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Containing Four Different Kinds of Ligands; Glycinato, Ethylenediamine,
Ethylenediamine- N, N'-diacetato, and pu-Hydroxo
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Four geometrical isomers of [Co(gly)(en)Co(edda)(u-OH)2]* were prepared by treating a solution containing
[Co(edda)(OHz)2]* and [Co(gly)(en)(OH2)2]?* under basic condition and optically resolved by the chromato-
graphic method. The geometrical structures and absolute configurations of the optically active isomers were
assigned on the basis of the NMR, UV, and CD spectral data; the assignments were confirmed based on the
spectral data of the mononuclear species which were obtained by the acid hydrolysis of each isomer. Two of the
four geometrical isomers are constructed with the a-[Co(edda)(u-OH)2] and mer(0)-[Co(gly)(en)(u-OH)2] moi-
eties, and the other two with the 8-[Co(edda)(u-OH)2] and fac(0)-[Co(gly)(en)(pu-OH)2] moieties, the dinuclear
structures being stabilized by the two N—H---O hydrogen bonds between the amino H on one metal ion and the
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carboxyl O on the other metal ion in the dinuclear complex ion.

Although many reports concerning the preparation
and characterization of dicobalt(III) complexes contain-
ing p-hydroxo ligands have been published, there have
been few concerning complexes containing two differ-
ent cobalt(III) chromophores bridged by two p-hydroxo
groups.'—" However, complexes of this type are funda-
mentally poly-nuclear and are suitable for studying the
interaction between the two cobalt atoms. In previous
pa ers,3 pre aratlons of the complexes of the type !Co-

L) Co(L& )5 (u-OH)o ]+ (LY = (gly); or edda; LY
(N H3)2 or en) were reported and the following sugges-
tion was given: Dicobalt(III) complexes with two u-
hydroxo, in which two hydrogen bonds are formed be-
tween the amino groups on one of the two cobalt atoms
and the carboxyl groups on the other cobalt atom, are
preferentially produced. According to this suggestion,
the comphcated dinuclear-complexes of the type [Co-
LMY Co(LP)(LP) (u-0H),)™* can also be pre ared
in a manner similar to that for [Co(L(1 )Co(Lz( o(p-
OH),|™*. In addition, a synthetic study of [Co(L{*))Co-
(L( ))(L( )(u-OH)2]™* may clarify that the coordma—
tion mode of edda ((L(14)) is regulated by an interaction
between the JZCO )(1#-OH)2] moiety and the neigh-
boring [Co(Ls )(u-OH)2] moiety through the hy-
drogen bonds

In the present paper we report on the preparation and
chracterization of the [Co(gly)(en)Co(edda)(u-OH)s]*t
isomers and discuss some attempts to clarify the geome-
tries and absolute configurations of the isomers.

Experimental

Preparation of the Complexes. [Co(gly)-
(en)Co(edda)(u-OH):]Cl: To a solution containing
CoS04-7TH20 (2.8 g) in 50 cm® of water, ethylenediamine-
N,N'-diacetic acid (Hzedda; 1.8 g) was added. After the
pH of the solution was adjusted to 9 with a 2 M (M=
moldm™3) KOH solution, PbO: (5 g) was added. After
the mixture had been stirred for 30 min at room temper-
ature, the insoluble materials were filtered off. To the fil-

