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CATALYSTS IN THE PRESENCE OF CATALYTIC AMOUNTS OF IRON
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ABSTRACT: Hydrogen over PtO,, 5%Pd(c), PdCl,, or 5%Rh(Al ,03), in the presence of catalytic amounts of iron

and under mild reaction conditions, resulted in the selective reduction of a variety of polynitroaromatic compounds
in high yields.

Synthesis of 2-fluoro-5-nitroaniline (1), an intermediate in the preparation of herbicides?2 and relatively
inexpensive when obtained from the selactive reduction of 2,4-dinitrofluorobenzene (Sanger's Reagent), was
limited to the stoichiometric use of stannous chioride 3.4 in hydrochloric acid or iron in acetic acid. 2 These reductions
suffer from labor intensive product work-up, and from yields not high enough to be of interest on an industrial scale.

A survey of the literature immediately reveals that catalytic hydrogenation is not a generally useful approach
for selectively reducing substituted dinitrobenzene to nitroaniline derivatives. Preparation of nitroaniline derivatives
have, in the past, largely been limited to the reduction of di- and trinitroaromatic compounds with sulfides in a basic
medium.5 Limitations of this method include poor yields and laborious product purification.

More recently a number of catalytic hydrogenations have been reported to selectively reduce
polynitrobenzenes.6-12 Our attempts to apply these procedures to the selective reduction of
2,4-dinitrofluorobenzene met with no success. In all cases, complex tarry mixtures of starting material, both
fluoronitroaniline isomers, the fluorodiaminobenzene derivative, and several unidentified products were obtained.

We would like to report a novel method for the catalytic and selective reduction of 2,4-dinitrofluorobenzene
using a mixture of a metal catalyst such as PtO,, 5%Pd(c), PdCl,, or 5%Rh(Al,O3) and a catalytic amount of iron in
ethanol/glacial acetic acid at room temperature and hydrogen at low pressure. The best results were obtained with
PdCl,/Fe. The presence of both acetic acid and iron is crucial; their exclusion from the reaction resulted in low
yields of 2-fluoro-5-nitroaniline (1) (16-31% yield), longer reaction times, and the formation of highly insoluble tars.
The hydrogenation was easily controlled by allowing the reaction mixture to absorb the stoichiometric quantity of
hydrogen -- i.e., 3 moles of hydrogen per mole of dinitroarene -- required to reduce one of the nitro groups. Larger
quantities of hydrogen than the stoichiometric amount resulted in further reduction of the nitroaniline derivative to
the corresponding phenylenediamine product. The replacement of ethanol with dimethoxyethane resulted in lower
yields (Table 1).

TABLE 1

F Noble metal catalyst F
Fe(catalytic)
NO, NH,
3H ,/20-25°C

NO; NO;

m
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NOBLE METAL SOLVENT (mlL) ISOLATED REACTION
EXPERIMENT CATALYST (g) ETHANOL ACETIC ACID YIELDa'b(%) TIME (minutes) BLANK®(%)
1 PdCl, (0.35) 100 100 87 (80)d 45 16
2 5%Pd(c) (0.5) 100 100 79 36 18
3 P1O; (0.45) 100 100 79 35 31
4 5%Rh(Al,Os) (0.5) 100 100 73 65 18
5 PdCl, (0.35) 100 dimethoxyethane 100 70 80 -
6 PdCl; (0.35) 200 - 20 - -

2 Hydrogenation conditions: 2,4-dinitrofluorobenzene 18.61 g, 0.10 mole ; 5-45 psi Hy; 20-25°C; Fe 1.4 g, 0.025 mole. b Yield of
2-fluoro-5-nitroaniline after purification by silica gel chromatography. € Isolated yields when Fe powder was excluded from the reaction.
Reaction times range from 100 to 200 minutes. d Yields of 2-fluoro-5-nitroaniline when iron powder was replaced with Fe(OAc),. Reaction
conditions: 2,4-dinitrofluorobenzene 18.61g, 0.10 mole; 5-45 psi Hp; 20-259C; Fe(OAc)y 4.34g, 0.025 mole.

At this stage of our investigations there is no definite evidence for the detailed mechanism by which catalytic
amounts of iron give the high degree of selectivity observed in the hydrogenation of polynitroaromatic compounds
with noble metal catalysts. One possibie mechanism, suggested by previous studies on the interaction of aromatic
nitro compounds with transition metals,12.13 is the complexation of the dinitroaromatic compound with a catalytically
active iron species followed by hydrogenation to the corresponding nitroaniline derivative. The catalytically active
iron species is possibly Fe(OAc),, formed from the reaction of iron in acetic acid. When iron powder was replaced
with Fe(OAc),. comparable results were obtained (Table 1, exp. # 1, yield in parentheses). In addition to selectively
reducing only one of the nitro groups of dinitroarenes, varying degrees of regioselectivity were obtained in the
hydrogenation of several 2,4-dinitrosubstitutedbenzene derivatives to 2-substituted-5-nitroaniline. The highest 2-
substituted-5-nitroaniline : 3-nitro-4-substitutedaniline isomer ratio was obtained when X = OH (40:1) followed by
X =F (16:1) and X = Cl (3:1) (Table 2). The electronic properties of the X group are likely to play an important role in
determining the degree of regioselectivity, though further work is required to establish any definite trends.

