)-

| alaipa) complexes; trans (N)- and cis (N)-potassium ((R,S)-

alaninate-N-iso—propionate-N-acetato)(glyc1nato)coba1tate(III)

trans (N)- and c1s(N)-K[Co((R,S)-alaipa)(gly)].

(1) Preparation of reaction mixture and separation of

trans (N) and cis(N) isomers.

The reaction mixture was obtained by a similar procedure
to that for the nta complexes descrubed in I-3-1-(1), using
(R,S)—H3a1aipa (8.76 g, 0.04 mol) instead of;H3nta: after
adding glycine, the mixture was allowed to react for 3 hr. The
crude product obtained was chromatographed by the same
procedure as that for the nta complexes. Two colored bands,

a reddiShwpurple one (trans(N) isomer) and a violet one> A

(cis (N) isomer), were eluted separately in this order.

(2) Separation of arrangement isomers.

(a) X_.2 -trans(N)-K[Co((R S)—alaipa)(gly)] (isomer-i).

SR

The trans (N) eluate obtained above was treated.in order
to remove the contaminant pota551um chloride as described for
_the nta complexes in I-3-1-(2-b). To the filtrate from

the silver chloride a large amount of ethanol was gradually

added and the plate crystals deposited were collected by
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filtration. This was'recrystallized from warm water (éboﬁt'
50°) by adding methanol; yield 1.8 g. This desired isomer

was isolated almost quantitatively from the trans(N) eluate.

(b) XSZR—cis(N)—K[Co((R,S)-alaipa)(le)] (isomer-i).
From the cis(N) eluate the desired isomer was isolated

almost quantitiatively as séaly chstals by a similar

procedure to that for the corresponding trans(N) isomer in

(a). The crystals were recrystallized from-warm water

kabout 50°) by adding methanol; yield 1.1 g.

- I-3-4. (S,S)-Alanine-N-isb-propionate-N-acetato ((s,S8)-

alaipa) complexes; trans (N)- and cis(N)-potessium— (or

4

sodium) ((S,S)-alaninate-N-iso-propionate-N-acetato) (glycinato)-.

cobaltate(III): trans(N)- ahd cis (N)-K (or Na) [Co((S,S)-

alaipa) (gly)].

(1) Preparation of reaction mixture and separation of

 trans(N) and cis(N) isomers.

The reactioﬁ mixture was obtained by a similar procedure
to that for the nta compiexes described in I-3-1-(1), using
(S,S)-H3alaipa (8.8 g, 0.04 mol) instead of H3nta:>af§er |
eading glycine, the reaction time was taken for 2 hr.

The crude product obtaiﬁed was chromatographed by the same
procedure as that for the nta complexes; Three.coloredf'
bands, a reddish purple one (a mixture of trans(N) isomers)
and two violet ones (cis(N) isomers),Awere eluted in this

order. -
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(2) Separation of arrangement isomers.
(a) xy-trans(N)-Na[Co((S,s)—alaipa)(gly)] (isomer-i).

From the transt) eluate obtained in (1) the contaminant _'
potassium chloride was removed by a similar procedure to that
for the nta complexes in I-3-3-(2-b). vFrom the filtrate from
silver chloride, 3.5 g of the powdery product was obtained
was obtained by addition of a large amount of ethanol. Take
account of racemization of the (S,S)fHBalaipa'uséd.as the
starting matériai; the_product’was.ﬁreated as follows. The
product (2.70 g) in 7 ml of warm water (ca. 40°) was mixed
with a warm solution (ca. 40°) containing the acetate of
(+)546-[Co(ox)(én)2]+ which was derived from (+)546f[Co(ox)-
(en)2]I (2.76 g), silver acetate (1.23 g) and water (10 ml)
as described for the (S)-alada com?lex (I—3-2—(2-b)).

After cooling in a refrigefator”overnight, the brownish-
pink needle diasteromer deppsited was collected by
filtration and washed with wateréméthanol»(l : l) and
~methanol and air dried; yield 3.3 qg. The filtfate and
washings contained another isbmer (isomer—-ii, XZ-trans (N)
isomer) in a trace amount; but the isolation of this isomer
was not attempted hefe and achieved by the method
described in (b). The diastefedmer was recrystallized
from 30 ml of wafm watér by adding methanol;

vield, 2;6M;:”mfhé optical purity of diastereomér was
checked as for the (S)-alada complex (I-3f2-(2-b)).

Anal. Célcd{for (+)546-[Co(ox)(en)2]°XY—trans(N)—[Co—
((s,S)-alaipa) (gly)]-4.5H '

2
Found: C, 27.48; H, 5.50; N, 12.37 %.

0o: C, 27.55; H, 5.65; N, 12.05 %.

-33-



The diasteréomer (2.5 g) was converted to the sodium
salt by using a cation-exchange resin of sodium form by
the same procedure-as that for the (S)-alada complex
(I-3-2-(2-b)). The prismatic crystals (isomer-i) were
obtained from the colored eiuate, and recrystallized
from water by adding methanol; yield 1.3 g. Attempts
 to érystallize thé potassium salt of this complex were

unsuccessful.

cb) XZ—trans(N)-K[Co((S;S)—alaipa)(gly)] (isomer-ii).
XY—trans(N)-Na[Co((S,S)-alaipa)(gly)}-HZO (isomer-i, 5.2 g)
obtained in (a) was treated with activated charcoal by the
séme procedure as that for the preparation of the Y-trans (N)
(s)-alada complex (I-3-2-(2-c)). From thé'filtrate,
the c;ystallineICOmplex (isomer-i, 4.3 g in total) was
-fécé&ered by a similar procedure to that for the (S)-
alada‘compléx, To the final filtrate was added a large
amount Of'éhtanol_and the powdery product precipitated
was collected by filtration. The crude'product'obtained
"as sodium salt (0.5 g) was converted to the potassium
salt by using a cation-exchange resin of potassium form
(I-3-l—(2—c)). The plane crystals (isomer—-ii) were obtained
from the_colored eluate and recrystallized from water by

adding ethanol; yield, 0.2 g.

(c) XZ—cis(N)-K[Co((S,S)-alaipa)(gly)]'(isomer-i).

From the cis (N) eluaﬁe early eluted in (1), the contami¥
nant potassium chloride was removed by a similar procedure to

that for the nta complex  (I-3-1-(2-b)). The powdery product
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obtained by addition of a large amount of ethanol was
collected by filtration; yield 0.6 g. Attempts to obtain
thekcrystallin; complex from this product was unsuccessful;
The diastereomer with (+)546?[Co(ox)(en)2]+ using 0.5 g of
the crude product was prepared by the same procedure as that
forvthé (s)-alada complex (I-3-2-(2-c))._ The diastereomer
obtained was recrystallized from warm water by adding
methanol;‘yield 0.6 g. -Thé purity of the diastereomer was
checked as.for'the.(S)—alada complex. Anal. Caicd_fér
(+)546—[Co(ox)(en)2]-XYégis(N)-[Co((S,S)-alaipa)(gly)]-SHZO:
€, 26.52; H, 5.86; N, 11.60 3. Found: C, 26.41; H, 5.59;

N, 11.77 %. |

An, aqueous solution of thé desired complex of potassium

salt was obtained from the diastereomer (0.5 g) by use of

a cation-exchange resin 6f potassium form (1-342-(2-b)).
Attempts to obtain the crystalline complex from the solution
was unéuccessful. To the concentrated agqueous solution 6f
the complex was added a small.amdunt of methanol and thé
powdery product precipitated was collected by filtration
and washed with methanol and ether; yield 0.15 g 6f
nonhygroscopic powder.' Attempfs of-crystallization of the

sodium salt or ammonium salt of this complex were also

unsuccessful.

(d) XY—cis(N)-K[Co((S,Sf-alaipa)(gly)],(isomeréiii,

The cis(N) eluate later eluted in (1) was concentr%ted
to several milliliters and the potassium chloride'deposited

was removed by filtration. To the filtrate was added a
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small amount of methanol ahd the potassiﬁn chloride deposited
was femoved by filtration. When the contaminant potassium
chloride was removéd as much as poséible by repeating this
prcedure, the needle crystals (isomer-ii) crystaliized out
from the filtrate and were collected by filtration. The
crystals cdntaminated with a small amount of potassiﬁm”
chloride were recrystallized from warm water by adding
ﬁethanol; yield 4.7 g. Take account of racemization of the
(S,S)-H3alaipa 1igand used, the diastereomer with (+)546-[Co—‘
(ox)(en)2]+, using 0.6 g of the product, was prepared by the
same procedure as that for the (S)-alada complex (I-3-2- |
(2—b)).v The paleéviolet needle diéstereomer_obtained'was'.
recrystallized ffom:warm water by adding methanol; yield 0.7 g.

Anal. Ca;cd for (+) -[Co(ox)(en)2]-XZ-cis(N)—[Co((S,S)—

546
alaip@)(gly)]?ZH 0: C, 29.45;-H, 5.26; N, 12.88 %. Found:

2
'c, 29.46; H, 5.28; N, 13.10 3. The desired complex of
~potassium sélt was obtained from 1.0 g of diastereomer
(I-3—2-(2-5)); yield 0.55 g. The CD spectrum of this
complex completely coincided with that of the product.

obtained above.

I-3-5. pB-Alaninate-N,N-diacetato (B—alada) complexes;

trans (N)- and cis(N)-potassium(B-alaninate-N,N4diacetéto)-

(aminocarboxylato)cobaltate (III): trans(N)- and cis(N)-K[Co-

K[Co(B-aiada)(am)]_ (am = gly, (S)—-ala or (S)-pro).
(1) Preparation of reaction mixtures and separation of
tréns(N) and cis(N) siomers.

The reaction mixture were prepared by a similar
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procedure to that for the nta complexes described in I—3-1—(l),
using B-Hjalada ( 4.1 g, 0.02 mol) instead of the ntaH3:

before and after addlng ‘an aminocarboxylic acid, the reaction
tlme was taken for. 30 min and 1 hr respectively. Each of

the crude products obtaiped was ohromatographedvby the same
procedure as that for the nta complexes. Two colored bands’

a reddish purple one (a mixture of trans(N) isomers) and a
violet one (a mixture of cis(N) isomers), were separately
eluted in this order except for the (S)-pro complex, in

which only the reddish purple band was eluted..

(2) Separation and optical resolution'of arrangement isomers.
(a) Y-trans(N)-K[Co(B-alada) (gly)] (isomer-i).

The trans(N) eluate obtained in (1) was concentrated to
several milliliters on a vacuum evaporatbr below 40°_and the
pota551um chloride deposited was removed by filtration. To the
filtrate a small amount of methanol was added and the pota551um
chloride deposited was removed agaln. After repeating this
operatlon, the prlsmatlc complex (1somer-1) began to crystalllze
out with a small amount of potassium chloride. The complex
deposited was collected by filtration'(the flltrate was reseved
for the pre;aratloh ofwother iSOmers).andirecryetalllzed

from warm water by adding methanol; yield 0.1 g.

(b) Optical resolution of recemic modification, X- and
Z-trans (N)-K[Co (B-alada) (gly)] (isomer-ii and -iii

"respectively).

The reserved filtrate from isomer-i was concentrated to -
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dryness below 40°. The resulting solid was contaminated with
a small amount 6f potassium chloride;.therefon:it waé treated
with silver acetate as described for the nta complexes in
-I—3?l—(2—b). The powdery prodgct obtaiﬁed by addition of

a large amount of ethahoi ﬁas collected by filtration; yield
4.3 g. The PMR spectra showed that the product wés a recemic
complex (isomer-ii and -iii) and contaminated with ébout

3 % of isomér—i, but the product was used for next step.
without further purificafiop. |

| Thé product (4.0 g) was dissolved in a warm solufion.
(about 40°) containing the acetate of (-)546—[Co(ox)(en)2]+
was obtained from (—)546-[Co(ox)(en)2]1 (3.9 g) and silver
acetate (1.8 g) and_water (12 ml); Repeating fractional
c;Ystallization by éooling in a refrigeratbr or by adding

an agpropriate amount of.methanol, severél diastereomers
>&éré thained. The iess soluble fractions with similar
optical rotétion values ([q1546.—270 to -350°) weré

combined and it was recrystallized several times from warm

water by adding methanol; yield 0.8 g. -532°,

(01589 [alg46

-246°. Anal. Calcd for'(—) -[Co(ox)(en)2]~x—trans(N)-

546
[Co(B-alada) (gly)]~3H20: C, 27.44; H, 5.23; N, 12.81 %.

Found: C, 27.74; H, 5.37; N, 12.68 %. The diastereomer (0.6 g)
was convertéd to the éotassium salt by using a catioh-
exchange resin of potéssium form (I—3—2-(2-b)). The

reddiéh purple eluate was concentrated to a few milliliters
below 40° on a vacuum evaporator. An appropriate amount

Oof ethanol was gradually added to the solutidn. - The

needle crystals deposited Were collected by filtration;
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yield 0.2 g.
The more soluble diastereomers with simiiar rotations
(falg,e -500 to -620°) were treated likewise; yield 0.4 g,

[a]589'_3889r -690°. Anal. Calcd for'(-)546—

lalg,e
[Co(ox)(en)z]~z-trans(N)—[Co(B-alada)(gly)]-éﬁzoé

c, 28.22; H, 5.06; N, 13.17 s. Found: C, 28.13; H, 5.29;

N, 12.77»%.> The optically active potaésium salt (isomer-
iii) Was_obtaihed'from-the.diastereomer (0.3 g) as needle
cryStalS by the séme brocedure to that for the enatiomer;
yield 0.1 g.

After the completion of the preparation described
abo#e, it was found that the crystals of the racemic
modification of B-alada complex (u-isomer) can be obtained
as ammonium salt. Namely, the contaminant potassium
chloride was removed from the trans(N) eluate obtained as
described in (1) as much as possible as iﬁ (a)'and to the |
final filtrate was added a large amount of ethanol. ‘The
powdery product obtained was passed through a cationfl'.
exchange resin (ammonium form) as desciibed for the nta
complexes (I-3-1-(2-¢)). The colored eluates were collected
and concentrated and a:small aﬁount of methanol.was added
to the cdhcentrate.i The crystélline éomélex deposited
(u-isomer) was filtered and recrystallized from warm water
by adding methénol. }Anal. Calcd for u—tréns(N);NH4[Co{ |
(B-alada) (gly)]-H,0: C, 29.12; H, 4/89; N, 11.32 %. Found:
C, 29.01; H, 4.89; N, 11.34 %. '

(e) X- and-Z-trans(N)—Ktco(s-alada)((S)-ala)] (isomer-i

and -ii respectively).
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The trans(N) eluate in (1) was concentrated almost
to dryness below 40° on a vacuum evaporator. To the
re51due enough amount of methanol was added to dissolve
the colored material at 50? and the potassium chlorlde
'deposited was removed by filtration. The filtrate was
kept in a refrigerator overnight. The crude product
deposited was collected by filtration (the filtrate was
reserved for the preparation of another isomer, isOmer;iii)

and recrystalllzed from water by adding ethanol° yleld

3.5 g. The PMR spectrum of thls product 1nd1cated that it
was a mixture ofhtwo isomers (isomer-i and fii). A solution
of 1.5 g of this product in 98 % methanol was poured into a
column (35 x 800 mm) containing an anion-exchange resin _
(Dowex lAXB, 200-460 mesh, chloride form), which-was elnted.
with 0.05 % (W/V) solution of- potassium chloride in 98 %
"nethanol at a rate of about 1 ml/min. After about 33 days,
two reddish:bands, isomer—i and isomer-ii in this order,
completelf‘separated from each other. Each of the two eluted
bands was collected in fractions, and their CD spectra showed
that each band consisted of only one isomer. Each of the
eluates wasrconcentrated almost to dryness below 30° on a
‘Vacuum.evaporator. To the residue a small amonnt of methanol
was added and the potassium chloride deposited was removed

by filtration. By repeating this process, potassium chloride
was removed as mush as possible. An appropriate amount of
ethanol was gradually-added to the filtrate and the complex
deposited as needle crystals was collected by filtration.

Each of ‘the complexes was recrystalllzed from methanol—water
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(2 : 1) by adding ethanol; yield 0.4 g each for isomer-i

and -ii.
(a) Y-ﬁrans(Ni-K[Co(Bfaiada)((S)-ala)] (isomer-iii).

The reserved filtrate from the crude mixture of isomer-i
and -ii was concentrated to drynésé bélow 40°. Ih order to
removed potaésium.cﬁloride, it was treated with silver
acetate as described for the nta complexes (I-3-1-(2-b)).

The powdery prodﬁct precipitated by addition of a large -
amount of ethanol was collected by filtration. The product
was dissolved in a mipimum amount of‘water-.'When an
’appropfiate amount of ethanol was gfadually added to the
solution, a mixture of isomer-i and -ii crystallized out

and was removed by filtration. By this process the crystalline
complex (a mixture of isomer-i and ;ii).waé removed from the
solution as much as possible. ~The fihal filtrate}was_
concentrated to dryness on a vacuum-evaporator; yield 0.5 g.
The PMR spectrum of this product indicated that it was a
mixture of three isomers, isomer-i and -i ahd_—ii(about’40 %
in total of the two isomers) and ﬁew.isomer—iii(égoﬁt 60 %);
The separation of the new isomer ffom the mixture was

carried out by the same.éhrométographic procedure:és that

for the separation dfvisomer-i and -ii. By the elution for
~about 25 days, two rgddish purple bands which separafed from
each other were elqted.,~1t was cdhfirmed by CD measuremenfs
of the fractionized eluates that the earlier eluated band
consists of isomér-iii‘and -i (eluted in this order, bu£

partly overlapped) and later eluted band isomer-ii. The
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earlier several fraétions of the firstly eiuted band,
which showed a constant CD value, were collected, and

~ the contamihantsbwere femoved as in the case of isomer-i
or -ii. Finally, by the recrystallizatidn from methanol-
‘water klO :.i) by adding ethanoi, the pure isomer-iii
complex was obtained as a nonhygroscopic powder; yield ‘

0.05 g.

(e) X;; Y- and Z—trans(N)-K[Co(B-alada)((S)—pro)]f(isomer—i,

ﬁii and -iii reSpectively).

The trans(N) eluate. 1n (1) was concentrated almost to
dryness below 40° on a vacuum evaporator. To the re51due'at
50° just enough methanol to dissolve the colored material was

added and the pota551um chloride dep051ted was removed by

fil;iation. To the filtrate was added a 1argé amount of
aéfhanol and ether to precipitate almost all-of the coloreé
complexes.iiThe crude product was collected by filtfatioa and -
dried unde} vacuum; -yield 5.5 g. The separation of isdmers
- was carried out using 1.5 g of the.product by the same
Procédure as deiscribed for the (S)-ala complex in (c}.
Aﬁﬁer about 54 days' elutaion, three reddish purple bands,
isomer—i, iaomer—ii and iSomer-iii, were eluted in this

- order and sépafated completely from one another. Each of
the three eiuafes was concentrated to dryness below 30° on
a vaéuum evaporator. To the concentrate at 50° just

enough methanol to dlssolve the colored materlal was

added and the pota551um chlorlde dep051ted was removed by

filtration. An approprlate amount of ethanol was gradually
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added to the filtrate and the complex deposited was collected
by filtration. Each of the complexes was recrystallized.
from methanol-water (20 : 1) by'adding ethanol; yield 0.3vg
_Of needle crystals for isomer-i; 0.03 g of powder for :

isomer-ii; 0.2 g of needle crystals for isomer-iii.

(f) Optical resolution of racemic modification, X- and

Z- c1s(N) K[Co(B-alada)(gly)] (isomer-i and -ii respectively).

The cis(N) eluate in (l)twas concentrated to several
milliliters below 40° on a vacuum evaporator and the
potassium’chloride.deposited was,removed by filtration.

By further addition of‘methanol to the fiitrate, potasssium
chloridedwas removed as much as possible. The'final
filtrate was evaporated to dryness below 40° and the
resulting SOlld was treated as described for the nta
complexes in I-3-1-(2-b), using 511ver acetate to remove
contaminated potassium chloride. :The powdery product
precipitated by addition of a large amount of ethanol was
collected and air-dried; yield 3.0 g. Although'this
product was a mixture of*three isomers, isomer-i and
isomer-ii (antipotal to each other and amounted about

94 % in total of the two isomers) and'isomer-iii(about

6 %, the 1solat10n of this isomer is descrlbed in (g)), it
was used for next step without further purlflcatlon. |

The isomeric mixture (2.0 g) was dissolved in the

solution‘containing the acetate of (-) -[Co(ox)(en)2}+

546

which was derived from (-) ~[Co(ox) (en)]1I

546
(2.0 g) and silver acetate (0.9 g) and water (8 ml).
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After cooling in a tefrigerator overnight, the crude less.
 solub1e diastereomer deposited was filtered and washed

with a small amount of cold water; yiela 1.2 g. It was
- recrystallized a few times to>constant'rotatiqn from warm
‘water by adding methanol;.yield 0.8 g'of prismatic crystals;
[a}ggq —300,
(en)2]-Z-cis(N)—[Co(Bfalada){gly)]-4H20: C, 26.71; H, 5.39;

[a]546'+250°. Anal. Calcd for (-)546-[Co(ox)—

N, 12.46 %. Found: C, 26.64; H, 5.48; N, 12.26 %.

To the filtrate from the less soluble diastereomer
Qas added 5 ml 6f methanol.and the solution waé allowed»to’
stand for 5 hr at room temperature. The crude more soluble
diastereomer deposited was filtered and washed with a small
amount of cold wétgr; yield 0.6 g. Recrystallizatioﬁ Qas
achieved as in the éase of thévless soluble diastereomer;

yield 0.4 g of prismatic crystals; [ao] -505°,

589 [elg46
-1,130°. Anal. Calcd for (-)g,.-[Co(ox) (en),]-X-cis (N)-
[Co(8-alada) (gly)]-6H,0: C, 25.36; H, 5.69; N, 11.83 %.

:Found: c, 25.42; H, 5.79; N, 11.62 %.

The desired potassium salts of these complexes,
isomer-i.and -ii, were obtained as crystalline_pbwder from
the less soluble diastereomer (0.6 g) and more soluble one
,(0.3.9), respectively, by the same procedure as that
for the corfesponding trans (N) isomer in (b); yield 0.2 g

for isomer-i; 0.1 g for isomer-ii.