trate, [Co(gly)(en)(CO3)]-H20® (2.5 g) was added. The
solution was adjusted to pH 1 with 60% HClO4, stirred for
5 min at room temperature, adjusted to pH 8.3 with 2 M
KOH, and then stirred for 30 min at 65 °C. The reacted
solution was cooled to room temperature, neutralized us-
ing 2 M HClOy, and then filtered. The filtrate was poured
onto an SP-Sephadex column (4.7 cmx90 cm, Kt form)
and swept with 1 dm® of water. Being developed with 0.1
M KCI, the band separated into two bands: a brownish-vi-
olet band (F band: the first eluted band) and a violet band
(S band: the second eluted band); a remaining dark-brown
band was on the top of the column. Each of the F and S
bands was transferred separately to another SP-Sephadex
column (4.7 cmx90 cm, Kt form) and chromatographed
recyclically with 0.1 M K2[Sba(d-tart)z]. After the F band
was completely separated into three bands (F1, FM, and
F4; in the order of elution) by recyclic development for one
day, the F1 and F4 bands were eluted out from the column
separately. The FM band was separated into two bands (F2
and F3) by recyclic development for 10 d; the F2 and F3
bands were eluted out. The S band was separated into four
bands (S1, S2, S3, and S4 in the order of the elution) by re-
cyclic development for 2 d, which were eluted out with 0.1 M
K2[Sbz(d-tart)s]. Each of the F1—F4 and S1—S4 eluates
was concentrated to a few milliliters by a rotary evaporator
at 35—40 °C before adding about 200 cm® of methanol. Af-
ter the deposited K2[Sba(d-tart)s] was removed by filtration,
the filtrate was again concentrated to a few milliliters. The
solution was treated with a small QAE-Sephadex column to
convert the [Sba(d-tart)z]>~ ion to the C1™ ion. A crude
complex obtained by adding ethanol to the concentrated so-
lution was recrystallized from water upon the addition of
ethanol. It was apparent from the CD spectra that each of
the four pairs (F1—F4, F2—F3, S1—S2, and S3—S4)
was an enantiomeric pair. Found for F1: C, 23.41; H,
4.98; N, 13.28%. Calcd for [Co(gly)(en)Co(edda)(n—OH)2)-
Cl°H2O=C10H26N50900201: C, 23.38; H, 5.10; N, 13.63%.
Found for F2: C, 21.87; H, 5.31; N, 12.51%. Calcd for [Co-
(gly)(en)Co(edda)(,u—OH)g]Cl-3H20=CIOH30N5011COQCI:
C, 21.85; H, 5.50; N, 12.74%. Found for S1: C, 22.08;
H, 5.49; N, 12.55%. Caled for [Co(gly)(en)Co(edda)-
(u - OH)z]C1-3H20 = Ci10H30N5011Co2CL: C, 21.85; H,
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5.50; N, 12.74%. Found for S3: C, 20.92; H, 5.67;

N, 12.06%. Caled for [Co(gly)(en)Co(edda)(u — OH),]-
Cl:4.5H,0=C10H33N5012.5Co2Cl:  C, 20.83; H, 5.77; N,
12.14%.

Acid Hydrolyses of the Complexes.  Acid hydro-
lyses of the complexes were carried out in the following man-
ner. The complex (ca. 0.02 g) was dissolved in 10 ml of 0.4
M HCIOy; the solution was stirred for about 30 min at 40
°C. The reacted solution was diluted with 100 cm® of wa-
ter and then chromatographed on an SP-Sephadex column
(Nat form, 1 cmx45 cm) using 0.1 M NaClO4 as an elu-
ent. The absorption and CD spectra of each eluate were
measured. The results are summarized in Table 1.

Spectral Measurements. The absorption and CD
spectra were measured by a JASCO V-550 spectrophotome-
ter and a JASCO J-720 spectropolarimeter, respectively.
The 'H and *CNMR spectra were recorded on a Hitachi
R-90H spectrometer in a D20 solution relative to internal
references of sodium 3-(trimethylsilyl)propionate-2,2,3,3-d4
(0 ppm) and dioxane (67.4 ppm), respectively.

Results and Discussion

Structural Assignments and Absorption Spec-
tra.  The '3C chemical shift patterns of the present
complexes are shown in Fig. 1 together with those of
the related cobalt(III) complexes. The numbering of
the carbons in edda is also given in Fig. 1.

Each F isomer shows ten '3C{'H} NMR signal peaks
arising from the edda, en, and gly carbons. It is ob-
vious from the '3C shift patterns of en and gly in the
isomer that these ligands coordinate to cobalt(III) as
chelating bidentates, but not as unidentates or bridging
bidentates.®'® The edda ligand in each F isomer coor-
dinates as a quadridentate with the a mode (Fig. 2),
since the chemical shift differences between C(3) and
C(3') are small and the shift pattern is quite similar
to that of a-[Co(edda)(en)]*. The o mode of the F
isomers is also suggested based on their 'H NMR spec-
tra (Fig. 3); these isomers show two such AB quartets
arising from the glycinate-rings in edda, as does a-[Co-
(edda)(gly)].****

A characteristic absorption band arising from the
Co(u-OH)2Co moiety, such as [Cog(NH3)g(u-OH)o)4t
and [Coz(en)4(u-OH)z]** show,'®) was also observed for
each F isomer at ca. 34000 cm~! (Fig. 4). The band in-
tensities of these complexes are nearly equal to those of
the complexes containing two bridging OH’s. Accord-
ing to these results, the F isomers are assignable to
[Co(gly)(en)Co(edda)(u-OH)z]™ in which the edda co-
ordinates to cobalt(III) in the o mode. Although the
coordination mode of the edda, en, and gly were clar-
ified (as mentioned above), some geometries are possi-
ble for the F isomers. For the detailed geometrical and
absolute configurational assignment, it is necessary to
clarify the geometries of the mononuclear units in the
dinuclear complexes (vide post).

