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Abstract

The A-a- and A-B- forms of [Co(edda)CO3]™ have
been isolated as crystalline diastereoisomeric salts
of the cation A-[Co(en),(ox)]". When each salt is
dissolved in 1.0 F aqueous Na,CO; at 25 C an iso-
meric equilibration process occurs between these
species in which the A-a form predominates before
the eventual racemisation of both anionic species.
On proceeding to equilibrium the A-B-[Co(edda)-
CO;]” isomer is observed to invert its absolute
configuration at the central metal ion in convert-
ing to the A-a stereoisomer. This is the first report-
ed example of inversion—isomerisation involving the
B - o transformation in a chiral complex containing
a linear tetradentate.

Introduction

Most reported reactions showing inversion of
metal ion absolute configuration in octahedral
coordination compounds involve ligand substitution
[1b]. However, we recently reported a series of Ru-
(I) complexes containing three bidentate ligands
which undergo an inversion—isomerisation process
on exposure to light [2].

Certain reactions of complexes containing linear
tetradentates were among the earliest examples of
metal-ion inversion discovered, although these also
involved substitution in the coordination sphere
[3, 4]. Other related examples also are known [5].
The  inversion-isomerisation  of  tetradentate
complexes is somewhat more intriguing. There are
four ways by which such inversions may proceed,
these being the transformations a > a, « > 8, 8 > «
or B . Several examples of the latter, involving
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retention of B topology, have been reported by
Fujii et al. [6]. These involve the complex p-[CoL-
(S-aa)], where L is a tetradentate Schiff base and
aa is an amino acidate anion. An o - § example
has been reported recently [7], and in addition
an a - « inversion could be envisaged during the
reaction of A-a-[Co(R-picpn)Cl,]"" with oxalate
anion [8]. In the latter case an iodide salt contain-
ing four diastereoisomers of the cation [Co(R-picpn)-
(ox)]* was isolated, one of these being the A-a-
form. Subsequently it was isomerised together
with the other diastereoisomers to yield pure A-a-
[Co(R-picpn)(ox)]*, which may be conveniently
isolated as its perchlorate salt.

Octahedral inversion reactions involving a § > a
topological change are extremely rare, and indeed
only those involving substitution in the B-[Rh(S,S-
eddp)Cl,;]” ion have been reported [9]. Examples
of 8 - « isomerisation are known, however, in
which optically inactive complexes were employed
[10]. We have found recently that under certain
conditions the inversion-isomerisation process repre-
sented in (1) may be observed. This reaction, details

A-B-[Co(edda)CO;3]aq) — A-a-[Co(edda)CO3] aq)
(1

of which are reported below, represents the first
example of § = « inversion-isomerisation, and com-
pletes the set of such reactions for complexes con-
taining linear tetradentate ligands.

Experimental

Na; [Co(CO3)3]-3H,0 [11] was reacted with
eddaH, following the published procedure [12]

Tpicpn represents  3-methyl-2,6-di-2-pyridyl-2,5-diaza-
hexane; edda is the 1,2-diaminoethane-N,N’'diacetate
dianion; S,S-eddp is the 1,2-diaminocethane-N,N’'-di-S-pro-
pionate dianion; ox represents the oxalate dianion.
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to vyield Na[Co(edda)CO3]-3/2H,0. [Co(en),-
(0x)] Cl-H,O was prepared and resolved (as either
the bromide or iodide salt) using a published method
[13]. A-A-w-K[Co(edda)CO;]-4H,0 was prepared
using the procedure of Van Saun and Douglas [14] .

{A-f Cofen)afox)] HAB-{ Cofedda)COs ] }+ TH, O

This diastereoisomeric salt was prepared using a
procedure slightly modified from that reported by
Jordan and Legg [15].

