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A Pd-catalyzed desulfitative Heck-type reaction of aromatic sulfinic acid sodium salts with various olefins is developed with O, as the terminal

oxidant under mild conditions. The presence of phosphane ligand DPEphos in anisole can significantly enhance the reaction selectivity.

Transition metal-catalyzed C—C and C—heteroatom
bond forming reactions are among the most powerful
methods in organic synthesis and play a crucial role in
medicinal chemistry, fine chemicals, and material science.
Among them, the palladium-catalyzed Mizoroki—Heck
reaction has proven to be one of the most powerful and
versatile processes for C—C double bond formation both
in preparative laboratories and in industrial applications.’
Traditionally, the Heck reaction was defined as the
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palladium-catalyzed coupling of an aryl halide with an
olefinic substrate in the presence of phosphane ligand and
base (Scheme 1, eq 1).> Other highly efficient catalyst
systems have been developed using aryl triflates,* diazo-
nium salts,’ and aroyl halides and sulfonyl halides® as aryl
sources rather than aryl halides. In recent years, other aryl
sources for Mizoroki—Heck-type reactions have been
widely studied. Pioneered by Fujiwara and Moritani,’
oxidative olefination of C—H bonds using alkenes repre-
sents a potential atom-economy strategy to functionalize
arenes directly (Fujiwara—Moritani reaction).® This pro-
cess is highly attractive in that no prior functionalization of
the arene is necessary (eq 2). Another important feature of
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Scheme 1. Transition Metal-Catalyzed Heck-Type Reactions
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this process is that water is the only waste when dioxygen is
used as the terminal oxidant.’

In 2002, Myers and co-workers reported a Pd-catalyzed
decarboxylative Heck coupling of benzoic acids with olefins,
providing an attractive alternative to traditional Heck
couplings.'® Since then, this protocol has been widely inves-
tigated by using carboxylic acids as the aryl sources (eq 3).""
Similarly, decarbonylative Heck-type reactions were also
developed using carbonyl compounds such as carbonic acid
chlorides,'? anhydrides,'® and esters'* as substrates.

Arenesulfonyl chlorides are active compounds and are
used as starting materials for preparing compounds con-
taining a sulfonyl group. The sulfonyl group is common in
organic materials, bioactive molecules, and pharmaceu-
ticals."> Arenesulfonyl chlorides are also used as aryl
sources for C—C bond forming reactions via desulfitative
Heck-type reactions. The first palladium-catalyzed desul-
fitative C—C double bond-forming reactions with arene-
sulfonyl chlorides were developed by Kasahara et al. and
Miura and co-workers under high reaction temperature
(>130 °C).'"® Compared to the active and moisture
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Table 1. Optimization of the Reaction Conditions”

Ph—SO;Na + 27 COBU — 2w py Sy -COBU + Ph—TsT—/_ 0B
1a 2a 3a oAa
yield(%)?
entry catalyst ligand solvent 3a 4a
1  Pd(OAc), DMF 25 22
2 Pd(acac), DMF 13 8
3  Pd(COD)CI, DMF 28 35
4  Pd(CH3CN).Cly DMF 30 35
5 PdBr, DMF 60 20
6 PdOI, DMF 80 18
7 PdCl, PPhy DMF 63 27
8 PdCl, dppe DMF 50 30
9 PdCl, dppb DMF 45 33
10 PdCl, DPEphos DMF 88 10
11  PdCl, 1,10-Phen DMF 1 10
12 PdCl, L-phenylalanine DMF n.d. 60
13  PdCl, DPEphos 1,4-dioxane 77 22
14 PdCl, DPEphos DMSO 70 28
15 PdCl, DPEphos diglyme 9 1
16 PdCl, DPEphos anisole 95 nd.
17 PdCl, DPEphos anisole/H,O 90 n.d.
18° PdCl, DPEphos anisole 50 30

