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Liquid phase catalytic transfer hydrogenation of
aromatic nitro compounds on La1−xSrxFeO3

perovskites prepared by microwave irradiation
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Abstract

A series of La1−xSrxFeO3 (x = 0.0–1.0) oxides were prepared to study the influence of A-site substitution in perovskite-type mixed oxides
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aFeO3 (ABO3-type perovskites) on the catalytic transfer hydrogenation of aromatic nitro compounds using propan-2-ol as hydrog
nd KOH as promoter. The conventional method for the preparation of perovskites requires conductive heating for extended period

emperatures. We have used microwave irradiation method for the rapid synthesis of La1−xSrxFeO3 (x = 0.0, 0.2, 1.0) perovskites and t
atalytic activity of these samples has been tested for the reduction of nitrobenzene. Kinetic studies have also been performed for n
eduction.
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. Introduction

Catalytic hydrogenation of aromatic nitro compounds to
mino derivatives is an industrially important reaction. Aro-
atic amines are important starting materials and interme-
iates for the manufacture of variety of chemicals such as
yestuffs, pharmaceutical products, agricultural chemicals,
urfactants and polymers. The oldest and industrially prac-
iced method is the Bechamp reduction, which involves use
f stoichiometric amounts of finely divided iron metal and
ater in the presence of small amounts of acid. But it has a
istinct disadvantage of formation of iron sludges that are dif-
cult to filter and always contain adsorbed reaction products
nd hence lead to disposal problems[1]. The sulfide reduc-

ion has a broader selectivity than Bechamp reduction and
nables chemoselective reduction of nitro compounds in the
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presence of CC, azo and other nitro compounds. The m
jor disadvantages are toxicity, odor of most reducing ag
and sulfur containing organic side products and formatio
elemental sulfur[2]. Hydrogenation using molecular hyd
gen is non-polluting, but presents considerable hazards,
hydrogen is a gas of low molecular weight and gets e
ignited. An ecofriendly alternative to these commonly p
ticed reductions is catalytic transfer hydrogenation, whic
a simple and safe operation.

A wide variety of homogenous metals have been repo
for the catalytic transfer hydrogenation processes and m
them involve metal-catalyzed hydrogenations, complex
drides. However, it has been observed that controlling
reduction rates is difficult with these active catalysts[3].
On, the other hand, the use of heterogeneous catalys
fers several advantages over homogenous systems w
spect to easy recovery and recycling of catalysts as w
minimization of undesired toxic wastes. However, these
cesses, requires moisture sensitive reagents or catalyst
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as Raney-Ni, Pd/C, PtO2, etc [4,5]. Among these, Raney-
Ni catalyst has been frequently used with hydrazine hydrate
or propan-2-ol for catalytic transfer hydrogenation reactions.
Although catalytic transfer hydrogenation reactions are facile
over these catalysts, they are, however, not selective towards
functional groups such as –CO, –CX and –NO2 and almost
all labile functional groups undergo reduction under the reac-
tion conditions. Furthermore, Raney-Ni catalyst is flammable
and presents considerable hazards during handling. Catalytic
transfer hydrogenation using propan-2-ol and KOH on ox-
ides has been widely reported[6]. Attention has been focused
on catalysts like Mg–Fe hydrotalcite precursor, SnO–La2O3
and nickel-based catalysts[7–9]. However, the activity of
these catalysts decreases with subsequent recycling. With this
background, there is a strong need to develop a new hetero-
geneous catalyst that can be reusable and efficient under the
reaction conditions.

Although, perovskite type mixed oxides have been used
for a gamut of reactions like NOx decomposition[10], oxida-
tion of CO[11] and NH3 [12], their application for catalytic
transfer hydrogenation is still unexplored.

Perovskite-type mixed oxides have the general formula
ABO3 where A can be an alkali, alkaline earth or lanthanide
ion and B a transition metal ion have interesting physico-
chemical and catalytic properties. Studies have shown that
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bed of graphite. This assembly was mounted in a domestic
microwave oven operating at a frequency of 2.45 GHz and ir-
radiated for 5 min at a full power setting. Microwave source
was then switched off and the sample was left to cool inside
the oven. The sample was ground again and irradiated for
10 min in 2 cycles of 5 min each. Decomposition of nitrates
results in the formation of reactive oxides, which can eas-
ily combine to form the mixed oxides. The perovskite phase
was formed only when the nitrates were microwave irradi-
ated. The oxides themselves did not absorb effectively even
in the presence of an external absorber (graphite). The per-
ovskite phase was also not formed when the nitrates were
irradiated in the absence of graphite.

2.2. Preparation of perovskites by conventional method

La1−xSrxFeO3 (x = 0.0–1.0) catalysts were prepared by
the reported procedure[19]. Stoichiometric quantities of re-
spective nitrates were mixed and co-precipitated usingn-
butylamine. The pH of the solution was adjusted between 9.0
and 9.5. The precipitates were then washed, dried, ground
with a pestle and mortar and heated at 300◦C for 3 h. The
powder so obtained was then calcined at 850◦C for 10 h.

