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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 agro-
chemical 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).* The variety of chemical reactivity possible with a
sulfone group means that they also serve as versatile intermediates
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Scheme 1 Representative biologically active aryl sulfones.
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in many synthetic routes.”> This combination of significant bio-
logical 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 sulfide or sulfoxide,® or by alkylation of a sulfinate
salt.* Both methods suffer drawbacks: for oxidative methods, the
substrate scope is limited to molecules devoid of oxidation-sensi-
tive functional groups. In addition, the ultimate starting material is
often a thiol, many of which are foul-smelling, and there is limited
commercial availability for alkenyl- or heteroaryl variants. Sulfinate
salts have very limited commercial availability, and are usually
prepared from the corresponding sulfonyl chloride.® However,
sulfonyl chlorides themselves can require multi-step procedures,
which often feature harsh reaction conditions.®

Despite the limitations presented above, sulfone synthesis
based on the combination of a sulfinate 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.*” We believed the main challenge in delivering a more
useful variant of these transformations was to develop a sulfinate
based route that avoids the necessity of a sulfonyl chloride inter-
mediate, and the use of harsh reaction conditions.

We were aware of a number of reports that had demonstrated
the effective formation of metal sulfinates from a variety of
N-aminosulfonamide derivatives; for example, Dornow and
Bartsch had shown that N,N',N'-trialkyl aminosulfonamides could
be converted into sodium sulfinates under the action of sodium
isopropoxide at ambient temperature (3 — 4, Scheme 2).* In
addition, various N',N'-dialkyl aminosulfonamides have also been
converted into the corresponding sodium sulfinates under the
action of base,’ as have unsubstituted sulfonylhydrazides.’* Our
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Scheme 2 The origin of a one-pot, three-component sulfone synthesis.

laboratory has recently reported the palladium-catalysed forma-
tion of N',N'-dialkyl aminosulfonamides from the combination of
aryl halides, an SO,-surrogate (DABSO), and N N'-dialkylhy-
drazines (for example, 6 — 7, Scheme 2)."* This process was also
effective for heteroaryl- and alkenyl halide substrates. Given the
mild reaction conditions employed in the three key trans-
formations - catalytic aminosulfonamide synthesis, amino-
sulfonamide to sulfinate degradation, and sulfinate 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 first elected to
explore the conditions necessary for sulfinate 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.®® Accordingly,
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, after evaluating
a variety of solvent, base and temperature combinations,

we
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Table 1 Optimisation of the reaction conditions for the conversion of
N-aminosulfonamide 9a to sulfone 10a°

/©/S\”'N\) base, BnBr /©/S . le
Me solvent
9a tomp 10a ©) 1
Yield” (%)
BnBr -
Entry  Solvent Base equiv. equiv. Temp. (°C) 10 11
1 Methanol  Cs,CO;(2) 6 70 55 55°
2 Ethanol Cs,CO;3 (2) 2 70 85 87
3 Ethanol Cs,CO;3 (2) 2 90 99 98
4 Toluene Cs,CO; (2) 2 110 95 96
5 Dioxane Cs,CO;3 (2) 2 100 98 94
6 Dioxane  K,CO; (2) 2 100 98¢ 957
7 Dioxane K,CO; (1) 2 100 74 67
8 Dioxane  K,CO; (2) 1 100 42 38
9 Dioxane — 2 100 0 0

“ Reaction conditions: (i) N-aminosulfonamide (1 equiv.), BnBr, base, 16 h,
solvent [0.3 M]. ® Determined by 'H NMR spectroscopy. ¢ Isolated yield.
4 30 min reaction time.