(g) Y-cis(N)-NH,[Co(B-alada) (gly)] (isomer-iii).
The reaction mixture Qas prepared separately in three

times scales of that described in (1) and the crude product

obtained was chromatographed similarly. Several fractions
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eluted first 6f the violet band?(corresponding?to
approximatély 15 % of the cis(N)_isomer’in total}l were
collected and the contaminant pbtassium chloride was removed
b?vthe same pfocedure as that for the nta complexes
(I-3-1-(2-b)). The crude.product obtained (0.4 .g) was
chromatographed again by a similar procedure (the eiution
rate was converted to 1.0 mi/min) as that described in”(l);
After the elution of 7‘days, t@o violet bands,‘isomer-iii
and the racemiC'modification (iéomér-i and.—ii), were
eluted in this order and completely separated from each
other. The eluates of the isomer-iii were collected and
the contaminant potassium chloride was removed by the

same procedure as that for the nta complexes (I-3—l-(2-b)).

The crude product obtained as potassium salt was converted

ety

to ammonium salt using a cation—exchange resin of

ammonium from by a similar procedﬁre as that for the nta»
complexes (I-3-1-(2-c)). The comélex obtained was
‘recrystallized ffom warm water by adding methandl; '
vield 0f06 g of plate'crYStals. Attempts of Crystéllization
of the potassium or sodium salt of thisvcomplex were |

unsuccessful.

(h) z- and X-cis(N)=K[Co(B-alada) ((S)-ala)] (isomer-i and
-ii respectively).

The cis (N) eluate in (1) was concentrated to several
milliliters below540? on a vacuum evaporator and the

potassium chloride precipitated was removed by filtration.

When a small amount of methanol was added to"thé filtrate,
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violet prismatic crystals (isomer-i)'began to crystallize.
After cooling in a refrigerator overnight, the complex
was collected by filtration and recrystallized from warm
water by adding methanol; yield 1.2 g. 1In order to remove
potassium chloride in the filtrate from isomer-i, it was
‘treated with silver acetate as desribed in I—3-1-{é-b));
The powdery product precipitated by adding a large amount
of ethanol was collected by filtration and dissoved in a
minimum amoﬁnt of water. To the solution was gradually
added a few milliliters of ethanol. The needle crystals

(isomer-ii) depostied were collected by filtration and

recrystallized from water by adding ethanol; yield 0.6 g.

(1) Y—cis(N)-K[Coié-alada)((S)vala)] (isomer-iii).

The filtrate from isomer=ii in (g) was concentrated'to_

faxfew_milliliters on a vacuum evaporator and to the
concentrateja large amnount of ethanol was added to
precipitate almost all of the colored complexes. The PMR
spectrum of the product precipitatedvindicated that it was

a mixture of three isomers, isomer-i and -ii (abouut 30 %

in total of the two isomers) and new isomer—-iii (about 70 %).
The separation of new isomer from the mixture was carried
out chromategraphically_as_in I-3-1-(2). The_column, the
EOncentration of eluent and the elution rate were converted
to 17 x 1,000 mm, 0.03 M and 1 ml/min, respectively.

The attempt of elution.for about 30 days indicated that no
separation ef tﬁe isomers was observed in appearance, bet

it was confirmed by CD meaeurements of the fractionized
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eluates thatEUMeelutien order.wae isomer-iii, isomer-ii,
and isomer?i. Several fractions eluted first showed a
constant.CD- they were collected and the contaminant
potassium chlorlde was removed as much as p0531b1e as in:
the isolation of the correspondlng trans (N) isomers in (c).
Because attempts to crystalllze isomer-iii from the resulting
filtrate were unsuccessful the flltrate was evaporated to
dryness on a vacuum evaporator below 30° and dried over -
calcium chloride in a vacuum dessicator. The final product
contains a small emount of potassium:chloride and was

very hygroseopic;,therefore no elemental analysis was

carried out.

I-3-6. (S)-AlaninateQN—propionate—N-acetato ((S)-alapa)

complexes; trans (N)-potassium- and cis (N)-ammonium((S)-

alaninate-N-propionatefN—acetato)(glycinato)cobaltete(III):

trans (N)-K- and cis(N)-NH4[Co((S)fa1apa)(gly)],

(1) Preparation of reaction mixture and separation of

trans (N) and cis(N) isomers.

The reaction.miéture’was obtained-by a eimilar procedure
to that for thernta eomplexesjdescribed.in 1-3-1-(1), using
(S)_H3a1apa.(4.4,g, 0.02 mel) 1nstead of ntaH3 the :eactiqn
after the additibﬁ of.glycine was for 1 hr. The»erude
product ebtained was chromatographed'by the same ptocedure
as that for the nta complexes. Tuo colbred bands, a -
reddlsh purple one (trans(N) isomer) and a v1olet one °

(c1s(N) isomer), were eluted separately in this order.
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(2) Separation of the arrangement isomers.

(a) xszs-trans(u)—K[CO((S)—alapa)(gly)] (isomer-i).

The trans(N) eluate obtained in (1) was concentrated
to several milliliters below 40° on a vacuum‘evaporator and
the potassium chloride deposited'Was removed'by filtxation.
Aftef repeating the concentrationlof the filtrate and

‘-removiﬁé potassiuﬁ chloride resulted, the final filtrate
. was concentrated. to dryness and the residue was treated
Yith silver acetate in o?der to remove theAcontaminant
‘ 7 POtassium chlor.idew as described for the nta 'complexesr in
I-3-1-(2-b). Thé prismaﬁic érystals were obtained by
dissolving the powdery product obtained in warm water and.

by adding methanol, and collected by filtraion; yield 2.8 g;

Take account of racemization of the (S)-H alapa used:as the

3
starting material,, the complex obained was purified by

" the formation of diastereomer with (+)546-[Co(ox)(ég)é}+‘as

- follows. ?he complex (1.43 g;.0.003 mol as pentahydrate) i
was'dissolved in a warm sbiption kabout 50°) containing the

| -acetate of (+)546-[Co(ox)(eh)2]+ which was'derivéd from

" ' (+)546—(Co(ox)(en)2]i:(1.2 g, 0.003 mol) and silver acetate
(0.53 g) and water (3 ml) asifor the (S)jalada complex
( I-3-2-(2-b)). After cooiing in a refrigerétéf overnight,
.the broWnish-pink needle diastereomer deposited was filteréd
and washed with water-methanol (1 : 1) éndvmethanoi énd f.
air-dried. The diastereomer was recrystallized once from
25 ml of water'by adding methandl; yield i.GAg. The purity
of diagtereomer'was checked as described for the’(S5-alada

complex (I-3-2-(2-b)). Anal. Calcd for (+)g,c-[Co(ox)-
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(en) NE X 7 trans(N)-[Co((Sl-alaPa)(91Y)]‘1-5H20$ C, 29.87;

6

- H, 5.18; N, 13.06 %. Found C, 29.74; H, 5.24; N, 13.10 %.
The - desired complex of pota551um salt was obtalned from

the diastereomer (1.2 g) by using. a catlon-exchange resin

of pota551um form as for the (s)-alada complex (I-3-2- (2-b)).

The complex obtained was recrystalllzed from water by

adding methanol; yleld 0.6 g of plates.

(b) X B -cis (N)-NH, [CoT (s)-alapa) (gly)] (isomer-i)..
From ‘the cis (N) eluate in (1) the contaminant potassium

chlorlde was removed by the same procedure as that for the

nta complexes u31ng 51lver acetate (I-3-1-(2-b)), yield

3.6 g of a powder. The pale-violet diastereomer with

(+ 546 - [Co (ox) (en) } ‘'was obtalned as scales from the

curde powdery product obtalned (2.8 g) by a similar

prodecureito that for the corresponding trans(N) 1somer

in (a); and the pure diastereomer was obtained by

recrystallization from 20 ml of warm’water (about 50°)

by adding methanol; yleld 3. 0 g. - Anal. Calcd for

(+) g 46~ [Co (0%) (en), I XS 6 -cis (N)-[Co((S)-alapa) (gly)]- 2H,0:

C, 29.45; H, 5.26; N, 12.88 %. Found: C, 29.68; H, 5.18;

N, 13.05 %. ‘

The desired complex of ammonium salt was obtalned from ‘
the diastereomer (1.0 g) by using a catlon—exchange resin
of ammonium form as described for the (S)=-alada complex
(I-3-2- (2¥b)). The scaly crystals obtalned was
recrystallized from water by adding methanol- yleld 0.6 g.

Attempts to crystallize the pota531um or sodium salt

of this complex were unsuccessful.
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Table II. Chemical Analyses (%)

[

\
A

C

2

6.54

Label’ Complex - X ., H , N -
(isomer-) Calcd Found Calcd Found  Calcd Found
frans(N)-K[Co(nta)(gly)]-ZHéO 24.25 24.45 3.57 3.100 7.07 7.04
£rans(N)-K[Co(nta)((S)-ala)]-2.5H20 ,?5~78 25,77 4.09 4.05 6.68 6.59

.  trans (N)-K[Co (nta) ((8)-val)]-3H,0 128,95 28.80 4.87 4.70 6.14 6.08
trahs(N)—K[Co(nta)((S)-ser)]'HzO 26.48 ‘26.40 3.46 3.41  6.86 v6.84
trans(N)-K[Co‘nta)((S)-pro)]-3H20 29.08 29,21 4.45 4.27  6,17 6.10
'trans(N)—K[Co(nta)(sar)].HZO' 27.55 27.83 3.61 3.44 7,14 - 7.05
trans (N)-K[Co(nta) (b-ala)]*2H,0 26.34 26.01 3.94 3.98 6.83 6.79
trans (N)-K[Co (nta) ((R)-a~Me-B-ala)] 30.93 30.88 3.64 3.57 7.22 7.18
trans(N)-K[Co(nta)((S)-B-Me-B—ala)]-4.5H20 27.33 27.44 5.22 }4.97 5.80 5.85
.trans(N)-K[Co(ntg)((S(S)-achc)]°4.5H20 30.65 30.45 5.35 5.45 5.50 5.43
trans(N)-Na[Co(nﬁa)((S,R)-achc)1'4H20 32.27 32.31 5.42  5.50 5.79  5.74
trans(N)-K[Co(nta)(Y-ambut)]-3H20 27.15 27.22 4.57 4.31  6.33 6.22

| cis (N)-K{Co (nta) (gly)]-2H,0 24.25 24.35 3.57 3.36 7.07 7.12
qis(N)-K[Cb(nta)((S)~a1a)]-2H o} 25.24 25.41 4.24 3.91 6.46



_Ig_
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Table II. (continued)

Label Complex — ¢ < _H —~ N -
(isomer~) Calcd Found Calcd Found ‘ Calcd Found
cis(NS-K[Co(ﬁta)((s)-va1)1-4uzo 27.85 28.02 5.11 4.63 5.91 5.91
cis (N)-K[Co (nta) ((S)-ser)]+2H,0 25.36 25.09 3.79 3.8l . 6.57 6.54
cis (N)-Na[Co(nta) (8-ala)]+1.5H,0 28.06 27.77 ' 3.93  3.14 7,27 7.27
éis(N)-K[Co(nta)((R)-a;Meee-ala)l;a.snzo 26.61 26.73 4.70 4,57 16;21_ 6.03
cis<ﬁ)-x[¢o(nta)((S)-B-Me-e-ala)]-z.snzo. 27.71 27.72 4.43  4.36 6.47 6.38
'cis(N)-K[co(nta)((s,S)-achc)]43.snzo 31.77 31.60 5.14° 4.93 5.70 5.53
» cis(N)ﬁK[Co(nta)((S,R?-achc)j“3.5H20 31,77 32.¢o 5.14 5.19 5.70 5.67
i x-trans(N)-x[co((s)~a1ada)(gly)]-3.5nzo 24,72 24.63 4.39 4.41 6.41 6.49
ii Y-tréns (N)-K[Co ((S)=-alada) (gly)]a)- ' —_— - —
i x-trans(N)-K[Co((S)-alada)((S)-ala)]-ZHzo 28.30 28.52 4.28 4.24 6.60 6.9l
i Z-tfans(N)-K[CQ((R)-alada)((S)-ala)]'ZHzo 28.30 28.00 4.28 4.50 6.60 6.84
i x-tfansiﬁ)-K[Co((S)-alada)((S)-pro)l-nzo 33.33 33.30 4.20 4.37 6.48  6.29
i Z-tr?ns(ﬁ)-K[Co((Ri-alada)((S)~pro)]-2H20 32.00 31.89 4.49 4,63 6.22 6,08
i ' 0 27.15. 27.17 4.57 4.69 6.33 6.26

* X-trans (N)-K[Co ( (S)~alada) (8-ala) ]+ 3H,0



Table II. (cbntinued)

.~ Label Complex I , < < i - N ~
(isomer-) Calcd Found Calcd Found Calcd Found

i X-trans(N)-K[Co((S)-alada)((R)-a#Me;B-ala)]-BHZO 28,95 28.81: 4.87 4.87 6.14 6.07
i 2z-trans (N)-K[Co((S)-alada) ((R)-a-Me--ala)]-4.5H,0 27.33 27.52 5.22 5.26 5.80 5.84
i X-trans(N)-K[Co((S)-alada)((S)-B-Me-B-aia)]~3H20 | 28.95 29.09 4.87 4.78 6.25 6.14
i..Z—trans(N)-K[Co((R)-alada)((S)-B-Me-s-ala)]oZHéb 30.14 29.93  4.61 4.70 6.39 6;32

i X-cis(N)-K[Co((S)-alada) (gly)}-3H,0 25.24 25.12 4.24 4.23 6.54 6.48
i X-cis(N)-K[Co((S)-alada) ((S)-ala)]*3H,0 | 27.15 27.34 4.57 4.55 6.33 6.37
i 'Z-cis(N)-K[Co((R)-alada)((S)-ala)]°3H20 . 27.15 27.60 4.57 4.48 6.33 6.34
i X-cis(N)-K[Co((S)-alada) (8-ala)]*Hy0 | 29.56 29.27 3.98 4,02 6.90 6.79
i X-cis (N)-K[Co((S)-alada) ((R)-a-Me-g-ala)]+3.5H,0 28.39 28.42 4.99 5.05 6.02 6.03
i Z-cis(N)-K[Co((R)—alada)((R)-a-Me-B-aia)]-3H20 28.95 29.05 .4.87 5.03 6.14 6.27
i X-cis(N)-K[Co((S)-alada) ((S)-B-Me-g-ala)]-4.5H,0  27.33 27.44 .5.22 4.97 5.80 5.85
i -Z;cis(N)-K[Cd((Rf-alada)((S)-&-Me-s-ala)]~3H20 28.95 28,90 4,87 4.83 6.14 6.06
i vXSZR-trans(N);fCo((R,S)-alaiéa)(gly)]°H20 E 29,56 29.30 4.00 4.10 6.90 7.17
i XgZp-cis(N)-[Co((R,5)-alaipa) (gly)]+4.5H,0 25.56 25.32 4,95 4.84 5.97 6.05
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Table II. (continued)

Label _ Cohplex - | : . — ¢ “l,ﬁ H N~ — N —
(isomer=-) _ Calcd Found Calcd Found Calcd Found
i Xy-trans (N)-NalCo((S,8)-alaipa) (gly)]*H,0 30.78 30.55 4.14 4,09 7.18 7.19
ii 'X'Z-trans (N)=K[Co((S,S)-alaipa) (gly)]'4H20 - 26.09 26.10‘ 4.83 4.85 6..09 6.32
i Xz-cis(N)-K[Co((S,5)-alaipa) (gly)1-3H,0 - 27.15 27.35 4.57 4.33  6.33 6.58
i1 Xv-cis(N)-K[Co((S,S)-alaipa) (gly)]*3H,0 27,15 27.03  4.57 4.53  6.33 6.40
i Y-trans (N)-K[Co (B-alada) (gly)]+2H,0 26.34 26.59 3.94 3.96 6.82 6.76
ii X-trans(N)-K[Co(B-alada) (gly)]*3H,0  25.24 25.17 4.24 4.18  6.54 6.44
iii  g-trans (N)-K[Co(B-alada) (gly)]*3H,0 25,24 24.80 4.24 4.10 6.54 6.53
i X-trans (N)-K[Co(B-alada) ((S)-ala)]*5H,0 25.11 25.43  5.07 5.18 5.86 5.81
ii thrans(N)-K[CQ(B-alada)((S)-ala)]'4H20 | 26.09 26,01 4.8l 4.81 6.08 5,98
iii Y-trans(N)-K[Co(B-alada) ((S)-ala)]-3H,0 ~  27.15 27.28 .57 4.36  6.33 6.33
i X-trans(N)-K[Co(B-alada) ((S)-pro)1*3H,0 30.77 30.80 4.74 4.68 5.98 5.58
ii Y-trans(N)—K[Co(B-alada)((S)-pro)ISZ.SBZO 31,37 31.44  4.62 4.64 6,10 5.78

iii z-trans (N)-K[Co(8-alada) ((S)-pro)]*3H,0 | 30.77 30.73  4.74 4.91 5.98 5.76




_VS_

Table II. (chtinued)

Label Complex — v v i - N
(isomer—-)_ : Calcd Found Calcd Found Calcd Found
i g-cis(N)-K[Co(8-alada) (gly)]+2.5H,0 25.78 26.16  4.09 -4.3sj 6.68 6.69
ii x-cis(N);x[cb(e-alada)(gly)j-z.sazo 25.78 25.63 4.09 4.36 6.68 6.44
iii  y-cis(N)- -NH, [Co(B-alada)(gly)] *H,0 . 29.12 29.ll~. 4.89 4.89 11.32 11.40
. J. Z-cis (N) K[Co (B-alada) ((s)-ala)l-2. SHZO -0. 5KCl 25.52 25.43 4.08 4.04 5.95 5.94
ii X-cis (N)=-K[Co (B-alada) ((S)-ala)] 4H20 26.09 26.09 4.81 4.84 . 6.08 6-.‘03
§ii ¥-cis(N)-K[Co(8-alada) ((S)-ala)1® — — —
i XSZG-trans(N) K[Co((S)-alapa)(gly)] *5H O 25.11 25.10 5.07 4.93 5.86 5.85

ii X Zg-cis(N)-NH, [Co((S)-alapa)(gly)] +4H,0 27.33 27.36 5.98 5.80 9.57 9.78

a) Not isolated; see Experimental Séction.



1-4. Isomer equilibrium experiments.

(1) [Co((S) alada)(le)] complex.

The equlllbrlum experlments were carrled out by using .
the three isomers of this complex, X-trans(N), Y-trans(N),
and X-cis (N), as starting materials. For each of the
X-trans (N) -and X;cis(N) isomeérs, the complex (1.00 g for
the X-trans (N) isomer and 1.02 g for the X-cis(N) one) was
dissolved in 4 ml of water and to the solution 0.1 g of
activated charcoal was added. After the resulting mixture
was stirred at 70° for l.hr; the activated charcoal was
removed by filtration, and washed mith a small amount of
warm water; A small amount of the equlibrium mixture obtalned
was separated and after an appropriate dilution with water
its absorptlon and CD spectra, were measured in order to
compare with those of the equlllbrlum mlxture from the
Y-trans (N) isomer described below. The remalnlng equilibrium
mixture was chromatographed by the procedure 51m11ar to that
for the nta c0mplexes (I-3-l-(1)). The eluates of the
trans (N) and cis(N) isomers were collected separately.‘

After an appropriate dilution, the absorption and CD spectra
of:the eluates were measured and the contents of the .
trans (N) and cis(Nj isomers were estimated'by comparing the
absorbance of the first absorption maxima (assuming that
each of the ‘trans (N) and c1s(N) eluates con31sts of only

one arrangement isomer, 1.e., X—trans(N) and X-cis(N) ,isomers
‘respectlvely).' The equilibrium mixture from the Y-trans(N)'

isomer was obtalned by use of the isomer (0 1 g) contalnlng
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a smaliuambunt-pdtaSSium chloride by the same procedure as
above éﬁd its absorption and CD spectra were measurédraftei
an appropriaté dilutidn; | |
(2) [cé(N-o3)(g1§)j‘ (N-05 = nta, (S)-alada, (R,S)- and
(S,S)—alaipa, B-alada, or (S)-alapa) complex.

The folléwing iéomers of the gly complexes were used
as the starting méterials of equilibration: trans(N) nta,
-trans (N) (R,S)-alaipa, XY-tréns(N)

X-trans (N) (S)-alada, XSZR
(S,S)-alaipa,.u—trans(N) B-alada (émmbnium salt, see
~Section I-3-5-(2-b)), and XSZG-trans(N) (s)-alapa. The
equilibfiun mixtures were obtained by'uéing 5-15 g of

the gly complexes by the same procedure as that described.

in (1). For example, the isomer distribution of the

(S)-alada complex was estimated qualitatively from the
__expé;imepfs descxibéd in I—3-2-(2-c); Namely, the essentially
pure X-trans (N) isomer was obtained by the fractional
crystallization from the équilibrium mixture in an 52)5'%
yield.: From.the results of the éolumn chioﬁatographic .
separation of the remainder from the X-trans (N) isomer,

it was found that the cis(N) eluate consist mostly 6f the
X-cis(N) isomer and it was contianed in a 0.8 % yiela, and
that the Y-trans (N) isoﬁer was contained in a Qery small
_amount. Similar experiments were also performed for the
other complexes except for the nta complex; In the casé

of nta complex for which the arrangement isomerAis v
impossible, the‘equilibriﬁm ﬁixtdreﬁobtained was

chromatographed as it is and the extents of the trans(N) and

-56~-



cis (N) isomers in the mixture were determined as for.the

(s)-alada complex in (1).
I-5. Deuterium exchange experiments.

The partial deuteration of the trans (N)-([Co(nta)-

(B=ala)l+2H,0 was carried out as follows. The nta complex

2
(1.0 g) was dissolved in 4 ml of deutetium.oxide and the
pD of the solutioh was adjﬁsted t0. 10.0 by addition of a
small amount of potassium carbonate. The empirical formula
éD = "pﬁ" + 0.467)’wes employed to correct the Vaiues
measured with a Hitachi-Horiba M-5 pﬁ meter. The solufion
was allowed to stand at room temperature ( ~ 25°) for 9 hr.
During the reaction the pD of the solution dropped slowly,
and the pD was maintained in the range of 9.6-10.0

by addition of potaseium,carbonate. When to the feaction
mixture ethanol wae added dropwise with etirring until a .
slight cloudlness persisted, 1mmed1ate1y the partlally
deuterated complex crystalllzed out " The complex was
collected by flltratlon in a 92 % y1e1d and prov1ded to

" the PMR measurement The trans (N) - [Co((S)-alada)(B-ala)]-
H,0 was deuterated for 22 hr under thé same condltlon as

above and the deuterated complex was obtained in an 88 %

vield..