2.3. Catalyst characterization
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ncreasing strontium content actuallyincreasesthe catalytic
ctivity for CO oxidation not only in the La1−xSrxMO3 (M
Co, Cr, Fe, Mn;x = substitution on cation site) perovsk

ystem[13–15]but also in La2−xSrxCuO4 systems[16].
The conventional method for synthesis of perovskite

uires conductive heating for extended periods at elev
emperatures with intermittent grindings. In order to
umvent this limitation, there is increasing demand for
reparation methods. Microwave assisted synthesis of
anic compounds is an active area of research in recent

17,18]. If one or several of the components in a chem
eaction system strongly absorb microwaves, the resu
eat generated can be used to drive a reaction with
omponents. The most compelling features of microwav
adiation are dramatically accelerated reaction rates, sh
eaction times and easy workup. In the present investiga
e have achieved considerable reduction in time req

or the preparation of perovskites of La1−xSrxFeO3 (x= 0.0,
.2, 1.0) using this methodology and compared the activ

hese catalysts with those prepared by conventional me
or transfer hydrogenation reaction.

. Experimental

.1. Preparation of perovskites by microwave irradiation

La1−xSrxFeO3 (x = 0.0, 0.2, 1.0) perovskites were p
ared by microwave irradiation method. Stoichiome
uantities of respective nitrates were thoroughly ground
ixed. The mixture was placed in an open quartz tube,
The catalysts prepared by both the methods were
cterized by X-ray diffraction patterns recorded on a JE
DX-8030 X-ray diffractometer using Cu K� radiation.

.4. Catalytic activity

All the reactions were carried out in a two-necked 10
ound bottom flask under continuous stirring fitted wit
eflux condenser. In a typical run, 100 mg of the catalyst
ispersed in a solution containing nitrobenzene (20 mm
OH pellets (20 mmol) and propan-2-ol (20 ml). The mixt
as stirred and heated under reflux for 2–6 h in an oil b
he products were analyzed at the regular intervals o
asis of their retention times using a Gas Chromatog
tted with OV-1 Column (Eshita, Model-Eshika).

. Results and discussion

.1. XRD analysis

Fig. 1shows the XRD patterns of the perovskites prep
y microwave irradiation. All the perovskites synthesized
ssentially pure phases, as evidenced by their XRD. N
eacted precursor material was detectable.

.2. Catalytic activity

Once the materials were characterized as regards stru
hey were tested as catalysts for the reduction of nitroben
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Fig. 1. The XRD patterns of perovskites (a) LaFeO3, (b) La0.8Sr0.2FeO3 (c)
SrFeO3 (d) spent La0.8Sr0.2FeO3.

to aniline with propan-2-ol.Scheme 1depicts a typical cat-
alytic transfer hydrogenation. During the course of the reac-
tion, alcohol is oxidized to ketone and nitrobenzene is reduced
to aniline. Aniline was the only product obtained under these
conditions. In the absence of either catalyst or KOH, there
was no reaction. The activity of perovskites prepared by both
the methods was found to be comparable and La0.8Sr0.2FeO3
was the most active catalyst among the series (Table 1). Cata-
lysts with strontium >20% are not as active as La0.8Sr0.2FeO3
though their activities are still higher than that of LaFeO3 and
SrFeO3 (Fig. 2).

Since the reduction of nitrobenzene to aniline was maxi-
mum on La0.8Sr0.2FeO3 reduction of several other nitro aro-

Scheme 1.

Table 1
Reduction of nitrobenzene to aniline over various catalysts prepared by both
methods

x in La1−xSrxFeO3 Method of preparation

Conventional Microwave

0 67 69
0.1 86 –
0.2 92 91
0.4 87 –
0.5 86 –
0.6 81 –
0.8 83 –
0.9 80 –
1.0 81 80

Nitrobenzene (20 mmol); KOH pellets (20 mmol); catalyst (100 mg);
propan-2-ol (20 ml); Time 3 h.

Fig. 2. Graph of yield % of aniline vs.x in La1−xSrxFeO3.

matics was carried out on this catalyst (Table 2). It can be
seen thatortho-substituted compounds give comparatively
less yields as compared topara-substituted compounds,
which may be attributed to steric hindrance. In case of 1,3-
dinitrobenzene, selectively one nitro group was reduced lead-
ing to formation of 3-nitroaniline.

3.3. Catalyst reusability

For the study of reusability, La0.8Sr0.2FeO3 was chosen.
The catalyst could be reused up to five times without any loss
in the activity. Also the XRD of the spent catalyst revealed no
structural changes. The XRD of the spent catalyst is shown
in Fig. 1(d).

