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NITRONIUM SALT SYNTHESIS
by
Alton J. Banks
ABSTRACT

The preparation of nitronium salts and the efficiency of these
salts as nitrating agents has been investigated. In addition, other
nitrating agents have been examined. The efficiency of these agents
has been compared utilizing two model systems: nitrobenzene and
a~fluoroacetophenone.

The nitration of nitrobenzene was accomplished in 94% yield
using the nitronium and nitrosonium fluorosulfonate salts under very
mild conditions. The degradative nitration of a-fluoroacetophenone

was accomplished but in much lower yields.
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INTRODUCTION

The use of nitro compounds in propellants requires an efficient
synthetic method for their production. Since nitration is commonly
thought to occur via the nitronium ion (N02+)]. substances either
containing or capable of producing the nitronium ion have been used as
nitrating agents. The most common nitrating system in use is the
mixed acid (HN03/H2504) system, which gives the nitronium ion in a
medium of high dielectric constant. Nitronium salts, particularly
those with fluoroanions, have also been used in a variety of conditions
as nitrating agents. The major drawback in the use of the nitronfum
salts is the high cost of the source of the fluoroanion.

The objectives of this project are, therefore, twofold: (1) devise
a method for synthesis of nitronium salts which is more cost-effective and;
(2) determine the nitration efficiency of these salts under various
conditions. As models for nitration efficiency two systems were chosen:

nitrobenzene and a-fluoroacetophenone.
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EXPERIMENTAL

A Preparation:

1. Anhydrous nitric acid - To 133 ml of nitric acid (90% reagent)

69 m1 of oleum (65%) was added dropwise. This mixture was distilled
under vacuum (~150 mm) and the fraction boiling between 40-50°C was
collected.

2. Nitronium Fluorosulfonate - Vials containing nitrogen tetroxide

(N204) and peroxydisul furyldifluoride (FZSZOG) were connected to a

vacuum line. Nitrogen tetroxide was warmed slightly and allowed to

pass into the vial containing the F23206‘ A white solid formed immed-
iately upon contact. After a sufficient quantity of nitronium fluoro-
sulfonate was formed, the non-condensible gases were evacuated. The

solid was characterized by melting point, IR and Raman spectra. The
melting point (196-199° decomp) compares well with the previously pub-
lished m.p. (200° decunp).2 IR bands (2350, 1660, 1420, 1380, 1170, 1070,
950, 760, 590, and 560 cm']) and Raman bands (2320, 1400, 1300, 1280, 1170,
760, 740, 410, 400 cm ') also agree with published data.’

3. Nitronium Fluorosulfonate & Nitrosonium Fluorosulfonate (mixture)

Into 6.8 ml of FSO3H (11.8g - 0.12 mole) chilled in an ice/water
bath N204 (3.6g - 0.04 mole) was bubbled with rapid stirring. The
addition occurred over a period of ~20 minutes. As the addition of
N204 nears completion, a white solid forms. The solid is filtered (with
vacuum) while nitrogen is blown over the filtration funnel. As the

contents of the flask solidify completely, the filtration step was




dispensed with in later preparations with no apparent effects in the

reaction.

In an attempt to increase the ease of formation of the salt, the
fluorosul fonic acid was poured into 100 m1 of distilled acetonitrile, and
N204 was bubbled into the solution which was chilled in an ice/water bath.
Although no immediate decomposition was apparent, when the stoppered
flask was stored in the refrigerator overnight, a noticeable darkening
of the solid was observed. Storage of the solution for an additional
24 hours resulted in a reddish solid and a red-brown solution. The
decomposition products were not characterized and all subsequent prepara-
tions were carried out with no solvents present.

The melting point (73-74° decomp) indicates that the solid is
indeed a mixture (N02503F + N0$03F, literature melting point for NOZSO3F
200°¢?).

The white solid is very hygroscopic, and reacts with nujol, even in
a glove bag. Infrared spectra are therefore taken using the solid
pressed between silver chloride plates. The hygroscopic nature of the
salts precluded the use of KBr plates or KBr discs as reaction with these
materials occurs almost immediately upon contact. IR bands of the mixture
agree with published bands for the nitronium and nitrosonium fluorosulfonate.3

No attempt was made to separate the two salts.

