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Selective C�H bond-functionalization reactions constitute
an important goal in modern synthetic chemistry. In general,
such transformations offer advantages in terms of decreased
waste generation and improved reaction step economy.
Recent developments in this area have given rise to selective
catalytic functionalizations of less reactive (hetero)aromatic
C�H bonds.[1] Here, site selectivity constitutes a major
challenge. In the past, either steric effects of substituents in
ortho position relative to the reacting carbon center directed
the C�H bond-activation process,[1a] or substituents on the
arene that bind to the catalyst enabled the regioselective C�H
bond activation.[1c–e] However, the selective functionalization
of C�H bonds distal to any substituents was difficult. Initial
reports on such meta C�H functionalizations of arenes were
published by the groups of Hartwig and Smith.[2] In these
cases, the selectivity is governed by steric and electronic
effects of the substituted arene on the applied catalyst
(Figure 1a). Thus, regioselective borylation and recently also
silylation of substituted arenes in the meta positon is possible
and gives access to interesting building blocks that can be
applied in further transformations using well-established
processes such as C�C or C�heteroatom bond formations.
A second approach applies the directing-group-assisted con-
certed metalation–deprotonation (CMD) mechanism that has
been reported for a variety of selective ortho C�H bond
functionalizations.[1c–e] In some examples it has been shown
that the C�H bond cleavage and the subsequent formation of
the desired product occurs in the meta position relative to the
directing group.[3] A remote para activation of the intermedi-
ate metallacycle is discussed to account for the observed
regioselectivity. However, these reactions have been found to
be highly dependent on the electrophile applied as the
coupling partner. In order to circumvent the limitations of
current C�H bond functionalizations, the group of Yu
designed new templates that promote the selective remote
C�H bond activation of arenes (Figure 1b).[4, 5] Similarly,

mono- as well as diarylation of a C(sp3) center can be
conducted selectively by the application of simple amide
auxiliaries (Figure 1 c).[6]

More specifically, Hartwig and co-workers have devel-
oped a rhodium-catalyzed intermolecular C–H silylation of
unactivated arenes that enables excellent control of regiose-
lectivity.[7] Their protocol describes the formation of arylsi-
lanes, which are of interest for silicone polymers and also as
intermediates for accessing more complex molecules
(Scheme 1). Compared to the products of related borylation
reactions, the generated arylsilanes are more stable and can
be formed with significantly higher regioselectivities. The key
to success was the application of a [Rh(coe)2OH]2/2,2’-
biphenylphosphine catalyst (coe = cyclooctene) in conjunc-
tion with the commercially available silane HSiMe(OTMS)2

(TMS = trimethylsilyl). It was found that the steric effects of
the ligand as well as the bulky silane account for the high
regioselectivities. Thus, silylation of 1,3-difunctionalized are-
nes occurred in the 5-position with selectivities of> 89:11 (1a,
Scheme 1). Similarly, symmetrically 1,2-disubstituted arenes
reacted in one of the free meta positions (1b) with selectivities
of > 99:1. In the case of o-cymene the C�H bond silylation
proved to be very sensitive to the steric effect of substituents
in the position meta relative to the site of reactivity since

Figure 1. Remote C–H activation. PG = protecting group,
Phth= phthalimido.
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a selectivity of 82:18 towards silylation in the position para to
the bulkier isopropyl group was observed (1c). However, in
some examples steric effects even override ortho preferences
known from analoguous borylations (1d). Notably, the
catalyst system is also suitable for the selective silylation at
the least hindered position of biaryls (1e). When 4-chloro-
anisole was reacted, secondary electronic effects accounted
for a highly selective functionalization in the position ortho to
the methoxy group. However, monosubstitution of the arene
proved to be detrimental to the selectivity of the silylation
process due to an increased impact of electronic effects (1g–i).

Complementary to Hartwig�s work, the selective meta
C�H bond functionalization of arenes was reported by Yu

and co-workers (Scheme 2).[4,5] The design of a new end-on-
coordinating template allowed for the selective remote C�H
bond functionalization. The concept utilizes an induced
regioselectivity through the weak coordination of a nitrile
group to the catalyst which is realized through the application
of a corresponding cleavable template (i.e. T1). This allows for
selective olefination[4] as well as arylation[5] of arenes in meta
position with very good selectivities and high yields. The
corresponding olefins and arylboronic acids react with the
template-substituted arene by means of a PdII/Pd0 redox cycle.

In order to generalize this concept for other arenes and
nucleophiles, more recently the same group introduced
another removable template (i.e. T2). In this way the
olefination and acetoxylation of distal meta C�H bonds on

anilines and benzylic amines is possible (Scheme 3).[8] Switch-
ing from dimethyl to a single fluorine substituent in the
template has been found to account for a change from ortho-
to meta-selective C�H bond functionalization through a sig-
nificant conformational change in the intermediate metalla-
cycle. The C�H bond olefination of N-methylanilines, con-
ducted by a PdII/Pd0 cycle, proceeds with moderate to very
good yields regardless of whether the starting material bears
electron-withdrawing or -donating substituents. However, the
selective meta C�H bond acetoxylations of N-methylanilines
and benzylamines bearing the same template also proceeded
with very good selectivities and yields, although a PdIV/PdII

cycle is proposed for these cases.
In contrast to C(sp2)�H bond functionalizations, selective

functionalization of C(sp3)�H bonds have been even more
challenging, since the latter are less acidic and lack the
proximal empty low-energy or filled high-energy orbitals that
readily interact with orbitals of a metal.[9] In this respect, it is
noteworthy that the group of Yu described a ligand-controlled
procedure that allows for the selective b-C(sp3)–H mono- as
well as diarylation of amino acid derivatives through the
application of simple amide auxiliaries with excellent diaste-
reoselectivities (Scheme 4).[6] The incorporation of perfluori-
nated arylamides in the substrate enables a weak coordina-
tion to the palladium catalyst. Depending on the applied
ligand, either monoarylation (in the case of pyridine ligands)
or diarylation (in the case of quinoline ligands) occurred.
Sequential application of the two systems facilitates the
incorporation of two different aryl moieties into the b-Ar-b-
Ar’-a-amino acid product. The removal of the auxiliary can
be conducted under mild conditions in 95 % yield and without
loss in enantiomeric purity. Hence, this protocol allows for

Scheme 2. Pd-catalyzed regioselective remote C�H bond activation.
HFIP = hexafluoroisopropanol, TBA= tetrabutylammonium.

Scheme 3. Pd-catalyzed regioselective remote C�H bond activation of
the alkenylation and acetoxylation of N-methylanilines.

Scheme 4. Ligand-controlled C(sp3)–H mono- and diarylation of amino
acid derivatives. ArF = 2,3,5,6-tetrafluoro-4-(trifluoromethyl)phenyl,
DCE = 1,2-dichlorethane, TFA = trifluoroacetic acid.

Scheme 1. Rh-catalyzed regioselective C–H silylation. di =a and b.
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a straightforward and selective synthesis of a wide range of
amino acid derivatives in high yields.

In conclusion, remote site selectivity, a major challenge of
C�H bond functionalization, has been achieved by different
approaches, each of which offers unique features in terms of
selectivity and substrate scope; overall, a complementary tool
set has been devised.
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