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ABSTRACT: Polymer supported reagents have become
the subject of considerable and increasing interest as insolu-
ble materials in the organic synthesis. Use of polymeric
reagents simplifies routine nitration of aromatic compounds
because it eliminates traditional purification. In this article,
the use of readily available cross-linked poly(4-vinylpyri-
dine) supported sodium nitrite, [P;--Me] NO,, as an efficient
polymeric nitrating agent in the presence of KHSO, is
described. A good range of available aromatic compounds

were also subjected to nitration in the presence of [P;-Me]
NO,/KHSO,. This reagent is regioselective and chemoselec-
tive nitrating polymeric reagent for activated aromatic
rings. In this procedure, the work-up is easy, and the spent
polymeric reagent is easily regenerated and reused. © 2011
Wiley Periodicals, Inc. ] Appl Polym Sci 120: 2830-2834, 2011
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INTRODUCTION

Electrophilic aromatic nitration is one of the most
important reactions in organic Chemistry. Nitro aro-
matic compounds are useful intermediates for the
preparation of other compounds, particularly amines
by reduction of nitro groups.'”

Nitroaromatic compounds are widely studied
because of their application as solvents, dyes, phar-
maceuticals, perfumes, agrochemicals, explosives,
and plastics in the industry.

There are many useful reagents for nitration such
as concentrated nitric acid,’® mixtures of nitric acid
with sulfuric acid,” nitric acid in acetic anhydride,®
nitrate salts in trifluoroacetic anhydride,9 ozone and
nitrogen dioxide,'® N,Os and Fe(acac)s'' N-nitropyr-
idinium and quinolinium salts,'? nitric acid and tri-
fluoromethanesulfonic acid"® or trifluoromethanesul-
fonic anhydride,14 metal nitrates in sulfuric acid,'>"”
lanthanide(I) nosylates,'® guanidinium nitrate,"
potassium nitrate or nitric acid and boron trifluoride
monohydrate mixtures,?® and sodium nitrate/chloro-
trimethyl silane and aluminium chloride mixtures.”'
Many of these reactions have been carried out in the
presence of protic or Lewis acids. However, the ma-
jority of the reported methods for nitration of aro-
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matic compounds suffer from disadvantages such as
low regioselectivity,l1’22*24 over r1itra’cior1,23'24 com-
petitive oxidation of substrates,***’ strongl;z acidic
media,'*?*** oxidation of the reagents,'**** safety
problems (storage, handling, and using toxic transi-
tion metal cations such as Hg**, Cu*", etc.),">"” and
the work-up is needed several steps.”>

These disadvantages have encouraged the
researchers for extensive efforts to use alternative
reagents including solid acids,'**?*3%32 other
sources of NO," (Nitronium salts,'*** N-nitropyridi-
num salt,”® nitrogen oxide,'"* and peroxynitrite*),
organic nitrating agents (acetyl nitrate, benzoyl ni-
trate, and trimethylsilyl nitrate),>?® etc.'®>7%

Although there are numerous applications of solid
supported reagents and scavengers in literature,® >
but to the best of our knowledge, there is no report
on the nitration of aromatic compounds based on
polymer-supported nitrating reagents.

Recently, sodium nitrite is supported on cross-
linked poly(4-vinyl pyridine) and is used for synthe-
sis of nitroalkanes™ and N-nitrosation of secondary
amines.**°!

In continuing of our studies on application of
cross-linked poly(4-vinyl pyridine) supported so-
dium nitrite in organic synthesis,*’**°! herein we
report a green, clean, and simple method for nitra-
tion of activated aromatic compounds by using
cross-linked poly(4-vinylpyridinie) supported so-
dium nitrite, [P4-Me] NO,, in the presence of
KHSO,.



