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A practical transition-metal-free procedure for the synthesis
of (E)-vinyl sulfones through the coupling of vinyl halides
with sodium sulfinates in water is reported. The reaction is

strongly influenced by the presence of acids, and the use of
nBu,NBr promotes its efficiency.

Introduction

The use of water as a reaction medium for organic syn-
thesis has attracted much interest in recent years, because
water is cheap, readily available, nontoxic, nonflammable,
and the most abundant liquid on our planet. Using water
as an alternative solvent in organic synthesis complies with
green chemistry protocols and provides an answer to the
growing concerns associated with the environmental impact
of chemical processes.[!!

Vinyl sulfones have received considerable attention in or-
ganic and medicinal chemistry because of their interesting
synthetic utilities and potential biological activities. From a
synthetic perspective, the activating and electron-with-
drawing nature of the sulfone moiety in vinyl sulfones en-
ables them to undergo highly stereoselective conjugate ad-
dition and cycloaddition reactions.?! Furthermore, the sulf-
one group can be readily exchanged by hydrogen, an alkyl
group, a hydroxy group, or a nucleophile at the end of a
synthetic sequence, which allows the sulfonyl group to func-
tion as a temporary activating group.’’! In medicinal chem-
istry, substituted vinyl sulfones represent a new class of
small-molecule inhibitors of some enzymatic processes,
such as cysteine proteases*! and inducible VCAM-1 expres-
sion,! which make them candidates for drug designing.

Traditional methods to prepare vinyl sulfones include the
Horner-Emmons reaction, aldol condensation, and the oxi-
dation of vinyl sulfides.) Recently, these traditional meth-
ods have been replaced by more efficient Pd- or Cu-cata-
lyzed cross-coupling reactions of sulfinate saltst”! with vinyl
bromides, vinyl triflates, alkenylboronic acids, or alkenes
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(Scheme 1a). In spite of the remarkable efficiency and gen-
erality of such reactions, they are still insufficient from a
green chemistry point of view because of the use of toxic
metals or organic solvents. Very recently, Yadav et al. re-
ported a simple and green route to vinyl sulfones from ter-
minal epoxides and sodium sulfinates!® (Scheme 1b). Inef-
ficiently, this reaction gave two regioisomers (linear and
branched vinyl sulfones) in most cases, which made separa-
tion difficult. Therefore, the development of a practical and
environmentally friendly method to construct vinyl sulfones
is still highly desirable.

(a) Pd- or Cu-catalyzed coupling of vinyl halides with sodium sulfinates

S Pd or Cu O2R2
~/ + NaSOR? —_— —
. sol%ents R! X =Br, |, OTf, B(OH),

(b) Transition-metal-free synthesis of vinyl sulfones from epoxides in water

A

R1

SO,R,

LiBr JJ\
+ NaSOZRZ T /—/ + R!
2 R?

SO,R?

(c) Metal-free synthesis of vinyl sulfones from vinyl halides in water (this work)

2
X NaSO,R?2 metal-free — OR
—/ e < X=Br, Cl
Rf H,O R!

Scheme 1. Recent routes to vinyl sulfones. Tf = (trifluoromethyl)-
sulfonyl.

Recently, transition-metal-free coupling reactions of he-
teroatoms with aryl halides have received increasing atten-
tion.I’! We envisioned that vinyl halides could also be cou-
pled with heteroatoms without a transition-metal catalyst
to afford various vinyl heteroatom compounds. Herein, we
report a transition-metal-free route to (E)-vinyl sulfones
from the coupling of vinyl halides with sodium sulfinates in
water.
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Results and Discussion

The coupling of phenylvinyl bromide with sodium p-tol-
uenesulfinate was chosen as a model reaction for optimiza-
tion studies. After stirring the reaction mixture at 100 °C in
air for 10 h, no indication of product formation was ob-
served in water!% (Table 1, Entry 1). Fortunately, upon
adding HCI (3 mol-%) to the reaction mixture, the desired
product was isolated in 38% yield (Table 1, Entry 2). An
increase in the amount of HCI (30 mol-%) added resulted
in an increase in the yield to 90% (Table 1, Entry 3). Other
acids such as H,SO, and acetic acid gave the same results.
We further found that the addition of an acid and a phase-
transfer catalyst as a co-catalyst was more effective (Table 1,
Entry 4). If only nBuyNBr was added, no indication of
product formation was detected (Table 1, Entry 5). These
results show that the acid played a key role in the reaction.

