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ABSTRACT

Sodium borohydride in the presence of catalytic amounts of Copper (1)
nitrate trihydrate reduces a range of aromatic nitro compounds to their
corresponding amines in high to excellent yields. all of the Reduction
reactions were carried out in H,O as green solvent within 1 - 60 minutes
at the tempreture of 40 - 50 °C. The method is simple, fast, inexpensive,
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available, easily scaled - up and Due to the importance of the solvent in
chemical reactions, the reaction is green and eco — friendly and it is im-

portant in terms of environmental protection.
© 2016 Trade Science Inc. - INDIA

INTRODUCTION

The reduction of nitroarenes to arylaminesis a
synthetically important transformation both in the
laboratory and in industry™, Such applications in-
cludeimportant starting materialsand intermediates
for the manufacture of numerous organic chemicals,
such as dyestuffs, pharmaceutical products, agricul-
tural chemicals, surfactants, polymers?3, antioxi-
dants and corrosion inhibitorg?.

Today’s reduction with metal borohydrides is
one of the most widely used procedures in organic
synthesis. NaBH, is not effectivein this regard un-
less provided with some catalysts to remove the ki-
netic barrier of the reaction to support electron re-
lay for thereduction.

Nitroarenes can be reduced to anilines by many
different Techniques Such as, by high- pressure cata-
Iytic hydrogenationt®, lithium aluminum hydride® or

aluminum amalgam™, combinations of sodium boro-
hydride* 2 8 ° and a suitable heterogeneous catal yst
such as platinum/carboni*?, palladium/carbon*!! or
transition metal boride*d. Reported that, in al the
work that has been carried out by using organic sol-
vents®¥ and all of them are expensive economicaly.

In the last decade, a large number of publica
tions have demonstrated the value of performing
chemical reactions in water or agueous media.
Water as a solvent accelerates some reactions be-
cause some reagent are not soluble and provides se-
lectivity. The low solubility of Oxygen is also an
advantage for some reactions where metal catalysts
are used** 1517 water as green solvent reduce pol-
lution in the chemical industry and to make chemi-
cal processes safer and more sustainable, also sol-
vent exposure can cause adverse health effectd 819,
organic solvents are expensive, not readily avail-
able and are not significant in terms of the environ-
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ment. so we attempted to reduce nitro arenes to
aniline corresponding in H,O that, it is agreen sol-
vent, inexpensive and available solvent. Further-
more, we attempted to used from cheeper and more
available catalyst for reduction of nitro arenes.

In this context, From copper Salts,
Cu(NO,),-3H,0 was chosen as the effective cata-
lyst. NaBH, in the presence of Cu(NO,),:3H,0 re-
duces varities of nitroarenes to their corresponding
aminesin high to excellent yields. Reduction reac-
tions were carried out in H,O as eco- friendly sol-
vent at 40-50 °C.

EXPERIMENTAL SECTION

Materialsand methods

All reagents and substrates were purchased from
commercia sources with the best quality and were
used without further purification. IR and 1H NMR
spectra were recorded on Thermo Nicolet Nexus
670 FT. IR and 300 MHz Bruker Avance spectrom-
eters, respectively. The products were characterised
by a comparison with their 1H NMR or IR spectra.
All yields refer to isolated pure products. TLC was
applied for the purity determination of substrates,
products and reaction moni- toring over silicagel
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A typical procedurefor reduction of nitrobenzene
toanilinewith NaBH / Cu(NO,),:3H,O system

Inaround-bottomed flask (10 mL) equipped with
amagnetic stirrer, asolution of nitrobenzene (0.1231
g, 1 mmoL) in H,O (2 mL) was prepared. To the
resulting solution, Cu(NG,),-:3H,0 (0.0483 g, 0.2
mmol) was added and the mixture was then stirred
for 2minat thetemperature of 40°C, NaBH, (0.1134
g, 3mmoL ) asafine powder was added to the reac-
tion mixture and afine black precipitate wasimme
diately deposited. The mixture continued to bestirred
for 6 min and the progress of the reaction was moni-
tored by TLC (eluent; CCl /Et,O: 5/2). At theend of
reaction, mixturestirred for 2 min. The mixture was
extracted with CH,Cl, (3mL) and KOH (0.5g), This
procedure was repeated twice and dried over anhy-
drous sodium sulfate. Evaporation of the solvent
gavethe pureliquid aniline (0.1231 g, 100%, entry
1, TABLE 2).

Thespectral dataof anilineobtained
H-NMR (300MHz, CDCl,): § 3.53(s, 2H, NH,),
6.81-6.69 (M, 3H, ArH), 7.14-7.21 (m, 2H, ArH).