SYNTHESIS OF NITRO AROMATIC COMPOUNDS

TABLE 1
Nitration of Activated Aromatic Compounds with [P4;-Me] NO,/KHSO,

Ar—H + KHSO, — o MN%: - ArNO,

Acetonitrile, reflux

2831

Entry Substrate Products® Time Yield (%)°

1 Phenol o-nitrophenol (trace) + p-nitrophenol (61%) 2 (h) 68

2 Phenol o-nitrophenol (15%) + p-nitrophenol (73%) + 2,4-dinitrophenol (11%) 6 (h) 88

3 Hydroquinone 2-Nitrohydroquinone (65%) + Quinone (34%) 30 (min) 99

4 Catechol 4-nitrocatechol 20 (min) 87

5 p-nitrophenol 2 4-dinitrophenol 9 (h) Trace

6 p-cresol 4-Methyl-2-nitrophenol 3 (h) 83

7 o-cresol 2-Methyl-4-nitrophenol (54%) +2-Methyl-5-nitrophenol (37%) 4 (h) 91

8 Biphenyl No reaction 9 (h) 0.0

9 2-Naphtol 1-Nitro-2-naphtol 4 (h) 95
10 Toluene No reaction 9 (h) 0.0
11 m-xylene No reaction 9 (h) 0.0
12 N,N-dimethyl aniline ~ N,N-dimethyl-4-nitro aniline 4 (h) 74

? The structure were confirmed by comparison of the FTIR and 'H- and C-NMR spectra with those of authentic

specimen.
" Yields refer to isolated total products.

EXPERIMENTAL

Chemicals

All Chemical substrates were either prepared in our
laboratory or were purchased from Fluka (Buchs,
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Switzerland), Merck and Aldrich chemical companies
(Milwaukee, WI). Poly(4-vinylpyridine) cross-linked
with 2% divinylbenzene (DVB) was commercial prod-
uct (Fluka). Poly(N-methyl-4-vinylpyridinium) iodide
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Figure 1 (a) FTIR, (c) '"H-NMR, and (d) *C-NMR spectra of p-nitrophenol; and (b) "H-NMR spectrum of N,N-dimethyl-
4-nitroaniline.
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and [Ps;-Me] NO, were prepared according to previ-
ously our reported procedures.*’*8

Progress of the reaction was followed by thin layer
chromatography (TLC) using silica gel Poly Gram SIL
G/UV 254 plates. All products were characterized by
comparison of their FTIR, 'H-NMR and '}C-NMR
spectra, TLC, and physical data with authentic sam-
ples. All yields refer to the isolated products. FTIR,
'"H-NMR, and "C-NMR spectra were run on a
Bruker, Equinox (model 55) and Bruker AC 500,
Aveance DPX spectrophotometer (using tetramethyl-
silane as internal reference), respectively.

The capacity of [P;-Me] NO, was determined by
potentiometric titration with a 0.1 N solution of sil-
ver nitrate. The activity of [P4;-Me] NO, was found
to be 3.8 mmol/g of the polymer.

General procedure for nitration of activated
aromatic compounds with [P;-Me] NO,/KHSO;, in
acetonitrile at reflux conditions

To a suspension of [P,-Me] NO, (1.23 g, 3 mmol) and
KHSO4 (0.2 g, 1.47 mmol) in acetonitrile (5 mL) was
added an activated aromatic compound (1 mmol) and
the mixture was stirred at reflux conditions. The pro-
gress of the reaction was monitored by TLC. After com-
pletion of the reaction, the suspension was filtered and
washed with acetonitrile (2 x 5 mL), and the filtrate
was dried with MgSO,. The nitro aromatic compounds
in good to high total yields were obtained by the evapo-
ration of the solvent (Table I). If further purification or
isomeric separation was needed, flash chromatography
on silica gel [eluent: n-hexane-ethyl acetate (80 : 20)]
provides highly pure products. The spent polymeric re-
agent was regenerated by treatment with sodium nitrite
solution.

Nitration of phenol with [P;-Me] NO,/KHSO, in
acetonitrile at reflux conditions

To a suspension of [P,-Me] NO, (1.23 g, 3 mmol) and
KHSO, (0.2 g, 1.47 mmol) in acetonitrile (5 mL), 94
mg (1 mmol) of phenol was added, and the mixture
was stirred at reflux conditions for 2 h. The suspen-
sion was filtered, washed with acetonitrile (2 x 5
mL), and the filtrate was dried with MgSO,. Evapora-
tion of the solvent was obtained the p-nitro phenol
product in 68% yield (but if the stirring was contin-
ued for 6 h, the mixture of p-nitro phenol and o-nitro
phenol were obtained in 88% total yield). The pro-

4 N+-CH3 I
(=
2) (I + NaNO,(ag) —————> Nal(aq)+ C

1) () +CH) ——————— = (¢
N\-ch, l\;OZ
(1) - Poly (4-vinylpyridine) cross-linked with 2% DVB (th
Scheme 1 Preparation of [Ps-Me] NO,.

