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Dissociation rates of the imidazoles in [Co(tpp)(L)2]* and [Co(tmp)(L)2]™, where L is an unhindered
imidazole such as 1-methylimidazole or a hindered imidazole such as 2-alkylimidazole, have been determined
in chloroform-d solution by the *H NMR saturation transfer method. The rate constants in the tmp complexes
were smaller than those of the corresponding tpp complexes in every imidazole ligand examined. The largest
difference between these two systems was observed in bis(1,2-dimethylimidazole) complexes and the ratio
of the rate constants, k(tpp)/k(tmp), reached as much as 2500 at 90 °C. While the rate constants greatly
increased in the tpp system on going from the unhindered imidazole to the hindered one, the increase
was rather small in the tmp system. These results were interpreted in tems of the deformation of the
porphyrinatocobalt core: Since the two hidered ligands in the tmp complexes are fixed perpendicularly in
the cavities created by the deformed porphyrin ring, the distance between the 2-alkyl and the deformed
porphyrinatocobalt core would increase, which results in weakening the steric repulsion and slowing down
the dissociation rate. The attractive interaction between the ortho-methyls and the imidazole 7t system would
also contribute to the stability of the tmp complexes.

Studies on the dissociation process and the rate of
dissociation of axially coordinated imidazole ligands
in iron(IIT) porphyrin complexes are quite important
to understand the properties of heme proteins, since
most of the heme proteins have at least one histi-
dine imidazole ligand at the axial position.” In bis-
(imidazole)tetraphenylporphyrinatoiron(III) complexes
[Fe(tpp)(L)2]™, ligand exchange is known to proceed
by a dissociative mechanism (1) in the presence of ex-
cess ligand and the mono-ligated species [Fe(tpp)(L)]™
is assumed to be a transition state or an unstable inter-
mediate in the reaction.?

[Fe(tpp) (L)(L)]" +L" «= [Fe(tpp)(L)]* +L+L"
= [Fe(tpp)(L)(L)]" +L (1)

Recently, we have reported that the ortho-methyl
subsituents in bis(imidazole)tetramesitylporphyrinato-
iron(III)[Fe(tmp)(L)2]™ complexes rather stabilize the
axial imidazole ligands both kinetically and thermody-
namically in spite of their apparent steric hindrance to
the ligands; the dissociation rates of imidazole ligands
in tmp complexes are much smaller than those of the
corresponding tpp complexes.®) Furthermore, the steri-
cally hindered imidazoles such as 2-methylimidazole (2-
Melm) are more effectively stabilized by the o-meth-
yls as compared to the sterically unhindered imidazoles
such as 1-methylimidazole (1-Melm); the dissociation

rate of 1-MeIm decreased by 1/17 at 25 °C on going
from tpp to tmp, while that of 2-Melm decreased by
1/640 for the same change.® In order to obtain fur-
ther information on the ortho-methyl effects in metal-
loporphyrin chemistry, the dissociation rates of imida-
zole ligands in the corresponding cobalt(III) systems,
[Co™(tpp)(L)2]* and [Co™ (tmp)(L)s]T, have been ex-
amined. Since binding energies of cobalt(III) toward
various ligands are in general much larger than those of
the corresponding iron(I1I)-ligand bonds,* ortho-meth-
yls may affect the dissociation rates in a different man-
ner. In this paper we would like to report the dissocia-
tion rates of the imidazole ligands in [Co™™(tpp)(L)2]™
and [Co™(tmp)(L)2]* together with the interpretation
on the results.

