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Catalytic Conjugate Addition of Indoles to 4-Aryl-4-oxobut-2-enoates by FeCl;
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The conjugate addition of indoles to 4-aryl-4-oxobut-2-
enoates was achieved with FeCl; as a catalyst under mild condi-
tions. The reaction was highly regioselective and afforded a
variety of new 3-substituted indoles in good to excellent yields.

The synthesis of indole derivatives continues to be an intri-
guing subject in organic synthesis since the indole nucleus has
been found in a number of biologically active natural and un-
natural compounds.! Among a variety of reactions for the deri-
vation of indole, the conjugate addition (the Michael addition)
of indole to electron-deficient olefins provides a straightforward
approach to introduce functionalized substituents at its 3-posi-
tion and has received a great deal of recent attention. Simple
enones or nitroalkenes have been frequently employed> in most
investigation as Michael addition templates for indoles. Besides
developing more efficient, milder, or greener reaction condi-
tions, chiral catalysts are continually being sought so as to pro-
mote the reaction in a highly enatioselective way.’

Recently, more and more research focusing on the develop-
ment of alternative Michael acceptors such as acrylate,?2! acry-
lonitrile,” alkylidene malonates,* c,B-unsaturated aldehydes,’
a,ﬂ—unsaturated acylbenzotriazoles,6 and N-acetylated Ot,,B—de—
hydroalanine methyl ester,” together with more functionalized
4-substituted 2-oxo-3-butenoate esters,® o, B-unsaturated acyl
phosphates,® o’-hydroxy enones, ' «,B-unsaturated 2-acylimi-
dazoles,!" o/-phosphoric enones,'?> and ethyl 3-nitro-2-alke-
noates,'3 has been conducted thus providing a number of meth-
ods for the synthesis of diverse 3-substituted indole derivatives
(although some of the aforementioned Michael acceptors were
designed for chiral metal-catalyzed purposes). In this paper,
we wish to report the first efficient regioselective addition of in-
doles to 4-aryl-4-oxobut-2-enoates, which afforded a new kind
of 3-functionalized indole.

4-Oxobut-2-enoates (or y-oxo-o, B-(E)-alkenoic acid esters),
particularly those substituted with 4-aryl, are biologically and
medicinally important small molecules.'* The ketonic carbonyl
and the esteric carbonyl group present therein activate both ter-
mini of the carbon—carbon double bond and make them potential
Michael acceptors. The superior electron-withdrawing aptitude
exerted by the ketonic carbonyl group can lead to the attack of
N-nucleophiles at their 2-position. For example, addition of var-
ious amino acids to ethyl B-benzoylacrylate affords ethyl -
amino-y-oxo-y-phenylbutyrate derivatives, which are important
intermediates for ACE (I) inhibitor.'> In 2007, Han reported the
conjugate addition reaction of a wide variety of NH-containing
heterocyclic compounds to these compounds with DBU as a cat-
alyst in constructing a C-N bond.'® However, the conjugate ad-
dition of indoles to 4-aryl-4-oxobut-2-enoates forming a C-C
bond was not explored to provide the corresponding 3-function-
alized indoles. Herein, catalyzed with Lewis acid, indoles were

Table 1. The Michael addition of indole 1a to ethyl (E)-4-oxo-
4-phenylbut-2-enoate 2a catalyzed by Lewis acids in various
solvents

(o]
©j\> . @)WOB Lewis acid
N Solvent
N o
a 2a

1

Entry Catalyst? Solvent® Time/h Yields®/%
1 Sml3 THF 14 60
2 AlCl3 THF 14 57
3 ZnCl, THF 14 35
4 CuCl, THF 14 55
5 Zn(OTf), THF 14 55
6 Cu(OTf), THF 14 62
7 FeCl3 THF 14 70
8 FeCl3 CH,Cl, 5 90
9 FeCl3 CH;CN 10 45

10 FeCl; Toluene 10 85
11 FCC13 C2H5OH 10 16
12 FeCl 3 Etz (0] 10 32

ACatalyst load: 20 mol %. ®The runs were carried out under
reflux conditions; at room temperature, lower efficiency
was observed. “Isolated yields.

found to undergo conjugate addition to 4-aryl-4-oxobut-2-
enoates smoothly to form a C—C bond exclusively in a highly re-
gioselective way, allowing facile access to a broad range of 2-(3-
indolyl)-substituted 4-aryl-4-oxobutanoates in good to excellent
yields.

