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ABSTRACT: Molecular iodine was identified as an efficient
catalyst for the cycloisomerization of conjugated dienals to
substituted 2-cyclopentenones. DFT calculations suggested an
unexpected concerted character for this cyclization.

Cyclopentenones are unarguably distinguished chemical
entities. From both marine1 and terrestrial sources,2

countless natural products bearing this structural motif have
been isolated and found to possess interesting biological
activities. Notable examples include jasmonoids such as cis-
jasmone 1, a volatile component of the oil of jasmine flowers
used in perfumery and as a pesticide;3 phorbol esters such as
PMA 2 and prostratin, both potential treatments for acute
myeloid leukemia and HIV, respectively;4,5 and important
biomolecules such as prostaglandins A2 3, B2, C2, and J2, which
present hormone-type activity in animals (Figure 1).6 In

particular, research on this last class of cyclopentenones has led
to the discovery of novel potent anticancer drug candidates.7

From a different chemical viewpoint, the ease with which
selective chemical modifications can be executed at every
corner of these carbocyclic systems makes them versatile
building blocks in organic synthesis which is reflected in the
number of natural products and derivatives synthesized using
cyclopentenones as key intermediates.8

Undoubtedly, because of their importance, much attention
has been given to the development of synthetic methodology
for cyclopentenone construction.9 The synthesis of cyclo-
pentenones from acyclic precursors is generally carried out
using standard well-established methods, namely the intra-
molecular aldol condensation,10 the Pauson−Khand reac-
tion,11 and the Nazarov cyclization (Scheme 1, eq 1).12

Notwithstanding the great advances in this field of research, all
these transformations feature at least one of the following
shortcomings. These methodologies involve harsh reaction
conditions, toxic reagents, or the use of substrates which are
difficult to prepare. As a result, an efficient and operationally
simple procedure is lacking, particularly one that employs
readily available materials. In this context, progress on
nontraditional strategies to complement the well-established
ones would be beneficial for synthetic organic chemists.
Particularly in recent decades, the Nazarov reaction has
witnessed considerable evolution.13 Advancements include,
among several, the extension of the chemistry to the use of
linearly conjugated carbonyl compounds as substrates capable
of affording the key hydroxy-pentadienyl cation intermediates
en route to cyclopentenones (Scheme 1, eq 2).14 This
cycloisomerization of dienals, baptized as the iso-Nazarov
reaction by Trauner et al.,15−17 has been rarely explored.18

Examples are limited and have mostly dealt with cis-dienals as
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Figure 1. Distinguished natural 2-cyclopentenones.

Scheme 1. Some Established Methodologies for
Cyclopentenone Construction and the Iso-Nazarov
Cyclization
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substrates which are hard to prepare and are logically more
prone to the cyclization.15,19 Very little is known about
substrate compatibility, appropriate catalysts, stereochemical
requirements, and potential applications.
Herein, we report our studies which identified iodine as an

efficient catalyst for this iso-Nazarov reaction of readily
available all-trans dienals.
To initiate our studies, we prepared dienal 4a as a model

substrate via simple aldol condensation between cinnamalde-
hyde and propionaldehyde.20 As shown in Table 1, thermal
treatment did not promote any cycloisomerization of 4a, nor
irradiation with actinic lamps (Table 1, entries 1 and 2).
Twelve readily available acids were then evaluated as potential
catalysts for the desired transformation (Table 1, entries 3−
15). These experiments were all performed in toluene at reflux
and with a low amount of the catalyst (5 mol %). To our
surprise, while most of these acids failed to catalyze the
reaction, molecular iodine was found to efficiently promote the
iso-Nazarov cycloisomerization of dienal 4a toward conjugated
2-cyclopentenones 5a and 5a′, both separable and isolated in
56% and 11% yields, respectively, after column chromathog-
raphy purification (Table 1, entry 15).
Of the other promoters assayed, only p-toluenesulfonic acid

caused dienal 4a to cycloisomerize to 5a/a′, albeit in much
lower yield than that attained by iodine (Table 1, entry 4 vs
15). Since toluenesulfonic acid is a cheap reagent, increasing
amounts of this catalyst were screened, but without success.
The same tests were performed with environmentally benign

