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Nitrochlorobenzene could be regioselective prepared over imida-
zolium ionic liquids media by using nitric acid as nitrating agents. A
variety of ionic liquids, [Hmim]HSO., [Hmim]NO; and [Hmim]CF;COO
were prepared for the improvement of mononitrochlobenzene isomers.
It was found that a high para isomer was achieved when employing
[Hmim]HSOy. Ionic liquids could be conveniently reused for five times
by filtration with excellent yield of mono-nitration products and para-
selectivity.

Key Words: Chlorobenzene, Nitric acid, Ionic liquids, Nitration,
Regioselectivity.

INTRODUCTION

Aromatic nitro compounds are important starting materials for the manufacture
of various industrial products such as pharmaceuticals, dyes, intermediates, explosives
and plastics. Industrial preparation processes for the compounds are carried out by
employing a mixture of nitric acid and sulfuric acid predominantly yielding ortho
and para substituted products by using mono-substituted benzenes as substrates.
But in this way, a major problem associated with the mentioned technology is that
the use of corrosive strong acid mixtures generates large amounts of spent acids,
oxidation and organic byproducts because of poor selectivity, which are very costly
to treat and not of environmental economy. In order to overcome the problems,
researchers have paid much attention to catalytic nitration using solid acid'®, especially
the reaction on zeolite and molecular sieve efc. catalysts”"*. Therefore, some novel
ways for the manufacture of nitro compounds were developed'®'®.

Over the past few years room-temperature ionic liquids have received attention
for their promise as alternative reaction media because of their convenient physical
properties (non-volatile, non-flammable, wide liquid range) and favourable solvation
behaviour, which make them useful as ‘clean or green’ solvents. Such liquids have
been explored as solvents and/or catalysts in some reactions. Of these reactions,
reaction rates were enhanced even though the reasons are not always clear. The
nitration of aromatics in ionic liquids should therefore be of interest to both academic
and industrial researchers.
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There were some reports for the use of ionic liquids'***. As part of our continuing
interest in the development of clean chemical processes, in particular, regioselective
preparation of nitro aromatic compounds, we utilized ionic liquids in an attempt to
develop the clean and green method. The ionic liquids selected were [Hmim]HSOy,
[Hmim]NOs, [Hmim]CF;COO, which were applied to the synthesis of nitrochloro-
benzene with aromatic chlorobenzene as substrate by using nitric acid nitrating
reagent in mild conditions.

EXPERIMENTAL

All of the starting materials were chemical purity grade or above. HPLC
(Shimadzu LC-10Avp Plus using 30 volume of distilled water to 70 volume of
methanol as eluent.) were utilized to determine nitro isomers and chlorobenzene
conversion using n-dodecane as internal standard. IR spectra were recorded in cm™
(KBr) (Hitachi IR meter 260-10).

Preparation of ionic liquids: Ionic liquid, [Hmim]HSO,, was synthesized
according to procedures in the literature, i.e., sulfuric acid (98 %, 5.10 g, 0.05 mol)
was diluted with water (5 mL) in low temperature and then the mixture was added
dropwise to stirred N-methylimidazole (4.09 g, 3.95 mL, 0.05 mol) cooled to 0 °C
in low temperature bath over 1 h. The reaction mixture was stirred for 1 h at 0 °C
and warmed to room temperature for 2 h. The aqueous solvents were removed in
vacuum below 75 °C to give the product as colourless oil. [Hmim]NO; and
[Hmim]CFsCOO were the same synthesized as above. IR (KBr, cm™): [Hmim]HSOL,
3346(m), 3150(m), 2872 (m), 1655(w), 1587(w), 1446 (w), 1191(s), 1082(s),
1044(s), 849(s), 583(s); [Hmim]NOs, 3435(m), 3149(m), 2860(m), 1632(w),
1585(w), 1548(w), 1385(s), 1084(w), 827(w), 756(w), 626(m); [Hmim]CF;COO,
3435(m), 3153(m), 2866(m), 1675(s), 1425(m), 1204(s), 832(m), 721(m), 630(m),
S517(w).

Nitration of chlorobenzene with HNO; in ionic liquids: To a round-bottomed
flask containing a stirred mixture of the ionic liquids and chlorobenzene (4.00 g),
nitric acid (6.92 g, 65 %) was added dropwise for defined time at defined temperature.
On completion of reaction, the product was extracted with ethyl acetate, washed
sequentially with 5 % sodium bicarbonate aqueous solution and water to neutral.
The ionic liquid was further reused after dried in vacuum below 75 °C to remove
the aqueous solvents.

