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The reaction mixture of trans—[FeClQ(cyclam)]+ and
linolenic acid exhibited high ability for degradation of
tetraphenylcyclopentadienone, one of the famous singlet
oxygen(1£;g) quenchers, and the peroxidation of linolenic

acid was found to proceed in this solution.

Lipoxygenase (linoleate:oxygen oxidoreductase, EC 1.13.11.12) is a
non-heme iron dioxygenase which catalyzes the dioxygenation of poly-
unsaturated fatty acids containing a 1Z,4Z-pentadiene system.1)

Interest in the mechanism of lipoxygenase has been stimulated these last
years by the discovery of the implication of 1lipoxygenase 1in the
biosynthesis of leukotrienes which have an important role in immediate
hypersensitivity and inflammation.z) Native lipoxygenase-1 from soybean
is colorless(Fe2+) and virtually ESR-silent, and the active form of the
enzyme contains iron in the ferric form. The two current hypothesis for
the mechanism of lipoxygenase catalysis were reported. Abstraction of
hydrogen at C-11 was proposed to be the rate-determining step, which
was supported by a primary kinetic deuterium isotope effect.3) Hydrogen
atom abstraction with reduction of the iron would result in formation of
a pentadienyl radical as an intermediate. This mechanism was proposed
to account for the fact that active enzyme when treated with substrate
linolenic acid in the absence of oxygen lost 1its characteristic ESR
signal at g=6.4) Recently an alternative mechanism has been proposed in
which electron transfer to the iron does not take place;s)this involves
an organoiron intermediate 1in place of the pentadienyl radical and
iron (II) .

In this report we have found that the reaction mixture of trans-
[FeClQ(cyclam)]ClO4(cyclam=1,4,8,11—tetraazacyclotetradecane)6) and

linolenic acid exhibits high ability for degradation of TCPN (TCPN=tetra-
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phenylcyclopentadienone),7) one of the famous singlet oxygen(1A;g)
quenchers, and that peroxidation of 1linolenic acid proceeds in the

presence of the trans compound, although the cis compound,6)

cis- [FeCl,
(cyclam) ] Cl, exhibits no activity for both the reactions.

In Fig. 1, the time course of absorbance at 505 nm (25 C) of the
reaction mixtures of TCPN, linolenic acid and trans—[FeClQ(cyclam)]+,
and TCPN, linolenic acid and cis—[FeClz(cyclam)]+, are shown. It is
known that TCPN shows strong absorbtion band at 505 nm. In the case of
of the cis compound, no decrease of the absorbance was detected within
several hours. On the other hand, rapid decrease of the absorbance at
505 nm was observed in the mixture with the trans compound. This
demonstrates that there is a singlet oxygen(1A;g)—like active species
in this solution, similar to the case of Ni (II) -B -diketonato/aldehyde
system.a) We have examined the reaction mixtures containing the Fe (II1I)
complex and linolenic acid in terms of the TBA method (TBA=2-thio-
barbituric acid);g) this determines the quantity of malondialdehyde in
the solution which may be derived from the peroxidation of unsaturated

fatty acid as described in the literature.1o) The results (Fig. 2, 25
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Fig. 1. Time course of the absorbance at 505 nm of the reaction
mixture of TCPN (25 cm3 of 1,2-CH,yC1CH,C1, 1/1500 mol dm_3) and

3 of dmso,

linolenic acid (1.5 cm3) with iron (III) compound (2 cm
1/250 mol dm_3)( B(I:]):cis-[FeClQ(cyclam)]+ and C(A): trans-

[FeCl, (cyclam)] "), and without iron (III) compound, A(Q) -



Chemistry Letters, 1993 413

°C) are clearly consistent with the result in Fig. 1; that is, only the
trans compound can peroxidize the linolenic acid. Thus, the present
work is the first report indicating that the peroxidation of linolenic
acid by a iron (III) complex is closely related with the formation of a
singlet oxygen-like active species.

We have investigated the reaction mechanism on the peroxidation of
linolenic acid in terms of ESR spectra. In the spectrum of the trans
compound, the signal due to the low-spin species is observed (g=3.2 —
2.3), and the spectrum also indicates that the cis compound is of high-
spin type. The addition of linolenic acid to the solution of the trans
compound under an aerobic condition has lead to appearance of a new ESR
signal at g= 4.3, suggesting the formation of some high-spin species in
the solution. This implies that the linolenic acid may interact with
the iron(III) ion of the trans compound. No radical species was
detected in the ESR spectrum of the reaction mixture of linolenic acid
and the trans compound at the initial stage.

We also have measured the cyclic voltammograms of both the trans
and the cis compoﬁnds.11) It is noteworthy that the electrochemical
properties of both compounds (reduction potential, Fe (III)— Fe (II), its

reversibility, etc.) are very similar to each other under argon,
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Fig. 2. Time course of the absorbance at 532 nm of reaction mixture (

iron complex (1 cm3 in dmso, 1/250 mol dm"3), 25 cm3 of 1,2-C1CH,CH,-
Cl, and 0.5 cmd of linolenic acid) treated by TBA (see text). A(Q):
cis~[FeC12(cyclam)]+ : B(): trans—[FeClQ(cyclam)]+.
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however, that CV behaviour of the trans compound is greatly different
from that of the cis compound under dioxygen atmosphere; that is, the
reaction between the iron(II) species formed at -0.07 V (vs.SSCE) and
dioxygen was observed only for the trans compound.

Based on these facts, we would like to propose a reaction mechanism
for peroxidation of 1linolenic acid by the trans compound; at first
linolenic acid approaches to a iron(III) ion, and dioxygen molecule may
interact with the iron (ITII) ion loosely, and this loosely bound oxygen
may be activated to contain some degree of singlet oxygen character, as
suggested in Ni (II) -8 -diketonato/aldehyde system.8) This activated
oxygen may react with the substrate, leading to the peroxidation of
linolenic acid. The formation of an oxygenated species seems to be
specific for the trans compound, as indicated in the present electro-

chemical data, and also as suggested in the reaction with H202.12)
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