iron chloride which indeed promoted the reaction when used
stoichiometrically although unsatisfactorily (Table 1, entries 11
and 12). Once iodine was chosen as a suitable catalyst for the
transformation, other solvents, some of them greener than
toluene, were evaluated (Table 1, entries 16−20). No reaction
was observed when water, THF, or t-BuOH were used as
solvents at 120 °C for 2 h. In ethanol, on the other hand,
whereas no reaction occurred at 80 °C, at 120 °C the substrate
did undergo transformation but cyclopentenone products 5a/
a′ were produced accompanied by inseparable side products.
Ethyl acetate proved to be the best substitution for toluene in
the reaction, providing cyclopentenones 5a/a′ in an overall
90% yield (Table 1, entry 21). No further increase in yield was
observed when the amount of catalyst iodine was doubled (10
mol %) (Table 1, entry 22). It should be noted that the
reaction could also be performed under refluxing conditions,
and although conversion was complete in 2 h, slightly lower
yields were then obtained (74% yield) (Table 1, entry 23).
Under these conditions, a gram scale attempt using 1.29 g of
aldehyde 4a was assayed without any deleterious effect on
yields or selectivity (2 h; 72%; ratio 5a/5a′ = 5:1).
With these optimized reaction conditions in hand, we then

set out to test the scope of the process. To this aim, several
conjugated dienals 4 were acquired from commercial suppliers
or prepared from simple aldehydes using standard and facile
aldol and vinylogous aldol condensations or Horner−Wads-
worth−Emmons reactions followed by reduction and oxida-
tion. Branched dienals underwent successful cyclizations to the

Table 1. Optimization of the Iso-Nazarov Cyclization of Dienal 4a

entry catalyst solvent t (° C) global yielda approximate ratio 5a:5a′
1 − toluene reflux −b −
2 hv (350 nm) toluene reflux −c −
3 TFA (5 mol %) toluene reflux −b −
4 TsOH·H2O (5 mol %) toluene reflux 14%d 5:1
5 Aib (5 mol %) toluene reflux −b −
6 (R)-1,1′-Binaphthyl-2,2′-diyl hydrogen phosphate (5 mol %) toluene reflux −b −
7 PhB(OH)2 (5 mol %) toluene reflux −b −
8 H3PO4 (5 mol %) toluene reflux −b −
9 CuCl2·2H2O (5 mol %) toluene reflux −b −
10 AlCl3 (5 mol %) toluene reflux −b −
11 FeCl3 (5 mol %) toluene reflux −b −
12 FeCl3 (1 equiv) toluene reflux 30% 4:1
13 InCl3 (5 mol %) toluene reflux −b −
14 NIS (5 mol %) toluene reflux −b −
15 I2 (5 mol %) toluene reflux 67% 5:1
16 I2 (5 mol %) EtOH 80 °C −b −
17 I2 (5 mol %) EtOH 120 °C 26%e 5:1
18 I2 (5 mol %) H2O 120 °C −b −
19 I2 (5 mol %) THF 120 °C −b −
20 I2 (5 mol %) t-BuOH 120 °C −b −
21 I2 (5 mol %) EtOAc 120 °C 90% 4:1
22 I2 (10 mol %) EtOAc 120 °C 74% 4:1
23 I2 (5 mol %) EtOAc reflux 74% 5:1

aIsolated yields reported. Unless otherwise stated, conversion of 4a was complete. bNo conversion of 4a. cOnly isomerization of γ,δ-double bond
was evidenced. d65% of 4a was recovered. eInseparable from side products. TFA = trifluoroacetic acid, Aib = 2-aminoisobutyric acid, NIS = N-
iodosuccinimide.
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desired 2-cyclopentenones in good yields, regardless of the
position of the substituents (α-, β-, and γ-branching) (Scheme
2). Only traces of 2-cyclopentenones were observed in the

reaction crude mixtures when unsubstituted dienals were used
as substrates. Whereas unbranched 5-phenyl-2,4-pentadienal
(4e) was chiefly inert to the reaction conditions (5e, Scheme
2), commercially available hexa- and decadienal underwent
extensive decomposition toward a colored gum (not shown).
This unwanted process could not be overcome by reducing the
amount of catalyst or running the reaction at lower
temperatures. As shown, alkyl and aryl substituents were
compatible with the transformation, decorating the dienal
substrates along the conjugated chain (products 5a−n). In
particular, the end of the polyene chain was compatible with
alkyl groups, heteroaromatics such as furan, and substituted
phenyl groups with both electron-donating and -withdrawing
groups (5i−n). Gratifyingly, natural product dihydrojasmone
5l could also be obtained among the cyclopentenone products
in 60% yield. In this manner, a new synthesis of this aromatic
compound used in perfumery was achieved.21 As shown in
Scheme 2, all reactions were highly regioselective, with the
more substituted and conjugated cyclopentenones being
produced either exclusively or predominantly.
Interestingly, apart from 5l, some of the other obtained

cyclopentenones 5 have also been prepared before by other
methodologies. For instance, 2,5-diphenyl-cyclopent-2-enone
(5d) was prepared before in low yield by Pauson and Khand
using their well-known reaction.22 2,3-Diphenyl-cyclopent-2-
enone (5h), obtained in 80% yield, was prepared several times
before via different strategies including the aldol condensa-
tion,23 a Nazarov-type cyclization,24 and a Zr-promoted

