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ABSTRACT 
 
A novel, simple and environmentally friendly method for the reduction of 

aromatic nitro compounds to amines is reported, by using iron powder in aqueous 
solutions of 1,3-dioxolane. The reaction is accomplished at neutral pH and proceeds 
with excellent chemo selectivity and yields. This avoids the use of acids/acidic 
medium for the reduction of nitro compounds. 
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INTRODUCTION 

 
Aromatic nitro compounds comprises of many organic compounds as they play a role 

of valuable intermediates for compounds such as amines, hydroxyl amines1, azo compounds 
etc.   

 
Reduction of nitro compounds are of great interest as they yield amines which are 

important scaffolds for the synthesis of bioactive agents2-6. There are many methods reported 
in the literature for this reduction including heterogeneous and homogeneous catalytic 
hydrogenation7-11, metals were used for reduction12- 18, microwave assisted metal catalysed 
reduction19, catalytic hydrogenation using hydrogen donors was reported for different 
substrates20. Reduction using stannous chloride21, Zinc has been used in combination with 
acids/bases/neutral medium22-23, with hydrogen donors24-25, iron was also used with dilute 
acid26. However, few significant disadvantages are associated with the reported methods which 
include formation of by-products, potential halogenations and were found to be  incompatibile 
with acid-sensitive groups and other reducible groups. In this paper, we report  an efficient and 
simple method for the reduction of aromatic nitro compounds  to amines  using iron powder 
in aqueous solution of dioxolane (Scheme 1). The reactions were accomplished at neutral pH 
and were found to proceed with excellent chemo-selectivity and good yields.  

http://www.chemistry-journal.org
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EXPERIMENTAL 
 
Materials and Methods 
 

All the nitro compounds used as precursors for reduction were procured from SRL, 
India. They were used without any further purification.  The solvents were also used without 
further purification and they were of synthesis grade. Iron powder used  for the reaction was 
used as such. The temperatures which are referred to in the procedure are the temperatures of 
the oil bath used for heating. The completion of the  reaction was monitored by the thin layer 
chromatography (TLC) was carried out on aluminium sheets coated in Merck Kieselgel silica 
gel 60,  obtained from Merck India,  

Boiling and melting points were determined using boiling and melting point apparatus 
(Campbell Electronics, Mumbai, India). All the products reported here are known compounds 
and their identity was confirmed using authentic samples (Sigma–Aldrich, Mumbai, India, and 
Spectrochem, Mumbai, India). Column chromatography was carried out using silica gel (60–
120 mesh) as the stationary phase. 
 

 
Scheme 1 

 
General procedure for reduction of aromatic nitro compounds to aromatic amines: 
 

In a typical procedure, aromatic nitro compound (1.0g,0.08 moles) was refluxed with 
Iron(0.08 moles)  in dioxalane(7ml) in presence of catalytic amount of water(0.5 ml) for 38-
40 hours.  The reaction was monitored using TLC. After the reaction was completed, the 
reaction mixture was filtered off to remove the residue (formed from catalyst) and the filtrate 
was extracted with ether and acidified with 5% HCl and the aqueous layer was separated and 
neutralized with 5% NaoH.  The reduced compound was then re-extracted with ether and was 
concentrated under reduced pressure using rotary evaporator.  The crude product was purified 
by column chromatography.  The pure product was obtained and was identified by TLC and 
was compared with the reported products. 
 
RESULTS AND DISCUSSION 
 

Typically, the reduction is carried out by reacting a mixture of aromatic nitro 
compound (1 mole) and iron(0.05-0.08 moles) in presence of 1,3-dioxolane-water as solvent 
under reflux temperature for 30 to 40 hrs. Ferrous oxide which is formed as valuable by 
product was separated by filtration. 1,3-dioxolane/water mixture can be easily recovered by 
vacuum distillation and reused. In general, aromatic amines are thus obtained in 75-90 % yield. 
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We have observed that the reaction did not proceed in the absence of water. When 1,3-
dioxolane was replaced by other water miscible solvents like methanol, acetonitrile, DMSO 
etc the reaction was not activated. The advantages of this method are that the reduction avoids 
corrosive media, selectively reduces nitro group in the presence of other reducible groups, uses 
an environmental friendly solvent, avoids use of hydrogen pressure and expensive catalysts, 
recycle of solvents and an easy work up. During the reduction, functional groups like cyano, 
amide, ester, chloro, methoxy, alkene and keto groups are tolerated.  

 
Proposed mechanism for the reduction of nitro compounds to amines is given below 

in Scheme 1. First step involves the oxidative addition of metal to nitro compound leading to 
the formation of intermediate (a), which underwent retrocycloaddition to form nitroso 
derivative and one molecule of FeO. Further, another Fe atom adds to nitroso derivative which 
eliminates a molecule of FeO to form the unstable nitrene intermediate. In presence of 
dioxolane, nitrene pulls out a proton as depicted in the scheme. The driving force for the 
reaction could be the coordination of 1,3-dioxolane with the Iron metal in oxidative addition 
intermediate (a). The formation of intermediate nitroso compound was detected by GC. GC 
also showed the formation of minor amount of azoxy compounds probably by the reaction of 
nitrene and the nitroso derivative. 

 

 
 

Scheme 2: Probable mechanism 
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Table 1. Reduction of aromatic nitro compounds to corresponding amines using iron and aqueous 
dioxolane  
 

Entry Nitro compound Time Product Yield 
% 

B.p. 
(lit.) 
oC 

B.p.(obs) 
oC 

M.p. 
(lit.) 
oC 

M.p. 
(obs.) 
oC 

1 

 

35 

 

85 184.1 184 - - 

2 

 

17 

 

80 - - 44 44 

3 

 

23 

 

82 - - 187 187 

4 

 

40 

 

85 282 282 - - 

5 

 

40 

 

78 - - 180 178 

 
 
CONCLUSIONS 
 

By using iron in aqueous solution of chelating diether, simple, an environmentally 
benign, efficient, economical and chemo-selective method for the reduction of aromatic nitro 
compounds to amino compounds was reported.  
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