Abbreviations: Abbreviations used in this paper
are as follows. Hotpp and Hotmp, meso-tetra-
phenylporphyrin and meso-tetramesitylporphyrin, re-
spectively; [Col(tpp)]Cl and [Co'™(tmp)]Cl, meso-
tetraphenylporphyrinatocobalt(IIT) chloride and meso-
tetramesitylporphyrinatocobalt(IIT) chloride, respec-
tively;  [Co(tpp)(L)2]*™ and [Co(tmp)(L)z]™, bis-
(imidazole)tetraphenylporphyrinatocobalt(III) ion and
bis(imidazole)tetramesitylporphyrinatocobalt(III) ion
where L is imidazole (H-Im), 1-methylimidazole (1-
Melm), 2-methylimidzole (2-Melm), 2-ethylimidazole
(2-EtIm), 2-isopropylimidazole (2-iPrIm), or 1,2-di-
methylimidazole (1,2-MexIlm). In Fig. 1 are given
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Fig. 1. [Co(tpp)(L)2]" (R=H) and [Co(tmp)(L)2]*

(R=CHjs) studied in this paper. L’s are 1-MeIm, 2-
Melm, 2-EtIm, 2-*PrIm, and 1,2-MegIm.

[Co(tpp)(L)2]T and [Co(tmp)(L)s]* together with the
numbering of the imidazole ligands.

Experimental

Sunthesis:  Tetraphenylporphyrinatocobalt(IT), [Co™'-
(tpp)], was prepared according to the literature.?) The
chloroform solution of the cobalt(II) complex was stirred
overnight with excess imidazole (L) under air to form bis-
(imidazole) complex, [Co™ (tpp)(L)2]T.®) Elution with di-
chloromethane-methanol (99:1) in the chlomatography on
neutral alumina yielded a pure bis(imidazole) complex. Sim-
ilar reactions were carried out to prepare [Co™ (tmp)(L)2]*.

'H NMR Measurement: Chloroform-d solutions were
prepared under argon. 'H NMR spectra were recorded on a
JEOL FX90Q spectrometer operating at 89.55 MHz. In each
measurement, sample concentration was kept in the range of
0.007 to 0.010 moldm™. Chemical shifts were read based
on the internal TMS or solvent peak. For the saturation
transfer measurement, argon was introduced into the chlo-
roform-d solution consisting of bis(imidazole) complex and
ca. 2 equiv of free imidazole through a glass capillary tube
in order to remove the oxygen dissolved in the solution. The
sample tubes were then sealed and the *H NMR spectra were
measured in the temperature range 16 to 90 °C. The con-
centration ratios of free and coordinated imidazole ligands,
which are necessary to determine the dissociation rates, were
accurately measured by the integration of the methyl sig-
nals. The spectrometer temperature was calibrated by the
method described by Van Geet.”

Results and Discussion

Kinetic Measurements:  Exchange rates of the
coordinated imidazoles were determined in chloroform-
d solution by the saturation transfer method.®®% The
effective spin-lattice relaxation time of free imidazole
methyl protons, ng), was experimentally determined
using the conventional inversion-recovery method under
the saturation of a coordinated imidazole methyl signal.
The effective spin-lattice relaxation rate, 1/ ng), in a
ligand exchange system is given by Es. 2, where Ty is
the spin-lattice relaxation time of the free methyl pro-
tons in the absence of exchange and k() is the exchange
rate constant of the free imidazole. Eq. 2 indicates that
a plot of 1/ ng) against inverse temperature gives a
curvature in the exchange system because 1/ 7)) usu-
ally decreases at higher temperature in contrast with
the rate constant k).

1T = 1/Thge + ke (2)
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M (0)/M (00) = ksTy(s) + 1 3)

