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Rh(III)-Catalyzed intramolecular redox-neutral
cyclization of alkenes via C–H activation†

Zhuangzhi Shi, Mélissa Boultadakis-Arapinis, Dennis C. Koester and Frank Glorius*

Biologically interesting fused oligocyclic lactams have been prepared via

an intramolecular redox-neutral cyclization process. By the proper choice

of the substrates with a wide variety of tethered olefins, the less favored

C–H bond can be activated and functionalized. This C–H activation

proceeds under mild conditions, obviates the need for external oxidants,

and displays a broad scope with respect to the substituents.

Fused oligocyclic lactams and their reduced derivatives are wide-
spread in drugs and natural products with pharmacological
relevance.1 Prominent examples are palonosetron, a 5-HT3 antagonist
used in the prevention and treatment of chemotherapy-induced
nausea and vomiting (CINV);2a dinapsoline, a drug for the treatment
of Parkinson’s disease;2b and dinoxyline, a potent agonist of all five
dopamine receptor subtypes (Scheme 1a).2c Many traditional methods
have been developed to synthesize these important structural motifs.3

During the past decade, transition-metal-catalyzed C–H activation
made a significant impact on how chemists make molecules.4

The most vital advantage of C–H activations over traditional
strategies is the obviation of prefunctionalization.5 Scheme 1b
illustrates the assembly of the simplified structure I from
lactam II, which would emanate from the intramolecular cycliza-
tion of an appropriate benzamide with a tethered alkene III via C–H
activation. Consequently, the development of C–H activation
methods allowing the construction of such fused oligocyclic
systems could be synthetically applicable.

Because of the diversity of C–H bonds with different reactivities in
complex molecules, the intramolecular C–H activation and cyclization
for accessing some unfavored C–H bonds via regioselective insertion
is a particularly useful strategy.6 In 2001, Bergman and Ellman
et al. elegantly demonstrated Rh(I)-catalyzed intramolecular olefin
hydroarylations utilizing an aldimine as a directing group (eqn (1),
Scheme 2).7 Moreover, they developed an enantioselective version

and applied it to rapidly synthesize indole alkaloids.8 Very recently,
Yoshikai et al. also uncovered a cobalt–NHC-catalyzed intramolecular
cyclization on an indole platform to generate dihydropyrroloindole
and tetrahydropyridoindole derivatives under mild conditions
(eqn (2), Scheme 2).9 Different from the above hydroarylation
process, herein, we demonstrate the viability of the approach to
construct fused oligocyclic lactams,10 including indole deriva-
tives, in one step (eqn (3), Scheme 2).

Rh(III)-catalyzed direct C–H activation has received significant
interest in recent years because of its high efficiency, selectivity, and
functional-group tolerance.11 We12 and others13 have reported
Rh(III)-catalyzed intermolecular cyclizations of alkenes using amides
as the directing group and internal oxidants. We selected 3-(allyloxy)-
N-(pivaloyloxy)-benzamide 1a as starting material and subjected it
to 2.5 mol% [(Cp*RhCl2)2] and 2.0 equiv. CsOPiv as an additive, at
room temperature under an Ar atmosphere in CH3CN. This set of
conditions afforded the desired product 2a in 72% yield after
12 hours (Table 1, entry 1). The diallyloxy-substituted benzamide
1b bearing two equally reactive C–H bonds was converted to the
desired product 2b in good yield as expected (Table 1, entry 2).
Interestingly, the 2,2-disubstituted alkene 1c successfully underwent

Scheme 1 Fused oligocyclic lactam skeleton of pharmacologically active
molecules and its retrosynthetic analysis.

Westfälische Wilhelms-Universität Münster, Organisch-Chemisches Institut,

Corrensstrasse 40, 48149 Münster, Germany. E-mail: glorius@uni-muenster.de;

Web: http://www.uni-muenster.de/Chemie.oc/glorius/index.html;

Fax: +49 251-83-33202

† Electronic supplementary information (ESI) available: Detailed synthetic pro-
cedures and characterization of new compounds. See DOI: 10.1039/c4cc00029c

Received 2nd January 2014,
Accepted 14th January 2014

DOI: 10.1039/c4cc00029c

www.rsc.org/chemcomm

ChemComm

COMMUNICATION

View Article Online
View Journal

This article can be cited before page numbers have been issued, to do this please use:  Z. Shi, M.