Pauson−Khand-type reaction.25 However, in all these cases,
yields were lower than that obtained using this new approach.
Catalysis by iodine, and halogen-bonding catalysis in

general, has been receiving considerable interest recently.26

Remarkably, to the best of our knowledge, the catalysis of
Nazarov-type reactions by environmentally friendly and
inexpensive molecular iodine appears to be largely unknown.27

To gain insight into the carbonyl mode of activation observed
for dienals 4, DFT computations were performed (see
Supporting Information for full details). Assuming that the
trans,trans-dienals 4 first isomerize into the 2Z-dienals to make
the cyclization possible,28 the I2-catalyzed cyclization via
halogen bonding of the model dienal (2Z)-4a (AR, R = Me)
was first studied (Scheme 3). We could only identify an

unexpected concerted process leading directly to the cyclo-
pent-3-enone BMe product. This product is more stable than
AMe by 13.7 kcal/mol, but the transition state lies as high as
29.9 kcal/mol on the potential energy surface (PES).
Interestingly, with two iodine molecules instead of one to
activate the carbonyl as in CMe, this barrier is reduced to 24.1
kcal/mol, which seems accessible at the reaction temperature.
The resulting product DMe is also obtained in an exergonic
fashion (−15.7 kcal/mol). From DMe, it is easily conceivable
that the CC bond will spontaneously and rapidly shift to
give a cyclopent-2-enone, with this migration being obviously
more favorable toward the Ph group, as it gives a more
conjugated product (5a vs 5′a) (Table 1 and Scheme 2). As a
comparison, the uncatalyzed reaction was also analyzed (not
shown). It was found to be a concerted process as well, yet the
corresponding transition state lies at 38.1 kcal/mol on the PES
(ΔG393 −14.1 kcal/mol). Thus, I2 can be dramatically effective
as a catalyst, and clearly two iodine molecules are better than
one. When R = H (substrate 4e, activated dienal CH), although
the use of two iodine molecules significantly lowers the
computed cyclization barrier compared to just one (from 38.3
to 32.6 kcal/mol), it remains too high to be crossed under the
reaction conditions and this is in line with the experimental
findings (Scheme 2, 5e).
The concerted character of this reaction is puzzling.

Standard behavior, within the carbocationic paradigm, would

Scheme 2. Scope of the Iso-Nazarov Cyclization of Dienals

Scheme 3. Calculated Energy Profile (ΔG393, kcal/mol) for
the Iodine-Catalyzed Cycloisomerization of Dienals
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comprise a conrotatory 4π-electrocyclization followed by a
suprafacial [1,2]-H shift.29 The resulting stereochemistry of
this two-step process would have been the same as the one
obtained for BMe or DMe. The geometries and transition
vectors of the computed transition states actually correspond
to the [1,2]-H shift only. The new C−C bond is virtually fully
formed (1.56−1.58 Å), and the quite large imaginary
frequencies (−719 cm−1 for TSCMeDMe) are typical from a
hydrogen shift. This suggests that the putative intermediate
that precedes the [1,2]-H shift is actually not stable and
collapses to the cyclopent-3-enone. It should be noted that this
is not an artifact due to the ωB97X-D functional used. We
obtained the same concerted cyclization using the B3LYP and
the M06-L functionals. Indeed a possible zwitterionic
intermediate converged with the PBE0 functional, but its
transformation into the cyclopent-3-enone was found to be
barrierless. Thus, even in this case, in contrast to standard
Lewis acid catalyzed Nazarov/Wagner−Meerwein reactions of
divinylketones,30 the formation of a cyclopent-3-enone via
iodine-catalyzed cycloisomerization can be considered as a
concerted process according to computations.
In summary, the iso-Nazarov reaction of 2,4-dienals was

