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The mixed-ligand complexes, Ba[Co(mida)(dipept)], (where mida is N-methyliminodiacetate and dipept
denotes dianions of glycyl-L-alanine, L-alanylglycine, glycyl-L-leucine, L-leucylglycine, glycyl-B-alanine, f-alanyl-
glycine, vr-alanyl-f-alanine, and f-alanyl-L-alanine) have been prepared. The structure and properties of these
complexes have been characterized by their electronic absorption, CD, and NMR spectral data.

Most studies on the metal complexes with peptides
have attempted to understand the behavior of metal
ions in living systems.)) However, there are not enough
data on the structures and properties of the cobalt(III)
complexes with peptides.

The crystal structure of the cobalt(III) complex
with glycylglycinate has been determined by the X-ray
method.?> In this complex the dipeptide binds to
cobalt in terdentate fashion (meridional form) through
the nitrogens of amino and amide groups and the
oxygen of carboxyl group. The preparation and prop-
erties of the bis(dipeptidato) complex, [Co(oy-0t5)5]~
(oy-ocy represents the dianion of the dipeptide Hoe,-
o5, where o; is the N-terminal residue) have been
studied in detail by Boas ef @/ On the other hand,
little work has been done on the mixed-ligand com-
plexes containing dipeptide and one other ligand,
though the complexes [Co(NH,);(e;-,)]* and [Co-
(dien) («y-0t5) ]+ have been prepared and characterized
by Browning et al.9)

Recently we found that the complexes of [Co(ida)-
(oty-0t5)]~ exhibit novel spectral behavior in the region
of the d-d transition band,” compared with that for
the typical cobalt(III) chromophore of the type [Co-
(N)3(0)3].® In the present paper we report the prep-
aration of mono(dipeptidato) complexes of the type
[Co(mida) (ay-a,) ]~, where mida represents the dianion
of N-methyliminodiacetic acid, Hymida. These com-
plexes have been characterized by elemental analysis,
1H-NMR, absorption, and CD spectroscopy. In order
to study the influence of the chelate-ring size of di-
peptide on the properties of the [Co(mida)(e;-0t5)]~
complexes, especially on the absorption and CD spectra,
the complexes of the dipeptides containing S-alanine
have been studied in detail. The eflects of the pH
on the absorption and CD spectra have been also
examined.

Experimental

Ligands. N-Methyliminodiacetic acid (Hymida) was
prepared according to the literature.”

Glycyl-f-alanine was prepared by a combination of con-
ventional techniques, using N-(benzyloxycarbonyl)glycine (z-
gly) and p-alanine ethyl ester (f-ala-OEt) as the starting
materials.®) Dicyclohexylcarbodiimine coupling was used to
form the dipeptide derivative from these precursors. The
peptide hydrobromide (H,gly-f-ala-HBr) was formed by
the reaction of z-gly-$-ala-OEt with aqueous NaOH solution
and then with HBr-acetic acid. The HBr salts of f-alanyl-
glycine (H,f-ala-gly), L-alanyl-f-alanine (H,r-ala-§-ala), and
p-alanyl-rL-alanine (H,f-ala-L-ala) were also prepared by the

same method as that of Hygly-B-ala-HBr. These dipeptides
were used for the syntheses of the complexes without remov-
ing HBr. The other dipeptides, glycylglycine (H,gly-gly),
L-alanylglycine (H,L-ala-gly), glycyl-L-alanine (H,gly-L-ala),
L-leucylglycine (H,L-leu-gly), and glycyl-i-leucine (H,gly-
L-leu), were obtained commercially from Sigma Chemical
Company and Protein Research Foundation. These dipep-
tides were used without further purification.