I-ég Estimation of the'formation_of.trans(N) and cis (N)

isomers.

.

The % formation of the trans(N) and c1s(N) isomers

versus reaction time for the [Co(nta)(gly)] complex was
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estimated as follows. The preparation reaction was carried
out under the same condition as that for the preparation of
this-complex "~ (I-3-1-(1)). The reaction vessel, however,
was convérted to a 100 ml Erlenmeyer fiask with a stopper
from a beaker to prevent the\weight loss upon concentration.
A weighted amount (about 1. b g) of the reaction mi#ture was
picked up with v1gorous stirring at the desired times and
insoluble materlals were removed by filtration, and washed
with a small amount of hot water. The combined filtrate
and washings were chromatographed by a similar procedure.
to that described for the nta complexes (I-3-1-(1)), and -
the eluates of the trans(N) and cis (N) isomers were
cqllected-separately. - The yields of the isomérs-were

determined from the- absorption measurements of the eluates.

-

"I-7. Measurements.

The eleétronic absorption spectra were measufed with
a Beckman ﬁU spectrophotometer and Shimadzu QV-50 or
Uv-200 spectrophotometer; fThe CD spectra were recorded
with a Jasco Model ORD/UV-5 spectropolarimeter fitted
with a CD attachment or Rousél—Jouan dichrographe. All
the measurements were made for aqueous solutions in the

range of 1.7-4.8 x 1073

M concentration in an 1 cm quartz
cell for the absorption spectra and an 1 or 2 cm
quartz cell for the CD spectra at room temperature.

The spec1f1c rotatlons were measured in a 10 cm cell

w1th a Hitachi PO-B polarlmeter using a sodium D line llght

source or Jasco Model ORD/UV—S spectropolarimeter. The data
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obtained from the former apparatus were given with the
_symbol [a]D and those from the ;atter one were
estimated from the optical_rotatory drspersion curves
and given with the symbol, for example, [@lggg-

The PMR spectra of the complexes were measured with
a Japan Electon Optics JNM-4H-100 spectrometer operatlng
at 100 MHz, in deuterlum oxide solutlons at 23-30° unless
otherwise stated, the internal temperature.of'probe.' When
the overlapping with HOD signal was present,,the overiapped
"signal was explored by the measurements in an acidic
deuterium oxide solution (the addition of a few drops of
20 % deuterium hydrochloriC'acid.in the deuterium oxide
solution) or at an elevated temperature (below 50°). As
an internal standard,~tert-butyl-alcohol or-sodium_
2,2-dimethyl- 2-51lapentane-5-sulfonate (DSS) were used.
Chemical shifts, when tert-bytyl alcohol was used, are
- referred to DSS as zero; tert-butyl,alcohol is shifted
1.234 ppm down field from DSS. All»of the PMR spectra -
were taken under condltlons where the nitrogen protons of

amlnocarboxylate exchange w1th solvent
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Chapter II. Results and Discussion

II-1. Stereochemistry of ligands.
(1) Nitrilotricarboxylic acid.

The ligand (R)-H,alada was derived from (R)-alanine

3
and the other optically acitve nitrilotricarboxylic acid,

(S)-H3a1ada, (S,S)-Hvalaipavand (S)-H,alapa, were derived

3 3
from (s)-alanine as described in Experimental Section.

Since the»reactien does not involve the cleavage of the
bonds to the asymmetric center, the absolute configurations
of asymmetric center in these ligands are known. vHowever,
it is anticipated that the partial racemization takes place
under the conditions employed in the preparation. As

, described in Experi&ental Section (I-1-1-(2-b)), optically
pure'(S)-H3alada was recovered from the X-trans(N)-[Co- |

{((S)-alada)(gly)] '3.5H,0 and its specific rotatlon is

2
sllghtly large compared with that of (S) H3alada used for
the'preparation of complexes. Taking into account the fact

that the (S)-H,alada recovered from the complek was purified

3
by'iOn—exchange chromatography, the (R)- and (S)—H3alada
used for the preparation of complexes are essentially

optically pure. In the cases of the (S,S)-H,alaipa and

3
(s)-Hjalapa ligands, the possibility of the partially
racemized ligand‘was removed by the purification of the

complex as described in Experimental Section.

(2) Aminocarboxylato ligands.
The absolute configuratiens of all the optically active

‘a-aminocarboxylates are known and those of the B-amino-
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carboxylates, (R)-d—Me-B-ala,GS) 59)

(s)-B-Me—B-ala and
(S,S)-aChC,sg) have been determined by means of the chemical
ihterconversion to the compounds of which the absolute
configurations are khown., Cis—2-aminocy¢1oheXanecarboxylic

acid was.firét resolved into the optical antipodes‘in this
work and its absqlute éonfiguration was determined as follows.‘

The»bénzoylation_of (+)D-cis—2—aminocydlohexanecarboxylic
acid gave (lS,2R)-(+)D-cis—2—benzoylaminocyclohexane-
carboxylic acid of whichvthe absolute configﬁratioh has been

determined.7o)

Accordingly, the absolute configuration of
(+)D-cis-2—aminocyclohexanecarboxylic acid is concluded to

be (1S,2R).

II-2. Purity of arrangement isomers.

Several arrangement isomers_a;e possible for the
complexes with the nitrilofricafboxylato ligands except nta.
The-arrangemeht isomers were separated by}ion-excahnge‘

' chromatography, fractional crystailization,'br 6ptical
resolution; :Each of the complexes isolated is not a mixture
of the arrangement isomer$ but just dne isomer. Thisbfact
was confirmed on the basis of the ééparatioh behaviors by
ion-exchange column chromatography and CD and/or PMR
behaviors of the fractions. 1In particular, the PMR spectra
are useful for this purpose. 1In the‘trans(N)-[Co((S,S)—
alaipa)(gly)]—.cémpiex, for exampie, it can be ekpected that
the PMR spectra of the thfée'possible isomers consist of the
identical PMR pattern (one‘AB and_two AX3 patterns for (S,S);

~alaipa protons and oné AB pattern for gly protons, see
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Section II-5), but that their spectra have differences in
the chemical shift and the coupling constants. Two of the
three possible isomers weie obtained in this work and théir
PMR speétra are Shown in Fig. 3. _All the signals observed
for each of the isomers can be assignea without considering
the exiéténce of more than one isomer as indicated above
the spectra.. From £his observation, it cah be concluded
that each of the complexes obtained is only one species of

‘the possible isomers.
II-3. Structural assignment of complexes.

II-3-1. Geometrical isomers, trans (N) aﬁd ciskN).

‘.It has been well established that trans (N) and cis(N)
isomers of a [CoIIIkN)2(0)4] type complex can be identified
from the splitting patterns of their first spin-allowed
d-d”ébsorption bands as will be described in Section II-4.
On this basis, it is concluded that the complexes obtained
from the reddish-purple band in the ion-exchange chromato-
graphic separation are trans(N) isomers and those from the

violet ones cis(N) isomers.

1I-3-2. ‘Arrangement isomers.

' (1) (R)- and (S)-alada, and (R,S)- and (S,S)-alaipa complexes.
| Figure 4 shows the étructure of hta moiety in a nta
complex which is a parent complex. In the alada and alaipa
bcomplexes, one or two of the six hydrogen atoms of nta are
substituted with methyl groups. A molecular model examination

shows that the two in-plane five-membered chelate rings of
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~CH2-(gly)

g
=CH2-(AB) .
T
>CH~(AX3)  CH-(AX3) o HZfAJ
Ty Lae 2n 3 I

-CHz-(gly)
'CH2?<AB)‘
: —TIT _ |
>CH~- (AX3) >CH-(AX3) B
| - V . . } ) L [ .

S ppn from DSS

Fig. 3. PMR spectra’of'trans(N)-[Co((S,S)éalaipa)(gly)]‘-'

(A) XY- (isomer-i), and (B) XZ- (isomer—ii).
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‘out-of-plane

axial”--’l. \ | /O
v C

~ in-palne -

Fig. 4; 'Structure.of;coordinated nta.

the nta are forced‘to:take”a non-planarvconformation, and
substituents on chelate rings is in the equatorial or axial
dlspos1t10n (Fig. 4). | |

In the preparatlon of [Co((R, S)-alalpa)(gly)] complex
(Sectlon I-3-3), only one isomer (1somer-1) of the possible
arrangement isomers was obtalned stereoselectlvely for each
of the trans(N) and cis(N) complexes. Flgure 5 shows the
PMR spectra of the (R,S)-alaipa complexes obtained and 1t
is apparent that each of the spectra consists of one AX3
and one'A2 patterns due to the (R,S)-alaipa protons and one
A2 pattern due to tﬁe»gly protons. ;Such spectrum.is expected
for the XSZR and XRZS -isomers which have a plane of
symmetry, while the more compliCated Spectrum.‘two AX3 and
one AB patterns due to (R,S)-alaipa protons and onetAB
patterns for gly protons) is expected for the other isomers. -
Judging from the PMR behavior for the related complexes in
this work, it is unllkely that the.51mp11f1cat10n_of spectra
“due to the accldehtal'overlapping'of,signals take place for_

- the signals due to the (R,S)-alaipa protons. From this
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-CHy~(A2)

| l |
° 0 =cEr(gly) (A
_ | : '
>CH- (AX3) _ . . “ w
T S ' -

i | 1 }
° ~CH3 (AX3)
| §
—CH-(A) . (B)
! o ‘
| >CH~(AX3) *CHZl'(g_IY) R ”
i
® w&.,mAAAL ' ,jlp | J\_ e ,./b K;“_.
Ly 1 ‘ I I :
s 4 | 3 -2

:.ppm from DSS

- Fig. 5. PMR spectra of [Co((R,S)-alaipa) (gly)] :

(A) XgB ~trans(N)- (isomer-i), (B) XgZp-cis(N)- (isomer-i).
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consideration, it is.conéluded that each of the:(R,S)-alaiéa
“comélexes obtained is either Xg2p~ or XRZS-isomér.

The equilibrium expériment of the (R,S)-alaipa complexes
on activated:charcoal indicates fhét the isomer-i of trans(N)
is much more stable than the other possible isomers (Secéion
II-7). The struéture 6f'coordinated'(R;S)-alaipa in the

XSZR— and XRZS-isomers’are shown in Fig. 6. A molecular’

; °\\¢,'o >0
/
u./ H ’ L BZLH
O0—\—Co———0 O—\—CoO O
H\/C/H N/}r\c(':/H / / H / H C/ «
oZ i~ Wi o 02 ¢ N*‘f:/ ~o
Ii I& : C\"H oo GH
H ‘M H
I & o XrZs

-

- Fig. 6. - Two structures of coordinated (R,S)-alaipa.

model examination indiéateé thaﬁ in the-XRZS4isomer se&eréi
steric hindrance exists between the two axial methyl groups
regardless of the vafiafion of conformation of the coordinatéd
(R,S)-alaipa.ligand; In contrast to this, there is no such

a hindrance in the XSZRjisomef. Thus, the tréhs(N) (R,S)~
alaipa complex (isomer-i) obtained is confidently assigned :
to the XSZR-isomer (see Section II-7). In the cis(N) (R,S)-
alaipa complex, it is impossible to evaluate the relative

stabilities betWeen the possiblé arrangement isomers,,

because no cis(N) isomer was recognized in the equilibrium

4
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mixture of the (R,S)-alaipa complex. As described above, -
however, only one arrangement'isomer‘of the cis(N) isomer"
was obtalned stereoselectlvely as for the correspondlng
trans(N)-lsomer. A molecular model examination 1nd1cates
that in the xRZS isomer of cis(N), the axial methyl groups
interact:strongly'with the amino protons of the bidentate
ligand gly,fin addition to severe steric hindrance between
the two methyl groups.--Fromvtheselsituations, the cis(N)
(R,S)-alaipa complex (1somer-1) obtalned is asslgned also
to. the X_Z,-isomer. .

SR A :
For the trans(N) [Co(N-O )(gly)] (N=-O =‘(S)-alada

3
and (R S)— or (S, S)-alalpa) type complexes, the p0551ble
isomers and isolated ones are shown in Table III. The.
PMR spectra of the isomer-i and -ii of the (S)-alada
complex are shown in Figqg. 7(A and B), the spectra of
the other complexes. are shown in Flgs. 3 and 5, and then
that of the corresponding nta complex in Fig. 15. The
as51gnment of these spectra are eas1ly made as 1nd1cated
. above the spectra (Sect1on II—S), and the spectral data
for the nltrllotrlcarboxylato llgand protons are shown
schematlcally in Table III. '

As will be described in Section 1145-(2); it wasfconfirmed
that whether an AB pattern due to the N-acetate methylene
protons of nltrllotrlcarboxylato llgands is due to the'
out of—plane ring or 1n—plane one can be determlned on the
basis of the magnltude of the gemlnal coupling constant

(J _) of the AB pattern. The dlstlnctlon of the AB patterns

is 1nd1cated in Table IITI. and prov1des the follow1ng
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Table III.. PMR Spectra (100 MHz) in DZO and Structural As31gnments of
trans (N)- [Co(N-O )(gly)] Complexes. - Possible isomers
Complex ' R | Bs- :
: iso?ated Schematic PMR spectraa) ;;gz- |
' ) ' l o« J'
. T T Y T I Y T o | Y l l—lll B | o '
. '
nta | | 4— I
» | ‘o+N+o§ .
— . } .
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_ : . O~+-N—+0 |
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| |, AB quartet(ln-plane), i ;,'AB quartet(out-of-plane), , 51nglet,
0) The antlpode is also pos51b1e.

:,AX3>

doublet,

-
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4 -CHj
~CHp-(gly)

-CHy-(in-plane) : »
. : A

L =CH2- . (R) : L

>CH- (out-of-plane)

UL r T

-CHo-(in- . _
2'__(_13_;_)11£r_1.e) ~CHy-(gly) : ~ rm-CH3

=CHy-(in-plane) ‘ E .
(B) %

-CH2- (in-plane) o , . . ;CHBﬁ .
ST T : _
s i © | |

— 1T
SCH-((S)-alada) >CH((S)-ala)
‘manh T

1 : ) 1 N 1 . r .
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»CH- ((R)—alada) - >CH~((S)-ala) -

A —

~CHy-(in-plane) . CHy

~CH,- (out-of—plane ' .
ploetaied N

5. 4 - 3 - - 2 - !
' - ppm from DSS ,

Fig. 7. PMR spectra of (A) x'tranS(Nf#[Co((S)-aladé)(gly)]"i_

(isomer-i), (B) Y-trans(N)-[Co((S)-alada) (gly)]” (isomer-ii),

(C) Z-trans (N)-[Co((R)-alada) ((S)-ala)]~ (isomer-i),

(D) X-trans(N)-[Co((S)-alada) ((S)-ala)]™ (isomer-i).
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information. The isomerfii of (S)—alada”complex éxhibits
two ln-plane N—acetate rings and the isomer-ii of (s,S)—
alaipa complek exhibits one out?of-plane N-acetate ring.
Accordingly, the former complex is assiéned unequivocally
toﬁX-iSomer and theflatter'to XZ-isomer. From the similar
consideration, the isomer-i of the (S)-alada cOmpleXis
‘assigned to either X- or Z—1somer and the isomer-i of the
(s, S)-alalpa complex to either XY- or YZ-isomer.

In the_PMR stud;es of a series of cobalt(III) complexes.
_oontaining ethylenediamine-N,N'—(S)-iso-propionate or
_(R)—iso-propionate:ligand, Schoenberg ana oo-workers
pointed out that‘replacing a proton by a methyl group on
N-acetate methylene protone has little effect for the
chemlcal shift of the signal due to the remaining methinev
'protons:nJ Thebmethine quartet of the isomer-i-of (S)-alada
“and -those of the 1somer-1 and -ii of the (S,S)-alaipa complex
at the lower field are qulte similar in thelr chemical shifts

SR
methine protons are present only in the axial positions,

to that of the X_2_~trans (N) (R S)-alaipa complex where two

whlle those of the 1somer-11 of the (S)—alada complex, and

of 1somer-1 and_-ll of the (S,S)-alaipa complex at the hlgher
- field:are different:remarkably from that of the XSZR—trans(N)
(R,S)-alaipa complex, as seen in Table III. From this
observation, it ie oonsidered that the former,quartets‘near
at 4.85 ppm due to the axial methine protons and the latter
ones (near at 4 2 ppm) due to the other methlne protons.
Namely, the isomer-i of the (S)-alada conmplex, the 1somer-1

and -ii of the (S,S)-alalpa complex have an axial methlne.
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proton in analogyuwithAthe,(R,S)—alaipa comPQEXI«"These
assignments are consistent with therinformation based on

the JaB values for the isomer-i of the (S)-alada complex

and the isomer-i of the (S, S)-alaipa complex. On these
-bases, the.lsomer-l_of the (S)-alada complex and thefisomer-i
of the’(S,S)-alaipa'complex may be assignedvto X-isomer and -
FXY-isomer respectively. The results oflthe'Structural
assignments are summarized in Table III.

For all the complexes in Table III, the follow1ng
observation providespfurther supportrfor the'structural
assignment of the complexes. The chemical shift values are
closely related to "position” where the individual protons
are situated. Namely, the signals of the methine or methylene
protons on the in-plane N-acetate rings appear at 4.3 - 4. 9
ppm and those on the out-of—plane appear at 3.9 - 4 4 ppm._
Furthermore, the chemical Shlft correlations of the s1gnals
due to the methyl protons between%these complexes also
support the‘above assignment. lt was confirmed by the
spin-decoupling technique that in the 1somer-11 of the
(s, S)-alalpa complex the methyl doublet at l 88 pPpm constitute
an AX3 pattern with the methine quartet at 4.22 ppm which
was . a551gned to the equatorial methlne proton,'and hence the
doublet is assigned to the ax1al methyl protons., The doublet -
of the lsomer—ii of (s, S)-alaipa complex at 1 88 ppm differs
obViously in the chemical shift from those of the other
:complekes“and then the axial methyl group is present only
in the isomer-ii of the (S,Si-alaipa-compler; o

Similar examination for the structural assignment was
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also undertaken for the analogous complexes of the following
types; cis(N)—[Co(N-O ) (gly) 1 and trans(N)-[ce(N-o ) (B-ala)]l .
The result for the former complexes is summarized in Table IV
and that of the 1atter ones are reproduced from the related

work72)

in Table V. The structural assignments of the
complexes obtained for these type complexes can be performed
by the same arguments as for the trans(N)-[Co(N-O3)(le)]-

type complex and their results are shown in Table IV end V.

: As eeen.in.Table III - V,Atne.arrangement isomers obtained
/ : :
_ ére common in the three type complexes, except for the factthat
the Y-cis(N)-[Co((S)-alada)(le’]f complen was nct'cbtained.
In‘the preparation'of these complexes, the stereoselective
formation was observed and the predominance for formation

'1s very similar for the same arrangement isomers in the

three type complexes (see Experimental Section and Reference
'72). iEurthermore, the_relatlonshlps between the PMR behaviors
of the arrengement isomers optained-in a certain.typeAcomplex
are very similar between the three type complexes (Table

’IiI - V). ' These similarities support the above structurel
aseignments»for the three type complexes, beceuse it is
AdreaSonebledto consider that the difference in the bidentate

. 1igand'meiety has little effect for the stereoselective
formation end PMR behaviors of the present complexes.

For the cisiN)-[Co(N-O3)(Beala)]- type complex, only
the.nta and (S)-alada complexes were-prepared and other
complexes.were»not attempted to obtain. The PMR data are
similarly shown.in'Table VIt forlthe cis (N) (s)-alada

- complex, only one isomer. (isomer-i) was obtained in

C=72-



Table Iv.

c1s(N)—[Co(N-O ) (gly)]  Complexes.
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»Possible isomers
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the same as the footnote in Table III.



405 400 2.0
ppm from DSS :

a)' and b) the‘same as the footnote in Table III.
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Table V. PMR Spectra (100 MHZ) in D,o and Sti:'uctural Assignments of
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" rpable VI. PMR Spectra (100 MHz) in D,0 and Structural Assignments of
' cis(N)-[Co(N-03)(B-ala)]- Complexes. '

Possible isomers
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predominant yield as for the (s)-alada complexes of thev

above three type. The Jap value indicates that the (S)-

alada complex obtained is either X- or Z;isomer.r Eufthermore,‘

‘the signals for the nitrilotricarboxylato_ligand protons .of
“the nta and (S)faladakcompleXes are very similar in the
chemical shift valués to those Qf}the éorxesponding cis(N)-
[CQ(N-O3)(gly)}_ complexes respectiﬁelf(Tabies'IV and VIﬁ 4
From these facts; it is conclﬁded that the cis(N);[Co((S)- -
'a;ada)(B-ala)]- complex (isomer-i) obtained is X-isomer.

| A number of trans (N)- and cis(N)-[Co ((R)- or (S)-aladé)-
(am)]-»type complexes coﬁfaining various optically active
a— or B—aminocérboxylate as am were prepared. For all the
complexes, only one_arrangement isomer (isomer-i for each
of the complexes) was obtained stereoselecti#ely as for the
correSpondiﬁg complexes with optically ihactive amino-
carboxylates;of which the étructures were assigned above.
The PMR spectra and their assignments of the trans(N)-iCo-
((S)-élada)k(S)—ala)]- and trans(N)-[Co((R)-alada) ({S)-ala)l
complexes are shown in Fig. 7(C and D). Each of fhe (S)-ala
complexes is indicated to be either X- or Z-isomer on the
baéis of the Jag Values of thévAB patterns; The PMR spectra
of the (S)-ala complexes are'inaistinguishably“similar.over
whole range 6f,maghétic fields to each other, and thén‘thé

two AB patterns and one AX pattérn due to the (R)- or (S)—

3
‘alada protons of these complexes are quite similar in
their chemical shift values to those due to the (S)-alada
protons of the X-trans(N)-[Co((S)-alada)(gly)]- complex.

From these facts, it is reasonable to conclude that the

-76=-
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trans(N)-[Co((S)-alada)((S)-ala)] eomplek obtaiﬁed .
(1somer-1) is x-1somer, wh11e the trans(N) [Co((R)—alada)-
((S)-ala)] (1somer-1) is Z—1somer, because with respect to
vthe coordinated alada the Z-lsomer-of,the-(R)-alada cpmplex
is entipedai te the X-isomer of the (S)falada complex.

The quite similar beheviois afe observed for the-(R)-alada'
and (S)-alada cemplexes.Witﬁ the other optically active
aminoéarboxylates. Thus, all the (S)-alada complexes.cen
be assigned to the X-isomer end all the (R)-alada complexes

to the Z-isomer as shown in Table II.
(2) B-alada and (S)-alapa complexes.

