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The nucleophilic aromatic substitution of some activated aryl or heteroaryl halides has been performed
in ionic liquid solution, using the 1-butyl-3-methylimidazolium azide as a nucleophile. The reaction course
was studied varying the structures of both substrates and ionic liquids. In particular, in the latter case, the
reaction of 2-bromo-5-nitrothiophene was carried out in five different ionic liquids ([bmim][BF4],
[bmim][PF6], [bmim][NTf2], [bm2im][NTf2], and [bmpyrr][NTf2]). Finally, for all the substrates considered,
a comparison with data obtained in MeOH solution in the presence of NaN3 was also performed. Data
collected indicate that in some cases it is possible to obtain aromatic or heteroaromatic azide derivatives
in satisfactory yield by means of a SNAr reaction using [bmim][N3] as the nucleophile.

Introduction

Azides are useful intermediates in organic synthesis. They
undergo 1,3-dipolar cycloaddition, and they are frequently used
to synthesize various nitrogen-containing compounds.1 Different
synthetic procedures are usually used to prepare alkyl and aryl
azides. The former ones can be obtained by nucleophilic
aliphatic substitution,2 by heating the proper alkyl halide with
sodium azide in DMSO or DMF. The latter ones are generally
prepared by treatment of diazonium salts with an azide anion.3

Nucleophilic displacement by an azide anion can be ac-

complished only provided that the aromatic ring is sufficiently
activated. On the other hand, harsh conditions might induce the
loss of nitrogen or other decomposition processes. Under this
light, the search for mild conditions for aryl azide synthesis
could represent a useful tool in the field of organic chemistry.

It is well-known that in the tune up of a synthetic method a
crucial role is played by solvent. The possibility to change
solvent nature as a function of the studied reaction is very
important. This justifies the growing interest in ionic liquids
(ILs) shown by the scientific community in the past decade.4

Besides their low vapor pressure and nonflammability, for which
they have been claimed green solvents for industrial applications,† Corresponding author. Phone: +39091596919. Fax: +39091596825.
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their peculiar characteristic is the ionic nature. The high number
of possible cation-anion combinations allows us to modulate
the properties of these solvents, as a function of the target
reaction. As a consequence, ILs frequently affect the outcome
of a reaction, giving yields and selectivities higher than
molecular solvents, under mild conditions too.5

A particular class of ILs is constituted by the ones whose
anion may promote the target reaction.6 Among these ILs, we
focused our attention on 1-butyl-3-methylimidazolium azide
([bmim][N3]) and its reactivity. Only few reports have consid-
ered untill now the effect that non-nucleophilic ionic liquids
may exert on the anion activation.7,8 To the best of our
knowledge, ILs such as [alkmim][N3] have been used to study
the nucleophilic substitution on some alkyl sulfonates in solution
of non-nucleophilic ILs.8 The [bmim][N3], having a reactive
anion, could promote the formation of aryl azides starting from
aryl halides. On the other hand, some recent reports have
outlined that ILs are solvent media capable of catalyzing
nucleophilic aromatic substitution (SNAr).9

Here, we report a systematic study of reactivity of some
activated aryl or heteroaryl halides (Chart 1) in the presence of
[bmim][N3], in 1-butyl-3-methylimidazolium tetrafluoroborate
([bmim][BF4]) solution at 298 K. Substrates were chosen for

their different aromatic ring structures. In particular, 6π electron
(five- and six-membered rings) and 10π electron (bicyclic ring)
derivatives were considered.

To get information about the effect of the ionic liquid
structures on this nucleophilic aromatic substitution, the 2-bromo-
5-nitrothiophene was chosen as a model substrate, and its
reactivity was analyzed in the presence of five ILs, namely,
[bmim][X] (where X ) BF4

-, PF6
-, and NTf2

-, NTf2 )
bis(trifluoromethylsulfonylimide)), [bmpyrr][NTf2], and [bm2im]-
[NTf2] (where bmpyrr ) butyl-methylpyrrolidinium and bm2im
) 1-butyl-2,3-dimethylimidazolium). The used ILs are different
for symmetry, size, and coordination ability of the anion but
also for cation ability to give H-bond, π-π, and cation-π or
more generally ion-quadrupole type interactions.10

Finally, to have a comparison with azide anion reactivity in
conventional organic solvents, the target reaction has also been
carried out in methanol solution, using NaN3 as a nucleophile
source.

