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A new efficient method for the direct alkenylation of 3-aryl-
sydnones by palladium-catalyzed C-H functionalization was

developed. The reaction proceeded smoothly at room tem-
perature and delivered the product in yields up to 83 %.

Introduction

In recent years, transition-metal-catalyzed C—H bond ac-
tivation reactions have gained interest from academic and
industrial chemists,!' because they can significantly simplify
and shorten a synthetic route and because they allow the
utilization of affordable, readily available starting materials.
The Pd-catalyzed direct cross-coupling of arenes and ole-
fins, also called the oxidative Heck-type reaction or the Fu-
jiwara—Moritani reaction,/! is a representative of such reac-
tions. The transformation has high atom economy because
the formation of a C—C bond occurs from two C—H bonds.
However, previous reports on these reactions indicated that
the processes often require the use of elevated temperatures
(80 to 180 °C),B®! which severely limits the compatibility of
the substrates and their large-scale applications. Developing
milder reaction conditions that can proceed at ambient tem-
perature is necessary in widening the applicability of these
transformations.

Sydnones are unique, dipolar, five-membered heterocy-
cles that are part of an intriguing family of mesoionic com-
pounds. Over the years, sydnones have gained significant
interest because of their biological value as antibacterial,®!
antiinflammatory,[® antimalarial,[’! analgesic, antipyretic,®!
and antineoplastict®! agents, in addition to their potential
use as therapeutic agents,! liquid crystals,['% and electro-
lytic solvents.!!! Previous research on the olefination of syd-
nones focused on the use of sydnones (or 4-halosydnones)
and alkenyl halides (or alkenyl boronic acids) as the starting
materials;['?l these processes often need preformation of the
alkenyl halide, alkenyl boronic acid, or 4-halosydnone,
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which leads to low atom economy of these transformations.
The direct alkenylation of 3-arylsydnones by alkenes offers
a cleaner and more efficient method of meeting such goals;
no example of such a transformation has been reported.
Considering the great medicinal significance and applica-
tions of sydnones and inspired by the oxidative Heck-type
reaction, we became interested in the use of new methods
for the direct alkenylation of sydnones under mild and op-
erationally simple conditions.

In this paper, we report a new and convenient method
for the oxidative coupling of 3-arylsydnones with alkenes
through Pd-catalyzed C—H bond functionalization. The di-
rect alkenylation of 3-arylsydnones at room temperature by
the oxidative Heck-type reaction is exploited (Scheme 1).

N<o
N-<g H Pd(OAc), AgOAc ~ Ar—N{
Ar—N* — R _
— + O
- R CHyCly,rt.,24h A\
H
R

Scheme 1. Direct alkenylation of 3-arylsydnones.

Results and Discussion

To confirm the optimum reaction conditions, we selected
the reaction of 3-p-tolylsydnone (1a) with styrene (2a) as a
model reaction and conducted the experiment under vari-
ous reaction conditions. Table 1 shows that upon treating
1a with 2a (2.0 equiv.) in the presence of Pd(OAc), (10 mol-
%) and K,S,0g (2.0 equiv.) in 1,2-dichloroethane (DCE) at
25°C for 24 h, product 3a was isolated in 35% yield
(Table 1, entry 1). If the temperature was increased to 60,
90, and 120 °C, the yield decreased to 30, 32, and 28%,
respectively (Table 1, entries 2-4). Different solvents were
examined. If the DCE solvent was replaced by dichloro-
methane, ethoxyethane, acetone, or acetonitrile, product 3a
was obtained in 42, 33, 37, or 15% yield, respectively
(Table 1, entries 5-8). Various oxidants were studied. Upon
using O, (101.3 kPa), Cu(OAc),, benzoquinone (BQ), or no
oxidant, the yield of product 3a was 26, 24, 27, or 20%,
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respectively (Table 1, entries 9—12). Surprisingly, if Ag,CO3
or AgOAc was used as the oxidant, product 3a was ob-
tained in 76 or 81% yield, respectively (Table 1, entries 13
and 14). Upon reducing the dosage of Pd(OAc), to 0.05 and
0.02 equiv., the yields decreased to 65 and 52% (Table 1,
entries 15 and 16). The effects of different catalysts on the
formation of 3a were also remarkable. Upon using Cul,
Cu(OAc),, or FeCls as the catalyst, product 3a was not ob-
tained (Table 1, entries 17-19). Ultimately, the optimized re-
action conditions were determined to include Pd(OAc),
(0.1 equiv.) as the catalyst and AgOAc (2.0 equiv.) as the
oxidant in dichloromethane as the solvent at 25 °C with a
1a/2a molar ratio of 1:2 in air for 24 h (Table 1, entry 14).

