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ABSTRACT: A mild and efficient method for the synthesis of
N-arylsulfonamides in the presence of 10 mol % of CuCl is
demonstrated. The reaction proceeds readily at room
temperature in an open flask using a variety of sulfonyl azides
and boronic acids without any base, ligand, or additive.

N-Arylsulfonamides are a common moiety present in a large
number of pharmaceutically interesting compounds (Figure

1).1 These arylsulfonamide derivatives have become popular in
SAR studies in medicinal chemistry research ever since the early
discovery of their anticancer, antibacterial, anticonvulsant, and
HIV protease inhibitory activities.2 Thus, various methods have
been developed to synthesize N-arylsulfonamides. Tradition-
ally, these molecules have been prepared by the reaction of an
aromatic amine and a sulfonyl chloride in the presence of a base
(Scheme 1, eq 1). Although this approach is generally effective,
alternative syntheses of N-arylsulfonamides employing the
metal-catalyzed cross-coupling of sulfonamides with either aryl

halides or arylboronic acids have been investigated in order to
avoid the use of mutagenic sulfonyl chlorides and genotoxic
aromatic amines (Scheme 1, eq 2).3

Significant progress has been achieved in the palladium- or
copper-catalyzed couplings of sulfonamides with aryl halides
pioneered by Buchwald4 and Wu,5 but these reactions are
generally carried out at elevated temperatures due to the low
nucleophilicity of sulfonamides.6 In 2001, Lam and co-workers
reported the synthesis of N-arylsulfonamides employing
sulfonamides and arylboronic acids.7 Since then, many
extensions and modifications for the Chan−Lam coupling
reaction of sulfonamides with arylboronic acids have been
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Figure 1. N-Arylsulfonamide-containing drugs.

Scheme 1. Synthesis of N-Arylsulfonamides

Table 1. Optimization of the N-Arylation Reaction of
Phenylboronic Acid 1a with Tosyl Azide 2a

entry Cu cat. solvent time (h) yieldb (%)

1 Cu(OAc)2 MeOH 3 84
2 CuO MeOH 24 <5
3 CuCl2 MeOH 24 95
4 Cul MeOH 24 <5
5 CuBr MeOH 3 94
6 Cu2O MeOH 24 <5
7 CuBr S(Me)2 MeOH 2 91
8 CuCl MeOH 1 97
9 CuClc MeOH 1 91
10 CuCld MeOH 1 95
11 none MeOH 24 0
12 CuCl THF 24 40
13 CuCl CH2Cl2 24 <5

aReaction conditions: 1.0 mmol of tosyl azide, 1.2 mmol of
phenylboronic acid, solvent (0.5 M), air, rt. bIsolated yield. c5 mol
% of CuCl. d1.0 mmol of phenylboronic acid, 1.2 mmol of tosyl azide.
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demonstrated.8 However, in general, these reactions are slow,
requiring more than 12 h to proceed to completion. Therefore,
it is still necessary to develop a general, mild, and expedient
method for the synthesis of N-arylsulfonamides.
Recently, Chan−Lam coupling reactions employing azides as

substrates were demonstrated by Guo9 and Reddy.10 While the
former reacted sodium azide with arylboronic acids giving rise
to aryl azides, the latter coupled aryl azides with arylboronic
acids using indium metal and catalytic Cu(OAc)2 to produce
diaryl amines. Together they demonstrated that azides can be
used for C−N bond formation in the absence of ligands or
bases. Furthermore, to the best of our knowledge, the copper-
catalyzed Chan−Lam coupling reaction with boronic acids and
sulfonyl azides at room temperature has not yet been reported.
And, while organic azides require special precautions, they are
stable enough to have found a wide range of uses in general
organic synthesis.11

With these considerations in mind, we herein report a simple
and efficient method for the synthesis of N-arylsulfonamides
using boronic acids and sulfonyl azides.
Optimization of the Cu-catalyzed Chan−Lam C−N cross-

coupling was initially conducted at room temperature employ-
ing phenylboronic acid 1a and tosyl azide 2 (Table 1). Various

copper catalysts were investigated in an open flask using MeOH
as a solvent to furnish the desired product 3a (Table 1, entries
1−9). The best results were observed when 10 mol % of CuCl
was employed giving 3a in 97% yield (Table 1, entry 8). In
addition, when the reaction was carried out in MeOH with a
lower catalyst loading, 5 mol % instead of 10 mol %, the
coupled product 3a was isolated in a slightly lower 91% yield
(Table 1, entry 9). Also, when an excess of tosyl azide 2 was
utilized, product 3a was isolated in a slightly lower 95% yield
(Table 1, entry 10). Without the aid of a copper catalyst, no
conversion was observed (Table 1, entry 11). Furthermore,
when different solvents (cf., THF, CH2Cl2) were employed in
the presence of 10 mol % CuCl, the coupled product 3a was
obtained in low yields (Table 1, entries 12 and 13).
With the optimized conditions in hand, we first investigated

the scope of the Cu-catalyzed Chan−Lam coupling utilizing
various arylboronic acids. As shown in Table 2, most of the
arylboronic acids employed under the optimized conditions
furnished good-to-excellent yields within 2 h at room
temperature. When arylboronic acids with electron-donating
alkyl, alkoxy, and alkenyl groups were used as a coupling
partner, the desired products 3a−h were obtained in yields
ranging from 92% to 99% (Table 2, entries 1−8). Interestingly,

Table 2. Cu-Catalyzed N-Arylation of Arylboronic Acids 1
with Tosyl Azide 2

aReaction conditions: 1.0 mmol of tosyl azide, 1.2 mmol of
arylboronic acid, 10 mol % of CuCl, MeOH (0.5 M), air, rt. bIsolated
yield. c2.0 mmol of arylboronic acid.

