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The second-order rate constants (rate=~£y, pqs0,[ Complex][OD-]) for the deuterium exchange of a-methylene
or a-methine protons in the amino carboxylato complexes, trans(0)-, C;-cis(0)-, and C,-cis(0)-[Co(gly),(en)]+ and
-[Co(gly),(tn)]*, [Co(gly) (NH,),]**, [Co(gly) (en),]*+, [Co(gly) (tn).]**, [Co(sar) (en),]**, and A- and A-[Co(r-ala)-

(en),]%*, were determined by the 'H-NMR measurement.

The major factors determining the deuteration rate of

a-hydrogens in the amino carboxylate chelate are the geometry and charge of the complex, and the nature of the
substituent bonded to the chelate ring to be deuterated ; the minor factor is the chelate-ring size of the ligands other

than amino carboxylate in a complex molecule.

It is well-known that the metal ions increase the
reactivity of o-methylene protons in «-amino car-
boxylate. Since the magnitude and specificity of the
effect were first shown by Williams and Busch? through
a TH-NMR study of cobalt(III) complexes containing
glycinate, alaninate, and ethylenediaminetetraacetate, a
large number of studies involving the deuteration of the
cobalt(III) complexes have been undertaken.3-14 Many
of these studies have treated polyamino carboxylato
complexes. On the other hand, few studies have been
made of the a-amino carboxylato complexes. It had
been found that the deuteration rate of the glycinate
methylene proton in the polyamino carboxylato complex
is related to the chelate-ring strain; i.e., the methylene
protons of out-of-plane glycinate (less strained) in
[Co(edta)]~ are more rapidly deuterated than those of
in-plane glycinate (strained).? However, factors (the
charge and geometry of the complex and substituent
in the ligand, and so on) other than the ring strain
must also be related to the deuteration rate. In order
to determine these factors, a study using a-amino
carboxylato complexes is more profitable than one
using polyamino carboxylato complexes because then
we can exclude the effect of the chelate-ring strain.

In the present paper, we will evaluate the deuteration
rates of a-protons in several types of cobalt(III) com-
plexes containing the chelated glycinate, r-alaninate,
and sarcosinate; we will also discuss the relation between
the deuteration rate and the geometry of the complex,
the charge of the complex ion, and the nature of the
substituent in a ligand.

Experimental

Preparation of the Complexes. Synthesis and Separation of the
Isomers of Bis(glycinato) (trimethylenediamine)cobalt(III) Chloride:
A solution containing 10 g of cobalt(II) chloride hexahydrate
in 10 ml of water was added to a solution containing 5 g of
trimethylenediamine and 6.4 g of glycine in 30 ml of water.
Lead dioxide (10 g) was then gradually added to the solution
on a water bath, after which the solution was mechanically
stirred at 55 °C for about 30 min. The precipitates were
filtered off, and the filtrate was kept in a refrigerator overnight.
The precipitates were filtered off again, and the filtrate was
poured into a column containing a cation-exchange resin
(Dowex 50W x 8, 200—400 mesh, K+ form). The column
was flushed with water to sweep out any nonelectrolytic or

anionic complexes, and then the adsorbed band was developed
with a 0.2 M aqueous solution of potassium chloride. Two
bands appeared: a violet one (lower) and a red-violet one
(upper). It was confirmed from their absorption spectra
that the early- and late-eluted solutions contain trans(0) and
cis(0) (mixture of C,-cis(0) and C,~cis(0)) isomers respec-
tively. FEach eluted solution was evaporated to a small
volume using a rotary evaporator, a small amount of ethanol
was added to the concentrated solution, and the potassium
chloride was filtered off. A crude product of the trans(0)
isomer was obtained from the above solution (early eluate) on
the addition of more ethanol. The C,-cis(0) isomer was
deposited as columnar crystals by the further addition of a
small amount of ethanol to the above ethanolic solution (late
eluate) and by then keeping the solution in a refrigerator
overnight. After the C,-cis(0) isomer had been removed by
filtration, a large amount of ethanol was added to the filtrate.
A crude product of the Cy-cis(0) isomer was obtained as fine
needle crystals. Each isomer was recrystallized from water
by the addition of ethanol. Found for the irans(0) isomer:
G, 25915 H, 6.14; N, 17.15%. Calcd for [Co(gly),(tn)]Cl-
0.5H,0: G, 25.81; H, 5.88; N, 17.20%. Found for the C,-
cis(0) isomer: C, 25.20; H, 6.13; N, 16.85%. Calcd for
[Co(gly),(tn)]Cl.-H,0: C, 25.12; H, 6.02; N, 16.74%,. Found
for the C,-cis(0) isomer: C, 24.63; H, 6.29; N, 16.08%,.
Calcd for [Co(gly),(tn)]Cl.1.5H,O: C, 24.46; H, 6.11; N,
16.309%,.