Table 1. Screening for optimal reaction conditions.[®

N-o
o O
Me@N* J conditions .
ot °
(on Ph N\
H
1a 2a 3a Ph
Entry  Catalyst Oxidant Solvent T Yield®!
°Cl %]
1 Pd(OAc), K.8,0;5  DCE 25 35
2 Pd(OAc), K.8,05  DCE 60 30
3 Pd(OAc), K.8,05  DCE 90 32
4 Pd(OAc), K.8,05  DCE 120 28
5 Pd(OAc), K.8,0s  CH,Cl, 25 42
6 Pd(OAc), K805  Et,0 25 33
7 Pd(OAc),  K,S,0g4 acetone 25 37
8 Pd(OAc), K-804  CH,CN 25 15
9 Pd(OAc), O, CH,Cl, 25 26
10 Pd(OAc), Cu(OAc), CH,Cl, 25 24
1 Pd(OAc), BQ CH,Cl, 25 27
12 Pd(OAc),  none CH,Cl, 25 20
13 Pd(OAc), Ag,CO;  CH,CL, 25 76
14 Pd(OAc), AgOAc  CH,Cl, 25 81
15 Pd(OAc), ¥ AgOAc  CH,Cl, 25 65
16 Pd(OAc),! AgOAc  CH,Cl, 25 %2
17 Cull none CH,Cl, 25 0
18 Cu(OAc),1  none CH,Cl, 25 0
19 FeCl,lel none CH,Cl, 25 0

[a] Reaction conditions:

A mixture of 1la (0.2mmol), 2a

(0.4 mmol), catalyst (0.1 equiv., unless otherwise noted), oxidant
(2 equiv.), and solvent (4 mL) was stirred in a sealed tube for 24 h.
[d] 0.05 equiv.

[b] Yield of

isolated product.

[c] 101.3 kPa.

[€] 0.02 equiv. [f] 0.2 equiv. [g] 0.3 equiv.

To extend the present reaction, we allowed la to react
with various alkenes under the optimized reaction condi-
tions. These results are presented in Table 2. Alkenes such
as a-menthylstyrene (2b), acetates 2¢ and 2e, acrylamide
(2d), cyclohexene (2f), thiophene (2g), and acrylates 2h and
2i reacted with 1a to provide the coupled products in mod-
erate to good yields, whereas a-menthylstyrene (2b) and
thiophene (2g) resulted in slightly lower yields (Table 2, en-
tries 2 and 7). This may be caused by steric hindrance of 2b
or the low conversion of 2b and 2g at room temperature.
Interestingly, the use of vinyl acetate (2¢) and cyclohexene
(2f) as the coupling partner led to the formation of terminal
alkene 3¢ and 4-(cyclohex-2-enyl) product 3f, respectively
(Table 2, entries 3 and 6). The latter may undergo double-
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Table 2. Direct alkenylation of 3-p-tolylsydnone with various alk-
enes.[

Pd(OAC),, oN-o
aN~o AgOAc Me N
O 2 .
)Aoe CH,Cly, S
H rt,24h
R
Entry Alkene 2 Product 3 Yield®™
[%]
N~
Me—< :}—ﬁ 0
7N\
2 ph o
1 81
2a \
Ph
3a
oN~
Me ,/0
Me o°
2 Ph N\ 22
2b Me
Ph
3b
N~
0 Me@—ﬁ” ?
M ~
3 207 e ﬁoe 75
2¢ N\
3¢
N~
Me—< :}—ﬁ"/o
oy e o®
4 5 N\ 66
2d
o NMe,
3d
N~
et
)
_~_O_Me o
7 \
5 0 44
2 L
e
° Me
3e
N~
Me—< :}—ﬁ 0
—
0°
. O 5
2f
3f
N~
Me—< :}—ﬁ"/o
U\ °
7 s _ © 20
2 <
3g
N~
O
/\H/OMe 0°
8 o \ 61
2h
O~ "OMe
3h
N~
Me—< :}—I?l"/o
/\H/OEt o
9 o \ 56
2i
O~ "OEt
3i
N~
O3
/\“/OtBu 0°
10 o \ 40
2j
O~ "OtBu

3i

[a] Reaction conditions: A mixture of 1a (0.2 mmol), 2 (0.4 mmol),
Pd(OAc), (0.02 mmol), AgOAc (0.4 mmol), and CH,Cl, (4 mL)
was stirred in a sealed tube at 25 °C for 24 h. [b] Yield of isolated
product.
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Table 3. Direct alkenylation of 3-arylsydnones with styrene.[?!