Table 3. Cu-Catalyzed N-Arylation of Arylboronic Acids 1
with Mesyl Azide 4

aReaction conditions: 1.0 mmol of mesyl azide, 1.2 mmol of
arylboronic acid, 10 mol % of CuCl, MeOH (0.5 M), air, rt. bIsolated
yield. c2.0 mmol of arylboronic acid.
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when either sterically hindered ortho or trifluoromethyl-
substituted arylboronic acids were used, the reaction did not
go to completion due to competitive homocoupling of the
arylboronic acid. However, the use of 2.0 equiv of arylboronic
acid provided a full conversion and gave the desired products
3h and 3i in 93% and 92% yield, respectively (Table 2, entries 8
and 9). When a methoxycarbonyl-substituted arylboronic acid
was employed, it showed less reactivity and provided a lower
yield, 72% (Table 2, entry 10). Halo-substituted arylboronic
acids proved effective coupling partners, furnishing the desired
products 3k and 3l in 90% and 91% yield, respectively (Table 2,
entries 11 and 12).
Next, we turned our attention to the preparation of the N-

arylmethanesulfonamide unit present in multiple commercially
available drugs (cf., dofetillide, delavirdine). Pleasingly, a variety
of arylboronic acids containing electron-neutral, -donating, and

-withdrawing groups were transformed into N-arylmethanesul-
fonamides 5a−l in 86% to 99% yield when mesyl azide 4 was
employed as an electrophile under conditions (cf., CuCl,
MeOH, air) that proved effective with tosyl azide 2 (Table 3).
Encouraged by the viability of the Cu-catalyzed Chan−Lam

C−N cross-coupling reactions employing sulfonyl azide 2 or 4
with arylboronic acids at room temperature, we focused on
utilizing various sulfonyl azides 612 and various heteroarylbor-
onic acids. As illustrated in Table 4, the coupling of various aryl
or alkylsulfonyl azides with phenylboronic acid furnished the
corresponding products (7a−h) in good-to-excellent yields
ranging from 92% to 98% when using an open flask at room
temperature (Table 4, entries 1−8). When aryl and
alkylsulfonyl azides were reacted with heteroarylboronic acids,
the coupled sulfonamides (7i−m) were obtained in moderate
to good yield (Table 4, entries 9−14).
Interestingly, the reaction between mesyl azide and 2.0 equiv

of 2-methoxypyridine-3-boronic acid provided only the desired
coupled product 7i in 50% yield (Table 4, entry 9), while using
2.0 equiv of 2-methoxypyridine-5-boronic acid provided
coupled product 7j in 28% yield along with the side product
7j′ arising from the coupling of 7j with another equivalent of
the boronic acid (Table 4, entry 10). 3-Thienylboronic acid
reacted with mesyl and tosyl azide to form the respective
sulfonamides 7k and 7l in good yield (Table 4, entries 11 and
12). When 3-furanylboronic acid was coupled with mesyl azide

Table 4. Cu-Catalyzed N-Arylation of Aryl and Heteroaryl
Boronic Acids 1b with Various Sulfonyl Azides 6

aReaction conditions: 1.0 mmol of sulfonyl azide, 1.2 mmol of boronic
acid, 10 mol % of CuCl, MeOH (0.5 M), air, rt. bIsolated yield. c2.0
mmol of boronic acid. d20 mol % of CuCl.

Scheme 2. Cu-Catalyzed N-Arylation of Boronic Acid
Derivatives with Tosyl Azide 2a

aReaction conditions: 1.0 mmol of sulfonyl azide, 1.2 mmol of boronic
acid derivative, 10 mol % of CuCl, MeOH (0.5 M), air, rt.

Scheme 3. Plausible Mechanism
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a moderate yield of 48% was obtained (Table 4, entry 13).
Increasing the catalyst loading to 20 mol %, however, afforded
the desired furanyl coupled product in 74% in 30 min.
To further investigate the scope of this reaction, sulfonyl

azide was reacted with various phenylboronic acid derivatives.
Thus, pinacol phenylboronate 8 and potassium phenyl-
trifluoroborate 9 were reacted with tosyl azide 2 (Scheme 2).
In general, reaction times were longer than for the boronic
acids, and, even after 24 h, boronate 8 only afforded the desired
sulfonamide 3a in 21% yield and 70% recovery of starting
material. In contrast, after 15 h, coupling with trifluoroborate 9
proceeded in an excellent 97% yield and 100% conversion.
The proposed mechanism of the Chan−Lam coupling

between sulfonyl azides and boronic acids is shown in Scheme
3.13 Initially, air oxidation of Cu(I) to Cu(II) occurs. The
sulfonyl azide can then coordinate to the Cu(II) salt B forming
complex C that subsequently undergoes transmetalation with
an boronic acid to afford complex D. In the presence of oxygen,
air oxidation of the Cu(II) complex provides the higher
oxidation-state Cu(III) complex E, which can more efficiently
undergo reductive elimination to furnish the product F and
Cu(I) species A.14

In summary, we have demonstrated a new synthetic method
for the preparation of N-arylsulfonamides via Cu-catalyzed
Chan−Lam C−N cross-coupling reactions employing various
sulfonyl azides and boronic acids. In particular, most reactions
proceeded to completion in 2 h using an open flask at room
temperature without the aid of any base, ligand, or additive.
Further investigation into the use of other organoazides as an
amine source is currently ongoing in our laboratory.
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