Journal of Applied Polymer Science DOI 10.1002/app

KARIMI ZARCHI AND RAHMANI

1) KHSO, , [P,Me]NO, ——— > HNO, + [P4-Me] KSO,

2 3HNO, ——

HO 4 2NO + HNO,

3) HNO, + KHSO, ———> NO; , KSO, , H,0
/H ]+ -H+

Y ArH L NOy ————> [Ar~ o] ———>ArNG,
NaNO, (aq) -
5) [P4-Me] KSO, — 2" s amy + Na* , KSO,

Scheme 2 The plausible mechanism for nitration of aro-
matic compounds.

gress of the reaction was monitored by TLC. After
completion of the reaction, the suspension was fil-
tered and washed with acetonitrile (2 x 5 mlL),
and the filtrate was dried with MgSO,. Highly pure
p-nitro phenol (73%) and o-nitro phenol (15%) prod-
ucts were obtained by flash chromatography on silica
gel [eluent: n-hexane-ethyl acetate (80 : 20)] (Table I).
The absence of dinitrophenols was ascertained by
GC/MS analyses of the crude reaction mixture.
Selected spectra data for some nitro aromatic pre-
pared are given below and some selected FTIR, 'H-
NMR, and 13C-NMR spectra are shown in Figure 1.

p-nitrophenol
(b) (a)

ON / \>*OH
(6) (a)

FTIR (KBr), v (cm™'): 3331 (O—H), 3000 (C—H,
aromatic), 1614 and 1590 (C=C, aromatic), 1498
(N=0O, asymmetric), 1333, (N=O, symmetric),
1215 (C—O) and 1113 (C—N); 'H-NMR (500
MHz, CDCl3), 6 (ppm): 5.833 (1H, OH), 6.949-
6.967 (2H, H,, d, | = 9.1 Hz), 8.207-8.225(2H, H,,
d, ] = 9.1 Hz); "*C-NMR (125 MHz, CDCly), &
(ppm): 116.1 (C,), 126.7(Cp), 138 (C-NO,) and
161.6 (C—OH).

O-nitrophenol
(b) __(a)

(c) </ }OH
(d  “NO,

FTIR (KBr), v (cm™Y): 3378 (O—H), 3050-3090 (C—H,
aromatic), 1614 and 1606, 1625 and 1593 (C=C,
aromatic), 1498 (N=O, asymmetric), 1337, (N=O,
symmetric), 1268, 1261 (C—O) and 1111 (C—N); 'H-

1) KHSO, 4 [P,-Me] NO, HNO, + [P-Me] KSO,

2) HNO, +2KHSO, — > 2KSO,” + HO",NO'
7 -

3) ArH+NO " —— [ A M, ano

NO
4) Ar-NO + KHSO, ———> Ar-NO, 4 KHSO,

Scheme 3 The alternative plausible mechanism for nitra-
tion of aromatic compounds.
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TABLE II
Nitration of Phenol with Different Methods
Isolated yield (%)
Entry Reagent o-nitrophenol p-nitrophenol References
1 NaNO,/KHSO, 63 12 55
2 NaNO,/Silica sulfuric acid 30 20 30
3 HNO;/Sulfated titania 68.6 2.3 56
4 HNOs5/Microemulsion 50 50 9
5 Mn (NO3)3.2H,0 60 40 57
6 Cu (NOs),.2H,O 40 60 57
7 Fe (NO3)3.9H,O 50 50 57
8 ZrO (NOj3),. XH,O 40 60 58
9 NaNO;/Mg (HSO,)» 36 26 59
10 HNO;/P,0s/Silica gel 10 90 28
11 NaNQOg/Silica sulfuric acid/Wet SiO, 0.0 85 60
12 KHSO,/[P4+Me] NO, 15 73 -

NMR (500 MHz, CDCly), 8 (ppm): 10.57 (1H, OH),
6.995 (1H, H,, m), 7.161 (1H, H,, t), 7.575 (1H, H,, m)
and 8.103(1H, Hy, t).

N,N-dimethyl-4-nitroaniline
(b) __(a)
0, /N N(CH,),

(b) (a)

FTIR (KBr), v (cm™'): 3088 (C—H, aromatic) 2955
(C—H, CHys;), 1600, 1592 and 1530 (C=C, aromatic),
1484 (N=O, asymmetric), 1383, (N=0O, sym-
metric), 1201 (C—O) and 1117 (C—N); 'H-NMR
(500 MHz, CDCl3), § (ppm): 3.160 (6H, s, CHj),
6.644-6.663(2H, Hy,, d, ] = 9.42 Hz), 7.578-
7.584(2H, H,, d, ] = 9.42 Hz).

