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A simple, convenient, one-pot synthetic approach towards substituted cyclopentenone derivatives via
thiol-mediated tandem Michael–aldol reaction followed by acid-catalyzed thiol elimination and isomer-
ization of 3-(2-formyl-3,4-dihydronapthalene 1-yl)-acrylic acid esters has been developed.

� 2010 Elsevier Ltd. All rights reserved.
Functionalized cyclopentenones are versatile precursors for the
synthesis of natural products and biologically active molecules,1 some
of which are shown in Figure 1.2 Numerous methods have been re-
ported for the synthesis of cyclopentenone derivatives. Amide classical
methods, intramolecular aldol, Wittig reaction and Nazarov cyclization
are noteworthy.3 The Pauson–Khand reaction4 has also emerged as a
powerful tool to construct bicyclic cyclopentenone structure. Our
group has synthesized some sesquiterpene precursors containing
cyclopentenone subunit using intramolecular Heck reaction.5

There are several literature reports of intramolecular domino
reactions in which one or more cycles are formed via metal and
acid–base-catalyzed reactions.6 Among them, the tandem Mi-
chael–aldol reaction represents a classical method of carbon–car-
bon bond formation that has been applied for the synthesis of
carbocycles and heterocycles.7 Thiol-mediated Mortia–Baylis–Hill-
ll rights reserved.

: +91 3222282252.
y).

CO2Me

NH2

CH2 (CH2)14CH3

menones J
Pe

Figure 1. Some biologica
man is one type of tandem Michael–aldol reaction that has also
been reported in the literature.8 Kiyoshi Tomiokga and his group
have synthesized (�)-Neplanocin-A by using lithium thiolate-initi-
ated Michael–aldol tandem cyclization reaction.9

In continuation of our efforts on C–C bond formation reaction,10

herein we report a thiol-mediated tandem Michael–aldol reaction
for the synthesis of cyclopentenone derivatives from 3-(2-formyl-
3,4-dihydronapthalene 1-yl)-acrylic acid esters. In our previous
reports11 we had demonstrated the successful synthesis of furan,
dihydrofuran and pyrrole derivatives from the same precursor using
intramolecular Michael addition.

We anticipated that 3-(2-formyl-3,4-dihydronapthalene 1-yl)-
acrylic acid derivative 2 could be more effective for tandem Michael
followed by intramolecular aldol reaction because these substrates
include both enone and formyl groups. The starting materials 2 were
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lly active molecule.
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Table 1
Optimization of the reaction condition by using different types of bases and Michael donorsa

OMeO

CHO
O

O
MeO

R'SH, Solvent

Acidic work up

2a
3a

Base,

Entry Michael donor Base Solvent Yield (%)

1 HS CO2Me Et3N Et3N Decb

2 HS CO2Me Pyridine Pyridine NRb

3 HS CO2Me Et3N Pyridine 10b

4 HS CO2Me
tBuOK Pyridine NRb

5 HS CO2Me (i) Et3N, (ii) 20% KOH Pyridine 55

6 HS CO2Et (i) Et3N, (ii) 20% KOH Pyridine 50

7 PhSH (i) Et3N, (ii) 20% KOH Pyridine 35
8 PPh3 (i) Et3N, (ii) 20% KOH Pyridine NR

NR: no reaction.
Dec: Decomposition of the starting material.

a Reaction conditions: Substrate 2a (1 mmol), Michael donor (1.2 mmol), base (1.2 mmol) and solvent (3 mL) at
70–80 �C for 2 h, 20% KOH (6 mL) at 0–5 �C for 20 min, acidic work up by 6(M) HCl.

b Without 20% KOH.
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Scheme 1. Preparation of 3-(2-formyl-3,4-dihydronapthalene 1-yl)-acrylate ester.
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Scheme 2. Synthesis of cyclopentenone derivative from the substrate 2a.
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Table 2
Synthesis of cyclopentenone derivativesa