The other cobalt(III) complexes examined here were
prepared by the published methods!5-21) and were found to
be analytically pure. .

Measurements of Deuteration Rate. The deuteration runs
were carried out under a flow of nitrogen in order to avoid a
decrease in the pD by the absorption of CO, in air. Each
complex (1 mmol) was dissolved in 9 ml of D,O. The sample
solution was kept at 30.0, 40.0, or 50.0 °C (40.05°C) in a
thermostat, and then 20 ul of ¢-butyl alcohol and 1 ml of a
I M Na,CO4-D,O solution (or a 0.5M Na,CO,-0.5M
NaDCO;-D,O solution) were added to the sample solution.
The deuteration of the methylene protons of chelated glycinate
began immediately after the Na,CO,~D,O solution was added
to the sample solution. At prescribed time intervals, 0.5-ml
aliquot sample solutions were taken out from the container,
kept in a thermostat. The exchange reaction was immediately
stopped by adding the sample solution to 0.05 ml (or 0.038 ml)
of 2 M DCI and by then cooling the mixture to 0 °C. The pD
of the sample solution in the container was measured by the
use of a pH meter (Beckman LABOMATE II) with a combina-
tion electrode. The pD=pH+0.4?2 and [OD-]=3.0x 10-15
[D+]7! formulae were used to evaluate [D+] and [OD-] re-
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spectively.

The 'H-NMR spectra of the neutralized solutions were
recorded at 100 MHz using a JEOL MH-100 NMR spectro-
meter at room temperature. The intensities of the tH-NMR
signals of the methylene protons in the chelated glycinate were
estimated by comparing them with that of ¢-butyl alcohol as a
standard. The *H-NMR data are given with the chemical
shifts vs. DSS.

Results and Discussion

trans(O), C,-cis(O), and Cy-cis(O) Isomers of
[Co(gly)y(en)]*. The ethylene proton signals aris-
ing from the chelated ethylenediamine were unchanged
throughout the experiment. In addition, on developing
the residual solution of each deuteration run in the
cation-exchange column (SP-Sephadex), only one
band was observed; no complexes resulting from
decomposition or isomerization were detected. The
neutralized solution used for the 'H-NMR measurement
did not show any change in its NMR intensity or
spectral pattern for at least one day at room tempera-
ture.

The resonance peaks of the methylene protons of
chelated glycinate appeared in the range of 3.4—3.7
ppm. The two glycinate methylenes in the C,-cis(O)
and trans(O) isomers are equivalent, but those in the
C,-cis(0) isomer are not. Figure 1 shows the resonance
patterns which are to be expected from the symmetries
of these isomers. Yoneda et al.?® assigned the methylene
signal at 3.60 ppm to the H,(H,’) of glycinate and that
at 3.44 ppm to Hy(Hy'") (Fig. 1).
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Fig. 1. 'H-NMR spectra of C,-cis(0)-, C,~cis(0)-, and
trans(0)-[Co(gly);(en)]* complex ions.