Each S isomer also shows ten 3C{!H} NMR signal
peaks arising from the edda, en, and gly carbons. The
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en and gly in the isomer coordinate to cobalt(III) as the
chelating bidentates. However, the coordination mode
of the edda in the S isomers is different from that in
the F isomers. Namely, the edda in each S isomer func-
tions as a quadridentate of 3 mode (3-edda mode), as
expected from the following two results: (1) The 13C
chemical shift difference between C(3) and C(3’) is ex-
tremely large and the pattern is similar to that of 3-
[Co(edda)(en)]T. (2) The 'H NMR signal of each S iso-
mer shows one AB quartet and one singlet-like peaks
(or very close AB quartet)'®) arising from the glycinate
rings in the edda (Fig. 3). Thus, the 'H NMR signal
pattern of the edda suggests that although one of the
two glycinate rings in the edda is in a facial form to
the back-bone ethylenediamine ring in the edda, the
other glycinate ring is in a meridional form, that is,
the edda takes the S-mode. A characteristic absorption
band arising from the Co(u-OH)2Co was also observed
in each of the S isomers at ca. 34000 cm~! and the band
intensities were nearly equal to those of the complexes
with two bridging p-OH’s. Accordingly, the S isomers
were assignable to [Co(gly)(en)Co(edda)(u-OH)z]™ in
which the edda coordinate to cobalt(III) in the 3 mode.

The first absorption bands of the present complexes
appeared at ca. 19000 cm™! as clear peaks. However,
the second absorption bands of the complexes appeared
as shoulder bands at ca. 25000 cm~! besides the strong
charge-transfer bands (at ca. 34000 cm™!) arising from
the bridging OH’s.

CD Spectra of the Complexes. The CD spec-
tra of the optically active complexes are illustrated in
Fig. 4. As the F1 ((—)S3) shows a (=) CD band in the
lower energy side of the first absorption band region
expected for the cis-[Co(N)2(0O)4]-type chromophore,'®
the configuration around this chromophore (that is,
around the [Co(edda)(u-OH),] moiety) is assignable to
A (Acdqds)- 1419 This isomer also shows a (+) CD band
at 20400 cm™! arising from the [Co(gly)(en)(u-OH),]
moiety, the first absorption band of which is expected
to be observed at the higher energy side compared to
that of the [Co(edda)(u-OH)2] moiety. Therefore, the
configuration around the [Co(gly)(en)(u-OH),] moiety
is assignable to A (Aen,gy). The F2 ((—)$3) shows
two (—) CD bands in the first absorption band region.
Such a CD pattern suggests that both of the configura-
tions around the [Co(edda)(u-OH);] and [Co(gly)(en)-
(u-OH)2] moieties are assignable to Aegqe and Aep giy,
respectively.

In a previous paper it was suggested that an iso-
mer which has the A-A configuration shows a larger
CD intensity at ca. 34000 cm™! than that which has
the A-A configuration in di(u-hydroxo)dicobalt(I1I)
complexes.®) The CD intensity of F2 at ca. 34000 cm ™!
is much larger than of F1; accordingly, the configura-
tions of F2 and F1 are assigned to A-A and A-A4,
respectively. These assignments are in line with those
based upon the CD behaviors in the first absorption
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Table 1. Acid Hydrolysis Products of Di-p-hydroxo-dicobalt(III) Complexes and Carbonato-cobalt(III) Complexes

Complexes Mononuclear complexes obtained by the acid hydrolyses

(Assigned structure) [Co(edda)(OHa)o]* [Co(gly)(en)(OHz)7]**
UP Peak CD Sign UV Peak CD Sign
(Structure) (Configuration) (Structure) (Configuration)