" 'As shown in Table I, the three arranéement isomers are
possible for each of thektrans(N)- and cis (N)-[Co(B-alada)-
(gly) 1~ complexes.‘_TWo (X- and Z—isomers:'u—ieomers) of the
three isomers are unsymmetrical and>antipodal_to'each other

and another one (Ywisomer:-seiSOmér) is symmetrical_ande

optically inactive. The two isomers of the trans(N) gly
complex, iéomer—ii and‘—iii,vwere.optically active and

their CD spectra indicated that the isomers were

antippdal to each other(Sectidn_II;G). : Accerdingly it ieﬁ
obvious that the isomer-ii and -iii of tﬁe_trans(N)<§ly
complek are u-isomers, and henee the.remaining unresolving}
complex, 1somer-1, is s-isomer. From the same consideration;'
the isomer-i and -ii of ‘the c1s(N) gly complex are u-1eomers
and the 1somer-111 is s-isomer. The absolute conflguratlon
Qf the u-isomers_(the distipction between the X- and 2-

- isomers) in the trans(N) gly and cis(N) gly complexes
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will be‘detefmined on”the basis of their CD behaviors
(Secfion II-6). ‘

F#om‘the construction of molecular model of the -
trané(N)—‘and cis(ﬁ)f[Co(Bjaladé)(glyi]; complexes, itbis
.expgcted'fdr the s-isomers that the PMR signals due to
B—alada p;otons consist:of one AB pattern due the four
methylene protons on the two ih~plaﬂe N-éceﬁate rings,
which are in the Saﬁe enﬁirdnment, and one AA'BB' pattern

due to tﬁe four ethylene protons of the out-of-plane

B

N-propionate ring.  In the_u-isomers, one AB pattern is
 expected for each of thé~in—plane“and dut-of-plane N-acetate
protons and one ABCD pattern is expected for four in-plane
N-propionate piotons; The expectation is realized in
'Figs. 8 and 9: tﬁe signals for the N-propionate protons
of_}he-s—trans(N)- and s-cis(ﬁ)-[Co(B-alada)(gly)]-
‘"é;nstitute typical AA'BB' patterns which have the midpoint
at 2.19 aném2.75 ppm respectively, and the u-tranS(N) and -
u-cis(N) cémplexes show COmplicated spectra’as expected for
,the ABCD-pattern. Judging. from intensity integrations, the
signals near 2.8, 3.3-3.6, and 3.8-4;1 ppm for the u-trans(N)
gly complexes correspond to two; one.and one protons,
respecfively,_and'signals fesemble.to these are also
obsefved fof u-cis(N) gly complex near 2.8, 3.0-3.3, and |
3.5—3.65'ppm, although the signals in the last hamed region
- are mosf likely hidden by othe; intense signals. | '

In the trags(N)-‘and.cis(N)¥[Co(B-alada)(am)]-
type cémplexes with op;ically aqtiVe aminocarboxflates, three

arrangement isomers were obtained for each of the trans(N)
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Fig. 8. PMR spectra of (A) Y(s)-trans(N)-[Co(B-alada) (gly)1”
‘ (isomer-i), (B) x(d)-trans(N)—[Co(B-alada)(gly)]_,(isome;—ii);
(C) Y(s)-trans(N)-[Co(B—élada)((S)-ala)]— (isomer-iii),
(D)‘X(u)étréns(N)-[Co(B-alada)((S)Qala)]- (isomer-i), and

(E) X(u)ftrans(N)-[Co(B-alada)((S)-pro)]- (isomér-i).
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~Fig. 9. PMR spectra of (A) Y(s)-cis(N)-[Co(B-alada) (gly)]"

~~ (isomer-i), (B) Z(u)=-cis(N)-[Co(B-alada) (gly)] (isomer-ii),
(C) Y(s)-cis(N)-[Co(B-alada)((S)-ala)}‘ (isomer-iii), and
(D) - X (u)-cis (N)-[Co (B-alada) ((S)-ala)]~ (isomer-ii).:
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(s)-ala, cis(N) (S)-ala and trans (N) (S)épro'bompiexes._‘
The representative PMR spectra of the complexes are shown
in Figs. 8 and é. In the trans(N)-[Co(B-alada)((S)-aia)]-.

complex, it is indicated on the basis of the J values

AB
of the AB pattern that the isomer-iii has the two in-plane
N-acetate . rings and each of the isomer-i and -ii has the

one in-planevand one out-of-plane N-acetate rings (Section

I1-5-(2)). Furthermore, the signals of B—alada protons of

the trans (N) (S)-aia complexes are quite-similar in the

chemical shift values and splitting patterns to those of the
corresponding isomers ofrthe trans (N)-[Co(B-alada) (gly) ]~
complex (Fig. 8){ paﬁely,Athe isomer-iii resembles the
s-isomer of the trans(N) gly complex and the isomer-i and fii
resemble the u-isomer of the trans(N) gly complex. From these :
observations, it is concluded that the isomer-iii of the -
trans(N) (S)-ala complex is s¥isomer‘and the isomer—i and
-ii are u—isomers. 'From the same oonsideration; the
arrangement isomers of the cis(N) (S)—-ala and trans(N)
(S)-pro compiexes can be assigned as shown in Table II

(Figs. 8'and 9). ‘The absolute configuration of the ufisomers
of these complexes will be assigned'in Section II-5.

- The representative absorption'sepctra of,trans(N)-Land

_cis(N)—[Co(B—alada)(am)]_ type complexes are shown in Figs.

10 and 11l. The similarlity of spectra of the present

B-alada complexes lead to the same'conclusion'as.the_abQVe
assignment based on the PMR spectra.' In each of the ‘trans (N)

gly and cis(N) gly compiexes,vthe absorption curves of the

- s—- and u—isomers are clearly_differ in the first and second
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[} 1 1 2

20 22 24 26 28 30 32

Fig. 10. Absorption spectra of trans(N)—[Co(B;alada)(am)}--.
type and trans(N)-[Co((S)-alapa) (gly)] complexes.
' X(u)-gly (isomer-ii);

(1) =—==w, Y(s)-gly (isomer-i); ’
seo**, XgZc~-trans(N)-[Co((S)-alapa) (gly) 17 (isomer-i)
(2) =—=m=m , Y(s)-(S)-ala (isomer-iii); » Z2(u)-(s)-ala
(isomer-ii) - )
(3) ---—- , Y(s)-(S)-pro (isomer-ii); » X(u)-(s)-pro

' (isomer-i); =-=--, Z(u)-(S)~pro (isomer-iii)
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Fig. 11. Absorption‘sbéctra of ciS(N)-[Co(B-alada)(aﬁ}]-~type
and cis(N)-[Co((S)-alapa) (gly)] complexes. ' o

(1) -----, Y(s)-gly (isomer-i); ———, 2(u)-gly (isomer-ii);
eme, xsze.-d‘;s (N)=[Co ( (S)j-alapa) '(_gly) 17 (isomer-i)

(2) —==-—- , Y(s)-(S)-ala (isomer-iii); ,» X(u)-(S)-ala
(isomer-ii) . S
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" absorption bands from each other as can be seen in Figs.
'10 and 11 (see Section 11-4). The s- and u—isomers_of the
' trans(N) (S)-ela and trahs(N) (S)#pro complexeS~are very
similar to the s- and u—isomersjof the trans(N). gly complexes
‘respecfively (Fig. 10).‘ A similar relationship is observed :
between the cis(N) gly and cis(N). (S)-ala complexes (Fig. 11).
In the preparation of [Co((s)—elapa)(gly)]-complex,

only one.arrangementvisomer (isomer-i) was obtained for

each of the trans(N) and cis(N) isomers of the complex.

érom the'isomer,equilibrium‘expefiment of the [Co(N-OB)-
(gly) 1™ type.complexes, it was found that there was the
.following correlations for each of the trans(N) and cis(N)
isomefs (Section II-7)} In the (S)-alada, (R,S)— and
(s,s)-alaipa complexes, the methyl group of. the N-iso—
'pfopionate ring prefer to take the equatoriel'position on.
”the 1n-plane ring to the other p051tlons. On thevother |
hand, in the B—alada complex the B-alada llgand prefer to
take the u—structure»than the s~-structure. Applying these
ocrrelations for the preeent (S)-alapa complexes, it is
expected that the XSZG-lsomer is most stable of the Six
isomere possible for each of the complexes, because it cen
be considered that the structure of the XSZ6 isomer of |
(S)—alapa complex consist of a combination of the X-isomer
of (S)-alapa complex and the Z(u)-lsomer of B-alada complex.
This expectation seems to be reasonable from the stereo-

‘chemical consideration of the coordinated (S)-alapa ligand

(Section I1-7). The equlllbrlum experlment of the

[Co((S)-alapa) (gly)]l complex indicates that the 1somer_
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(iSQﬁer—i) obtained in the preparation is much more stable
- than the oﬁhe:.arrangement isomers for each of the trans(N)
and cis(N)‘isomefs. Thus, it may be reasonable to assién
.both of the ﬁrans(N) and cis(N) (S)-alapa éomplexes obtained
to XSZG—isomer. .These assignments are‘strgnéiy supported
.from the relationships bétween the CD spestra of the
(S)—élapa compléxes and those of the related complexaes. .
The PMR and-absorptioh'spestra'of the (S);alapa
complexes provide some informations for the,structural
.assignment.  Tﬁe”informations'support the result of the
above assignment, althouéh do not provide a conclusive
evidence. The absorption are sho&n in Figs; 10 and 11
along with fhose of‘trans(N)- and éis(N)-[Co(B-alada)(gly)]—
complexes. The absorption spectra of the trans(N) and |
cis(N) (S)—-alapa complexes are quite similar to those of
the u-trans(N) and u-cis(N) B—-alada complexes-respectiveiy.~
Figure 12 shows'that the PMR specéra of the (S)—alaps'-
complexes and the simpie and sharp signals can be assigned
as indicated absve the spectra (Secﬁion Ii—S-(l)).”.The
broad ahd complisated signals near 2.85, 3.4-3.6 and
3.8-4.1 ppm for the trans(N) (S)Qélapé complex aré assigned
to the ethylene protons of (S)-alapé and quite similar
,_in_the splitfing'patterns'and chemiéal shift §aluéslto
- the signals of the,ethyiene protons for the u-trans(N)-
}[Cb(e-alada)(gly)]-’compiéx (Fig,“é)} éimilarly; the
signals near 2.75, 3.0-3.3 and~3.5_p§m due to the ethyiene;

protons of the cis (N) (S)-alapa complex are similar to.
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- - .~ -cH
S~ - TR®

—CHp- || -CHp-(gly) - (A) ,
((S)alapa) ' .

1 N l ‘ 1 1 N 1 N
-CH2—((S)-a1apa) : o _ ~CHgy
7T : : B ‘M
—CHy-(gly) (B)
[ | pume B

ppm from DSS

. Fig. 12. PMR spectra of {Co((S)-alapa)(gly)] :

01s(N) (1somer-1).

(p) X Ze-trans(N) (1somer-1), and (B) XS 6
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those for the urcis(ﬁ)?[Co(Béalada)(gly)]- éomplexv(Fig; 9).
These observatioﬁs indicate that each of the trans(N) and
cis (N) (S)-ﬁlapa cémplexes is u-type isdmer (oné_of.xszs-,
YSZG-’ YSXG— and ZSXG-isomers). In thé CiS(N)_(S>'aIéP§ |
.compiex, the AB pattérn aue to the_ﬁ-acetate methylene
protons.of (S);alapa éppéars apd its JAﬁ'value indicates
that the cis (N) (Si-élapa coﬁpleX'has the oﬁt-of-planeA
N-acetate ring, that is, it is‘either Xg2e- oOr 2#X6—isomer S
(Section.II?S-(2)). Unfottuhately, the siénai for the
N-acetate methylene protons of fS)—alapa collapsessintb |
a singlet in the frans(N)”(S)4a1apa complex (Fig. 12).-
Accordingly, the suggestioﬁ for‘the stfucturaivassignment

can not be obtained from the JAB value.
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II-4. Electronic absorption spectra.

The spin allowed d-dvtransition bands of trans(N)- and
ciS(N)-[CO(N)A(O) ] type complexes have been widely |
investigated with those of many other type complexes. 17'20'73'79)
When only coordlnated atoms around the central ion is taken
into con51deratlon,,these complexes_have holohedllzed
‘tetragonal symmetry; Under the tetragonel jD4h) symmetry,
the:Tlg (0-) level which is the first excited state for a
low-spin cobalt(III) complex 1s split into A2 and E ,

levels.75_79)

In the trans(N)-[Co(N)z(O) 1 type complexes,
there is a stronger fleld strength along the unique axis
(N-N) than in the plane perpendicular to it, while in the
cis(N) conplexes there is a weaker one along unique axis

_ p

(0-0) than the plane of perpendicular to it. Thus, it is
_expected that the A2 level lies lower in energy than the
E level in the trans (N) complexes and the relationship in
the levels are reversed for the cis(N) complexes.
Furthermore, it is expected‘that the tetragonal splitting
in a trans(N) complex amounts to twice that in a cis(N)
complex.

The d-d absorption data of the complexes obtained in
this work are summarized in Table VII and the\representative
curves are shown in Figs. 8, 9, 13, and 14. These complexes
are divided into two groups on the basis of the splitting |
pattern of their first d-d absorption bands. The first

group has a . shoulder ét.the lower energy side of the major

peak (506 - 526 nm), and the second group has a vague
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Table VII. Electronic Absorption Spectral Data of [Cé(N-o3)(am)]' Compiexeé?)_
. . | Band I _ Band II
 Complex ion , : o 3 v
o _ ' : : max. loge ax max logemax
trans(N)-[Co(nta)(gly)] _ ca. 16.0sh™" 1.25 v 26.70 2.22
o R o | 19.57 2.20 |
trans (N)-[Co(nta) ((8)-ala)]”™ "~ ca. 16.0sh 1.2,  26.85 = 2.24
B S | - 19.57 2.21 o |
vtrénS(N)-[Co(nta)((S)-val)]' : . ' ca. 16.0sh '.1.30 26.88 2.24
| - R | . 19.53 2.21 o
trans(n):ICo(nta)((S)ésgr)]" D ~ca., 16.0sh 1.2¢ 26,81 2.24
- o s , 19,53 2.23 L '
trans (N)-[Co(nta) ((S)-pro)]™ - ~ ca. 16.0sh 1.3, . 26.67  2.28
- . , | 19.49 - 2,23 26.67 2.28
 trans(N)&[¢b(nta)(éar)l- ' | : ca. 16.0sh 1;25 26,74 - 2.27
| - | | | 19.49 2.23 |
_trans (N)-[Co (nta) (g-ala)]”™ ca. 15.9sh 1.3 26.35 2.26
| | | | h 19.42 - 2.33 |
tréns(N)-[Co(nta)((Ri-ane?B-aia)]" "~ ca. 15.9sh - L3, 26,46 2.27
| B 19.46 2,36
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- Table VII. (continuea), | ‘
o Band I Band II.
Cpmplex ion — 0oy logemax "’max loge;.. |
trans (N)- [Co (nta) ((§)-B-Me-B-ala)]™ ca. 15.9sh -~ 1.35 26. 46 2.26
| o | 19,42 2.32
trans (N) - [Co (nta) ((S,8)-achc) 1™ ‘ca. 15.9sh 1.3.° 26.53 2.29 ).'
| IR 19.49 2.38 | e
trans (N)- [Co(nta) ((S,R)-achc)]™ ‘ca. 15.9sh 1.3, 126.46 2.28
| , x 19,42 2.36
~ trans (N)=[Co(nta) (Y-ambut)]- ca. 15.7sh 1.4, | 25-..91' 2.2 6
B 19.01 2.31 o |
" cis(N)-[Co(nta) (gly)]” 17.61 2. 34 26.01 2.23
éis(N)-[Co(nﬁa)((S)-ala)]' 17.48 2.33 26.04 2.23
cis(u)-ICo(nta)((si-val)l" 17.48 2.32 25.97 2.22
cis (N.)-[Co(nta) ((S)Qser)]' 17.51 2.32 2_5.‘97 2,22
cis(N)-[Co(nta) (B-ala)]” 17.18 2.34 26.81 2,27
cis (N)=[Co (nta) ( (R)~a=Me--ala)]” 17.18 2.31 25.77 2.25
Cis (N)=[Co(nta) ((S)-B=Me-B-ala)]” 17.18 2,34 25,71 2,28
‘ cis(Nf—[Co(nta)((S S)-achc)]- 17.18 2.34 25.74 2.28
" cis (N)-[Co(nta) ((s, R)-achc)] 17.1;7 2.34. 25.74 2.23
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Table VII. (continued)

"Band I - . -~ Band II

omax , logemax Gmax lpgsmax |
© X-trans (N)-[Co((S)-alada) (gly)]”™ ..  ca. 16.0sh 1.2, 26,74 2.23
| L S 19.65  2.26 |
‘y-trans (N)-[Co( (§)-alada) (§1y) 1~ "’ ca. 16.0sh 1.2, . 26.88 2,22
- R IR L 19.57 2.20 | o
X-trans (N)-[Co((S)-alada) ((S)-ala)]™ ~ ca. 16.0sh 1.3,  26.74 2,23
I | I 19.65 - 2,27 | -
© g-trans (N)-[Co((R)-alada) ((S)-ala)]” - ca. 16.0sh 1.30 26,74 2.23
S ' - 19.65 2,27
X-trans(N)-[Co((S)-alada)((S)-prO)]f~Q ‘_ ca. 16,0sh 1,20 _‘,‘ 26.67 .2.26
SR : ' S ' 19.51 2.26 '
z-trans (N)=[Co ( (R)~alada) ((S)-pro)]~ - ca. 16.0sh 1.2, 126.67 2,25 -
| R | | - 19,53 2.25 |
~ X-trans (N)-[Co ((5)-alada) (B-ala)]” . ca. 15.9sh 1.3, 26,25 2,28
C o R o 19.46 12.40 | |
" X-trans (N)-[Co ((S)-alada) ( (R)-a~Me-B~ala)]” ca. 15.9sh 1.3, 26.39 2.26

19.46 -~ 2.40
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Table VII. (continued)

y Band T ~ | | Band TI
\ » “max ,,logahak _ “max logeﬁax'
Z-traﬁs(N);[Co((R)rélada)((R)-G-Me~87ala)]° ca. 15.9sh i}40 26,33 2.30
| 19.49  2.44 B
X-trans (N)- [Co((S)-alada) ((S)-B-Me-g-ala)]™ ca. 15.9sh 1.3, 26.32 2.28
| | | - 19.46 2,41 -
"z-t;ans(ﬁ)-[Co(fR)-alada)((S)-B-Me-p-ala)]_ Ca; 15.9sh 1.3, - 26.32 2,27
: o | o 19.46  2.39 R
" X-cis (N)=[Co((S)=alada) (gly)]” - 17.61 2,37 ©25.91. 2,24
‘X-cis (N)-[Co((S)-alada) ((S)-ala)]™ = C17.61 2,37 25.97 2,22
z-cis (N)-[Co ((R)-alada) ((S)-ala)]™ 17.61  2.36  25.94 2,23
; X-¢is(N)-[Co((S)-alada)(B-alaf]*: : : 17.21 | 2.36 25.77 ~2.26
~ X-cis (N)-[Co((S)~alada) ( (R)}-a-Me-B~ala)]” 17.18 2.37 25.71 2,27
| Z~cis(N)e[Co((R)—a1ada)((R)-a—Me-B-aia)]- 17.18 ,2;35 : .25.77 _ 2.27
X-cis (N) - [€o ( (S)-alada) ((S)-B-Me=B~ala)]” 17.18  2.28: 25.58 2,20
2-cis (N)=[Co ( (R)-alada) ( (§)-§ -Me-f-ala)]” 17.18 2,39 25.58 2,29

--------------- N S T P G R P D TS S TP WD G B IS GNP W R, TP U W T O W GNP D AP G B D SR G G SN0 GV G W N0 D GEP N UeR FRO GED TI TID W UI GNP T G SN SIS UV SRS WED IR SUF UUV WD WS G SIS WS W W W W



Table VII. (continued)

, . | Band I - | Band II .
Complex ion _ o f ‘ o ~ T
) . - Omax logemax amax o logemax
XgZp-trans (N)-[Co((R,S)-alaipa) (gly))”  ca. 16.0sh 1.2,  26.60 2.23
- | o ‘- 19.76 2.27
xszk-cis(N)-[CO((R.S)-alaipa)(gly)]' ) 17.79 2.34 25.84  2.16

- Xy-trans (N)~[Co ((S,8)~alaipa) (gly) ]~ ca. 16.0sh 1.2, 26.85 2.23
| - - | 19.67 2.25 |
.Xz-trans(N)-[Co((s,S)-alaipa)(gly)]- o ca., 16.0sh. l-.20 i 26.85 , 2.25
| | - 19.69 2.29 -

- X2Z-cis(N)-[Co((s,S)-alaipa) (gly)]” ©17.61 © . 2.32 25.81 2.21
X¥-cis(N)-[Co((S,S)-alaipa)(gly)]' ' | 17.62 = 2,34 26,04 2,22 3
‘Y-trans (N)-[Co(8-alada) (gly)]™ . ca. 16.0sh  1.45 26.04  2.28

N - - - 19.34 2.25 |
X-trans (N)-[Co(g=-alada) (gly)] " ca; 16.0sh 1;20 26.53 2,17
: | ) (1.20)d) E (2.1 %
19.34 2.24
: d)
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Tablé VII. (continued)
N Band I ~- Band II

Cbmplex ibh. L d ' - / I
_ : \ O max ' logemax . Omax loggmax
X-trans (N) - [Co (B~alada) ((S)-ala)]™ . ca. 16.0sh - 1.2, 26.53 2.19
| | | : 19,31 2.26 o
Z-trans(N);Iqo(B-alada)((S)-ala)]- ' -~ ca. 16,0sh ' 1.20_ 26.60 .2.20
o | 19,31 2,25 o
- Y-trans (N)=[Co(B-alada) ((S)-ala)]” ca. 16.0sh 1.44 126,11 2.27
' o | | 19.31 2,24 - '
_ X-trans (N) - [Co (B~alada) ((§)~pro) ]~ ca. 16.0sh 1.2, 26,46 2.17
| - | 19.19 2,23 |
~ y-trans (N)~-[Co (3-alada) ((S)-pro)}~ ca. 16.0sh  1.48 . 25,97 2,32
) ' - 19.12 . 2.28 S
Z?trans(N)-[Co(B-aiada)((S)-pfo)]-- ba. 16.0sh | 1.3, . 26.25 2,26
| ‘ ' 19.05 2,29 g .
Z-cis (N) = [Co(B-alada) (gly)]” | 17.61 2.35 26.11  2.16
o | (2.3 L ean?
Y-cis(N)-[Co(B-alada) (gly)]~ = 17,78 2,38 25.41 2.24

Z-cis(N)-[Co(B-alada) ((S)-ala)]™ 17.61 2.36 126,11 2.15
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Table VII. (continued)
: | Band I Band II
Complex ion o , ‘ " - ~— ™ _ —
pﬁ ' ' max l_Og'emax Omax loge
x-cis(N)-[cd(a;alada)((S)-ala)]’ 17.61 . 2.34- 26.11 2.18
-e) S v : \ - '
Y—c1s(N)-[Co(B-alada)((S)-ala)] L . 17.73 — 25,58 —
xsz6-trans(N)-[co((S)-alapa)(gly)]‘ ca. 16.0sh .~ 1.1, 26.46 2.16
| o 19.38 2.24 .
*s 6-c1s(N)-[Co((S)-alapa)(gly)] 17.62 2.3¢  25.84 2.16
3 =1

a)

b)

—G6-

= 0

- d)

e)

.