In this situation, the integral intensity of the free meth-
yl signal decreases according to Eq. 3, where M(co) and
M(0) denote the magnetization of the free methyl sig-
nal observed with and without irradiation of the coor-
dinated methyl signal, respectively. In Fig. 2 are given
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Fig. 2. (a) *HNMR spectrum of [Co(tpp)(2-*PrIm),]*
taken at 68 °C. Signal assignment: Ph-H; meso-
phenyl protons. Py-H; pyrrole protons. 1-H, 4-H,
and 5-H; ring protons of the coordinated imidazole.
iPr(c) and “Pr-H(c); isopropyl methyl and methine
protons of coordinated imidazole. *Pr(f) and 'Pr-
H(f); isopropyl methyl and methine protons of free
imidazole. arom(f); aromatic protons of free imida-
zole. s; chloroform. (b) 'HNMR spectrum of [Co-
(tpp)(2-*PrIm)2]* taken at 68 °C with irradiation of
the methyl signal of the coordinated 2-*PrIm ligand
Pr(c). The ratio of magnetizations of the methyl
signals, M(0)/M(cc), was determined to be 2.51 by
the integration of these signals.
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the 'HNMR spectra of [Co(tpp)(2-*Prlm)]* taken at
68 °C with and without irradiation of the methyl sig-
nal of coordinated 2-*PrIm. It is clearly shown that the
intensity of the free methyl signal decreased to a great
extent when the coordinated methyl signal was satu-
rated by irradiation. The ratio M(0)/M(o0) in Eq. 3 is
experimentally obtained by the integration of these sig-
nals. Thus, we can determine both T'(;) and k¢ by solv-
ing simultaneous Eqgs. 2 and 3. The saturation transfer
method can be applied to exchange systems where every
chemical component is at equilibrium. In the present
case, ki[L¢]=k.[L.] where [L¢] and [L¢] are the concen-
trations of free and coordinated ligands, respectively,
and k. is the rate constant of the coordinated ligand in
the ligand exchange reaction. As described in the next
section, the rate constant k. is equal to the rate con-
stant for ligand dissociation kgiss and is expressed by
Eq. 4.

kaiss = ke = 1/T5(h {1 — M(c0)/M(0)}([Lel/[Le])  (4)

In principle, rate constants for dissociation can be di-
rectly obtained by observing the change in intensity of
the coordinated methyl signal with and without irradi-
ation of the free methyl signal. In the present case,
however, it was difficult to obtain the rate constants by
this procedure because of a very short spin-lattice re-
laxation time of the coordinated methyl protons Tj(.);
exchange rate does not contribute to the effective spin-
lattice relaxation rate in Eq. 2. In other words, 1/ Tf(fi)
was nearly the same as 1/T}(.) and increased linearly
with inverse temperature, making it difficult to obtain
reliable rate constants in the temperature range ex-
amined. In Fig. 3 is shown the temperature depen-
dence of the effective spin-lattice relaxation rates of
the free (Fig. 3a) and the coordinated (Fig. 3b) imi-
dazole methyl signals of [Co™™(tmp)(2-EtIm),]Cl and
[Co'(tmp)(1,2-Me,Im),]Cl as typical examples. Thus,
we determined the rate constant for ligand dissociation
by irradiating the coordinated imidazole methyl signal
and observing the concomitant change in signal inten-
sities of the free imidazole methyl signal. As described
later, dissociation rates of the tmp complexes are very
slow at ambient temperature and they were measur-
able only at 80 to 90 °C; the ratios M(0)/M(cc) were
nearly 1.0 at lower temperature. Thus, rate constants
for dissociation of the tmp complexes were compared at
90 °C as listed in Table 1. In contrast with the tmp
complexes, the dissociation rates of the tpp complexes
were t00 fast to determine above 70 °C except for bis(1-
Melm) complex; irradiation of the coordinated methyl
signal at 90 °C resulted in the extraordinary decrease of
the free methyl signals and made the M(0)/ M(oo) value
very unreliable. Thus, rate constants were extrapolated
to 90 °C from the low temperature.