efficient formation of sulfone 10a could be achieved using
either Cs,CO; or K,COj3 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.'> Control experiments established that conver-
sion of dialkyl aminosulfonamide 9a to the corresponding
sulfinate in the absence of an alkylating reagent was less effi-
cient. For example, after 1 h reaction at 100 °C with two
equivalents of K,COj3, only unreacted aminosulfonamide was
returned, and after 8 h a 40% conversion to the sulfinate salt
was observed by "H NMR spectroscopy. Complete conversion
was observed after 16 h. In comparison, reaction with two
equivalents of benzyl bromide present in the flask allowed full
conversion to the sulfone to be achieved after 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 sulfinate anion being an ambident nucleophile, sulfinate
ester products (10'), 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.*

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 SyAr reac-
tion with an aryl fluoride, or by reaction with an iodonium salt,
was expected to be challenging. As the decomposition of dialkyl
aminosulfonamides by K,COj; alone is slow, a procedure was
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Table 2 Scope of electrophiles employed in the sulfone synthesis from dialkyl-N-aminosulfonamides?
o, 0 (\)0 o, 0
o o
H —_—
1
R 9 R 10 R
vield?*
Entry R' R*X Product Method I Method II
[oNe)
S‘M d
1 Me Me-1 /©/ e 77% —
Me 10b
o\\s,,o
2 Me Pr-1 /@/ ~"Me 61% (5%)° —
Me 10c
o, O
S
3 Me HexI /@/ ~"Bu 67% (8%) _
Me 10d
4 Me Bn-Br D/S 92% —
Me 10a
5 Me Bn-Cl OS 69% —
Me 10a
6 OEt Bn-Br /©/S 94% —
EtO 10e
7 CF, Bn-Br /@/S 70% _
FaC 10f
o, O
. S _Me
8 Me Pr1 he 47% (7%) 44% (5%)
Me 10g"®
o} o0 00
Br 357
9 Me e OEt /@ OEt 51% 58%
e e Me Me Me 10h
[ONP )
i~
10 Me Bra~g, /©/ ~ 18%7 53%
Me 10i
CHO o, o SHO
F S
11 Me /©/ 0% 40%
CF3 Me 10j CF3
o, 0
o ot s
12 Me ph~ph /©/ \© 20% 59%
Me 10k

“ Reaction conditions: Method I; N-aminosulfonamide (1 equiv.), R?X (2 equiv.), K,COj3 (2 equiv.), 100 °C, 1,4-dioxane [0.3 M], 1-16 h. Method I;
N-aminosulfonamide (1 equiv.), BnBr (0.95 equiv.), K,CO; (2 equiv.), 50 °C, 1,4-dioxane [0.3 M], 1 h, then R®X (1.5 equiv.), 100 °C, 15 h.
b 1solated yields. © Number in parentheses corresponds to the sulfinate ester. ¢ 6 equiv. of Mel. ¢ Conversion determined by 'H NMR
spectroscopy.’ Et;N (1 equiv.) added after 1 h.

sought that would provide faster generation of the sulfinate salt
that could then react with the desired electrophile. We found
that a solution was to employ benzyl bromide as a sacrificial

224 | Chem. Sci,, 2014, 5, 222-228

electrophile that could be added to give controlled generation of
the sulfinate salt, and then a second, different electrophile
could be added to the reaction mixture to be incorporated into

This journal is © The Royal Society of Chemistry 2014
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the sulfone product. In practice, after 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
sulfinate 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
significant 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 fluoride”
and an iodonium salt,”*? 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
sulfinate anion, presumably due to the lower reactivity of this
series of electrophiles.

Having established two complementary methods for the
degradation and functionalization of dialkyl aminosulfonamides,
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 palladium-catalysed aminosulfonylation
reaction, and after 16 h, K,CO; 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. Sulfinate 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 sulfinate salt.”s'

Table 3 Optimisation of the one-pot conditions for conversion of
4-jodotoluene to sulfone 10a®

| Pd cat, DABCO O“s&@
N- SO, 0] then

+ (/\\/ —_—
e, O

KoCO3, BnBr Me/©/ 10a

Entry K,CO; equiv. BnBr equiv. Co-solvent” Yield® (%)
1 4 4 — 57

2 4 4 EtOH 104

3 2.5 2.5 PEG-400 0?