Preparation of Complexes. Ba[Co(mida) (gly-L-ala)],-
5H,0: An aqueous solution (10 cm3) of cobalt(II) chloride
hexahydrate (2.37 g, 0.01 mol) was added slowly to an
aqueous solution (10 cm3) containing glycyl-L-alanine (1.46
g, 0.01 mol) and N-methyliminodiacetic acid (1.47 g, 0.01
mol), adjusting the pH of the mixed solution at ca. 9.5 with
sodium hydroxide. The resulting solution was oxidized
with lead dioxide (5 g) at 40 °C for about 1 h with stirring,
and then it was cooled to room temperature. After removal
of insoluble material by filtration, the filtrate, which con-
tained [Co(gly-L-ala),]~, [Co(mida),]-, [Co(mida)(gly-L-
ala)]~, and some minor products, was chromatographed
on a column (4.5 cm X 90 cm) of QAE-Sephadex A-25 using
0.05 Mt KCl as an eluant. After the elution of bis(di-
peptidato)cobaltate(III) complex, the objective dark-gray
band ([Co(mida)(gly-L-ala)]~) was separated completely
from the overlapped brown-violet band (fac-[Co(mida),]~)
by further development of another column (4.5 cmx 90 cm)
connected to the original column with a teflon tube (¢ 1 mm).
The eluted solution from the dark-gray band was concen-
trated to a small volume (20—30 cm?) using a rotary evap-
orator at ca. 35°C. To the concentrated solution was
added a large amount of methanol, and then potassium
chloride which deposited was filtered off. The filtrate was
concentrated again to a few milliliters, and the residual
KClI in the solution was removed by using a Sephadex G-10
column (3 cmXx90 cm). The deliquescent potassium salt of
the complex was converted to barium salt by chromatography
on SP-Sephadex C-25 to give a crystalline product. The
barium salt was recrystallized from an aqueous solution by
addition of ethanol and acctone.

The preparations of the type Ba[Co(mida)(e;-0t5)], con-
taining other dipeptide ligands were carried out by the
same method as described above. Analytical data of the
new complexes are listed in Table 1.

[Co( NH,),(gly-f-ala)]Cl-H,0: Preparation of this com-
pound was performed in the same way as that for the cor-
responding glycylglycinato complex.» Concentrated aqueous
ammonia (15 cm?®) was added to the solution containing
glycyl-f-alanine hydrobromide (4.54 g, 0.02 mol) and co-
balt(II) chloride hexahydrate (4.74 g, 0.02 mol) in water
(10 cm3). Hydrogen peroxide (309%, 2 cm?®) was added
slowly to the above ammoniac solution with constant stirring
and then the solution was gently warmed for 10 min. The
complex, [Co(NHj;);(gly-f-ala)]*, in the reactant solution

T 1 M=1 mol dm-3.
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TABLE 1. ANALYTICAL DATA OF THE COMPLEXES
G, % H, % N, %
Complex —_— —

Found  (Calcd) Found  (Calcd) Found  (GCalcd)
Ba[Co(mida) (gly-gly)],-9H,O 22.73 (22.34) 4.73 (4.58) 8.24 (8.68)
Ba[Co(mida) (gly-L-ala)], - 5H,O 25.96 (26.00) 4.14 (4.36) 8.82 (9.10)
Ba[Co(mida) (v-ala-gly)],+- 6H,O 25.79 (25.51) 4.18 (4.49) 8.62 (8.92)
Ba[Co(mida) (gly-L-leu)], -6H,O 30.38 (30.36) 5.40 (5.29) 8.08 (8.17)
Ba[Co(mida) (L-leu-gly)], - 5H,O 30.70 (30.98) 4.99 (5.20) 8.14 (8.34)
Ba[Co(mida) (gly-g-ala)], -4H,0O 26.13 (26.52) 4.12 (4.23) 9.52 (9.28)
Ba[Co(mida) (f-ala-gly)],- 2H,O 27.53 (27.62) 3.81 (3.94) 10.13 (9.66)
Ba[Co(mida) (r-ala-f-ala)], - 6H,O 26.94 (27.25) 4.82 (4.78) 8.87 (8.68)
Ba[Co(mida) (f-ala-L-ala)], - 3H,O 28.81 (28.85) 4.07 (4.40) 8.87 (9.18)
K[Co(f-ala-gly),] -H,O 29.64 (29.71) 4.51 (4.49) 14.33  (13.83)
[Co(NH,),(gly-p-ala)]Cl-H,O 19.68 (19.52) 6.30 (6.23) 23.11  (22.77)

was separated from by-products on a SP-Sephadex C-25
column (4.5 cmx 50 cm) by elution with 0.05 M KCl solu-
tion. Potassium chloride was removed by the same method
as that described above. The complex obtained was re-
crystallized from an aqueous solution by addition of ethanol.