NO,

0

NH

NaBH ;(3 mmol), Cu(NO})y3H 50 (0. 2mmol)

H,0,40 °C, 100%, 6min

60 F,., aluminum sheet. (Scheme 1)

Tabel I. Optinaization experiments for reduction of nitrobenzene wicth NaPRIT /Cu™ salts ©

Entry Catalyst Subﬂi ‘ij; ‘:’BR;";; OC i Temperature (°C)  Time (min) Conversion (%)
I CuCly2H 0 1:3:0.1 40 35 100
b CuCly2H ,0 1:3:0.2 47 20 100
3 CuCly2H ;0 1:3:0.5 Lt 30 1o
4 CuCly2H 0 I:3:0.5 40 2 100
5 CuCly2H 0 1:2:0.5 40 120 9%
6 Cu(NO;y)»3H >0 1:2:0.2 40 120 30
7 Cu(NO;),3H ;0 1:3:0.2 [ 14 100
8 Cu(NO;)»3H >0 1:3:0.2 40 H 100

@ ANl reactions were carried out in 2 ml. H0.
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Table 2. Reduction of mitroarenes with NaBH y/ Cu{NQ3)y3H ;0 system ©

OCAIJ, 12(1) 2016

Entry Substrate Product Molar Ratio Time (min)  Yield (%)
Subs./NaBH g/ Cu(NO3) y3H 0
1 QNO 2 QA’H 2 1:3:0.2 6 91
2 H JNQNOQ H }NONH 2 1:3:0.2 3 94
3 OHC —@—NO‘ " HOH;L”‘@*NH 2 1:3:0.2 14 97
4 QA’O 3 QA’HZ 1:3:0.5 20 92
CHO CH,0H
5 Qﬁ’o ) QNE 2 1:3:0.2 8 9%
OHC HOH,C
6 Q—No ; QNH 2 1:3:0.2 1 98
CH,0H CH,0H
7 QN(}) Qxa : 1:3:0.2 2 95
OH OH
§ Qwoz Q—;\fﬂz 1:5:0.5 1 91
H;C CH; H,C CH;
# QNC*: Q\H ; 1:5:0.5 14 03
COOH COOH
10 H 3('0(%}3'02 H _;CHOHCONH 4 1:5:0.5 30 90
1 Qwog Q;\fﬂz 1:5:0.5 22 97
ON H>N
HOOC  OH HOOC, OH
12 NO, %}Nﬂz 1:5:0.5 34 96
O,N H,N
NoO, NH;
13° 1:5:0.5 60 94

@ _All reactions were carried out in H:0 (2 mL) under oil bath conditions (40-50 °C). A NaBH s and Cu(NO3)»3H >0
were added portion wisely within 13 min as an interval. © It was carried out under reflux conditions.
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IR (KBr, vcmt): 3456, 3377, 3069, 3036, 1959,
1620, 1478, 1438, 1346, 763, 685, 503.

RESULTSAND DISCUSSION

The first, choosed Cu(NO,),-3H,O and
CuCl.-2H,0O for example, then was used optimal
conditionsfor reduction of nitrobenzene (TABLE 1).
Asshown in TABLE 1, The optimization reactions
showed that using 3 molar equivalents of NaBH,
and 0.2 molar equivaentsof Cu(NG,),-3H,0inH,O
(2 ml) at 40°C are the best conditions for the com-
plete conversion of nitrobenzene into aniline
(Schemel).

We applied the optimal conditions for the re-
duction of avariety of nitro compoundsto their cor-
responding amines. Asshownin TABLE 2, the prod-
uct amineswere obtained in high to excellent yields
within 1- 60 minutes. In addition, Our attempts to
reduce C=0 over nitro group in 4-nitrobenzal dehyde
and 3-nitrobenzal dehydewith 0.2 mmol NaBH, (en-
tries 3, 5), 3-nitrobenzaldehyde and 4-
nitroacetophenone with 0.5 mmol NaBH, (entries 4,
10) were unsatisfactory and under the different con-
ditions both of the functional groups were reduced.
The compl ete reduction of nitroareneswith two and
three nitro groups was also achieved perfectly by
this protocol: using 5 molar equivalents of NaBH,
inthe presence of 0.5molar of Cu(NG,),-3H,Owere
the requirements for these transformations (entries
8,9, 10, 11, 12, 13).

CONCLUSIONS

We could reduce aromatic nitro compounds by
Cu(NO,),:3H,0 asan inexpensive catalyst in water
solvent as green solvent and available at 40-50 °C.

ACKNOWLEDGMENT

The authors gratefully appreciate the financial
support of thiswork by the research council of Urmia
University.

REFERENCES

[1] GW.Kabaka, R.S.Varma; Reduction of nitro and

[2]
[3]
[4]

[5]

[6]

[7]

—= Pyl Peper

nitroso compounds, In comprehensive organic syn-
thesis, Org.Synth.Pergamon, Oxford, 8, 363-379
(1991).

R.C.Larock; “Comprehensive organic transforma-
tions”, Wiley-VCH, New- York, (1999).
M.Hudlicky; “Reductions in organic chemistry”’, ACS
M onograph. Washington, (1996).

