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Cyclometallated Ruthenium Catalyst Enables Late-Stage Directed

Arylation of Pharmaceuticals

Nat. Chem. 2018, 10, 724-731

While the C-H activation field has moved forward dramati-
cally over the last two decades, a recurrent problem lies in the
difficulty of activating C-H bonds in the presence of poten-
tially much more reactive functional groups, and to do so
under conditions where delicate functionalities can survive.
Often, new methodologies developed will be applicable to only
a small range of simple substrates and fail when facing ‘real
world’ molecules bearing a range of functional groups. This

is particularly the case for many drug-like molecules, which
often contain several polar functionalities, and are therefore
not only delicate, but also able to coordinate and poison catal-
ysts. However, being able to directly functionalize C-H bonds
of complex molecules (i.e., late-stage functionalization) is one
of the major targets in the field. Late-stage functionalization
allows fast access to new molecules and the exploration of
new chemical space while avoiding costly de novo syntheses.
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Scheme 1 The new methodology and its scope
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Developing milder and more functional-group-tolerant
C-H arylation methodologies, such as that shown in Scheme
1, has been a target of Professor Igor Larrosa’s group at the
University of Manchester (UK) from day one.

“While investigating the use of ruthenium catalysts on
the C-H arylation of electron-deficient aromatics, we made
a few observations that did not seem to fit with accepted
mechanisms on how ruthenium catalysts are operating
(Scheme 2),” said Professor Larrosa. He continued: “That led us
into a fully fledged mechanistic investigation on the arylations
of phenylpyridines with aryl halides, by means of kinetic anal-
ysis, stoichiometric reactions, and isolation of organometal-
lic intermediates. We were very excited when we discovered
that a key catalytic intermediate had been missed out until
now in these processes: the usually proposed cyclometallated
intermediate is not able to undergo oxidative addition with
the aryl halide. Instead, a second cyclometallation takes place
to form a bis-cyclometallated intermediate, which is the real
species capable of oxidative addition. More importantly, we
found that the generally employed catalysts were not catalytic
intermediates but off-cycle species.”

These mechanistic insights led the group to the design of a
new class of ruthenium catalysts: species that already contain
a cyclometallating unit. “In particular, we found that a benzyl-
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amine cyclometallating unit was able to impart greatly en-
hanced reactivity to the ruthenium catalyst, when compared
to previous catalysts, so that high reactivity was achieved at
close to room temperature,” explained Professor Larrosa.

“The most important feature of this new catalyst is that,
due to its extremely high reactivity, it is able to carry out late-
stage arylation on a broad spectrum of highly functionalized
molecules, presenting superb compatibility with delicate
functional groups and with the presence of several of those
functional groups in the same molecule,” remarked Professor
Larrosa. He continued: “Furthermore, because of the high re-
activity, only stoichiometric amounts of the coupling partner
are needed, instead of the typical need for an excess (some-
times even 2- or 3-fold excess) of one of them.”

Professor Larrosa concluded: “We believe this class of
catalysts will become very useful not only for late-stage aryl-
ation but also for other types of late-stage functionalization.”
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Scheme 2 The commonly proposed and revised mechanisms
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