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Highly efficient nitration of phenolic compounds
by zirconyl nitrate I
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Abstract—Zirconyl nitrate was found to be an excellent reagent in the nitration of phenol and substituted phenols to give nitrated
phenols. This procedure works efficiently on most of the examples at room temperature yielding nitro derivatives in fair to good
yields with high regioselectivity.
� 2006 Elsevier Ltd. All rights reserved.
Nitration of aromatic compounds is an industrially
important reaction1 as the nitrated products are impor-
tant intermediates for fine chemicals and pharmaceuti-
cals. Nitration reactions are not usually selective and
cause environmental concerns regarding the disposal
of large volumes of mixed acids typically employed in
this process.2,3 A mixture of concentrated nitric acid
and sulfuric acid is used as the most common nitrating
reagent for the nitration of benzene, alkyl benzene,
and less reactive aromatic compounds,4 but highly reac-
tive aromatic compounds, in particular, easily oxidized
substrates such as aniline, phenols, and pyrroles, etc.,
require mild nitration conditions, thus a wide variety of
nitrating reactions have been developed.5 With regards
to nitration of phenols, concentrated nitric acid or mix-
tures of acids are promising, however, their use is always
associated with the formation of dinitro compounds,
oxidized products, and unspecified resinous tarry mate-
rials resulting from over-oxidation of the substrate.

Further, it is noteworthy that the typical yield of direct
nitration never exceeds 60%2 because of the above-men-
tioned side reactions, in most cases, which makes these
existing processes uneconomical.

Nitrophenols are very important organic intermediates
and hence it is still interesting to develop nitrating pro-
cedures for phenolic compounds under mild conditions.
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Recently, various nitrating salts such as Bi(NO3)3Æ
5H2O,6 VO(NO3)3,7 Fe(NO3)3Æ9H2O,8 (Me4N)NO3,9

Mg(NO3)Æ6H2O,10 and NaNO3
11 have been reported.

However, except for the method reported in Ref. 6
the other procedures require either special solvents or
co-reagents. In some cases, the reaction has been per-
formed in expensive media such as ionic liquids12 and
microemulsions.13 Therefore, it is worthwhile consider-
ing an alternative highly selective nitration process using
a mild reagent such as zirconyl nitrate; it is easy to han-
dle, cheap, and also chemically non-toxic.

In this letter, we report the direct nitration of phenol
and substituted phenols using zirconyl nitrate in solu-
tion phase at room temperature (Scheme 1). The yields
are good to excellent (Table 1) compared with the previ-
ous methods. The progress of the reaction was moni-
tored by a visible change in the color of the reaction
mixture and also by TLC. The results obtained substan-
tiate a new, mild, operationally simple, and efficient
method for the nitration of aromatic compounds using
zirconyl nitrate as a nitrating reagent. Therefore, the
present method is believed to be a good method for
the synthesis of nitro compounds in organic synthesis.

Experimental procedure: To a solution of phenol
(1 mmol) in acetone (5 ml) was added zirconyl nitrate
Ar-OH
ZrO(NO3)2.xH2O

acetone, rt
o-nitrophenol (40%) + p-nitrophenol (60%)

Scheme 1.
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Table 1. Nitration of phenols with zirconyl nitrate

Entry Substrate Producta Time (h) and temp. (�C) Yieldb (%)

1

OH OH
NO2

OH

NO2

+

40% 60%

0.5, rt 100

2

OH

Br

OH

Br

NO2

0.5, rt 92

3

OH
CH3

OH
CH3

NO2

O2N
OH

CH3O2N

+

52%43%

0.45, rt 95

4

OH

CH3

OH

CH3

O2N

OH

CH3

O2N

NO2

+

34% 46%

1, rt 80

5

OH

CH3

OH

CH3

NO2

1, rt 86

6

OH

OMe

OH
NO2

OMe

0.5, rt 92

7

OH

OH

OH

OH
NO2

2, rt 97

8

OH

CHO

OMe
OH

CHO

OMeO2N
3, rt 94

9

OH

COCH3

OH
O2N

COCH3

5, 50 84

10

OH

COCH3

OH

OH
O2N

COCH3

OH
5, 50 98
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Table 1 (continued)

Entry Substrate Producta Time (h) and temp. (�C) Yieldb (%)

11

OH
CHO

OH
CHO

NO2

2, 50 91

12

OH

NO2

OH

NO2

NO2

0.5, rt 88

13

OH OH
NO2 3, rt 95

14
OH

OH

NO2

3, rt 97

15
OO OH OO OH

NO2

5, 50 84

a All the products were characterized by 1H NMR and mass spectral data.
b Isolated yields after silica gel chromatography.
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(1 mmol) and the resulting mixture stirred at room tem-
perature. After completion of the reaction, as monitored
by TLC, the solvent was removed under reduced pres-
sure. Water was added and the product extracted into
ethyl acetate (3 · 5 ml). The combined organic layer
was concentrated in vacuum to give the crude product,
which was chromatographed over silica gel to give the
pure compound in high yield.
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