A mixture of A-[Co(en),(0x)]I (4.00 g, 11 mmol)
and silver acetate (1.84 g, 11 mmol) was finely
ground, dissolved in water (22 cm?®) and the reac-
tion mixture warmed on a water-bath at 50 °C for
15 min. The precipitated silver iodide was removed
by filtration and washed with water (3 X 5 cm®).
To the combined filtrate and washings was added
Na[Co(edda)CO3]-3/2H,0 (7.38 g, 22 mmol)
and the mixture was heated with stirring at 50 °C
until all the solids had dissolved. The solution was
cooled in a current of air for an hour, during which
time a deep-purple oil formed. This was dissolved
by gentle warming and the reaction solution was
placed in a refrigerator. Over four days a crop of
purple crystals deposited. These were collected
under suction, washed with ethano], acetone, and
dried at the pump. Yield: 1.95 g. Aegs; = +14.0 dm?
mol™l. Two recrystallisations from warm water
did not lead to any change in optical activity. Anal:
Calc. for C3H4gNgO13Co,: C, 22.7; H, 5.9; N, 12.2.
Found: C, 22.6; H, 6.0; N, 12.4%. The filtrate from
the first crop was stored in the refrigerator for an
additional week, whereupon a second solid fraction
(1.69 g) was collected as above. Two recrystallisa-
tions from water gave purple needles (0.95 g) with
chiroptical properties identical to the first frac-
tion.

{A-fCofen)yfox)] }{A-g-{Cofedda)CO5 ]}« 3H, O

The preparation of this diastereoisomer was
carried out wusing A,A-a-K[Co(edda)CO;]-4H,0
and A-[Co(en),(0x)]I following the method of
Van Saun and Douglas [14]. The yield of pure
diasterecisomer was much lower than that report-
ed (6% after two recrystallisations) and the
magnitude of the CD spectrum of A-e-[Co(edda)-
CO3]™ recorded in 1.0 F aqueous NaHCOj; (vide
infra) somewhat lower than the spectrum prev-
iously reported. The wavelengths of the extrema and
null-dichroic points were the same, however.
A€sso = —18.0 dm? mol™. Aral: Calc. for C,;-
H3;Ng014Co,: C, 25.4; H, 5.3; N, 13.7. Found:
C, 25.5; H, 5.4; N, 13.7%. Further recrystallisa-
tions did not increase the optical activity of the
diastereoisomeric salt and attempts to isolate
further product material from the reaction mix-
ture gave crops containing only g-[Co(edda)-
COs]™.
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Analyses were carried out by Mrs A. Dams in the
Department of Chemistry, Cardiff. Electronic and
CD spectra were recorded using a Perkin-Elmer
SP800 spectrophotometer and a Jobin Yvon CNRS
Dichrographe III instrument respectively.

Results and Discussion

A number of workers have commented on the
lability of the isomeric forms of [Co(edda)CO;]~
in aqueous solutions [14, 15], and that an equilib-
rium mixture of o and § species which is present in
solution may be isolated in the solid state [12, 16,
17]. We have observed that changes in the optical
activity of the resolved a- and §-[Co(edda)CO;]~
ions in solution may be minimized by addition
of bicarbonate ion, provided that a low temperature
is maintained. Thus a known amount of {A-[Co-
(en),(0x)] } {A-B-[Co(edda)CO3]}-7TH,0 was slur-
ried with CM Sephadex® C-25 resin in the K* cycle
in ice-cold water. The solution was filtered in
the cold onto a previously weighed amount of
NaHCO;, the resin washed with ice-cold water
and the filtrate and washings made up to volume
so as to give a NaHCO, concentration of 1.0 F.
Measurement of the CD spectrum of the resulting
solution of A-§-[Co(edda)CO;]™ under these condi-
tions gave values of Aé€ssq = +23.0 and Aezgq =
—8.8 dm? mol™, respectively. These values com-
pare favourably with those published previously
for solutions in water alone of Ae¢sgs = +28.0 and
Aesgs = —6.7 dm? mol™ [15].

