
Recent Advances in the Catalytic
Synthesis of the Cyclopentene Core

Rubén Miguélez, Pablo Barrio,* and José M. González*[a]

Dedicated with deep respect and admiration to Prof. Keiji Maruoka on the occasion of his
70th birthday

Review

TH E
CH EM I C A L

R E CORD

doi.org/10.1002/tcr.202300254
tcr.wiley-vch.de

Chem. Rec. 2023, 23, e202300254 (1 of 30) © 2023 The Authors. The Chemical Record published by The Chemical Society of Japan and Wiley-VCH GmbH

Wiley VCH Mittwoch, 06.12.2023

2312 / 322975 [S. 35/64] 1

http://orcid.org/0000-0001-7101-4037
http://orcid.org/0000-0002-7869-9873
http://tcr.wiley-vch.de


Abstract: Five-membered carbocycles are ubiquitously found in natural products, pharmaceut-
icals, and other classes of organic compounds. Within this category, cyclopentenes deserve special
attention due to their prevalence as targets and as well as key intermediates for synthesizing more
complex molecules. Herein, we offer an overview summarizing some significant recent advances
in the catalytic assembly of this structural motif. A great variety of synthetic methodologies and
strategies are covered, including transition metal-catalyzed or organocatalyzed processes. Both
inter- and intramolecular transformations are documented. On this ground, our expertise in the
application of C� H functionalization reactions oriented towards the formation of this ring and
its subsequent selective functionalization is embedded.

Keywords: Cyclopentene, Catalysis, Cyclopentannulation, Synthetic Methodology, C� H
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Synthetic organic chemists have shown a longstanding interest
in the synthesis of the cyclopentane ring due to its prevalence
in natural products, pharmaceuticals, and other important
classes of organic molecules. Most of the classical methods are
based on stoichiometric transformations. Due to the great
variety of strategies used for that purpose, their systematization
results in a somewhat difficult task. This review is restricted to
catalytic methodologies for preparing cyclopentene derivatives,
mainly due to their versatility for constructing more complex
scaffolds. Several reviews on the synthesis of the cyclopentene
core are available in the literature, however, most of them are
restricted to the use of a specific transformation (i. e. isomer-
ization of cyclobutanes).[1] Most of the contributions gathered
herein fall within the last decade; however, seminal contribu-
tions from each section are included in order to provide the
reader with an appropriate framework. In this review, the
information concerning the different strategies covered is
arranged according to the general scheme depicted in Figure 1.
The five-membered ring may be assembled by means of [3+
2] cyclizations, both by an intermolecular reaction between a
3 C and a 2 C synthons and by the rearrangement of a vinyl
cyclopropane, in which the cyclopropane ring acts as 3 C
component and the vinyl substituent as 2 C unit. In addition,
a [4+ 1] cyclization between a diene scaffold and an
appropriate 1 C synthon may also achieve the formation of
cyclopentene derivatives. Furthermore, substrates bearing
unsaturations at strategic positions may also undergo intra-

molecular a [5+ 0] cyclization towards the cyclopentene core
either by means of cycloisomerization or metathesis processes.
Finally, within the latter category, we would like to highlight
the synthetic potential of C� H functionalization processes that
allow the transformation of ubiquitous and generally difficult-
to-differentiate C� H bonds into valuable C� C bonds in a
selective manner.

Hence, in accordance with the general scheme depicted
above, this review will be organized according to the following
sections:

1. Transition-Metal Catalyzed [3+ 2] Cyclizations

Transition-metal catalysis lies amongst the most active fields of
research within the realm of synthetic organic chemistry.
Several recent Nobel Prizes being awarded to Knowles, Noyori,
and Sharpless (2001),[2] Chauvin, Grubbs, and Schrock
(2005),[3] and Heck, Negishi, and Suzuki (2010) bear witness
to such a statement.[4] Transition metal-catalyzed [3+ 2]
cyclizations are very abundant, herein we will only highlight
some of the recent trends in the field, always limited to the
construction of cyclopentene derivatives
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Figure 1. Simplified categorization of the different approaches towards the
cyclopentene framework.
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1.1. Vinyldiazo Compounds

The decomposition of diazo compounds still represents one of
the most common approaches to achieving metal-carbene
intermediates.[5] In recent years, vinyldiazo compounds have
been added to the synthetic toolbox as very useful reagents.[6]

Among their applications, the synthesis of cyclopentene
derivatives by means of formal [3+ 2] cycloadditions is
perhaps the most relevant. The development of this trans-
formation is summarized below.