[Co(gly)(en)Co(edda) (u-OH)o] *

F1 540 nm (—)SR 498 nm (—)SB
(Aa—-eddaAmer—en,gly) (0‘) (4) (mer(0)) (4)
F2 540 nm (-)$R 498 nm (+)SB
(Aa—eddaAmer—en,gly) (@) (4) (mer(0)) (4)
S1 518 nm (+)s82 514 nm (-)SR
(Aﬁ—-eddaAfac-—en,gly) (ﬂ) (A) (fac(O)) (A)
S3 518 nm (+)562 514 nm (+)SR
(Ap-eddad fac—en,gly) (8) (4) (fac(0)) (4)
(—)$B-A-a-[Co(edda)(CO3)]~ 540 nm (=SB — —
(@) (4)
(-)SR-AA-a-[Co(en)2Co(edda)(u-OH)2 )+ 540 nm (-)$R — —
(@) (4)
(—)$2-A-B-[Co(edda)(CO3)]~ 518 nm (H)S& — —
(8) (4)
(—)SB-A-mer(0)-[Co(gly)(en)(CO3)] — — 498 nm (+)$2
(mer(0)) (4)
(—)538-AA-fac(O) fac(O)-[Co(gly) (en)Co(gly) (en) (u-OH)2)** — - 514 nm ()58
(fac(0)) (4)
Col(gly)(en)Co(edda)(u-OH)a] C(1) C(2) €(3)
[Co(g }')(e;)l (edda)(u-OH)g] |
F2 Vo
s1 ‘_/ TN
53 A

a-[Co(edda)(en)] ™
B-[Co(edda)(en)]t

AA-a-
[Co(en)zco(edda)(p-OH)z]2+

TTTITTT
:

AA-
[Co(gly)(en)Co(gly)(en)(u-OH)p] 2+ 190 170 60 40

6/ppm

~0CO-CHy-NH-CHy—CHy-NH-CHy-COO "~
C(1) C(2) C@) c(3) C(2) C)

Fig. 1. '3C chemical shift patterns of the complexes and numbering of the carbons in edda.

band region. (gly)(en)(u-OH)2] moieties are assignable to A.qq4, and

A similar discussion can be made for S1 and S3. A, gy, respectively. Since the S3 ((—)SX) exhibits
The S1 ((—)$R) exhibits two (=) CD peaks in the  (—) (lower energy side) and (+) (higher energy side) CD
first absorption band region (Fig. 4); therefore, the  peaks in the first absorption band region, the configura-
configurations around the [Co(edda)(u-OH)s] and [Co-  tions around the [Co(edda)(u-OH),] and [Co(gly)(en)-
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N —OH N OH
=T Ny
o-[Co(edda)(u-OH),) B-[Coledda)(4-OH)y)
moiety moiety
/ N /N
N— OH N—|—OH
c / o /

(6] -——f—' OH ——l—OH
mer(0)- fac( o)
[Co(gly)(en)(u-OH)g) [Co(gly)(en)(1-OH)g)
moiety moiety

Fig. 2. Structures of the a- and 8-[Co(edda)(u-OH)2]

moieties and the mer(O)- and fac(O)-[Co(gly)(en)-
(u-OH)2] moieties.

(u-OH)2] moieties are assignable to Acqd4q and Aep, gy,
respectively. The CD intensity of S8 at ca. 34000 cm™!
is much smaller than that of S1.

Although the structural assignments for the present
dinuclear complexes were made on the basis of their
CD spectral data, the assignments remain obscure be-
cause the first absorption bands of the [Co(edda)(u-
OH),] and [Co(gly)(en)(u-OH)s] chromophores in the
dinuclear complexes are located in very close range. In
order to confirm the assignments we measured the UV
and CD spectra of the mononuclear complexes obtained
by acid hydrolyses of the dinuclear complexes (as de-
scribed below).

Acid Hydrolyses of the Di-py-hydroxo-dicobalt-
(III) Complexes. It is known that the hydro-
lyses of di-u-hydroxodicobalt(III) complexes in an acidic
aqueous solution give the corresponding mononuclear
species. An analysis of the products of the cleavage
reactions serves to elucidate the composition and struc-
tures of the polynuclear species.'®

