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Nickel(II) and cobalt(III) chelates of the Schiff bases derived from salicylaldehyde and dipeptides such as
glycylglycine, glycylalanine and alanylglycine have newly been prepared. The reactivity of methylene or
methine groups in the dipeptide moieties of those Schiff base chelates has been investigated on the basis of their

PMR spectra in D,O.

It has been confirmed that the methylene or methine protons of the N-terminal amino

acid residue are more easily activated than those of the C-terminal amino acid residue.

It was demonstrated by Williams and Busch® that
the methylene or methine protons of z-amino acids
are activated on chelation with metal ions. Fore
this, threonine had been synthesized from bis(gly-
cinato)copper(II) and acetaldehyde in the presence
of sodium carbonate.?) It was reasoned that the amino
group would be protected by coordination, and suf-
ficient activation of the methylene group would re-
sult from the polarizing effect of the metal ion.2—%)

Similar investigations have recently been extended
to the case of coordinated dipeptides. For example,
Noda ¢t al.® reported that the main product out of
the reaction between glycylglycine and formadehyde
in the presence of copper(Il) is serylglycine, not ac-
companied by glycylserine or serylserine at all. This
suggests that the methylene group in the N-terminal
amino acid residue is selectively activated on chela-
tion with metal ion. On the other hand, Gillard
et al.®) reported that the methylene protons of
the C-terminal amino acid residue in the cobalt(I1I)
dipeptide chelates are replaced easily in alkaline so-
lution by the deuterons of heavy water, but not those
of the N-terminal amino acid residue.

In order to clarifying the two conflicting results,
we have investigated the selective activation of me-
thylene or methine groups in coordinated dipeptide
Schiff bases.

This paper deals with the preparation of nickel(II)
and cobalt(III) chelates of the Schiff bases derived
from salicylaldehyde and dipeptides containing glycine
and/or «-alanine, and the results of PMR study of
those chelates in view of the selective activation of
methylene or methine groups in coordinated dipep-
tide moieties. On the basis of our findings, the con-
clusions of Noda et al. and Gillard et al. have consis-
tently been explained.

Experimental

Glycyl-a-alanine and «-alanylglycine were prepared accord-
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ing to the method of Hanson and Smith” and Miller et al.?,
respectively.

Na[Ni(Sal=Gly-Gly)]-H,0 was obtained in a similar way
to that described in the preceding paper? employing 1N
sodium hydroxide solution. Found: C, 38.97; H, 3.29;
N, 8.17%. Calcd for Na[Ni(C,;;H,N,0,)]-H,O: G, 39.67;
H, 3.31; N, 8.429%.

K[Ni(Sal=1-Ala-Gly)]-H,0: 1.5g of vL-alanylglycine
and 3 g of bis(salicylaldehydato)nickel(II) were dissolved in
15ml of water. The mixture was adjusted to pH 9—10
with 1 N potassium hydroxide solution, stirred at 25°C for
an hour and filtered. To the filtrate was added 600 ml of
a mixture of ether and ethanol (1 : 1 by volume) with con-
stant stirring, orange crystals being deposited. These were
dissolved in a small quantity of water, and then recrystal-
lized by dropwise addition of a mixture of ethanol and
ether (1 :1 by volume). Found: C, 39.16; H, 3.22; N,
7.63%. Calcd for K[Ni(C;,H;;N,O,)]-H,O: C, 39.67;
H, 3.58; N, 7.72%,.

K[Ni(Sal=Gly-L-Ala)}-2H,0 was prepared by the same
method as described above. Found: C, 37.73; H, 3.65;
N, 7.429%,. Calcd for K[Ni(C;,H,;N,0,)]1-2H,0: C, 37.82;
H, 3.94; N, 7.35%.

Ba[Co(NO,),(Sal=Gly-Gly)]-2H,0: To a mixture of
4 g of Nay[Co(NO,)e] and 20 ml of water was added a solu-
tion of glycylglycine (1.3 g) and salicylaldehyde (1.2 g).
The resulting mixture was adjusted to pH 9 with 2 N sodium
hydroxide solution. After it had been stirred at 60°C for
two hours, the reaction mixture was filtered. A hot satu-
rated aqueous solution of BaCl,-2H,0(10 g) was then added
to the filtrate. Upon cooling the solution, crystals were ob-
tained and recrystallized from hot water. Found: C,
23.86; H, 2.36; N, 10.20%. Galcd for Ba[Co(NO,),-
(C;HN,0,)]1-2H,0: C, 23.68; H, 2.33; N, 10.059%.