studied both experimentally and theoretically. Molecular
iodine was identified as a suitable catalyst for the cyclo-
isomerization of trans-2,4-dienals, and hence, an environ-
mentally benign, efficient, and simple protocol was achieved
allowing the preparation of valuable 2-cyclopentenones in
good to excellent yields. Among the products, dihydrojasmone
(5l) was prepared from the corresponding dienal, thus
providing a new synthesis of this remarkable substance. As
aryl-substituted cyclopentenones of type 5 are expected to
show antitumor activity,31 we believe the present work may
help and promote future biological studies on this notable and
promising carbocyclic system.
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Bardoń, A.; Asakawa, Y. Africane-Type Sesquiterpenoids from the
Argentine Liverwort Porella swartziana and Their Antibacterial
Activity. J. Nat. Prod. 2004, 67, 31−36.
(3) (a) Pawełczyk, A.; Zaprutko, L. Microwave Assisted Synthesis of
Fragrant Jasmone Heterocyclic Analogues. Eur. J. Med. Chem. 2006,
41, 586−591. (b) Bruce, T.; Pickett, J.; Smart, L. cis-Jasmone Switches
on Plant Defence Against Insects. Pestic. Outlook 2003, 14, 96−98.
(4) Kawamura, S.; Chu, H.; Felding, J.; Baran, P. S. Nineteen-step
Total Synthesis of (+)-Phorbol. Nature 2016, 532, 90−93.
(5) Wang, H.-B.; Wang, X.-Y.; Liu, L.-P.; Qin, G.-W.; Kang, T.-G.
Tigliane Diterpenoids from the Euphorbiaceae and Thymelaeaceae
Families. Chem. Rev. 2015, 115, 2975−3011.
(6) (a) Roberts, S. M.; Santoro, M. G.; Sickle, E. S. The Emergence
of the Cyclopentenone Prostaglandins as Important, Biologically
Active Compounds. J. Chem. Soc., Perkin Trans. 1 2002, 1735−1742.
(b) Santoro, M. G. Antiviral Activity of Cyclopentenone Prostanoids.
Trends Microbiol. 1997, 5, 276−281.
(7) (a) Nicolaou, K. C.; Pulukuri, K. K.; Yu, R.; Rigol, S.; Heretsch,
P.; Grove, C. I.; Hale, C. R. H.; ElMarrouni, A. Total Synthesis of Δ12-
Prostaglandin J3: Evolution of Synthetic Strategies to a Streamlined
Process. Chem. - Eur. J. 2016, 22, 8559−8570. (b) Nicolaou, K. C.;
Pulukuri, K. K.; Rigol, S.; Heretsch, P.; Yu, R.; Grove, C. I.; Hale, C.
R. H.; ElMarrouni, A.; Fetz, V.; Brönstrup, M.; Aujay, M.; Sandoval,
J.; Gavrilyuk, J. Synthesis and Biological Investigation of Δ12-
Prostaglandin J3 (Δ12-PGJ3) Analogues and Related Compounds. J.
Am. Chem. Soc. 2016, 138, 6550−6560.
(8) (a) Jørgensen, L.; McKerrall, S. J.; Kuttruff, C. A.; Ungeheuer, F.;
Felding, J.; Baran, P. S. 14-Step Synthesis of (+)-Ingenol from (+)-3-
Carene. Science 2013, 341, 878−882. (b) Fujioka, K.; Yokoe, H.;
Yoshida, M.; Shishido, K. Total Synthesis of Penostatin B. Org. Lett.
2012, 14, 244−247. (c) Reddy, N. K.; Vijaykumar, B. V. D.;
Chandrasekhar, S. Formal Synthesis of Antiplatelet Drug, Beraprost.
Org. Lett. 2012, 14, 299−301. (d) Paquette, L. A.; Stevens, K. E.
Stereocontrolled Total Synthesis of the Triquinane Marine
Sesquiterpene Δ9(12)-Capnellene. Can. J. Chem. 1984, 62, 2415−2420.
(9) For two excellent reviews on the synthesis of cyclopentenones,
see: (a) Simeonov, S. P.; Nunes, J. P. M.; Guerra, K.; Kurteva, V. B.;
Afonso, C. A. M. Synthesis of Chiral Cyclopentenones. Chem. Rev.
2016, 116, 5744−5893. (b) Aitken, D. J.; Eijsberg, H.; Frongia, A.;
Ollivier, J.; Piras, P. P. Recent Progress in the Synthetic Assembly of
2-Cyclopentenones. Synthesis 2013, 46, 1−24.
(10) (a) Han, P.; Zhou, Z.; Si, C.-M.; Sha, X.-Y.; Gu, Z.-Y.; Wei, B.-
G.; Lin, G.-Q. Asymmetric Synthesis of Rupestonic Acid and
Pechueloic Acid. Org. Lett. 2017, 19, 6732−6735. (b) Testero, S.
A.; Spanevello, R. A. Enantiospecific Approach Toward Pentaleno-
lactone. Org. Lett. 2006, 8, 3793−3796.
(11) (a) Chang, Y.; Shi, L.; Huang, J.; Shi, L.; Zhang, Z.; Hao, H.-D.;
Gong, J.; Yang, Z. Stereoselective Total Synthesis of (±)-5-epi-
Cyanthiwigin I via an Intramolecular Pauson-Khand Reaction as the