RESULTS AND DISCUSSION

Nitrochlorobenzenes are usually formed in three nitro isomers (Scheme-I) when
employing chlorobenzene as substrate under all present nitration processes developed.
Similarly, the three nitro isomers were also detected in present ionic liquid systems.
Some results were shown in Table-1. The obvious effects on substrate conversion
and products selectivity from the ionic liquids were observed as compared with
that of a small substrate conversion with low selectivity exist in the reaction without
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Scheme-I: Formation of nitro chlorobenzene
TABLE-1
NITRATION OF CHLOROBENZENE WITH NITRIC
ACID (65 %) IN THE PRESENCE OF ILs

Temp. Time Conv. Yield Selectivity (%) paral
no- MY g ) % @ para ontho ortho
1 - - 60 5 552 529 71.6 284 252
2 = - 60 5 69.8 62.9 71.7 28.3 2.53
3 [Hmim]HSO, 0.3 60 5 63.4 57.5 72.8 27.2 2.67
4 [Hmim]HSO, 0.6 60 5 62.8 592 733 267 275
5  [Hmim]HSO, 1.0 60 5 604 558 721 279 258
6  [Hmim]HSO, 1.3 60 5 57.7 54.7 76.5 23.5 3.26
7  [Hmim]HSO, 1.6 60 5 62.1 52.4 73.4 26.6 2.76
8  [Hmim]HSO, 1.3 60 8 60.3 554 737 263 280
9  [Hmim]HSO, 1.3 50 5 477 428 742 258 287
10 [Hmim]HSO, 1.3 70 5 63.3 595 730 270 270
11 [Hmim]HSO, 1.3 80 5 666 622 728 2712 267
12 [Hmim]NO, 1.0 60 5 53.4 43.8 72.2 27.8 2.60
13 [Hmim]CF,COO 1.4 60 5 48.9 41.1 73.0 27.0 2.70
14 [Hmim]CF,COO 14 60 6 43.6 377 727 213 2.66
15  [Hmim]CF,COO 1.4 70 5 55.4 47.5 72.2 27.8 2.60
16  [Hmim]NO, 0.5 60 5 62.2 52.7 72.6 27.4 2.66
17 [Hmim]NO, 0.5 60 8 646 544 71.0 290 245

18" [Hmim]HSO, 1.3 60 5 50.3 494 762 238 3.20

“The reaction was conducted the traditional nitric (3.46 g, 65 %) and sulfuric(3.66 g, 98 %)

acids. "A recovered [Hmim]HSO, was reused for five times.

ionic liquid (No. 1), although the better conversion of chlorobenzene with nitric
and sulfuric acids mixture was observed at the expense of poor selectivity. Addition
of the ionic liquids brought about increase of reaction activity and preferential
formation of para isomer in all cases. Of three ionic liquids, the [Hmim]HSO,
appeared the best para selectivity, up to a para/ortho ratio of 3.26, which probably
is because [Hmim]HSO, can further provide one proton as Brgnsted acid to promote
nitric acid to form active agent nitronium ion favour to nitration reaction. And with
increase of the reaction temperature to 80 °C from 50 °C, the chlorobenzene conversion
was increased to 66.6 % from 47.7 %. Although increasing the temperature for
accelerating the reaction is apparently favourable, the selectivity towards para-
nitrochlorobenzene decreased to a paralortho ratio of 2.67.
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The reusability of [Hmim]HSOy in the preparation of nitrochlorobenzene was
examined (No. 18). [Hmim]HSO, recycled for five times in reaction did not show
obviously characteristic changes. Nitration reaction was still towards para
regioselectivity but the yield was lost about several percentages. This indicated that
[Hmim]HSO, has excellent reusability for preparing p-nitrochlobenzene.

Conclusion

The present work shows that nitration of simple aromatics using nitric acid in
ionic liquids proceeds successfully with better para-selectivity favour to the prepa-
ration of para-nitrochlorobenzene instead of conventional nitric acid-sulfuric acid
mixture. Furthermore, the use of ionic liquid used for a substitute of sulfuric acid is
of environmental economy for industrial element. The ionic liquid could be re-
cycled by easily work up, however, their reaction activity could was paid some
attentions.
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