Ba[Co(NO,),(Sal=pL-Ala-Gly)]-3H,0 was obtained in
the same way. Found: G, 24.22; H, 2.99; N, 9.69%,.
Caled for Ba[Co(NO,),(C,H;;N,0,)]-3H,0: GC, 24.44;
H, 2.89; N, 9.50%.

Ba[Co(NO,),(Sal=Gly-1-Ala)]:2H,0 was obtained also
in the same way. Found: G, 25.03; H, 2.65; N, 9.76%,.
Calcd for Ba[Co(NO,),(C;H,;;N,0,)]:2H,0: C, 25.21;
H, 2.65; N, 9.809%.

PMR Measurement. The spectra were obtained by the
use of a JEOL C-60HL Spectrometer for deuterium oxide
solution containing about 200 mg of complex/0.8 ml D,O.
The chemical shift was measured relative to the sodium salt
of trimethylsilylpropane sulfonic acid taken as an internal
standard. The barium salts of the cobalt(IIT) complexes
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were converted into lithium salts using lithium sulfate, with
which the barium ion was precipitated as BaSO,. The
pD-adjustment was performed by the addition of 2 N NaOD-
heady water solution. A Yanagimoto pH-66A pH meter
equipped with a MGR-11A combined electrode was used
after standardization with a Nakarai standard buffer solu-
tion (pH 6.86 and 9.18 at 25°C).

Results and Discussion

Proton NMR spectroscopy is a convenient method
for studying the behavior of hydrogen atoms in metal
Schiff base complexes. We prepared a series of dia-
magnetic nickel(II) and cobalt(III) complexes of the
Schiff bases derived from salicylaldehyde and dipep-
tides (glycylglycine, glycyl-a-alanine and «-alanyl-
glycine) and investigated their PMR spectra at various
pD-values.

Nickel(1I) Complexes. The structures of nickel-
(I1) complexes are given in Fig. 1, in which the me-
thylene or methine group of the N-terminal amino
acid residue is denoted by (A), and that of the C-

terminal amino acid residue by (B).

N H
ll?z‘;? (A ?'R'
HC—N N=CH

l(B) \N-/
0C—-0" >0

R,R,=H or CH,
Fig. 1. General structure of nickel(I1I)-dipeptide-Schiff base
complexes.

The PMR spectra for [Ni(Sal=Gly-Gly)]~ are
illustrated in Fig. 2; (a) is the spectrum recorded com-
paratively soon after the solution was prepared at
room temperature and at pD 11.6. The resonance
signals at 2.8 and 3.4 ppm are considered to be due
to the methylene protons of (A) and (B), and those
at 6.5—8 ppm the phenyl and the azomethine protons.
Apparently the spectrum indicates that both the me-
thylene protons of (A) and (B) are not replaced by
deuterons. On the other hand, the spectrum shown
in Fig. 2-(b), which was recorded after allowing the
same solution to stand at 40°C for 27 days indicates
that the signal at 3.4 ppm has decreased but not that
at 2.8 ppm. This suggests that the only one methy-
lene protons of either (A) or (B) are replaced by deu-
terons, but not those of the others. We see from
Fig. 2-(c) that both the signals at 3.4 and 2.8 ppm de-
crease on allowing the solution to stand at 40°C and
at pD 13.1 for 23 days. Under this condition the
above trend is so remarkable as regards the signal
at 3.4 ppm that even the mark of signal cannot be
observed. It is considered that at this high pD-value
both kinds of methylene protons are eventually ac-
tivated, but the one is more easily activated than the
other.

Figure 3 shows the spectra of [Ni(Sal-r-Ala-Gly)]-
under various conditions. Spectrum (a) recorded
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Fig. 2. PMR spectra of [Ni(Sal=Gly-Gly)]-: (a) pD 11.6,
room temp., after 2 hr; (b) pD 11.6, 40°C, after 27 days;
(c) pD 13.1, 40°C, after 23 days.

comparatively soon after preparing the solution (room
temperature, pD 10.2) indicates that neither the protons
of the methylene group (B)(Ry,=H) or of the methine
group (A)(R,;=CHyj;) are replaced by deuterons. The
resonance signal of a doublet at 1.2 ppm arises from
the methyl protons, that at 2.8 ppm from the methylene
protons of (B) and that of a quartet at 3.4 ppm from
the methine proton of (A). As is seen in Fig. 3-(b),
the methyl doublet at 1.2 ppm partly collapses on
allowing the solution to stand at 40°C and at pD 11,
producing a singlet on account of the deuterization
of the methine proton of (A), but the signal at 2.8 ppm
due to the methylene protons of (B) does not decrease.

