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The reaction of sodium azide with perfluorobenzene, containing an electron-withdrawing group, under
microwave irradiation results in the fast preparation of p-substituted tetrafluorophenyl monoazides.
Having an excess of sodium azide and a strong electron-withdrawing group like NO; or CN, fluorophenyl
diazides are also produced upon conventional or microwave heating. A synergic effect between the

amount of sodium azide and the electron-withdrawing character of the substituents is observed giving
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different products. A discussion on the products and reaction mechanism is presented.
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1. Introduction

Aryl azides are high-energy molecules with interesting
photochemical properties [1]. Their complex photochemistry
has fascinated theoretical and experimental chemists for many
years. In recent years, they have found many applications in
organic chemistry in the synthesis of heterocyclic compounds [2],
in polymer chemistry as crosslinking agents [3] and in the
biochemical method known as photoaffinity labeling or PAL [4].

In a PAL experiment, a small light-sensitive moiety is appended
to a natural ligand of a biological macromolecule [4]. On
photolysis, the modified ligand must generate a short-lived and
highly reactive intermediate capable of reacting in an indiscrimi-
nating manner with surrounding C-H and N-H bonds present in
the macromolecule to produce an adduct. An aryl carbene was
utilized in the first PAL experiments [4]. However, since this
intermediate is long-lived it can migrate out of the binding site and
reacts predominantly with water. Based on these experimental
results, new reagents for PAL are being synthesized.
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The use of aromatic azides for PAL experiments was first
introduced by Bayley and Knowles in 1977 [4]. However, the
photolysis of aryl azides gives a variety of products which yields
are modified by several factors such as temperature, solvent, and
substituents [5]. These reactions are seldom clean with the
production of tars and polymers and have limited the application
of aryl azides in PAL. In a given aryl nitrene, the intermediate
generated upon photolysis of an aryl azide, the presence of
electron-withdrawing substituents is expected to modify its
reactivity. In search of an aryl azide with adequate physicochemi-
cal properties like a facile generation of a highly reactive
intermediate, we investigated the photochemistry of several
fluoro-substituted aryl azides [6]. The experimental observation
that pentafluorophenyl azide undergoes photochemical insertion
with several solvents led to further investigations about the
reactions of this type of azides [7]. It was demonstrated that two
fluorine atoms adjacent to the azide group inhibit ring expansion, a
secondary nitrene reaction, and favor aryl nitrene (C-H and N-H)
insertion reactions [1]. In the case of perfluorophenyl azides, the
presence of another electron-withdrawing group (nitro, carbonyl,
or cyano) in the para-position to the azide group increased C-H
insertion reactions since the electrophilicity of the intermediate
nitrene, generated upon photolysis, was also increased [8].

In recent years, perfluoro aryl azides are applied in the
preparation of bifunctional chelating agents BFCAs utilized in
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PAL [9]. For these latter PAL experiments, an organic compound is
prepared with a photoactive moiety (like an aryl azide) and a
chelating agent (to chelate a transition metal). BFCAs could be
useful reagents in nuclear medicinal chemistry to achieve
attachment of a radiolabeled molecule to antibodies or antibody
fragments which in turn could be attached to specific biological
sites for imaging or cancer therapy [1,9].

The application of microwave irradiation as a non-conventional
energy source for reactions has become a very popular and useful
technique in organic chemistry [10]. In general, the use of this type
of energy leads to enhanced conversion rates, higher yields, easier
work up and cleaner reactions demonstrating the real advantages
of this methodology.

Due to their highly effective and regiospecific reactivity,
fluorophenyl azides have gained an important place in the
interface between organic chemistry, biology, medicinal and
materials science [11]. In the present paper, we report the fast
preparation of several fluorophenyl mono and diazides by reaction
of the corresponding halogenated compounds with sodium azide
under microwave irradiation.