Plots of log I vs. the deuteration time at a constant
pD vyield straight lines, where I denotes the relative
NMR intensities of the glycinate methylenes to the
t-butyl alcohol methyls, the internal standard (Fig. 2).
Accordingly, the deuteration rate at a constant pD
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Fig. 2. Plots of log I (I denotes the relative NMR inten-
sity of a-hydrogens) vs. deuteration time of three isomers
in [Co(gly),(en)]* complex ion. pD=11.7; Tem-
perature, 30.0 °C.

can be expressed as:

__ d[complex]
d¢

where k'pace) 1S the apparent rate constant for the
base-catalyzed deuteration at a constant pD. This
result agrees with that obtained from the study of
EDDA-Co(III) complexes by Sudmeier and Occupati.®)
The rate constants of the deuterium exchange of
methylene protons in the chelated glycinate are given
in Table 1. Sudmeier and Occupati showed, in their
study of the base-catalyzed deuterium exchange of
EDDA-Co(III) complexes, that the reaction was first-
order in [OD-]. Our present result coincides with
their result; .., the A'ppaee,[OD~]1 values of the
present complexes are constant at a given temperature.

The deuteration rates of the methylene protons in the
chelated glycinate at 50 °C decrease in this order;
trans(0) 2Hy(Hy,') of C,-cis(0)>C,-cis(0)2H,(H,') of
C,-cis(0). Dabrowiak and Cooke?¥ studied the reaction
of acetaldehyde with cobalt(III) complexes containing
chelated glycinate. They showed that the order of
reactivity is: [Co(gly) (en),]*t >trans(0)-[Co(gly),(en)]*
>C,cis(0)-[Co(gly)s(en) 1>Cyecis(0) - [Co(gly)a(en) ]
This order agrees with that of the deuteration rate
determined in the present study. The fact that the
rates are different among the geometrical isomers of the
present complexes with the same 1+ charge suggests
that the geometry of the complex is one of the most
important factors affecting the deuteration rate.

It is obvious from Table 1 and Fig. 2 that the two
non-equivalent glycinates in the bis(glycinato) complex
differ in their deuteration rates; i.e., the rate of the
deuterium exchange of H,(H,') in C;-cis(0)-[Co(gly),-
(en)]* is larger than that of H,(H,’). It is known that
the deuteration of the “‘out-of-plane’” glycinate protons
in [Co(edta)]~ is far more rapid than those of any other
CH, protons in the complex. Williams and Busch?
suggested that such a difference between the two non-,
equivalent glycinates in [Co(edta)]~ is a function of
the ring strain. In the present complex, C,-cis(O)-
[Co(gly)s(en)]*, no such chelate-ring strain as in

= kppasey[complex],
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TABLE 1. RATE CONSTANTS FOR THE DEUTERIUM-EXCHANGE REACTION OF GLYCINATE X-HYDROGENS IN
trans(0)-, Cy-cis(0)-, AND C,-cis(0)-[Co(gly),(en)]* COMPLEX IONS
. Tem ky OD- k
Species —a (16457 (mol) (s oy OD1)
trans(0) 20.0 0.2940.01 0.19x10-2 0.0154-0.0006
30.0 1.53+0.03 0.15x10-2 0.1004-0.0018
50.0 1.264-0.13 0.61x10-4 2.1 £0.21
C,-cis(0) 30.0 0.144-0.01 0.77%x10-2 0.0184-0.0013
40.0 0.664-0.03 0.74x10- 0.0894-0.0036
50.0 2.444-0.21 0.75x10-3 0.3254-0.0280
C,-cis(0) H,, 30.0 1.124-0.03 0.17x10-2 0.0664-0.0016
40.0 2.4740.13 0.87x10-3 0.29 40.015
50.0 2.62+0.27 0.19x%10- 1.4 40.14
50.0 6.35+0.34 0.42x10-3 1.5 40.08
C,-cis(0) H, 30.0 0.1840.04 0.17x10-2 0.0114-0.0023
40.0 0.46+0.04 0.87x10-3 0.0534-0.0049
50.0 0.5840.23 0.19x10-3 0.31 40.12
50.0 1.2240.12 0.42x10-2 0.29 40.028
TABLE 2. ACTIVATION PARAMETERS FOR THE BASE-CATALYZED
DEUTERATION OF GLYCINATO )-HYDROGENS IN #rans(0)-,
C,-cis(0)-, AND C,-cis(0)-[Co(gly),(en)]+
COMPLEX IONS
Ci-cis (0)

AG*(50°C) AH* AS*

Species (kJ mol1) (k] mol-1) (JK - mol-1)
trans(0) 7718 13144 168114
Cyecis(0) 82410 12045 117416

(Hy(H,) 78+13 12846 154420
Ci-<is (0) {Ha(H;) 82411 13945  176+18

[Co(edta)]~ can be expected between the two non-
equivalent glycinates. Nevertheless, the rate constant
of H,(Hy’) is about five times as large as that of H,(H,’).
This suggests that, in the bis(glycinato) complexes,
there are factors other than the chelate-ring strain.