Results and Discussion

IL Effect. First, to evaluate the nucleophilicity of [bmim][N3]
under our experimental conditions, we analyzed the reactivity
of benzyl bromide. The study of this nucleophilic aliphatic
substitution allowed us to have a comparison with some
previously reported data about alkyl azide synthesis. Data show
that [bmim][N3] in [bmim][BF4] solution (yield ) 96.1%,
conversion ) 96.1%)11 is a better nucleophile than NaN3 in
MeOH solution (yield ) 39.5%, conversion ) 39.5% for the
samereactiontime).Furthermore, theyieldobtainedin[bmim][N3]/
[bmim][BF4] mixture is higher than the one previously reported
by using the [bmim][PF6]/H2O/NaN3 mixture.12

In light of this result, we used 1 as a model substrate to study
the effect of IL nature on the target reaction. In Table 1, yield
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and conversion values obtained under different experimental
conditions are reported. Furthermore, in the last column,
differences between conversion and yield are also reported to
evaluate how “clean” the reaction is.

As shown by reaction time, conversion, and yield values, the
azide anion is a better nucleophile in [bmim][BF4] than in
MeOH solution (entries 1 and 2). The azide anion nucleophilicity
which is higher in ILs than in conventional organic solvents
has been previously detected by Landini et al.8 and also by
Afonso et al.,10 studying nucleophilic aliphatic substitution. It
is well-known that nucleophilic aromatic substitution is heavily
affected by solvent nature.13 In our case, the two solvents
considered have comparable polarity (ENR ) 217.2 and 217.7
for MeOH and [bmim][BF4], respectively)14 but different
H-bond donor abilities (R ) 1.05 and 0.627 for MeOH and
[bmim][BF4], respectively).15 This can have a composite effect
on the reaction under examination. Indeed, on one hand, H-bond
donor ability may assist the reaction by favoring the departure
of the bromine leaving group. On the other hand, it may also
disfavor the reaction as a consequence of the nucleophile
stabilization by coordination.

Under this light, the different reactivities of the nucleophile
in the two solvent media could be the result of a negative
H-bond donor effect. Alternatively, ILs such as [bmim][BF4]
have been described as polymeric supramolecular fluids,16 able
to include reagents in their partially ordered structure rather than
to solvate them. Consequently, the higher reactivity in these
solvent media could be also ascribed to less considerable
solvation effects.

The analysis of collected data in IL solution shows that the
reactivity of the azide ion depends on the counterion. Indeed,
in the presence of [bmim][N3], the 2-azido-5-nitrothiophene was
obtained in higher yield and in a shorter time than by using
NaN3 (entries 2 and 3). Probably, Coulomb interactions, which

are maximized in these solvent media, lower the reactivity of
the nucleophile when the counterion is the smaller Na+ cation.
Furthermore, the shorter reaction time seems to make the
reaction cleaner (entries 2 and 3).

The target reaction is favored by increasing the nucleophile/
substrate ratio (entries 3 and 4), as shown from the significant
decrease in the reaction time. Bearing in mind that the reaction
proceeds through an addition-elimination mechanism,17 the
increase in nucleophile concentration favors the first reaction
step and, on the whole, the product formation. On the other
hand, a temperature increase induces a further decrease in the
reaction time (entries 4 and 5). However, we chose to carry out
the reactions at 298 K (see after) because significant differences
in both yield and conversion values were not detected.

We have also analyzed the effect due to the presence of a
cosolvent because all reactions were studied in the presence of
1,4-dioxane (see Experimental Section) to facilitate substrate
solubilization. Data reported in Table 1 indicate that the
cosolvent presence has a limited effect on both conversion and
yield (entries 4 and 6). Under this light, practical reasons induced
us to carry out the reaction in the presence of 1,4-dioxane.
However, the scarce relevance of cosolvent presence perfectly
agrees with data recently obtained by us, about the properties
of [bmim][BF4]/1,4-dioxane binary mixtures,18 outlining that
the data collected in the binary mixture can be referred to a
partially organized solvent medium, such as neat IL.

