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The procedures in Organic Syntheses are intended for use only by persons with proper
training in experimental organic chemistry. All hazardous materials should be handled
using the standard procedures for work with chemicals described in references such as
"Prudent Practices in the Laboratory" (The National Academies Press, Washington, D.C.,
2011;  the  full  text  can be  accessed free  of charge @ at
http://www.nap.edu/catalog.php?record id=12654).  All chemical waste should be
disposed of in accordance with local regulations. For general guidelines for the
management of chemical waste, see Chapter 8 of Prudent Practices.

In some articles in Organic Syntheses, chemical-specific hazards are highlighted in red
“Caution Notes” within a procedure. It is important to recognize that the absence of a
caution note does not imply that no significant hazards are associated with the chemicals
involved in that procedure. Prior to performing a reaction, a thorough risk assessment
should be carried out that includes a review of the potential hazards associated with each
chemical and experimental operation on the scale that is planned for the procedure.
Guidelines for carrying out a risk assessment and for analyzing the hazards associated
with chemicals can be found in Chapter 4 of Prudent Practices.

The procedures described in Organic Syntheses are provided as published and are
conducted at one's own risk. Organic Syntheses, Inc., its Editors, and its Board of
Directors do not warrant or guarantee the safety of individuals using these procedures and
hereby disclaim any liability for any injuries or damages claimed to have resulted from or
related in any way to the procedures herein.
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1. Procedure

Ethyl 4-aminobenzoate. A 1000-mL, round-bottomed flask equipped
with a magnetic stirbar is charged with a suspension of 10 g (51 mmol) of
ethyl 4-nitrobenzoate in 250 mL of ethanol, and a solution of 27.4 g (510
mmol) of ammonium chloride in 125 mL of water is then added (Note 1).
Indium powder (23.5 g, 205 mmol) (Note 2) is added, and the resulting
mixture is heated at reflux for 2.5 hr. The reaction mixture is allowed to
cool to room temperature, diluted with 350-400 mL of water, and filtered
under vacuum. The filtrate is extracted with 6-8 portions of 50-60 mL of
dichloromethane, and the combined organic phases are washed with 100 mL
of brine and dried over anhydrous sodium sulfate. The resulting solution is
concentrated under reduced pressure and the crude product is dissolved in
100 mL of dichloromethane. The solution is concentrated by warming, and
50 mL of hexane is then added. The resulting solution is allowed to stand in
a refrigerator overnight and then filtered under vacuum to give 7.63 g (90%)
of ethyl 4-aminobenzoate (Note 3).

2. Notes

1.  Ethyl 4-nitrobenzoate, ammonium chloride, ethanol were
purchased from Aldrich Chemical Company and used as received.
2. Indium powder (99.99%) was obtained from Aldrich Chemical

Company.

188



3. The spectral properties of ethyl 4-aminobenzoate are as follows: IR
(film) cm™: 3424, 3345, 3224, 1685, 1636, 1598, 1515, 1367, 1312, 1281,
1173, 773; '"H NMR (300 MHz, CDCl3) §: 1.36 (3 H, t, ] = 6), 4.04 (2 H,
brs), 431 (2 H, q,J=7),6.63 (2H,d,1=9),7.85 (2 H, d, ] =9); °C NMR
(75 MHz, CDCl;) 6: 14.6 (CH;), 60.4 (CH,), 114.0 (Ar-CH), 120.5 (Ar-q),
131.7 (Ar-CH), 151.0 (Ar-q), 166.9 (Ar-q = quaternary carbon atom); m/e:
166 (M+H); exact mass: m/e (M'): 165.0764 (measured), 165.0790
(theoretical).

Waste Disposal Information

All toxic materials were disposed of in accordance with the policy of
UTMDACC to handle and dispose of hazardous waste, which is in
accordance with the regulations of the Environmental Protection Agency,
Occupational Safety and Health Administration, Federal Department of
Transportation, Texas Department of Health, and the Texas Water
Commission.

