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In the solution of chlorotetraphenylporphinatocobalt (III)
(CoTPPCl), a m-cation radical of six-coordinate Co(III)TPP is
reversibly formed by thermal or light activation with a small

enthalpy change.

The redox properties of metalloporphyrins and their related compounds play
a key role in their biological functions, and many studies on their cation or

anion radicals produced by chemical, electrochemical, or photochemical oxidation

1)

or reduction have extensively been performed. One of the authors has described

that Co(III)TPPCl (Fig. 1) is a five-coordinate Co(III) complex of TPP having a
2)

square-pyramidal structure with the chlorine atom at the apex. Subsequent lH

3) has shown that this complex in

FT-NMR study
chlorinated hydrocarbons changes partially into
paramagnetic species by thermal activation.

We now report that the species is a m—-cation
radical of six-coordinate Co(III)TPP and that
the radical in the solution is generated under

ambient temperature, air, and light, without

using any oxidizing reagent. The formation of

the radical in the solution occurs reversibly
with a small enthalpy change. Such behavior Fig. 1.
of Co(III)TPPCl can closely be related to the

enzymatic reactions of the biometallopigments.
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4) in chloroform, dichloromethane (DCM), or 1,1,-

A solution of Co(III)TPPCl
2,2-tetrachloroethane (TCE) showed an ESR spectrum at room temperature both in
the absence and in the presence of air. The spectrum showed reversible tempera-
ture dependence (Fig. 2). The signal intensities decreased with lowering temper-
ature. The spectrum at low temperatures as low as -40°C consists of eight hyper-
fine lines with the hyperfine coupling constant of about 10 gauss (g=2.0029 in

DCM; 2.0047 in TCE). The number of the lines

indicates clearly the coupling of an unpaired

) ] 59 Li-TCNQ

electron with the nuclear spin of Co (I=7/2). °C
The solution quenched at -196°C showed also 72
the spectrum similar to that at -40°C, which 50
means that the g value of the signal is quite
isotropic. These facts imply that the signal "'——'///\\‘~“1_‘\\V/’“’——_ 34
is due to a free radical to which a TPP m-or-
bital participates mainly. —“—“"/p\\‘—“f~“\\//f——‘— 14

It has been confirmed by an electro-
chemical-ESR techniques) that the signal is 0
attributed to a m-cation radical of six-
coordinate Co(III)TPP with axial ligands.
Namely Co(II)TPP in DCM was electrochemically o
oxidized in the presence of supporting elec-
trolyte, tetrabutylammonium chloride. The =20
ESR spectrum of the product obtained by two
one-electron oxidation steps is shown in —_—-////\“Afw
Fig. 3 together with the simulated one. The LA/\'\///‘———__ ~30
spectrum measured at temperature above -50°C
agreed entirely with that of the species
derived from Co(III)TPPCl in DCM. The spec- ______,///\,\,v\4 -40
trum simulated with one cobalt, four nitrogens, VVV\//:;;—_
and two chlorines (a, =10.3G, ay=2.80G, and =

a =2.20G (a =1.80G) (Fig. 3b) excellent-
351 3701
ly coincided with the observed one. On the
Fig. 2. ESR spectra of Co(III)-
other hand, the m-cation radical generated TPPCl in TCE as a function of

6)

in TCE is in the following equilibrium. temperature.
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[co™Trpr] *2*2c1™ + TCE e= [co™™TreP] 2t (TCE)C1™ + C1”

Temperature dependence of the

signal intensities relative to that
of Li-TCNQ used as an external stan-
dard indicated that the concentra-
tion of the radical increased expo-
nentially with raising the tempera-
ture up to room temperature, above
which the intensity approached to a
constant value as shown in Fig. 4.
From the exponential portion the
enthalpy change was estimated to

1

be 4 and 10 kJ mol ~ in TCE and in

DCM, respectively.

Fig. 3. a: The ESR spectrum of the
paramagnetic species generated by
electrochemical oxidation of Co(II)-
TPP in DCM at -70°C. Supporting
electrolyte: n-Bu4NC1.

b: Simulated spectrum. See text
about the hfcc used for the simula-

tion.

Relative spin concentration
.

kK/T

Fig. 4. Relative concentration of
m-cation radical generated from
Co(III)TPPCl in TCE as a function
of temperature.
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The formation of the radical was also accelerated by 500W Hg-lamp irradiation.
Except for a transient increase at the beginning of the irradiation the intensity
of the signal was enhanced constantly, the increasing rate at -60°C being eight
times as large as that at -30°C. After the irradiation the concentration of the
radical in TCE was retained for a period more than one hour at around -60°C.

A study on the mechanism of the formation of the radical by thermal and light

activation is now in progress.
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