-_analysis.

The wave numbers are given in 10 cm ~,

"sh" means a shoulder band.

No elemental analysis carried out, but the €max value was‘estimated

on the sasis of the 1somerlzatlon experlment (Experimental Section I-3-2- (c))

- The values in parentheses are for the antipode.

The éha* value has not been obtained because of the lack of elemental
Electronic ebsorptibn curve in Fig. 11 was drawn by assuming

 value of the first absorption band to be the same as the mean

the emax

value (em =

ax 225) for those of the corresponding Z- and Xéisomers.
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(1) [Co(nta) (Y-ambut)]”
i - (2) - [Co(nta) (B-ala)]™
| (3) [Co(nta) (gly)]™
(4) X Z ~[Co((R,S)-alaipa) (gly)]~

14 16 18 20 22 24 26 28 30 32
' 0(103 cmfl)

" Fig. 13. Absorption spectra~of tfans(N)-[Cd(N—03)(am)]-
complexes. ‘ '
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(1) [Colnta) (8-ala)]”
(2) Z-[Co(B-alada) (gly) ]_‘
1 (3) [Co(nta) (gly)]
(4) XgZ -[Co((R,S)-alaipa) (gly) 1~
i i i i l  1> SR | L 1 3

14 16 - 18 20 22 24 26 28 30 32
' 6(103 cm™l)

Fig. 14. Absorption spectra of cis(N)—[Co(N—O3)(gm)j'

complexes.
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shoulder at the higher enetgy side of the major peak
(562 - 582.5 nm). - The complexes which belong to the first
group exhlblts greater spllttlngs than those of the second
group. By referrlng to the general conSLderatlon mentioned
above, it is concluded that the first group has trans (N)
structure and the second c1s(N) one. »
A series of trans(N)- and c1s(N) [Co(N-O )(am)] type
' complexes were prepared'ln thls,work, and_sovltvls worthwhile
to examine the correlation between_the structure of complexes
ﬁand their absorptionfbehaviors. For the'complexes with
the optically inactive amlnocarboxylato ligand, gly. 8 ala
‘or Y—ambut, the maximum position of major peak in the flrst
| absorptlon band are presented schematlcally to facilitate .
a'compariSOn in Table VIII. The trans(N) complexes are
~arranged from the top of the column in the order of the
”/decreasing wave-nuﬁber of their absorption maxima. All the
complexes con81st of four chelate rings and they are
classified into three types, 5-5-5-5; 5-5-5-6 and‘5-5-5-7,'
on the basis of the chelate ring size as shown in Table VIII.
All the trans (N) complexes in Table VIII show the
reasonable correlation among their first absorption bands.
The absorption maxima are closely related to-the three
types classified above;‘ That is, they shift to lower
energy with the incfease of the size of the fourth ring.
The same relationship is also substantiated for the second
absorption maxima of.these complexes (Table VII). The
following behanior of the absorptlon naxima by the

substitution of methyl_group for a hydrogen atom on a

Y-
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Tébie VIII. Max1mum positions and half-value widths of the flrst absoption
' band for trans(N)- and c1s(N)—[Co(N-O ) (am) ]~ complexes h

: Size of - o o - Half-value

grans(N)- and CleN)f : zﬁzliggr , Position of absorption maximum®’ width (em™ 1)
[Co(N—O3)(am)] .rings _ ' trans(N) cis(N)
XgZp~[Co((R,S)-alaipa) (gly)] | 5=5=5-5 e o o 3230 3360
Xz=[Co((s,S)-alaipa) (gly)]1~ | A . o | . 3280 3530
XY-[Co ((S,S)~alaipa) (gly)]~ o o | ° . - |- 3270 3470

- X-[Co((S)-alada) (g1y))~ | =~ | | °©... . | 3170 3420

Y-[Co((8)-alada) (q1y)]~ | = = | | o | 3250 © —
[Co'(nta)'(gly)]" B S ‘, o e e 3290 3240

| X-[Co((S)-alada)(B-ala)] 5-5-5-6 | o e o 3030 3770
[Co(nta) (B-ala)]™ | e e L 3090 . 4040
XgZc-[Co((S)-alapa) (gly)]™ N | e 0 - . 3010 3200
u-[Co (B-alada) (gly) ]~ S o o 3100 3070
As-[Co(B-alada)(gly)]’. | *« i o 3100 3600
Co (nta) (y-ambut 5-5-5-7 . T T T 030 T

[Co(nta) (y=ambut) ]~ - | nm(for trans (N)) 3030
' - 520 . 5
T _ ‘ |
580 . 570 sgo

L v : : nm(for cis(N))
a) e, for trans(N); o, for pis(N) :




nitrilotricarboxYlato'ligand is interesting, though the
difference of the maximum position is very subtle. The.
absorption'maxima shift to higher energy with the increase
of the number of methyl‘groups substituted on the nta or
B—aladé_moiety ofothe pérent gly .or B-aia coﬁplex. From
thé maxiﬁum_data of the trahs(N) gly ahd B—ala-complexes,
‘the present ﬁitrilotrica:boxylato ligands can be arranged
in_a.serieS'acco:ding to'decieasiog Dq values (decreasing
ligahd field strengfh): (R,S)—olaipa > (S,S)—alaipa >.
'(S)—alada > nta > (S)-alapa 5 B—-alada. | | h
| The cis(N)‘complexés corfesponding to these trans(N)
‘ones were obtained except tﬁo complexes, Y-cis(N);[Co- .
_((S)ialada)(gly)]- and'cis(N)-[Co(nta)(Y-ambut)]_.,-Betweeh

the chelate ring size and the first absorption maxima of

the _cis(N) complexes, there is not clear correlation as

" observed in the trans(N) complexes, as can be seen in

Table VIiI‘ This difference of the absorption behaviors
‘betweeh tﬂe trans (N) and cis(N) complexes may be ascribed
to the fact that the splitting of the A2 apd'E components
is larger in the trans(N) compliexes than in the cis(N) ones,
and heoce in fhe latter complexes the maximum position is
easy to be affected by fhe relative intensityﬁof thertwo
compohents or splitting-width.» This siﬁuation is suggested
by the fact that the half-value widths of_ﬁhe first
abéorption band vary more widely in the cis(N) complexes
than in the trans(N) ones, as shown in Table ViIIf

The absorption spectra of the nta, (R)- and (s)-alada

and B-alada complexes with Various'optically’active a- or
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B-aminocarhoxylates were also measured. Their .absorption
curves are very similar in the maximum position and theo»
'Shape of thelfirst and second absorption bands to the
absorptlonhourve of the_corresponainé glylor'B—ala complex
listed in Table VIII (-Table'.VI‘I).- It is noted

here that 1n the complexes with (S)-pro, espe01ally in the
B-alada complexes, the flrst absorptlon maxima Shlft

" appreciably to lower energy than that in the correspondlng

- gly complex. -Such a Shlft of the complex with (S)-pro has
been.aleo ohserved for cobalthII).complexes of some other -

types,l4 /21,37,80-82) 83)

such as [Co((S)-pro) l.
In the flrst absorptlon band of trans (N) - [Co(N) (0) ]
type complexes,-lt may be of 1nterest that the intensity
ratio of a sub- and major-band, {emax(sub)/emax(major)},
is smaller in the complexes with tridentate or quadriden-

74,84-89)

tate ligand (0.03 - 0.28 than 1n the complexes w1th

17 18, 90) This situation also

bidentate one (0.45V— 0.48)v
stands for the present trans(N) complexes (0.08 - 0.16).

In each of the trans(N)- and c1s(N) [Co(B-alada)(gly)]
" type complexes, 1t was pointed out 1n Section II-3—2-(2)
that the absorptlon behaviors in the rlrst and second
abeorption band'regione clearly differ between the s- and u-m-
isomers. In the case of the trans(N) complexes, the ratio
mentioned above is about 0. 16 and 0.10 for the s- and u-
isomers, respectlvely; Furthermore, the second absorption_
.band of the s-isomer is higher ln intensity.than its first
absorption band nnllke the u-isomer, and then the second

absorption maximum of the s-isomer shifts to'lower»energy
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‘than that of the u-isomer. The difference between the s-
and u?isomerS'in_the cis (N) complexes is observed in the
shape of the first abéorption band and maximum position of
the second one. As aescribed in Section II—3-2-(2),"§hese
vabsorption behaviors'can be:ﬁtilized as a means of structural
éséignment offthe_frans(N) or cis(N).(S)éalapa complex; which

“has the chelate skelton same as fhe B-alada complex.
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II-5. . Proton magnetic resonance spectra of complexes.

Protbn magnetic resonance (PMR) spectra has been widely
- used to study the structures of cobalt(III) complexes
.containing aminocarboxylate~ligands.13'53'7;591*105) In
_particular, simpie and sharp‘signals due to a simple
spin—system, as for'the‘methylene'protons_of N-acetate
chelate ring,-rprovide a”powerful information for the
structural assignment of complenes.'_Such_patterns}were
observed for most'signalsvdne.to the nitrilotricarb0xy1ato
ligand protons of the present complexes. As described in
Section 1I-3, the'characteriStics of PMR spectra, PMR
pattern, geminal coupling constant and chemical shift

correlation,.were used in order to assign the arrangement
isomers. .
(1) Proton magnetic resonance pattern;

The three feet of- n1trllotr1carboxylato llgand in the |
present complexes cons1st of an approprlate comblnatlon of
the three kinds of chelate rlngs,_N-acetate, N—proplonate
and N-iso-propionate. As well known, either'A2 or AB
spllttlng pattern 1s expected for the N—acetate protons
(-CH —), either AA’ BB' or ABCD pattern for the N—proplonate
protons (—CH20H2—), and AX3 pattern for N-lso-proplonate
protons (—CH(CH3) ).' From the PMR studles ct the complexes
_51m11ar to the present ones, 1t has been found that the
dlStlnCthn of the two p0551ble splitting patterns for the

former two chelate rlngs are con51stent with the speculation

" based on a.con51deratlonro£ a simple molecular model,
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i

. situation was used for the assignment of arrangement

although a simplification of spectrum takes place occationally

owing to an accidental overlapping of signals; In the
present type complexes, the PMR pattern become simple when
the complex has a.plane of symmetry through coordinated
ongen.and nitrogen atoms of the out—ofeplane.ring and
central cobalt atom. Namely, the splitting patterns for
the N-acetate and N-propionate protons of out-of-plane

rings are A2 and AA'BB', respectively. 'Furthermore, the

‘signals due to two chelate ring protons of in-plane are

completely overlapped, because the two rlngs are in the

same environment. In fact, the signals due to the nta
protons of the trans(N)— and CLS(N)—[Co(nta)(am)] type
complex with optically 1nact1ve amlnocarboxylates consist
——

of one 51nglet and one AB gquartet (see Section II-S-(2)).

In the trans(N)- and c1s(N)d[Co((R,S)-a1a1pa)(gly)]

complexes, two types of the arrangement isomers are

possible: one has a symmetry of plane and the other

does not. - Accordingly, these two type complexes

should give different PMR patterns from each other. This

'isomers of the (R,S)-alaipa complexes (Section II-3-2-(1)).
Slmllar 51tuatlon is also appllcable for the "arrangement
isomers of trans(N)- and cis(N)- [Co(B-alada)(gly)]
complexes (Section II-3-2—(2)).

On the other hand, the PMR pattern is helpless for the
'Structural assagnment of the arrangement isomer of the
complexes with (R)- and (S)-alada , (s,S)-alaipa and |

(S)-alapa, because the same pattern is expected for the
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arrangement isomers poSsihle for each of these complexes.-
For all complexes with these llgands in this work, the
PMR patterns just as expected are observed for the signals
due to the N-acetate and N-lso-proplonate protons of the
amlnocarboxylato llgands, except the fact that 1n the |
trans(N)-[Co((S)-alapa)(gly)] complexes the 51gna1 due to
the N-acetate protons of (S)-alapa appears as singlet,

but not AB pattern. These obserﬁatioﬁs make sure that

a 51mple pattern observed for the (R, S)-alalpa protons of
the (R, S)-alalpa complexes is not due to an accidental

overlapplng of 51gnals.

(2) Geminal coupling’constant of N-acetate protons.

Sudmeier and co-workers pointed out that the_magnitude
of N-acetate gemihal coupling constant (JAB) for multidentate
aminocarboxylato.cobalt(III) complexes fall into two
'categories; the one 16.0 * 0.5 Hz for in-plane N-acetate
ring and the other of 18 0 ¥ 0 5 Hz for out—of-plane

106)

N-acetate rlng. More recently, the validity of thls rule

is confirmed for many ‘similar amlnocarboxylato cobalt(III)

complexes .54 97,107,108)

Accordlngly, thlS prov1des a
powerful information fornthe-a551gnment of the p0551b1eisomers
for multldentate amlnocarboxylato cobalt(III) complex w1th
N-acetate chelate ring. ' However, the PMR spectrum of - the
complex related dlrectly to the present type complexes ls
reported only for the two complexes, [Co(nta)(QH)(OHz)]:

109)

~and [CO(pta)(0H2)2].> - The above rule is applicable for

these comlexes, but it is adopted only-for-the in-plane
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N-acetate rings because the signal‘ef the ouf-of-plane
ring is a singlet; |

. The PMR spectra'of the trans(N)- and cis(N)-[Co(nta)-
’(ém)]- type complexes with optically inactive aminocarboxylgtes
are shown in Fig. 15. The signlet and AB_quattet are'assignea
undoubtly to the sighals.due to the out-of-plane and ih—plane'

N-acetate protons respectively as described in (1). In the gly

complexes, the 'singlet of the methylene protons of gly is

’vdlstlngulshable from that of the out-of-plane methylene

protons of nta, because the gly protons couple with the

nelghborlng amino protons.ln acidic DZO solution. The AB
dquartets of these nta.complexes,'which aseigned to the. n
signals‘of ih-plane N-acetate protdhs,ihave the JAvaalhesi-
in the range of 16.2 - 17.1 Hz. |
.. In the trans(N) and cis(N)- [Co(B-alada)(gly)]
/complexes, the a551gnment to the s—- and u-isomers could be
undoubtedly accompllshed on the ba81s of the criteria other
than the JAB value (Section II-3). The representative
PMR spectra of these complexes are shown in Figs. 8 and 9
_(Sectlon II- 3). ‘The s-isomers of.the B-alade complexes
exhlblt one AB pattern due to the two 1n-p1ane N-acetate
protons'and'the Jan values are 16.8 and 17.0\Hz
reSPeCtively. On the other hand, the u-isomers show the
two AB patterns due to the in-plane and out-of-plane
N-acetate rings and the JAB.
the magnitude'from each.other. The smaller and31arger

values differ clearly in

AB
respectively. .

J ere ih the range of 15.9 - 16.8 Hz and 18.1 - 18.7 Hz,

-106-



TT T  trans(N)-I[Co(nta) (gly)]~

HOD b | -
_ ~CHo-(gly)
|
\ 1 : : - ‘f —1
T ~ cis(N)-[Co(nta) (gly) ]~
T 7 ' ' '
-CHy-(gly)
— -
- . . ; ; 1

trans(N)-[Co(nta){g:aia,]f

. —=CHyCHy-(B-ala)

.

N

cis(N)-[Co(nta) (B-ala)]™

A—CH2CHz-(B-ala)

! T x'££ans(N)-[Co(nta)(Y-ambuf)]- o

+ ~CH2CH2CH2- (y-ambut)

)

.5 :

4 3 2
. ppm from DSS ” - '

Fig. 15. PMR spectra of trans(N)- and cis(N)-!A

{Co(nta)(am)]*_complexés.
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It has been known that in the cobalt(III) complexes
w1th the aminocarboxylato ligands having N-acetate ring,
such as ethylenediamine—N N N’,N'—tetraacetate (edta), certain
N-acetate methylene protons undergo deuterium exchange in basis

93, 96 103, 106 107 110-114)

or acidic Dzo ‘solution. In these

’studies,‘it have been established that the out-of-plane
-N-acetate protons rapidly undergo deuterium excahnge, while

the in-plane ones do so only w1th difficulty or not at all

;96 »103,106,107 110'114) Terril and Reilley proposed on the.basis
’of the kinetic study and stereochemical con51deration that

the differnce in ability of the nonequ1valent N-acetate rings
to undergo deuterium exchange is a function of ring strain}lz)
~ Very recently, this proposal was supported from the deuterium
exchange experiment for'the-cobalt(lII).complexes with (S)-

asparate as a tridentate'los)

‘A’molecular model examination”
"shows that the N-acetate chelate rings of the present type
complexes are very similar in the stereochemistry (bending
Aand strain) to the corresponding ring of the [Co(edta)]

| type complexes._ Accordingly, it is expected that the
preferential deuteration of the out-of-plane ring take place
for'the present complexes; -~ In fact, this expectation

| realized for the trans(N)—[Co(nta)(B;ala)]- complex. lhe
deuteration of the nta complex was carried out 1n ba51c
Dzolsolution (pD 9,5 - 9.9)»at room temperature. After
deuteration for~9 hr, partially deuterated complexes were
isolated from the solution. (Experimemntal Section I—s;, The
PMR»spectrum ot'the'complex obtained was measured inszo‘

'solution at‘an elevated temperature (40°) in order to avoid
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the overlapping with HOD signél. The PMR spectrum and
spectral assignment of the hondeuterated complex are shown
in Fig. 15. After deuteration (?ig. 16), the singlet
become very -small in 1nten51ty, while the AB quartet reﬁalns .
.unchanged (the 1nten51ty of signal can be estimated by R
comparlson with that of the ethylene protons‘of f-ala |
‘which do not undergo deuterium exchange (vide infra)).
This.observation proves that_the:oﬁt-of-planeﬁprotons more
’rapidly undergo deuterium,exchahge~thah the in-plane ones.
.3 - The deuteré.tion of. X-trens (N)-{Co((S)-alada) (Bfala)]f
complex was carried ouﬁvfor 22 hr under the same condition
as for the nte complex; The PMR spectrum of the deuterated
complex is shown with that of the nondeuterated complex
_in Fié. 17.. The_spectral asSigﬁment of the nondeuterated
complex can be easiiy made as indicated in Fig;'17(A).
After the deuteration (Fig.17(B)), the quartet (labeled as
AB-1, J,, = 18.1 Hz) at the higher field become very small -
in intensity, while the AB quartet (labeled asVAB-Z, jAB =
16.3 Hz) at the lower field remains essentially unchanged.
‘} : The' change of signel intensity due’ f.o deuﬁerium e#change
can"be-estimated on the basie of the intensity'of the
doublet of B-alada.methyl protons whlch ought not to undergo
deutrlum exchange(through this deuteratlon, the ethylene
protons of B-ala do not undergo deuterium exchange). Two new
slgnals (1nd1cated by the vertical arrow) appear almost near at
calculated cheﬁiCal shift of the.individual protons for the AB-1.
These signals»are assigned to the.remaining methylene

protons which are, in effect, decoupled by deuteration of -
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ppm from DSS .

Fig. 16. PMR spectra at 40° of trans(N)—[Co(nta)(B-ala)]-
complex in‘DZO solution after deuteration in basic .

Dbo solution for 9 hr.
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AB-2

-CH2-(in-plane) _ ()
T ' o o
CH AB-1 o
174;. -CHp~(out-of-plane) )
T -CHyCHg= -
“HOD|. :

4

e

3
"~ ppm from DSS
Fig. 17. PMR spectré at 40° of trans(N)—{Cq((S)—aladé)-
- (B-ala)l” complexes in ﬁ20 solution: (A) befofe
deuteration, and (B) éfter deuteration in basic D,0 )
solution for 22 hr.




their geminal'protohs. This result shows that the methylene
' protons correspondlng to the AB-1 are deuterated more v
rapldly than those correspondlng to the AB-2 On thlS hasis,
the AB pattern (AB-1) whlch has J,, = 18. l Hz is the 51gna1
of the out-of-plane ring and the AB pattern (AB-Z) which

has JAB = 16.3 Hz is that of the in—plane ring.

From these observatlons, Sudmeler s rule appears to

apply also for the complexes contalnlng the present A

nltrllotrlcarboxylato ligands, although in some cases the

JAB'values dev;ate somewhat from the range of JAB value
reported by Sudmeier and co-workers (vide‘infra).

The AB patterns observed for the present .complexes
can be classified into two categories according to the

AB
AB _patterns was assigned to either the in-plane or out-of- |

'magnitude_of the J values. On this basis, each of the
plane N—acetate ring. The JAB values afe summarized as
fOllOWS‘ 15 5 - 16 8 Hz for the in—plane N-acetate rings_
of trans(N) complexes and 16.5 -17.3 for those of cis(N)
complexes, and 18. l - 13 8 Hz for the out-of-plane
N-acetate rings of both the trans (N) and cis(N) complexes.
_The,many JAB values for the in-plane rings, particularly}
fof those of the cis(N) complexes, afe considefably larger
than the value (16.5 f 0.5 Hz) estimated by‘Sudmeier and

- co-workers, but such large values (16.8 - 17.1 Hz) were

. observed for the cis(N)-tCo(ntai(gly)]_, cis(N)-[Co(nta)-
.(B-ala)] ; and s-trans(N)— and s-c1s(N) [Co(B-alada)(gly)]
complexes for which the a551gnment of 51gnals is quite

certain.
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II-6. Circuiar dichroism spectra of cOmplexes.

II-6-1. General consideration.

