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The use of benzyltriphenylphosphonium nitrate (PhCH2Ph3P+NO−
3 )

(BTPPN) as a useful reagent for nitration aromatic compounds in the
presence of methanesulfonic anhydride under solvent-free conditions
is described. This methodology is useful for nitration of activated aro-
matic rings.

Keywords: Aromatic compounds; benzyltriphenylphosphonium
nitrate; methanesulfonic anhydride; nitration; solvent-free conditions

Conventional methods for the nitration of aromatic rings utilize a
mixture of nitric and sulphuric acids or nitronium tetrafluroborate
methods.1 These conditions are incompatible with a range of compounds
that are sensitive to oxidizing or strongly acidic conditions. In the case
of borane/nitronium salt, HF and BF3 are liberated.1 We have been
engaged in the synthesis of azido aromatic compounds as photoaffin-
ity ligands.2 The nitro compounds required for the synthesis of these
derivatives were prepared by the conventional nitric-sulphoric acid or
nitronium tetraborate methods.3 We became concerned about the dis-
posal of the large amount of acid waste that resulted, sensitivity of
starting material, and low yields of product. To avoid this complication
and the associated hazards, we set out to test the nitrating ability of
benzyltriphenylphosphonium nitrate under solvent-free conditions in
a projected route to develop a simple synthesis of the nitro compound
in a relatively short period.
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RESULTS AND DISCUSSION

Heterogeneous reactions that are facilitated by supported reagents
on various solid inorganic surfaces have received attention in recent
years.4−6 The advantage of these methods over conventional homoge-
nous reactions is that they provide greater selectivity, enhanced reac-
tion rates, cleaner products, and manipulative simplicity. In connection
with our ongoing program to develop environmentally benign meth-
ods using solvent-free conditions,7 herein we report on an extremely
convenient method for nitration of a variety of aromatic compounds
with BTPPN 1 under solvent-free conditions. The reagent is readily
prepared by addition of an aqueous solution of KNO3 to an aque-
ous solution of benzyltriphenylphosphonium chloride at room temper-
ature (Scheme 1). The resulting white powder, which can be stored for
months without loss of its reactivity, is soluble in polar solvents such as
methanol, THF, acetonitrile, acetone, DMF, chloroform, ethyl acetate,
and dichloromethane, but insoluble in nonpolar solvents such as carbon
tetrachloride, n-hexane, and diethyl ether.

PhCH2 P+Ph3Cl− + KNO3

H2O/20 min−−−−−−−−−−−−→
room temperature 95%

PhCH2P+Ph3NO−
3 + KCl

1

SCHEME 1

Here we report on the nitration of activated aromatic compounds to
the corresponding nitrobenzene derivatives under solvent-free condi-
tions with reagent 1. The process in its entirety involves a simple mixing
of one molar ratio of aromatic compounds, methanesulfonic anhydride,
and reagent 1 in a mortar and grinding the mixture with a pestle for the
time specified in Table I at room temperature. This reaction proceeds
rapidly and purification of the product is very straightforward.

Activated aromatic compounds 2 were converted to the correspond-
ing nitro aromatic compounds 3 under solvent-free conditions at room
temperature in excellent yields in 5–20 min; deactivated aromatic com-
pounds were not converted to nitrobenzene derivatives with reagent 1
in the presence of methanesulfonic anhydride after 60–120 min grind-
ing at room temperature (Scheme 2 and Table I). The reagent does not
affect oxidizable groups, such as hydroxyl and amino groups (Table I).
After extraction of the nitro aromatic compounds and acidified aqueous
layer with aqueous 5% HCl and treatment with a fresh batch of the
aqueous KNO3, the reagent 1 could be recovered in quantitative yield.
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TABLE I Nitration of Aromatic Compounds 2 with Reagent 1 to Nitroarens
3 Under Solvent-Free Conditions at Room Temperature a,b

Time Yieldc

Entry ArH (2) ArNO2 (3) (o:m:p ratio) (min) (%)

1 Anisole Nitroanisole (15:0:85) 5 95
2 Acetanilide Nitroacetanilide (20:0:80) 10 89
3 3-Methylactanilide 4-Nitro-3-methylactanilide 5 90
4 3-Cloroacetanilide 4-Nitro-3-chloroacetanilide 20 88
5 1,2-Dimethoxybenzene 4-Nitro-1,2-dimethoxybenzene 5 92
6 Toluene Nitrotluene (40:0:60) 15 98
7 Phenol Nitrophenol 5 90
8 1,4-Dimethoxybenzene 2-Nitro-1,4-dimethoxybenzene 5 100
9 4-Hydroxybenzaldehyde 2-Nitro-4-hydroxybenzaldehyde 20 85

