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in Methanol. A Kinetic Study on the Formation of
the Superoxide Anion Radical from the Dioxygen
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Chemical reactions of synthetic iron(Il) porphyrins and dioxy-

gen have attracted much attention because of their importance as

model systems for understanding the roles and functions of natural
hemeproteins in vivd:® Earlier studies of these reactions have
mainly focused on the reversible binding of dioxygen by iron(ll)
porphyrinst®-15and less attention has been paid to the formation
of O,™* from the reaction of synthetic iron(ll) porphyrins and
dioxygen.

In 1933, neutrophils were found to exhibit a “respiratory burst”
upon exposure to certain stimuli, producing the potentially
microbicidal reagent, ©°.1617 Subsequent studies revealed that
the G producing enzyme in neutrophils contains the hemepro-
tein, cytochromdossg, which plays an essential role in the catalytic
reduction of dioxygen at the expense of NADPHZ’ The
formation of Q— has also been observed in the autoxidation
processes of ferro-myoglobin and -hemoglobin, which, although
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Figure 1. Transient absorption spectra observed for the methanol solution
of 1.0 x 10°5M CIF€"TPP saturated with oxygen gas at 1 atm, at 50 ns
(open circle) and 1@s (closed circle) after the 355-nm laser pulse. The
decay of the transient monitored at 425 nm is shown in the inset.

slowly, reduce dioxygen to yield £°.28-3° Thus, studies on the
O, production by iron(ll) porphyrins are important for elucida-
tion of the reduction mechanism of dioxygen by ferro-hemepro-
teins in vivo. The present kinetic study demonstrates thtt Fe
(TPP = tetraphenylporphyrin) produced by laser photolysis of
CIFE"TPP in methanol reacts with dioxygen to give the dioxygen
adduct, (QFe'TPP, which dissociates ;O to regenerate
Fe'TPP".

Continuous photolysis of CIHETPP in methanol was carried
out by a 250 W mercury lamp with a cutoff filtet & 330 nm).

In the aerated methanol solution, CIFEPP was slightly photo-
decomposed. However, the degassed methanol solution quanti-
tatively yields (CHOH),Fe'TPP upon irradiatior*

The spectrum of (CEOH),FE'TPP in methanol exhibits an
absorption peak at 425 nna € 2.26 x 1® M~ cm™). When
the methanol solution was exposed to air, the spectrum of
(CH3OH),FE'TPP instantaneously returned to that of CIF@P
in methanol measured before irradiation.

The photochemical formation of FEPP was again confirmed
by the 355-nm laser photolysis of CIFEPP in degassed
methanol, i.e., the transient spectrum measured at 50 ns after the
pulse has a positive peak at 425 nm and a negative one at 405
nm, in good agreement with the difference spectrum P&
minus CIFd'TPP). The quantum yield for the formation of
Fe'TPP is ca. 0.02. B&PP produced in degassed methanol was
found to exhibit neither a decay nor a rise over a few milliseconds
after the laser pulse.

Figure 1 shows the transient absorption spectra observed for
an oxygen-saturated methanol solution of 10 105 M
CIFE"TPP at 50 ns and 10s delay after a 355-nm laser pulse.
The 50-ns spectrum is identical with that observed for the
degassed methanol solution, indicating the formation 6TP®.

The decay of PETPP in oxygen-saturated methanol was inves-
tigated by monitoring the absorbance change at 425 nm. As
shown in the inset of Figure 1, the absorbance change, at

425 nm decreases with time and levels off within several
microseconds after the laser pulse. This result is best interpreted
in terms of the reaction of E&PP and G, i.e., the FETPP reacts
with oxygen to produce the dioxygen adduct of"FeP,
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Figure 2. The plots of the decay rate constants (open ciréleand the
I'(O,) values (closed circle) represented as a function of the oxygen
concentration (see text). The solid curvekahdI'(O,) are, respectively,
calculated with the use of eqs 8 and 10: parameters usek ard..25

x 1P st ky=1.0x 1P s, andk/k, = 3.6 x 10* M~ for kandy =

0.35 andK = 4.5 x 10 M~ for T'(Oy).

(CH30OH)(O,)FE'TPP, which gives the 1@s spectrum. The 10-
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The formation mechanism of the dioxygen adduct described
above is again supported kinetically. From eq 1, the initial
absorbance changdD(t=0), is expressed aAD(t=0) = AD,

+ AD... The ratio,I'(O,;) = AD./AD(t=0), is a function of the
oxygen concentration. Equations 2 and 3 give an expression for
I'0y), i.e.,

[(Oy) = (1 + yK[O)/(1 + K[O,]) (6)

wherey is the value ofl'(O;) at an “infinite” concentration of
oxygen.