2. Results and discussion

Aryl azides are usually prepared by treatment of diazonium
salts with sodium azide [12]. Since this method has some
limitations several alternative procedures have been investigated.
The reaction of p-tosyl azide with several compounds like Grignard
or lithium reagents and aryl amide salts has been reported [13].
The use of this latter transformation has been limited due to the
harsh conditions utilized. The conversion of aromatic amines into
the corresponding azides with triflylazide, a potentially explosive
reagent, has also been reported [14]. Upon refluxing, pentafluor-
obenzene containing an electron-withdrawing group (cyano, nitro,
or carbonyl) undergoes selective aromatic para-substitution with
sodium azide [8]. Recently, the nucleophilic aromatic substitution
of some aryl halides has been performed in ionic liquid solution
using 1-butyl-3-methylimidazolium azide as a nucleophile [15].
However, all of these procedures require long reaction times and
either acidic or basic conditions, which are not compatible with
many functional groups.

We started by performing the SyAr reaction under conventional
heating (A) and reacted several R-pentafluorobenzene derivatives
1a-e with sodium azide by refluxing in acetone/water for 8 h
(Table 1). Under these previously reported conditions [8], we
obtained the corresponding perfluorophenyl azides 2a-e in good
yields. The reaction of sodium azide with pentafluoroacetophe-
none 1b was investigated under microwave irradiation (MW,
50 W) at 70 °C for 15 min using a mixture of acetone/water as
solvent. The crude product mixture was analyzed by thin layer
chromatography, which indicated that the reaction proceeded very
fast. The microwave-assisted SyAr reaction of several pentafluor-
obenzene derivatives 1a-e was performed and the corresponding
aromatic azides 2a-e were obtained in good yields in rather short
times (Table 1).

After performing the preparation of several monoazides by
SnAr, we decided to investigate the effect of an excess of the strong
nucleophile (NaN3) under conventional heating or microwave
irradiation. When a R-pentafluorobenzene derivative, containing a
group like COH or COCHj3, was reacted with several equivalents of
sodium azide no change in the reaction products was observed
(Scheme 1). Even with a large excess of nucleophile only the para-
substituted fluorophenyl azide was produced.

Performing the reaction of large amounts of sodium azide
with a R-pentafluorobenzene, containing an ester group
(COOCH3), results in the production of a mixture of two isomeric
ortho- and para-substituted monoazides (Scheme 2). Both
positions in the aromatic compound are actually activated by
the inductive effect of the substituent, but the para-position
must be slightly more activated than the ortho. Interestingly,
two reactions compete under conventional heating or micro-
wave irradiation.

Reacting an equivalent amount of sodium azide with a
pentafluorobenzene derivative containing a strong electron-
withdrawing group like cyano results in the exclusive formation
of a monoazide product (Table 1). In contrast, utilizing a large
excess of sodium azide (Scheme 3) results in the production of a
mixture of mono and diazide.

Similar results were observed with a pentafluorobenzene
derivative containing a very strong electron-withdrawing group
like NO,. A monoazide (Table 1) was obtained with one equivalent

Table 1
Preparation of p-substituted fluorophenyl azides 2a-e from R-fluorobenzene la-e.
K F K F
1mol NaNj3, A, slow
R F » N3 R
\ / 1mol NaNz, MW, fast
F F F F
1 2
Product R Traditional refluxing® Microwave refluxing”
Time/h Yield % Time/min Yield %
2a COH 8 90 15 85
2b COCHs; 8 80 15 85
2c COOCH3 8 80 15 70
2d CN 8 75 15 90
2e NO, 8 70 15 90

Each p-substituted fluorophenyl azide was purified by column chromatography and characterized by UV-vis, IR, NMR and MS.
2 A solution of R-pentafluorobenzene (1 mol) and NaN3 (1 mol) in acetone (10mL) and water (3 mL) was refluxed.
b A solution of R-pentafluorobenzene (1 mol) and NaN3 (1 mol) in acetone (6 mL) and water (2 mL) was irradiated in a microwave reactor (Discover CEM) at 70°C (50 W).
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