K[Co(p-ala-gly),]-H,0: p-Alanylglycine  hydrobromide
(2.27g, 0.01 mol) was dissolved in water (10 cm3). The
solution was adjusted to pH ca. 9.5 with sodium hydroxide.
An aqueous solution containing Co(NO,),-6H,O (1.46g,
5mmol) in water (10 cm3) was added drop-by-drop to
the above solution, adjusting the pH of the solution at ca.
9.5 with NaOH. After an addition of activated charcoal
(0.5 g) the mixed solution was oxidized by an air stream
for 12h. The reactant solution was chromatographed on
a QAE-Sephadex A-25 column (4.5 cmXx90cm). The ob-
jective complex was eluted with 0.05 M KCI, and KCI was
removed by the same method as that for the Ba[Co(mida)-
(gly-L-ala)], complex. The complex was recrystallized from
water by addition of ethanol and acetone.

Measurements. The absorption spectra were measured
by a Hitachi 557-type spectrophotometer and the CD spectra
by a JASCO J-22 spectropolarimeter. The proton NMR
spectra were recorded on a JEOL MH-100 spectrometer
with DSS as an internal reference.

Results and Discussion

The mixed ligand complexes, [Co(mida)(o;-e5)],
were conveniently prepared by the oxidation of the
aqueous solutions containing cobalt(II) chloride, di-
peptide, and Hymida with lead dioxide, but this pre-
parative method gave also substantial quantities of
by-products: [Co(mida),]~, [Co(ay-05)s]~, and others.
The vyields of the mixed ligand complexes depend
very much on the pH of the reaction solutions; at low
PH (ca. 7) a large amount of [Co(mida),]~ and minor
products were formed, and at high pH (ca. 11) the
initially formed precipitate (presumably cobalt(II) hy-
droxide) prevented the formation of the mixed type
complexes. The pH range of 9 to 10 was most suitable
for the preparation of the mixed type complexes; the
racemization of active peptides may also be ignored
in this pH range.® With the dipeptides containing
p-alanine, however, the reactions were carried out in
the pH range of 8 to 9 to prevent the formation of
precipitate.

The [Co(mida)(e;-2,)]~ anion was separated from
other uninegative complexes, [Co(mida),]~ and [Co-
(0-0t5)5]~, on a QAE-Sephadex A-25 column by elu-
tion with 0.05 M KCl. The order of the elutions
was: [Co(oy-05),]~, [Co(mida),]—, and [Co(mida)(e;-
o;)]=. In the cases of the p-alanylglycine and g-
alanyl-r-alanine, however, the [Co(mida)(f-ala-«,)]~
was eluted faster than the [Co(mida),]~ anion. For
all the peptides used here, it was difficult to separate
completely [Co(mida)(«;-a,)]~ from [Co(mida),]~ on
a QAE-Sephadex column, but these complexes could
be separated by the different solubility of their potas-
sium salts in a mixed solvent of methanol-water.
Partial separation of these complexes also occurs on
a Sephadex G-10 column. The potassium salts of
the [Co(mida)(et;-«;)]~ could not be often obtained
in crystal state, because they are very hygroscopic.
Accordingly, the salts were converted to the barium
salts to give crystalline products.

