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Versatile palladium-catalyzed C–H olefination
of (hetero)arenes at room temperature†

Zhijie She, Yang Shi, Yumin Huang, Yangyang Cheng, Feijie Song* and
Jingsong You*

The room-temperature oxidative C–H/C–H cross-couplings between

(hetero)arenes and alkenes, coumarins or quinones have been reported

by using a highly electrophilic palladium species [Pd(TFA)2], generated

in situ from Pd(OAc)2 and TFA, as the catalyst and cheap (NH4)2S2O8 as

the oxidant under air.

The oxidative C–H/C–H cross-coupling of arenes with alkenes,
known as the Fujiwara–Moritani reaction,1 has been recognized as a
powerful strategy for the synthesis of vinyl arene derivatives.2 The
olefination of various aromatic compounds including arenes bearing
directing groups has been achieved by using Pd,3 Rh,4 and Ru5

complexes as the catalysts. Compared with the Mizoroki–Heck
reaction that employs aryl halides as the coupling partner, the
Fujiwara–Moritani reaction avoids the prefunctionalization of
the aryl counterparts and obviates the production of salt waste
generating from aryl halides and bases. However, such transfor-
mations usually necessitate elevated temperatures to facilitate
the cleavage of C–H bonds. Very recently, a few examples of the
chelation-assisted olefination of arenes at room temperature
have been realized by using acetamides,6 allylic C–C double
bonds,7 N-oxides,8 and N-nitrosos9 as the directing groups
(Scheme 1A). In contrast, the room-temperature C–H olefination
of non-chelation-assisted arenes remains unsolved (usually, the
reaction temperature ranges between 90 1C and 180 1C).3a–g,4e,5a

From both academic and industrial points of view, it is desirable
to realize the direct C–H bond olefination of simple arenes under
mild reaction conditions.

Pd(TFA)2 has been demonstrated to be a highly efficient
catalyst for the direct C–H functionalization of arenes. By
employing this highly electrophilic palladium species (some-
times generated in situ from Pd(OAc)2 and TFA) as the catalyst, a
large number of transformations such as addition,10 acetoxylation,11

arylation,11,12 carboxylation,13 and decarboxylative acylation
reactions14 have been realized at ambient temperature. Following
our continuous interest in the direct C–H olefination reactions,3k,8,15

we envisioned that it was possible to realize the C–H olefination of
simple arenes under mild reaction conditions by using Pd(TFA)2 as
the catalyst. The high electrophilicity of Pd(TFA)2 may favor the C–H
metalation of arenes and thus facilitate the occurrence of the
subsequent olefination reaction. In this communication, we
would like to report the room-temperature oxidative C–H/C–H
cross-coupling of simple arenes with alkenes by using [Pd(TFA)2]
generated in situ from Pd(OAc)2 and TFA, as the catalyst and
cheap (NH4)2S2O8 as the oxidant (Scheme 1B). Notably, this
protocol is also applicable to the alkene-related structures such
as quinones and coumarins.

Initially, the reaction of benzene 1a with methyl acrylate 2a
was optimized at room temperature (eqn (1) and Table S1, ESI†).
No reaction occurred when 10 mol% Pd(OAc)2 or Pd(TFA)2 was
used as the catalyst in the presence of 2.0 equiv. of (NH4)2S2O8

(Table S1, entries 1 and 2, ESI†). However, addition of 5.0 equiv.
of trifluoroacetic acid (TFA) to the Pd(OAc)2 or Pd(TFA)2 system
delivered the desired product 3a in 81% and 72% yields,
respectively (Table S1, entries 3 and 4, ESI†). These results
indicated that the in situ generated [Pd(TFA)2] was crucial for

Scheme 1 Room-temperature C–H olefination of arenes.
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the smooth occurrence of the reaction. The use of K2S2O8, Na2S2O8,
and NFSI as oxidants afforded 3a in 57–71% yields (Table S1,
entries 6–8, ESI†). Notably, 1.0 atm of O2 could also promote the
formation of 3a, albeit with a lower yield of 44% (Table S1, entry 9,
ESI†). We also screened the amounts of Pd(OAc)2, TFA, and
benzene (Table S1, entries 11–15, ESI†) and found that 75.0 equiv.
of benzene in combination with 10 mol% of Pd(OAc)2, 5.0 equiv. of
TFA, and 2.0 equiv. of (NH4)2S2O8 constituted the optimal reaction
conditions to afford 3a in 81% yield (Table S1, entry 3, ESI†).
Decreasing the amounts of benzene led to the lower yields of 3a
and 3.0 equiv. of benzene could not afford any 3a (Table S1, entries
14 and 15, ESI†).

(1)

With the optimized reaction conditions in hand, we then
explored the substrate scope with respect to arenes and alkenes
(Table 1). Electron-deficient alkenes such as acrylates, b-substituted
acrylates, and vinylphosphonate efficiently underwent the coupling
reaction with benzene 1a to give the olefinated products in good
yields (Table 1, 3a–3f). Notably, the reaction of benzene with
(E)-methyl 3-(4-methoxyphenyl)acrylate 2e delivered (E)-3e as a
single product, demonstrating a high E/Z selectivity of the
coupling reaction with 1,2-disubstituted alkenes. Mono, di, and

tri-substituted arenes were amenable to this reaction (Table 1,
3g–3k). The substituents on arenes could be electron-rich groups
such as methyl and methoxyl groups. However, the electron-deficient
groups such as bromo and chloro were not tolerated. It was worth
noting that the para-olefinated product 3g was obtained as a single
isomer when anisole was subjected to the standard conditions.

