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Aromatic nitro compounds are selectively hydrogenated to the corresponding amines in high yields at room tempera-
ture and atmospheric pressure using BER-Pd catalyst without affecting ketone, ether, ester, nitrile or chloro groups
also present. Especially the nitro group in 4-nitrobenzyl alcohol, methyl 4-nitrobenzyl ether and N-N-dimethyl 4-nitro-
benzylamine is selectively hydrogenated with this catalyst to give the corresponding amines without hydrogenolysis
of benzylic groups. And aromatic nitro compound can be reduced selectively in the presence of aliphatic nitro com-

pound.

Introduction

Selective catalytic hydrogenation of aromatic nitro groups
is important in organic synthesis, particularly when a mole-
cule has several other reducible moieties. Although platinum,
palladium or nickel catalysts may be used, nickel catalyst
usually requires high pressure and platinum catalyst is re-
garded more selective than palladium® especially when the
nitroaromatics also contain benzylic groups’ or halogen®.
Sometime ago carbon supported platinum catalyst was pro-
duced in situ by borohydride reduction, and nitroaromatics
could be rapidly reduced to the corresponding amino deriva-
tives at room temperature and atmospheric pressure®,

On the other hand, Borohydride Exchange Resin (BER),
readily prepared from anion exchange resion (chloride form)
and aqueous sodium borohydride solution®, is an quarternary
ammonium borohydride, borohydride ion being attached on
the resin. It exhibits unique reducing characteristics®" in
alcoholic solvents besides the simple work up procedures®,
In this paper we wish to report the preparation of palladium
catalyst on BER (BER-Pd) and selectivity of the catalyst in
the reduction of nitroaromatics.

Results and Discussion

Preparation of Borohydride Exchange Resin Sup-
ported Palladium (BER-Pd). BER (0.5 mmol in BH,™)
was placed in the reactor flask of Brown automatic hy-
drogenator’, and flushed with nitrogen. Solution of PdCl,

(0.05 mmol) in 20 m/ ethanol (95%) was added with stirring
at room temperature. Hydrogen evolution ceased in 10 min,
and the preparation of BER-Pd is completed. Hydrolysis of
BER-Pd thus prepared revealed the existence of approxi-
mately 045 mmol of BH,".

Characteristics of BER-Pd Catalyst. We studied
briefly the effect of temperature and catalyst/substrates ratio
on the reduction of nitrobenzene. When 10 mmol of nitroben-
zene is hydrogenated over 0.05 mmol Pd on BER-Pd, the
hydrogenation was completed in 220 min at 0C, 90 min at
25C and 80 min at 40T . Therefore we carried out hydrogen-
ation at room temperature. When we changed the amount
of nitrobenzene hydrogenated on the fixed amount of BER-
Pd (0.05 mmol) from 5 to 10, 25, 50 mmol, the time for
complete reduction were 60 to 90, 180, and 390 min (Figure
1). We chose the ratio 1/200, that is 10 mmol of nitro com-
pound was reduced over 0.05 mmol of BER-Pd.

Hydrogenation of Representative Aromatic Nitro
Compounds over BER-Pd. Hydrogenation was carried
out, using Brown automatic hydrogenator at room tempera-
ture, 10 mmol of nitro compounds being hydrogenated over
0.05 mmol of Pd in BER-Pd. The results are summarized
in Table 1.

As shown in Table 1, aromatic nitro compounds can be
reduced to the corresponding amines in 1-6 h at room tem-
perature in high yields without affecting ketone, ester, ether,
hydroxy or nitrile groups also present. However, in the case
of 4-chloronitrobenzene, we could obtain only 64% yield of
chloroaniline together with 30% aniline, the dechlorinated
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Figure 1. Relation of Reaction Time »s. Amount of Nitrobenzene
in Fixed Amount of Palladium Catalyst (0.05 mmol).
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Scheme 1.