eN-o
ol-o PA(OA), AgOAC N\
AN | 4 pp —d(OACk AGOAC 00
oe CHzclz, rt,24h \
H
Ph
Entry 3-Arylsydnone 1 Product 3 Yield™
[%]
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_
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2 \%koe ?k 60
1c Ph
31
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@)
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N’ 0°
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F N o®
4 o°® N\ 44
le Ph
3n
N-
eN-o
o o
@,"~0 =
5 “Ngo N 37
1f Ph
3o
cl
cl oN~
@, =0 = o
6 N _ o 41
o° N\
1g Ph
3p
F3C
&% s
oN~o = o
7 N ) 36
o N
1h Ph
3q
cl

cl aN~
Sy ORS
@, 0 = o
N o
\/k S 24

1i Ph

[a] Reaction conditions: A mixture of 1 (0.2 mmol), 2a (0.4 mmol),
Pd(OAc), (0.02 mmol), AgOAc (0.4 mmol), and CH,Cl, (4 mL)
was stirred in a sealed tube at 25 °C for 24 h. [b] Yield of isolated
product.
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bond isomerization,['*] and the cause of the former may be
B-OAc elimination.!'4]

The scope of the 3-arylsydnones was also examined, and
the results are summarized in Table 3. 3-Phenylsydnone (1d)
and its derivatives with electron-donating groups, such as
methoxy (see compound 1b) and methyl (see compound 1c),
or electron-withdrawing groups, including halo (see com-
pounds le-g and 1i) and trifluoromethyl (see compound
1h), on their aryl rings were smoothly alkenylated with styr-
ene in moderate to good yields (Table 3, entries 1-8). Com-
pared with 1d, the presence of an electron-donating group
in the aryl ring of 3-arylsydnone (see compounds 1b and
1c) remarkably increased the reaction yield (Table 3, en-
tries 1-3). By contrast, the presence of one or two electron-
withdrawing substituents on the aryl ring of 3-arylsydnone
(see compounds le-i) led to reactions that provided rela-
tively low yields of product 3 (Table 3, entries 4-8). Gen-
erally, substrates 1 consisted of electron-donating groups
that exhibited stronger electron-donating effects, and this
resulted in higher yields; substrates 1 with electron-donating
substituents in the para position provided higher yields than
those with substituents in the meta position. These observa-
tions are in contrast to the behavior of substrates 1 contain-
ing electron-withdrawing groups.

On the basis of the typical mechanism for Pd-catalyzed
dehydrogenative Heck reactions,['®3¢1 a possible reaction
mechanism is shown in Scheme 2. Initially, electronic attack
of Pd™ on 3-arylsydnone 1 and subsequent deprotonation
form species A,!'3 which inserts into the alkene to provide
intermediate B. This step is followed by B-hydride elimi-
nation, which results in palladium hydride and product 3.
Reductive elimination of HPdOAc results in Pd® and acetic
acid. Pd" is regenerated from the oxidation of Pd® by silver
acetate.

Ag® AF_N%A
—
o
Ag Pd(OAC), o
HOAc
Pd0
HOAc
N~
Ar—N*
HPdOAc o
AcOPd
A
N~
Ar—N* N~
o Ar—N*
o8 R
\ 2
R PdOAc
3 R
B
Scheme 2. Possible mechanism for the formation of 3.
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Conclusions

In summary, a mild and efficient method for the direct
palladium(IT)-catalyzed alkenylation of 3-arylsydnones was
developed. The reaction was conducted at room tempera-
ture and provided the coupled product in moderate to good
yields. These products are important heterocyclic com-
pounds that are used in medicinal and biological research.

Experimental Section

General Procedure for the Synthesis of Product 3: A mixture of 3-
arylsydnone 1 (0.2 mmol), alkene 2 (0.4 mmol), Pd(OAc),
(0.02 mmol), AgOAc (0.4 mmol), and dichloromethane (4 mL) was
stirred in a sealed tube at room temperature for 24 h. After the
reaction was complete (as monitored by TLC), the solvent was
evaporated in vacuo. The resulting residue was purified by prepara-
tive TLC (petroleum ether/ethyl acetate, 4:1 v/v) to yield 3.

Supporting Information (see footnote on the first page of this arti-
cle): Spectral data and copies of the 'H NMR and '3C NMR spec-
tra for all products 3.
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