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Potassium nitrate/boron trifluoride monohydrate and nitric acid/
boron trifluoride monohydrate have been found to be efficient
reagents for the nitration of aromatic compounds. Benzene and a
series of substituted benzenes were nitrated with excellent yields.

Nitration of aromatics can be carried out by a variety of
nitrating agents, primarily with nitric acid (or its derivati-
ves) and metal nitrates.”? While metal nitrates with
bidentate nitrate ligands are extremely reactive and react
with aromatics without catalysts, metal nitrates with
monodentate nitrate ligands react only under Lewis acid
or Bronsted acid catalysis.? Topchiev? first explored the
nitration of aromatic hydrocarbons with metal nitrates in
the presence of Lewis acids. The yields of the nitration
were generally 30 % (based on the amount metal nitrate
used). The heterogeneous nature of the reaction was
considered in part responsible for the low yields.

We have developed* a homogeneous nitration system
using silver nitrate/boron trifluoride in acetonitrile solu-
tion. The aromatics nitrated were generally relatively
electron rich compounds. Silver can be recovered after
reaction and recycled. There are also several reports of
using inorganic nitrates in conjunction with trifluoroace-
tic acid,® polyphosphoric acid,® and sulfuric acid’ to
nitrate arenes. The yields in these reactions are usually
low. For example, nitration of chlorobenzene with potas-
sium nitrate/polyphosphoric acid gave only 39% of
nitrated products.

Boron trifluoride monohydrate is a superacid, with
acidity exceeding that of 100 % sulfuric acid.® Catalytic
use of this acid has so far been limited.® " !* Based on our
continued interest in superacids,'? we have been investi-
gating the application of boron trifluoride monohydrate
as a relatively inexpensive acid catalyst system. We report
now the study of nitration of aromatics by potassium
nitrate or nitric acid and boron trifluoride monohydrate.
These systems were found to be highly efficient new
nitrating agents.

R KNO3 /BF3 - H;0, r.t., 2h or R
HNO4/BF; - H,0, r.t., 2h
81-98%
03N

R:H, Cl, Br, F{1,2-F, 14-F2), CH3, NOz(Table)

The reaction was carried out by mixing the corresponding
aromatic and excess of boron trifluoride monohydrate
under good stirring. Potassium nitrate was subsequently
added to the stirred mixture forming an emulsion. With
more reactive aromatics, 2 or 5 equivalents of arene was
used in relation to potassium nitrate. The reactions were
usually carried out at ambient temperature, followed by
aqueous quenching and usual workup giving the nitro

products. Yields obtained, summarized in Table 1, are
usually good to excellent. The yield of the reaction of
deactivated aromatics can be improved by using excess
nitrating agent. For example, while 81 % of 1,3-dinitro-
benzene is obtained by nitrating excess nitrobenzene,
quantitative nitration can be achieved with 3 equivalents
of potassium nitrate in boron trifluoride monohydrate.
However, no trinitrobenzene was obtained when the
nitration of 1,3-dinitrobenzene was attempted under
similar conditions. In the case of toluene, 14 % of dinitro
compounds were also obtained even when 10 equivalents
of toluene was used, indicative of a fast reaction with
incomplete mixing.

As potassium nitrate in boron trifluoride monohydrate
liberates nitric acid, we also carried out nitrations using
nitric acid itself and boron trifluoride monohydrate. The
results of nitration using nitric acid are comparable to
those using potassium nitrate. (Table). Deactivated
arenes such as nitrobenzene and 1,3,5-trifluorobenzene
were nitrated in very high yields. In the case of toluene,
dinitration again occurred, but only to a limited extent
(5%). The difference compared to potassium nitrate may
be attributed to better mixing with nitric acid. The good
reactivity of the studied new nitrating systems potassium
nitrate/boron trifluoride monohydrate and nitric acid/
boron trifluoride monohydrate is due to the high acidity
of boron trifluoride monohydrate. Nitronium ion forma-
tion is facilitated by the ability of boron trifluoride
monohydrate to bind an additional mole of water formed
in the ionization of nitric acid. The nitronium ion may
also be protosolvated'? in the highly acidic medium.

