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Abstract: Ruthenium(II) bis(carboxylate)s proved highly
effective for two decarboxylative C¢H alkenylation strategies.
The decarboxylation proceeded efficiently at rather low
temperatures. The unique versatility of the decarboxylative
ruthenium(II) catalysis is reflected in the oxidative olefinations
with alkenes as well as the redox-neutral hydroarylations of
alkynes.

The alkenylation of otherwise inert C¢H bonds[1] has
emerged as an increasingly powerful platform for the late-
stage manipulation of arenes.[2] In the recent years, particular
advances were achieved with versatile ruthenium(II) com-
plexes.[3] In this context, we have identified ruthenium(II)
bis(carboxylate)s as catalysts for cross-dehydrogenative C¢H
functionalizations of benzoic acids with alkenes and alkynes,
thereby providing step-economical access to phthalides and
isocoumarins through C¢H/C¢H and C¢H/O¢H cleavage,
respectively.[4] The oxidative C¢H functionalization processes
could be rendered aerobic by performing these transforma-
tions under an ambient atmosphere of air (Figure 1a).[5]

While performing further detailed investigations on these
oxidative couplings between benzoic acids and alkenes, we
probed representative oxidants under inert atmospheres. As
a result of these studies, we identified reaction conditions for
unprecedented decarboxylative C¢H olefination by
ruthenium(II) catalysis, on which we report herein. It is
noteworthy that elegant decarboxylative[6] C¢H couplings
have previously been accomplished with palladium or rho-
dium catalysts and stoichiometric amounts of either silver(I)
or copper(II) salts,[7] with key contributions towards useful
meta-substituted arenes by the groups of Gooßen,[8] Miura,[9]

Larossa,[10] and Su.[11] In contrast, our catalytic system features
largely underappreciated[12] ruthenium[13] complexes. Notably,
the optimized ruthenium(II) bis(carboxylate) catalysts[14]

proved operative at rather low reaction temperatures and
did not require any copper(II) or silver(I) salts,[15] thereby
giving efficient access to meta-substituted[16] arenes (Fig-
ure 1b). Moreover, the key insights into the oxidative
decarboxylative alkenylation by ruthenium(II) catalysis also

set the stage for novel redox-neutral hydroarylations[17] of
alkynes, using the exact same ruthenium(II) bis(carboxylate)
catalyst [Ru(O2CMes)2(p-cymene)].

We initiated our studies by probing reaction conditions for
the ruthenium(II)-catalyzed C¢H functionalization of the
benzoic acid 1a with the alkene 2a (Table 1, and see Table S1
in the Supporting Information).[18] The decarboxylative C¢H
alkenylation occurred under an inert atmosphere of either

Figure 1. Ruthenium(II)-catalyzed decarboxylative C¢H olefination.
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Table 1: Ruthenium(II)-catalyzed decarboxylative C¢H alkenylation.[a]

Entry Additive Solvent Yield [%][a]

1 – PhMe 28
2 Na2S2O7 PhMe 32
3 norbornadiene PhMe 30
4 tBuC(O)Me PhMe 31
5 MnO2 PhMe 39
6 V2O5 H2O 15
7 V2O5 DCE 22
8 V2O5 n-hexane 27
9 V2O5 MeCN 55

10 V2O5 DMF 48[b]

11 V2O5 DMSO –[b]

12 V2O5 m-xylene 60[b]

13 V2O5 PhMe –[c]

14 V2O5 PhMe 60

[a] Reaction conditions: 1a (3.0 mmol), 2a (1.0 mmol), 4 (10.0 mol%),
additive (1.0 equiv), PhMe (3.0 mL), 18 h, under either Ar or N2. Yield of
isolated product. [b] 150 88C. [c] Without [Ru]. DCE =1,2-dichloroethane.
DMF= N,N-dimethylformamide, DMSO= dimethyl sulfoxide.
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ambient argon or nitrogen, and notably, even in the absence
of an additional oxidant (entry 1). Yet, the decarboxylative
oxidative C¢H functionalization proved to be more effective
when using additives. While sodium persulfate, norborna-
diene, pinacolone, or MnO2 failed to show any beneficial
effect (entries 2–5), optimal results were obtained using V2O5,
with the best solvent being toluene (entry 6–14). Moreover,
the crucial importance of the ruthenium(II) catalyst was
unambiguously verified (entries 13 and 14).