Several literature reports evidenced that significant changes
in the outcome of a reaction could be afforded as a function of
the ions constituting IL. Under this light, we carried out the
target reaction in solution of ILs having different cation or anion
properties. By analogy with previous discussion about the
comparison between [bmim][BF4] and MeOH, the effect of IL
cations may be rather composite. Indeed, cations having an
acidic H atom, such as bmim+ (H2 of imidazolium) and bm2im+

(CH3 of imidazolium), may assist bromine departure in the
transition state, favoring the reaction. However, they can also
coordinate the nucleophile, decreasing its reactivity. On the
whole, collected data show that the latter effect is prevalent.
Indeed, both yield and conversion increase on going from an
aromatic cation (entries 8 and 9) to an aliphatic one (entry 11).
Further confirmation to the positive effect due to the decrease
in the cation H-bond donor ability can be found comparing both
yield and conversion values obtained in [bm2im][NTf2]/
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TABLE 1. Yield and Conversion Values Relative to Nucleophilic Aromatic Substitution of the 2-Bromo-5-nitrothiophene (1) in the Presence
of [Na][N3] or [bmim][N3], in MeOH and IL Solution

entry solvent nucleophile [Nuc]/[Sub] time (h) conversiona (%) yielda (%) difference (%)

1 MeOH NaN3 1 168 82.7 43.9 38.8
2 [bmim][BF4]b NaN3 1 70 66.9 52.6 14.3
3 [bmim][BF4]b [bmim][N3] 1 22 64.0 57.9 6.1
4 [bmim][BF4]b [bmim][N3] 1.22 2 65.9 61.6 4.3
5 [bmim][BF4]b [bmim][N3] 1.22 0.5c 65.0 65.0 0.0
6 [bmim][BF4]d [bmim][N3] 1.22 2 67.2 66.9 0.3
7 [bmim][PF6]b [bmim][N3] 1.22 2 63.3 63.3 0.0
8 [bmim][NTf2]b [bmim][N3] 1.22 2 66.3 56.9 9.4
9 [bm2im][NTf2]b [bmim][N3] 1.22 2 55.6 54.7 0.9
10 [bm2im][NTf2]b [bm2im][N3] 1.22 2 71.3 68.9 2.4
11 [bmpyrr][NTf2]b [bmim][N3] 1.22 2 70.6 68.6 2.0

a After column chromatography. b VIL ) 1.2 mL, V1,4-dioxane ) 0.3 mL. c At 313 K. d Neat [bmim][BF4].
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[bmim][N3] and [bm2im][NTf2]/[bm2im][N3] mixtures (entries
9 and 10). In the latter case, a higher reactivity of the azide
anion, as a consequence of a lower cation H-bond donor ability,
gives rise to higher conversion and yield values.

The anion effect (entries 4, 7, and 8) seems to be less
important than the cation one and could be mainly ascribed to
ion symmetry, which in turn induces a higher cross-linking
degree of the solvent medium. Indeed, both yield and cleanness
of the reaction are slightly higher in the presence of [PF6

-] and
[BF4

-] than in the presence of [NTf2
-], indicating a certain

importance of the structural organization of IL.19 A similar trend
was previously found by Chiappe et al. on studying nucleophilic
aliphatic substitution of alkyl tosylate in the presence of NaN3.7d

Substrate Structure. In Table 2, yield and conversion values
relative to nucleophilic aromatic substitution, as a function of
different substrates, collected in [bmim][BF4] and in MeOH
solution, are reported. Also, in this case, to have an evaluation
of reaction cleanness, differences between yield and conversion
values are reported in the last column of the table. In some cases,
significant differences were detected. In general, both in MeOH
and in IL solution, these values are higher when a higher reaction
time was needed. In these cases, the TLC analysis of reaction
mixture, time by time, indicated the formation of some
byproducts more polar than azides, which were not characterized.

Data reported in the table show that, in all cases considered,
the azide anion is a better nucleophile in [bmim][BF4] than in
MeOH solution. Indeed, in MeOH solution, lower yield values
and higher reaction times were recorded (see, for example,
entries 3-6, 23, and 24). Furthermore, it is noteworthy that in

some cases (see, for example, entries 9-14, 17, 18, 23, and
24) the reaction proceeds only in the [bmim][BF4]/[bmim][N3]
mixture.

