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Abstract An efficient synthesis of vinyl sulfones is described. Reac-
tions of cinnamic acids with aromatic sulfinic acid sodium salts in the
presence of a catalytic amount of manganese(ll) acetate tetrahydrate
(5 mol%) in dimethyl sulfoxide (DMSO) afforded the desired vinyl sul-
fones in good to excellent yields. Notably, the reaction does not need
any base or iodide as additive. The use of DMSO as the solvent and run-
ning the reaction under air are critical in achieving good yields.
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Vinyl sulfones («,B-unsaturated sulfones) are important
organic molecules and they are crucial structural scaffolds
in many bioactive compounds and drugs.! In addition, they
are also widely used as Michael acceptors? in organic chem-
istry. Because of their synthetic utility and their potential
biological activities, the synthesis of vinyl sulfones has re-
ceived considerable attention in organic synthesis and me-
dicinal chemistry. Conventionally, vinyl sulfones are syn-
thesized either by the oxidation of thioethers® or through
condensation of aldehydes with sulfonylacetic acids.* How-
ever, two of the most straightforward approaches to vinyl
sulfone synthesis involve the addition of sulfinates to
alkenes® or alkynes.® Because alkenes and alkynes are basic
building blocks and can be easily prepared, their use as
starting materials for the synthesis of vinyl sulfones can be
highly advantageous. Alternatively, vinyl sulfones can be
synthesized by transition-metal-catalyzed cross-coupling
reactions of sulfinates with vinyl halides,’ triflates,® or bo-
ronic acids.’ More recently, chemists have begun to synthe-
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size vinyl sulfones by decarboxylative coupling of cinnamic
acids with sulfinates,!? because a variety of cinnamic acids
are commercially available. Along this line, metal-catalyzed
or metal-free decarboxylative coupling reactions of cin-
namic acids with sulfinates have been developed by several
groups. For example, Guo and co-workers demonstrated
that vinyl sulfones can be efficiently synthesized from cin-
namic acids and benzenesulfinates through catalysis by Cul
in the presence of KI as an additive.!' Tan and co-workers
have shown that by using Pd as a catalyst and Ag,CO5 as an
oxidant, vinyl sulfones can be efficiently constructed from
various cinnamic acids and arenesulfinates.’> The same
transformation can also be effected with a stoichiometric
amount of PhI(OAc),'® or under Cu catalysis by using tert-
butyl hydroperoxide (TBHP) as the oxidant.'* Note that the
same reaction can also be accomplished in the presence of
I, and TBHP.'> More impressively, Jiang and co-workers
were able to carry out the same transformation without
any catalyst.'® All the reaction needed was 0.5 equivalents
of a simple inorganic base, such as K,COs. It is proposed that
the solvent DMSO is the actual oxidant.'®!7 Interestingly, a
similar reaction can also be run in water by using I, as the
oxidant.’® Even though these methods provide efficient
routes for the synthesis of vinyl sulfones from cinnamic ac-
ids, the need to use iodides is a disadvantage. Here, we dis-
close a novel and efficient synthesis of vinyl sulfones by de-
carboxylative coupling of cinnamic acids with arenesulfi-
nates without the need for any base or iodide additive.
Instead, only a catalytic amount of a simple Mn(II) salt is re-
quired.

We began the study by using cinnamic acid (1a; 1 equiv)
and sodium benzenesulfinate (2a; 3 equiv) as our model re-
actants. Inspired by Guo’s method, we wondered whether
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other transition metals might catalyze the decarboxylative
coupling of cinnamic acids with arenesulfinates, so we test-
ed the coupling of acid 1a with sulfinate 2a in the presence
of various transition-metal catalysts (5 mol%) under air
with KI (20 mol%) as an additive in DMSO at 110 °C for 12
hours (Table 1, entries 1-3). With Co(OAc),, or FeCl; as cata-
lyst, the desired vinyl sulfone 3a was isolated in 26% and 8%
yield, respectively (entries 1 and 2). The stereochemistry of
the product 3a was determined to be trans, because the
coupling constant between the two olefinic hydrogens was
15.5 Hz. Much to our delight, when the catalyst was
switched to Mn(OAc),, the yield improved to 76% (entry 3).
As a result, we chose Mn(OAc), as the catalyst to screen
other reaction parameters. Interestingly, we found that the
coupling reaction occurred even in the absence of KI, and
this gave an even better yield of 3a (86%; entry 4).