The activation parameters of these isomers are given
in Table 2. Both the enthalpy and the entropy of activa-
tion for these isomers increase in this order: Cy-cis(0)<C
Hy(Hy') of Ci-cis(0)<trans(O)<H,(H,") of Ci-cis(0).
The order of AH* and AS* is different from the order
of the deuteration rate.

trans(O), Cj-cis(O), and Cy-cis(O) Isomers of
[Co(gly)s(tn)] . The H-NMR spectra of these
complexes are shown in Fig. 3. The methylene reso-
nances of the glycinates in the trans(0) and C,-cis(O)
isomers were observed at 3.57 and 3.58 ppm respectively.
The methylene resonances of the C,-cis(0) isomer
appeared as singlet peaks at 3.57 ppm (assigned to H,
and H,’' on the basis of the theory proposed by Yoneda
et al.)?® and 3.35 ppm (assigned to H, and Hy,"). These
isomers did not decompose or isomerize under the given
conditions, and the neutralized solution used for the
1H-NMR measurement did not indicate any change in
NMR intensity and spectral shape for at least one day
at room temperature.

The deuteration rates of the methylene protons of
glycinates decrease in this order: H,(Hy') of Cy-cis(0) =
trans(0) >Cy-cis(O) >H,(H,") of Cj-cis(0) (at 50 °C;
Table 3). This order is almost the same as that of the
isomers of [Co(gly)s(en)]*. The difference in the

JJWLJL_:::&
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Cz-cis (0)
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3 2 1’70
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Fig. 3. 'H-NMR spectra of C,-cis(0O)-, trans(0)-, and
C,-cis(0)-[Co(gly),(tn)]* complex ions.

4

deuteration rate between the two non-equivalent
glycinates in the C;-cis(O) isomer is obvious, as has
been shown for the C;-cis(0) isomer of the [Co(gly),-
(en)]+ complex. The trimethylenediamine and ethylene-
diamine complexes indicated a nearly equal deuteration
rate for each corresponding isomer.

[Co(gly)(en)o]*t;  [Co(gly)(tn)o]**, and  [Co(gly)-
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TABLE 3. RATE CONSTANTS AT 50 °C FOR THE DEUTERIUM-EXCHANGE REACTION OF AMINO
CARBOXYLATO Q-HYDROGENS IN VARIOUS COMPLEX IONS

M k ! 886, OD— k 331
Species (10953 Emom]) (b coneny LOD-])
trans(0)-[Co(gly),(tn)]* 8.7 £0.2 0.48x 10~ 1.8 +0.047
’ -3

Cras(O)-[Coeu(e]* (PUT) 370 To.1 0 205 10- 69050 022
C,-cis(0)-[Co(gly),(tn)]+ 2.8 +0.1 0.60x 103 0.47+0.024
[Co(gly) (NH,), ]2+ 0.56+0.1 0.31x 10~ 1.8 +0.39
[Co(gly) (en),]2+ 1.2 +0.2 0.49% 104 2.4 +0.51
[Co(gly) (tn),]2+ 1.5 +0.3 0.38x 104 3.9 4-0.71
[Co(sar) (en),]*+ 3.0 +£0.7 0.48x 104 6.3 £1.5
A-[Co(L-ala) (en),]2+ 0.34+0.03 0.35x 10~ 0.97+0.08
A-[Co(L-ala) (en), ]+ 0.3240.02 0.34x 10-¢ 0.93+0.065

(NH,;) )?t Complexes. In the present study, we
measured the deuteration rates of several 2+ charged
complexes (Table 3). The rate constant of the bis-
(trimethylenediamine) complex is larger than that
of the bis(ethylenediamine) complex, while that of the
tetraammine complex is smaller than these of the bis-
(ethylenediamine) and bis(trimethylenediamine) com-
plexes. The order of the rate constants is parallel to
the basicity of these amines. However, the change in
the deuteration rate caused by replacing four ammines
with two ethylenediamines or two trimethylenediamines
is not so large as that caused by the variation in the
geometrical structures.

