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Abstract—An acid-catalyzed practical synthesis of 3-indolyl a,b-unsaturated carbonyl compounds using methyl 3-methoxyacrylate,
methyl 3,3-dimethoxypropionate, or 1,1-dimethoxy-3-butanone is reported. 35% HCl aqueous solution catalyzes this reaction
efficiently in acetic acid. One of the most favorable substrates is 3-(4-fluorophenyl)-1-isopropyl-1H-indole, which reacts nearly
quantitatively to give the corresponding a,b-unsaturated ester, and the scope of the reaction can be extended to some
electron-rich benzene derivatives.
� 2005 Elsevier Ltd. All rights reserved.
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3-Indolyl a,b-unsaturated carbonyl compounds are very
useful agricultural and pharmaceutical intermediates.
Compound 1 is an intermediate of fluvastatin 2, a
well-known HMG-CoA reductase inhibitor.1 Synthesis
of these a,b-unsaturated esters usually needs at least
two steps. As far as we know, there are two general
protocols, one is Vilsmerer formylation followed by
condensation of acetate derivatives and the other is
halogenation followed by Heck reaction.2 There were
also some examples reported on direct oxidative cou-
pling of arenes in the early 1980s, using acrylates to-
gether with stoichiometric palladium acetate.3 Several
examples of catalytic oxidative coupling with olefins
using palladium catalyst were also reported; however,
they still need stoichiometric organic or inorganic oxi-
dants.4 Recently, catalytic oxidative coupling reactions
using molecular oxygen as the oxidant were reported,5

while they seem much better from an economical point
of view, molecular oxygen is not necessarily industrially
favorable from the point of view of safety. As a result of
our study aimed to find an economical and practical
synthetic method of compound 1, we have found an
effective acid-catalyzed practical synthetic method using
methyl 3-methoxyacrylate or methyl 3,3-dimethoxy-
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propionate, which are supplied industrially in large
quantities.
The reaction was initially conducted by mixing methyl
3-methoxyacrylate (2 equiv) with compound 3 (1 equiv)
in the presence of POCl3 (2 equiv); however, the product
1 was obtained in poor yield. Next, the effect of water
was investigated. Thus, as shown in Table 1, water
was found to notably accelerate the reaction. In the case
of addition of 2 equiv of H2O, the yield was 63% in only
E-form. Methyl 3,3-dimethoxypropionate also provided
the corresponding ester in 53% yield. However, from the
point of large-scale production, the yields and the condi-
tions were still unsatisfactory.

Acetic acid, which is often used as a solvent of many
kinds of electrophilic reactions of indole derivatives,
came to our attention. The usability was soon confirmed
as shown in Table 2. It was gratifying to note that the
product was obtained in high yields. The reaction needs
only a catalytic amount of POCl3, unlike in MeCN,
which usually needs more than 1 equiv M of POCl3. In
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Table 1. POCl3 catalyzed preparation in MeCNa

Entry Reagent (equiv) Catalyst (equiv) Water (equiv) Time (h) Yieldb (%)

1 4 (2) POCl3 (2) None 18 32

2 4 (2) POCl3 (2) 1 18 46

3 4 (2) POCl3 (2) 2 18 63

4 5 (2) POCl3 (2) 2 18c 53

a Compound 3 (1.2 mmol), MeCN (6 mL), 25 �C.
bHPLC calculated yield from the peak area against the standard compounds.
c Carried out at 50 �C.
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order to find more convenient acidic catalysts,
other acids were examined. Nearly all kinds of the
protonic acid except H3PO4, exhibited catalytic activ-
ity, especially a hydrochloride aqueous solution was
effective as well as POCl3. The corresponding a,b-unsatu-
rated ketone 108 was also obtained by using 1,1-dimeth-
oxy-3-butanone in 39% yield. The yield was slightly
improved when formic acid was used as a solvent. 3-
Methoxyacrylonitrile and 3,3-dimethoxypropionitrile
also react to provide the corresponding a,b-unsaturated
nitrile 11,8 however, the yield was not so good even
when formic acid was used as the solvent.
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Table 2. Acid catalyzed preparation in AcOHa

Entry Reagent (equiv) Catalyst (mol %)

1 4 (2) POCl3 (20)

2 4 (2) POCl3 (40)

3 4 (2) BF3ÆEt2O (65)

4 4 (2) H3PO4 (65)

5 4 (2) H2SO4 (65)

6 4 (2) HCl (65)

7 4 (2) HBr (65)

8 6 (2) HCl (65)

9 6 (2) HCl (65)

10 7 (2) POCl3 (50)

11 8 (2) HCl (5)