In a similar fashion the spectrum of A-a-[Co-
(edda)CO;]~ was recorded in 1.0 F aqueous Na-
HCO;. Values for the extrema were Aesss = —32.0,
A€yo, = +18.2 and Aesgo = —7.9 dm? mol™. The
shape, positions of extrema and null-dichroism
points of the CD curve are the same as those report-
ed by Van Saun and Douglas [14], but the magni-
tude is only about two-thirds of that previously
reported. However, the a-isomer is quite labile in
aqueous solutions and changes in CD prior to
addition of bicarbonate may account for these dis-
crepancies in CD values. Little change is evident
in the CD spyctra of solutions of the resolved a-
and B-complexes in 1.0 F aqueous NaHCO3 at 0 °C
during three hours. At elevated temperatures, how-
ever, solutions of both species react to give zero
optical activity after a period of two days. The
temperature of the reaction solutions studied here
was 47 °C.

An entirely different pattern of reactivities for
both « and f enantiomeric forms is observed, how-
ever, when their respective diastereoisomers formed
with A-[Co(en),(0x)]" are dissolved in aqueous
1.0 F Na,COj;. Changes in optical activity, at least
initially, are too rapid to record if the isolated enan-
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tiomers of [Co(edda)CO;]™ are used, and so experi-
ments were restricted to the diastereoisomeric salts
mentioned above.

In Fig. 1 is shown the change in CD for a solution
of {A-[Co(en),(ox)] HA-a-[Co(edda)CO3] }+3H,0 in
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Fig. 1. Changes recorded in the CD spectrum of {A-[Co(en),-
(0x)] }{a--[Co(edda)CO3] }+3H; O dissolved in aqueous 1.0
F Na;CO3 at 25°C. (1) Immediately after dissolution; (2)
after 10 min; (3) after 23 min; (4) after 40 min.

water at 25 °C. A decrease in the region of the spec-
trum due to the A-o-[Co(edda)CO;]™ ion is observ-
ed with time. Ultimately the CD spectrum of the
A-[Co(en),(0x)]" counter-ion alone is observed. This
particular observation is of some importance in that
it is clear that the observed optical activity of the
Co-edda complexes at equilibrium, and also during
the course of the equilibration reaction, therefore is
not generated by the presence of the cationic resolv-
ing agent in a fashion similar to that ascribed to the
Pfeiffer effect [18].

However, when {A-[Co(en);(ox)]}{A-B-[Co-
(edda)CO;] }+ 7H,0 is dissolved in 1.0 F Na,CO; an
inversion of the absolute configuration of the anion
is observed. Changes in the CD spectra in the early
stages of the inversion process are shown in Fig. 2.
This inversion process is evidenced by the change
in sign of the low-energy band around 570 nm due to
the anion. Ultimately these spectra too change to
that of A-[Co(en),(0x)]" alone, and a racemic mix-
ture of a- and §-[Co(edda)CO;] ™ results. The observa-
tion of this particular inversion, the first example of
inversion-isomerisation involving a § = « transforma-
tionin tetradentate complexes, provides some informa-
tion on the associated mechanism. It indicates clearly
that under the conditions selected reaction (1) above
is faster than any involving planar intermediates
which would result ultimately in a racemic mixture
of a and § complexes.

We do not wish to imply that the mechanisms of
the reactions overall can be described solely by reac-
tion (1) or those involving planar intermediates. How-
ever, it should be noted that the eventual optical acti-
vity of the [Co(edda)CO;]™ anion in all of the solu-
tions is zero, and that both & and § isomers are pre-
sent. The detailed course of the reactions leading to
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Fig. 2. Changes recorded in the CD spectrum of {A-[Co(en);,-
(0x)] } {A-6-[Co(edda)CO3]}+ TH, O dissolved in aqueous 1.0
F Na,CO3 at 25 °C. (1) Diastereoisomeric salt in H5O alone;
subsequent spectra in 1.0 F Na,CO3; (2) after 12 min; (3)
after 19 min; (4) after 26 min; (5) after 40 min; (6) after
54 min.

equilibrium is no doubt quite complex, as other
workers have pointed out [19]. Notwithstanding
this complexity it is clear that in the initial stage
of reaction in aqueous Na,COjz an overall inver-
sion of absolute configuration does occur for the
8-[Co(edda)CO3]~ ion, and that this occurs as
a result of kinetic factors, in spite of the fact that
the f-enantiomers are apparently the more thermo-
dynamically stable.
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