Proton NMR Spectra. The dipeptide containing
only a-amino acids coordinates to cobalt(III) in merid-
ional configuration, and the chelate rings of the di-
peptide ligand take the coplanar form. This has been
established for the bis(glycylglycinato) complex by two
independent X-ray crystallographic studies.2% The
TH-NMR spectrum of [Co(mida)(gly-gly)]~ in slightly
basic DyO shows only one AB pattern (6,=4.42,
05=4.02 ppm, J,.,,=16.5 Hz) for the two CH, groups
of mida, indicating that both gly-gly and mida adopt
the mer disposition.®) An additional support for the
mer structure of [Co(mida)(gly-gly)]~ is provided by
BC-NMR data; the peaks at 66.1 and 183.1 ppm
can be assigned to two methylene and two carboxyl
carbons, respectively, indicating an equivalence of the
two acetate groups in mida ligand. The 'H-NMR
data of other [Co(mida)(a;-o)]~ in slightly basic D,O
are listed in Table 2. With the dipeptides containing
only a-amino acids, the structure of these complexes
can be also concluded to be mer on the basis of the
1H-NMR data of the mida ligand. In the spectra
of [Co(mida)(gly-r-ala)]~ and [Co(mida)(gly-L-leu)]-,
the signal of the C-terminal methine proton can not
be assigned clearly because of the overlap of the methyl-
ene signals of mida. The same situation is also re-
alized in [Co(mida)(r-leu-gly)]—; the resonances due
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TasLE 2. 'H-NMR pata oF THE TYPE [Co(mida) (e¢y-0t;)]~ COMPLEXES
Mida(ppm) N-Terminal («;) (ppm) C-Terminal («;) (ppm)
—
oty -CH,- -CH,- -CH,-CH,-
e : C(gs (-CHY) -CH,-CH,- (:ggz_‘) P

(AB, J(Hz)) ! .

gly-gly 4.42  4.02(16.5)  3.07  3.47(s) 4.35(s)

gly-L-ala 4.42 3.99(17.0) 3.02 3.49(s) a)

L-ala-gly 4.42 4.00(16.5) 3.08 3.61(q, J=7.0) 4.36(s)

gly-L-leu 4.41 3.93(16.5) 3.00 3.53, 3.38(AB, J=16.0) a)

Lleu-gly 4.39  3.97(16.5)  3.09  3.54(br) {:)-35’ 4.38 4

gly-B-ala 4.53 3.75(16.5) 2.94 3.37(s) 2.47 (br), 3.61(br)

B-ala-gly 4.50 3.70(17.0) 2.74 2.58(s) 4.20(s)

L-ala-B-ala  4.55  3.80(16.5)  3.01  a) 2.50(br), 3.63(br)

B-ala-L-ala 4.51 3.76(16.5) 2.74 2.59(br, s) a)

AB: AB pattern resonance, s: singlet, q: quartet, br: broad.

a) Obscured by overlap of another resonance.

il
Lkl

5 2 ppm 1

Fig. 1. The H-NMR spectra of [Co(NH,),(gly-g-
ala)]* (1), [Co(mida)(gly-f-ala)]~ (2), and [Co(mida)
(L-ala-f-ala)]~ (3) in alkaline D,O.

to the C-terminal CH, which are only slightly in-
equivalent (4.35 and 4.38 ppm) are overlapped by
one component of the resonances due to the CH,
of mida. In the present study, the [Co(mida)(r-leu-
gly)]~ is the only example in which the C-terminal
CH, protons are inequivalent at 100 MHz.
Examination of molecular models indicates that the
dipeptides containing f-alanine can coordinate to co-
balt(III) in both mer and fac configurations. On the
other hand, the mida ligand adopts preferably the
Sfac disposition, although the mer-K[Co(mida),] has
been stably isolated.l® Figure 1 shows the com-
parison among the H-NMR spectra of [Co(NH,),-
(gly-p-ala)]+, [Co(mida)(gly-B-ala)]-, and [Co(mida)-
(r-ala-f-ala)]~ ions in slightly basic D,O. The spec-

b) Inside components of AB pattern.

(1)

(2)

(3)

] 1 1 1 1 1 1

5 4 3 2ppm 1

Fig. 2. The *H-NMR spectra of [Co(f-ala-gly),]~ (1),
[Co(mida)(f-ala-gly)]- (2), and [Co(mida)(f-ala-L-
ala)]- (3) in alkaline D,O.

