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A New System of Autoreduction of Hemin with Isocyanide

Taku NAKANO® and Yoshitaka KITAMURA
Department of Pharmaceutical Sciences,
Toyama Medical and Pharmaceutical University,
2630 Sugitani, Toyama 930-01

A new autoreduction system of hemin was established in
the case of synthetic hemins with hydroquinone and iso-
cyanide. The reduction of hemin needed both of hydroquinone
and isocyanide. Kinetic studies suggested that a six-
coordinated and low-spin iron porphyrin complex was an

intermediate of the reduction.l’z)

Hemoproteins have important roles in natural systems such as oxygen carriers,
oxygenation enzymes, and energy transfers and the redox reaction of heme is a
common feature for these hemoproteins. It has been known that in some
hemoproteins hemin is reduced spontaneously when they were kept under carbon
monoxide or nitrogen monoxide to give ferrous complexes of CO or N0.3) On the

other hand, chemical systems of hemins with cyanide,4a)
4b) 4c) de)

carbon monoxide and

base, pyridine and base, piperidine,4d) thiols, and phosphines4f) have
been reported to get autoreduced without any apparent reductants. In some cases
mechanisms were proposed, most of which were electron migrations through the
axial ligands involving radicals. Recently iron chlorophyll showed the similar
reduction with pyridine5) in the conditions where hemin(FeTPPCl) did not reduce.
We now report a new autoreductions) system of hemins in aprotic solvent with
hydroquinone in the presence of isocyanide which was not known to be a ligand to
Fe(III) porphyrins, and the situation which remained ambiguous is now clear.

Hemin needed both of hydroquinone and isocyanide in aprotic solvents to get
reduced as shown in Eq. 1.

1
Fe(III)TPPC1l + — Hydroquinone + 2 Isocyanide

2
1

—_— Fe(II)TPP(isocyanide)2 + — Quinone + HC1 (1)

Hydroquinone is a potential reductant in the system but it does not reduce
hemin chloride without isocyanide. The role of isocyanide should be similar to
that of carbon monoxide: carbon monoxide and isocyanide have the same electronic
structure and are known to coordinate not to Fe(IIl)-porphyrin but to Fe(II)-
porphyrin complex. The spectral change accompanying the reduction of hemin in
acetonitrile was typically shown in Fig. 1. The sharp Soret peak at 431 nm
appeared after additions of HyQ and t-BuNC indicating the formation of Fe(II)-
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Fig.2 Plot of rate vs. [t-BuNC].
Solvent: CH3CN. See reaction conditions
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Fig.1l Spectral change of FeTPPCl
in acetonitrile. % x103
s 6
Conditions were the same as in é
Table 1; ambient temp., scanning E St
speed: 60 nm/min; interval: 30 N 4l
min. The inset was recorded TE
separately. i 3
N
g 2}
TPP(t—BuNC)27) with clean isosbestic &
points: 407, 421, 442, 478, ‘and 516 nm. T
Similar autoreductions were observed
in the cases of FeOEPCl and FeTPPCl8CI 0 1 2 3 4 5 x10
. _ . o
with t-BuNC and HyQ in CHyCl, and that [HzQ]//mm4-dm3
benzyl isocyanide had the same effect on
FeTPPCl.S) The reaction was followed Fig.3 Plot of rate vs. 1/[H2Q].

kinetically measuring the absorbance
Solvent: CH3CN. See reaction condi-

tions in Table 1 but [H2Q].

at the Soret peak of the formed complex
in a Tonometer with a 1.0 mm cuvette
under nitrogen atmosphere.

After the correction needed, suppression of absorbance of FeTPPCl, the
initial rates of the increases of reduced heme were shown in Figs. 2 and 3. The
rate was revealed to be dependent on the concentrations of hydroquinone and
isocyanide, and the rate equation was (d[Fe(II)TPP(t—BuNC)z]/dt)tzo =
k[Fe(III)TPPCl][t—BuNC][HzQ]/(l + K[HZQ]).

Two possibilities should be taken for the reduction mechanism. The first is

an initial reduction by hydroquinone followed by the formation of bisisocyanide
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complex. The second is an initial formation of isocyanide complex which is
supposed to have a six coordinated iron complex. And the step is followed by the
reduction by HZQ' The first possibility is excluded because isocyanide binds
to iron(II) at the rate of a diffusion control, ,v101° s_l,g) and hence the
reaction should be independent of the concentration of isocyanide. The second is
reasonably elucidated by the mechanism in the scheme 1. The partial formation of
a six-coordinate and low-spin iron porphyrin complex was essential, affecting

1.10) Because the reaction was first order with respect to

the redox potentia
isocyanide, an initial formation of bisisocyanide complex is unlikely.

Following the scheme the rate equation is obtained to be

kK K5 [Fe(ITII)TPPC1][HyQ][t-BuNC]
Rate = (2)
1 + Ky[HyQ]

Here k;K; = 1.1 x 103 min.mo17!.dm3 and Ky = 1.0 x 10 mol.dm™3.

A possibility of m-cation radical on porphyrin ring or of electron

delocalization between iron and tBu
N
porphyrin ring which has been the o Ky Cu
. 1 1_13) . —Fe— + tBuNC ‘__A —Fe —
subject to be argued still Cl ar
remains. Detailed study is necessary.
tﬁu tﬁu
Table 1 Solvent Effect on Autoreduction Cu k2 Cu
. —Fe— + HQ —= |[—Fe—-H,Q
cr cr
Solvent (d[Fe(II)]/dt,)tzo/min'mol-dm—3
tgu tﬁu
. -4 C k Cu
CgHg 0.15 + 0.03 x 10 -—Fe_—-HzQ, ——> —Fe— + HQe + HCl
CHClq4 0.75 + 0.05 x 1074 ca
-4
CHyCl, 0.91 + 0.07 x 10 . tﬁu tﬁ’
CSH5CN 1.07 + 0.14 x 10 _ch_ . Hae k Cp
CH4CN 2.75 + 0.23 x 1074 cf' — —Fe— + Q@+ HU
FeTPPCl: 2.3 x 1079 mol/dm3, t8u tBu
. -3 3 C c
HpQ: 4.1 x 10 Tgl/dm , . . —Fd— 4 tBuNC k3 e
t-BuNC: 4.0 x 10”% mol/dm”, 25 C. fast ﬁ
tBu
The solvent effect on the rate in Scheme 1.

aprotic solvents was summarized in Table Proposed Mechanism of Autoreduction.

1. The reduction was accelerated in

polar solvents. Preliminary experiments in FeOEPCl suggested that acetonitriles

affected on the pre-equilibrium in the scheme to accelerate the reaction.
Interestingly, experiments in CH2012 showed that the‘reduction completed in

dark and the reverse oxidation to hemin chloride occurred under the light, which

means that this system would be a good model for redox reaction of enzymatic

system. The detailed study is under way.
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