4-Nitro-1,2-benzenediol
(b) _ (a)

ON ! N—on

() OH

FTIR (KBr), v (cm™Y): 3351 (O—H), 3050-3080 (C—H,
aromatic), 1631 and 1606 and 1590 (C=C, aromatic),
1499 and 1448 (N=O, asymmetric), 1393 and 1336
(N=O0O, symmetric), 1281, 1185 (C—O) and 1122 and
1082 (C—N); 'H-NMR (500 MHz, CDCl3), & (ppm):
10.3 (2H, OH), 6.93 (1H, H,, d, ] = 9Hz), 7. 64 (1H, H,,
s) and 7.67 (1H, Hy,, d, ] = 9Hz).

RESULTS AND DISCUSSION

Cross-linked poly(4-vinylpyridine) supported so-
dium nitrite prepared according to our previous
reported procedure*’*® and used as an efficient pro-
cedure for chemoselective and regioselective nitra-
tion of aromatic compounds (Scheme 1).

The advantages of this method over conventional
classical method is mild reaction conditions, stability,
safe handling, regioselectivity, chemoselectivity, mild-
ness of polymeric nitrating reagent, and very simple
work-up (only filtration, drying and evaporation of
the solvent, if the conversion is completed and only
one isomer is obtained). In addition, there is current
research and general interest in heterogeneous sys-
tems because of the importance such systems have in
industry and in developing technologies.”> We have
investigated a number of different reaction conditions
based upon the generation of HNO; and it was
observed that [P;-Me] NO,/KHSO; is a regioselective
and chemoselective nitrating reagent for nitration of
activated aromatic compounds. Also it was observed
that acetonitrile is the best solvent among other or-
ganic solvents for nitration reaction.

A good range of available aromatic compounds
were also subjected to nitration in the presence of
[P4-Me] NO,/KHSO,. It was found that the reaction
is most useful for activated aromatic compounds
such as phenol, catechol, hydroquinone, beta-naph-
thol, and N,N-dimethyl aniline, and the reaction fails
completely for less activated aromatic compounds
such as biphenyl, m-xylene or toluene (Table I).

For this new system, the in situ generation of ni-
tronium ion (NO3) mechanism may be proposed.
The plausible mechanism is given in Scheme 2.

The reaction of KHSO, and [Ps-Me] NO, gives
HNO; [eq. (1) in Scheme 2]. It is well known that ni-
trous acid decomposes to nitric acid particularly
when warmed,** [eq. (2) in Scheme 2]. Nitric acid

OH CH,
O CHy [P, -Me] NO, / kHsO,
+ NG,
+ Acetonitrile, reflu, 1 h
NO, 0.0%

52%
Scheme 4 The chemoselectivity of [P4-Me] NO,/KHSO,.
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provides nitronium ion (NO3) as an electrophile that
substituted on activated aromatic rings [eq. (3) and
(4) in Scheme 2]. The spent polymeric reagent was
regenerated by treatment with sodium nitrite solu-
tion [eq. (5) in Scheme 2]. The regenerated polymeric
reagent has the same capacity as the original form.
The alternative mechanism, involving the generation
of nitrosonium ion (NO™) and nitrosation followed
by oxidation to obtain the nitro compound (Scheme
3). Similar mechanisms are proposed by Heravi
et al. for synthesis of ortho-nitrophenol using
NaNO,/KHSO,.*

The superior regioselectivity of our method is clear
and can be justified by comparison of percentages of
para isomers with previously reported protocols (Table
II). To demonstrate the chemoselectivity of this
method, a competitive reaction was performed
between phenol and toluene. It was observed that
nitration of phenol occurred exclusively, whereas tolu-
ene remained intact in the reaction mixture after 1 h
(Scheme 4).

CONCLUSIONS

Poly(4-vinylpyridine) supported sodium nitrite was
easily synthesized and used for the efficient and
selective nitration of activated aromatic compounds
to their corresponding nitroaromatic compounds in
the presence of KHSO,. Ease of product isolation,
stability, safe handling, regioselectivity, chemoselec-
tivity, and mildness of this polymeric nitrating rea-
gent make it a useful addition to other methods
used in the organic synthesis.
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