3. Discussion

The synthesis of aromatic amines is an active and important area of
research.” Many methods are available in the literature for the synthesis of
these compounds. Though some of these are widely used, still they have
limitations based on safety or handling considerations. For example,
catalytic hydrogenation® of nitro or azido compounds in the presence of
metals such as palladium on carbon or Raney nickel require stringent
precautions because of their flammable nature in the presence of air. In
addition, these methods require compressed hydrogen gas and a vacuum
pump to create high pressure within the reaction flask. To overcome these
difficulties, several new methods have been reported in the recent literature*
involving such reducing agents as decaborane,’ electrochemically generated
Raney nickel,’ dimethyl hydrazine/ferric chloride,” hydrazine hydrate/ferric
oxide-magnesium  oxide,® diethyl chlorophosphite,’” and sodium
borohydride-sodium-methoxide in methanol'” In general, the main
drawbacks of these methods are long reaction time and non-
chemoselectivity. The submitters'' have also described new methods for the

189



reduction of aromatic nitro compounds and imines to aromatic amines by
novel samarium-induced iodine catalyzed and ammonium chloride mediated
reduction.'””  While our samarium-induced reduction of aromatic nitro
compounds works well in the polycarbocyclic series, similar reaction with
several heteroaromatic nitro compounds results in a mixture of products
under identical conditions. Moreover, samarium-induced reduction of the
nitro compounds requires anhydrous reaction conditions.

The submitters have been actively involved in the use of polyaromatic
amines for the development of anticancer agents.”” Therefore, the submitters
began a research program aimed at developing methods to synthesize several
aromatic amines rapidly and in high selectivity, by using ecologically
friendly reagents. The present study describes a method for the selective
reduction of aromatic nitro compounds to the corresponding amines by
indium in the presence of ammonium chloride in aqueous ethanol."

The chemistry of indium metal is the subject of current investigation,
especially since the reactions induced by it can be performed in aqueous
solution.”” The selective reductions of ethyl 4-nitrobenzoate (entry 1), 2-
nitrobenzyl alcohol (entry 2), I-bromo-4-nitrobenzene (entry 3), 4-
nitrocinnamyl alcohol (entry 4), 4-nitrobenzonitrile (entry 5), 4-
nitrobenzamide (entry 6), 4-nitroanisole (entry 7), and 2-nitrofluorenone
(entry 8) with indium metal in the presence of ammonium chloride using
aqueous ethanol were performed and the corresponding amines were
produced in good yield. These results indicate a useful selectivity in the
reduction procedure. For example, ester, nitrile, bromo, amide, benzylic
ketone, benzylic alcohol, aromatic ether, and unsaturated bonds remained
unaffected during this transformation. Many of the previous methods
produce a mixture of compounds. Other metals like zinc, tin, and iron
usually require acid-catalysts for the activation process, with resultant
problems of waste disposal.

Because of the non-flammable nature of the process and ready
availability of indium and ammonium chloride, the submitters believe this
method is practical for the preparation of several aromatic amines. Further,
this method 1s performed in aqueous ethanol, is extremely safe from the
environmental point of view, and should prove useful in organic chemistry.
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SELECTIVE REDUCTION OF AROMATIC NITRO

TABLE 1

COMPOUNDS BY INDIUM METAL IN THE
PRESENCE OF NH,4CI/H,O/EtOH

Entry Nitro compound Product Reduc(trign time %Yield gg;p
CO,CH.CH3 CO,CH,CHg
1 88
25 94 (lit. 88-90)
NO» NH,
) CH,OH CH,OH 84
©/N02 NH, 2h, 5 min 685 | (lit. 83-85)
Br Br
3 59
1.5 80 (lit. 60-64)
NO, NH,
CH=CHCH,0H CH=CHCH,0H
4 © © 1 oil oil
NO, NH,
CN CN
5
85
© © 2 75 (it 83-85)
N02 NH2
CONH, CONH,
182
6 © © 1.75 71| (it 181-183)
NO»> NH;
OCHg OCHjs
7 58-60
5 20 (lit. 57-60)
N02 NHZ
Blsvelilswe
' NO, ' NH, 8 80 (it. 160)
o) (6]
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Appendix
Chemical Abstracts Nomenclature (Registry Number)

Ethyl 4-aminobenzoate: Benzoic acid, 4-amino-, ethyl ester; (94-09-7)
Ethyl 4-nitrobenzoate: Benzoic acid, 4-nitro-, ethyl ester; 99-77-4)
Ammonium chloride (NH4Cl); (12125-02-9)

Indium; (7440-74-6)
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JZ, 1H parametrs for robot
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