trum of [Co(NHj)s(gly-f-ala)]* exhibits three re-
sonance peaks: a singlet signal due to the N-terminal
CH, at 3.28 and two broad triplet-like peaks due to
the C-terminal —-CH,-~CH,— at 2.50 and 3.45 ppm. In
the [Co(mida)(gly-p-ala)]~ complex, the resonances of
the gly-f-ala ligand are analogous to those of [Co-
(NHj)3(gly-p-ala)]*, and an AB pattern in the range
of 3.66 to 4.62 ppm can be assigned to the two CH,
groups of mida, giving a hint of the equivalence of
the two methylenes. This spectrum supports the as-
sertion that the [Co(mida)(gly-f-ala)]- complex has
the mer configuration. The same situation is realized
in the [Co(mida)(r-ala-#-ala)]~ complex, in which only
one AB pattern resonance due to the two CH, of
mida indicates that the mer configuration is taken.
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TasLe 3. AssorpTiON AND CD spEcTrRA OF THE TYPE [Co(mida)(o-0t5)]~ COMPLEXES IN THE d-d
TRANSITION REGION MEASURED IN WATER

CDex; ¢/10° cm= (Ag)

oty=cty AB,,x 0/103 cm~? (logé)

gly-gly 17.30(2.18) 21.05(2.27) 25.97(2.12)

gly-L-ala 17.04(2.24) 20.83(2.32) 25.06(2.19) 16.81(—0.62) 20.75(—0.59) 25.19(—0.68)
L-ala-gly 17.09(2.19) 20.88(2.29) 25.13(2.15) 16.31(—0.37) 20.75(—0.19) 25.71(—0.25)
gly-L-leu 17.12(2.21) 21.19(2.30) 25.51(2.19) 16.39(—1.22) 21.28(—1.06) ca.24.50sh (—0.90)
L-leu-gly 17.09(2.22) 20.83(2.34) 25.32(2.17) 16.37(—0.51) ¢a.19.50sh (—0.26) 25.77(—0.29)
gly-B-ala 16.84(2.20) 20.24(2.19) 25.32(2.13)

p-ala-gly 16.75(2.21) 20.41(1.85) 25.38(2.31)

L-ala-f-ala 16.72(2.23) 20.41(2.21) 25.19(2.17) 16.39(—0.60) 20.75(+0.08) 24.69(—0.51)
p-ala-r-ala 16.67(2.20) 20.41(1.85) 25.45(2.33) 16.08(—1.13) 20.53(41.83) 25.00(—3.71)

sh: Shoulder.

The complex, [Co(f-ala-gly),]—, shows a simple
NMR spectrum (Fig. 2). The two peaks with the
relative intensity of 2:1 at 2.43 and 4.12 ppm can be
assigned to the N-terminal ~-CH,~CH,— and C-terminal
CH, protons, respectively. In the spectrum of [Co-
(mida)(f-ala-gly)]—, the two singlets at 2.58 and 4.20
ppm can be assigned to the N-terminal —CH,—CH,-
and C-terminal CH, protons, respectively, and the
AB pattern (6,=4.50, 6;=3.70 ppm, J,.,=17.0 Hz)
to the two CH, groups of mida. It is also suggested
that the configuration of [Co(mida)(f-ala-gly)]~ is
mer. A singlet resonance which arises from the —CH,—
CH,— group of the f-ala-gly in these complexes is in
accordance with the data observed for the cis(N)irans-
(O4,N)-[Co(p-ala)(gly) (ox)]~ complex.tV)

In the case of the dipeptide complexes containing
f-alanine, the chelate rings of the coordinated di-
peptide are not coplanar. Consequently, the con-
formational isomerism due to the puckered S-alanine
ring can be expected for the [Co(mida)(e-p-ala)]~
or the [Co(mida)(g- ala-ocz)]‘ However, the inter-
conversion between the ring conformations is pre-
sumed to be easy. The simple H-NMR spectra of
p-alanyl groups in their complexes may be attributed
to the rapid interconversion. The [Co(mida)(e;-a5)]~
complex provides another problem of the conforma-
tional isomerism arising from the choice of the con-
formation of mida ligands: which is the methyl group
of mida directed to, the C- or the N-terminal residue
of dipeptide ligand? In all the [Co(mida)(a;-a,)]~
complexes isolated in this work, the signal assigned
to the methyl protons of mida exhibited a sharp singlet,
suggesting an existence of only one isomer. Our
present data are not sufficient to decide the conforma-
tion of the mida ligand. The possibility of the rapid
interconversion between the two conformational iso-
mers due to the methyl moiety may be ignored, be-
cause such interconversion requires the rupture of the
coordinate bond.