. There have been many studies eencerning'the circular
dichroism (CD) spectra of the complexes with the ligands
containing the asymmetric carbon atom such as optically

1-3,10-22,25-30,39-43) The

active a-aminocarboxylates.
optical_écti?ity,of these complexes_is contributed from the
configurational effect due to the chiral distribﬁtion of
chelate fings or the vicinal effect due to the optically
active ligand or from both of them. So far, some interesting
informetions have been obtaihed experimentally. For exampie,
the absolute configuration of complexes with respeet'to the
distribution of chelate rings can be determined u51ng

5) .

emplrleal relationships. It has been found for several

cobalt (III) complexes that the conf;gurational and vicinal
contributioﬁs to CD are a}mest.separab;e andvadditve.10-23)
Furthermore, a plausible explanation have been offered fof
vthe CDh contributiohs of the eemplexes'whieh have only the

2) At the present time, hewever, there is

vicinal effect.
no unlfylng theoret1ca1 model ‘in accountlng for the

’ exper1menta1 data. In these c1rcumstances, it is thought j
-to be desirable to study more ‘in detail the CD behaviors of
various kinds of‘epticallyfactive eomplexes. |

| The-CD cohtributidns of the complexes which have only
the vicinal effect have been studled for ‘the complexes of

limit types, such as the square planar,38 43) or

praseo-like complexeS,32_37) and hence it is of'interest
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to study the CD‘contribution_of the complexes of another
type‘which ha#e the vicinal effeot. Reoently;'optlcally
actlve cobalt(III) complexes which have a new. source of

chirality have been reported,44 -47)

‘and such studies may be-
important-in elﬁcidation_of_the origin of optical activity.

- From these v1ewp01nts, the CD contrlbutlons of the complexes
with general formula (nltrllotrlcarboxylato)(amlnocarboxylato)—

cobaltate(III)~w1ll be examined in this Section. The optlcal

~activity of these complexes is contributed from the vicinal

. ..effect due to the optically active nitrilotricarboxy1ates

or aminocarboxylates, .or from “errangement”_chirality effect
due to the optically inactive nitrilotricarboxylate, and
furthermore from a combination of these effects.

II-6-2. [Co(nta) (am)] complexes.

-

The CD spectra of the nta complexes containing optically
active o- or:B-aminocarboxylato ligahds are shown with the |
representative'absorption (AB) spectra invFigs. 18«-23,.amd
the CD data are summarized in Table IX. .The CD curves of
the nta complexes are contributed only by the vieinal effect
of the optically ective.a- or f-aminocarboxylato ligend.

The CD curves-of'the trans(N) nta complexes with (s)-
a-amlnocarboxylato ligands are very 31m11ar to each other,
though the (S)-pro complex is rather dlffers 1n the whole
shape from the other complexes (Flg-la), and the_sameb
‘relationship is also true for the cis(N) complexes with
(s)- a-amihocarboXYlates (Fig. 19). The dlfference of the

: trans(N) (s)- pro complex from the other trans(N) complexes
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Fig. 18.. CD curvesmof trans (N)=[Co(nta) (a-am) ]
(S)-ala; =====, (S)-ser; ecesec-ceo s (S)=val; =—-e=o-
- and AB cur‘ve_ of t;_ranS (N)-[Co(nta) ((S)-ala)] .
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Fig. 19. CD curves of cis(N)-[Co(nta)(a—am)] : — ,
(S)-ser; -+--+, (S)-val, and AB curve

(s)-ala; =-----,
of cis(N)-[Co(nta)((S)-ala)] .
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Fig. 20. CD curves and curve analysis of trans(N)-
[Co(nta) (B-am)] . | -
(1) =-=--, [Co(nta) ((R)-a-Me-B-ala)]™

(2) -----, [Co(nta) ((S)-B-Me-B-ala)]”
(3) ———, [Co(nta) ((S,S)-achc)]”
(4) ooooo, calculated curve, (2) - (1)
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Fig. 21. CD curves and curve analysis of trans (N) -
[Co(nta) (B-am)] . ' |

(1) *‘f“' [CQ(hta)((R)4a-Me-B—ala)]-

(2) °4'°°,'[Co(nta)((S)-B-Me—B-ala)l-
- (3) , [Co(nta){(S,R)-achc)]”

(4) ocooo, calculated curve, —(1) - (2)
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[Co (nta) (B-am) ]~

. Fig. 22. CD curves and curve ana1y51s of c1s(N)-

(1) ————m , [Co(nia)((Ri-dFMe-B-ala)]-
(2) ----<, [Co(nta) ((S)-B-Mé-B-ala)]
-(3) , [Co(nta) ((S, S)-achc)]

(4) ocoooo, calculated ‘curve,

© -119-
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'Fig. 23. CD curves and curve analysis of cis (N)-
[Co(nta) (B-am)]™. oo

(1) =——-- , [Co(nta) ((R)-a-Me-B-ala)]”
(2) ++---, [Co(nta) ((S)-B-Me-B-ala)]l

- (3) ,» [Co(nta) ((S,R)-achc)]” )
(4) oecco, calculated curve, -(1) - (2) .
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Table IX. CD Spectral Data of [Co(nta)(am)]f-Complexésa)
| Band I - ‘Band II
Complex ion : - o o ! o
' o Oext A€ext ) , Text o Aeext
‘trans (N)~[Co(nta) ((S)-ala)]™ 16.1 -0.10 27.2 . +0.30
| | A 18.4  +0.06 - |
- | 20.8 ~  =0.87
‘trans (N)-[Co (nta) ((S)-val) ]~ 16,3 - -0.29 27.1 +0.37
| a | 18.5 - - +0.02 | |
o 20,7 =1.32 |
~ trans (N)-[Co(nta) ((S)~ser)]™ | a g 16.2 .i -0{19 g o 27.0 o +0.38
| ' T | 18.4  +0.04 o .
o o 20,7 -1.29
trans (¥) - [Co (nta) ((S)=pro) ]~ 162 ~0.16 27.2  +0.45
. - - | 18.8 +0.31 | .
o | 20,7 - -0.54
“trans (N)-[Co(nta) ((R)-a-Me-B-ala)]” = 15.5 -0,10 . 26,0 ' +0:26
: - 17.7.  +0.06 - '
| 20.0 ~ -0.70
“trans (N)-[Co(nta) ((§)=B=Me-g-ala)]™ o 15.5  +0.08 - S 26.2 ° -0.16

19.7 +0.38
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Table IX. (continucd)
| Y Band I - Band II
Complex ion i h L | )
: Ooxt . Aeext aext Aeext
¢rans (N) - [Co (nta) ((S,8)=achc)]™ . 15.6 +0.28 26.2° -0,48
| | 17.7 -0.08
19.9 +1.07
_trans (N)~ [Co (nta) ((S,R)-achc) 1™ 15.6 .  +0.07 25.3 -0.10
| 17.6 -0.03 -
20.0 +0,67
cis (N)-[Co(nta) ((S)-ala)]l” 17.7 -0.60 27.2 -0.17
o 20.2 +0.68 - ~
cis (N)-[Ca(nta) ((S)-val)]™" 17.7 -0.91 26,3 =0.33
' 20,1 . - +0.53 a
cis (N)-[Co(nta) ((§)-ser)]™ 17.6 -0.87 26.6 -0.26
| - 20.1 +0.61 o
'cis(N)-[Co(nta) ((R)=a=Me-B-ala)]™ 16.8  -0.21 26,0  =0.31
- ' ' 19.4 +0.36
cis (N)=[Co (nta) ((S)-B-Me-g-ala)]” 15.9 +0.11 126.0 +0.20

L]

- 18.8

-0.09
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~ .Table IX. (continued)

Band I Band II
Complex ion : | ! "~ ¥ - = :
o ‘ : Text A;ext : Text : Aeext
cis (N)-[Co (nta) ((S,8)-achc)]” = 15.7 +0.22 26.2 ©  +0.54
| - o | - | 18.8  -0.18
‘cis (N)-[Co(nta) ((S,R)-achc)]” - 17.0  +0.54 26.4 - +0.43

19.4 - =0.63

a) The wave numbers are given in 103 em”L.



may.bé_related to‘the»CD contribution due to the asymmetriC‘

nitrogen donor atom of (S)-pro, which is known to take

39,40,48,49) Such

only (S)'configurétioh by cobrdihation.
1aﬁ andmalous~¢D‘behaviorvhas been observed for the metal
‘coﬁple#es with'usualia-aﬁinocarboxylates of some other
types.26+39,40,43)

| In the first and second absorpﬁion band region; the
CD curves of the,cis(N)‘nta cdmplexes wiﬁh the B-amino-
carboxylatoAligéﬁds are quite similar in the splittings and‘
‘ g;néral.shapés to each other, and also to those of the

cis (N) nta complexes with (S)-aminocarboxylates: (Figs. 19 and.

22). The similar relationships are observed for the
corresponding trans(N) complexes, though it seems that the
tr@ns(N) (S)-B-Me-B-ala complex lacks a negative CD component

near at 17,500 cm_l'(Figs. 18 and 20). In the a-Me-B-ala

e

‘and B-Me-B-ala complexes, the.signs'of CD components of -
the compleXes with theée ligands of (S) configuration are
{+)}, (=), (;) and (-) for the trans(N) complexes and‘(-),
- (+) and (-) for the cis(N) compléxes listing from lower
energy side. It is notéwbrthy that the'inverse_sequence of
.signs, (=), (), (=) and (+) for the trans (N) complexes
and (+), (=) and (+) for the cis(N) édmplekes,‘are fouﬁd
for the (S)-a-aminocarboxylato complexes. |

The (R)-a-Me--ala and (S)-B-Me-B-ala ligands have one
asymmetric carbon‘atom, while the (S}S)-achc and (S,R)-achc
ligands have two such atoms. The Fisher projeétion

formulas of these ligands are shown in Fig. 24. In order
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NHZ NHZ NH2 NHz
CH, CH3-C—H cglzi—c':—u  H—C-CH
L,, SRR l B T ZTCH2 L. H3
CH—~C—H .- CH, : H—C*cH, = H—C=CH2~
B UG B I
| ¢coo” coo . .Coo Coo
| '(R)-a~Me-B-ala (S)-BfMe—B-ala‘-;' (s,S)—-achc (S,R)~-achc

Fig. 24. Fisher projection formulas of the ppﬁically

.active B-aminocarboxylates;

to examine detaile of the'vlcinal CD contribueion due to

the B;aminocarboxylato llgand.in the nta complexes with'these
B~ amlnocarboxylates, the calculated CD curves for each of the
trans (N) achc and cis(N) achc complexes were derlved from
.the observed CD curves of the,(R)-a-Me-B-ala and (S)-B-Me-

B-ala complexes by the follbwing formulas.

Ae{ (s, S) achc} = —Ae{(R)farMe—B-alé}obs

calcd
+ Ae{(S)—B-Me-B-ale}obs

Ae{(s R) - achc} é‘*Ae{(R)—a-Me-B-ala}ob

calcd o |
- Ael(s)-B-Me-g-alal,

~ where Ae{g-am}is the calculetedv(subscript calcd) or
observed (subscript obs) CD cﬁrve of'the'ntagccmplexes

with the B-am in the brace. The celculated curves:for“thej*
four achc eomple#es are shown in Figs; 20-23. As ean |
be seen in‘Fig. 20, it is noted that the observed

CD curve of the trans(N) (S,S)-achc’ complex is falrly

perfectly reproduced from those “of the trans(N) (R)-a-Me-
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B—ala -and (S) B-Me—-B-ala complexes by the upper formula.
vThls means a simple add1t1v1ty between the CD contrlbutlon
of two adjacent asymmetric carbon atoms in the s;x-_
membered‘chelate ring;,In.eacb of the'other achc complexes, the
splitting battern well corresponds between the observed
and calculated curves (Flgs. 21-24). However, there is
con51derable dev1at10n in the 1nten81ty for a part of or
all of the Ch components.: ”

Similar examinations have been made for the complexes

with (R:R)-trans-l,2-d1am1nocyclohexane24 »32,33,38) or

34)

P

(R,S)-2,3-diaminobutane complexes. In several square
planar complexes of these diamine ligands, the CD intensity
is-approXimately proportional to the number of asymmetric

carbon atom.38)

On the contrary, in several praseo type
octahedral complexes, theFCD'intensity is approkimately
A proportional to the number of chelate rings having chiral

confbrmaticn.24’32'33)'

The additivity observed for the

trans (N) (S,S)-achc complex‘resembleS'to the behavior of |

square'planar diamine complexes. On the othet'hand, the

observed.cane of the cis(N) (S,R)-achc ccmplex is of two-

or thteefold'intensity as compared with the corresponding

' calculated curve. Such a‘relationship do nct’belong tc o

both of the relationships observed for the diamine compleXes._l
~ In these circumStances, it is difficult to offer

a conslstent explanation through the results observed for

thelfonr achc ccmplexes.v'The following situations

should be considered in explanation of the CD behaviors
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of the complexes with B—amlnocarboxylates. The -
six-membered chelate ring of chelated b-aminocarboxylate.
must be deviate considerably from flatness as found from

5)' Accordingly, it may -be

X-ray diffracticn studies.
reasonable to assume thet the CD curve of the complex with
optically active.B—aminocarbOXY1ate is contributed from
the chiral conformation ova-aminocarboxylato chelate

as well as from the asymmetrlc carbon atom. Furthermore;
the (S,S)-achc and (S, R)-achc llgands have structures such
as two methyl.groups attached to the a- and 8-carbon atoms
on B-ala (correspond to a-Me-B-ala and B-Me-B-ala
respectively) are jointed by an ethylene bridge. This
situation will provide an additional contribution to the

optical activity of the achc complexes.

II—6-3,"[?O((R)- or (S)-alada)(am)]- and‘[Co((S,S)-alaipa)-

(gly)]~ complexes.

The CD spectra of [Co((R)- or (S)-aiada)(am)]f
complexes are shown in Figs. 25—31_and_Table X. The CD
" curves of the Z-trans (N)-[Co((R)-alada) ((S)-ala)]l” and
"x—trans(N)-[Co((S)?alada)((S)-ela)]f‘compiexes‘are composed
of two different vicinal_CDicontributions,}one-due to the
_ quadridentate 1iganc; (R) - or_(s)ealade} end the other due = :
to the bidentate 1igand (s)-ala, while the CD curue of'thev
X-tranS(N74[C6((S)-alade)(glf)]- complex is composed only .
of the”vicihai contribution due to-the (s)-aiada.ﬁ In these
complexes, the structures of the (S)-alada and (R)-alada

. m01et1es coordlnated are. antlpodal to ‘each other (Table I),
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- Fig. 25. CD_gurVés of trans (N)-[Co((R)- or (S)—alada)(a-am)]-
and the related complex, and curve analyses. )

(1) -+=+=, trans(N)-[Co(nta) ((S)-ala)]”

(2) ’ X-trans(N)?[Co((S)-alada)(91Y)J‘

(3) ==--- » X-trans(N)-[Co((S)-alada) ((S)~ala)]™

(4) ----+, Z-trans(N)-[Co((R)-alada) ((S)-ala)]”
.»;(57,00000, calculated curve, (1) + (2) '

(6) oo0o0o0o, calculated curve, (1) - (2)
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Fig. 26. CD curves oﬁ trans (N)-[Co((R)~- or'(S)—alada)(a-am)]-
~and the related complex, and curve analyses.

(1) --=--=, trans(N)-[Co(nta) ((S)-pro)]~

(2) , X-trans (N)-[Co ((S)-alada) (gly)]~

(3) ====-, X~trans (N)-[Co((S)-alada) ((S)-pro)]
(4) ====-, Z—trans(N)-[Cb((R)¥aiada)((S)-pro)]-‘
(5) eeeee, calculated curve, (1) + (2)

(6) coocoe, calculated curve, (1) - (2)
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Fig. 27. CD curves of'cis(N)-[Co((R)4 or (S)-alada)(a;am)]-

e

\ )

and the related complex, and curve analyses.

(1)

(2)
" (3)

(4)
(5)

(6)

—_.-o-'

14

¢is (N)-[Co(nta) ((S)-ala)]”
X-cis (N)- [Co ((S)-alada) (gly) ]

X-cis (N)-[Co ((S)-alada) ((S)-ala)]l™

Z-cis (N)- [Co ((R)-alada) ((S)=-ala)]l”
calculated curve, (1) + . (2)

_ calculated curve, (1) - (2)
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Fig. 28.

(1)

(2).

(3)

(4)

(5)
(6)

CD. curves of trans(N) [Co((R)— or (S)-alada)(B-am)]
and the related complex, and curve  analyses.

—e—+=, trans (N)-[Co(nta)((R)-a-Me-B-ala)]™

——, X-trans (N)-[Co((S)-alada) (B-ala)]”

----- ,» X-trans (N)-[Co ((S)-alada) ((R)~a-Me-B-ala)]"
ees-+, Z-trans(N)-[Co ((R)-alada) ((R)-a-Me-B-ala)] ™

00000, calculated curve, (1) + (2)

eeeee, calculated curve, (1) - (2)

- =-131-



Fig. 29. CD curves of trans (N)-[Co ( (R)- orA(S)falada)(Biam)]-
and the related complex, and curve analyses. ‘

(1) -.-.-, trans(N)-[Co(nta) ((S)-B-Me-B-ala)l

(2) , X-trans (N)-{[Co((S)-alada) (B-ala)]l"

(3) -—-4-, x—trans(N)-[Co((S)-alada)((S)-B-Me48-ala)]_
(4) =<+, Z-trans(N)-[Co((R)-alada) ((S)-B-Me-B-ala)l
(5) ocoooo, calculated curve, (1) + (2) '

(6) eeeee, calculated curve, (1) = (2)
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W‘CD'curQes'of eis(ﬁ) [Cb(kR)- or (S)-aladai(B-ala)]_

and the’ related complex, and curve analyses.

’calculated curve,

cis (N)- [Co(nta)((R)-G-Me-B-ala)]_
X-c1s(N) [Co((S)-alada)(B-ala)]
X-cis(N)- [Co((s)—alada)((R)-a-Me—B-ala)]
Z-c1s(N) [Co((R)-alada)((R)—a-Me-B-ala)}
(1) + (2)

1 - (2)

calculated curve,
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Fig. 31. CD curves of cis(N)-[Co((R)- or (S)-alada) (B-am)]
and the related complex, and curve analyses.

(1) -----, cis(N)-[Co(nta) ((S)-B-Me-B-ala)]l

(2) ———, X-cis(N)-[Co((S)-alada) (B-ala)] |
(3) ————m , X-cis(N)-[Co((S)-alada) ((S)-B-Me-B-ala)l
(4) -+--+, Z-cis(N)-[Co((R)-alada) ((S)-B-Me-B-ala)]
(5) occeoo, calculated curve, (1) + (2)

(6) eeees, calculated curve, (1) - (2)
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Table X, CD Spectral Data of [Co(N-0,)(am)]” (N-0, = (R)- or
(s)-alada, (S,S)-alaipa) Complexésa)‘
: Band I Band II
Complex ion o ’ " \ e
' ’ Cext Ae-ext_: ‘ _aext Aeext
X-trans (N) - [Co ( (S)-alada) (gly)]~ 164 +0,50 27,0  +0.12
| A 19.8 -0.19 o

4Y-tvfans (N)=[Co( (S)-;alada) (gly)_]\'b) '15.9 +0,33 25.8 +0.06
- T | 20.5 -0.11

* ~ X=-trans (N) = [Co ((S)~alada) ((s)-ala)l~ 16.2 ‘40,35 27.1  +0.44

- | 8 20.6 -0.10 o
z-trans(u)-{cg((R)-aladax((S)-ala)l'" S 16 - -0.54 27,2 +0.20
S IS | o ' 18.8 +0.12 |

| 20.8 -0.68

X-trans (N)?[Cci((s)-alada) ((S)=pro) ]'_ | : 16.1 +0. 34 ' 27,1 - +0,53
S - ' | 18.4 +0.23
20,7 -0.81

Z-trans (N) - [Co( (R)-alada) ( (S)=pro)]™ 16,2 -0.54 27.4 +0.29

ne S o o 18.8 +0.28
’ ' 1 20.8 -0.55
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Table X. (continued)
| B Band I Band II
Complex ion '\"-\'\\ , -~ . et - N
' Text eyt Oext Aot
X-trans (N) - [Co ( (S) ~alada) ( (R)-a-Me=-B-ala)]” 15.9 +0.40 26.2 +0.30
. ) 19 . 9 . "O‘. 94
z-trans (N) - [Co ( (R)~alada) ((R)-a-Me-B-ala)]” 15.7 -0.67" 25.5 +0.23
‘ - ‘ ' 18.1 +0.03° |
| | 20.1 -0.41
- X-trans(N)-[Co ((S)-alada) ((S)=B-Me--ala)]”. 15.7 +0.62 26.0 -0.13
| ' 19.5 +0.11
_g-trans (N) - [Co( (R) ~alada) ((S)~B-Me=-g-ala)]” 15.7 -0.42 26.4 . - -0.24
. | | | | 19.6 . -+0.65
X-cis (N) - [Co ( (§)-alada) (gly)]” 16.4 +0.09 26.2 +0.09
A | o 17.9 -0.09 | |
_ 20,0 +0.57 |
X-cis (N)- [Co ((S)-alada) ((S)-ala)]” 17.7 -0.56 26.0 -0.20
. - S 20.2 +1,12 | : |
z-cis (N)=[Co((R)-alada) ((S)-ala)]” 17.3 -0.79 © 26.5 -0.20
| " | | 20.3 +0.37 |
 X-cis(N)=[Co((S)-alada) (g-ala)]” . 16.8 +0.56 26.0 +0,29
"0 . 27
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Table X. (continued)

.Complex ion ’ ~ ~ . % : \

| ‘ - : Text ,Aeext ) 0ext . A€ext

X-cis(N)-[Co((S)-alada)((R)-a-Me-B—ala)]- 16.8 40,26 23.0 +0.05

o 18.8 +0.25 25.6 -0.03

iz-ciS(N)-{Co((R)ialada)((R)-G-Me~B-ala)]-, 16.9 -0}72 ‘ : '25.9 - =0.55

o ' | ' 19.5 +0.63 o ' -
X-cis (N)= [Co ( () =alada) ((§)-B-Me-g-ala)]” 16.7 +0.61 25.8  +0.42
S | B | 19.6 ~ =0.33 | |

g-cis (N)=[Co((R)~alada) ((S)-B-Me=-g=ala)]” 16.9 -0.53 - 23.4 '0-63

. - " 20.3 +0.12 - 26.6 -0.03

xy-trans(u)-[Co((s,s)-alaipa)(gly)l’“ . 16.1 +0.75 26,6 +0.08
’ . : ' i ’ ‘ ‘ ' ' 20.0 "0.30 ) A

v Xz-trans(N)-[Co((S,S)falaipa)(gly)]-. 16.3f ‘+0.20 26.2 +0.23
- S SR 20.0 -0.44 } .