4. Nitronium Methanesulfonate - Into 7.8 ml (0.12 mole) of CH3SO3H.
placed in an ice/water bath, was bubbled 3.6g of N204 (0.04 mole) with

vigorous stirring. Crystals were not observed until the ice/water bath
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had been removed and the temperature of the flask approached ambient
temperature (~27°). The flask was allowed to remain at room temperature
for approximately two hours and refrigerated (5°C) overnight. The cold
mixture was vacuum filtered under nitrogen with a fritted-glass funnel.
The solid decomposed with evolution of N02 as filtration proceeded. No
further attempts were made to synthesize this compound.

B. Nitrations with Nitrobenzene:

1. Reactions without solvent

To 15.8g of mixed fluorosulfonate salt (.08 moles totp]) was added
nitrobenzene (4.8 - .04 mole). The mixture was stirred at room temp-
erature for 24 hours, poured over ice, and extracted with methylene
chloride. The CHZCI2 layer was dried with anhydrous magnesium sulfate
and evaporated till crystals formed. The product, m-dinitrobenzene, was
obtained in 65% yield (4.2g). The reaction was carried out at 50°, using
the same molar ratios, for periods of 8 hours - with a yield of 90%
of the theoretical - and a period of 24 hours - with a theoretical yield
of 85%. Reaction workup and isolation using these variations was carried
out as described above.

2. Reactions in methylene chioride

a. To 25 ml of CHZCI2 was added 2.4g of nitrobenzene (0.02 mole)
and 5.6g of nitronium fluorosulfonate (0.04 mole). The solution was
chilled in an ice/water bath as the nitrobenzene was added, warmed to
room temperature and heated to reflux (37°C) for 24 hours. The reaction
workup proceeded as described in the previous section. The product,

m-dinitrobenzene, was obtained in 94% of the theoretical yield, (3.1g) and
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characterized by melting point, IR spectrum, and liquid chromatography.

b. The reaction was repeated replacing the nitronium salt
with the mixed salt (15.8g - .08 moles total). A1l other conditions
were identical. Product was obtained in 94% of theoretical yield (3.1g).

¢. A mixture of 2.1 ml (.04 mole) of concentrated sulfuric
acid and 1.8 m1 (.04 mole) of concentrated nitric acid was added to a
solution of 2.4g of nitrobenzene in 25 ml of CHZCIZ. The reaction
was carried out under identical conditions to those described above.
The yield obtained was 88% of theoretical.

d. Dinitrobenzene (3.3g - .02 mole) was dissolved in 10 ml
CHZCIZ.and N02503F(5.69 - .04 mole) was slurried in 20 ml CH2C12. The
dinitrobenzene was added over a period of 5 minutes to the nitronium
salt slurry. The mixture was heated at CH2C12 reflux (37°C) for 24 hours.
Rinitrobenzene was recovered unchanged. No trace of trinitrobenzene
was found.

3. Reactions in Fluorosulfonic Acid

a. Nitrobenzene (4.8g) was added dropwise to a solution of
N02503F (5.6g) in 30 m1 of FSO3H which had been chilled in an ice/water
bath. After the mixture warmed to room temperature, it was heated for
three hours at 90-100°C. Dinitrobenzene (5.7g) was obtained in 87%
of theoretical yield.

b. Anhydrous HNO, (7.4g) was added dropwise to fluorosulfonic
acid (6.8 ml). The flask was chilled in an ice bath, and nitrobenzene

(7.8g) was added dropwise with stirring. Fluorosulfonic acid (13.6 ml)

22-9




was added and the mixture heated to 90-100°C for one hour. Product
was obtained in 90% of the theoretical yield (9.7g).
Workup for both these reactions followed the procedure outlined
in section BI.
C. Nitrations with a-Fluoroacetophenone:
a~-Fluoroacetophenone was obtained from Aerojet Solid Propulsion
Company and used without further purification.

1. Reactions in methylene chloride

a. Anhydrous nitric acid (3.3g - .05 moles) was added to 20 ml
of CH2012. To this mixture, cooled in an ice/water bath, FSO3H(3 ml -
.05 moles) was added, whereupon the white solid, N02503F formed. A
solution of a-fluoroacetophenone (1.44g - .01 moles) in 10 ml of
CHZC]2 was added dropwise over a period of 10 minutes. The mixture was
heated at reflux (37°C) for 1 hour, cooled, and then quenched by pouring
over ice. The mixture was extracted three times with 30 ml portions of
CHZCIZ. The CHZC12 layer was extracted three times with 30 ml1 portions
of a saturated sodium bicarbonate solution, and evaporated to dryness.
The solid which resulted was identified as nitro-a-fluoroacetophenone
(m.p. 91-92°C,1it. m.p. 95°C.4 Elemental analysis for C8H6N03F % calc:

C 52.46, H 3.28, N 7.65; %obs: C 53.18, H 3.34, N 7.74) and was obtained
in 53% of theoretical yield.

b. To fuming nitric acid (90% - 76.1g), which had been chilled
in an ice/water bath, was added a solution of a-fluoroacetophenone
(5¢ - .04 mole) in 15 ml CH2C12. The mixture was rapidly heated to
reflux (37°C) and maintained at that temperature for 24 hours. The re-
action was then quenched by pouring over ice and the workup carried out
as described in the previous section. Nitro -a~fluoroacetophenone was

isolated in 56% yield (3.7g).
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¢. a-fluoroacetophenone (3g - .02 moles) was dissolved in

10 m1 of CH2C12 and added dropwise to 9.45g of N0250 F slurried in

3
25 ml of CHZCIZ. The mixture was heated to 37° for 24 hours. The
solution was decanted off an orange-yellow solid which formed during

the course of the reaction. As some unreacted nitronium salt had been
occluded by the orange-yellow solid, treatment of the solid mass with
acetone resulted in the rapid decomposition of the nitronium salt and
tarring of the solid. No attempt was made to characterize the tar.

The decanted solution was neutralized with NaHCO3 (saturated solution),
extracted twice with CH2C12 (25 ml portions), and acidified with HNO3 to
pH4. Two extractions with CH2C12 yielded 1.3g of yellow solid identified
as nitrobenzoic acid (IR bands: 2600-3100, 1700, 1610, 1530, 1475,

1350 cm']). Only a crude melting point was obtained (130° - 1it. value
for 2-nitrobenzoic acid 140°). The nitrobenzoic acid was obtained in

36% yield.

2. Reactions in fluorosulfonic acid

Anhydrous nitric acid (3.59 - .05 mole) was poured into FSO4H
(15 m1) and cooled in an ice/water bath. a-fluoroacetophenone (1.5g -
.01 mcle) was dissolved in 15 ml of CHZCI2 and added dropwise over a
period of 10-15 minutes. The mixture was then heated slowly to a
temperature of 70°C and maintained at that temperature for 3 hours. The
workup was identical to that described in section la. Nitro-a-fluoro-

acetophenone (0.57g) was obtained in 28% yield.
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3. Reactions in nitric acid (90%)

a-fluoroacetophenone (2.0g) was added to 20 m1 of nitric
acid (90%) and heated to 90°C for 30 minutes. The reaction was
quenched by pouring over ice and placed in refrigeration overnight.
A solid formed and was filtered off. The solid, identified by IR
spectrum, melting point and mass spectrum as nitro-a-fluoroacetophenone,

was obtained in 52% yield (1.4g).
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DISCUSSION

Nitronium salts have been used for several years as nitrating agents

with a wide variety of solvents.5

A major problem with nitrations using
these salts is the cost of the salts. The low yields associated with
many of these reactions add an additional hindrance. The synthesis of
such salts usually includes reaction of a nitrogen oxide (preferably
N205) with a strong acid (e.q. FSO3H).

N,Og + 3HSO,F———» 2N0,"S04F + Ha0" + SO.F~ (1)

Other methods for generating these salts have been investigated and
their nitrating efficacy has been checked using two model systems:
nitrobenzene and a-fluoroacetophenone. The synthesis of nitronium salts
has followed two paths:

N0y + FpS,06 > 2N0, S0, (2)

+ + + -
N204 + 3HSO3X- >N+ NO2 + H30 + 3503X (3)

(where X = F-.CH3-)
The preparation of nitronium salts by the first method (Reaction 2)
is desirable as separation from other products is averted, while the
higher cost and unavailability of peroxydisulfuryl difluoride renders :
the second method (Reaction 3) more desirable. Separation of the
nitronfum and nitrosonium salts will be difficult and has not been
attempted in this study - although the separation should prove worthwhile.
In the nitration of nitrobenzene with the mixed salt, the yield of

dinitrobenzene was identical to that obtained using the nitronium salt

prepared by Reaction 2.
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The reaction utilizing the mixed salt appeared to go much faster than
the reaction using the nitronium salt - although a kinetic study has
not been done.