10 1,3,5-Trimethylbenzene 2-Nitro-1,3,5-trimethylbenzene 20 80
11 Naphthalene 1-Nitronaphthalene 20 99
12 C6H5NO2 NR 120 0
13 4-MeC6H4NO2 NR 60 0
14 C6H5CHO NR 120 0
15 C6H5COOH NR 120 0
16 C6H5COPh NR 120 0
17 Benzylalcohol Nitrobenzylalcohol (18:0:82) 15 83
18 C6H5(CH2)2COOH NO2C6H4(CH2)2COOH (10:0:90) 15 83
19 C6H5(CH2)2COOMe NO2C6H4(CH2)2COOMe (12:0:88) 15 85
20 C6H5CH2COOH NO2C6H4CH2COOH (15:0:85) 20 80
21 C6H5CH2COOMe NO2C6H4CH2COOMe (15:0:85) 20 85
22 Cocaine 3-Nitrocoaine 120 10

aConfirmed by comparison with authentic samples (IR, TLC, and NMR).
bMolar ratio of 1:2 (1:1).
cYield of isolated pure product after purification.

Interestingly, the site of the electrophilic attack by this reagent was
found to be identical to the conventional nitric acid or acetyl nitrate-
mediated nitration reaction (Table I).

To evaluate the efficiency of this reaction under solvent-free con-
ditions in comparison to the reaction in solution several experiments
were performed. We performed the reaction of anisole in several sol-
vents, such as methanol, acetone, ether, dichloromethane, THF, and

PhCH2P+Ph3NO−
3 + ArH

Solid-State−−−−−−→
(MeSO2)2O

PhCH2P+Ph3MeSO−
3

1 2

+ MeSO3H + ArNO2
3

SCHEME 2
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1,4-dioxane. We determined that 1,4-dioxane is the best solvent for this
reaction. When anisole was treated with one molar ratio of this reagent,
only 30% of anisole was converted to nitroanisole after 24 h stirring at
room temperature in the presence of 1 molar ratio of methanesulfonic
anhydride. By increasing the amount of the reagent 1 to 2 molar ratios
in the presence of 2 molar ratio of methanesulfonic anhydride, the yield
of the reaction did not increased. When anisole was treated with a mo-
lar ratio of this reagent and allowed to reflux in 1,4-dioxane for 24 h in
the presence of 1 molar ratio of methanesulfonic anhydride only 45% of
anisole was converted to nitroanisole.

We believe that the effect of methanesulfonic anhydride is to react
with the nitrate ion to produce methanesulfonyl nitrate. This reac-
tive intermediate then reacts with the aromatic ring to produce the
corresponding nitro aromatic compounds. We also tried the nitration
of anisole with KNO3 or NH4NO3 in the presence methanesulfonic
anhydride under solvent-free conditions instead to the benzyltriph-
enylphosphonium nitrate, the yield of product after 60 min was only
10%. It is possible that the soft phosphonium cation is required to
form a weakly associated The methanesulfonic anhydride reacted with
this weakly associated ion of nitrate anion to produce methanesul-
fonyl nitrate and that for potassium and ammonium nitrate would not
work.

In summary, we report here the preparation of benzyltriphenylphos-
phonium nitrate 1 as a mild, inexpensive, and selective nitration
reagent. This reagent is easily prepared from low-cost and commercially
available starting materials, and could be stored at room temperature
for months without losing its activity. The reagent is soluble in polar
solvents and slightly soluble in nonpolar solvents. This reagent is an ef-
ficient and novel reagent for nitration of activated aromatic compounds
to the corresponding nitrobenzene derivatives in the presence of other
oxidizable functional groups under solvent-free conditions.

EXPERIMENTAL

General

All yields refer to isolated products after purification by column chro-
matography. Products were characterized by comparison with authentic
samples (IR and 1H-NMR spectra, TLC, melting and boiling points). All
1H-NMR spectra were recorded at 300 MHz in CDCl3 relative to TMS.
All reactions were carried out under solvent-free conditions at room
temperature.
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Preparation of Benzyltriphenylphosphonium
Nitrate 1 (BTPPN)

A solution of benzyltriphenylphosphonium chloride (19.0 g, 49 mmol)
in 100 ml of water was prepared, and then KNO3 (4.95 g, 49 mmol) in
water (100 ml) was added dropwise to the above solution and stirred
for 1 h at room temperature. The resulting precipitate was filtered and
washed with cooled, distilled water (50 ml), and dried in a desiccator
under vacuum over calcium chloride to afford a white powder (19.92 g,
98% yield), which decomposed at 181–182◦C to a dark-brown material.
1H-NMR: δ 7.93–6.87 (m, 20 H), 4.7(d, J = 25.6 Hz, CH2-P). 13C-NMR: δ

135.28, 135.25, 134.32, 134.24, 131.o7, 131.03, 130.19, 130.09, 128.99,
128.97, 128.69, 128.66, 127.45, 127.43, 118.01, 117.36, 29.68 (d, J =
193 Hz, C-P). IR (KBr): 1298, 1269, 1098, 1060, 700, 658, 590 cm−1.
Anal Calcd for C25H22NO3P: C, 72.29; H, 5.30; N, 3.37%. Found: C,
72.50; H, 5.34; N, 3.31%.

