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One-pot three-component sulfone synthesis exploiting
palladium-catalysed aryl halide aminosulfonylation†

Charlotte S. Richards-Taylor,a David C. Blakemoreb and Michael C. Willis*a

A palladium-catalysed aminosulfonylation process is used as the key-step in a one-pot, three-component

sulfone synthesis. The process combines aryl-, heteroaryl- and alkenyl iodides with a sulfonyl unit and an

electrophilic coupling fragment. The sulfonyl unit is delivered in the form of an aminosulfonamide,

which then serves as a masked sulfinate. The sulfinate is combined, in situ, with an electrophilic coupling

partner, such as a benzylic, allylic or alkyl halide, an electron-poor arene, or a cyclic epoxide, to provide

the corresponding sulfone products in good to excellent yields. The mild reaction conditions and use of

commercially available reaction components allows the easy preparation of a broad range of sulfones

featuring a variety of functional groups. The process obviates the need to employ thiol starting

materials, and oxidative operations.
Introduction

The distinctive structural and electronic features present in
sulfones have resulted in these unique functional groups being
imbedded in a number of important pharmaceutical and
agrochemical molecules. For example, molecules used against
medical indications as diverse as migraine and prostate cancer,
or as the herbicides mesotrione and cafenstrole, all feature aryl
sulfone units (Scheme 1).1 The variety of chemical reactivity
possible with a sulfone group means that they also serve as
versatile intermediates in many synthetic routes.2 This
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combination of signicant biological activity and compelling
synthetic utility has resulted in the development of a number of
methods for sulfone preparation. They are most commonly
synthesised either by oxidation of the corresponding sulde or
sulfoxide,3 or by alkylation of a sulnate salt.4 Both methods
suffer drawbacks: for oxidative methods, the substrate scope is
limited to molecules devoid of oxidation-sensitive functional
groups. In addition, the ultimate starting material is oen a
thiol, many of which are foul-smelling, and there is limited
commercial availability for alkenyl- or heteroaryl variants. Sul-
nate salts have very limited commercial availability, and are
usually prepared from the corresponding sulfonyl chloride.5

However, sulfonyl chlorides themselves can require multi-step
procedures, which oen feature harsh reaction conditions.6

Despite the limitations presented above, sulfone synthesis
based on the combination of a sulnate anion with a carbon-
centered electrophile (for example, 1/ 2, Scheme 2) remains a
potentially attractive route to these valuable molecules, due in
particular to the wide range of electrophiles that can be
employed successfully.4,7 We believed the main challenge in
delivering a more useful variant of these transformations was to
develop a sulnate based route that avoids the necessity of a
sulfonyl chloride intermediate, and the use of harsh reaction
conditions.

We were aware of a number of reports that had demon-
strated the effective formation of metal sulnates from a
variety of N-aminosulfonamide derivatives; for example, Dor-
now and Bartsch had shown that N,N0,N0-trialkyl amino-
sulfonamides could be converted into sodium sulnates under the
action of sodium isopropoxide at ambient temperature (3 / 4,
Scheme 2).8 In addition, various N0,N0-dialkyl aminosulfonamides
have also been converted into the corresponding sodium
sulnates under the action of base,9 as have unsubstituted
Chem. Sci.
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Scheme 2 The origin of a one-pot, three-component sulfone synthesis.

Table 1 Optimisation of the reaction conditions for the conversion of N-ami-
nosulfonamide 9a to sulfone 10aa

Entry Solvent Base equiv.
BnBr
equiv. Temp. (�C)

Yieldb (%)

10 11

1 Methanol Cs2CO3 (2) 6 70 55c 55c

2 Ethanol Cs2CO3 (2) 2 70 85 87
3 Ethanol Cs2CO3 (2) 2 90 99 98
4 Toluene Cs2CO3 (2) 2 110 95 96
5 Dioxane Cs2CO3 (2) 2 100 98 94
6 Dioxane K2CO3 (2) 2 100 98d 95d

