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Nitration of Aromatic Compounds by
ZH(NO3)2 . 2N204 and Its
Charcoal-Supported System

Nasser Iranpoor, Habib Firouzabadi,
Reza Heydari, and Morteza Shiri
Department of Chemistry, College of Sciences, Shiraz University,
Shiraz, Iran

Abstract: Zn(NOj),-N,O,4 and its charcoal supported system were found to be
efficient nitrating agents. Mononitration of aromatic compounds such as benzene,
alkyl benzenes, halobenzenes, nitrobenzene, anisol, and the highly selective mono-,
di-, and trinitration of phenol, and dinitraion of substituted phenols were also
performed in the presence of these reagents.
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INTRODUCTION

Aromatic nitration is among the organic reactions, which have been exten-
sively studied. This reaction can be carried out by verities of nitrating
agents such as HNOs;/H,S04"* NaNO,/HNO;,**! N-nitropyrazole/
BF;.Et,0/CH,CL,,"”! metallic nitrates,*™® NaNO;/H,S0,/NaNO,,!*~'!!
NaNO;/HCl/La(NO;);/Et,0 - H,0,!'2  AgNO;/BF;/CH;CN,!"*  tetra-
nitromethane,['4] clay-supported nitrates,[]5’16] ACONOZ,[W] BZONOZ,“&IQ]
TfONO,,"*°! HNO;/Si0,,"*!! pyridine derivatives carrying transferable nitro

groups,’””! and montmorillonite impregnated with bismuth nitrate.'*!
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Dinitrogen tetroxide is also considered as a highly reactive nitrating agent,
which its reactions are usually carried out at low temperatures and does not
show selectivity for mono- or dinitartions (e.g., nitration of alkyl substituted
phenols produces mono- and dinitrated isomers together with considerable
amounts of nitrocyclohexadienones).”*! Very recently, NO,/O; in the
presence of Zeolite has been used for the nitration of moderately deactivated
arenes.’*> In organic solvents such as ethyl acetate, N,O4 can react with
metals in atomic, oxide, or salt forms to give metal nitrate complexes.[26’27]
Recently, we have reported on the nitration and oxidation abilities of some
of these adducts, such as Cu(NOs),-N,0,, Fe(NO3);-2N,0,, and
Cr(NO3); - 2N,0,.28731 Thege complexes are capable to nitrate only
phenolic compounds and even activated aromatic rings such as anisole
cannot be nitrated by these metal nitrate/N,O4 complexes. In this article,
we report on the use of Zn(NOj), - 2N,0, as a homogeneous reagent and its
charcoal-supported system as a heterogeneous nitrating gent for the
selective mono-, di-, and trinitration of phenol, dinitration of substituted
phenols, and mononitration of benzene and arenes substituted with activated
and moderately deactivated groups.

RESULTS AND DISCUSSION

Zn(NOj3), - 2 N,O,4 was prepared by complexation of zinc nitrate with dinitro-
gen tetroxide'*! in ethyl acetate. This compound, similar to other reported
metal nitrate N,O4 complexes, is a delicant solid and soluble in organic
solvents. When it was supported on charcoal, we obtained a heterogeneous
reagent, which is easy to handle. The reactions of both Zn(NO3), - 2N,0Oy4
and its charcoal-supported system with phenol were found to be very
selective and dependent on the molar ratio of nitrating agent/phenol and
also the reaction temperature. The reaction with 0.75 molar equivalents of
either reagent in ethyl acetate at room temperature produced a mixture of
2- and 4-nitrophenols in high yields. The reaction with Zn(NOj3),-2N,04
completes immediately, but the reaction with Zn(NOj3), - 2N,0,/charcoal
requires 1 hr. Treatment of phenol with two molar equivalents of either of
these reagents produced 2,4-dinitrophenol in 83-85% yield. When the
reaction of phenol was performed with three equimolar amounts of
Zn(NOs3), - 2N,0Oy4 in refluxing ethyl acetate, the corresponding trinitrophenol
was produced in 86% yield (Table 1). Similar to the reactions of phenol
with N,O4 or N,O4-metal nitrate complexes,[28_3l] the formation of some
minor amounts of 1,4-benzoquinone (5—8%) in the reaction of phenol with
Zn(NO3), - 2N,0, or Zn(NOs), - 2N,0O,4/charcoal was also observed. The
results of Table 1 show that the yields of the products with both reagents
are very similar, but the reaction times for Zn(NOj),-2N,0,/charcoal
are higher. However, handling of the reagent and workup of the reactions
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using Zn(NOj3),-2N,0,4/charcoal is much simpler than those for
Zn(NO3), -2N,O4. We then used both reagents for mononitration of
different substituted phenolic compounds. The results obtained for this
study are shown in Table 2. Using the molar ratio of the reagent/phenolic
compound (2:1), the selective dinitration of phenols was obtained
(Table 3). This study showed that phenol can be nitrated to 2,4,6-trinitro-
phenol with Zn(NOj3),-2N,0,, but the reaction with Zn(NOs),-2N,0,/
charcoal does not occur (Table 1).