“Conditions: 1a (0.4 mmol), 2a (0.2 mmol), catalyst (5 mol %),
ligand (5 mol %), solvent (0.4 mL), 85 °C, 24 h under an atmosphere of
oxygen unless otherwise noted. ” GC yield based on 2a. n.d. = not
detected (below 1% yield), the E/Z ratio is >20:1 as determined by 'H
NMR. “Under air.

sensitive arenesulfonyl chloride, sulfinic acid sodium salts
are stable and easy to handle. Thus, sulfinic acid sodium
salts have the potential to serve as the ideal aryl sources for
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C—C bond-forming reactions via release of SO,. Cur-
rently, research has been mainly focused on using sodium
arenesulfinates as sulfonylation reagents.'” Research on
desulfitative C—C bond formation is rare.'® Herein we re-
port a palladium-catalyzed desulfitative Heck coupling of
arenesulfinic aicd sodium salts with alkenes under mild reac-
tion conditions using oxygen as the terminal oxidant (eq 4).

We began our investigation by screening various palla-
dium salts for desulfitative Heck coupling between benze-
nesulfinic acid sodium salt (1a) and n-butyl acrylate (2a),
and the results are summarized in Table 1. When n-butyl
acrylate reacted with 2 equiv of benzenesulfinic acid
sodium salt in the presence of 5 mol % of Pd(OAc),, the
desired product was observed in 25% yield along with 22%
of conjugate addition product n-butyl 3-(phenylsulfonyl)-
propanote (4a) as detected by GC-MS and '"H NMR meth-
ods (Table 1, entry 1) using 1 atm of oxygen as oxidant.

Table 2. Desulfitative Heck Coupling of 1a with Olefins®

PdCl,
. DPEphos
Ph—SO,Na +  olefin ——————  product
85°C, 24 h
1a 2 3
entry olefin product yield(%)®
1 i 2 i 3 8
n a 5 a 5
sl SR
o] o]
2 \)k - 2 /\)k e 3 70
(8} PH o]
o] o]
3 2c 3¢ 75
\AO/\ Ph/\)ko/\
o] o]
4 2d 3d 68
\AOAPh Ph/\)ko/\Ph
o o]
5 ! 2e ! 3e 70
PN o Ph/\/lkO’Bu
CO,Et Ph COLEt
8 2f — 3f 65
CO,Et CO,Et
2 -CO,Et fh
7 21 2, 3 30
P X . ot 9
8 P 2h Ph\/\ph 3h 77

12 AN 2l PR A~en 3l 43

“Conditions: 1a (0.4 mmol), 2 (0.2 mmol), PdCl, (5 mol %),
DPEphos (5 mol %), anisole (0.4 mL), 85 °C, 24 h, under oxygen.
bsolated yield based on 2, the E/Z ratio of product is > 20:1.

Subsequently, various palladium(II) salts were tested for
this desulfitative Heck coupling reaction using oxygen as
the terminal oxidant. Similar yields were observed when
Pd(acac),, Pd(COD)Cl,, and Pd(CH;CN),Cl, were used
as the catalysts (entries 2—4). A moderate yield was
obtained when PdBr, was used (entry 5). The yield was
further improved by using PdCl,, and the desired product
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was obtained in 80% yield along with 18% of 4a (entry 6).
To improve the selectivity, various ligands were investi-
gated for this transformation. Phosphine ligands such as
PPh;, dppe [1,2-bis(diphenylphosphino)ethane], and dppb
[1,4-bis(diphenylphosphino)butane] all decreased the reac-
tion selectivity (entries 7—9). The combination of PdCl,
with DPEphos [bis(2-diphenylphosphinophenyl) ether]
could slightly improve the selectivity (entry 10). Other
nitrogen-containing ligands such as 1,10-phenanthroline
and L-phenylalanine were not efficient ligands for this reac-
tion and only a trace amount of the desired product was
observed (entries 11 and 12). The effect of solvents on this
reaction was investigated. The reaction was efficient in 1,4-
dioxane and DMSO (entries 13 and 14). The reaction in
diglyme gave the desired product in 90% yield along with a
trace amount of 4a (entry 15). The best yield and selectivity
were obtained in anisole. The desired product was ob-
tained in 95% yield and no conjugate addition product was
detected (entry 16, the E£/Z ratio > 20). To our delight, in
contrast to decarboxylative reactions, the reaction is not
sensitive to water, and a 90% yield was obtained in the
presence of 10 equiv of water (entry 17). The reaction is less
efficient in air (entry 18).