Mechanism of Ligand Exchange: As described
above, rates for ligand exchange were measured only
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Fig. 3. (a) Temperature dependence of the effective

spin-lattice relaxation rates of the free 2-EtIm (O)
and 1,2-MezIm (@) under the irradiation of the corre-
sponding methyl signals in [Co(tmp)(2-EtIm),]" and
[Co(tmp)(1,2-MezIm),] ™, respectively. (b) Temper-
ature dependence of the effective spin-lattice relax-
ation rates of the methyl protons of the coordinated
2-EtIm (O) and 1,2-MezIm (®) under the irradiation
of the corresponding signals of the free ligands.

at 80 to 90 °C in the tmp complexes; measurement
at higher termperature was impossible because of the
solvent used. Thus, we could not obtain the activa-
tion parameters for the ligand exchange reaction. In
the tpp complexes, rate constants were obtained at sev-
eral different temperatures. Eyring’s plots of these data
yielded the activation enthalpies and entropies. Val-
ues for AH# and AS# in [Co™(tpp)(L)2]Cl, in which
L is 2-Melm, 2-EtIm, 2-*PrIm, or 1,2-MeyIm, are 96
kJmol~! and +36 Jmol~*K~1, 100 and +47, 95 and
+29, and 97 and +67, respectively. Since these data
were obtained from four to five rate data, we have to
use them with reservation. However, the large positive
values for AS# must be the indication that the ligand
exchange proceeds by a dissociative mechanism as in
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Table 1. Rate Constants (s™') for the Dissociation of Imidazole Ligands in [M(tpp)(L)2]Cl and
[M(tmp)(L)2]Cl (M=Co™ or Fe!) at 90 °C in CDCl3 Solutions
Values in parentheses are AG* (kJmol™!) at 90 °C.

L [Co(tpp)(L)2]CI*) [Co(tmp)(L)2]CI¥)  [Fe(tpp)(L)2]CI”  [Fe(tmp)(L)2]CI”
1-Melm 2.0x107"  (94)  0.74x107Y  (97) 6.8x10* (56)  0.71x10* (63)
2-Melm 82x107* (83) 38x107'  (92)  160x10* (46)  1.7x10*  (60)
2-EtIm 60x107! (84)  0.96x107' (97) 1600x10* (39)  4.4x10*  (57)
2-PrIm 48x107! (85)  3.4x107'  (93)  270x10*® (45) 14x10*®  (54)

1,2-MezIm  2800x 1071 (73)  1.1x107!  (96) 1200x10* (40)  5.2x10*  (57)

a) This work. b) Calculated from Ref. 3 except for [Fe(tpp)(2-*Prlm)2]Cl and [Fe(tmp)(2-*PrIm)2]CL

Table 2.  Chemical Shifts (ppm) of a) [Co(tpp)(L)2]Cl and b) [Co(tmp)(L)2]Cl
in CDCls at 27 °C
Numbers in parentheses indicate the chemical shifts of the alkyl protons.

a) [Co(tpp)(L)2]Cl

Imidazole protons

L Aromatic protons Py-H 1 2 4 5
1-MeIm  7.6—7.8 (12H) 8.98 (2.04) 0.59 010 4.74-
7.9—8.1 (8H)
2-Melm  7.4—7.7 (20H) 8.80 13.8 (—2.29) —-0.44 4.14
2-EtIm  7.6—T7.7 (20H) 8.78 9.8  (—2.64) —-0.63  4.17
(—1.03)
2-'Prlm  7.5—7.6 (20H) 8.84 10.2  (-3.97) -0.72  4.19
(-1.13)
1,2-MepIm  7.7—7.8 (20H) 8.92 (2.0) (-2.29) -0.35 4.58
b) [Co(tmp)(L)2]Cl
Imidazole protons
L o-Me m-H p-Me Py-H 1 2 4 5
1-MeIm 151 718  2.53 8.76 (2.08) 0.88 0.47  4.87
2-Melm —-0.40 6.61 2.50 8.63 9.8 (—-2.20) -0.26 4.15
—-0.09 6.72
2.50 7.32
2.74  7.40
2-Etlm  —0.17  6.72 2.45 8.56  10.1 (-2.35) —0.17 448
0.15 6.82 (—0.69)
2.7 7.37
2.80
2-'Prlm  —0.31  6.63 2.45 8.52 10.6 (—3.68) —0.43 4.29
0.11 6.76 2.49 8.55 (—1.06)
2.65 7.35 8.67 (—0.99)
2.79 8.72
1,2-MexIm  —0.18  6.75 247 8.74 (2.00) - (-2.07) -0.14 4.75
0.08 6.83
2.77  7.39

the case of tetraphenylporphyrinatoiron(III) complexes
shown in Eq. 1.2 Thus, a mono-ligated species would be
a transition state or an unstable intermediate. Since we
observed no line broadening of the porphyrin signals in
bis-ligated complex due to the exchange with the mono-
ligated complex which might exist in solution, the con-
centration of the latter species must be negligibly small
if any.

