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ACYLATION OF BENZENE DERIVATIVES USING
SILVER NITRATE AS CATALYST
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R. L. Jagadish,2 and K. N. Shivakumar1
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GRAPHICAL ABSTRACT

Abstract Friedel–Crafts acylation of benzene derivatives such as anisole, toluene, and

xylene has been successively carried out using silver nitrate as the catalyst in the presence

of an eco friendly solvent (ethyl alcohol). Both benzoyl chloride and acetyl chloride reacted

smoothly under the conditions to afford the corresponding ketones in good yield.

Keywords Catalyst; Friedel–Crafts; silver nitrate

Friedels–Crafts acylation or alkylation reactions are fundamental and some of the
most important processes in organic synthesis as well as in industrial chemistry.[1]

These reactions are generally carried out using AlCl3 as Lewis acid in the presence
of solvents such as CS2 and nitrobenzene. Various reagents used to acylate or alkyl-
ate the hydrocarbon under Friedel–Crafts conditions include SnCl4, FeCl3, ZnCl2,
ZnO, hafnium(IV) triflate,[2] ytterbium(II) triflate,[3] titanium(IV) chloride triflate,[4]

and bismuth(III)triflate.[5] The results obtained in these reagents are usually good,
but one has to do the reaction under drastic conditions. In addition to this, tedious
workup procedures and use of large amount of acid, which may induce environmen-
tal pollution, remain as severe problems to overcome, especially in large-scale indus-
trial processes.

Under these circumstances, development of more efficient and powerful cata-
lysts is strongly demanded. In this article, we report the Friedel–Crafts acylation
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of benzene, toluene, anisole, and o-xylene using silver nitrate as catalyst in an
ecofriendly solvent, ethanol. This method has distinct advantages over the other
existing methods although the reagent is costlier: it has mild reaction conditions,
shorter reaction time, easy workup procedure, and excellent yields.

Most alkyl halides, when in contact with alcoholic silver nitrate, precipitate sil-
ver chloride, but no reaction occurs when there is aryl halide in the place of alkyl
halides. Recently Ajay Kumar et al.[6] observed that reaction of chloramine-T with
alcoholic silver nitrate followed by addition of alkenes afforded aziridine derivatives.
The probable path for the formation of aziridine involves the generation of highly
reactive nitrene intermediate, which may be formed by eliminating AgCl from
chloramine-T. These results prompted us to utilize silver nitrate as catalyst for
Friedel–Crafts acylation, keeping in mind that reaction of acyl halide with silver
nitrate generates reactive carbocation and we wanted to make it general method
for the synthesis of aryl ketones.

In a typical synthesis, equimolar quantities of benzene and acetyl chloride in
alcohol were treated with an equimolar quantity of well-powdered silver nitrate with
stirring at room temperature (Scheme 1). It was then stirred for 2–3 h. On the usual
workup, it yields 80 to 85% of acetophenone. Formation of ketones (3) were con-
firmed by comparing the synthesized molecules with the standard samples (e.g.,
acetophenone and benzophenone) and others prepared by conventional method
using thin-layer chromatography (TLC) and also by taking respective boiling points
and melting points (Table 1). Further, the products were confirmed by infrared (IR)
and NMR studies.

Scheme 1. (a) R¼R0¼H, R00¼Ph; (b) R¼H, R0¼OCH3, R
00¼Ph; (c) R¼R0¼CH3, R

00¼Ph; (d) R¼H,

R0¼OCH3, R00¼CH3; (e) R¼R0¼CH3, R00¼CH3; (f) R¼H, R0¼CH3, R00¼CH3; and (g) R¼R0¼H,

R00¼CH3.

Table 1. Synthesis of benzophenone

Entry R R0 R00 Yield (%)

3a H H Ph 84

3b H OCH3 Ph 80

3c CH3 CH3 Ph 74

3d H OCH3 CH3 84

3e CH3 CH3 CH3 71

3f H CH3 CH3 79

3g H H CH3 82

954 K. M. L. RAI ET AL.
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EXPERIMENTAL

Melting points were recorded in open capillaries using a Thomus Hoover
apparatus and were uncorrected. The compounds were routinely checked for their
purity by TLC using silica gel-G as adsorbent. IR spectra were recorded on a
Shimadzu Fourier transform (FT) 8300 spectrometer. 1H NMR spectra were
recorded on a Jeol 60-MHz FT NMR spectrometer using CDCl3 as solvent.

Typical Procedure for the Preparation of Benzophenone (3a)

A mixture of benzene (0.66 g, 8.5mmol), benzoyl chloride (1.44 g, l0.3mmol),
and silver nitrate (1.69 g, 10 mmole) in ethanol (10ml) was stirred using a magnetic
stirrer for 2 h. The precipitated silver chloride in the reaction was filtered off. The
filtrate was extracted into ether and washed with 10% NaOH (3� 20ml) and water.
After drying over anhydrous sodium sulfate, the ethereal layer was evaporated in
vacuo. The resultant residue dissolved in chloroform (2ml) was poured into a flask
containing petroleum ether, and crystals of benzophenone were obtained. Recrystal-
lization from alcohol produces pure crystals of benzophenone in 83% (0.6 g),
mp¼ 44–46 �C.
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