: XZeCis(N)?[Co((S.S)-alaipa)(gly)]- - 17.2 +0.85 25.6 '+0.85
| R o 19.7 -0.17 | |

- XY-cis (N)-[Co((s,8)-alaipa) (gly) ]~ 16.6 +0.34. - 25.8 . -0.06

a) The wave numbers are given in 103 em?,
'b) No elemental analysis was carried out, and the aAe_, . Value was estimated
from the isomerization experiment (Experimental Section I=-3-2-(c)) and

CD curve in Fig. 32 was drawn on the basis of the same estimation.



and hence the former two complexes are diastereomeric to
each other. The trans(N)-[Co(nta) ((S)-ala)]” complex

" has the vicinal contribution due to the (S)-ala ligand.

' If the vicinal contributions due to the two kinds of
optically active ligand in a- complex are separable and
additivé, the following relationshipé_will hold between

these four complexes.

 Ae{x-((S)-alada, (S)-ala)} = Ae{X-((S)-alada, gly)}
; , ’ + Ae{nta, (S)-ala}
Ae{z-((R)falada, (s)-ala)}

-Ae{X-((S)-alada, gly)}
' Ae{nta,’(s)4a1§}

where Ae{X4j(S)-élada, (s)-ala)}, for example, is the '
observed CD curve of the X-trans(N)-[Co((S)-alada)((S)—ala)]-
v cémg;9X—and Ae{nta, (S)-ala} is that of the trans(N)-[Co4
'(ﬁta)((8)~a1a)]f-complex. The calculated CD curve for the
X-trans (N)-[Co ( (S)-alada) ((S)-ala)]™ or Z-trans (N)-[Co-
((R)-aladai((s)-ala)]— complex was derived byvapplying the
above relationships to the observed_CD'curves of the
X-trans (N)-[Co((S)-alada) (gly)] and trans (N)-[Co (nta) -
X(S)-ala)lf'complexes,'and the resulted CD curves agree quite
well with the corresponding observed CD curvesias can be séeh
in Fig. 25. Similar good agreement of the;obser§ed CD curves .
with the calculated ones is also realized for the trans (N)
(S)-pro‘aﬁd cis(N) (S)-ala complexes, though there are some
differences in the inténsities only for the Z-cis(N)-
[Co((R)—alada)((S)-ala)]- complex (Figs. 26 and 27). The

same examination was conducted for the (R)- or_(S)-alada‘
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complexes with thé BQAminocafboxylates (R)-a§Mgeﬁaa1a and
'(S)-BfMe-B-ala, using Ae{X-((S)éaléda, B-ala) -instead of
Ae{X-((S)-alada, gly)} in the above relationships. For all
- of the B—aminoéérboxylato complexes, the calculated CD curve
is'also duite agrée with the observed one (Figs.-28-31).
These facts indicate that the additivity of the tﬁo;kinds
of vicinal contribution is almost perfect and éach of the
vicinal effects due to the two oétidally active ligands'in
a complexxcontfibute iﬁdépendentiy to the optical activity
of the complex. |

The CD spectra of each two arrangement‘isomers of the
trans (N) - ahd cis (N)-[Co((S,S)-alaipa) (gly)]" complexés
are shown in Figs. 32 and 33 and Table X. These complexes
have a vicinal contribution due to the (S,S)-alaipa ligand;
which has two asymmetricbcarbon-atoms; In the (S,S)-alaipa
complexes, a molecular model.examination shows thét there
is a considerablé'¢rowding'between3the methyl group of the
ligand and some'nonbonded étomé-in,the_complex. Such
croWding'may be félie?ed'by‘disfortion ofvthe cbnforﬁatibn
6f the three chelate rings around the nitrogen atom. The
distorted conformation of the-(S,S)-alaipa ligand must |
be chiral because'the (S,S)-alaipé ;igand itself is chiral.
This qhiral conforﬁation-i$ expected to contribute to the
optical activity of the complex. Accordingly itAmay be
reasonable to assume that in the (S,S)-alaipa complexes the
- vicinal effect due to the (S,S)-alaipa iigénd conéistéubf
two kinds»6f»CD_c§ntribu£ion, one due to the asymmetric

carbon atoms and the other due to the chiral conformation.
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'Fig. 32. CD curves of trans(N)-[Co( (s, S)-alalpa)(gly)]

and the related complexes, and curve anasy51s.

(1) ---e,
(2) ---o-,
(3) '
(4) —-—--,

{(5) ©cococo,

X-trans (N)-[Co((S)-alada) (gly) ]~
Y-trans (N)-[Co ((S)-alada) (gly)]™~
XY-trans (N)~-[Co((S,S)-alaipa) (gly)]
XZ-trans (N)-[Co((S,S)-alaipa) (gly)]
calculated curve, (1) + (2)
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.CD curves of(cis(N)-[Co((S,S)-alaipa)(glyf]

33.

Fig.

s XY=; ====—, XZ-, and of x-éis(N)-[Cb((S)falada)-

(gly)]

(""‘)o
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Similar situation is considered for the vicinal.contribution
dﬁevto the complexes with (S)—alada. At the present time,
it is difficult to evaluate separately the two kinds of CD
. contributions in the (S)=—-alada and (S,S)-alaipa complexes.
Howevef, the followiﬁg CD behaviors are noted in the CD
curves of these complexes. | | |

The XY—trans(N).(S,S)-alaipa complex has one ésymmeﬁric
carbon atom ohbeqch of the X-'and-Y-chéiate rings'of the
cgordiﬁated (S,S)-élaipa. On the other hand, the two
;rrangement isomers, X- and Y-, of the trans(N)-[Co((S)-
'alada)(gly)]— complex have one asymmetri¢ carbon atom on
X- and Y-chelate rings respectively. It is noteworthy that
the CD curvé of ﬁhe (S,S)—-alaipa complex is very well |
reproduced by summiﬁg up the'CD curves of thé two isomers
of t@g (s)-alada complex as can be seen in Fig. 32. This
ji; well explained by assuming that the CD curve in these

complexes are contributed mostly from the asymmetric carbon

atoms and the contributions are almost additive. Furthermoré,

it is noted that these three complexes are quite similar in

their splitting patterns to one another. The same examination

of the CD curves can not be made for the correspohding cis(N)
l"complexes'because'the Y—isomefsof the (S)—élada:complex was
noﬁ obtained. However, the generél CD pattern of the

X-cis (N} (S)—-alada and XY¥-cis(N) (S,S)-alaipa complexes are
similar to each othér_as in the cése of the trans(N) complex
(Fig. 32). Next, it seems that the CD curve of the |
X2Z2-cis (N) (S,S)—élaipa‘complex také an anomalous behavior.

Namely, the CD curve of this complex is clearly different
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in the general paﬁtern.and ihtehsit§ from those,of.the
.related complexes, X-cis(N)v(S)-alada’and.Xchis(N) (S,S)—
alaipa, while the CD curve of the XZ-trans(N) (S,S)-alaipa
are similar ih the splitting pattern to the other complexes
in ?ig. 32. A molecular moael.consideration indicéted
£ha£ there is remarkable steric hindrance in the XZ—Cis(Ni
(S,S)=-alaipa complex of these cbmplékes; the methyl group
6n Z-chelate ring ihteracts_strongly with the amino protons
of gly in the apical postions- (Section II-75. From this

- fact, it is considered‘that the anomalous CD beh;vior
observed for the XZ-cis(N) (S,S)-alaipa complex arises

from the conformational contribution due to the (s,S)-
.aiaipa ligand which is distorted by the remarkable.

interaction.

II-6-4. [Co(B-aladé) (am)]1” and [Co((S)-alapa) (gly)]™ |
complexes. o | ‘
Although both B-alada and <_:;1yE ligands in the trans(N)-
and cis(N)-[Co(B-alada) (gly)] complexes are opticaliy
‘inactive, the two isomer; X- énd Z-, Which were obtained by.
the optical_resolutioﬁ of the u-isomer of the complexes, are
.Optically active and antipodal to each other.> This is proyea
by the fact that thé CD cﬁrves_of the isomers are of mirror
image as can be seen in Figs. 37-39 and Table XI. The CD -
curves qﬁ these compiexes are contributed from the chiral
arrangement of the three feet of the tripod-like ligand
B-alada. Cobalt(III) complexés with similar tripod-liﬁe _

ligands such as.4-diethylenetriaminemonoacetate51’52)

53)

* have been prepared, but no

and

"B-aminoethyliminodiacetafe
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. attempt was made to obtain £he optically acfivé*complexes.
The contribution to CD due to the chiral coordination of
B-alada is named "arrangement“ contribution ih this report,
since the chlrallty results from the difference of arrange-
ment of the B-alada chelate rings. On the other hand, |
the s(Y)-isomer of the trans(N)- or cis(N)-[Co(B-alada)-
v(gly)]- complex.has-not the arrangemnt chiralit&, and so

it is optlcally 1nact1ve._" |

The s-trans(N)- and s-cis(N)- [Co(B-alada)((S)-am)]
complexes with an optically active (S)-a-aminocarboxylato
ligand ((S)-am) have only the v1c1nal contrlbutlon due to
the (S)—-am. As expected, the CD curve of the s-trans(N)-
[Co(B-alada) ((S)-ala)] complex is very similar to that of
the trans(N) [Co(nta)((s)-ala)] complex; the optlcal
act1v1ty of the latter complex is contrlbuted only by the
~opt1ca11y actlve (S)-a-amznocarboxylato ligand as descrlbed
~ in Section II-6-2 (Flg. 34). Slmllar CD relatlonshlps
are also recognlzed for the s-01s(N) (S)-ala and s—trans(N)
{S)=-pro complexes (Flgs. 35 and 36). )

The u-trans(N)- and u-cis (N)-[Co(8-alada) ((S)~am)]™
complexesehaveiboth of the arrangement and vicipal contribu-
tions, and the two u(X and Z)-isomere'of the complex
are’diastereomeric to each other. For the trans(N)-
and cis(N)-[Co((R)-’or (S)-alada)((S)—am)lf complexes, it
' was confirmed that the two kinds of vicinal contrlbutlons in
a complex are separable and almost addltlve on the CD curve
1n the preceding Sectlon.' If the additivity rule between

the arrangement and vicinal contributions is correct here,
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Fig. 34. CD curves of trans (N)-[Co(f-alada) ((S)-ala)] : -

, X~ (isomer-i); —----, Z- (isomer-ii);
---- » Y- (isomer-iii), and of trans(N)-[Co(nta) ((S)-

ala)l™ (eeeee ).
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Fig. 35.> CD curves of trans(N)-[Co(B—alada)((S)-pro)]—:

» X- (isomer-i); =-----, 2Z- (isomer-iii);
~e—e=, Y- (isomer-ii), and of trans(N)-[Co(nta)((S)f
Pro)]” (e---- ).
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A‘;Fig. 36. CD cﬁrves of cis(N)—th(BAalada)((S)-aia)]-:

-, X- (isomér-ii): ~====,. 2~ (isomer-i);
-+=+-, Y- (isomer-iii),-and of cis(N)-[Co(nta) ((S)-

ala)] (ee-ee).
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Fig. 37. CD curves of trans(N);[Co(B-alada)(gly)]f,_
‘ and curve analyses of trans(N)-[Co(B-~alada) ((S)-ala)l]l .

,» X-trans(N)-[Co(B-alada) (gly)]~ (isomer-ii)
| ————, Z-trans (N)-[Co(B-alada) (gly)] (isomer-iii)

occooo, calculated curve, X-trans(N)-[Co(B-alada) ((S)-

_ ala)]l” (isomer-i) minus trans (N)-{[Co(nta) ((S)-ala)]”
. esese, calculated curve, Z-trans(N)-[Co(B-alada) ((S)-

ala)]~ (isomer-ii) minus trans(N)#[Co(nta)((S)-ala)]- C
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[
Fig. 38. . CD curves of trans (N)-[Co(B-alada) (gly)] ,
and curve analyses of trans (N)-[Co(B-alada) ((S)-pro)l .
- Xétrans(N) [Co(B-alada)Kgly)]- (isomer-ii)
----- R Z—trans(N) [Co(B—alada)(gly)] (isomer-iii)
ooooo,vcalculated curve, X—trans(N)-[Co(B-alada)((S)-
pro)] (1somer-1) minus trans (N)- [Co(nta) ((S)- pro)]
seeoe, calculated curve, 2Z-trans (N)- [Co(B-alada)((S)— :
pro)l  (isomer-iii) minus trans(N)- [Co(nta)((s)-pro)]

-149-




© 4045

+1,5f

/o
°* e
Is
s10 L ¥
! te
R 3 "
i e
F \
{ -

v N
0(103 cm™1)

“Fig. 39. CD curves of cis(N)—[Cb(Bfalada)(gly)]-, and
curve analyses of cis(N)-[Co(B-alada) ((S)-ala)] .

, X-cis(N)-[Co(B-alada) (gly)] (isomer-iii)

————— , Z-cis(N)-[Co(B-alada) (gly)] (isomer-ii)

cocooo, calculated curve, X-cis(N)-[Co(B-alada)((S)—ala)]-
(isomer-ii) minus cis(N)-[Co(nta) ((S)-ala)l”

esees, calculated curve, Z-cis(N)-[Co(B-alada) ((S)-ala)]”

. (isomer-i) minus cis (N)-[Co(nta) ((S)-ala)]l
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Table XI. CD Spectral Data of [Co(N-0;)(am)]™ (N-0, = B-alada
and (S)=alapa) Complexesa)= |
‘ Baqd I Band IT
~ Complex ion S B — 0
Lo - Text Aeext Text 'Aeext
X-trans (N) - [Co (§-alada) (gly) ]~ 15.0 -0.05 26,1 -0.58
a | (+o.05)b)‘ (+o.57)b'
18.4 -1.02
' (+1.00)°)
20.6 +0.56
, | (-0.66)>) N
X-trans (N)-[Co (B-alada) ((S)-ala)]™. 15.0 -0.05 26.1 °  -0.45
- o | 18.8 =1.26 |
| 21.5 +0.05
z<trans (N) = [Co (3~alada) ((S)-ala)]” 16.1 ~0.10° 26.3 -0.88
o 1 ' L 18.4 +1.05
| 20.5 -1.46
Y-trans (N) - [Co (8-alada) ((S)-ala)]” 16.6 -0.08 26.5 +0,25
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1 20.4

26.7

® .
Table XI. (continued) ‘ .
| * Band I Band II
Complex ion | ' ) . o
: ) ext Ae:ext Text A-Eext
X-trans (N) - [Co (8~alada) ((S)=pro) ]~ 16.1 40,10 25.6. -0.35
20.7 40.31
Y-trans (N) - [Co (8-alada) ((S)~pro)]”~ 15,9 -0.16 - 26.5 +0. 36
' 18.6 +0,44 .
| 20.7 -0.15
~ z-trans (N) - [Co (8-alada) ((8)-pro)]” 6.1 -0.14 26.0 -0.65
| R 18.2 . +1.16 -
, 20,3 ~1.06 |
- g=cis (N) - [Co (8~alada) (gly)]™ - 17.2 -1.41 ca. 24.5sh  =0.15
| : K | (+1.38)° - (+0.16)D)
20.0 +0.50 b 26.8 -0.21
. (-0.50)>) (+0.22)P)
z-cis (N) - [Co(g-alada) ((5)~ala)]” 17.3.°  ~2.08 ca. 24.2sh  -0.11
- ' 19.9 +1,00 26,9 -0.34
X-cis (N)-[Co(B-alada) ((S)-ala)]” - 17.2 +0.81  ca., 24.4sh  +0.16
| -0.15 +0.21
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Table XI. (continued)

Band I - Band II
Complex ion " - ) g o -
’ Text Aeext - oext : - Beext

. S - ) ' '
- Y=cis (N)~[Co(g-alada) ((S)=-ala)] 17.1 - 25.1 -
. - - 19.5 +
xszeétrans(N);[Co((S)-alapa)(gly)]- 15;7 ' 40,41 - 26,0  +0.75
. ’ 1802 +1005 ) '
. - 20.4 - =1,00

xszs-cis(N)-LCo((si-alapa)(gly)]‘ . . 17.1 +1,78 ©23.9 40,25

20,0 . -0.51 26,5 . +0.23

a) Thé wave numbers are given in 103 em™t, |
b) The values‘invparéntheses'a:e for the antipode.
¢) The Ae,,, value has not obtained because of the lack of elemental analysis.
CD curve in.Fié. 365Qas drawn byAassuming the'e'vaiue 6f¥the fi:sf

absorption band to be the same as the mean value (em = '225) for those

ax
of'the,corresponding Z- and X-isomers.



'f'_and u-cis(N) (S)-ala complexes as. seen in Flgures 21 and 22.

'the'following relationships will hold for each diastereometic
pair of u-trans(N) (S)-ala, u-trans(N) (S)-pro and u-cis (N)

(S)-ala complexes.

]

: Ae{x—(B-aiada, gly)} Ae{x-(B-alada, (S)=-am) }

- Ae{nta, (s)-ala}

Ae{z- (B-alada, (S)-am)}
- Ae{nta, (S)-alal

Ae{Z-(B-alada, gly)}
where Aé{X—fB—alada, gly)}, for example, is the obsefved (o
curve of the X—trans(N)— or X-c1s(N) [Co(B-alada)(gly)]
complex, and Ae{nta, (S)-ala} is the observed CD curve: of
the trans(N)- or cls(N)-[Co(nta)((S)-am)] complex.* The
calculated CD curve obtained tyAsubtracting the CD cnrve ofv.
‘the trans(N)-[Co(nta)(fS)—ala)]- complex from that of the
isomer-i‘of trans(N)?[Co(B-alada)((S)-ala)]_ complex agrees
;well w1th the observed CD curve of the isomer-ii of trans (N)-
[Co(B-alada)(gly)] complex, wh11e the calculated CD curve
_from the iSOmer—ii of the trans(N)—[Co(B-alada)((S)-ala)]

complex agrees with the observed curve of the isomer-iii of

‘trans (N)~ [Co (8-alada) (gly)]™ complex (Fig. 37). Similar

~agreement is'also substantiated for the u-trans(N) (S)-pro

These facts lndzcate that the additivity rule is malntalned
also between the vicinal and arrangement contributions.
In consequence, it is possible to point out, based on the

‘above relationships, that the each isomer-i of the trans(N)

(S)-ala ‘and trans (N) (S)-pro complexes has the absolute

, conflguratlon of chelate ring arrangement of B-alada same
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_as the isomer-ii of trans (N) - [Co (8-alada) (gly) ]~ complex,
and that the isomer-i of cis(N)f[Co(Bralada)((S)-ala)]-
complex end.the isomer-ii of cis(N)—[Co(Béalada)(gly)]-
.complex have ‘the same conflguratlon.

| The optical act1v1ty of the X, ZG—trans(N) and XSZG-
c1s(N) [Co((S)—alapa)(gly)] complexes is contrlbuted from

the chlrallty of the coordlnated (S)-alapa llgand Thxs .
'chlrallty can be con51dered to con51st of a comblnatlon of

the ch1ral1ty of (S)-alada coordinated wlth»tne x-arrangement
end the chlrallty of B-alada coordlnated with the Z-arrangement
The CD spectra of the (S)-alapa complexes are shown in Flgs.

4G and 41 and Table XI. The CD curve of the XSZ6 trans (N) -
[Co((S)-alape)(gly)]— complex agrees,well with the calculated
CD curve obtained by summing upkthe observed curves of the
X-trams(N)—[Co((Sl-alada)(gly)]f complex and of the

isomer-iii of trans(N)-{Co(Bealada)(ély)]- complex} as

can be seen in Fig. 41. Tbis good agreement indicates,

the valldlty of the structural a551gnment of tne trans(N)
(S)-alapa complex described in Sectlom II-3-2-(2). As
described in the preceding Section, it was soogested’
-that the CD curve of the X-tréhs(NlQICo((Sffalada)(gly)]-
complex is cohtribute& mostly from the aSymmetriclcarbon

atom of the (S)-alada llgand : From this agreement of the

CDh curves, therefore, 1t may be reasonable to assume that
the.CD curve of the trans (N) (S)-alapa complex con51sts of
two'contributions, one from the asymmetric carbon atom and
‘the other from the chiralfchelate.ring arrangement of |

(s)-alapa, and that the two contributions. are separable
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| Fig. 40. CD curves of trans(N)-[Co((S)-alapa) (gly)}-_.
and the related complexes, and curve analysis. |
(1) ---——- » X-trans (N)-[Co((S)~alada) (gly)1~
(2) --+--, Z-trans(N)-[Co(B-alada) (gly)] (isomer-iii)
(3) —, X Zg-trans (N)-[Co((S)-alapa) (gly)1~
(4) ooo0o0o, calculated curve, (1) + (2) -
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Fig. 41. CD curves of cis(N)-[Co((S)-alapa) (gly)]~
~ and the related complexes, énd curve analysis..
(1) =----, X-cis(N)-[Co((S)-alada) (gly)]1”
(2) +----, Z-cis(N)-[Co(B-alada) (gly)] (isomer-ii)
(3) » XgZg—cis(N)-[Co((S)-alapa) (gly)]™ -
(4) cocco, calculated curve, (1) + (2)
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: and almost additive. Now,,the nitrogen’atomlof (S)-alapa
ligand becomes asymmetric by coordination to cobalt (III)
.ion, hav1ng the (S) configuration in the Xs 6 -isomer,
because all of the three feet of the.ligand dlffer to each
'other. The above agreement of the CD curve, however,
indicates that the contribution due to the asymmetric
nitrogen atom is very small for the trans (N) (S)—alapa
complex, Douglas and co-workers 4) have prepared the
[Co(eddda)] i(eddda4f = ethylenedlamine-N,N'—diacetate-
N,N'-dipropionate) complex, which has a'very similar
asymmetric nitrogen atom to the (S)-alapa complex. On the
basis-of analysis of the CD curves>of the eddda complex
and its analogous complexes, they have proposed that an
asymmetric nitrogen atom make only a minor contribution to

. the optical activity when the three groups about the

o

o

;nitrogen atom are similar. It seems likely that the same
51tuation is also the case for the present trans(N) (S)-alapa :
complex, because the (S)-alapa llgand has quite similar
three groups about the nitrogen_atom, namely acetate,
propionate and iso-propionate--‘From these considerations,
it is concluded that the absolute configuration of the'
isomer-iii of trans(N)-[Co(B-alada)(eg)]- complex is 2,
in which the Z-chelate r1ng is six-membered in the same o

s76

manner as the X.2 -trans(N)-[Co((S)-alapa)(gly)]-vcomplex,.
and accordingly that of the isomer-ii of the B-alada |

complex is X.
Figure 41 shows the CD curve of the X gZg—cis (N)-[Co((S)-

' alapa)(gly)] complex'and the same examination»on the CD
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curves as in the.corresponding.trans(N) complex. The
observed and calcuiated CD curves agree in their general
shapes to each other, though the latter curve lacks the

-1 and there are some dlfferences

component near at 20,000 cm
in the intensities. From this fact, the absolute configura—
tion of the isomer-ii of cis (N)-[cé (8-alada) (g1y)1” complex
can be assigned to Z, and the isomer-iii to X.