Stable Conformation of the [Co(tmp)(L)2]*:
The 'H NMR chemical shifts of the complexes examined
in this study were summarized in Table 2. The data in

Table 2 show that the meso-aryl protons of [Co(tmp)-
(L)2]* with hindered imidazole ligands gave multiplets
at 27 °C, indicating that these ligands stop rotating
even at ambient temperature on the NMR time scale.
The result is quite different from that of the correspond-
ing iron complexes [Fe(tmp)(L)s]* where signal split-
ting was observed only at low temperatures.!®!? Split-
ting pattern of the spectrum, four signals for the o- and
m-protons in [Co(tmp)(2-Melm),]*, suggests that the
ligands take a mutually perpendicular alignment above
and below the porphyrin ring as in the case of the cor-
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Fig. 4. 'HNMR spectrum of [Co(tmp)(2-*PrIm)2]* in CDCls taken at 28 °C. Signal assignment: o, m, and p; ortho-,
meta-, and para-protons of the meso-mesityl groups. Other symbols are the same as those in Fig. 2. Inset: (a)
Expansion of the pyrrole region, §=8.5—9.0. AB quartet are signified by @ and two singlets by O and A. (b)

Irradiation of the signals at §=—3.7.

responding iron complexes [Fe(tmp)(L);]T .21 Other
complexes showed smaller numbers of the signals for
these protons; complexes with 2-EtIm, 2-'PrIm, and 1,
2-MeyIm exhibited only three signals with 1:1:2 inten-
sity ratios for the m-protons probably due to the acci-
dental coincidence of one of the chemical shifts. Thus,
we assume that they also take the same conformation.
The 'HNMR spectrum of the bis(2-*PrIm) complex,
[Co(tmp)(2-*PrIm),] T, is given in Fig. 4. The spec-
trum showed four chemical shifts for the pyrrole protons
at quite close positions, §=8.52, 8.55, 8.67, and 8.72;
two of them appeared as an AB quartet and the other
two as two singlets as shown in Fig. 4a. The spectrum
also exhibited two signals with equal intensity for the
p-methyls. These results strongly suggest that the two
2-‘PrIm ligands are fixed perpendicularly along the di-
agonal C(meso)—Co-C(meso) axes as shown in Fig. ba;
fixation along the diagonal N-Co-N axes should give
three signals for the p-methyl protons.!®—'%) Pyrrole
and p-methyl protons of the other complexes did not
show clear splitting probably due to the closer chemical
shifts. Imidazole protons of the positions 2 and 4 gave
signals at very high fields as listed in Table 2 due to
the ring current effect of the porphyrin moiety. Based
on these results, stable conformation of the complexes
carrying hindered axial imidazoles is concluded to be
the one given in Fig. 5a. The fact that each imidazole
proton gave one set of signals indicates that the con-
formation given in Fig. 5a is the only conformation in
solution. It is noteworthy that the isopropyl methyl
protons of [Co(tmp)(2-*PrIm),]* showed two doublets,

@ (b)

Fig. 5. (a) Stable conformation of [Co(tmp)(L)2]"
where L’s are hindered imidazole ligands carrying 2-
alkyl group. (b) Schematic representation of the de-
formed porphyrin ring.