The desulfitative Heck coupling of benzenesulfinic acid
sodium salt 1a with various olefins was conducted under
optimized conditions, and the results are summarized in
Table 2. For the scope of electron-poor olefin substrates,
methyl-, ethyl-, benzyl-, and rert-butyl acrylate reacted
with 1a to give desulfitative Heck—Mizoroki products
3b, 3¢, 3d, and 3e in good yields and with high selectivities

Table 3. Desulfitative Heck Coupling of 2a with Various
Sodium Sulfinates®

PdCl,
A—SONa + A COBu —EPIOS | A COBu
85°C, 24 h
1 2a 3
entry sodium sulfinate product yield(%)?

SO,Na 2 -CO2BuU
1 /©/ /©/\/ 3m 85
SO,Na 2, CO,Bu
2 /©/ 1c /©/\/ 3n 84
MeQ MeQ
SO,Na 2COzBu
3 /©/ 1d /©/\/ 30 77
t-Bu t-Bu
SO,Na 3 COzBuU
4 Q/ 1e O/\/ 3p 50
F F
SO;Na 2, -CO2BuU
5 /©/ 1% /(j/V 3q 78
Br Br
SO,Na 5 COBu
8 /©/ 1g /©/\/ 3r 75
F3C F3C
SO,Na %, CO,Bu
7 /©/ 1h /©/\/ 3s 49
O,N O,N
SO;Na 2, COzBu
T O e

“Conditions: 1 (0.4 mmol), 2a (0.2 mmol), PdCl, (5 mol %),
DPEphos (5 mol %), anisole (0.4 mL), 85 °C, 24 h, under oxygen.
b Isolated yield based on 2a, the E/Z ratio of product is >20:1
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over conjugate addition (Table 2, entries 2—5). When
itaconic acid diethyl ester (2f) was employed, the desired
product was obtained in 65% yield (entry 6). However, a
much lower yield was obtained when ethyl cinnamate (2g)
was used as substrate (entry 7). Simple olefins were also
investigated for this kind of transformation. Styrene,
4-methystyrene, and 4-vinylbenzyl acetate were success-
fully coupled with 1a and gave the desired products in
77%, 85%, and 64% yield, respectively (entries 8—10).
Only moderate yields were obtained when o-methylstyrene
(2k) and acrylonitrile (2/) were used (entries 11 and 12).

The reaction results of arylsulfinic acid sodium salts with
n-butyl acrylate 2a are presented in Table 3. A series of
functional groups including methyl, methoxy, fluoro, bro-
mo, and trifluoromethyl were tolerated under the optimal
reaction conditions, and the desired products were ob-
tained in moderate to good yields (entries 1—6). A moder-
ate yield was obtained when (4-nitrophenyl)sulfinic acid
sodium salt reacted with 2a (entry 7). More steric sub-
strates such as 2-naphthylsulfinic acid sodium salt also
efficiently reacted with n-butyl acrylate and gave the
product in 71% yield (entry 8). In all cases, E-1,2-disub-
stituted alkenes were the major products as determnined
by a '"H NMR method.

In summary, we have developed a new Pd-catalyzed
method for the desulfitative Heck coupling of various
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aromatic sulfinic acid sodium salts with a wide range of
olefins by using dioxygen as the terminal oxidant under
mild conditions. Theloss of SO, occurred at 85 °C, which is
much lower than the loss of CO, (usually >150 °C).
Ligands and solvents played an important role in the
selectivity of the reaction, and the combination of PdCl,/
DPEphos in anisole gave the desired product in very high
yield and selectivity. No conjugate addition byproducts
were detected under the optimized conditions. A very high
reaction yield still could be achieved in the presence 10
equiv of water. Studies into the mechanism and further
application of the reaction will be the focus of our future
work.
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