To search for highly efficient reaction conditions, a variety
of catalysts and solvents were screened with ester 1a and indole
2a as substrates. It was found that anhydrous FeCl;!7 in refluxing
CH,Cl, gave the best result in terms of yield and reaction time
(Table 1, Entry 8).

Subsequently, a variety of indoles and ethyl (E)-4-aryl-4-
oxobut-2-enoates were applied as substrates under the optimal
conditions to examine the generality of the reaction, and the
results are listed in Table 2.

Generally, both indole and the substituted indoles under-
went the Michael-addition reaction smoothly to give the corre-
sponding 2-(3-indolyl)-substituted 4-aryl-4-oxobutanoates in
good to excellent yields. The attack of indoles with their 3-posi-
tion on the other termini of the carbon—carbon double bond in
ethyl (E)-4-aryl-4-oxobut-2-enoates was not observed at all,
showing high regioselectivity. Besides indole, the indoles substi-
tuted with 2-methyl, 5-methyl, and 5-bromo all worked well.
However, the presence of a phenyl on the 2-position of indole
required relatively longer time for the reaction to afford compa-
rable yields (Table 2, Entry 10), which may be ascribed to the
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Table 2. FeCl;-catalyzed conjugate addition of indoles 1 to
ethyl (E)-4-aryl-4-oxobut-2-enoates 2

HN \\/\
R o o N7
m . A,MOB FeCls (20mol) OFt
& H o CH,Cl,, reflux d 5
1 2 3
Entry  Indoles1 Ar of 2 Poducts Time/h  Yields¥%

1

@ oa 3aa 5 90
2 la Hac@ 3ab 5 85

Iz /i

2b

3 la u@— 3ac 3 82
2c

4 la Br@ 3ad 4 83
2d

5 la pho@ 3ae 45 88
2e

HaC

6 la HiC 3af 5 87
of

7 " 2a 3ba 5 89

1b
8 1b 2e 3be 35 84
9 1b 2f 3pf 45 81
OOy
10 2a 3ca 8.5 73

H
1c
Br:
T
11 N 2b 3db 5 92

1d
12 1d 2c 3dc 35 89
13 1d 2d 3dd 4 83
14 1d 2f 3df 5 82

HsC
0

15 N 2a 3ea 5 83

le
16 le 2e 3ee 5 89

Isolated yields.

steric hindrance resulting from the phenyl. With regard to the
substituents on the aryl in ethyl (E)-4-aryl-4-oxobut-2-enoates
2, neither electron-donating groups nor electron-withdrawing
groups on the aromatic ring affected the efficiency of the reac-
tion.

It should be mentioned that 2a in its Z configuration, when
reacted with indole 1a, afforded 3aa in 63% yield in 5 h, showing
lower efficiency than its E isomer (Table 2, Entry 1). Conversion
of (Z)-2a to (E)-2a was observed under the conditions. Besides,
benzyl (E)-4-(4-chlorophenyl)-4-oxobut-2-enoate 4 was found
to react with 5-bromoindole 1d giving 2-(3-indolyl)-substituted
4-aryl-4-oxobutanoate 5 (see Supporting Information'®) in
88% yield in 0.5 h, indicating that benzyl ester could be well tol-
erated and was more reactive than the corresponding ethyl ester
(Table 2, Entry 12).

In conclusion, we have developed for the first time an effi-
cient C—C bond forming Michael addition reaction between in-
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doles and 4-aryl-4-oxobut-2-enoates. The reaction proceeded ef-
ficiently and regioselectively with FeCl; as a catalyst under mild
conditions and can tolerate a variety of substituents, thus provid-
ing a practical method for the synthesis of multi-functionalized
indole derivatives.

The work was supported by the National Natural Science
Foundation of China (No. 20802070) for financial support.
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