By analogy with what was previously said, in general the
reaction becomes less clean on going from [bmim][BF4] to
MeOH solution, accordingly to reaction time increase. Data
collected here allow us to draw some conclusions about the
sensitivity of the target reaction to substrate structure, leaving
group nature, and isomer reactivity.

Most of the substrates considered in this work give the
corresponding azide derivatives at 298 K. Higher temperature
values were used in the presence of benzene derivatives (5, 6)
(entries 9-12), 2-halopyridines (8, 10) (entries 15 and 16 and
19 and 20), and 2-chloroquinoline (12) (entries 23 and 24).
Positive results were obtained only in [bmim][BF4] solution,
for 5, 6, and 12. In the latter case, according to literature reports,
we did not obtain the 2-azidoquinoline, but the corresponding
tetrazole derivative.20

In IL solution, along the series of five-membered heteroaryl
halides, both yield and conversion values increase on going from
thiophene (1) up to furane derivative (3). A more variegated
situation was detected in MeOH solution. The comparison
between data relative to thiophene (1) and thiazole (4) deriva-
tives evidences the activating effect due to the presence of the
aza-group (entries 1 and 2 and 7 and 8). Further confirmation
to the activating effect of the aza-group in [bmim][BF4] solution
can be achieved by comparing data relative to 1-bromo-4-
nitrobenzene (5) and to 4-bromopyridine (9) (entries 9 and 10
and 17 and 18). In the latter case, the 4-bromopyridine, in IL
solution, gives a higher yield at a lower temperature and in a
shorter reaction time (entries 10 and 18). The aza-group effect,
comparable to the presence of a nitro group on the aromatic
ring, is more significant in IL solution than in MeOH solution.

Several different reports have outlined the importance of π-π
interactions in determining reactivity in imidazolium-based
ILs.21 These interactions seem to be important also in our case.
Indeed, data reported in Table 2 show that in IL solution the
2-bromo-5-nitrothiophene (1) reacts faster than the 1-bromo-
4-nitrobenzene (5) (entries 2 and 10), according to its higher π
electron density, which should favor the occurrence of π-π
interactions.22 The thiophene derivative gives higher yield also
in MeOH solution, according to the previously reported higher
reactivity of thiophene derivatives versus SNAr with respect to
benzene derivatives.23 However, the large differences detected
in IL solution, in both yield and reaction time values, are more
significant than usually detected in conventional organic solvents.

Also, the comparison between data relative to 4-chloropyri-
dine (7) and 4-chloroquinoline (11) (entries 14 and 22) shows
that, in IL solution, higher yields at lower temperatures can be
detected in the presence of a substrate having a more extended
π system and consequently a better ability to give π-π
interactions. Probably, on going from 6π to 10π electron
systems, the increase in the contact surface area favors once
more the occurrence of these activating interactions.22
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Commun. 2002, 1880–1181.
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62, 1690–1698. (c) D’Anna, F.; Frenna, V.; Noto, R.; Pace, V.; Spinelli, D. J.
Org. Chem. 2006, 71, 9637–9642.
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Weinheim, 2000; pp 26-28.
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TABLE 2. Yield and Conversion Values Relative to Nucleophilic
Aromatic Substitution of Aryl Halides in the Presence of [Na][N3]
or [bmim][N3], in MeOH and [bmim][BF4] Solution, at
[Nuc]/[Sub] ) 1.22

entry substrate conditions
time
(h)

conversiona

(%)
yielda

(%)
difference

(%)