All aromatics used were obtained from Aldrich, and used without
further purification. BF, was obtained from Matheson Gas prod-
ucts. BF, - H,O was prepared according to a reported procedure.’
The authentic compounds of the products used for comparison
except 2,4,6-trifluoronitrobenzene were purchased from Aldrich
Chemical Company. 2,4,6-Trifluoronitrobenzene was obtained form
PCR Incorporated, Florida.

NMR spectra were obtained on a Varian Associates Model
VXR-200 NMR spectrometer. Mass spectra were obtained in a
Finnigan Incos-50 GC-MS instrument. GC analyses were performed
on a Varian (model 3700) gas chromatograph using a quartz column
coated with DBWAX.

Nitration of Aromatics with Potassium Nitrate and Boron Trifluoride
Monohydrate; General Procedure:

To a well stirred solution of BF; - H,O (10 mL) and the aromatic
compound (50 or 20 mmol) was added slowly KNO, (1.01¢g,
10 mmol) over a period of 5 min. The mixture was then stirred for 2 h
at r.t. followed by quenching with ice water. The quenched mixture
was extracted with CH,Cl, (3 x30mL), the combined organic
extracts were washed with aq. 10% NaHCO; solution to remove
any acid, dried (MgSO,) and evaporated in a rotary evaporator. The
product was further purificd, if necessary, by cither distillation or
recrystallization and subjected to GCMS and NMR analyses
(Table).
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Table. Nitration of Aromatics with Potassium Nitrate or Nitric Acid and Boron Trifluoride Monohydrate

Substrate Nitrating  Aromatics/ Product Yield® Isomer Distribution (%) bp (°C)/Torr or mp (°C)
Agent® MNO; (mol (%)
ratio) 2-Nitro 3-Nitro 4-Nitro found  reported!*
benzene A S nitrobenzene 88 86-88/15 210-211/760
B 5:1 92
toluene A 10:1 2-, 3- and 4-nitrotoluene 834 54 2 44 - -
B 10:1 93¢ 54 2 44
chlorobenzene A 5:1 2-chloro- and 4-chloro- 91 30 70 - -
B 5:1 nitrobenzene 92 3 69
bromobenzene A 5:1 2-bromo- and 4-bromo- 96 41 59 - -
B 5:1 nitrobenzene 95 37 63
fluorobenzene A 5:1 2-fluoro- and 4-fluoro- 87 128 88 - -
nitrobenzene
1,4-difluoro- A 2:1 2,5-difluoronitrobenzene 82 86-88/15 206.5/760
benzene B 2:1 81
1,2-difluoro- A 2:1 3,4-difluoronitrobenzene 92 82-84/15 76-80/11
benzene B 2:1 88
1,3,5-trifluoro- A 2:1 2.4,6-trifluoronitro- 84 65-67/10 172/760
benzene B 2:1 benzene® 82
nitrobenzene A 2:1 1,3-dinitrobenzene 81 87-88 88-89
A 1:3 98
B 1:3 98

* A = KNO,/BF,-H,0, B = HNO,/BF,-H,0.

® Yield of isolated products. All products were characterized by
spectral data and comparison with authentic samples.

¢ Determined by GC.

¢ A sum of 14% of 2,4- and 2,6-dinitrotoluenes (75:25) were
identified and estimated by GC with calibration.

Nitration of Aromatics with Nitric Acid and Boron Trifluoride
Monohydrate; General Procedure:

To a well stirred solution of BF; - H,0 (10 mL) and the aromatic
compound (50 or 20 mmol) was added dropwise conc. HNO,
(0.45mL, 10 mmol) over a period of 5 min. The mixture was stirred
for 2 h at r.t. followed by quenching with ice water. The quenched
mixture was extracted with CH,Cl, (3 x 30 mL), the combined
organic extract was washed with ag. 10% NaHCO, solution to
remove any acid, dried (MgSO,) and evaporated in a rotary
evaporator. The product was further purified, if necessary, by either
distillation or recrystallization and subjected to GCMS and NMR
analyses (Table).
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