Nitration of 1,4-Dimethoxybezene with Reagent (1)
to 2-Nitro-1,4-dimethoxybenzene

A mixture of 1,4-dimethoxybezene (1 mmol, 0.14 g), reagent (1)
(1 mmol, 0.42 g), and methanesulfonic anhydride (1 mmol, 0.17 g) in a
mortar was ground with a pestle for the time specified in Table I until a
deep-yellow color appeared. When TLC (hexane:EtOAc 70:30) showed
complete disappearance of 1,4-dimethoxybezene, the mixture was ex-
tracted with CH2Cl2 and washed with aqueous HCl (10%). Evaporation
of the solvent gave 2-nitro-1,4-dimethoxybenzene. The yield was 0.18 g
(100%) of crystalline yellow solid.

REFERENCES

[1] a) G. A. Olah, R. Malhotra, and S. C. Narang, Nitration Methods and Mechanism
(VCH, New York, 1989); b) K. Schofield, Aromatic Nitration (Cambridge Uinversity
Press, Cambridge, 1980).

[2] Y. Rong, M. Arbabian, D. S. Thiriot, et al., Biochemistry, 38, 11278 (1999).
[3] Y. Rong, and A. E. Ruoho, Synth. Commun., 29, 2155 (1999).
[4] a) S. Caddick, Tetrahedron, 51, 10403 (1995); b) D. Michael, P. Mingos, and D. R.

Baghurst, Chem. Soc. Rev., 20, 1 (1991); c) R. J. Gedye, K. Westaway, H. Ali, L.
Baldisera, L. Laberge, and J. Rousell, Tetrahedron Lett., 27, 279 (1986); d) R. J.
Giguere, T. L. Bray, S. M. Duncan, and G. Majetich, Tetrahedron Lett., 27, 4945
(1986).

[5] a) A. Abramovitch, Org. Prep. Proc. Int., 23, 685 (1991); b) D. M. P. Migos and D. R. I.
Baghurst, Chem. Soc. Rev., 20, 1 (1991); c) S. Caddick, Tetrahedron, 51, 10403 (1995).

[6] a) A. Loupy, M. Petit, C. Ramdiani, et al., Can. J. Chem., 71, 90 (1993).
[7] a) A. R. Hajipour, S. E. Mallakpour, and G. Imanzadeh, J. Chem. Res., 228 (1999);

b) A. R. Hajipour, S. E. Mallakpour, and H. Adibi, Chem. Lett., 460 (2000);

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
3
1
 
2
8
 
J
a
n
u
a
r
y
 
2
0
1
1



January 14, 2004 14:55 GPSS TJ943-04

226 A. R. Hajipour and A. E. Ruoho

c) A. R. Hajipour, S. E. Mallakpour, and A. Afrousheh, Tetrahedron, 55, 2311 (1999);
d) A. R. Hajipour and F. Islami, Ind. J. Chem., 38B, 461 (1999); e) A. R. Hajipour,
S. E. Mallakpour, and G. Imanzadeh, Chem. Lett., 99 (1999); f) A. R. Hajipour
and M. Hantehzadeh, J. Org. Chem., 64, 8475 (1999); g) A. R. Hajipour, S. E.
Mallakpour, and H. Backnejad, Synth. Commun., 30, 3855 (2000); h) A. R. Hajipour,
S. E. Mallakpour, and A. Afrousheh, Phosphorus, Sulfur, Silicon, 160, 67 (2000);
i) A. R. Hajipour, S. E. Mallakpour, and S. Khoee, Synlett, 740 (2000);
j) A. R. Hajipour, S. E. Mallakpour, and S. Khoee, Chem. Lett., 120 (2000); k) A. R.
Hajipour, I. M. Baltork, K. Nikbaghatand, and G. Imanzadeh, Synth. Commun.,
29, 1697 (1999); l) A. R. Hajipour, S. E. Mallakpour, I. M. Baltork, and H. Adibi,
Synth. Comm., 31, 1625 (2001); m) A. R. Hajipour and S. E. Mallakpour, Mol. Cryst.
Liq. Cryst., 356, 371 (2001); n) A. R. Hajipour, S. E. Mallakpour, I. M. Baltork, and
H. Adibi, Synth. Comm., 31, 1625 (2001); o) A. R. Hajipour and S. E. Mallakpour,
Synth. Comm., 31, 1177 (2001); p) A. R. Hajipour, S. E. Mallakpour, and H. Adibi,
J. Org. Chem. (in press); q) A. R. Hajipour, M. Arbabian, and A. E. Ruoho, J. Org.
Chem. (in press); r) A. R. Ajipour and A. E. Ruoho, Org. Prep. Proced. Int. (in press);
s) A. R. Ajipour and A. E. Ruoho, Sulfur Lett., 25, 151 (2002); t) A. R. Hajipour and
Gh. Mazlumi, Phosphorus, Sulfur, Silicon (in press); u) A. R. Hajipour, S. E.
Mallakpour, and H. Adibi, Sulfur Lett., 25, 155 (2002).

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
3
1
 
2
8
 
J
a
n
u
a
r
y
 
2
0
1
1