7 Dioxane K2CO3 (1) 2 100 74 67
8 Dioxane K2CO3 (2) 1 100 42 38
9 Dioxane — 2 100 0 0

a Reaction conditions: (i) N-aminosulfonamide (1 equiv.), BnBr, base, 16
h, solvent [0.3 M]. b Determined by 1H NMR spectroscopy. c Isolated
yield. d 30 min reaction time.
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sulfonylhydrazides.10 Our laboratory has recently reported the
palladium-catalysed formation of N0,N0-dialkyl amino-
sulfonamides from the combination of aryl halides, an SO2-
surrogate (DABSO), and N0,N0-dialkylhydrazines (for example,
6 / 7, Scheme 2).11 This process was also effective for heter-
oaryl- and alkenyl halide substrates. Given the mild reaction
conditions employed in the three key transformations –

catalytic aminosulfonamide synthesis, aminosulfonamide to
sulnate degradation, and sulnate alkylation – combined
with the excellent availability of aryl halide substrates, we were
attracted to the possibility of developing a one-pot sulfone
synthesis based on the merger of these three transformations
(6 / 8, Scheme 2).
Results and discussion

In developing the proposed route to sulfones we rst elected to
explore the conditions necessary for sulnate generation and
electrophile-trapping using pre-formed aminosulfonamides
(Table 1). Literature precedent suggested that degradation of
trialkyl aminosulfonamides could be achieved more readily
and under milder reaction conditions than decomposition
of the corresponding dialkyl-derivatives.8,9 Accordingly, we
explored the alkylation/degradation of dialkyl amino-
sulfonamide 9a using a variety of weak bases and solvents, and
employing benzyl bromide as the electrophile; the alkylating
reagent was present from the start of the reaction with the
expectation that the trialkylated aminosulfonamide would be
generated in situ. As can be seen from Table 1, aer evaluating
Chem. Sci.
a variety of solvent, base and temperature combinations, effi-
cient formation of sulfone 10a could be achieved using either
Cs2CO3 or K2CO3 as a base in 1,4-dioxane at 100 �C, in
combination with two equivalents of benzyl bromide. The
by-product from these reactions was hydrazone 11; supporting
the proposed in situ formation of a trialkyl aminosulfonamide
intermediate.12 Control experiments established that conver-
sion of dialkyl aminosulfonamide 9a to the corresponding
sulnate in the absence of an alkylating reagent was less effi-
cient. For example, aer 1 h reaction at 100 �C with two
equivalents of K2CO3, only unreacted aminosulfonamide was
returned, and aer 8 h a 40% conversion to the sulnate salt
was observed by 1H NMR spectroscopy. Complete conversion
was observed aer 16 h. In comparison, reaction with two
equivalents of benzyl bromide present in the ask allowed full
conversion to the sulfone to be achieved aer only 30 minutes
reaction.

Using the reaction conditions developed in Table 1, a range
of alternative electrophiles were combined with a small selec-
tion of N-aminosulfonamides to deliver the corresponding
sulfones in good to excellent yields (Method I, Table 2). Despite
the sulnate anion being an ambident nucleophile, sulnate
ester products (100), resulting from alkylation at an O-atom as
opposed to the desired S-atom, were only observed for the alkyl
iodide examples (entries 2, 3 and 8) and even in these cases in
less than 10% yield.13

Given the requirement to form a trialkyl aminosulfonamide
in situ, the methodology as presented is limited to electrophiles
that can undergo the necessary N-alkylation reaction. For
example, generation of a diaryl sulfone either by an SNAr reac-
tion with an aryl uoride, or by reaction with an iodonium salt,
was expected to be challenging. As the decomposition of dialkyl
aminosulfonamides by K2CO3 alone is slow, a procedure was
This journal is ª The Royal Society of Chemistry 2013
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Table 2 Scope of electrophiles employed in the sulfone synthesis from dialkyl-N-aminosulfonamidesa