In 1998, an interesting work developed by Davies and
coworkers described the use of diazobutenoates 2 and vinyl
ethers 1 as reagents and [(Rh2(S-DOSP)4] as catalyst providing
donor/acceptor-substituted vinylciclopropanes 3 in high dia-
stereo- and enantioselectivity. Then, these vinylcyclopropanes
3 yielded the corresponding cyclopentenes 4 with excellent
stereocontrol through a Et2AlCl-mediated rearrangement
(Scheme 1).[7] Two years later, Davies and colleagues carried
out the same overall transformation employing [(Rh2(S-
DOSP)4] as catalyst without the requirement of additional
Lewis acid. These cyclopentenes were obtained in high yield
and better enantioselectivity than before. Moreover, these
compounds were further functionalized using different con-
ditions to generate new pentasubstituted cyclopentanes with
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Scheme 1. a) Synthesis of vinyl cyclopropanes employing rhodium catalysis. b)
Et2AlCl-mediated VCP-CP rearrangement.
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full control of the stereochemistry at five contiguous
stereocenters.[8]

In 2013, a two-step method for the cyclopentannulation of
conjugated enones 5 using methyl 3-(tert-butyldimeth-
ylsiloxy)-2-diazo-3-butenoate 6 as a bifunctional reagent was
developed by Guerrero and coworkers.[9] The first step consists
of the nucleophilic attack from an enol silane to the electro-
philic ��-carbon of a conjugated enone. In the second step, a
formal �.,�.’-diketone coupling catalyzed by Cu(I) takes place.
Cyclopentenes 8 were obtained in excellent yields and good
diastereoselectivities (Scheme 2). The implementation of a

one-pot thermal decarboxylation allows for obtaining
cyclopentanones.[10]

Another interesting reaction to obtaining cyclopentenes
was developed by López and coworkers in 2017.[11] They
developed an efficient copper-mediated [3+ 2] cycloaddition
of vinyl diazocompounds 9 and vinylazides 10 under mild
conditions. Noteworthy, the thus obtained densely functional-
ized cyclopentene derivates 11 contain an azide group,
amenable for further transformations (Scheme 3). They
proposed a mechanism beginning with the reaction between
the vinyldiazo compound and the copper (I) complex affording
alkenylcarbene I. Then, this species reacts with vinylazide 10.
In this case, the vinylazide behaves as an enamine attacking the
vinylogous position of the alkenylcarbene to form intermediate
II. Subsequent cyclization generates the [3+ 2] cycloadduct
intermediate III. Finally, an allylic rearrangement of the azide
group affords the observed product 11 (Scheme 3).