1 1 b 168 82.7 43.9 38.8
2 c 2 65.9 61.6 4.3
3 2 b 92 51.4 26.7 24.7
4 c 2 58.8 58.2 0.6
5 3 b 0.5 36.6 14.0 22.6
6 c 0.5 82.8 82.8 0
7 4 b 2.5 51.3 51.3 0
8 c 2.5 73.1 73.1 0
9 5 b 24b 0 0
10 c 72c 89.6 13.4 76.2
11 6 b 24b 0 0
12 c 24b 33.6 19.0 14.6
13 7 b 24 0 0
14 c 24 67.4e 15.4e 52.0
15 8 b 72d 0 0
16 c 72d 0 0
17 9 b 24 0 0
18 c 24 69.0e 20.2e 48.8
19 10 b 48d 0 0
20 c 72d 0 0
21 11 b 24 81.1 46.2 34.9
22 c 24 86.3 86.3 0
23 12 b 72d 0 0
24 c 72d 71.4 51.8 19.6

a After column chromatography. b ) MeOH/NaN3. c ) [bmim][BF4]/
[bmim][N3]. VIL ) 1.2 mL. V1,4-dioxane ) 0.3 mL. b At 333 K. c At 313
K. d At 323 K. e Determined by 1H NMR.
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The effect of π-π interactions also allows us to explain why
2-halopyridines (8 and 10) (see also before), differently from
2-chloroquinoline, do not give the corresponding azides (entries
15, 16, 19, 20, 23, and 24). Indeed, in the presence of
2-halopyridines, a steric hindrance to the nucleophile attack
could be hypothesized as a consequence of the π-π stacking.
This negative effect could be less important in the presence of
2-chloroquinoline that, having a more extended contact surface
area, could show a different arrangement of aromatic rings
interacting in the π-π stacking.

Finally, a comparison between data relative to 4-bromo- (9)
and 4-chloropyridine (7) (entries 14 and 18) seems to indicate
that the target reaction is barely affected by leaving group nature,
with bromide giving a slightly higher yield than chloride. This
latter result underlines the minor relevance of the H-bond
between the IL cation and the leaving group. This confirms that
also in IL solution the rate-determining step is the nucleophile
attack on the aromatic system.

Conclusions

In conclusion, the results obtained in this work outline that
the [bmim][N3] in IL solution is a suitable source of nucleophile
to favor aryl azides formation by SNAr. Differently from what
was detected in MeOH solution, in the presence of NaN3, in
most cases, the reaction proceeds with a shorter reaction time
and in a cleaner way.

The reactivity of the azide nucleophile in IL solution is
affected by the hydrogen bond donor ability of the cation.
Indeed, a negative H-bond donor solvent effect has been
evidenced. On the other hand, the IL anion effect seems to be
less important and might be prevalently ascribed to its symmetry,
which induces a higher structural order degree in the solvent
system. Finally, conversion and yield values collected in
[bmim][BF4] solution, as a function of different substrates, show
that the reactivity is positively affected by π-π interactions
between imidazolium ions and aromatic substrate. In particular,
for 6π electron systems, the occurrence of these interactions is
favored by higher electron density, while in 10π electron
systems the increase in contact surface area has been proven to
be the determinant factor.

Experimental Section

Materials. [bmim][BF4], [bmim][PF6], 1,4-dioxane, NaN3, and
aryl halides were purchased and used without further purification.
[bmim][NTf2], [bm2im][NTf2], [bmpyrr][NTf2], [bmim][N3], and
[bm2im][N3] were prepared according to previously reported
procedures.8,24 All ionic liquids were dried before use on a vacuum
line at 70 °C for at least 2 h, stored in a dryer under argon and
over calcium chloride. The 2-bromo-3-nitrothiophene (2)25 and
2-bromo-5-nitrofurane (3)26 were prepared according to previous
reports.

General Procedure for Aryl Azide Synthesis. An amount of
1.44 mmol of aryl halide was dissolved in 0.3 mL of 1,4-dioxane.
The obtained solution was added, dropwise, to a thermostatted
mixture of 1.8 mmol of [bmim][N3] in [bmim][BF4] solution (1.2
mL). The composition of the reaction mixture was examined time
by time by TLC. In some cases, the reaction was quenched at a
suitable time to avoid the formation of overwhelming byproduct.
For the less reactive substrates, the reaction was followed for at
least 24 h. Then, the reaction mixture was extracted several times
with diethyl ether. After solvent elimination, the residues were
separated by flash chromatography on neutral aluminum oxide.

In the case of 4-halopyridines, an equimolar amount of hydro-
chloric acid was added to the reaction mixture in diethyl ether
solution. After solvent elimination, the composition of the mixture
was determined by 1H NMR.
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