4 2.5 2.5 Diglyme o4

5 2.5 2.5 DMSO 15¢

6 2.5 2.5 DMF 154

7 4 4 H,O 80

8 2 2 H,0 87¢

9 2.5 2.5 H,0 91%/

“ Reaction conditions: 4-iodotoluene (1 equiv.), Pd(OAc), (10 mol%),
P‘Bu;-HBF, (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, K,CO;, 20 h, 100 °C. ? 0.5 mL of added solvent. ¢ Isolated
yield. ¢ Determined by 'H NMR spectroscopy. ° Second step; 1.2
equiv. of N-aminomorpholine employed and heated to 90 °C. /5 h
for second step.
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Unfortunately, addition of these solvents for the alkylation step
resulted in a significant drop in conversion to the desired sulfone
(entries 2-6). Pleasingly, the addition of water," together with a
slight modification to the first, 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. Reduc-
tion 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."*** 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 cor-
responding iodide, a reduced yield was obtained and reflects
the lower reactivity of aryl bromides in the Pd-catalysed ami-
nosulfonylation step (entry 8)."'*¢ 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 sulfinate 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 functionalization 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)."*** Pleasingly, alkenyl iodides
gave the corresponding sulfones in moderate to good yields
(entries 21-23). That sulfide (entry 12), amine (entries 13 and
14) and olefin (entries 21-23) functionalities were employed
without issue, highlights the tolerance of the process to oxida-
tion-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).7&
Alkyl iodides (entries 7 and 8) gave reasonable yields, although
interestingly side-products corresponding to the derived sulfi-
nate esters were not observed (¢f. 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 fluoride to be employed as the electrophile,
delivering a diaryl sulfone product, albeit in low yield (Table 5,
entry 10).7%1°
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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 sulfone?

Pd(OAC), (10 mol%)

PBugHBF (20 mol%)

DABCO Q, &@
RN X* (/\\/N'SOQ (\o dioxane 70 °C 2P S
L: J/ OZS'N\) * _N then IL\: | 10
Y HoN K»CO3, BnBr Y
H,0, 90 °C
Entry  Aryl halide Product Yield®
I
o, 0
/©/ \S/\/©
1 Me Q/ 91%
Me 10a
I
2 ©/ ©/S 65%"°
101
I
o, 0
3 /©/ SQ 87%
OIS el
Bu 10m
I
o, 0
4 /©/ Sv© 78%¢
Ph /©/ 0
Ph 10n
I
(o
5 O S 72%°
100
I
o, 0 [ ]
6 /@ S 88%
Me Me /@ 0
Me Me 10p
|
0,0
7 MeO /@/ 87%
MeO 10q
Br
8 MeO /@/S 46%
MeO 10q
|
9 Eo Q/S 90% (75%)? (88%)°
EtO 10e
I
o, 0
Sv@
10 87%
OEt 10
OEt
[
X 22
11 OFt @:S 75%"
OFEt 10s
I
S
12 MeS /@/ 89%
MeS 10t
I
o) %2 1)
13 H2N 570/0

I
[
p=4
-°‘ .
<

226 | Chem. Sci,, 2014, 5, 222-228

View Article Online

Edge Article

Table 4 (Contd.)

Pd(OAC), (10 mol%)
PBugHBF (20 mol%)

DABCO o, &@
dioxane 70 °C Pl S

A X (~ON-SO; 0 -
[YJ/ ' Ozs'N/\\/) +H I\Q then N J/ 10

N7 K,COg, BnBr Y
H,0, 90 °C
Entry  Aryl halide Product yield”
l
S
14 MeN /@/ 74%
Me,N 10v
|
15 FoC /@S 42%°
FsC 10f
I
g
16 cl /@/S 67%"
Cl 10w
I
17 S 62%°
4
S~ 10x
QY o2l
18 O O S 64%°
o}
o} 10y
I
7z o0
\ N7 .
19 Meo” SN & 70%
MeO” SN~ 102
I
20 N / 36%"°
N 10aa
Pent X! o, ,0
21 Hox” XS 46%°
10ab
o, 0
22 | S 87%°
10ac
| O\\ ,/O
S
23 @ 81%°
10ad