As shown in Figure 2, the value 8{0,) measured in the range
0 < [0, < 8.5 x 1072 M decreases with an increase inJ@
attain a constant value at the oxygen concentration higher than
ca. 4x 103 M. The plot of ['(O,) vs [O] is well reproduced
by eq 6 with the use of = 0.35 andKk = 4.5 x 10* M~%. The

fact that the equilibrium constant obtained from eq 6 is identical
with that from eq 5 supports the mechanism of the reversible

us spectrum having a positive peak at 420 nm eventually formation of (CHOH)(Q,)F€'TPP mentioned above.

disappeared according to first-order kinetics over a few hundred

milliseconds after the pulse: the rate constant is 4 s

The decay of the absorbance chandd), at 425 nm is
expressed by

AD = AD, exp(—kt) + AD,, (1)

The plot of INAD — AD.,) vst gives a straight line with a slope
k. The rate constantk, were measured as a function of the
oxygen concentration, [P

Figure 2 shows the plot ok vs [O)). The value ofk
asymptotically approaches to a limiting value with an increase
in [O;]. We, therefore, consider that the dioxygen adduct,
(CH30OH)(O,)FE'TPP, is produced according to the following
reaction mechanism.

CH,OH
N- § —N k( N bt N
7 Fel / —T’> N/ FCN/ + CH,OH @)
—N b ;
CH,OH CH,OH
( CH30H)2Fe"TPP ) ((CH;0H) Fe'TPP)
02
N——N ke N-|—N 3
/ Fe + 0, = J F )/ ©)
N N kg N -N
CHLOH CH,OH
( (CH;OH)(O,)Fe"TPP))

When the steady-state approximation is taken with regard to
(CH;OH)FE'TPP, the rate constants, for the decay of
(CH3OH),FE'TPP is formulated as

kik[O,] + kpky
ky + k[0l

The plot ofk vs [O;] in Figure 2 givesk = 1.25x 10° s, ky =

1.0 x 1® s%, andkJk, = 3.6 x 10? ML The equilibrium

constantK, for the formation of (CHOH)(O,)F€'TPP in methanol
is given by

(4)

K=k k/kk;=4.5x 10°M~* (5)

Continuous photolysis of CIFE'PP in methanol reveals that
(CH3OH),Fe'TPP reacts with oxygen and eventually returns to
the iron(lll) porphyrin. This result suggests that the dissociation
of O, occurs from (QFe'TPP.

(CH,OH)(0,)F'TPP+ CH,OH —
(CH,OH)(CH,0-)Fe"TPP+ O, "+ H* (7)

Detection of Q—* produced by autodissociation from the
dioxygen adduct, (CEDH)(O,)FE'TPP, was made by the spin
trapping method. The aerated methanol solution of>.00°°
M (CHFE"TPP and 1.0x 102 M DMPO (5,3-dimethyl-1-
pyroline N-oxide) was irradiated by the mercury lamp with the
cutoff filter (1 > 330 nm). The ESR spectrum of the DMPO
adduct thus obtained exhibits, = 13.5+ 0.3 andAy* = 10.0
+ 0.3, in good agreement with those reported for the*Qor
HOO) adduct of DMPO in methangf.

The laser photolysis studies of CIIFEPP in oxygen-saturated
methanol revealed that the dioxygen adduct{OH)(O,)Fe' TPP,
slowly decays with the first-order rate constant of 4. sThe
rate constant was found to be almost independent gfifCthe
concentration range P> 1.0 x 10°2 M. This finding implies
that the rate for the dissociation o5 0®is much slower than that
for achieving the equilibrium shown by eqs 4 and 5. The rate
constant is four or 5 orders of magnitude larger than those
measured for the dioxygen adducts of native, mutant, and
tetrazorium-modified myoglobins in aqueous soluti&rs®34

An outer-sphere electron-transfer reaction from reduced hemes
to dioxygen has been assumed for the oxidation of cytochrome
bsse.2® The oxidation mechanism of myoglobin by dioxygen has
been explained by a combination of an outer-sphere electron-
transfer reaction from myoglobin to dioxygen and a unimolecular
ionic dissociation of @ from oxymyoglohin?®34 In the present
study, we conclude that the outer-sphere electron transfer does
not take place from both (G@H),Fe'TPP and (CHOH)FE'TPP
to dioxygen because of the facts that (1) the rate condtant
increases and asymptotically levels off with an increase 4} [O
and (2), unlike the oxidation of myoglobin, the rate constant
does not exhibit a “bell-shaped”,@oncentration dependente.

Further studies are in progress.

This value is in moderate agreement with those obtained for the ;59506783

formation of the dioxygen adducts of manganese(ll) tetra-
phenylporphyri#? and iron(ll) picket fence porphyridn toluene
solutions.
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