(a) A.Ricci; “Modern amination methods”, Wiley-
VCH, Weinheim (2000); (b) S.A.Lawrence;
“Amines: Synthesis, Properties and applications”,
U.K.Cambridge University Press, (2004), (c)
T.C.Nugent; “Chiral amine synthesis: Methods, De-
velopments and Applications”, Wiley-VCH,
Weinheim; (2010); (d) T.Farooqui, A.A.Farooqui;
“Biogenic Amines: Pharmacological, Neurochemi-
cal and Molecular Aspectsinthe CNS”, Nova Sci-
ence Publisher, New-York, (2010).

(a) M. Stiles, H.L.Finkbeiner; Chelation asaDriv-
ing Forcein Synthesis, JAmM.Chem.Soc., 81, 505-
506 (1959); (b) H.L.Finkbeiner, M.Stiles; Chela-
tionasadriving forcein organic reactions, IV. Syn-
thesis of a-Nitro Acids by Control of the Carboxy-
lation-Decarboxylation Equilibrium,
JAm.Chem.Soc., 85, 616- 622 (1963).

(a) H.H.Wasserman, M.J.Hearn, B.Haveaux,
M. Thyes, Cyclobutanonesfrom cyclopropanonepre-
cursors, Addition of nitroalkanesto cyclopropanone
aminals, J.Org.Chem., 41, 153 (1976); (b)
E.W.Colvin, D.Seebach; Silyl nitronates: improved
nitro-aldol reactions and reductive routes to 2-
aminoal cohoals, J.Chem.Soc., Chem.Commun., 16,
689-691 (1978).

(a) W.Huckel, M.Blohm; Zur Stereochemie
bicyclischer Ringsysteme, VII. Die Stereochemie
des Dekahydro-naphtalinsund seiner Derivate, V.
9-Substituierte Dekahydro-naphtaline, Liebigs
Ann.Chem, 502, 114-136 (1933); (b) E.J.Corey,
N.H.Andersen, R.M.Carl son, JPaust, E-Vede
is, 1.Vl attas, R. F. K.Winter; Total synthesis of
prostaglandins, Synthesis of the pured-E1, -F1-al-
pha-F1-beta, -Al, and -B1 hormones,
J. Am.Chem.Soc., 90, 3245-3247 (1968); (c)
E.J.Corey, |.Vlattas, Andersen N. H., Harding K.,
A new total synthesis of prostaglandins of the E1
and F1 series including 11-epiprostaglandins, J.
Am.Chem.Soc., 90, 3247-3248 (1968); (d)
E.McDonald, R.T.Martin, Synthesis of unsymmetri-
cal dibenzylketones: new proceduresfor the prepa-
ration and reduction of nitrostyrenes, Tetrahedron
Lett, 18, 1317-1320 (1977).

ey, Onganic CHEMISTRY
Au Tudian Yournal



10 Fast and efficient method for reduction of aromatic nitro compounds

OCAIJ, 12(1) 2016

Full Paper ==

[8] I.Pogorelic, Filipan M.Litvic, S.Merkas, GLjubic,
L.Cepanec, M.Litvic; Rapid, efficient and selec-
tivereduction of aromatic nitro compoundswith so-
diumborohydride and Raney nickel, JMol.Catal .A:
Chem., 274, 202-207 (2007).

[9] A.A.Vicek, A.Rusing; Proc.Chem.Soc.London, 161
(1961).

[10] H.C.Brown, C.A.Brown; J.Am.Chem.Soc., 84,
2827 (1962).

[11] T.Neilson, H.C.S.Wood, A.GWilye; J.Chem.Soc.,
371 (1962).

[12] T.Satoh, S.Suzoki, Y.Migjy, Z.Imai; Tetrahedron
Lett, 4555 (1969).

[13] B.Zeynizadeh, K.Zahmatkesh; First and efficient
method for reduction of aiphatic and aromatic nitro
compoundswith zinc borohydride as pyridine zinc
tetrahedroborato complex: A new stableligand-metal
borohydride, J.Chin.Chem.Soc., 50, 267-271
(2003).

[14] (@) PA.Grieco; “Organic synthesis in water”,
Blackie Academic & Professional, New- York
(1998); (b) D.J.Adams, PJ.Dyson S.J.Tavener;
“Chemistry in Alternative Reaction Media”, John
Wiley & Sons, New- York, (2003).

[15] C.J.Li, L.Chen; Organic chemistry in water,
Chem.Soc.Rev., 35, 68-82 (2006).

[16] T.Tsukinoki, H.Tsuzuki; Organic reaction in water,
Part 5, Novel synthesis of anilines by zinc metal-
mediated chemosel ective reduction of nitroarenes,
Green.Chem., 3, 37-38 (2001).

[17] C.J.Li, T.H.Chan; “Organic reactions in aqueous
media”’, John Wiley & Sons, New- York, (1997).

[18] F.D.Dick; Solvent Neurotoxicity, Occup.Environ.
Med., 63, 221-226 (2006).

[19] A.Vaavanidis, Personnel of chemical and biomedi-
cal laboratories, Risk assessment from occupational
diseases and occupational cancer, Archives of Greek
Medicine, 13(6), 488-503 (1996).

Onganic CHEMISTRY o
Au Tudian Yourual