Then, López and colleagues described two related formal
[3+ 2] cycloaddition reactions towards the cyclopentene
moiety employing gold (I) catalysis.[12,13] First, in 2017, they
developed a [3+ 2] cycloaddition between alkenyldiazo com-
pounds 12 and styrene derivates 13 to obtain the correspond-
ing cyclopentenes 14 in good yields (Scheme 4a).[12] Other
compounds such as the vinylcyclopropane corresponding to
direct cyclopropanation or a cycloheptene derivative arising
from a formal [3+ 2+ 2] were also observed in low yields.
Then, in 2020, they developed a related transformation
replacing the styrene derivates 15 with alkenylboronates 16
affording the corresponding borylated cyclopentene derivatives
17.[13] This reaction proceeded in high regio- and stereo-
selectivity. The mechanism proposed in Scheme 4 proceeds as
follows: the first step was the generation of a gold vinylcarbene
IV with dinitrogen release; then, the alkenylboronate 16
attacks at the vinylogous position of the gold carbene
generating a cationic intermediate V which would then
undergo cyclization reaction generating the cyclopentene ring.
For most examples, the reaction showed stereospecificity.
However, the use of an E-alkenylboronate with electron-
donating groups, such as c-C3H5 or 4-MeOC6H4 afforded the
cis-configurated [3+ 2] adduct. In order to rationalize this
unexpected outcome, the authors invoke the increased stability
of the benzylic carbocation that enables the fast rotation
between the C4 and C5 providing the other isomer. Finally,
they carried out different further transformations on the boron
functional group. One of them was the oxidation with NaBO3

affording the hydroxylated product. Also, a Matteson homo-
logation reaction was carried out in good yield (Scheme 4b).

In 2018, Ferreira and coworkers developed a direct [3+ 2]
cycloaddition between alkenes 19 and vinyl diazo compounds
18 employing chromium- or ruthenium-based metal catalysts
and light to produce a variety of cyclopentenes 20 in good
yields and diastereoselectivities.[14] As discussed earlier, vinyl

Scheme 2. Cyclopentannulation of conjugated enones and vinyldiazo com-
pounds.

Scheme 3. Cycloadition of vinyldiazo and vinylazides catalysed by copper.
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diazo compounds usually act as electrophilic reagents. How-
ever, the photocatalytic generation of a more reactive electro-
philic partner (radical cation) results in an umpolung of the
reactivity of the vinyl diazo acting as a nucleophile. The
reaction showed broad substituent tolerance in the vinyl diazo
and alkene. However, gamma-substitution on the diazo
reagent was not tolerated (Scheme 5). This reaction always
yielded the trans product regardless of the initial configuration
of the alkene used. Finally, the products were diversified
employing different organic reactions.

In 2021, Sá and coworkers developed an interesting
intramolecular reaction of �.-diazo-��,�/-unsaturated esters 21
employing a rhodium catalyst. [15] The most salient feature of
this report would be the selective formation of two different
products depending on the reagent and catalyst used. On the
one hand, the use of Rh2(pfb)4 in acetonitrile resulted in a ��-
hydride migration to give 2Z-4E dienes (not shown). On the
other hand, the use of aryl-diazo compounds 21b along with

Rh(OAc)4 as catalyst in toluene, afforded 5,7-fused bicyclic
tetraenes 22b in high yields through a regioselective intra-
molecular Buchner reaction (Scheme 6). Finally, the alkyl-
substituted analogs 21a undergo an intramolecular C� H
insertion to yield anti-configurated cyclopentenes 22a, due to
the stereoelectronic factors in the transition state during the
insertion of the carbene into the C� H bond (Scheme 6).

Another reaction employing diazocompounds was devel-
oped by Chang and coworkers using �.-aryldiazoester com-
pounds 23 as precursors of carbenes and terminal alkynes 24
to form the corresponding indenes 25, using IPrCuCl as the
catalyst (Scheme 7).[16] They observed that phenylacetylenes
bearing electron-donating groups reacted more readily than
the electron-deficient ones. The mechanism started with the
nucleophilic attack of the alkyne to the copper carbenoid X,
affording zwitterionic species XI. Then intermediate XI is
attacked by the aromatic ring to generate intermediate XII
that, through the release of copper, forms the isoindene XIII.
Finally, after an isomerization product 25 is formed
(Scheme 7).

Scheme 4. [3+ 2] cycloaddition of alkenyldiazocompounds with styrene
derivates (a) and alkenylboronates (b).

Scheme 5. [3+ 2] Photo-cycloaddition of alkenyldiazo compounds and
styrene derivates.

Scheme 6. Cyclization through cyclopropanation-retro Buchner and C� H
functionalization pathways.
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