The ionic nature of these nitronium salts was confirmed spectroscopi-
cally by Ingold et. gl..ﬁ The necessity for a strong electron-withdrawing
moiety on the acid (Reaction 3) is indicated by the stability of the
nitronium fluorosulfonate towards dissociation while the nitronium
methanesulfonate decomposes during isolation. Replacement of fluorime
with chlorine to form nitronium chlorosul fonate (Reaction 1) led rather
to the formation of nitryl chloride and 5032.

Two model systems were investigated to compare the efficiencies
of these nitrating species. In the first model system, nitrobenzene was
chosen as the moiety to be nitrated. Since the aromatic ring is deactivated
by the nitro group, an increase in the yield of dinitrobenzene should
indicate favorable nitrating conditions. A wide variety of reaction con-
ditions was tested and the yields of dinitrobenzene calculated (See Table 1).
One notes that in experiments 4 and 5 yields of 94% were obtained. This is
an appreciable increase over the mixed acid (HNO3/HZSO4) under the same
conditions. These conditions are also less drastic than those used in the
production of dinitrobenzene from nitrobenzene (95° with fuming HN03and
concentrated H2504i7and the mole ratios of nitrating agent to nitrobenzene
are much lower. An attempt to synthesize trinitrobenzene from dinitrobenzene
with N02503F was unsuccessful.

The second model system undertaken was the nitration of a-fluoro-

acetophenone. The nitration of a-fluoroacetophenone has been reported to
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TABLE 1

NITRATION EFFICIENCY FOR NITROBENZENE

Experiment Nitrating Temperature Time Percent Yield
Number agent Solvent %¢ (Hours) (Dinitrobenzene)

1 N0, /N0" : 25 24 65

(mixed salt)

2 (mixed salt) - 50 8 90

3 (mixed salt) - 50 24 85

4 (mixed salt) CH2012 37 24 94

5 (mixed salt) CHZCI2 37 24 94

6 HN03/H2504 CHZC'I2 37 24 88

7 NOZSO3F FSO3H 90-100 3 87

8 Anhydrous FSO3H 90-100 1 90

HNO3
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produce nitrobenzoic acid and fluorodinitromethane (FONM) according

to reaction (4).8

f H ftEg
{ ﬁ (l; F £ E;Olzr (4)
j === '—) \ 1,; = NS
N _J// H 98% white X A NO,
3 fuming HNO3

NO, (isomer not specified)

Our original intention was to monitor the amount of fluorodinitromethane
produced as a measure of nitration efficiency. Table 2 presents a
summary of reaction conditions. Attempts were made to isolate the FDNM
from all layers in every reaction. As the report cited indicated decom-
position of the FDNM with time, it is possible that trace amounts may
have been formed; however, attempts to find FDNM by IR and UV spectra,
thin layer and liquid chromatography or separation by fractional distillation
were unsuccessful. The report also indicated maximum yields of FDNM (16%)
occurred at 120°C, 15 psi pressure with a reaction time of 31 minutes.
The major product of the nitration under the conditions in this project
was nitro-a-fluoroacetophenone, with nitrobenzoic acid also being produced.
This nitration has been previously reported, using HN03/HZSO4 as nitrating
agent, with the major product, m-nitro-a-fluoroacetophenone, obtained in
66% yield.*

As can be seen from Table 2, the production of nitro-a-fluoroacetophenone
can be accomplished in medium yields under mild conditions. When very
strong conditions (Experiﬁent No. 4 ) are used a low yield is obtained,

probably due to decomposition of the a-fluoroacetophenone. As tarring
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TABLE 2

NITRATION EFFICIENCY FOR a-FLUQROACETQPHENONE

Experiment Nitrating Temperature Time Percent Yield
Number Agent Solvent (°C) (Hours) (Nitro-a-fluoroacetophenone)
1 Anhydrous HNO3 CH2C12 37 1 53
2 90% HNO3 CH2C12 37 24 56
3 N02503F cn2c12 37 24 o
4 Anhy, HNO3 FSO3H 70 3 28
5 90% HN03 90% HNO3 90 0.5 52

* 36% (for nitrobenzoic acid)
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occurred when a-fluoroacetophenone was placed in contact with concentrated
sul furic acid this decomposition appears feasible.

Future efforts should include duplication of the reaction condftions
cited in the report (reference 8) to assure the presence of FDNM. Also,
the synthesis of nitronium trifluoromethanesulfonate should give further
information regarding stability of these nitronium salts. The separation

of the nitronium and nitrosonium salts should also prove enlightening.
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