Absorption Spectra. Figure 3 shows the absorp-
tion spectra of the [Co(mida)(gly-r-ala)]~ and [Co-
(mida)(r-ala-gly)]~ complexes together with their CD
spectra. The absorption spectra of both complexes
are quite similar to each other and also to that of
[Co(mida)(gly-gly)]~ (the spectra are little affected
by the o«-substituents in the N- and C-terminal res-

log €

log €

4€

20 30

0/10% em™!
Fig. 3. The absorption and CD spectra of [Co(mida)-
(gly-L-ala)]= (——) and [Co(mida)(r-ala-gly)]~
(++++++) in water.

idues of dipeptides). Such similarities were also ob-
served in the spectra of [Co(mida)(gly-L-leu)]~ and
[Co(mida)(L-leu-gly)]~ complexes. The spectral data
are summarized in Table 3. The typical cobalt(III)
chromophore of the type mer-[Co(N)3(O),] shows two
d-d transition bands (the lower-energy one is slightly
split) with nearly equal intensity in the visible region.®)
However, the [Co(mida)(a;-a,)]~ complexes show three
bands in the visible region; two components in the
lower-energy band region have enhanced intensities
and are markedly separated from each other.

As shown in Fig. 4, the absorption spectrum of
the [Co(mida)(r-ala-f-ala)]~ complex is similar to that
of the type [Co(mida)(e;-ot5)]~ complex in which both
o; and «, are o-amino acid residues, though they
differ from one another in the relative intensities of
the two band components in the lower-energy band
region. On the other hand, the [Co(mida)(g-ala-L-
ala)]~ (Fig. 4) shows the remarkably different ab-
sorption behavior in the d-d transition region, com-
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Fig. 4. The absorption and CD spectra of [Co(mida)-
(r-ala-g-ala)]- (——) and [Co(mida)(f-ala-L-ala)]~
(+++++) in water.

pared with those of the other [Co(mida)(a;-05)]~ com-
plexes; one of the split lower-energy bands has low
intensity, but the higher-energy band has enhanced
intensity. The spectrum of the [Co(mida)(8-ala-gly)]~
complex indicates quite similar behavior to that of
the corresponding complex with p-ala-L-ala. Molec-
ular models provide no obvious reasons for the
difference between the spectral behaviors of the
[Co(mida)(ey-f-ala)]~ and [Co(mida)(8-ala-ap)]~ com-
plexes.

CD Spectra. Unlike the bis(dipeptidato)cobalt(III)
complexes, the chelate rings forming the environment
of the central cobalt are symmetrical in the [Co(mida)-
(ety-0t5) ]~ complex, ruling out any configurational con-
tribution to the optical activity. Also, in the case of
the dipeptide, a;-05, where both «; and «, are z-amino
acids, no conformational contribution to the optical
activity can be invoked, because of the planarity of
the entire dipeptide ligand. Therefore the sole source
of optical activity in the d-d transition region is ascribed
to the vicinal effect of the asymmetric carbon.1?)

Both the [Co(mida)(r-ala-gly)]- and [Co(mida)-
(gly-L-ala)]~ complexes show three negative CD bands
associated with three absorption bands in the visible
region (Fig. 3 and Table 3). Similar CD spectra
were obtained for the [Co(mida)(r-leu-gly)]— and [Co-
(mida) (gly-L-leu)]~ complexes. It is remarkable that
these complexes have a comparatively intense CD as-
sociated with the higher-energy d-d band. The asym-
metry factor g(=Ag¢/¢) for the higher-energy d-d band
is comparable to that for the lower-energy one, whereas
in most optically active cobalt(III) complexes, the
g value for the higher-energy band is much lower
than that for the lower-energy band.!® There is a
large difference in the magnitude of Ae,,, between
[Co(mida)(gly-1-ala)]~ and [Co(mida)(r-ala-gly)]-,

Hiroshi Kawacucui, Makoto Kanektyo, Tomoharu Ama, and Takaji Yasut
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200