Entry R1 R2-X Product

Yieldb,c

Method I Method II

1 Me Me-I 77%d —

2 Me Pr-I 61% (5%)e —

3 Me Hex-I 67% (8%) —

4 Me Bn-Br 92% —

5 Me Bn-Cl 69% —

6 OEt Bn-Br 94% —

7 CF3 Bn-Br 70% —

8 Me iPr-I 47% (7%) 44% (5%)

9 Me 51% 58%

10 Me 18%f 53%f

11 Me 0% 40%

12 Me 20% 59%

a Reaction conditions: Method I; N-aminosulfonamide (1 equiv.), R2X (2 equiv.), K2CO3 (2 equiv.), 100 �C, 1,4-dioxane [0.3 M], 1–16 h. Method II; N-
aminosulfonamide (1 equiv.), BnBr (0.95 equiv.), K2CO3 (2 equiv.), 50 �C, 1,4-dioxane [0.3 M], 1 h, then R2X (1.5 equiv.), 100 �C, 15 h. b Isolated
yields. c Number in parentheses corresponds to the sulnate ester. d 6 equiv. of MeI. e Conversion determined by 1H NMR spectroscopy. f Et3N
(1 equiv.) added aer 1 h.
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sought that would provide faster generation of the sulnate salt
that could then react with the desired electrophile. We found
that a solution was to employ benzyl bromide as a sacricial
This journal is ª The Royal Society of Chemistry 2013
electrophile that could be added to give controlled generation of
the sulnate salt, and then a second, different electrophile
could be added to the reaction mixture to be incorporated into
Chem. Sci.
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the sulfone product. In practice, aer 1 h reaction at 50 �C with
0.95 equivalents of benzyl bromide and two equivalents of base,
analysis of the crude reaction mixture showed formation of the
sulnate salt and hydrazone by-product. A second electrophile
was then added and the temperature increased to 100 �C to give
solely the sulfone incorporating the second electrophile. This
method (Method II, Table 2) was explored with a small number
of electrophiles that had previously given lower yields using
Method I. Although little or no improvement was observed for
entries 8 or 9, in which secondary and tertiary alkyl iodides were
employed, Method II gave a much cleaner reaction and a
signicant improvement in yield for the synthesis of an
a,b-unsaturated sulfone (entry 10) and the aryl sulfones (entry
11 and 12) formed by reaction with an electron-poor aryl uo-
ride7b and an iodonium salt,7c,d respectively. For entries 8–12, in
which only moderate yields of the sulfones were obtained, the
remainder of the mass balance was predominantly un-reacted
sulnate anion, presumably due to the lower reactivity of this
series of electrophiles.

Having established two complementary methods for the
degradation and functionalization of dialkyl amino-
sulfonamides, the next task was the development of one-pot
reaction conditions to synthesise the sulfone directly from the
aryl-, heteroaryl- or alkenyl iodides. 4-Iodotoluene was
selected as the test substrate, and was employed in the palla-
dium-catalysed aminosulfonylation reaction, and aer 16 h,
K2CO3 and benzyl bromide were added. The highest yield of
sulfone achieved using this method was 57% (entry 1, Table 3),
despite a large excess (4 equiv.) of benzyl bromide and base
being used. Sulnate salts are known to have a low solubility in
organic solvents, and as such, literature precedent suggests that
polyethylene glycol, DMSO and DMF are good solvents for
sulfone formation from the sulnate salt.7g,14 Unfortunately,
addition of these solvents for the alkylation step resulted in a
Table 3 Optimisation of the one-pot conditions for conversion of 4-iodotoluene
to sulfone 10aa

Entry K2CO3 equiv. BnBr equiv. Co-solventb Yieldc (%)