ORO

CHO

O

O
RO

i)

ii) 20% KOH
iii) Acidic work up

"R

"R

2
3

HS CO2Me , Et3N, pyridine

R = Me, Et

R" = H, OMe

R'''
R'''

R''' = H,  Me

Entry Substrate Product Yields (%)

1

CO2Me

CHO

2a 3a

O

CO2Me

55

2

CO2Et

CHO

2b
3b

O

CO2Et

60

3

CO2Me

CHO

2c 3c

O

CO2Me

45

4

CO2Me

CHO

2dOMe
3d

O

CO2Me

OMe

48

5

CO2Et

CHO

2eOMe
3e

O

CO2Et

OMe

50

6

CO2Et

CHO

2fMeO 3f

O

CO2Et

MeO

40

7

CO2Me

CHO

2g

MeO

3g

O

CO2Me

MeO 50

8

CO2Et

CHO

2h

MeO

3h

O

CO2Et

MeO
52

a Substrate 2 (1 mmol), methyl thioglycolate (1.2 mmol), base (1.2 mmol) and solvent (3 mL) at 70–80 �C for 2 h,
20% KOH (6 mL) at 0–5 �C for 20 min, acidic work up by 6(M) HCl.
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Scheme 3. Synthesis of fused furan derivative.
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synthesized in good yields (80–90%) by our reported procedure
where b-bromovinyl aldehydes 1 were treated with acrylate esters
in the presence of palladium chloride, sodium carbonate and tetra-
butylammonium bromide in water at room temperature (Scheme
1) for 2–3 h.

Our primary objective was to synthesize thiopyran derivative 4
(Scheme 2) from the substrate 2 employing methyl thioglycolate
which was used to synthesize thiophene derivatives12 from b-chlo-
rovinyl aldehydes as reported by our group. When substrate 2a
was treated with the same reagent system,12 cyclopentenone
derivative 3a was obtained unexpectedly.

Optimization of reaction condition was done with 2a as the
model substrate by changing different types of Michael donors
and bases. When the reaction was carried out only with pyridine
or triethylamine, we did not get any cyclized product. Compound
2a on treatment with methyl thioglycolate and triethylamine in
pyridine solvent at 70–80 �C followed by acidic work up afforded
3a only in 10% yield. After a quick optimization of the reactant ratio
(2a/thiol/Et3N = 1.0:1.2:1.2), the product yield of 3a was increased
to 55% after the addition of 20% KOH (Table 1, entry 1).

Ethyl thioglycolate and thiophenol also gave successful results
(Table 1, entries 6 and 7). The reaction did not take place with tri-
phenyl phosphine (Table 1, entry 8).

With the optimized reaction condition [(i) reactant molar ratio
2/thiol/Et3N = 1.0:1.2:1.2; (ii) 20% KOH],13 we examined the gener-
ality and substrate scope of this new cyclization reaction. As shown
in Table 2, various 3-(2-formyl-3,4-dihydronapthalene 1-yl)-acry-
late esters gave the corresponding cyclopentenone derivatives
with moderate to good yields (entries 1–8).

In view of the absence of any supporting evidence, at this point,
we are unable to produce any mechanistic explanation other than
the account of the formation of the observed products.

The use of t-butyl ester derivatives 2i and 2j did not furnish the
desired cyclopentenone derivatives, instead; they produced furan
derivatives 3i and 3j (Scheme 3).

The formation of fused furan derivatives for the substrate 3i–j
can be explained by inhibition of intermolecular Michael addition
due to steric interaction of adjacent tertiary butyl group. As re-
ported earlier,10 formation of furan derivative can be explained
by attack of the thiol at the aldehyde followed by intramolecular
Michael addition and subsequent elimination of thiol.

In conclusion, we have developed a novel methodology for the
synthesis of cyclopentenone derivatives via thiol-initiated tandem
Michael–aldol reaction. Application of this method to the synthesis
of some sesquiterpine natural products is currently in progress and
will be discussed in due course.
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