Organic Letters Letter

DOI: 10.1021/acs.orglett.8b03229
Org. Lett. XXXX, XXX, XXX−XXX

D

http://pubs.acs.org
http://pubs.acs.org/doi/abs/10.1021/acs.orglett.8b03229
http://pubs.acs.org/doi/abs/10.1021/acs.orglett.8b03229
http://pubs.acs.org/doi/suppl/10.1021/acs.orglett.8b03229/suppl_file/ol8b03229_si_001.pdf
mailto:riveira@iquir-conicet.gov.ar
mailto:vincent.gandon@u-psud.fr
http://orcid.org/0000-0003-1108-9410
http://orcid.org/0000-0002-1682-9855
http://dx.doi.org/10.1021/acs.orglett.8b03229


Key Step. Org. Lett. 2018, 20, 2876−2879. (b) Huang, Z.; Huang, J.;
Qu, Y.; Zhang, W.; Gong, J.; Yang, Z. Total Syntheses of Crinipellins
Enabled by Cobalt-Mediated and Palladium-Catalyzed Intramolecular
Pauson-Khand Reactions. Angew. Chem., Int. Ed. 2018, 57, 8744−
8748.
(12) (a) Magnus, P.; Freund, W. A.; Moorhead, E. J.; Rainey, T.
Formal Synthesis of (±)-Methyl Rocaglate Using an Unprecedented
Acetyl Bromide Mediated Nazarov Reaction. J. Am. Chem. Soc. 2012,
134, 6140−6142. (b) Malona, J. A.; Cariou, K.; Frontier, A. J.
Nazarov Cyclization Initiated by Peracid Oxidation: The Total
Synthesis of (±)-Rocaglamide. J. Am. Chem. Soc. 2009, 131, 7560−
7561. (c) He, W.; Huang, J.; Sun, X.; Frontier, A. J. Total Synthesis of
(±)-Merrilactone A. J. Am. Chem. Soc. 2008, 130, 300−308.
(d) Liang, G.; Xu, Y.; Seiple, I. B.; Trauner, D. Synthesis of
Taiwaniaquinoids via Nazarov Triflation. J. Am. Chem. Soc. 2006, 128,
11022−11023.
(13) For reviews on the Nazarov reaction, see: (a) Wenz, D. R.; de
Alaniz, J. R. The Nazarov Cyclization: A Valuable Method to
Synthesize Fully Substituted Carbon Stereocenters. Eur. J. Org. Chem.
2015, 2015, 23−37. (b) West, F. G.; Scadeng, O.; Wu, Y.-K.;
Fradette, R. J.; Joy, S. The Nazarov Cyclization. In Comprehensive
Organic Synthesis, 2nd ed.; Molander, G. A., Knochel, P., Eds.;
Elsevier: Oxford, 2014; Vol. 5, pp 827−866. (c) Vaidya, T.;
Eisenberg, R.; Frontier, A. J. Catalytic Nazarov Cyclization: The
State of the Art. ChemCatChem 2011, 3, 1531−1548. (d) Tius, M. A.
Some New Nazarov Chemistry. Eur. J. Org. Chem. 2005, 2005, 2193−
2206. (e) Pellissier, H. Recent Developments in the Nazarov Process.
Tetrahedron 2005, 61, 6479−6517. (f) Habermas, K. L.; Denmark, S.
E.; Jones, T. K. The Nazarov Cyclization. In Organic Reactions;
Paquette, L. A., Ed.; John Wiley & Sons Inc.: New York, 1994; Vol.
45, pp 1−158.
(14) For reviews on variants of the traditional Nazarov reaction, see:
(a) Sheikh, N. S. 4π Electrocyclisation in Domino Processes:
Contemporary Trends and Synthetic Applications Towards Natural
Products. Org. Biomol. Chem. 2015, 13, 10774−10796. (b) Di Grandi,
M. J. Nazarov-like Cyclization Reactions. Org. Biomol. Chem. 2014,
12, 5331−5345. (c) Tius, M. A. Allene Ether Nazarov Cyclization.
Chem. Soc. Rev. 2014, 43, 2979−3002. (d) Spencer, W. T., III; Vaidya,
