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An Electrochemical Evidence for the Participation of Iron(IV) Porpyrin Species
in the C-C Bond Cleavage of 1,2-Diaryl-1,2-ethanediol
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Cyclic voltammogram of a mixture of tetraphenylporphrinato-
iron(III) and 1,2-bis(4-methoxyphenyl)ethane-1,2-diol in dichloro-
methane showed a catalytic wave at the potential corresponding to
the oxidation of Fe(III) to Fe(IV). The rate of reaction of Fe(IV)
with the diol following the electrochemical process was determined.

As a model system mimicking cytochrome P-4505CC, which catalyzes the physi-

important C-C cleavage of diol on the cholesterol side chain in the

ologically
we reported the related cleavage of 1,2-diol to aldehyde in the

adrenal cortex,
presence of molecular oxygen, meso-tetraphenylporphyrinatoiron(III), (1), and 1-

benzyl-1,4-dihydronicotinamide, (BNAH), an NADPH analogue.l) In those reports,

Ar-?H-?H—Ar BNAH, 02, room temp - 2ATCH=0 + HZO (1)
OH OH FeC1(TPP), CH2C12

the iron(IV) species was proposed as the active

supporting evidence for diol cleavage by iron(IV) porphyrin

iron(IV) complex,

species of the <catalytic

process. Although
complex was presented by using a stoichiometric amount of
m/m its participation in the catalytic

V,
PV /IV v/ (A) [ 1008 process was still unconvincing. In this
+1.5 A~ /+L0 +0.5 0

report, we communicate the electrochemi-
cal evidence for the participation of
iron(IV) complex as the active «catalyst
of the reaction by cyclic voltammetry.
The cyclic voltammogram was measured
in a dichloromethane solution of 1 (6.0 x
10°* M) containing tetrabutylammonium

1 /]

ﬁ? é,/%% (C) perchlorate (0.1 M) with wusing glassy

ﬁﬁ ///h I”fA carbon as the working electrode, platinum

mﬁ 3 // wire as the counter -electrode, and a

Mﬁ / saturated calomel electrode as the

i t// reference at 25.0 °C under nitrogen

y",'g‘,";" 5// atmosphere. The voltammogram of

) ] Fe (TPP)C1 is shown in Fig. 1A. In ac-
-Fzgs;]i, 6x10-4 M, 44 mV/s. (B); 1L +.2 (0.2 cordance with the results in litera-
M). Scan rate, 80, 57, 23, and 11 mV/s. ture,z) reversible peaks are present at
(C); Dependence of limiting current on 2031V, 1.14 V, and 1.39 V to SCE, which

concn of 2 (from 13to 5, 0.73, 1.58, 2.80,
5.36, and 6.69x10 ~ M), 5 mV/s. correspond to the redox couples of
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Fe(III)/Fe(II), Fe(lV)/Fe(IIl), and Fe(IV)P(+.)/Fe(1V), respectively. Addition
of 0.2 M of benzyl alcohol to this solution had influence on the 1last redox
couple without any significant change in the region of Fe(IV)/Fe(III). However,
when 1,2-bis(4-methoxyphenyl)ethanediol, (2), the substrate of the model
reaction, was added to the solution of 1, the peaks of the Fe(IV)/Fe(III) redox
couple showed distinct changes as shown 1n Fig. 1B: A catalytic reaction (EC'
mechanism)s) occurred in the oxidation step of Fe(III) to Fe(IV), and the
corresponding reductive wave eventually disappeared at the slow scan speed. The
voltammogram of 2 measured 1in the absence of ] was irreversible and the
oxidative wave 1is observed at a higher potential (1.35 V) without the
participation of a catalytic reaction.

The results presented above clearly indicate that the chemical reduction of
Fe(IV) by 2 takes place with Fe(IV) electrochemically generated on the
electrode, supporting the participation of Fe(IV) in the catalytic aerobic C-C

bond cleavage of diol. The rate of the chemical process estimated from Eq. 24)
i = NFAC_*(DC_*k)/? (2)
was 65 M-ls-l. This catalytic reaction was not observed in the voltammogram

of 1 in the presence of monometyl ether of 2, (3). Together with the fact that
the catalytic C-C bond cleavage of 3 proceeds very slowly compared with g.l)
this observation suggests that the cleavage of 3 proceeds by a different
mechanism to that of diol itself, such as photochemical decomposition of Fe(III)
diolate complex,lb) for example. The facts that conversion of Fe(II) to
Fe(III)alkoxide proceeds quickly by treatment with O, in the presence of
alcohol,s) that the reaction of Fe(II)P with O, produces Fe(IV)P at low
temperature,ﬁ) and that Fe (IV)P(OR), is converted to FeP(OR) (III) spontaneously
at room temperature,7) all present support for the participation of Fe(IV)
species in the catalytic glycol cleavage of Eq. 1. Since epoxidation of olefin
does mnot proceed with our system, it seems likely that Fe(TPP)C1-BNAH-0, is a

pure system of producing Fe(IV) without contamination of Fe(IV)P(+.).
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