Fe + 2AcOH Fe(OAC),

X X X

PdCl,
NO, — NOo, [Fe(OAc), — o NH,
| =|= 3H, =|=

NO, NO, NO,

X=H,F,Cl,OH
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TABLE 2
X
X PACly .
NS Fe(catalytic) N
4 NO, 4 NH,
NO~ R ACOH/EtOH No~ ¢
3H4/20-25°C
X =H,Cl,F,OH
Y=H,Cl
STARTING MAIN MELTING POINT ISOMER ISOLATED BLAN Ke("/)
MATERIAL PRODUCT CC)Lit.mp) RATIO? YIELD®® 9(%) °
Cl Cl
cl NO, C NH, 104-105(108)' - 90 16
N N
F F

NO, NH, 99-100(101.5) 3 16:1 87 16
N
N NH
02 Q 2 10-111(110-111) 9 -~ 80 21
N N

Noz-<:>-ma2 NOZO-NHz 146-147(148) " - 80 14

A5_:/‘>~~o2 p-nuz 142-143(142-143) 4011 79 42
N N

Cl
p”‘% DQ"”: 118-119(119) * an 61 "
N N

2 Refers o the ratio of 2-substituted-5-nitroaniline : 3-nitro-4-substitutedaniline. l"Hydrogenation conditions : Dinitroarene
0.10 mole; 5-45 psiHy; 20-25°C; Fe 1.40g, 0.025 mole; PdCl, 0.35g, 0.0020 mole; acetic acid 100 mL; ethanol 100 mL.
© After purification by silica gel chromatography. d The nitroanilines were identified by comparison of TLC, NMR, and mp
of authentic samples. Satisfactory analysis was obtained for main products. ® isolated yields obtained when Fe powder
was oxcluded from the reaction. ! Islam, A.M.; Hassam, E.A.; Hannowt, 1.B.; Morad, M.Y., J.C_:hem. U.AR., 1970, 13, 297.
9 Vorontzov, LI, J. Chem. Ind., 1930, 7, 2145, h Votocek, E.; Burda, J.,Ber., 1915, 48, 1004, Hartman, W.W.; Silloway,
H.L., Organic Syntheses, Collect. Vol. lll, Wiley , New York, N.Y., 1955, p 82.
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Selective catalytic hydrogenation was previously achieved by varying the reaction solvents,é the pH,7.8 and
the source of hydrogen, 919 or by using a homogeneous catalyst. 12 An extensive literature search has shown that
this is the first report of a procedure in which a transition metal such as iron, in catalytic amounts, and a noble metal
catalyst were combined to provide a highly selective hydrogenation of dinitroaromatic compounds.

Representative Experimental Procedure.

Powdered iron (1.40g, 0.025 mole) and PdCl, (0.35g, 0.002 mole) were ground together with a mortar and
pestle. This mixture was placed in a 500 mL Parr hydrogenation reactor equipped with a thermocouple and a
cooling jacket to monitor and regulate the reaction temperature. Ethanol (100 mL) and glacial acetic acid (100 mL)
were added, followed by 2,4-dinitrofluorobenzene (18.61g, 0.10 mole). The reaction was allowed to proceed for 75
minutes during which 3 equivalents of hydrogen were taken up at 5-45 psi of pressurs. The temperature was
maintained between 20-25°C. The solution was filtered, diluted with water (400 mL), and extracted with ether. The
organic layer was dried (MgSO,) and removed under reduced pressure. The residue was washed with water and
dried to give 14.75g of an orange solid, 95% yield. This material was 94% of the desired isomer, compound (1), and
6% of 3-nitro-4-fluoroaniline as determined by NMR. 14 Column chromatography (silica gel, CH,Cly/heptane 80/20)
afforded 13.53g (87%) of 2-fluoro-5-nitroaniiine, m.p. 99-100°C (lit.3m.p.101.5°C). The NMR spectra were
determined on a Nicolet QE 300 NMR spectrometer and reference to TMS. THnmr (CDCly): 4.12 (bs, 2H, NH ), 7.09
(t, 1H, Aromatic), 7.57-7.69 (m, 2H, Aromatic). Anal.Calcd. for CgHsFN2O,: C,46.16; H,3.22; N,17.94; F12.17;
Found: C,46.35; H,2.93; N,17.85; F,12.15.

Acknowledgement. The author thanks the FMC Corporation for permission to publish this paper.
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