(b)
M ‘/\b
ppm
4 3 2 1 4 3 2

1

Fig. 3. PMR spectra of [Ni(Sal=L-Ala-Gly)]-: (a) pD
10.2, room temp, after 2 hr; (b) pD 11, 40°C, after 27
days.

ppm

The spectra of [Ni(Sal=Gly-r-Ala)]~ under various
conditions are illustrated in Fig. 4. (a) is the spectrum
obtained comparatively soon after preparing the
solution (room temperature, pD 10.6), indicating
that the protons of both the methylene group (A)
(R;=H) and the methine group (B)(R,=CH,;) are
not replaced by deuterons. The resonance signal of
a doublet!® at 1.3 ppm arises from the methyl protons

10) Careful inspection of the signal shows that it is composed of
a couple of doublets. This may be because of the coexistence of
two isomers relative to the different conformation of the methyl
group, namely, pseudo-equatorial and pseudo-axial.
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Fig. 4. PMR spectra of [Ni(Sal=Gly-L-Ala)]~: (a) pD 10.6,
room temp., after 2 hr; (b) pD 11, 40°C, after 27 days;
(c) pD 14, 40°C, after 27 days.

(R;=CHj;). The signals at 3—3.5 ppm arise from the
methylene and the methine protons of (A) and (B), re-
spectively. On allowing the solution to stand at
40°C and at pD 11 for 27 days, the signals at 3—3.5
ppm turn out to be a quartet on account of the de-
uterization of the N-terminal methylene protons,
whereas the doublet at 1.3 ppm remains unchanged
(Fig. 4-(b)). However, at pD 14 the signal at 3—3.5
ppm completely disappears and even the doublet
at 1.3 ppm completely collapses to give a singlet on
allowing the solution to stand at 40°C for 27 days.
This indicates that i) only the N-terminal methylene
or methine group is activated at around pD 11, and
ii) the protons of both (A)- and (B)-methylene or
methine group are activated at around pD 13—14,
the former being activated more easily.

The preferential activation of the methylene or
methine group at the N-terminal amino acid residue
appears to be different from the conclusion of Gillard
et al.9 1In order to clarify whether this arises from
the formation of chelates of dipeptide Schiff bases
instead of simple dipeptide chelates or from the dif-
ference in the kind of central metal ion, we have further
investigated the pmr spectra of cobalt(IIT) complexes
of similar dipeptide Schiff bases.

Cobalt(I1I) Complexes. Three new dinitro-cobalt-
(II1) complexes of the Schiff bases derived from sali-
cylaldehyde and dipeptides (glycylglycine, «-alanyl-
glycine and glycyl-a-alanine) were synthesized. It
was concluded that their structures are trans form,
since their infrared spectra are quite similar to the
corresponding planar nickel(II)-dipeptide-Schiff base
complexes. The general structural formula of these com-
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NO,

R;,R" H or CH;

Fig. 5. General structure of cobalt(III)-dipeptide-Schiff base
complexes.

plexes is shown in Fig. 5, in which the cobalt(III)
chelate ring containing the N-terminal amino acid
residue is denoted by (C) and that containing C-
terminal amino acid residue by (D).

The PMR spectra of [Co(NO,),(Sal=Gly-Gly)]?~
in D,O under various conditions are illustrated in Fig.
6. Spectrum (a), which was recorded comparatively
soon after the preparation of the solution, shows that
no protons of the methylene groups of (C) and (D)
(Rg=R,=H) are replaced by deuterons. The re-
sonance signals at 4.1 and 4.5 ppm are due to the
methylene protons of (C) and (D), and those at 6.5—8
ppm to the phenyl and the azomethine protons. After
3 days at 40°C (pD 10.6), the signal at 4.5 ppm de-
creased, but not that at 4.1 ppm (Fig. 6-(b)). This
suggests that only one methylene group is activated
at pD 10.6. Decomposition of the complex was ob-
served in a stronger basic solution.