1 4 4 — 57
2 4 4 EtOH 10d

3 2.5 2.5 PEG-400 0d

4 2.5 2.5 Diglyme 0d

5 2.5 2.5 DMSO 15d

6 2.5 2.5 DMF 15d

7 4 4 H2O 80
8 2 2 H2O 87e

9 2.5 2.5 H2O 91e,f

a Reaction conditions: 4-iodotoluene (1 equiv.), Pd(OAc)2 (10 mol%),
PtBu3$HBF4 (20 mol%), 4-aminomorpholine (1.5 equiv.), DABSO (0.6
equiv.), DABCO (0.5 equiv.), 70 �C, 16 h, 1,4-dioxane, [0.3 M]; then
BnBr, K2CO3, 20 h, 100 �C. b 0.5 mL of added solvent. c Isolated yield.
d Determined by 1H NMR spectroscopy. e Second step; 1.2 equiv. of N-
aminomorpholine employed and heated to 90 �C. f 5 h for second step.

Chem. Sci.
signicant drop in conversion to the desired sulfone (entries 2–6).
Pleasingly, the addition of water,15 together with a slight modi-
cation to the rst, palladium-catalysed step, in which the amount
of aminomorpholine was slightly reduced (to 1.2 equiv.), allowed
a 91% isolated yield of the sulfone (10a) to be realised (entry 9).
These optimised reaction conditions employed 2.5 equivalents of
both benzyl bromide and base (entry 9), and the total reaction
time for this one-pot process was 21 hours. Reduction of the
reaction temperature to 90 �C was necessary to prevent hydrolysis
of benzyl bromide which occurred at 100 �C.

With the optimised conditions in hand, benzyl bromide
was reacted with a range of halide coupling partners (Table 4).
As described in previous reports from our laboratory, slower
reacting substrates, such as those with electron-withdrawing
groups, were found to give improved yields when extra DABSO
(1.1 equiv. total) was employed.11a,c Aryl iodides with neutral
and electron-donating substituents gave excellent yields of the
desired sulfones (entries 1–14, Table 4); however, when an aryl
bromide was used as the coupling partner, in place of the
corresponding iodide, a reduced yield was obtained and
reects the lower reactivity of aryl bromides in the Pd-cata-
lysed aminosulfonylation step (entry 8).11a,c Substrates with
ortho-substituents were well tolerated (entries 6 and 11). Aryl
iodides with electron-withdrawing groups (entries 15 and 16)
gave lower yields; we attributed this to stabilisation of the
sulnate salt consequently reducing their reactivity towards
the electrophile. Entry 16 demonstrates that an aryl chloride
substituent remains intact during the transformation and so
can potentially be used as a handle for subsequent function-
alization of the product. Heteroaryl iodides gave moderate
yields, which is in agreement with the yields obtained in the
parent N-aminosulfonamide forming reactions (entries
17–20).11a,c Pleasingly, alkenyl iodides gave the corresponding
sulfones in moderate to good yields (entries 21–23). That sulde
(entry 12), amine (entries 13 and 14) and olen (entries 21–23)
functionalities were employed without issue, highlights the
tolerance of the process to oxidation-sensitive functional groups.
4-Aminomorpholine was employed as the standard hydrazine
component in all of the examples discussed above; however,
alternative hydrazines are also viable, for example, entry 9 was
also performed using 1-aminopiperidine with almost identical
results.

We next investigated the scope of the electrophilic compo-
nent. 1-Ethoxy-4-iodotoluene was used as the standard aryl
halide, and Method I or II (see Table 2) was employed, as
appropriate. A range of benzylic bromides could all be incor-
porated using Method I (entries 1–3). Allylic bromides delivered
higher yields of the desired sulfones when Method II was
utilized (entries 4 and 5), as did cyclohexene oxide (entry 6).7f,g

Alkyl iodides (entries 7 and 8) gave reasonable yields, although
interestingly side-products corresponding to the derived sul-
nate esters were not observed (cf. Table 2). Under the mild
aqueous basic conditions, the ester group incorporated in entry
9 was tolerated well. Implementing Method II allowed an elec-
tron-poor aryl uoride to be employed as the electrophile,
delivering a diaryl sulfone product, albeit in low yield (Table 5,
entry 10).7b,16
This journal is ª The Royal Society of Chemistry 2013
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Table 4 Scope of aryl halide employed in the one-pot palladium-catalysed
conversion of aryl-, heteroaryl- or alkenyl halides to the corresponding sulfonea