100

Fig. 5. The absorption (AB) and CD spectral changes
of [Co(mida)(gly-L-leu)]- in HCIO, (0, 0.02, 0.05,
0.1, 0.2, 0.3 M).

which is not easy to explain, as the bis(dipeptidato)-
complexes with these peptides have similar values of
Ag,.,. Also, this difference can not be attributed to
the racemization of ligand during the synthesis of
the complex, because in the weak alkaline solution
only the C-terminal methylene or methine protons
undergo the exchange reaction.?®

As shown in Fig. 4, both the [Co(mida)(f-ala-L-
ala)]~ and [Co(mida)(r-ala-g-ala)]~ complexes show
the negative and positive CD bands associated with
the lower-energy d-d transition and a strong negative
CD band associated with higher-energy d-d transition.
The CD data for these complexes also show that the
magnitude of Ae¢,,, from the C-terminal active center
is larger than that of Ae,,, from the N-terminal one.
The [Co(mida)(f-ala-L-ala)]~ complex has extremely
intense CD bands in the d-d transition region, especial-
ly in the higher-energy side. Though the puckering
in the f-alanine-chelate ring of the f-ala-a, (or «;-f-ala)
ligand gives rise to some conformational contribution
to the total CD, it is unlikely on the examination of
molecular models that one conformation would be
favored.

Protonation on [Co(mida)(oy-a5)] . An example
is described in detail of the protonation on the [Co-
(mida) (e;-a;) ]~ species with glycyl-L-leucinate in acid
solution. As shown in Fig. 5, on increasing the acid
concentration, two components of the lower-energy
d-d band approach each other and the higher-energy
d-d band shifts to the higher-energy side with increasing
of the intensity. The CD bands in the lower-energy
d-d transition change in the same pattern as the ab-
sorption bands do, whereas the CD band in the higher-
energy band region decreases in intensity. The changes
of the absorption and CD spectra show isosbestic points
and also are reversible, indicating that the changes
are due to the protonation on the amide oxygen of
the coordinated peptide,’® and ruling out the suc-
cessive protonation on the coordinated carboxyl group
which has been proposed for the [Co(NHj)(oy-000)]%
complexes.?) The conjugate system of the amide group
should be strikingly affected by the protonation fol-
lowing the spectral change. These acidic solutions
were stable on standing at room temperature for
several hours. The same situation was realized for
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Fig. 6. The absorption spectra of the type [Co(mida)-
(oy-05)]~ in water (—) and 609% HCIO, (:-).
ooy (1) gly-L-leu, (2) r-leu-gly, (3) gly-L-ala, (4) L-
ala-gly, (5) gly-g-ala, (6) p-ala-gly, (7) r-ala-B-ala,
(8) p-ala-L-ala.

the other [Co(mida)(x;-a)]~ complexes examined.
Figure 6 shows the comparison between the absorption
spectra in water and in 609, HCIO,, i.e., the spectra
of the deprotonated and protonated type complexes.
The spectral change caused by protonation is larger
for the [Co(mida)(«;-ot;)]~ complex than for the [Co-
(ot3~0t5) 5]~ complex.

The protonation on the amide group intimately
depends on the kind of dipeptide ligand; for the di-
peptides containing f-alanine, especially N-terminal
p-alanine, the protonation occurred in the weakly acidic
solution, whereas for the dipeptides with N-terminal
substituent, the protonation took place in the strongly
acidic solution. However, it was impossible to cal-
culate precisely the pK, for the protonation on the
amide group from the variation of & or Ae with pH,
because of the difficulty of the measurement of mean-
ingful pH in strongly acidic solutions. The pK, values
estimated semi-quantitatively decreased in the fol-
lowing order:

[Co(mida) (f-ala-L-ala)]~ =~ [Co(mida) (f-ala-gly)]~ >
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[Co(mida) (gly-B-ala)]~ > [Co(mida) (L-ala-B-ala)]~ >
[Co(mida) (gly-L-leu)]~ ~ [Co(mida) (gly-L-ala)]~ >
[Co(mida) (gly-gly)]~ > [Co(mida) (L-leu-gly)]~ ~
[Co(mida) (L-ala-gly)]~.
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