Table 1. Hydrogenation of Aromatic Nitro Compounds over
BER-P¢*

Nitro Reaction Yield
. Product
compound time (h) (%)
nitrobenzene 1.5 aniline 99
4-nitrophenol 15 4-aminophenol 95
4-nitroacetophenone 2.5 4-nitroacetophenone 91
2-nitroanisole 1.5  2-nitroanisole 96
2-nitrobenzoic acid 2.5 2-nitrobenzoic acid 99
ethyl 4-nitrobenzoate 30 ethyl 4-nitrobenzoate 96
4-nitrobenzonitrile 4.5 4-nitrobenzonitrile 96
1-nitronaphthalene 10.0  1-nitronaphthalene 99
4-chloronitrobenzene” 9.0 4-chloroaniline 87(90Y
4-nitrobenzyl alcohol 55 4-nitrobenzyl alcohol 99
methyl- methyl-
4-nitrobenzyl ether 10 4-aminobenzyl ether 94
N,N-dimethyl- N,N-dimethyl-
4-nitrobenzylamine 20 4-aminobenzylamine 98
4-nitrobenzyl acetate 35 4-toluidine 96

“ Hydrogenation of 10 mmol of aromatic nitro compounds at 25T,
1 atm over 0.05 mmol of Pd in BER-Pd in 20 m/ 95% ethanol.
*Isolated yields. 20 mmol of HCl was added. “Yield was deter-
mined by GC.

product. Since the free amino group could accelerate the
dehalogenation®, we repeated the reaction by adding 2 mol
equiv. of HCl, and we could isolate 4-chloroaniline in 87%
yield. On the other hand, the nitro group in 4-nitrobenzyl
alcohol, methyl 4-nitrobenzyl ether and N,N-dimethyl 4-ni-
trobenzylamine was selectively reduced with BER-Pd to give
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the corresponding aminobenzyl derivatives. But in case of
4-nitrobenzyl acetate it was reduced to 4-toluidine by con-
suming 4.0 equiv. of H,. We also tested the selectivity of
2- and 4-nitro groups in 24-dinitrophenol and 2,4-dinitroben-
zoic acid, however, no selectivity was observed in these ca-
ses.

Finally, we examined the selectivity of the hydrogenation
between aromatic nitro compound and aliphatic nitro com-
pound. Since aliphatic nitro compounds are hydrogenated
considerably slower than aromatic nitro compounds, we
thought that selective hydrogenation of aromatic nitro com-
pound could be possible in the presence of aliphatic nitro
compound. Indeed, we could reduce nitrobenzene to aniline
with an excellent selectivity in the presence of nitropropane
(Eq. ().

BER-Pd

Q_NOZ + AN o NHy + A~ NO; (1)
1.atm of H,
25°%C,35h 96 % 95%

Experimental Section

Materials. NaBH, (98%, Nisso Ventron) was used with-
out further purification. Anion exchange resion (Amberlite
IRA-400 [20-50 mesh]) was used for supporting polymer of
BER. Commercial grade, 95% ethanol was used as solvent.
Most of the organic compounds utilized in this study were
commercial products of the highest purity. They were further
purified by distillation or recrystallization when necessary.
Methyl 4-nitrobenyl ether, 4-nitrobenzyl acetate, N,N-di-
methyl 4-nitrobenzylamine were prepared using standard
synthetic methods®. In all cases, physical constants and 'H-
NMR agreed satisfactorily with those reported in literature.

Brown Automatic Hydrogenator. For the hydrogen-
ation of nitro compounds, Brown Automatic Hydrogenator
was constructed as shown Reference 7.

Preparation of Borohydride Exchange Resin (BER).

10 g of wet chloride-form anion exchange resion (Amber-
lite IRA-400 [20-50 mesh]) was slurry-packed with water
into a 100 m/ fritted glass column which connected to a
water aspirator. Then 200 m/ of aqueous sodium borohydride
solution (0.1 M) was slowly passed through the resin over
a period of 30 minutes. The resulting resin was washed tho-
roughly with distilled water until free of excess NaBH,. The
borohydride form anion exchange resin was then dride in
vacuo at 60C for 5 h. The dride resin was analyzed for
borohydride content by hydrogen evolution on acidification
with 2 N HCI and the average capacity of BER was found
to be 3.3 mmol of BH, per gram. The dried resin was stor-
ed under nitrogen at 4C . The hydride content was constant
over 6 weeks.

