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RUBREDOXIN MODEL COMPLEX (Et4N)[Fe(82—o—xy1)2] AS A CATALYST IN THE REDUCTION
OF AROMATIC NITRO COMPOUNDS TO HYDROXYLAMINES
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Hongo, Bunkyo-ku, Tokyo, Japan
(Et4N)[Fe(Sz—o—xy1)2], the analogue of oxidized rubredoxin active sites, can

catalyze the reduction of aromatic nitro compounds to N-aryl hydroxylamines
by o-xylene-¢,0-dithiol.

Rubredoxin, one of the non-heme iron-sulfur proteins, acts as a one-
electron carrier in fatty acid oxidation and hydrocarbon -hydroxylation
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reactions in Pseudomonas oleovorans. It can function in this manner due to

its iron-sulfur active sites. The analogous complex (Et,N){Fe(S,-o-xyl),1({1)
4 2 2

prepared by Holm et al. displays close structural and electronic resemblance
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Table 1 Catalytic effects of complex (1) on the reduction of aromatic nitro
compounds by o-xylene-a,a’-dithiol.

substrate E1/2 vs SCEb yields (%)
entry ——m———

C6H4(N02)X (V) C6H4(NHOH)X C6H4(NH2)X
1 X=p-NO,? -0.75 93 2
2 m-NO, -0.94 54 25
3 p-Ac ~-0.98 49 n.d.c
4 p-CN n.d. 60 13
5 p-COOMe -1.00 46 17
6 H -1.10 0 2

1.0 mmol of Substrate was added to 0.1 mmol of (Et4N)[Fe(Sz—o—xyl)2] in the
presence of 5.0 mmol of o—xylene—u,d—dithiol in CH3CN solution (20 ml) under
n Ar atmosphere at 40°C(®26°C). The mixture was stirred for 6 h (21.5 h).
El/2 vs SCE of complex (1) was -1.05 V. Cnh.d.: not determined.

5113



5114

to the active sites of oxidized rubredoxins.? The complex (1), which
exhibits the Fe(III)/Fe(ll) redox cycle, is considered to represent an essen-
tially unconstrained structural model of the oxidized rubredoxin active site.
Thus, the complex (1) was expected to be a novel and facile catalyst in
organic reductions.3

This paper reports our finding that complex (1) catalyzes the reductions
of aromatic nitro compounds to N-aryl hydroxylamines by thiol. [Fe(sz—o-
xyl)zll_ has principal absorption spectra at 486 and 640-684 nm, while the
reduced form of the complex, [Fe(sz—o—xy1)2]2°, has a much weaker absorption

2 as shown in Fig. 1,

band at ~450nm (sh. € =390), as reported by Holm et al.
addition of o—xylene-a,uldithiol to the oxidized form caused the absorption
spectra at Amax = 486 nm to disappear, indicating that the reduced form was
produced. Subsequent exposure of the reduced form to dioxygen increased the
absorption spectrum at A max=486nm. That is, the spectral change shows that
complex (1) can catalyze electron transfer from o-xylene-a,a’-dithiol to
dioxygen. Some substrates instead of dioxygen were expected to be reduced
under O,-free conditions. When (Et4N)[Fe(82-o—xyl)2] (0.1 mmol), nitro
compound (1.0 mmol) and o-xylene-a,a~dithiol (5.0 mmol) were stirred in 20ml
of CH3CN under an Ar atmosphere, the substrates with electron-withdrawing
functional groups were reduced more readily than nitrobenzene which has a
more negative redox potential (Chart 1, Table l).4 When FeCl, or FeCly was
used as the catalyst instead of complex (1), trace amounts of hydroxylamine

/

0.2

Absorbance

0 500 700
Wavelength(nm)

Fig. 1 Spectral Change of Complex [Fe(sz—o—xyl)zll- .
I: complex (1) (0.038 mM) in CH4CN solution under an Ar atmosphere, II: 1 min
after addition of o-Xylene-a a’-dithiol (0.203 M) to complex (0~923. mM) in
CH3CN solution under an Ar atmosphere, III: 75 min after addition, IV:
exposure of solution III to dioxygen.
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Table 2 Reduction of aromatic nitro compounds to N-aryl hydroxylamines by
solution (A)

substrate yield (%)
entry S

C6H4(N02)X C6H4(NHOH)X C6H4(NH2)X

1 X = p-NO,? 92 8

2 m=NO, 53 2

3 p-Ac 40 n.d.?p

4 p-CN 51 4

5 p-COOMe 47 11

6 H o] 7

Solution (A) included FeClz(O.l mmol), Et4NC1(O.2 mmol), o—xylene—a,&—

dithiol(2.6 mmol) and NaHCO3 (1.0 mmol) in CH3CN solution(10 ml). Solution
(A) was added to the substrate(0.5 mmol} in CH3CN solution under gn Ar
atmosphere at 40°C(? 18°C). The mixture was stirred for 6 h (31.5 h). ®n.d.:
not determined.

were obtained in 2% or 4% yield, respectively, while addition of Et,NCl, and
sodium hydrogencarbonate to FeCl, and o—xylene-a,J-dithiol produced
hydroxylamines in high yields (Table 2). Formation of complex (1) was
expected in a CH4CN solution mixture (A) including Et,NCl1, o-xylene-a o -
dithiol, sodium hydrogencarbonate and FeCl,. Absorption spectral data of the
solution (A) have confirmed the formation of complex (1) by comparison of
those of complex (1). Table 2 indicates that this solution (A) has the same
catalytic effect as complex (1). This offers a very facile and useful
reduction method; for example, p-dinitrobenzene could be reduced to p-nitro
phenylhydroxylamine by treatment with solution (A) in a higher yield (92 %)
than by other reported method (65 %LS Table 3 shows that the components of
complex (1) are essential to give good yields in the reduction. Nitro

Table 3 Reduction of dinitrobenzene to nitro phenylhydroxylamine and nitro-
aniline by FeCl, and o-xylene-a,a’'-dithiol in the presence or absence of
Et,NC1l and/or NaHCOj.

Components of complex (1) Product (%)
entry
FeC12 Et4NC1 o-xylene-o,0’-dithiol NaHCOb C6H4(NHOH)N02 C6H4(NH2)N02
(mmol) (mmo1l) (mmol) (mmo1l)
1 0.1 0.2 2.6 1.0 92 8
2 0.1 -_ 2.6 1.0 22 2
3 0.1 —_— 2.6 e 2 0
4 0.1 0.2 2.6 e 4 0

Components of complex (1), dissolved in 10 ml of CH4CN, was added to dinitro-
benzene (0.5 mmol) in CH;CN solution under an Ar atmosphere at 18.5°C.
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phenylhydroxylamine was in low yields in the absence of EtyNCl and/or
NaHCO3.6 Thus, our present work demonstrated the potential usefulness of
complex (1) or solution (A) for the simple preparation of N-aryl hydroxyl-
amines in good yields.

This work was supported by a Grant-in-Aid for scientific research from
the Japanese Ministry of Education, Science and Culture.
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