Table 1 Optimization of Reaction Conditions®

o

Xy ACOOH oy -S0:Na catalyst, additive x %

©/\/ + | P m’ ©/\/O

1a 2a 3a
Entry Catalyst (mol%) Solvent Additive  Yield® (%)

1 Co(OAC), DMSO KI 26
2 FeCl; DMSO Kl 8
3 Mn(OAc),-4H,0 DMSO KI 76
4 Mn(OAc),-4H,0 DMSO - 86
5 Mn(OAc),-4H,0 DMAS - 47
6 Mn(OAc),-4H,0 toluene - 25
7 Mn(OAc),-4H,0 DCE - 13
8d Mn(OAC),-4H,0 DMSO - 66
9e Mn(OAc),-4H,0 DMSO - 47
10f Mn(OAc),-4H,0 DMSO - 72
11 - DMSO - 28
129 Mn(OAC),-4H,0 DMSO - 12
13 Mn(OAc),-4H,0 DMSO - 32
14 MnCl,-4H,0 DMSO - 27
15 (TCPP)MnCI DMSO - 19

2 Reaction conditions: 1a (0.5 mmol), 2a (1.5 mmol), catalyst (5 mol %), sol-
vent (2 mL), 110 °C, 12 h, under air.

b|solated yield.

¢ DMA = N,N-dimethylacetamide

4125°C.

¢80 °C.

fMn(0AC), (3 mol%).

9Under N,.

" Solvent 1 mL.

i'TCPP = T(p-CI)PP.

A screening of solvents revealed that DMSO was better
than other solvents such as N,N-dimethylacetamide (DMA),
DCE, or toluene (Table 1, entries 4-7). The effects of the re-
action temperature on the decarboxylative coupling reac-

tion in the temperature range 80-125 °C was also investi-
gated, and the reaction performed at 110 °C gave the best
result (entry 4); lowering or raising the reaction tempera-
ture gave much lower yields (entries 8 and 9). When the
amount of the catalyst was reduced to 3 mol%, the yield
reached 72% (entry 10). Surprisingly, the vinyl sulfone 3a
could be isolated in 28% yield in the absence of a manga-
nese catalyst (entry 11). In addition, the manganese cata-
lysts  MnCl, and chloro[tris(4-chlorophenyl)phos-
phine]manganese [(TCPP)MnCl] gave sulfone 3a in 27% and
19% yield, respectively (entries 14 and 15). On the basis of
these results, we decided to set the optimal conditions as
follows: 1a (0.5 mmol), 2a (1.5 mmol), and Mn(OAc),-4H,0
(5 mol%) in DMSO at 110 °C under air for 12 hours.

With the optimized protocol in hand, we explored the
substrate scope of the decarboxylation reaction. As shown
in Table 2, the reaction worked well for a wide variety of

Table 2 Substrate Scope for the Synthesis of Vinyl Sulfones®'?

o)
il
X COOH Mn(OAc)2 S
N (5 mol%) X 11™~R2
R _ + RSO, —— 7 5 gt 0
DMSO, air, 110 °C =z

1a 2a 3a
Entry R R2 Product Yield® (%)
1 4-Me Ph 3ab 74
2 4-Cl Ph 3ac 69
3 4-F Ph 3ad 64
4 4-Br Ph 3ae 65
5 2-c Ph 3af 63
6 4-OMe Ph 3ag 72
7 2-OMe Ph 3ah 67
8 3-OMe Ph 3ai 62
9 4-NO, Ph 3aj 80
10 2-NO, Ph 3ak 61
11 3-NO, Ph 3al 73
12 H 4-MeCgH, 3am 63
13 H 4-BrCgH,4 3an 57
14 4-NO, 4-MeCgH, 3ao 53
15 3-NO, 4-MeCgH, 3ap 62
16 4-Me 4-MeCgH, 3aq 65
17 4-F 4-MeCgH,4 3ar 66
18 4-Cl 4-MeCgH, 3as 70
19 2-Cl 4-MeCgH, 3at 57
20 4-Br 4-MeCgH, 3au 63
21 H Me 3av =<

3 Reaction conditions: 1 (0.5 mmol), 2 (1.5 mmol), catalyst (5 mol %), sol-
vent (2 mL), 110 °C, 12 h, under air.

b Isolated yield.

¢ Messy reaction.

