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The (TPP)FeCl—NaBH4 system performs remarkably
efficient catalytic reduction of nitrobenzene to aniline.
(TPP)Co and (TPP)MnCl also catalyze the reduction of p-
chloronitrobenzene to p-chloroaniline, while their catalytic

activities are much lower than that of (TPP)FeCl.

Because of the many interesting catalyses of cytochrome P—450,1)
various attempts to perform its model reactions with metalloporphyrins have
been actively made in the last decade.z) These attempts have been
concentrated mainly on the modeling of the oxidation catalyses of
cytochrome P-450. However, attempts to mimic reduction catalyses of
cytochrome P-450 have been reported limitedly,3_8) whereas it also
catalyzes reduction of nitro and azo compoundsga) and reductive
dehalogenation of alkylhalidesgb) when combined with NADPH (nicotineamide
adenine dihydride). These reduction catalyses of cytochrome P-450 are not
surprising because cytochrome P-450 reductively activates an oxygen
molecule by accepting electrons from NADPH.1’2a) In this work, we examined
catalytic reduction of nitrobenzene by using metalloporphyrin and NaBH, as
the model reaction of cytochrome P-450 and NADPH.

In a typical run, (TPP)FeCl (0.05 mmol dm™3), NaBH, (130 mmol dm~3),
and aromatic nitro compound (80 mmol dm_3) were dissolved in a diglyme
under nitrogen atmosphere, and the solution was stirred at 30 °C. This
concentration of (TPP)FeCl was adopted by referring the previously reported
model reduction of NOZ_ catalyzed with (TPPS)Fe(III)(HZO),S) whereas the
concentrations of the substrate and NaBH, were much higher than the
previous oness) because of the significantly higher turn over numbers of
the present system (vide infra). An aliquot of 100 ul was taken from the
reaction solution at an appropriate time-interval, and then the reactant

and the product were monitored by HPLC (column: JASCO Finepak SIL C18-10,
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eluent: 60 vol% ethanol-water).
Although the reduction did

=)
o

not gpccur at all in the absence of
(TPP)FeCl, the reduction of
nitrobenzene by the (TPP)FeCl-
NaBH, system rapidly proceeded, as
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N >
o o

shown in Fig. 1. Aniline was
found as the sole product by HPLC

analysis. 1Its yield was near to 0 . . N
100% after 24 h under a reaction 0 20 40 60
condition described above. The time/min

turnover numbers of the catalyst Fig. 1. Time-curve of reduction of

were ca.500 after 0.5 h and nitrobenzene with (TPP)FeCl—NaBH4.

ca.1700 after 24 h, as shown in a) Based on substrate. See text
Table 1. p-Chloronitrobenzene for reaction conditions.

was also reduced by the same

catalytic system. It has been known that for reduction of aromatic nitro
compounds such a strong hydride reagent as NaBH,S; and a higher temperature
(e.g., reflux in THF) are necessary. The (TPP)FeCl-NaBH, system can reduce
aromatic nitro compounds under mild condition (room temperature, weak
hydride reagent, and very dilute concentration of catalyst). Therefore,
the (TPP)FeCl—NaBH4 system is a highly efficient reduction catalyst.

The similar reduction was examined with (TPP)MnCl-NaBH, and (TPP)Co-
NaBH4 systems. Both systems, however, did not reduce nitrobenzene but p-
chloronitrobenzene. As shown in Table 1, their catalytic activities were
much lower than that of the (TPP)FeCl—NaBH4 system.

Visible and ESR spectra were measured for analysis of the active
species of the catalytic system. In the ESR spectra, the typical high spin
signals due to (TPP)Fe(III)Cl disappeared upon addition of NaBH, and no
signal was observed at lig. N, temperature. It has been known that

Table 1. Turnover numbers in catalytic reduction of nitrobenzene, 1,
and p-chloronitrobenzene, 2, with the metalloporphyrin—NaBH4 system

Catalyst NaBH, Substrate Time Turn over numbers
(mmol dm~3) (mmol dm~3) (mmol dm~3) h 1 2
(TPP)FeCl 5.0x10"2 130 80 0.5 500 450
1 740 630
24 1700
(TPP)Co 5.0x10"1 130 80 24 unknown 90
product

(TPP)MnCl 5.0x107 " 130 80 24 0 30
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porphyrinato-iron(II) shows no \2 . FeCl(TPP)

ESR signal at lig. N, ‘i —_——— FeC'l(TPP)-l—NaBH4
temperature, '02) while R FeC1(TPP) + NaBH,
porphyrinato-iron(I) has been o8 R - + sub.
reported to be ESR active. ') g \/I \X C

Therefore, no ESR signal g‘ v \E

observed in this catalytic < Vi

system suggests that only 'g \ -
porphyrinato-iron(II) exists :; \

probably as an active species. -g A VAR ~
Visible spectra offered e/ )
additional informations about \V\ o~ ]
the porphyrinato-iron(II) - \\
complex. Addition of NaBH, to . . )
(TPP)FeCl significantly changed 500 600 700
the visible spectrum, as shown }~/nn1

in Fig. 2. Although NaBH, has Fig. 2. Visible spectra of the
been known to reduce (TPP)FeCl catalytic system.