Preparation of Borohydride Exchange Resin Sup-
ported Palladium (BER-Pd). BER (150 mg, 0.5 mmol
in BH,™) was placed in the reactor flask of the automatic
hydrogenator, and flushed with nitrogen. With stirring, solu-
tion of palladium chloride (9 mg, 0.05 mmol) in 95% ethanol
(20 m/) was injected into the reactor through the injection
port rapidly at room temperature. The stirring was continued
until hydrogen evolution ceased (5-10 min). The hydrolysis
of BER-Pd thus prepared evolved 1.8 mmol of hydrogen,
therefore BER-Pd contains 045 mmol BH,~ together with 0.05
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mmol Pd on the resin.

General Procedure of Hydrogenation. The hydrogen-
ation was carried out in Brown Automatic Hydrogenator.
The reaction flask, containing BER-Pd in situ prepared from
BER (0.5 mmol in BH,”) and PdCl; (0.05 mmol) in 95%
ethanol, was immersed in a water bath and maintained at
25C and then flushed with 1 / of hydrogen generated by
injection of ca. 11 m/ of sodium borohydride solution (1 M)
into the hydrogen generator flask with stirring. The burette
containing sodium borohydride solution (1 M) in 95% ethanol
(stabilized with NaOH) was attached to hydrogen generator
flask and then the height of the burette was adjusted to
the position at which solution begins to flow just below or

above the atmospheric pressure. To the reaction flask was

added 10 mmol of substrate by syringe and then the reaction
was initiated with stirring. The progress of hydrogenation
was followed by measuring the volume of NaBH, solution
used.

Hydrogenation of Aromatic Nitro Compounds over
BER-Pd. Hydrogenation of 4-nitrophenol is representative.
1.391 g of nitrophenol (10 mmol) was added to the reaction
flask containing 0.05 mmol of Pd on BER-Pd catalyst and
hydrogenated at 25C and one atmospheric pressure. Hydro-
genation ceased after three equiv. of hydrogen had been ab-
sorbed (90 min). Then the reaction mixture was filtered to
remove the catalyst and solvent was removed on a rotary
evaporator to give 1.04 g of 4-aminophenol (95% yield); mp.
186-188TC (lit!! 189.6-190.2TC).

Conclusions

1. Aromatic nitro compounds are selectively hydrogenated
to the corresponding amines at room temperature and atmo-
spheric pressure using BER-Pd catalyst without affecting
other reducible groups also present, such as ketone, ether,
ester, nitrile, chloro, benzyl alcohol, benzyl ether and benzyl-

amino groups.
2. Aromatic nitro compound is selectively hydrogenated
in the presence of aliphatic nitro compound.
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$-(2,2,3,3-Tetracyanocyclopropyl)phenyl acrylate (3a) and p-(2,2,3,3-tetracyanocyclopropyl)phenyl methacrylate (3b) were
prepared by the reactions of bromomalononitrile with p-acryloyloxybenzylidenemalononitrile (2a) or p-methacryloyloxy-
benzylidenemalononitrile (2b), respectively. Compounds 3a and 3b were polymerized with free radical initiators to
obtain the polymers with multicyano functionalities in the cyclopropane ring. The resulting polymer 4a was soluble
in acetone but the polymer 4b was not soluble in common solvents. The inherent viscosities of polymers 4a were
in the range of 0.10-0.15 dL/g in acetone and those of 4b were in the range of 0.20-0.30 dL/g in 98% sulfuric
acid. Solution-cast films were cloudy and brittle, showing T, values in the range of 106-125T.

Introduction

Piezoelectric polymers have long been the subject of curio-

sity and have caused recent interest.! It is well-known that
crystalline polymers having large dipole moment can exhibit
piezoelectric effects if the main chains have all-planar zigzag