12 8 (2) HCl (65)

a Compound 3 (2.45 mmol), AcOH (6 mL), 25 �C.
bHPLC calculated yield from the peak area against the standard compound
c Isolated yield.
d 35% HCl aqueous solution was used.
e 48% HBr aqueous solution was used.
f Product: (E)-4-[3-(4-fluoro-phenyl)-1-isopropyl-1H-indol-2-yl]-but-3-en-2-on
g Formic acid (6 mL) was used instead of AcOH.
h Product: (E)-3-[3-(4-fluoro-phenyl)-1-isopropyl-1H-indol-2-yl]-acrylonitrile
In order to examine the role of water in the reaction, the
corresponding reactions with or without water were car-
ried out as shown in Table 3. These results show that
water is certainly necessary in the case of using methyl
3-methoxyacrylate, while it is unnecessary in the case
of using methyl 3,3-dimethoxypropionate. That means
that this reaction is neither via a direct Michael type
1,4-addition to 3-methoxyacrylate nor via a simple Fri-
edel–Crafts type reaction to oxocarbenium ions 4b, but
possibly via an SN2 type nucleophilic substitution mech-
anism to the protonated hemiacetal 4a or protonated
acetal 5a by electron-rich aromatic compounds, as
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Figure 1. Proposed reaction mechanism.

Table 4. Substrates other than compound 1a

Entry Substrate Reagent Catalyst (mol %) Water (equiv) Time (h) Yieldb (%)

1

N
4 POCl3 (5) 1 7 82c

2
N

6 35% HClaq (30) — 14 89d

3
N

4 POCl3 (5) 1 7 —e

4 N
H

4 POCl3 (5) 1 7 —e

5 MeO

OMe

OMe

4 POCl3 (5) 1 5 92f

6 MeO

OMe

OMe

4 35% HClaq (30) — 1 98f

7 MeO

MeO

MeO

4 POCl3 (5) 1 18 25g

a Substrate (5 mmol), reagent (5.5 mmol), AcOH (6 mL), 25 �C.
b Isolated yield.
c Product: (E)-3-(1-methyl-2-phenyl-1H-indol-3-yl)-acrylic acid methyl ester 12.
d Product: (E)-4-(1-methyl-2-phenyl-1H-indol-3-yl)-but-3-en-2-one 13.
e Obtained as a complicated mixture.
f Product: (E)-3-(2,4,6-trimethoxy-phenyl)-acrylic acid methyl ester 14.
g Product: (E)-3-(2,3,4-trimethoxy-phenyl)-acrylic acid methyl ester 15.

Table 3. The role of watera

Entry Reagent (equiv) Catalyst (mol %) Water Time (h) Yieldb (%)

1 4 (2) HBrc (65) None 5 13

2 4 (2) HBrc,d (65) None 5 5

3 5 (2) HBrc (65) None 5 90

4 5 (2) HBrc,d (65) None 5 95

a Compound 3 (2.45 mmol), AcOH (6 mL), 25 �C.
bHPLC calculated yield from the peak area against the standard compounds.
c Anhydrous 30% HBr/AcOH was used.
d Ac2O (0.2 equiv) was added to the reaction mixture in order to strictly suppress the influence of water.
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shown in Figure 1. The proposed reaction mechanism is
also supported by the fact that the ketal 9 does not react
at all under the same condition.

Finally, in order to define the scope and limitations of
this methodology, some other aromatic substrates were
applied as shown in Table 4. 1-Methyl-2-phenyl-1H-in-
dole afforded the corresponding a,b-unsaturated ester
128 or a,b-unsaturated ketone 138 in high yield, while
1-methylindole or indole gave complex mixtures. We
tried to apply to some other electron-rich hetero-aro-
matic compounds like 2,3-benzofuran, 2-butylbenzofu-
ran, benzo[b]thiophene, 2-methybenzo[b]thiophene,
2,5-dimethylpyrrole, and 1,2,5-trimethylpyrrole using
methyl 3-methoxyacrylate, however, the corresponding
a,b-unsaturated esters were not obtained. On the other
hand, some electron-rich benzene derivatives like 1,3,5-
trimethoxybenzene or 1,2,3-trimethoxybenzene afforded
the corresponding a,b-unsaturated esters 146 or 15,7

respectively. Among these, 1,3,5-trimethoxybenzene
showed very high reactivity to give the corresponding es-
ter as a sole product, while 1,4-dimethoxybenzene, 1,3-
dimethoxybenzene, or anisole did not react at all.

Typical reaction proceeded as follows: To a mixture of
3-(4-fluorophenyl)-1-isopropyl-1H-indole 3 (620 mg,
2.45 mmol) and methyl 3-methoxyacrylate (570 mg,
4.91 mmol) in AcOH (6 mL) was added 35% HCl aque-
ous solution (166 mg, 1.59 mmol) at 25 �C, and the mix-
ture was stirred at room temperature for 15 h. Water
(12 mL) was added to the reaction mixture, then the
produced crystals were filtered, washed with MeOH/
H2O (4/16 mL), and dried under reduced pressure to
give methyl trans-3-[3-(4-fluorophenyl)-1-isopropyl-1H-
indol-2-yl]acrylate 1 (777 mg, 94%).

In summary, we have found an acid-catalyzed practical
synthetic method for 3-indolyl a,b-unsaturated carbonyl
compounds using methyl 3-methoxyacrylate, methyl
3,3-dimethoxypropionate, or 1,1-dimethoxy-3-buta-
none. The method can also be applied successfully to
some electron-rich benzene derivatives.
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