Norman et al.'® and McClarin ¢t al.1V have suggested
that the charge of a complex is one of the most important
factors determining the deuteration rate. Their sugges-
tions lead one to expect that the deuteration rate
constant of neutral or negative-charged complex is
smaller than that of a positive-charged one. In fact,
the cis(O)cis(N) and cis(O)trans(N) isomers of the [Co-
(gly)s(acac)]® complex and the [Co(gly)(acac),]® com-
plex were deuterated very slowly under the conditions
of the present study (accompanied by some isomeriza-
tion or decomposition), although we were unsuccessful
in all our attempts to estimate the rate constants with
accuracy. The anionic complex, [Co(gly),(NO,),],
was scarcely ever deuterated, and the C,-cis(0)-[Co-
(gly)s(ox)]~ anion was deuterated very slowly, accom-
panies by a gradual decomposition, under the same
conditions.

However, among the positive-charged complexes, we
could not recognize any remarkable difference in the
rate constants between 14 and 2-+ charged complex
ions (Table 3). The rate constants for the 24 charged
complex ions, [Co(gly)(tn),]*>+ and [Co(gly)(en),]?*, are
nearly equal to those of the 1+ charged complex ions,
trans(0)-[Co(gly)y(tn)]*, trans(0)-[Co(gly)y(en)]*, and
Hy(Hy') of Cy-cis(0)-[Co(gly)e(tn)]* and -[Co(gly),-
(en)]+. In addition, the rate constant of the [Co(gly)-
(NH,),]** complex ion is comparable with those of
these 1+ charged complexes. These results suggest
that, for the positive complex ions, there are present
important factors other than the charge of the complex
which determines the deuteration rate.

Substituent Effect on Deuteration Rate. The rate
constants of the deuteration for the methine protons in

A- and A4-[Co(r-ala)(en),]** complexes are given in
Table 3. The rate constants of the two diastereomers
are nearly equal to each other. These data imply that
the effect on the deuteration rate of the dissymmetry
around Co(III) is fairly small. This result agrees with
that obtained by Buckingham et al.9 in their study of
the equilibrium rate between (—);49-[Co(rL-ala)(en),]%+
and (—)gg9-[Co(p-ala)(en),]?+ complexes.

The deuteration rates of these L-alaninato complexes
are smaller than that of [Co(gly)(en),]?". On the other
hand, the rate of [Co(sar)(en),]?+ is about 2.5 times
larger than that of [Co(gly)(en),]**. These results
suggest that the C-methyl and N-methyl have opposite
effects. It is difficult to explain such different effects
on the basis of the sterical interaction of methyl groups.
Here, it seems reasonable to consider that the stability
of the carbanion intermediate which is formed by
deprotonation is different between the rL-alaninato and
sarcosinato complexes. This consideration leads to the
prediction that the deuteration of the ligand which has
the —-CH,-NH-CH,-COO~ group is faster than that
of the chelated glycinate. This prediction was confirmed
by the experimental finding that the deuteration rate
of a-hydrogen is about ten times larger in trans(0)-
[Co(edda)(en)]+ ¥ than in trans(0)-[Co(gly)s(en)]*. In
addition, it can be expected from the above prediction
that the out-of-plane «-hydrogens in [Co(edta)]~
undergo deuteration much faster than the glycinate
a-hydrogens in C,-cis(N)-[Co(gly),(ox)]~ do.

The conclusion obtained from this work is as follows:
the most important factor in determining the deutera-
tion rate of a-hydrogen may be the chelate-ring strain
for the polyamino carboxylato complex, but for the
bidentate amino acidato complex, the geometry and
charge of the complex and the substituent in the chelate
ring to be deuterated are the major factors. The
chelate-ring size of the ligands other than the amino
carboxylate also affect the deuteration rate, but the
effect is a minor.
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