In the present study the obtained dinuclear com-
plexes were hydrolyzed in 0.4 M HCIO4 at 40 °C;
then, the reacted solutions were chromatographed on
an SP-Sephadex column (Nat form, eluent: 0.1 M
NaClO4). When the hydrolyzed solution of F1 was
chromatographed, mononuclear complexes (which do
not show characteristic charge transfer bands aris-
ing from Co(u-OH)2Co) were separated as two bands
on a column. The UV and CD behaviors of the
faster eluted mononuclear complex agreed with those
of (—)SRB-A- a-[Co(edda )(OH3)s]* which was obtained
from the (—)$R-AA-[Co(en);Co(edda)(u-OH)2)?+? or
(—)$B- A-a-[Co(CO3)(edda)]t.'¥ The UV and CD
spectral behaviors of the later eluted mononuclear
complex agreed with those of (—)$R-A-mer(0)-[Co-
(gly)(en)(OHy)2]t which was obtained from (+)$a-
A-mer(0)-[Co(gly)(en)(COs)].'” Accordingly, the con-
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figurations of the F1 dinuclear isomer is assigned to
the Ay—cqda (A configuration on the a-[Co(edda)(p-
OH)2] moiety) and Apmer—en, gty (A configuration on the
mer(0)-[Co(gly)(en)(u- OH)2] moiety) configurations.
In the hydrolyzed solutlon of F2, only two mononu-
clear complexes ((—)$f-A-a-[Co( edda)(OHg)g]"' and
(+)SR-A-mer( 0)-[Co(gly)(en)(OHz)2]*) were detected.
Consequently, the configuration of F2 is assigned to
Aq—ecdda Amer—en,gly- The configurations of the F3
(the enantiomer of F2) and F4 (the enantiomer of
F1) isomers are assigned to Aq_cddaAmer—en,gly and
Aq—edda Amer—en,giy, Tespectively.

The a-[Co(edda)(OH)z)2]t and mer(O)- [Co(gly)-
(en)(OHy)2)?* were detected in hydrolyzed solutions of
F1—F4, while the (-[Co(edda)(OHz).]* and fac(O)-
[Co(gly)(en)(OHz)2]2* were detected in hydrolyzed so-
lutions of S1—S4. When a hydrolyzed solution of
S1 was chromatographed on an SP-Sephadex column,
two mononuclear complexes were eluted. The UV
and CD behaviors of the faster eluted mononuclear
complex agreed with those of (+)S$D-A- ﬂ-[Co(edda)
(OHz)2|*, which was obtained from (—)$R-A-3-[Co-
(edda)(CO3)]™.'* The UV and CD spectral patterns of
the later eluted mononuclear complex agreed with those
of (—)SR-A-fac(O)- [Co(gly)(en)(OHg) |*, which was
obtained from (—)$R-AA-fac(O)fac(0)-[Co(gly)(en)-
Co(gly)(en)(u-OH)])?+.2" Accordingly, the configura-
tion of S1 is assigned to Ag_eddaAfac—en,giy and that
of S2 (the enantiomer of S1) to Ag_cddaAfac—en,giy- I
the hydrolyzed solution of S3, two mononuclear com-
plexes ((+)SRA-pB-[Co(edda)(OHy).]* and (+)S$H-4
fac(0)-[Co(gly)(en)(OHz)]?*) were obtained. Con—
sequently, the configuration of S3 is assigned to
AB—eddaAfac—en,gly- The configuration of S4 (the enan-
tiomer of S3) is assigned to Ag—eddo Afac—en,gly-

Based on X-ray study of [Cra(L-pro)s(u-OH)s]-4H,O
and [Co(gly)(en)Co(gly)(en)(u-OH)3](ClO4)2-2H20 it
was clarified that the two intramolecular N-H---O hy-
drogen bonds (bridging two chromophores) stabilize the
di- u-hydroxo structure.?'® Moreover, it was clarified
that although the preparation of isomers having two
hydrogen bonds is easy, the preparation of isomers hav-
ing one or no hydrogen bond is difficult by the conden-
sation of parental mononuclear diaqua complexes in a
basic aqueous solution.® Accordingly, it is reasonable
to propose that the present dinuclear complexes, which
were prepared under basic aqueous condition, contain
two hydrogen bonds. In the 'HNMR spectrum of a
freshly prepared D50 solution of F1, we found the ami-
no protons at ca. 5.6 ppm (en) and 6.0 ppm (gly), while
the other amino protons were disappeared. This result
shows that the found amino protons are bonded more
tightly to the dinucler complex ion than are the dis-
appeared ones, which suggests the possibility that the
found ones form hydrogen-bonds. The found amino pro-
tons of F2, S1, and S3 appeared at {ca. 5.7 ppm (en)
and 6.0 ppm (gly)}, {ca. 4.8 ppm (en) and 6.5 ppm
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LI, L R —
F1 F2 S1 S3
ry 3 4 3 T 3 4 3
6/ppm
Fig. 3. ' HNMR spectra of the isomers of [Co(gly)(en)Co(edda)(u-OH)2)** in D20 (after deuteration of amine-protons).
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$ 0 N N
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( Co / Co / / Co /
2f N——f~0H——0 ] 'ﬁo
+5} N0 N \- 0 N
r Aa_edda Amer— —en,gly da_edde Amer—en,gly
- (F3 (H§H) (Fa (557
L N\
v O—I N —\—N
< L / Co / Co / / l o J/
OH N (0] OH
- S S
i Aﬁ edda Afac—en,gly Aﬁ—edda Afac—en,gly
i (s1((— )588 (S2 ((+)‘5381§ )
_5 -
|—gn] C—on}.
: L = L L o— OH—|—\—N N— OH— N
20
° 3. .—1 ® ° /( Co / Co / \ Co / Co
o/10% cm N—\f-oH O Oi———N
Fig. 4. Absorption and circular dichroism spectra of NN o ¥N O/