Boultadakis-Arapinis, D. C. Koester and F. Glorius, Chem. Commun., 2014, DOI: 10.1039/C4CC00029C.

http://dx.doi.org/10.1039/c4cc00029c
http://pubs.rsc.org/en/journals/journal/CC


Chem. Commun. This journal is©The Royal Society of Chemistry 2014

the cyclization affording product 2c bearing an all-carbon
quaternary stereocenter in 81% yield (Table 1, entry 3). Starting
from an (E)-configured double bond the cinnamyl substrate 1d
gave product 2d as a single isomer (Table 1, entry 4). The
substrates 1e and 1f with a homoallyl group smoothly under-
went six-membered ring formation to afford tri- and tetracyclic
lactams 2e and 2f (Table 1, entries 5 and 6). To our delight,
substrate 1g in which the oxygen atom in the tether was
replaced by a methylene unit smoothly yielded the corre-
sponding lactam 2g, albeit in moderate yield. This intermediate
might be utilized to assemble the drug palonosetron in a very
short route (Table 1, entry 7). Furthermore, a model substrate
providing quick access to dinoxyline was prepared. Styrene
derivative 1h produced the desired tetracyclic lactam 2h in a
decent yield of 56% (Table 1, entry 8). We next explored the
cyclization of indole substrates bearing substituted allyl tethers
on an oxygen atom in the benzene ring or on the nitrogen atom
of the pyrrole substructure, respectively. The substrates 1i and
1j can afford fused tetracyclic indoles in good yields (Table 1,
entries 9 and 10) and 1k–1l can generate dihydropyrroloindole
and tetrahydropyridoindole core skeletons, which are present in
numerous pharmaceuticals and biologically active compounds
(Table 1, entries 11 and 12).

Inspired by previous work on Heck-type redox-neutral olefina-
tion, the intramolecular variant was also explored. When changing
the directing group from N-OPiv to N-OMe on the amide, the
substrate 3-(allyloxy)-N-methoxybenzamide 3a selectively generated
a 2,3-dihydrobenzofuran product 4a in good yield with a minor
benzofuran isomer 4a0 (eqn (4)). Notably, 3b produced benzofuran
product 4b as the only detectable product in 62% yield (eqn (5)).
Homoallyl substituted amide such as 3e was converted to 4e as
the sole product in good yield (eqn (6)).

Scheme 2 The development of intramolecular cyclization of alkenes via
C–H activation.

Table 1 Rh(III)-Catalyzed intramolecular cyclization to fused multicyclic lactamsa

Entry Substrates Products Yieldb (%)

1 72

2 87

3 81c

4 88

5 77

6 50c

7 40

8 56

9 88

10 90

11 63

12 60

a Reaction conditions: 1 (0.2 mmol), [Cp*RhCl2]2 (2.5 mol%), CsOPiv
(0.4 mmol), CH3CN (4.0 mL), room temperature, 12 h, under Ar. b Yield
of isolated products. c Using 5.0 mol% [Cp*RhCl2]2.
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In intermolecular Rh(III)-catalyzed C–H activations of benzamides
bearing a meta-substituent, a regioselective ortho-rhodation was
noted in favor of the less sterically hindered position to form
intermediate A which reacts with external alkenes to give rise to
the corresponding products (Fig. 1). In the intramolecular version,
which we pursued in the present study, the alkenes were tethered at
the meta-position leading to the activation of the more sterically
hindered site to afford the desired products, presumably via inter-
mediate B. To test the reactivities of these two C–H bonds in
molecule 1a, we selected ethyl acrylate (5a) as a coupling partner.
Treatment of 1a with 4 equiv. of ethyl acrylate (5a) applying standard
conditions led to full conversion of 1a and afforded the intermole-
cular and intramolecular cyclization products 2a0 and 2a in a 55 : 45
ratio as determined by 1H NMR. When the amount of ethyl acrylate
(5a) was decreased, the amount of 2a increased. However, employing
an equimolar ratio of 1a and 5a under the same conditions resulted
in a 49.5 : 50.5 mixture of 2a0 and 2a.

In summary, we have developed a mild and efficient method for
the synthesis of fused oligocyclic lactam skeletons via intramolecular
C–H activation and cyclization utilizing the directing group as an
internal oxidant.10 This reaction generates oligocyclic systems with
high selectivity, displays a broad scope with respect to the substi-
tuents and the lactam products and provides additional synthetic
opportunities to convert the generated products into important
natural products. Furthermore, dehydrogenative Heck-type products
can also be generated under suitable reaction conditions.
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Fig. 1 Plausible mechanistic pathways.
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