In comparison with the reactions of metal nitrate N,O, complexes, which
were found to nitrate only phenolic compounds,?®~*! these two reagents
showed to be effective nitrating agents for phenols as well as benzene,
naphthalene, and benzenes carrying activating and moderately deactivating
groups. The results are shown in Table 4.

In conclusion, Zn(NO3), - 2N,0, and its charcoal-supported system are
cheap and easily prepared reagents for nitration reactions. These reagents
are selective for nitration of the phenolic compounds and can also be
applied for the nitration of aromatic rings having activating and moderately
deactivating groups.

Table 2. Mononitration of substituted phenols with one molar equivalent of
Zn(NO3); - 2 N,O,/charcoal and Zn(NO3), - 2 N,O4 in CH,Cl, at room temperature

Entry Substrate Time” Product (% yield)*?
1 4-Fluorophenol (5min) 2 hr 4-Fluoro-2-nitrophenol (98) 97
2 4-Bromophenol (5min) 2.5hr 4-Bromo-2-nitrophenol (95) 95
3 4-Chlorophenol (Smin) 2.5hr 4-Chloro-2-nitrophenol (98) 96
4 4-Methylphenol (S5min) 1.5h 4-Methyl-2-nitrophenol (86) 81
5 4-Nitrophenol (15 min) 5hr 2,4-Dinitrophenol (93) 95
6 2-Nitrophenol (20 min) 4 hr¢ 2,4-Dinitrophenol (78) 82
7 2,6-Dichlorophenol (5 min) 4.25 hr 2,6-Dichloro-4-nitrophenol
(98) 96
8 2,6-Dimethylphenol (5 min) 2 hr 2,6-Dimethyl-4-nitrophenol
(75)83
9 Salicylic acid (5min) 4 hr 2-Hydroxy-5-nitro benzoic acid
(80)73
2-Hydroxy-3-nitro benzoic acid
(15)20
10 Vanillin (5min) 0.5hr 4-Hydroxy-3-methoxy-5-nitro

benzaldehyde (80)75

“Data in the parentheses refer to the use of Zn(NOs), -2 N,O4 and those out of the
parentheses refer to the reactions with Zn(NOs), - 2N,0,/charcoal.

bIsolated yield.

“Reflux condition.
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Table 3. Dinitration of substituted phenols with two molar equivalents of either
reagent” in CH,Cl, at room temperature

Entry Substrate Time Product (% yield)”

1 4-Fluorophenol (5min) 2 hr 4-Fluoro-2,6-dinitro (91) 97

2 4-Bromophenol (10 min) 4 hr 4-Bromo-2,6-dinitro (81) 86°

3 4-Chlorophenol (10 min) 3 hr 4-Chloro-2,6-dinitro (93) 87¢

4 4-Methylphenol (10min) 1.25hr 4-Methyl-2,6-dinitro (85) 80

5 4-Nitrophenol (35min) 12hr 2,4,6-Trinitro (90) trace®

6 2-Nitrophenol (90 min) 12 hr 2,4,6-Trinitro (86) trace®

7 Salicylic acid (20min) 10 hr 2-Hydroxy-3,5-dinitro
benzoic acid (88) 60°

8 2-Methoxyphenol (10 min) 1 hr 2-Methoxy-4,6-dinitro (85) 80

“Data in the parentheses refer to the use of Zn(NOj3), - 2N,0, and those out of the
parentheses refer to the reactions with Zn(NO3), - 2N,0,/charcoal.

bIsolated yield.

“Under reflux condition.

EXPERIMENTAL

Thin-layer chromatography on commercial plates of silica gel 60 F,s4 was
used to monitor the progress of the reactions. Column chromatography
was carried out by using silica gel 60. Yields refer to isolated pure products
after column chromatography. Products were characterized by comparison
of their physical and spectral data with those of authentic samples. Infrared
spectra were recorded on a Perkin Elmer 781 spectrometer. The NMR
spectra were recorded on a Bruker Avance DPX 250. Mass spectra were
recorded on a Shimadzu GCMS-QP 1000EX.