Table 1. Optimization of the reaction conditions.[

0,
Br s
| H,0
+ SONa —2—» |
1a 3a

2a

Entry Additive (mol-%) Yield®! [%]
1 - trace
2 HCI (3) 38
3 HCI (30) 90
4 HCI (30), nBu,NBr (5) 99
5 nBuyNBr (5) trace
6 CH,COOH (30), nBu,NBr (5) 94

[a] Conditions: 1a (0.3 mmol), 2a (0.5 mmol), H,O (2 mL), 100 °C,
10 h. [b] Yield of isolated product.

With the optimized reaction conditions in hand, we ex-
tended our approach towards the synthesis of various vinyl
sulfones. Arylvinyl bromides bearing either an electron-do-
nating substituent or an electron-withdrawing substituent
afforded vinyl sulfones in good yields under the standard
conditions (Table 2, Entries 1-5). Interestingly, arylvinyl
chloride 1f was also a good substrate for this reaction, and
it afforded vinyl sulfone 3b in 99 % yield (Table 2, Entry 6).
Notably, vinyl chlorides are less reactive than vinyl brom-
ides, and they perform poorly in transition-metal-based sys-
tems. Both bromo- and chloroacrylic acid afforded the tar-
get products in moderate yields and both a- and B-sub-
strates ended up with B-substituted products (Table 2, En-
tries 8-10). Alkylvinyl bromides 1k and 11 did not undergo
this reaction (Table 2, Entries 11 and 12).

Besides sodium p-toluenesulfinate, other sulfinate salts
were also good sulfonating reagents (Table 3, Entries 1-4).
Benzenesulfinate, 4-methoxybenzenesulfinate, 4-chloro-
benzenesulfinate, and 4-fluorobenzenesulfinate afforded the
products in high yields. Naphthalenesulfinate 2f, thio-
phenesulfinate 2g, and methanesulfinate 2h gave moderate
yields (Table 3, Entries 5-7).

In support of the utility of this method, we conducted
the reaction on a gram scale, whereupon the product was
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Table 2. Synthesis of vinyl sulfones from vinyl halides.[?!

0,

SO,Na S
R'CH=CHX + /©/ — > RICH=CH" \©\
1 2a 3
Entry 1 3 Yield [%]
la 3%
B 2 99
1 ©/\/ r ©/\/S\©\ 90
3b
1b 0, %0
2 R'=p-MeOCéH, x-S g6t
X =Br
MeO
3¢
1c 0,
3 R'=0-MeOCeH, x-S 99
N s A ol
OMe
3d
1d 0,
4 R'=m-NO,CH, O-N S 96
s e aa o
3e
1le O,
5 Rl=p-C1C6H4 A S 95
cl
1f
6 R'=p-MeOCeH, 3b 99
X=Cl
1g 3f
O [c]
3g
1h gz -
Hooe>C1 Hooc \©\ 2
1i
9 cl 3g 551
HoOC
1j
10 i 3g 5911
HoOC
1k
1 & 3h n.d. 14!
11
n.d.

12 —{ 3i

Br
[a] Standard conditions: 1 (0.3 mmol), 2 (0.5 mmol)., HCI (30 mol-
%) nBuyNBr (5mol-%) H,O (2mL), 100 °C, 10 h. [b] Without

nBuyNBr. [c] nBuyNBr (30 mol-%). [d] 50 °C. [e] n.d. = not deter-
mined.

obtained with almost no change in yield (Scheme 2). To fur-
ther demonstrate its practical utility, we tested the recycl-
ability of the catalysts. After each run, the products were
extracted from the crude mixture with ethyl acetate. After
the first run, only the vinyl halide (i.e., 1a, 1 equiv.) and
the sodium sulfinate (i.e., 2a, 1.5 equiv.) were added to the
7051
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Table 3. Synthesis of vinyl sulfones from vinyl halides.[?!