With the optimized reaction conditions in hand, we
probed the versatility of the ruthenium(II)-catalyzed decar-
boxylative C¢H alkenylation of benzoic acids (1) with alkenes
2 (Scheme 1). The ruthenium(II) bis(carboxylate) complex 4

enabled the decarboxylative C¢H alkenylation of various
acids (1) with ample substrate scope. The robustness of the
catalyst 4 was reflected by full toleration of a variety of
valuable electrophilic functional groups, including ester,
chloro, and bromo substituents, as well as the sensitive
cholesteryl moiety in alkene 2 f.

In consideration of our previous successful use of alkynes
5 in ruthenium(II)-catalyzed oxidative annulations by benzoic
acids,[4b,5b] we further explored the acetylene derivatives 5
under an inert atmosphere (Scheme 2, and see Table S2).[18]

Interestingly, here we observed a novel isohypsic, that is,
redox-neutral, decarboxylative hydroarylation, thus chemo-

selectively furnishing the meta-alkenylated arenes 3. Again,
the versatile complex 4 proved chemoselective, as was
illustrated by the synthesis of the products 3 featuring
fluoro, chloro, bromo, and nitro groups among others. It is
noteworthy that the simple benzoic acid 1n, being devoid of
a stabilizing ortho-substituent, could be employed as well,
albeit with somewhat diminished efficacy. Furthermore, the
unsymmetrical alkynes 5k,l were successfully employed to
furnish the corresponding meta-substituted products 3 ak,al
with excellent regioselectivity, generally placing the aryl
group distal to the benzoic acidÏs aromatic moiety. Impor-
tantly, the domino hydroarylation/decarboxylation protocol
was not limited to substrates bearing stabilizing ortho groups.
Indeed, the para-substituted benzoic acids 1p–r proved
amenable to the C¢H olefination process as well, hence,
allowing the synthesis of the meta-substituted products 3pg–
rg (Scheme 2b). In more general terms, the two decarbox-
ylative C¢H alkenylation approaches are complementary not
only in terms of the reaction conditions, but also the viable
substitution patterns.

Scheme 1. Scope of the decarboxylative domino C¢H alkenylation with
benzoic acids (1) and alkenes (2). THF = tetrahydrofuran-2-yl,
MOE= 2-methoxyethyl.

Scheme 2. Decarboxylative hydroarylation.[a] 4 (5.0 mol%). [b] In DCE.
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To probe the decarboxylative nature of the ruthenium(II)-
catalyzed oxidative C¢H alkenylation regime we studied the
CO2 evolution during the course of the domino olefination
(Figure 2, and see Table S3).[18] Our studies clearly illustrate

that CO2 is formed during the course of the C¢H function-
alization process. These observations further highlighted the
considerable efficacy of the ruthenium(II) catalysis, with
more than 60% conversion in 4 hours at a comparably low
reaction temperature of only 100 88C. In addition, mechanistic
studies provided strong support for a kinetically relevant C¢H
ruthenation event with a kinetic isotope effect (KIE) of kH/kD

� 2.6.[18]

In summary, we have reported on unprecedented ruthe-
nium-catalyzed decarboxylative oxidative C¢H functionali-
zations which furnish meta-substituted arenes. Key to the
success was carboxylate assistance which allowed domino[19]

decarboxylation/alkenylations in the absence of either
copper(II) or silver(I) salts at rather low[20] reaction temper-
atures. The ruthenium(II) bis(carboxylate) catalysis is highly
chemo-, positional-, and regio-selective, and proceeds with
ample substrate scope, including substrates without an
activating ortho substituent. The unique versatility of the
ruthenium(II) bis(carboxylate) complex [Ru(O2CMes)2(p-
cymene)] is reflected in the two complementary protocols
for decarboxylative C¢H olefination which proved viable
with both alkenes and alkynes.
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