Preparation of Zn(NO3), - 2N,04

A solution of ZnCl, (34 g, 0.25 mol) in EtOAc (150 mL) was cooled to —10°C
in an ice-salt bath while being stirred. Generated N,Oy4 gas[zgf3 2 was bubbled
through this solution for about 1 hr. The solvent was evaporated under reduced
pressure to give Zn(NO3),-2N,0, complex'®”! as a pale yellowish deliquescent
compound (79 g, 85%).

Preparation of Zn(NOj3), - 2N,0, Complex/Charcoal

To a vigorously stirring solution of Zn(NO3), - 2N,04 (10 g) in dry CH,Cl,
(25mL) at 0°C was added active charcoal (5g). After 2hr, the solvent was
evaporated, and the residue was dried under vacuum. Zn(NOj), - 2N,0,/
charcoal powder (15 g) was obtained.
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Mononitration of Phenol with Zn(NO3), - 2N,0,/Charcoal

A mixture of phenol (0.094g, 1 mmol) and Zn(NOj3),-2N,0, complex/
charcoal (0.44 g, 0.75 mmol) in ethyl acetate (5 mL) was stirred for 1.5 hr at
room temperature. The mixture was filtrated, and the residue was washed
with ethyl acetate (2 x 15mL). H,O (15mL) was added to the filtrate
and organic layer was separated and dried over MgSO, Ethyl acetate was
evaporated under vacuum. After plate chromatography on silica gel
eluted with petroleum ether:acetone (8:2), 4-nitrophenol (0.075g, 56%),
mp 111-113°C [Lit.**! mp 112—114°C], 2-nitrophenol (0.047 g, 34%),
mp 45-46°C, [Lit.**! mp 45-46°C] and benzoquinone (0.008 g, 5%) mp
113-114°C [Lit.**" mp 112.5-113.5°C] were obtained.

Dinitration of Phenol with Zn(NO3), - 2N,0,/Charcoal

A mixture of phenol (0.094¢g, 1 mmol) and Zn(NOj3),-2 N,O, complex/
charcoal (1.11g, 2mmol) in ethyl acetate (SmL) was stirred vigorously
for 4hr at room temperature. The workup was performed similar to the
above-mentioned experiment. After column chromatography on silica gel
eluted with petroleum ether:acetone (3: 1), 2,4-dinitrophenol (0.156 g, 85%)
mp 111-112°C [Lit.**! 111-113°C] was obtained.

Mononitration of 4-Chlorophenol with Zn(NOs3), - 2N,04

A mixture of 4-chlorophenol (0.129g, 1mmol) and Zn(NOj),-2N,04
complex (0.28 g, 0.75mmol) in CH,Cl, (4 mL) was stirred vigorously at
room temperature. The reaction was competed immediately. After column
chromatography on silica gel using petroleum ether/acetone (8:2) as
eluent, 4-chloro-2-nitrophenol (0.169 g, 98%) mp 90-91°C [Lit.”**' 91°C]
was obtained as yellow needle crystals.

Dinitration of 4-Chlorophenol with Zn(NO3), - 2N,04

To a solution of 4-chlorophenol (0.129g, 1 mmol) in CH,Cl, (5mL),
Zn(NOs3), - 2N,O4 complex (0.75g, 2mmol) was added. The mixture was
stirred for 10 min at room temperature. The mixture was chromatographed
on a column of silica gel and eluted with petroleum ether/acetone (8:2) to
give 4-chloro-2,6-dinitrphenol (0.2 g, 93%) mp 80—81°C [Lit.”** 81°C].

Nitration of Chlorobenzene with Zn(NO3), - 2N,0,/charcoal
A mixture of chlorobenzene (0.17g, 1.5mmol) and Zn(NOs3),-2 N,O4

complex /charcoal (0.55 g, 1 mmol) was stirred vigorously at room tempera-
ture for 30 min. The progress of the reaction was followed by GC. After
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completion of the reaction, the resulting mixture was dissolved in acetone
(3mL) and was presorbed on silica gel (5g). The resulting silica gel
mixture was applied on a silica gel column and eluted with petroleum
ether/acetone (7:3) to afford 0.135g (84%)of 2-nitro-chlorobenzene,
mp 31°C [Lit.*¥ 31-33°C] and 4-nitrochlorobenzene mp 80°C [Lit.1**!
81-82°C] with ratio of 47 : 53, respectively.
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