apparently a triplet, at around —1.0 ppm. This indi-
cates that the two methyls are diastereotopic due to the
perpendicular alignment of the fixed imidazole ligands.
In fact, irradiation of the methine signals at §=-—3.68
changed two doublets into two singlets at 6=—1.06 and
—0.99 as shown in Fig. 4b. On the contrary, isopropyl
methyls in [Co(tpp)(2-‘Prlm)2]* gave a doublet even at
—60 °C, indicating that the rotation about Co-N(imi-
dazole) bond is fast on the NMR time scale.
Comparison between Cobalt(III) and Iron-
(III) Systems: In a previous paper, we have re-
ported the activation parameters for ligand dissociation
in iron(III) porphyrin complexes, [Fe!'!(tpp)(L)2]* and
[Fe'I(tmp)(L)2] ™, by using both DNMR and saturation
transfer methods.® In the present study, however, the
rates for dissociation were so slow that we could not ob-
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tain the rate constants in a wide range of temperature
especially in the case of tmp system. Thus, the rate

constants at 90 °C were compared between cobalt and-

iron systems. In order to do that, the rate constants
of the iron complexes were extrapolated to 90 °C and
they were also given in Table 1.

The data in Table 1 indicate that the rate constants
for iron(IIT) complexes are larger than those of the cor-
responding cobalt(III) complexes by the factor of 10° at
90 °C. The activation free energies AG7# of the cobalt-
(IIT) complexes were calculated at 90 °C and listed in
the parentheses of Table 1. The differences in AG#
between cobalt and the corresponding iron complexes
were 32 to 45 kJmol~!. Because of the stronger bind-
ing energies in cobalt(III) complexes, Co—-N(imidazole)
distances are expected to be shorter than the corre-
spondign Fe-N(imidazole) distances. Although we have
not yet succeeded in determining the crystal strucutures
of [Co(tmp)(L)2]™ and [Fe(tmp)(L)s]* with hindered
imidazoles ligands (L), the Co~N(imidazole) bond dis-
tance of analogous [Co(tpp)(H-Im),]* is 1.932 A and
is shorter than those of [Fe(tpp)(H-Im)2]* and [Fe(tpp)-
(1-MeIm),]™ by ca. 0.04 A.15:16)

We have mentioned in the previous section that the
barriers to rotation of coordinated imidazole ligands in
cobalt(I1I) complexes are larger than those of the cor-
responding iron(III) complexes. The larger barriers in
the cobalt complexes must be ascribed to the Co—N dis-
tances as compared with Fe-N; the short Co-N distance
would cause a large steric repulsion between the 2-alkyl
group of imidazole and the porphyrinatocobalt core at
the transition state of rotation where the 2-alkyl group
eclipses pyrrole nitrogen. Furthermore, it must be more
difficult than the iron complexes to weaken the steric
repulsion at the transition state of rotation by the ex-
pansion of the Co—N bond because of the strong Co-N
bond; in some iron complexes, conversion from one con-
formation to another takes place by the dissociation and
re-association of imidazole ligand. which is prohibitted
in the cobalt complexes because of the higher barriers
to ligand dissociation.!?

Comparison of the Porphyrin: The data in
Table 1 indicate that the dissociation rates of the tpp
complexes are much larger than those of the tmp com-
plexes. In the case of the bis(1-Melm) complexes, rate
constant increaed by 2.7 times on going from tmp to
tpp. The increase became much larger, 14 to 63 times,
in the hindered imidazole complexes. The results sug-
gest that the o-methyl groups rather weaken the repul-
sion between the porphyrin core and the 2-alkyl group of
imidazole ligand. The largest increase due to the lack of
the o-methyl groups was observed in the bis(1,2-Me2Im)
complexes. The increase in the rate constants reached
as much as 2500 times; the lowest temperature to ob-
serve the decrease in intensity of the free methyl signal
in the saturation transfer experiment was 20 °C in the
tpp while it was 89 °C in the tmp complex. The crystal-
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lographic study of analogous [Fe(tpp)(2-Melm),]* has
reveled that the porphyrinatoiron core has an S, ruffled
structure and the two ligands are placed in the cavities
created by the porphyrin core.!” It is then assumed
that the porphyrinatocobalt cores in [Co(tpp)(L)2]™
and [Co(tmp)(L)s]* with hindered imidazole ligands
also have S, ruffled structure in solution, though the
interconversion from one ruffled structure to another is
fast on the NMR time scale in the former complexes.
Due to the deformation of the core, the repulsion be-
tween the 2-alkyl group of imidazole and the o-methyl
groups of mesityl rings in [Co(tmp)(L)2]™, which seems
to be the major repulsive interaction if the porphyrin
core is plannar, could be removed. Since two of the o-
methyl signals corresponding to four methyls appeared
at fairly high fields, §=—0.4 to 0.2, these methyls must