© Georg Thieme Verlag Stuttgart - New York — Synlett 2016, 27, A-D

Downloaded by: Cornell. Copyrighted material.



Synlett N. Xue et al.

o

Oo=m=

(@ o
X _-COOH S N
BN ~ standard
©/\/ + (j ONa condmons
4
TEMPO (1.1 equiv)
1a 2a

not observed

(b) ”
X ~COOH standard
U condmons (j/v \©
BHT (1.1 equiv)
1a

<5%
© Xy _-COOH ICSI) “
OO e OO
& DMSO 110 °C
1a 2a
28%

(o}
II II

(d)
N 000H A
©/\/ R (j/ “ONa Mn(OAG), (1 equiv) ©/\/||\©
Z DMAc, Ny, 110 °C
1a 2a

trace
Xy_-COOH
©/\/ ©/ M(OA (1 equit) ©/\/ \O
Scheme 1 Control experiments

DMAc, Np, 110 °C

45%

substituted cinnamic acids 1, and the products were isolat-
ed in yields of 57-80% (Table 2, entries 1-8). Substrates
with electron-donating or electron-withdrawing groups on
the phenyl ring of the cinnamic acids all provided the de-
sired vinyl sulfones in good yields. Cinnamic acids 1 with
ortho-, meta- or para-nitro substituents all gave similar
yields of the corresponding products (Table 2, entries 9-
11); these results are important because the nitro group
can be easily converted into other functional groups. Addi-
tionally, we found that methyl- and bromo-substituted so-
dium benzenesulfinates 2 gave the desired vinyl sulfones 3
satisfactorily in 53-76% yield (entries 12-20). Unfortunate-
ly the reaction was quite messy when a sodium alkanesulfi-

% A ﬁ —OMn(lIly*
O O
Ar

Mn(lly

Scheme 2 Possible reaction mechanism

nate, sodium methanesulfinate, was used as the reactant
(entry 21).

To shed some light on the reaction mechanism, several
control reactions were carried out. When the reaction of 1a
with 2a was conducted under the optimal conditions in the
presence of radical inhibitors such as TEMPO or 2,4-di-tert-
butyl-4-methylphenol (BHT), the reaction was completely
inhibited (Scheme 1, a and b). These results suggested that
our reaction might be a free-radical-based process. In addi-
tion, when we ran the reaction without the Mn(OAc),-4H,0
catalyst, the yield of 3a was only 28% (Scheme 1, c), show-
ing that the catalyst is essential for obtaining 3a in good
yield. On the other hand, when the reaction was performed
with a stoichiometric amount of Mn(OAc),-4H,0 in DMA
under N,, the product 3a was only isolated in a trace
amount (Scheme 1, d). In comparison, replacing the
Mn(OAc),-4H,0 catalyst with one equivalent of
Mn(OAc);-2H,0 afforded 3a in 45% yield (Scheme 1, e). This
suggested that the true catalyst in the reaction might be a
Mn(III) species. Because a much lower yield was obtained in
DMA than in DMSO, we believe that DMSO might play an
important role in the reaction in addition to forming com-
plexes with the Mn catalyst.

On the basis of these results and literature prece-
dents,!%-18 we propose the tentative mechanism shown in
Scheme 2.

We believe that the reaction begins with the oxidation
of Mn(OAc), by O, to give a Mn(III) species that forms inter-
mediate A by anion exchange with cinnamic acid. At the
same time, sodium benzenesulfinate is oxidized by DMSO
or a Mn(III) species to the corresponding sulfinate radical B.
Next, B adds to the double bond of intermediate A to form
adduct C. Subsequently, through homolysis of the Mn-car-
boxylate bond, adduct C is transformed into the biradical
intermediate D, which, upon loss of one molecule of CO,,
gives the final product 3a. Because the trans product is
formed exclusively, this reaction is clearly a thermodynami-
cally controlled process.

In summary, an efficient method has been developed for
the synthesis of vinyl sulfones through decarboxylation of
various cinnamic acids with sodium benzenesulfinates
with air as the oxidant. Unlike other methods, our reaction

@/\/coowmuu)*
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does not use any iodide salt as additive. The success of the
reaction is critically dependent on the use of Mn(OAc), as
catalyst. In addition, the use of DMSO as the solvent is also
pivotal. Preliminary mechanistic studies suggest that this
reaction is likely to proceed through a radical pathway.
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