Subsequently, we investigated the feasibility of this protocol
for the C–H cleavage/olefination of electron-rich heteroarenes.
Thiophenes, benzothiophenes and benzofurans coupled with
methyl acrylate 2a to afford the desired 3l–3q in 51–87% yields.
Remarkably, the amount of heteroarenes was allowed to be
decreased to 0.5 equiv. in these cases, demonstrating the
higher reactivity of heteroarenes than arenes in the catalytic
system. When a thiophene was employed as the substrate, both
the mono- and di-olefinated products 3n–1 and 3n–2 were
obtained with 3n–2 as the major product. Unfortunately, the
reaction of indoles with acrylate afforded complex mixtures
probably due to the easy oxidation and decomposition of
indoles under the strong oxidative conditions.

Next, we continued to expand the substrate scope of this
protocol. The synthesis of arylated coumarins has drawn the
interest of many chemists16 because such molecules exhibit a
broad range of biological activities.17 Very recently, Jafarpour
and co-workers reported the regioselective C3-arylation of cou-
marins by using 10 mol% Pd(OAc)2 as the catalyst and TFAA as
the additive at a high temperature of 120 1C.16d As coumarins
could be regarded as the ester-substituted cyclic alkenes, we thenTable 1 Pd(II)-catalyzed oxidative C–H/C–H cross-coupling of (hetero)-

arenes with alkenes under air at room temperaturea,b

a Reaction conditions for arenes: alkene (0.3 mmol), arene 1 (22.5 mmol),
Pd(OAc)2 (0.03 mmol, 10 mol%), (NH4)2S2O8 (0.6 mmol) and TFA (1.5 mmol)
at rt under air for 24 h; reaction conditions for heteroarenes: alkene
(0.6 mmol), heteroarene 1 (0.3 mmol), Pd(OAc)2 (0.03 mmol, 10 mol%),
(NH4)2S2O8 (0.6 mmol) and TFA (1.5 mmol) in CH2Cl2 (2.0 mL) under air at
rt for 48 h. b Isolated yield. c The starting alkene was recovered in 45% yield.
d Acrylonitrile (1.5 mmol) with Selectfluor (0.6 mmol) as the oxidant. e 24 h.

Table 2 Scope of the arylation of coumarins and quinones at room
temperaturea,b

a Reaction conditions: coumarin 4 or quinone 5 (0.3 mmol), arene 1
(22.5 mmol), Pd(OAc)2 (0.03 mmol, 10 mol%), (NH4)2S2O8 (0.6 mmol)
and TFA (1.5 mmol) at rt under air for 24 h. b Isolated yield. c 48 h. d TFA
(3.0 mmol) for 48 h.
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attempted the oxidative C–H/C–H cross-coupling of coumarins
with arenes at room temperature. Pleasantly, the reaction
occurred in a highly regioselective manner and the 3-arylated
coumarins were obtained in 74–79% yields (Table 2, 6a–6c).

Arylated quinones are found to have a wide range of applications
in the dye industry by virtue of their significant coloring properties.18

Consequently, a variety of methods have been established for the
synthesis of such molecules.19 Our group recently reported a highly
efficient approach to synthesize arylquinones through the oxidation
of hydroquinones and subsequent palladium-catalyzed oxidative
C–H/C–H cross-coupling of the resulting quinones with arenes.20

However, this reaction suffered from the employment of stoichio-
metric amounts of Ag2CO3 as the oxidant and a high reaction
temperature (140 1C). Pleasantly, by using the [Pd(TFA)2]/(NH4)2S2O8

catalytic system described herein, the coupling of quinones with
arenes proceeded smoothly at room temperature to afford the
desired arylquinones 7 in modest to excellent yields (Table 2,
7a–7e). Besides electron-donating groups, electron-deficient arenes
such as 1,2-dichlorobenzene were also tolerated (Table 2, 7e).
A controlled experiment of 1,4-naphthoquinone with benzene
indicated that no reaction occurred in the absence of Pd(OAc)2.21

In conclusion, by employing highly electrophilic [Pd(TFA)2] as the
catalyst and the inexpensive and environmentally friendly
(NH4)2S2O8 as the oxidant, we have successfully realized the oxidative
C–H/C–H cross-coupling of (hetero)arenes with alkenes under air at
room temperature. More importantly, the current methodology can
also be applied to the coupling reactions between simple arenes and
other important alkene-related functional molecules such as
coumarins and quinones. These transformations are operationally
simple and do not require the exclusion of air or moisture.

We acknowledge the financial support from the National Basic
Research Program of China (973 Program, 2011CB808600), and the
National NSF of China (21202105, 21025205, 21272160, 21321061,
J1310008 and J1103315).
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