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The development of the concepts of green chemistry[1] has
resulted from the desire of chemists to minimize synthetic
steps and the amount of toxic waste formed, and, moreover,
to find milder and more selective transformations. Transition-
metal-catalyzed cross-coupling reactions through C�H acti-
vation processes have emerged in recent years because such
transformations circumvent the need for prior steps to
activate the substrate. As a consequence of the often
oxidative character of these coupling reactions, the use of
an external oxidant is generally required to regenerate the
catalyst. An alternative emerging strategy is the use of
oxidizing directing groups (acting as an internal oxidant) in
C�H activation processes, which was recently and independ-
ently introduced by the research groups of Cui and Wu,[2a]

Hartwig,[3a] Yu,[4] and Guimond and Fagnou.[5a] This approach
can lead to improved levels of reactivity and selectivity and
also to a broader scope compared to the use of external
oxidants. The internal oxidant strategy typically involves a
covalent bond within the directing group, which oxidizes the
metal catalyst (for example, through an oxidative addition),
but is distinct from the C�H activated and functionalized
position. The result is a multifunctional, oxidative directing
group (DGox) that combines many attractive features
[Eq. (1)]. In this Highlight we discuss, compare, and analyze
the benefits, drawbacks, and opportunities resulting from this
novel concept of oxidizing directing groups.

An external-oxidant-free C�H oxidative C�C cross-
coupling reaction was recently reported by Wu, Cui et al.
[Eq. (2); NMP = N-methyl-2-pyrrolidone].[2a] While the pal-

ladium-catalyzed oxidative olefination of the ortho-C�H
bond of pyridine N-oxides is well-known, stoichiometric
amounts of quite expensive silver salts are required as an
external oxidant. Furthermore, the deprotection of the N-
oxide products required an additional step, typically by
treatment with a (toxic) phosphine derivative.[2b] The new
method of Cui and co-workers skillfully utilizes the N-oxide
functionality as both a directing group and an internal
oxidant, thus resulting in the efficient formation of cross-
coupled, deoxygenated quinoline products 1 [Eq. (2)] that do
not require any further deprotection or deoxygenation steps
(N-oxide substrates can be easily prepared).

An impressive external-oxidant-free oxidative amination
reaction was recently reported by Tan and Hartwig, who used
an oxime ester as both a directing group and an internal
oxidant for the preparation of indole derivatives.[3a] The
authors propose a Pd0/PdII catalytic system in which the
oxidative insertion of a Pd0 species into the N�O bond would
be the first step. The resulting intermediate would then
undergo a directed ortho-C�H bond activation, with a
subsequent reductive elimination to give the observed indole
products 2. The clear advantage of the internal oxidant in this
case is that the oxidative addition pre-positions the metal
center for the C�H activation step, thus allowing the reaction
to occur efficiently. Furthermore, the method allows the
selective synthesis of 3-arylated and even annulated indoles,
albeit in moderate yields (2a–e ; Scheme 1). A previous and
related intramolecular oxidative amination reaction, which
utilizes various external oxidants, was typically limited to N-
triflated indolines.[3b] An interesting study by Yu and co-
workers showed that the N�O bond could also be used for
related intermolecular oxidative C�H aminations, although in
this particular case the oxidizing function is no longer
associated with the directing group.[4] The authors showed
that anilines can be ortho-aminated under palladium catalysis
by using N-nosyloxycarbamates as the coupling partner as
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well as the internal oxidant (3a–e ; Scheme 1). The main
drawback of this approach is the poor atom economy
(pivaloyl directing group, carbamate protecting group, large
nosyl group being part of the internal oxidant). Nevertheless,
intermolecular C�H oxidative amination processes are
known to be very challenging, and practical solutions are
rare,[5c] which makes this example a remarkable advance in
the field.

In another key example, Guimond et al. recently reported
the rhodium-catalyzed external-oxidant-free synthesis of
isoquinolones by C�H activation of N-methoxybenzamides
and sequential coupling to internal alkynes (Scheme 2).[5a] N-
Methoxyamides were already known to be powerful directing
groups in palladium-catalyzed C�H arylation and amination
reactions in the presence of external oxidants, with the
integrity of the N�O bond maintained.[5b,c] In contrast to the
above-mentioned indole formation by Tan and Hartwig, the
first step in this case is not the oxidative addition of the metal
center into the N�O bond (Scheme 1).[3a] The authors have
proven through deuteration experiments that the integrity of
the N�O bond is preserved during the C�H cyclometalation
step, thus indicating that the cleavage of the internal oxidant
must occur at a later stage of the catalytic cycle. Here, this
internal oxidant method presents a number of advantages,
such as very mild conditions and broader functional group
tolerance compared to analogous methods in which copper
salts are used as external oxidants (see, for example, the
tolerated pyridine moiety in 4 e). Interestingly, Miura and co-
workers simultaneously reported the corresponding rhodium-
catalyzed cross-coupling of benzamides and internal
alkynes, by using Cu(OAc)2 as an external oxidant.
While the direct use of unactivated benzamides is
convenient because of their ready availability, it is
very difficult in this case to avoid overreaction by
multiple cross-coupling events. Indeed, isoquinolones

can be further reacted through rhodium-catalyzed C�H
activation and subsequent coupling to a second equivalent
of the internal alkyne to afford interesting polycyclic struc-
tures.[5d] In contrast, the oxidizing directing group of Guimond
and co-workers affords very high levels of selectivity towards
the monocoupling products, because each internal oxidant
can only react once and, as was proven, only internally
(Scheme 2).[5]

From a broader perspective, we would like to also
highlight an inspiring self-oxidation strategy—acceptorless
dehydrogenative coupling reactions[6]—from Tsukada and
Hartwig[6a] [Eq. (3); TpMe2 = hydrotris(3,5-dimethylpyrazo-
lyl)borate], and more recently from Kuninobu, Takai, and
co-workers[6b] [Eq. (4)]. The latter approach is a rhodium-

Scheme 1. Application of internal oxidants in C�H oxidative amination processes, by using oxime esters (intramolecular reaction, top) and
N-nosyloxycarbamates (intermolecular transformation, bottom).

Scheme 2. N-Methoxybenzamides as internal oxidants in the rhodium-
catalyzed synthesis of isoquinolones. Cp* = h5-C5Me5.
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catalyzed C�H activation and silylation method[7] to prepare
silafluorene derivatives 6 under quite mild and efficient
conditions.[6b] In our view, this process, an oxidative insertion
of the metal into the Si�H bond, followed by directed ortho-
C�H activation and reductive elimination to the product, is
conceptually related to the indole formation of Tan and
Hartwig (Scheme 1).[3]

In conclusion, an efficient strategy—the use of internal
oxidant functionalities, typically built in to the directing
group—has emerged in the field of oxidative C�H activation
reactions which obviates the need for an external co-oxidant.
Analysis of the literature examples and their comparison with
analogous C�H activations in the presence of external
oxidants clearly shows the distinct advantages of utilizing
internal oxidants: novel or increased reactivity under milder
reaction conditions, substantially greater selectivity (in part
by specifically limiting the number of oxidation equivalents
per molecule), larger functional group tolerance, and reduc-
tion of the amount of waste formed. Since internal oxidants
generally require additional synthetic efforts for their prep-
aration, the level of the overall attractiveness will depend on
many different parameters and has to be evaluated in each
single case. Nevertheless, it is clear that the internal oxidant

strategy will open up new avenues in the field of C�H
activations in particular, and synthetic chemistry in
general.
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