Table 2
Reduction of various nitro aromatics to anilines on La0.8Sr0.2FeO3 catalyst

Substrate Product Yield (%) Time (h)

Nitrobenzene Aniline 92 3
2-Nitrotoluene 2-Toluidine 89 4
4-Nitrotoluene 4-Toluidine 94 4
2-Chloronitrobenzene 2-Chloroaniline 85 6
4-Chloronitrobenzene 4-Chloroaniline 96 2
2-Nitroanisole 2-Methoxyaniline 84 6
4-Nitroanisole 4-Methoxyaniline 92 5
2-Nitroaniline 1,2-phenylenediamine 92 4
1

N g);
p

,3-Dinitrobenzene 3-Nitroaniline 80 6

itrobenzene (20 mmol); KOH pellets (20 mmol); catalyst (100 m
ropan-2-ol (20 ml).
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3.4. Reaction kinetics

Kinetic studies were carried out for the reduction of ni-
trobenzene on La1−xSrxFeO3 (x = 0.0, 0.2, 1.0) catalysts.

The reaction was found to follow pseudo-first-order kinetics.
The values of activation energy for LaFeO3, La0.8Sr0.2FeO3
and SrFeO3 are 88.9, 73.9 and 84.4 kJ/mol, respectively
which are found to follow the order LaFeO3 > SrFeO3 >
La0.8Sr0.2FeO3. The catalytic properties of perovskites for
nitrobenzene reduction shows that lower the activation en-
ergy, the higher is the catalytic activity.

4. Conclusions

The results obtained in this work allow us to conclude that
preparation of perovskites by microwave irradiation method
have activity similar to those prepared by conventional meth-
ods. The method is simple and does not involve intermittent
grindings and calcinations at elevated temperatures. Thus we
have achieved considerable reduction in time required for
preparation of perovskites. These perovskites have excellent
catalytic activity for catalytic transfer hydrogenation in liq-
uid phase. The activity of La0.8Sr0.2FeO3 was particularly
significant giving quantitative conversion of nitrobenzene to
aniline. The catalyst was recyclable without any significant
l

A

ilkar
w l to
T

References

[1] A.J. Bechamp, Anal. Chim. Phys. 42 (1854) 140.
[2] N. Zinin, J. Prakt. Chem. 27 (1842) 140.
[3] D.J. Pasto, J. Am. Chem. Soc. 101 (1979) 6852.
[4] M.J. Andrews, C.N. Pillai, Ind. J. Chem. B 16 (1978) 465.
[5] N.R. Ayyangar, A.G. Lugade, P.V. Nikrad, V.K. Sharma, Synthesis

(1981) 640.
[6] R.A.W. Johnstone, A.H. Wilby, I.D. Entwistle, Chem. Rev. 85 (1985)

129.
[7] T.T. Upadhay, V. Ramaswamy, D.P. Sabade, P.D. Katdure, A. Su-

dalai, Chem. Commun. (1997) 1119.
[8] P.S. Kumbhar, J.S. Valente, F. Figueras, Tetrahedron Lett. 39 (1998)

2573.
[9] T.M. Jyothi, B.S. Rao, S. Sugunan, Ind. J. Chem. A 39 (2000)

1041.
[10] L.G. Tejuca, J.L.G. Fierro, J.M.D. Tascon, Adv. Catal. 36 (1989)

237.
[11] G. Kremenic, J.M.L. Nieto, J.M.D. Tascon, L.G. Tejuca, J. Chem.

Soc. Faraday. Trans I 81 (1985) 939.
[12] Y. Wu, T. Yu, B. Dou, C. Wang, X. Xie, Z. Yu, S. Fan, Z. Fan, L.

Wang, J. Catal. 88 (1989) 120.
[13] R.J.H. Voorhoeve, J.P. Remeika, L.E. Trimble, Ann. N.Y. Acad. Sci.

272 (1976) 3.
[14] S. Rajadurai, J.J. Carberry, B. Li, C.B. Alcock, J. Catal. 131 (1991)

582.
[15] T. Nitadori, S. Kurihara, M. Misono, J. Catal. 98 (1986) 221.
[16] S. Rajadurai, J.J. Carberry, B. Li, C.B. Alcock, Catal. Lett. 4 (1990)

43.
[17] B. Vaidyanathan, P. Raizada, K.J. Rao, J. Mater. Sci. Lett. 16 (1997)

[ son,
un.

[

oss in activity.

cknowledgements

We dedicate this paper to (Late) Dr. Bhushan M. Khad
ho inspired us to carry out this work. We are gratefu
.I.F.R., Mumbai for providing the XRD facility.
2022.
18] K.E. Gibbsons, M.O. Jones, S.J. Blundell, A.l. Mihut, I. Game

P.P. Edwards, Y. Miyazaki, N.C. Hyatt, A. Porch, Chem. Comm
(2000) 159.

19] T. Nitadori, M. Misono, J. Catal. 93 (1985) 459.


	Liquid phase catalytic transfer hydrogenation of aromatic nitro compounds on La1-xSrxFeO3 perovskites prepared by microwave irradiation
	Introduction
	Experimental
	Preparation of perovskites by microwave irradiation
	Preparation of perovskites by conventional method
	Catalyst characterization
	Catalytic activity

	Results and discussion
	XRD analysis
	Catalytic activity
	Catalyst reusability
	Reaction kinetics

	Conclusions
	Acknowledgements
	References