O.
XxBr 2
©/\/ + R2?-SO,Na —» ©/\/S\R2

1a 2 3
Entry 2 3 Yield [%]
3j
0
2b 2 93
I RZCH ©/\VS\© 601
3k
Oy
2 ., X x-S 940!
R* = p-MeOC¢H,4 ©/\/ \©\
OMe
31
Oy
5 o .- oL
R* = p-CIC¢H,4 ©/\/ \@\ 61
o
3m
O,
A e - 86
F
3n
0
2f 2
5 S 61
R* = B-CioHy ©/V
30
0
2g 2 @
6 R®=2-thienyl QNS\ES) 51
W,
3p
0,
7 2h 53

R?=CH; ©/\/S\

[a] Standard conditions: 1 (0.3 mmol), 2 (0.5 mmol), HCI (30 mol-
%), nBuyNBr (5 mol-%), H,O (2mL), 100 °C, 10 h. [b] Without
nBuyNBr. [c] nBuyNBr (30 mol-%).

recovered residue after the extraction. As shown in Table 4,
the reaction gave very high yields in each run, and conse-
quently, the catalysts (HCI and nBusNBr) maintained their
efficiency (Table 4).

< > SONa i) (30 mol-%) 0,
nBuyNBr (10 mol-%) S
o P ———— |
Br H,0 (20 mL)

0.91 g, 5 mmol

Scheme 2. Preparative-scale experiment.

To obtain some insight into this reaction, we analyzed
the reaction mixture by using inductively coupled plasma
atomic emission spectroscopy (ICP-AES). Indeed, 0.03-
0.05 ppm of Pd, Cu, Fe, and other metal species were de-
tected.['' When 10 times the amount of Cu was added, only
7052

WWW.Eurjoc.org

© 2013 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

Table 4. Catalyst-recycling experiments.

Run Yield [%]
1[al 99
lb] 99
3l 98
4[] 99

[a] Conditions: 1a (0.3 mmol), 2a (0.5 mmol), HCI (30 mol-%),
nBuyNBr (10 mol-%), H,O (2 mL), 100 °C, 10 h. [b] The aqueous
phase from the previous run was reused instead of recharging the
catalysts and water.

a trace amount of the product was detected in the absence
of an acid. The addition of 100 times the amount of Pd or
Fe was still inefficient. These results excluded the effect of
transition-metal species.

Then, several control experiments were performed (for
details, see the Supporting Information). (1) By using
DMSO or N,N-dimethylacetamide (DMACc) as the solvent,
the reaction performed efficiently without an acid. (2) By
using D>O as the solvent, no deuterated starting materials
or products were detected. These results suggest that an
acid may not take part in the chemical transformation. Al-
though the exact role of the acid is not certain, we infer
from the observed results that it may work to enhance the
solubility of the vinyl halides in water.['?! (3) Upon adding
an excess amount of HCI, the reaction did not occur, which
suggests the nucleophilicity of the sodium sulfinate is cru-
cial to this transformation.

On the basis of the above experiments, a tentative mecha-
nism is proposed. First, intermediate A is generated
through nucleophile addition of sodium sulfinate to phen-
ylvinyl bromide. The anion of the intermediate is stabilized
by the benzene ring (or electron-withdrawing groups such
as the carboxy group). Then, elimination of the bromine
anion gives the desired product (Scheme 3).113!

B
w ' Q< Br S SOAr
—_—
O SOAr ©N

#
® O
A + NaBr

Na SO,Ar

Scheme 3. Proposed mechanism.

Conclusions

We have reported a transition-metal-free method for the
synthesis of (E)-vinyl sulfones from the coupling of vinyl
halides with sodium sulfinates in water. The protocol com-
plies with several attributes of green chemistry such as re-
cycling of the catalyst, using water as an alternative me-
dium, and avoiding the use of toxic catalysts and intermedi-
ates.

Experimental Section

General Procedures for Vinyl Sulfones: A 10 mL flask was charged
with vinyl bromide (0.3 mmol), sodium sulfinate (0.5 mmol),
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nBuyNBr (0.015 mmol), concentrated HCI (12 m, 8 puL, 0.3 equiv.),
and deionized water (2 mL), and the reaction mixture was stirred
at 100 °C for 10 h. After cooling to room temperature, the reaction
mixture was extracted with ethyl acetate (15 mL), and the organic
layer was washed with water (3X 15mL). After drying with
Na,SO,, the combined ethyl acetate extracts were concentrated
in vacuo, and the residue was purified by flash column chromatog-
raphy on silica gel to give the product.

Supporting Information (see footnote on the first page of this arti-
cle): Experimental details, characterization data, and copies of the
'H and '*C NMR spectra of all key intermediates and final prod-
ucts.
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