The relative conflguratlon with respect to the chelate
ring'arrangement of . B-alada between the u-trans(N)- and
o-cis(N) [Co (B- alada)(gly)] oomplexes and the correspondlng
complexes with (S)-ala.or (S)-pro 11gands has been confirmed
as descr1bed»above. ‘On this basis, the absolute configura-

tions of.the.B—aiadaycomplexeS"w1th (S)-ala and (S)-pro

can'be determined as shown in Table II.



ITI-7. Relative stability of complexes.

~ The ste:eoseiecti&ity between the stereoisqmers
possible‘fbr a.comﬁlex has been observed for a large
number ofvcobalt(III) complexes and the relationships
between'Stereoseléctiviﬁies énd-the~m01ecular structures
of the iSomefs'have beén‘widely'investigatéd.545108'115-128)

In general, the relative stabilities of the isomers are

~-v'experimenta11y evaluated from the isomer distribution at

gquilibriumiand the equilibration'is established by a
treatment in ﬁhe preseﬁce of activated charcoal in a
solution.lzz-lza)
In the preparation of present complexes, which is the
direct method from cobalt(II) salt, the stereoselective
formations were observed between the poésible'isomefs,
g;ang(ﬁ) and cis(N) isomers and arrangement isomers.
-However, this preparation method is not at an equilibrium
condition because of the absence of activated charcoal.
The X-trans(Nj-‘and cis(N)-[Co((S)-alada)(gly)]- complexes .
were sepaiaﬁely treated ﬁith activated charcoal in water -
at 70° for 1 hr (Experimentél Séction.1f4). Thé column
chromatographic separation ana subsequent electronic
'absorption and CD measurements indicated that'Ehe prdducts
.from both&complexes consisted of essentially the same
composition. Namely, the contents of‘the’tranﬁ(N) and cis({N)
isbmers.werévqﬁite similar, that is, about 92 and 1 % )
'respectively based on'the:comple#jused for the equilibrium
ékperiment. - Furthermore, the CD spectra.of the trans(N)

eluates from.both of the separations were identical to~each
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other and the same relationehip‘waa observed for the cis(N)
eluates. On the otherlﬁand, when the Y-trans(N)-[Ce((S)—
alada) (gly)] complex was treated under the same condition,
thé absorption and CD spectra'of»the reactien mixture were
almost identical with those from the corresponding X-trans (N)
-or cis(N) isomer. These observations indicate that the
equilibration between the isomers possible for the (S)ealada
complex  is established with the‘present,treatment with | |
activated charcoal.

. The equilibration of»the'tCo(N-O3)(gly)]— type complekee,

3
or (S)-alapa, was carried out by use of the trans(N)

where‘N-O = (S)-alada; ‘(R,S)-alaipa, (S,S)-alaipa, B-alada,

cemplexes which were obtained predominantly in this work
(Section I-4). 1In eaeh of these gly eomplekes, the contents
of the isomers in equilibrium-mixtures were examined
qualitatively and from the results fof the trans(N) isomers
“the relative'stabilities ofrthe arrangement-isomers are
estimated as summarlzed in Table XII. In all cases, the
~equ111brat10n 1ay to one isomer, which is trans(N) isomer
and corresponds to most.stabLe isomer in Table XII. The
- most stable isomerswwere>obtained as pure cfystals in the
range of 58 - 91 % yields (based on the complex used to
the equ111br1um experlment) from the equlllbrlum mlxtures.
The desired complexes in the remainder were mostly trans(N)
1somer, and the cis (N) isomer was contalned in very samll
amount or not contalned as descrlbed below. Thus, the
presence.of one more arrangement ;aomer of trahs(N) for

each of the (s)-alada and (S,S)-alaipa and B-alada complexes
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Table XII. Relative Stability of the Arrangement Isomers

of trans(N)v[Co(N-O3)(gly)]-\Complexes

N-Oé Most stable - |Less stable Unstabléa?
| 0 3 | _?_ |
(s)-alada °4i$;k . ‘O—kN—FO O-+N-4-0 |
X Y z o
g E U TR . O
- (R,8)-alaipa 0-¥N-FO 0-4N-40 O¥N+4-0 0-+NY¥0 O-+Ng0 OF%N+0
XsZp . Xp2g  XsYRr YsZR Yp2g XRYs
0 0 |
(§,5)-alaipa . 0-¥N—-0 0-¥N-4-0 .0-+N4-0
| Xy X2 Y2
1 i
g-alada 0+NHO OHN-+0 | 0-N+4-0
= s _
| » | ._ _?‘ -(I)- | %
(S)+alapa O-¥NHO  O-+NH-O OHN-+0 OHN40 OFN-+0 0+N40
Xg%6 ¥sZ¢  YsXg - ZsKe  Xs¥g  Zs¥e

a) Existence of these isomers was not recognized.



Qas recognized.. In this work,;the less stable. isomers of
the former two compiexes were obtained from the-equilibrium'
mixture (see Experimentel Section)t For'the trans (N)
isomers of the present gly complexes, the existence of any -
arrangement isomer other than the isomers'mentioned here
could not be recognized. . |

The cis(N) isomers were separated-from the remainder

by ion-exchange chromatography. In‘all‘the gly complexes,

the contents of the cis(N) 1somers in the equlllbrlum mlxture
were estimated to be 1ess than 2 % (based on the complex),

and each of the cis(N) eluates consists mostly of the

arrangement isomer obtained predominantly in the preparation

-in this work, except for the (R,S)-alaipa complex in which

case no existence of the cis(N) isomer was recognized.
This observation indicates that the most stable arrangement
isomer is coﬁmon'in the trans(N) and cis({N) isomers for
each of the gly complexes,_except~for the (R,S)-alaipa
complex for which such an estimation is impossible. |

The trans(N)é[Co(N—Oj)(glf)]- type complexes with

(s)-alada, (R,S)- and (S,S)-alaipa as a_N;O§'are C-methyl

substituted deriVatives of the‘trans(N)—[Co(nta)(gly)]-

complex.' In the nta of.the nta complex,tthere are three
different protons, i.e., axial and equatorial protons |
(on the ineplane rings).and out-of-piane protons (Fig. 4);,'
The three arrangement isomers possible for the (S)-alada

complex correspond to the derlvatlves in wh1ch each one

Vof the three dlfferent nta protons are substltuted by one

methyl group. The stereoselectivity observed for the
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(s)-alada complex shows that the relative stabilities of

the arrangement isomers increases in the following order

of the positions of methyl substituents, axial < out-of-

plahe < equatorial. This correlation also exélains the
results of stereoselect1v1t1es for the (R,S)- and (S,S)-
alalpa complexes w1th two methyl groups as can be seen. in

Table XII, although is not applicable for the X XY

rRYs™’ Xs¥r™
and XRZS-isomers of the (R,S)-alaipa oomplex because of

a. severe steric hindrahee.between the two methyl groups
ih.the complex (vide ihfral. Thus, it is found that there
is a reasonable correlation as above betweeh the stabilities
of_isomers and the positions of methyl.groups in these
complexes.

Furthermore, the extent of isomer distribution observed

for these complexes showed that the methyl group in the

;equatorlal p051tlon remarkably increase the relatlve

stablllty of the isomers compared with those in the other
positions.'{similar relationship was observed for the

corresponding cis (N) complexes. From a molecular model

examlnatlon, an explanatlon for these observations can be

offered for the simplest (S)-alada complex as follows.
When - the nta moiety in the parent nta complexxls considered,
thevconformation of the two in-plane rings is oonsiderably
flexible-and-twovforms as shown in Fig. 42 can be considered
as extreme conformations. In thel(Sl¥alade complex, steric
interaction should be considered mainly between the
substituted methyl group end one proton of the'methylene

group on the neighbouring ring. Such an interaction is
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Fig. 42. TWo-extreme»conformationél forms of the
in-plane chelate rings of_coordinated‘nté

~ (pictured looking along the N-Co bond).

significantly affected by whether form I o;_II was taken
for the complex. The interaction is very similar

‘between the three arrangemént isomers in fb:m II,vwhile

it is mbre relieved in the X-isomer than the other isomers
.in form I. Furthermore, the interéction between the
methyl'group and other atoms in the complex is also very
similar bet&een the thrée_is6ﬁersuih.form II, while in "
“form I the interaction is-probablé only for the Y- and
Z¥isomers; in the Y-isomer'thé‘methyi’group interacts with
the carbonyl group of ohe in?plaheiting and in the Z-isomer
~with the atoms in the apical'pésitioh of the gly'iigénd
'(oxygen atom and amino hydrogen atoms for the trans(N)'éna‘
cis(N) isomers respectively). _Thds, it may be reasonable
_tO'cthider ﬁhat.the X-isomer of the.(S)#alada coﬁplexf;_
takéstthé-conforMatibn near to.fqrm I ahd«is.ﬁore stabilized

than the other isomers.
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The preference:of form I may be supported from-thé'following
-consideration with fespect to the conformation of the nta
complex. The X-ray diffraétidn studieé.of a number of metal
complexes with chelated a-aminocarboxylate have beén
repbrted and’their results showed that thé_confqrmatiqn of
the'five—membered chelate ring of the a—aminocarboxylaté
- vary ih'large extent betweén.various‘compiexes,SO)'YSuch'
é large vatiaficn has been pointed out to be due tovthe
low tortional barrier to rotation about the C-C bond in the
éhelate ring.z) ‘Form I and ITI of the coordinated nta differ
_mainly-in the_foftiqnai angle about the C-C bond in the
in-plane rings. Accordingly, it ié expected that there is
no éignificant differende in the conformational energy
between the_two forms. However, it ié noted in the inéélane
ringgéthat the tortional rotation about C-N bond is
~§Erongly fes;ridted because of the rigid span of the.
quadridentaée nta lignd, differing from the cases of simple
d—aminocarﬁoxylato éhelates;_ For thié reason, form II is
fé:ced nearly to the eclipsed conformation with respect ﬁo
the C-N bond, while form I is nearly in the staggered
coﬁformation. From tﬁese situations, it is considered that
'thé nta coordinates preferably in the cbnformation near to
form I. |

As mentioned above, severe steric hiﬁdrance ekist
between the two methyligroups in the’XRZs-, XSYR- and YSZR-
isomers of the (R,S)-alaipa complex. From this reason,

the isomer obtained for each of the trans(N)vand cis (N)

R

(R,S)falaipa complexes was'confirmed to be XS ~-isomer,
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not but XRZS—lsomer (section II-3-2-(2)). 1In the szs-
1somer, the two nethyl groups are in the most remote
‘position when the isomer takes form I (Fig. 42). Even
‘in this conformatlon the distance between the two carbon
 atoms of methyl groups is estimated to be approx1mately
2.1 A. This situation 1nd1cates that steric hindrance
_enough to deny the p0551b111ty of the XRZS—lsomer ex1sts
between the two methyl ‘groups regardless of the variation
of conformatlon@ On the other hand, the two methyl groups
of the XSZR isomer have no noticeable steric 1nteractlon _
with other atoms 1n-the complex; partlcularly when the
isomer take form I. |

The equlllbrlum experlment of the [Co(B-alada)(gly)]
complex showed in both of the trans(N) and c1s(N)_1somers
that the u-isomer is more stable than the s-isomer. The
‘B-alada ligand forms'two‘five-membered_rings and one six-
membered one by coordination to the cobalt ion. Many
cotahedral metal complexes oontaining»d N O-tridentate ligands,
such as. 1m1nod1acetate(1da)56 .74,82,84,87, 88 101 109 129-131)
and sarcocinate-N—monoacetate_(sarmp),6774'87'88) have been
reported. In these tridentate ligands, two coordination
forms, meridional and_facial,’are.possihle as shown iuv
Figs. 43. The ida-like ligandslform two five-membered
chelate rings, while the sarmp-like ligahds form each one
of.fivef.and six-membered rings. From the studiesAof
-stereoseleetivity for these complexes, it has.beeh fouhd
that the ida-like ligands strongly prefer the facial

coordination to the meridional one and that the sarmp-like
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meridional facial

'Fig. 43. Two possible coordination forms of

P '0,N,O~-tridentate ligand.

ligands are p0551b1e to take both the meridional and facial

coordlnatlons.56 »74,84,87,88,101,109,129,131) As 1nd1cated

by the workers, these situations may be expected by the

facts. that in the ida-like ligands the meridional ceordination_
'109)

-

is very stralned in the C-N-C angle, while the facial
one is relatlvely strain free, and that the meridionai
coordinatien in the sarmp-like ligands is in less strained
c1rcumstances than that in the ida-like 1lgan.ds':m74 +87) When
these stereochemlcal relationships are applled for the present
fB-alada complex, it is indicated that the s-isomer is less
stable than the u-isomer because the less prefered
meridiqnel coordination of the two five—membered rings
exists in the former isomers.. Furtheremore, it is noted
from a molecular model examination tﬁat the out-of-plane
six-membered ring in the s-isomer differs in the steric

circumstances from the six-membered ring in the facial

coordination of the cohpleXes with the sarmp—like'ligahds.
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Namely, the six-membered ring of the sarmp—like 1igands
can take relatlvely freely a prefered conformation, o
probably, Chalr or-tw1sted-boat one.' On the other hand,
1t seems difficult 1n the case of the s-isomer to take
- such a conformation because the coplanarity of the O-Co-N-c
atoms of the 51x-membered ring is strongly required
owing to the existence of the two 1n-p1ane rings. This
also indicates that the s-isomer is less stable. These
considerationS_well erplain’the difference.of stability
between the u- and s-isomers observed for the B-alada .
complex.» | | | | |
For all of the [Co(n-0, )(gly)] type compleres mentioned

above, the equilibrium experiments indicate that the trans(N)
isomer is extremely stable than the cis(N) one. The same was
observed for the corresponding nta‘complex; the egtents-of
the trans(N) and cis(N) isomers in the equilibrium mixture
were of about 93 and 1 % respectively (based on the complex
used for the equilibrium experiment). .From a-molecular model
examination, 1t seems that these observations are related
to the 1nterligand steric 1nteraction between the n1tr110-
,tricarboxylato and aminocarboxylato ligands in a complex.'
The apical site with respect to the 1n-p1ane rings of

1tr110tr1carboxylato ligands is clearly 1n sterically
more crowded c1rcumstances than the other coordlnation'
51te, and of two coordination groups of gly llgand the
amino group 1s bulkier than the carboxyl.donor oxygen atom.
Thus, it is expected that the steric interaction is

stronger in the cis(N) isomer than in the trans(N) one.
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In the cis(N) nta complex, for example, the considerable

interaction is probable regardless of the variation of‘

the chelate ring conformation in the complex; the

" amino protons of glyhinteract with the axial protons of

the 1n-plane rlngs of nta in. form I and with the carbonyl.
carbon atoms .of the 1n-plane rlngs in form II (Fig. 42).
In the X2Z-cis(N) (S,S)-alalpavcomplex, which has a methyl
group in the axiai:position,_there,is severe steric |

interaction between the methyl group and the amino protons

'of gly llgand " In Section II-3-4, it was suggested that

the anomalous. CD behavior of this complex is caused by

thlS steric 1nteract10n.

It is of 1nterest to compare the stereochemlstry of
the [Co(nta)(gly)] complex with that of the [Co(taa)(gly)]—

(taa>;,tris(2-aminoethy1)amine) complex,82'132) because

”

-their chelate ekeltons are very similar to eachlqther. The

structure of the coordinated taa is shown in Fig. 44. The

Fig. 44. Structure of-the'coordinated_taa;
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_ two isomers are possible for the taa complek*depenaing on
the coordination mode of the gly ligand in analogy with the
nta complex. It has been found that one isomer of the taa

omplex, which coordinates the carboxyl oxygen atom of gly
“in the ap1ca1 position, yielded stereoselectlvely in a

82)

peptide cleavage reaction. From the X-ray diffraction .
and energy minimization analyses, it has been pointed'out
that the low stability of another isomer; which coordinate
the amino group in the apical position, was caused malnly
by the steric 1nteractlon between the amino protons of gly

and the Hp protons-of taa (Fig. 44).132)

Such an 1nterat10n
is very similar to the interaction pointed ont for the cis(N)
isomer of nta complex which take.the conformation of form’I.

In spite of the low stability, the cis(N) isomers
were obtained in relatively good yields in the present
preparation. This situation'is enplained by considering
that the cis(N) isomer is more rapidly formed than the
trans(N) isomer in the preparatlon. In faét, when the
reactlon t1me was prolonged than that adopted in the present
procedure the yield of the_c1s(N) isomer decreased with
the increase.in‘reaction time. Aas a typlcal example, the
$ yield of the trans(N) and cis (N) isomers versus reaction
time for the [Co(nta)(gly)] complex in the present preparatlon
procedure is shown in Fig.: 45. Slmllar behaviors were “
observed in process of thevpreparation”of all the_complexes‘
in this work except for the complexes with sar and'(s)ipro.
A molecular model'examination shows that‘the steric interaction"

between the in-plane rings of the nitrilotricarboxylate and
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Fig. 45. Plots of $ formation versus reaction time
in the preparation of [Co (nta) (gly)]l” complex:
trans(N) isomer (=-o--), cis(N) isomer (—e—).

>tpe aminocarboxylate is remarkable in thé complexes with

v Sax or (S)-pro, which has the substituent on the nitrogen

- atom. For the nta‘comple# of éar, and the nﬁé, (s)-alada

-and B-alada complexes of (S)-pro, as expectéd; the formation
. "of .t'he cis (I*{) .isomer was ndt recognized ‘régardless of the

- reaction time.
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Concluding Remarks

1) About 60 new complexes of tfans(N)- and cis(N)-

(nitrilotriCarboxylato)(aminocarboxylato)cobalt(III).type

~ have been prepared. Exéept for nta, the nitrilotri-

carboxylato ligands, (R)- and (S)-alada, (R,S)-'and‘
(s,S)-alaipa, B-a;ada;vand (s)-alapa, have-nbnidentical
feet and in the cdmplexes wiﬁh these ligands séveral
stéreoisomers'are possible with réépgctvtO'the‘arrangement
of the three feet. Theistéreoisomers have been separaied
by optical resolution, fractionai érYstaliization, or’
ion—eichange column chromatography. ‘Thehstructﬁres of
isomers have been assigned on the basis of electronic
absorption and'BMR specﬁra, andffrom the stereochemical
conside;ation. | N |

- 2) From the’electronic absorption behavior;_the 
nitrilotricarboxylato iigands in this work can be
ai:anged in a series according to decreasing Dq'values:
(R,S)-alaipa > (S,S)-alaipa > (S)-aladé > nta > (S)falapa >
B-alada. | ' |

3) The CD cﬁrvés ofvthe‘optically acitvé compiexeé‘ H
in this woxk'aré contributed from the Vicihal effect or
the arrangement effect‘or”a combination of them. In the
complexes having two differént optically active ligaﬁdé;'_.

such as X-[Co((S)-alada) ((S)=-ala)l” and Z-[Co((R)-alada)-

" ((s)-ala)]™ complexes, it has been found that the CD

et

contributions from the two kinds of vicinal effects are

separable and almost additive. Furthermore, such a
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iadditivify rule holds also between'ﬁhe vicinal® and
arrangemeht cohtributiohs, for example, as observed for

the X~ and z—[Co(B-alada)((S)-éla)]- comélexes. The
arrangement effect is a novél source for the-optical
activity and iis‘contribution to'thévcb is intermediate -
in the'intensity betweenvthOSe‘for the éonfigurational
1and vicinal effects. The CD curve of the XSZG-[Co((S)j _
~alapa) (gly) ]~ complex can be reproduced by_summing up those
of the X?[Co((s)-aiada)(gly)]_ and Z-[Co(B;alada)(gly)]_
| complexes. Thé CD curve éf the-trans(N)—lcd(nta)((S,S)-
achc) ] complex'is reproduced well b§ subtracting ;hat.of
the trans(N)-[Co(nta)((R)-a—Me-B-ala)]-‘complex from that
of the trans(N)—[Co(nta)((S)-B-Me-B-ala)]- complex. Such a
relationship holds also at least for the splitting pattern
forJ;ome other-complexes with the ligands having two

asymmetrlc carbon atoms in a 11gand though there is

' con51derable deviation in the 1nten51ty.

'4) The X- and Z-isomers of each of the trans (N)-
 and cis(N)-[Co(B-alada)(gly)]- compiexes are ahtjpodal to
each other. The ébsolute configurations of these complexes -
have been determined dn the basis of the CD spectra by
cdnnecting those with the cotresponding (S)?AIada'and (S)-'
_élapa complexes. vFurthermore, the absolute configuratiohs of
the B-alada complexes with optically actlve amlnocarboxylate,
(S)-ala or (S)-pro, 1nstead of gly, were determined by.
-applying the additivity of the v101na1 and arrangement CD

contributions mentioned in 3).
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5) For the [Co(N-O3)(gly)]- type complexes with the.
nit;ilotricarboxYlato_(N—O3) ligands, the réiative‘stabiiityv
of the isomers has béen examined by the equilibrium
éxperiment on activated charcoal. The relative stability

6f thé.arrangeﬁenthisomers ih the.(s)-alada; (R;S)- and
(S,S)-alaipa complexes 'can be related to the~'positioﬁ"‘
wﬁere.ﬁhe methyl substituent is situated,énd'the stability

. of the isomers incréases in the foliowing"order; axial |
_4(in-plane) < oﬁt—qf—piane < eqﬁatorial (in-plane). In the
‘B-alada and (s)-alapa cpmplekes, the u-isomer is more

étable than the s-isomer, and then in all complekes the
irans(N) isomer are much more stable fhan the cis(N) isomers.
These observationé can be explained from a molecular model
examination by considering the intréligand or interligand ——

-

steric interaction in a complex.
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