Entry Aryl halide Product Yieldb

1 91%

2 65%c

3 87%

4 78%c

5 72%c

6 88%

7 87%

8 46%

9 90% (75%)d (88%)e

10 87%

11 75%c

12 89%

13 57%

Table 4 (Contd. )

Entry Aryl halide Product Yieldb

14 74%

15 42%c

16 67%c

17 62%c

18 64%c

19 70%c

20 36%c

21 46%c

22 87%c

23 81%c

a Reaction conditions: 4-iodotoluene (1 equiv.), Pd(OAc)2 (10 mol%),
PtBu3$HBF4 (20 mol%), 4-aminomorpholine (1.2 equiv.), DABSO (0.6
equiv.), DABCO (0.5 equiv.), 70 �C, 16 h, 1,4-dioxane, [0.3 M]; then
K2CO3 (2.5 equiv.), BnBr (2.5 equiv.), water (0.5 mL), 90 �C, 5–20 h.
b Isolated yield. c DABSO (1.1 equiv.) used; no DABCO. d BnCl (2.5
equiv.) used in place of BnBr. e 1-Aminopiperidine (1.2 equiv.) used in
place of 4-aminomorpholine.

This journal is ª The Royal Society of Chemistry 2013
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Palladium-catalysed syntheses ofN-aminosulfonamides have
also been achieved from aryl halides by employing a potassium
metabisulte/tetrabutylammonium bromide combination in
place ofDABSO,17a and fromaryl boronic acids andDABSOunder
oxidative conditions;17b both of these protocols were also
amenable to the developed one-pot sulfone synthesis.18
Chem. Sci.
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Table 5 Scope of electrophiles employed in the one-pot synthesis of sulfones
using 4-ethoxyiodobenzenea

Entry Electrophile Product

Yieldb

Method I Method II

1 91% —

2 90% —

3 93% —

4 51% 83%

5 — 55%

6 35% 75%

7 55% —

8 63% —

9 57% —

10 — 35%

a Reaction conditions: 1-ethoxy-4-iodobenzene (1 equiv.), Pd(OAc)2 (10
mol%), PtBu3$HBF4 (20 mol%), 4-aminomorpholine (1.2 equiv.),
DABSO (0.6 equiv.), DABCO (0.5 equiv.), 70 �C, 16 h, 1,4-dioxane, [0.3
M]; then Method I: K2CO3 (2.5 equiv.), RX (2.5 equiv.), water (0.5 mL),
90 �C, 5–20 h; or Method II: K2CO3 (2.5 equiv.), BnBr (0.95 equiv.),
90 �C, 1 h, water (0.5 mL), then RX (2 equiv.), 19 h. b Isolated yield.

Scheme 3 Synthesis of an intermediate towards the preparation of Eletriptan.
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To demonstrate the utility of our aryl–alkyl sulfone method-
ology, an intermediate to Eletriptan (trade name Relpax, marketed
andmanufactured by Pzer) was synthesised by the coupling of an
Chem. Sci.
appropriately 5-substituted indole (12), commercially available
iodobenzene and DABSO (Scheme 3). Eletriptan can be prepared
from sulfone 13 using two established transformations.19

Conclusions

We have shown that a wide range of sulfones can be successfully
synthesised using a one-pot three-component system that
combines aryl-, heteroaryl- or alkenyl iodides with a SO2-surrogate
(DABSO) and a range of C-electrophiles. The key sulfonyl unit is
introduced using a Pd-catalysed aminosulfonylation process,
delivering an N-aminosulfonamide intermediate, which is
primed for degradation to the corresponding sulnate salt;
subsequent electrophilic trapping delivers the required sulfones.
The methodology tolerates a broad range of functionality on both
coupling partners, including oxidation-sensitive functional
groups. This new methodology avoids the use of thiol starting
materials and oxidative transformations.
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