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Aluminum Chloride Catalyzed Nitration of Aromatics with Sodium Nitrate/Chlorotrimethyl-

silane!
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A mixture of sodium nitrate and chlorotrimethylsilane in the pres-
ence of anhydrous aluminum trichloride is a convenient nitration
system for aromatic compounds. Nitryl chloride is formed as an
intermediate in the reactions.

The nitration of aromatics is well reviewed.? Nitration
of arenes with metal nitrates in the presence of Lewis
acids was reported by Topchiev.® This reaction, however,
generally gives poor yields because of its heterogeneous
nature. The chemistry of nitryl chloride has been exten-
sively investigated.” It was applied to a variety of chemi-
cal transformations of aromatic and aliphatic com-
pounds. Friedel-Crafts type nitration using nitryl chlo-
ride and aluminum trichloride was first reported® by
Price and Sears and studied more extensively by Kuhn
and Olah.?® The aromatics nitrated were usually electron-
rich compounds. Kuhn and Olah have also used?® for
the nitration of some deactivated aromatics nitryl chlo-
ride/titanium tetrachloride in nitromethane solution. Ni-
tryl chloride is prepared by oxidation of nitrosyl chloride
with ozone® or reaction of chlorosulfuric acid with nitric
acid.*® These methods are, however, somewhat incon-
venient and potentially hazardous. A thorough search of
the literature has revealed that preparation of nitryl chlo-
ride from chlorotrimethylsilane and sodium nitrate had
not been reported. It was recently reported by Lee at al.
that the reaction of chlorotrimethylsilane with sodium
nitrate and nitrite generates nitryl and nitrosyl chloride,
respectively.® However, they did not report the prepara-
tion, isolation and uses of nitryl chloride from the reac-
tion between chlorotrimethylsilane and sodium nitrate.
A mixture of chlorotrimethylsilane and sodium nitrite
has been used for deoximation of aldoximes and keto-
ximes and for nonaqueous diazotization.®

We report now a convenient and simple method for ni-
tration using in situ generated nitryl chloride in a one-
step, AICl, catalyzed reaction of aromatics with sodium
nitrate and chlorotrimethylsilane.

NaNO3/ TMSCI/ AICl;
Gl
CCly4/ 0°-25°C
R =H, Me, Br, Cl, F, CF3, COOMe 62-97%

Chlorotrimethylsilane initially reacts with sodium nitrate
to form trimethylsilyl nitrate (TMSONO,)” which then
reacts further with excess chlorotrimethylsilane to form
in situ nitryl chloride. Trimethylsilyl nitrate was indeed
isolated® when chlorotrimethylsilane was reacted with
metal nitrates.

TMSCI + NaNO3 ———  TMS-O-NO,

+ TMSCI CINOz + TMS-O-TMS

TMS-O-NO,

Although TMSONO, itself can act as a nitrating agent
under acidic conditions, it can easily decompose to NO,
and (TMS),0. In the presence of excess TMSCI, nitryl
chloride formation is preferred.

It was known from the literature® that sodium nitrate
canreact with aluminum trichloride to give the nitronium
salt NO,* AICI, ", formed via intermediate nitryl chlo-
ride. We have now isolated nitryl chloride from the reac-
tion between chlorotrimethylsilane and sodium nitrate.
The formation of nitryl chloride takes about 3 hours
at 0°C. It could be trapped, for example, with methyl
acrylate, giving at room temperature nearly quantita-
tively the addition compound.

Nitryl chloride is activated by coordination with alumi-
num trichloride. It can either nitrate or chlorinate aro-
matic compounds depending how the N—Cl bond is po-
larized and cleaved. Nitryl chloride was found to be a

Table. Nitration of Aromatics with Nitryl Chloride and AICI, in Carbon Tetrachloride

Substrate Reaction Conditions Yield®* Isomer Distribution (%) Product(s)® bp (°C)/Torr

temp. (“C)/time (h) (%) or mp (°C)
2-nitro  3-nitro 4-nitro

benzene 0/2 97 - - - nitrobenzene 210-211/760

toluene on 90 42 3 55 2-, 3- and 4-nitrotoluene 110-112/2°¢

bromobenzene 0/3 93 45 - 55 2-bromo and 4-bromonitrobenzene  118/5°

chlorobenzene 0/2 88 35 - 65 2-chloro and 4-chloronitrobenzene ~ 98-100/0.5°

fluorobenzene 0/4 86 16 - 84 2- and 4-fluorobenzene® 120/8¢

trifluoromethylbenzene r.t./5 82 10 88 2 2-, 3- and 4-trifluoromethylbenzene? —

naphthalene r.t./2 62 - - - 1-nitronaphthalene 60

methyl benzoate r.t./6 78 7 93 - 3-nitromethylbenzoate 76-77

* Yield of isolated products.
® All products were identified by spectral data and compared with
authentic samples.

¢ Mixture of isomers.
¢ Determined by '°F NMR spectroscopy.
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very reactive nitrating agent for aromatics, more power-
ful than dinitrogen pentoxide, when used with threefold
excess of aluminum trichloride. The results obtained are
summarized in the Table.

O AICl § 4+ 0 AlCl
1A= Cl — N,/O ot AlClz=Cl —N
ClaA ” % No n ‘o
NOo"AICE |, L _ 50— Al
{or Al,Cly) CI" " O2NAICIy O= AICIT (or A12C|7-)

Benzene and toluene are nitrated in nearly quantitative
yield at 0°C. The isomer distribution of the nitration of
toluene is similar to that of previously reported Frie-
del-Crafts nitration with an o/p ratio of 0.76.2° Reaction
of naphthalene gave both 1-nitro- and 1-chloronaphthal-
ene. 1-Nitronaphthalene was isolated in 62 % yield. The
reaction also proceeds well with deactivated aromatics.
In these cases, such as methyl benzoate, however, more
than 3 equiv of aluminum trichloride is necessary. Even
under these conditions nitrobenzene and benzaldehyde
are not satisfactorily nitrated, indicating that strong
complexation of the polar substituent groups interfere
with the activation of nitryl chloride. When fluoro-
benzene was reacted in acetonitrile, it gave only ring
chlorinated products. However, in carbon tetrachloride
an 86 % yield of o- and p-nitrofluorobenzene was ob-
tained.

Typical Procedure of Nitration:

Chlorotrimethylsilane (5.4 g, 50 mmol) was added dropwise to a
heterogeneous suspension of NaNO, (1.87 g, 22 mmol), the aroma-
tic compound (20 mmol) to be nitrated and powdered AlICI, (8.8 ¢,
66 mmol), stirred in anhydr. CCl, (50 mL) at jce-bath temperature
for 2-3 h. The stirring was continued at r.t. to complete the reaction
(see Table). The solvent and the byproduct hexamethyldisiloxane
were then removed under reduced pressure and the residue was
extracted with Et,0 (2x 20 mL). The organic layer was washed
with ice-cold aqg sodium hydrogen carbonate (5%) (2 x 25 mL) until
the washings were neutral. The organic layer was then further wa-
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shed with brine and dried (MgSO,). The residue obtained after
removal of solvent under reduced pressure was distilled or recry-
stallized to furnish the products. GC/MS of the samples was com-
pared with that of authentic samples. The yield is based on consumed
aromatic compound.
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