@ Reaction conditions: 4-iodotoluene (1 equiv.), Pd(OAc), (10 mol%),
P‘Bus-HBF, (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
K,CO; (2.5 equiv.), BnBr (2.5 equiv.), water (0.5 mL), 90 °C, 5-20 h.
b Isolated yield. © DABSO (1.1 equiv.) used; no DABCO. ¢ BnCl (2.5
equiv.) used in place of BnBr. ¢ 1-Aminopiperidine (1.2 equiv.) used in
place of 4-aminomorpholine.

Palladium-catalysed syntheses of N-aminosulfonamides
have also been achieved from aryl halides by employing a
potassium metabisulfite/tetrabutylammonium bromide
combination in place of DABSO,"“ and from aryl boronic acids
and DABSO under oxidative conditions;'”? both of these

This journal is © The Royal Society of Chemistry 2014
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Table 5 Scope of electrophiles employed in the one-pot synthesis of
sulfones using 4-ethoxyiodobenzene?®

Pd(OAc), (10 mol%)
PBugHBF 4 (20 mol%)

; DABCO O P
N- SO. 0 dioxane 70 °C "R
/©/ ' OZS-@ % ’ ,l\(\) then
EtO HaN Method | (R-X)  EO 10
or Method Il (R-X)
Yield”
Entry Electrophile Product Method I Method II
CF3
1 S 91% —
EtO 10ae
5 CRERRY.
\\S//
2 Br /@/ 90% —
EtO 10af Br
Br o, ,0 OO
Ng?
3 /@/ 93% —
EtO 10ag
B Ph O\\S/\A/F’h
4 /@ X 51% 83%
EtO 10ah
5 — 55%
EtO 10ai
OH
OO O\\S//O H
6 \O 35% 75%
EtO 10aj
I\/\ 0.0
Me S
7 ol
EtO 10ak
I\e/\ o.,0
Me Vg7
) 4 /©/ ﬁ:\Me 63% _
EtO 10al
o 0 00
Br%k s%
OEt OEt 0, J—
? Me” Me /©/ Me” Me 57%
EtO 10am
CHO o, 0 CHO
. N
10 /©/ — 35%
CF3 EtO 10an CF3

% Reaction conditions: 1-ethoxy-4-iodobenzene (1 equiv.), Pd(OAc), (10
mol%), P‘Bus-HBF, (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: K,CO; (2.5 equiv.), RX (2.5 equiv.), water (0.5 mL),
90 °C, 5-20 h; or Method II: K,CO; (2.5 equiv.), BnBr (0.95 equiv.),
90 °C, 1 h, water (0.5 mL), then RX (2 equiv.), 19 h. ” Isolated yield.

protocols were also amenable to the developed one-pot sulfone
synthesis.®

To demonstrate the utility of our aryl-alkyl sulfone meth-
odology, an intermediate to Eletriptan (trade name Relpax,
marketed and manufactured by Pfizer) was synthesised by the
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Pd(OAc), (10 mol%)
PBuyHBF, (20 mol%)

[eNgye)
| DABSO, DABCO 57
+ (\ O dioxane 70 °C /@/ \/\©\/\>
R HZN’N\) then R N
K,CO3,H,0, 90 °C 13, R = H, 43% H

| 14, R = OEt, 63%
D

N 2 steps from 136
12 H

S
sagesl
R
Eletriptan

Scheme 3 Synthesis of an intermediate towards the preparation of
Eletriptan.

coupling of an appropriately 5-substituted indole (12),
commercially available iodobenzene and DABSO (Scheme 3).
Eletriptan can be prepared from sulfone 13 using two estab-
lished transformations.*

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 SO,-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 sulfinate 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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