(a) o)

LS a——
<

ppm

- I

8 7 6 5 4 3

Fig. 6. PMR spectra of [Co(NO,);(Sal=Gly-Gly)]2-: (a) pD

6.8, room temp., after 2hr; (b) pD 10.6, 40°C, after 3
days.

Figure 7 shows the spectrum of [Co(NO,),(Sal=
pr-Ala-Gly)]?~. It is obvious that the protons of
methylene or methine groups are not replaced by
deuterons within two hours at room temperature and
at pD 7. The signal at 1.4 ppm arises from the methyl
protons (Rg=CHj;), that at 4.2 ppm from the methyl-
ene protons (D) (R,=H), and that of a quartet at
4.4 ppm from the methine proton (C). On allowing
the solution to stand at 40°C and at pD 10.6 for a day,
the doublet signal for the methyl group at 1.4 ppm
slightly collapses to give a singlet on account of the
deuterization of the methine proton (C), the signal
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Fig. 7. PMR spectrum of [Co(NO,),(Sal=pr-Ala-Gly)]2-:
pD 7, room temp., after 2 hr.

3 2 1

for the methylene protons (D) remaining unchanged.
Further deuterization expected to occur in the meth-
ylene group of (D) was not successfully observed on
account of gradual decomposition of the complex.
It can be said also for the cobalt(III)-dipeptide-Schiff
base chelates that the methylene or methine group of
(C) is activated more easily than that of (D). In
other words, there is no essential difference between
the nickel(IT)- and cobalt(III)-chelates as far as the
selective activation of the methylene or methine group
in coordinated dipeptide Schiff bases is concerned.

Thus the confliction with the results of Gillard
et al.,9 who concluded the preferential activation of
the methylene or methine group of (D), appears to
arise from the difference in the structure of the ter-
minal amino group (dipeptide Schiff base or simple
dipeptide).

Reactions of Coordinated Dipeptide Schiff Bases with
Formaldehyde. A preliminary experiment on the
reactions of the above nickel(II) or cobalt(III) com-
plexes with formaldehyde was carried out. In the
case of the reaction of N-salicylideneglycylglycinato-
nickelate(II) in a slightly basic solution at 100°C the
main products were serylglycine and «-hydroxymethyl-
serylglycine. Apparently the result is consistent with
the conclusion of the above described PMR-study and
at the same time with the result reported by Noda
et al® Though the peptide they used was glycyl-
glycine and not N-salicylideneglycylglycine, it might
be considered that glycylglycine in the presence of
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copper(II) reacted with formaldehyde to form the
Schiff base. If this is true, the selective activation
of the methylene group at the N-terminal glycine
moiety is understandable in the light of the above
PMR-study. In the structure of the coordinated di-
peptide Schiff bases, the electron-withdrawing effect
of the metal ion can reach the a-carbon atom through
azomethine nitrogen atom, whose electronic structure
should differ entirely from that of the simple amino
nitrogen in glycylglycine. This will probably enhance
the reactivity of the N-terminal methylene group in
glycylglycine moiety.

Thus, we proposed a reaction mechanism as illustrat-

ed in Scheme 1 for the reaction of Noda et al. The
0c—CH, 0C—CH; 0C—CH; o
Y |l o7 Lols o
0 Nz B o) N==C RCHO Q N = =H2
| N7 AV
7" \NHz-CH, /T SNH-CH, 7 NH-CHe
RCHOH
— oc—CcH 0C—CHa
O? (‘:Hz o i 2’.'70 | ] Q-_470
o N=%7 B 0 et RCHO, g N==(C
\M/ I \M/ l \M/ |
N / \N— 7/ NN—C—CH(OHIR
7 “N—CH; N—¢H W H
RCH RCH RCH
_Mll'b
= NHyCH-CONHCHLOOH
CH(OHIR
Scheme 1.

mechanism may explain why the main products of
the reaction were serylglycine and a-hydroxymethyl-
serylglycine. Further it is also consistent with the
mechanism presented by Ichikawa et allV for the
reaction of the bis(glycinato)- or pyruvylideneglycinato-
copper(II) with formaldehyde. It does not contradict
the conclusion on the selective activation of the me-
thylene or methine group at the C-terminal amino
acid moiety only in simple dipeptide chelates.5.
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