T.; Frontier, A. J. Beyond the Divinyl Ketone: Innovations in the
Generation and Nazarov Cyclization of Pentadienyl Cation
Intermediates. Eur. J. Org. Chem. 2013, 2013, 3621−3633.
(15) Miller, A. K.; Banghart, M. R.; Beaudry, C. M.; Suh, J. M.;
Trauner, D. Development of Novel Lewis Acid Catalyzed Cyclo-
isomerizations: Synthesis of Bicyclo[3.1.0]hexenes and Cyclopente-
nones. Tetrahedron 2003, 59, 8919−8930.
(16) For a review on iso-Nazarov reactions and related processes,
see: Riveira, M. J.; Marsili, L. A.; Mischne, M. P. The iso-Nazarov
Reaction. Org. Biomol. Chem. 2017, 15, 9255−9274.
(17) The reaction was first discovered for the case of linearly
conjugated ketones, see: Denmark, S. E.; Hite, G. A. Silicon-directed
Nazarov Cyclizations. Part VI. The Anomalous Cyclization of Vinyl
Dienyl Ketones. Helv. Chim. Acta 1988, 71, 195−208.
(18) Unlike the pure version of the reaction, domino processes
involving iso-Nazarov reactions have been more numerous. For some
examples, see: (a) Riveira, M. J.; Marcarino, M. O.; La-Venia, A.
Multicomponent Domino Synthesis of Cyclopenta[b]furan-2-ones.
Org. Lett. 2018, 20, 4000−4004. (b) Marques, A.-S.; Coeffard, V.;
Chataigner, I.; Vincent, G.; Moreau, X. Iron-Mediated Domino
Interrupted Iso-Nazarov/Dearomative (3 + 2)-Cycloaddition of
Electrophilic Indoles. Org. Lett. 2016, 18, 5296−5299. (c) Lin, C.-
C.; Teng, T.-M.; Tsai, C.-C.; Liao, H.-Y.; Liu, R.-S. Gold-Catalyzed
Deoxygenative Nazarov Cyclization of 2,4-Dien-1-als for Stereo-
selective Synthesis of Highly Substituted Cyclopentenes. J. Am. Chem.
Soc. 2008, 130, 16417−16423. (d) Pujanauski, B. G.; Prasad, B. A. B.;
Sarpong, R. Pt-Catalyzed Tandem Epoxide Fragmentation/Pentannu-
lation of Propargylic Esters. J. Am. Chem. Soc. 2006, 128, 6786−6787.
For a review, see ref 16.
(19) (a) Lo, C.-Y.; Lin, C.-C.; Cheng, H.-M.; Liu, R.-S. Metal-
Catalyzed Chemoselective Cycloisomerization of cis-2,4-Dien-1-als to

3-Cyclopentenones and 4-Alkylidene-3,4-dihydro-2H-pyrans. Org.
Lett. 2006, 8, 3153−3156. (b) Yoshimatsu, M.; Matsuura, Y.;
Gotoh, K. A Novel 3,4-Bis(sulfenyl)- or 4-Selenenyl-3-sulfenylpenta-
2,4-dienylation of Aldehydes Using 4-Ethoxy-1,2-bis(sulfenyl)- or 1-
Selenenyl-2-sulfenyl-buta-1,3-dienyl Lithiums. Chem. Pharm. Bull.
2003, 51, 1405−1412. (c) Kuroda, C.; Koshio, H. New Cyclization
Reaction of 2-(Trimethylsilylmethyl)pentadienal. Synthesis of
Spiro[4.5]decane Ring System. Chem. Lett. 2000, 29, 962−963.
(20) (a) Riveira, M. J.; Mischne, M. P. One-pot Organocatalytic
Tandem Aldol/Polycyclization Reactions between 1,3-Dicarbonyl
Compounds and α,β,γ,δ-Unsaturated Aldehydes for the Straightfor-
ward Assembly of Cyclopenta[b]furan-type Derivatives: New Insight
into the Knoevenagel Reaction. Chem. - Eur. J. 2012, 18, 2382−2388.
(b) Riveira, M. J.; Gayathri, C.; Navarro-Vaźquez, A.; Tsarevsky, N.
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