the isomers of [Co(gly)(en)Co(edda)(u-OH)2)?*: F1
(—), F2 (---), S1 (---), and S3 (-++-).

(edda)}, and {ca. 4.9 ppm (en) and 6.6 ppm (edda)}
respectively. These protons can be regarded as form-
ing hydrogen-bonds. By taking into account the above-
mentioned results, we can obtain the structural assign-
ments summarized in Table 1; the structures are illus-
trated in Fig. 5.

Stability of the Dinuclear Complexes. The -

absorption spectral changes with time were measured
in the aqueous solutions of some di-u-hydroxo com-

Aﬂ—edda Afac——en;gly
(S3((-)$8)

Fig. 5.

(edda)(u-OH)z]?t.

Aﬂ-—edda Afac—en,gly
(54 (HER)

Structures of the isomers of [Co(gly)(en)Co-

plexes at room temperature. The neutral aqueous so-
lutions of the present complexes showed no spectral
change for one week, while that of [Coz(NHj3)g (u-OH)2)-
Bry showed an obvious change after one day. This
means that the present complexes are more stable than
[Coa(NH;3)g(u-OH)a)t, suggesting that the intramolec-
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ular N-H---O hydrogen bonds are important for the
stability of the dinuclear structure. Furthermore, the
present results suggest that the chelation mode of edda
is regulated by the geometrical structure of the [Co-
(gly)(en)(u-OH)2] moiety through the two N-H---O
hydrogen bonds. That is, the mer(O)-[Co(gly)(en)-
(u-OH)2] moiety forces the [Co(edda)(u-OH)s] one to
take the o chelation mode to form two hydrogen bonds
(Ngiy—H:--Oeggq and Nep—H--Oeqqo); the fac(0)-[Co-
(gly)(en)(u-OH)3] moiety forces the [Co(edda)(u-OH),]
one to take the § chelation mode to form two hydrogen
bonds (Negga—H:--Ogiy and Nep—H:--Ocggq).

In the case of [Co(en)2Co(edda)(u-OH),)2*, the [Co-
(en)2(u-OH)g] moiety can form two hydrogen bonds
(Nen—H:--Oc44,) with the a-[Co(edda)(u-OH)s] one,
but can form only one hydrogen bond (Ne,—H---Ocg4a)
with the §-[Co(edda)(u-OH)3] one. Accordingly, the
isomers of [Co(en)2Co(edda)(u-OH),]%* with a-mode
edda should be more stable than those with $-mode
edda. It was reported in a previous paper that although
the former isomers were isolated, the latter were not.®
The above-mentioned results for [Co(en)2Co(edda)(u-
OH)3)%*, together with the results reported in this pa-
per for [Co(gly)(en)Co(edda)(u-OH)s]t, suggest that
dinuclear complexes which have two N-H---O hydro-
gen bonds are selectively formed by the condensation
of parental mononuclear complexes in the basic aque-
ous solutions.

In conclusion: (1) we prepared four geometrical iso-
mers of the complicated dinuclear complex ion, [Co-
(gly)(en)Co(edda)(u-OH),]*, by condensation of the
parental mononuclear complexes, [Co(edda)(OHz)2]™
and [Co(gly)(en)(OHz),]?T, in a basic aqueous solu-
tion and their structures were clarified; (2) the acid hy-
drolysis method used to characterize the mononuclear
complexes derived from di-y-hydroxodicobalt(III) com-
plex was employed to reveal the structure of the compli-
cated dinuclear complex, such as [Co(gly)(en)Co(edda)-
(u-OH)2]*; and (3) the number of the N-H---O hydro-
gen bonds is important for the stability of the dinuclear
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structure and the coordination mode of a ligand on one
metal ion of the dinuclear complex is regulated through
the N-H---O hydrogen bonds formed with the ligand on
the other metal ion.
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