porphyrinato-iron(III) to

porphyrinato—iron(II),12) the spectrum obtained here differed from that of
(TPP)Fe(II)(THF), reported before.10b) This difference strongly suggests
that (TPP)Fe(II) is coordinated by either H™ or BH, . Further addition of
nitrobenzene to the (TPP)FeCl—NaBH4 system significantly enlarged an
absorption around 610 nm, while an absorption of 500 - 550 nm hardly
changed upon addition of nitrobenzene. This result suggests that a new
species is formed. Because an absorption around 550 nm of porphyrinato-
iron(II) has been reported to grow larger upon amine coordination,13) the
enlargement of the absorption around 610 nm would be interpreted in terms
of coordination of aniline which is formed from nitrobenzene. A
difference in Amax of the absorption between the present catalytic system
(about 610 nm) and the previously reported bis(pyridine)porphyrinato-
iron(II) complex (around 550 nm)13) is not surprising because coordination
of either the H™ or BH, ligand would cause red-shift of the absorption.
In the case of (TPP)Co, a clear change of visible spectra was not observed
upon adding NaBH, and substrate, but the absorptions grew slightly larger.
In the case of (TPP)MnCl, addition of NaBHy vielded visible ébsorptions
very similar to those of (TPP)Mn(II).14'15) This result indicate that

(TPP)Mn(II) would be an active species.

References
1) For instance, J. T. Groves, Adv. Inorg. Biochem., 1, Chap. 4 (1979);



198

2)

3)

4)

5)

6)

7)

8)
9)

10)

11)
12)

13)

14)

15)

Chemistry Letters, 1991

M. J. Coon and R. E. White, "Metal Ion Activation of Dioxygen," ed
by T. G. Spiro, Wiley, New York (1980), Chap. 2.
For instance, a) I. Tabushi, Coord. Chem. Rev., 86, 1 (1988); b) A. J.
Castellio and T. C. Bruice, J. Am. Chem. Soc., 110, 158 (1988); J. T.
Groves and Y. J. Watanabe, ibid., 110, 8443 (1988). References are
therein.
K. Tsuji, H. Fujitsu, K. Takeshita, and I. Mochida, J. Mol. Cat., 9,
389 (1980); K. Tsuji, M. Imaizumi, A. Ohyoshi, I. Mochida, and H.
Fujitsu, Inorg. Chem., 21, 721 (1982); TI. Mochida, K. Suetsugu, H.
Fujitsu, and K. Takeshita, J. Chem. Soc., Chem. Commun., 1982, 166.
Y. Aoyama, T. Fujisawa, T. Watanabe, H. Toi, and H. Ogoshi, J. Am.
Chem. Soc., 108, 943 (1986); Y. Aoyama, K. Midorikawa, H. Toi, and H.
Ogoshi, Chem. Lett., 1987, 1651.
M. A. Kline, M. H. Barley, and T. J. Meyer, Inorg. Chem., 26, 2197
(1987); M. M. Barley, K. S. Takeuchi, and T. J. Meyer, J. Am. Chem.
Soc., 108, 5876 (1986).
T. Nagata, K. Fujimori, T. Yoshimura, N. Furukawa, and S. Oae, J. Chem.
Soc., Perkin Trans., 1989, 1431.
D. Mansuy, Pure Appl. Chem., 52, 681 (1980); D. Mansuy and J. -P.
Battoni, J. Chem. Soc., Chem. Commun., 1982, 638; J. Setsune, T.
Iidé, and T. Kitao, Nippon Kagaku Kaishi, 1988, 500.
K. Kano, M. Takeuchi, S. Hashimoto, and Z. Yoshida, Chem. Lett.,
1990, 1381.
a) Y. Ichikawa, Tanpakushitsu Kakusan Koso, 32, 738 (1985); b) R. A.
Van Dyke and A. J. Gandolfi, Drug Metab. Disp., 4, 40 (1976).
a) D. Lexa, M. Momenteau, and J. Mispelter, Biochem. Biophy. Acta, 338,
151 (1974); b) C. A. Reed, T. Mashiki, W. R. Scheidt, K. Spartalian,
and G. Lang, J. Am. Chem. Soc., 102, 2302 (1980).
R. J. Donoboe, M. Atamian, and D. F. Bocian, J. Am. Chem. Soc., 109,
5593 (1987).
D. Dolphin, J. R. Sams, T. B. Tsin, and K. L. Wong, J. Am. Chem. Soc.,
98, 6970 (1976).
C. Bartocci, F. Scandola, A. Ferri, and V. Carassiti, J. Am. Chem.
Soc., 102, 7067 (1980); C. E. Castro, M. Jamin, W. Yokoyama, and R.
wWade, R., ibid., 108, 4179 (1986).
R. D. Jones, D. A. Summerville, and F. Basolo, J. Am. Chem. Soc., 100,
4416 (1978).
The absorption increases upon addition of nitrobenzene. This is
probably due to coordination of aniline produced by (TPP)Mn(II), like
in the case of (TPP)FeCl-NaBH, system.
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