‘be located close to the imidazole plane. Such a con-

formation is possible only when porphyrin ring is de-
formed as shown in Fig. 5b.1%'? In fact, molecular
mechanics study has revealed that the conversion of a
planar porphyrin core into a ruffled one is not an en-
ergy consuming process.'®) Furthermore, the o-methyl
groups possibly interact with the imidazole 7t system in
an attractive fashion'®2® as we have pointed out the
possibility based on the thermodynamic study in the
iron—porphyrin system.>?" The conformation shown in
Fig. 5b is quite suitable for the o-methyls to interact
attractively with the 7t electrons of the imidazole ring.
When one of the axial ligands starts to dissociate
to form a mono-ligated intermediate, cobalt(III) ion
concomitantly moves out of the porphyrin cavity as
mono-ligated metalloporphyrin complexes generally ex-
hibit. We speculate that the porphyrin structure would
change during this process so that the steric repul-
sion between o-methyls and the other imidazole ring
increases to make the dissociation rate slower than the
corresponding tpp complexes. Thermodynamic data on
the equilibrium between mono- and bis-ligated tpp and
tmp complexes are necessary to prove this speculation,
though they are not accessible at present.
Comparison of the Ligand: In both tpp and
tmp systems, dissociation rate increased when unhin-
dered 1-Melm was replaced by the hindered 2-alkylimi-
dazoles. The degree of increase, however, was greatly
different in each system. The rate constants of the tpp
system more sensitively changed depending on the axial
ligands; the rate constant increased by 41 times on go-
ing from [Co(tpp)(1-Melm),]™ to [Co(tpp)(2-Melm)»]*
while it was only 5.1 times in the tmp system. The
increase in rate constants was more clearly observed in
bis(1,2-MeIm) complexes; the rate constant increased
by ca. 1400 times in the tpp as compared to 1.5 times
in the tmp complexes. We assume that the small de-
pendence of the rate constants in tmp is ascribed to the
deformed porphyrinatocobalt core. As mentioned, all
of the hindered imidazole ligands are fixed along the di-
agonal C(meso)—Co—C(meso) axes in the deformed por-
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phyrin core. The distance between 2-alkyl group and
the porphyrinatocobalt core would increase by the de-
formation. As a result, the major steric repulsion, the
repulsion between the 2-alkyl group and the porphyri-
natocobalt core, would not increase too much enen if 2-
H of imidazole is substituted by the bulkier methyl, eth-
yl, or isopropyl group. This must be one of the reasons
why the dissociation rates in the tmp system are less
sesitive to the axial ligands as compared to those in the
tpp system. In addition, the attractive interaction be-
tween two of the o-methyls and imidazole 7 systems in
both sides of the porphyrin ring, which is possible in the
deformed porphyrinatocobalt core, might contribute to
the small dependence of the rates on the axial ligands.

Another factor that might affect the lability of coor-
dinated imidazole ligands is basicity. In the present
system, however, basicity of the ligands showed lit-
tle correlation with the dissociation rates; although 2-
EtIm is stronger as a base (pKp=6.0) than 1-Melm
(pK»=6.7),%® dissociation rate of the former is faster
than the latter as shown in Table 1. Thus, the rate for
ligand dissociation in these systems is mainly controled
by the steric effects between ligand and porphyrin.
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