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An operationally simple and entirely green protocol for
heteropoly acid (10 mg) catalyst conjugate addition of indoles
and pyrrole to unsaturated carbonyl compounds and nitro-
alkene in water at ambient temperature in good to excellent
yields has been developed.

Heteropolyacids (HPAs) are environmentally-friendly and eco-
nomically feasible solid acid catalysts

owing to their high catalytic activities and reactivating power,
ease of handling, cleaner reactions in comparison to conventional
catalysts (less waste production), non-toxicity and experimental
simplicity. The catalytic application of solid acids as efficient
heterogeneous catalysts has been demonstrated, both by successful
large-scale applications in industry and by promising laboratory
results.!

On the other hand, the development of water as a green media
for organic synthesis has become an important research area.
Other than the economical and environmental benefits of using
water, it may exhibit unique reactivity and selectivity in compari-
son with conventional organic solvents. Thus, the development of
novel reactivity, as well as selectivity, that cannot be attained in
conventional organic solvents is one of the challenging goals of
water chemistry.?

Indole and many of its derivatives are present in many sub-
stances commonly found in nature,? as well as in many compounds
that show pharmacological and biological activities.* Thus, the
development of a new, efficient, selective and green synthetic
method for the preparation of 3-substituted indole derivatives has
attracted much attention in recent years. A variety of methods
have been explored for the Michael addition reaction of indoles
and pyrroles with o,B-unsaturated ketones in the presence of
protic or Lewis acids for the preparation of substituted indoles
and pyrroles.” MacMillan was also reported the enantioselective
Friedel-Crafts alkylation of pyrroles.®* However, many of these
procedures involved strong acidic conditions, expensive reagents,
longer reaction times, low yields of products and uneasy handling.
While most Michael addition reactions are performed in organic
solvents, Michael additions in water are relatively scarce. Further-
more, to the best of our knowledge, few reports about conjugate
indole addition with steric hindrance enones, such as chalcone,
have been reported in the literature.”
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In continuation of our research interest for developing green or-
ganic chemistry by using water as reaction media or by performing
organic transformations under solvent-free conditions,?® herein, we
wish to report a novel catalytic system that is quite effective and
entirely green procedure for the Michael-type addition of indol,
N-methyl indol, and pyrrole to o,B-unsaturated compounds in
water and in the presence of heteropoly acids (Scheme 1). First,
we decided to focus on the catalytic activity-screening study of
conjugate indole addition with methyl vinyl ketone in water at
room temperature. Interestingly, the Michael addition between
indole and methyl vinyl ketone in the presence of catalysts, such
as CeCle;-7H,0, FeCl;-6H,0, ZrCl,, WCl,; and H;PO,, proceeded
efficiently, furnishing moderate to excellent yields of the desired
products in water (Table 1). Unlike the conventional Lewis acid-
catalyzed reactions, heteropoly acids such as H;PMo,,O,, and
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Scheme 1

Table 1 Reaction of indole and methyl vinyl ketone in water with various
catalysts

Oj Catalyst
+ =z —_—
N /Y water |
1 H 2 (2 mL), 1t. N ;3
H

Entry Catalyst (mol%) Time/h Yield (%)
1 — 24 20
2 CeCl;-7H,0 (3) 24 50
3 CeCl;-7H,0 (30) 8 80
4 MgClO,-5H,0 (6) 24 0
5 ZrCl, (10) 2 100
6 FeCl;-7H,0 (7) 24 100
7 CuCl,.2H,0 (10) 24 68
8 MnCl,-5H,0 (10) 10 70
9 RuCl;.7.H,0 (5) 8 78
10 VCI; (20) 8 80
11 WCl; (5) 2 96
12 H;PO, (0.005)" 8 92
13 H;PMo,,0, (1) 1 68¢
14 H;PMo,,04 (0.5) 0.2 100
15 H,PW,,0,, (0.4) 0.2 100
16 LiCl0,.3H,0 (60) 24 0

« Conversion yields. * 2 ml H;PO,. ¢ Solvent THF.
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Table 2 Reaction of chalcone with indole at various conditions®

Table 3 HPA-Catalyzed Michael addition of various substrates in water

/\)?\ g
X
Ph Ph Catalyst Ph
4 + —_— |
Solvent (3 mL) N

(ﬁ i, 18 h H 6
N
5 H

Entry Solvent Catalyst (10 mg) Yield (%)®
1 Water — 0
2 Water H;PMo,,0,4 90
3 Water H;PW,,04 85
4 EtOH H;PMo,,0,4 35
5 EtOH H,PW,,0, 27
6 Toluene H;PMo,,0, 20
7 Toluene H;PW,0, 12
8 CH;CN H;PMo,,0,, 76
9 CH;CN H;PW,,04 52
10 CICH,CH,Cl H;PMo,,0, 80
11 CICH,CH,Cl H;PW,,04 58
12 Water ZrCl, 0
13 Water RuCl, 0
14 Water H,SO, 30
15 Water HCIO, 70
16 Water MeSO;H 0
17 Water p-MeC¢H,SO;H 50

“ Reaction conditions: indole (1 mmol), Chalcone (1 mmol), HPA (10 mg)
and solvent (3 ml). ® Isolated yield.

H,PW,,0,, in water were also effective in this reaction and showed
high catalytic activity in a short reaction time.

A literature survey reveals that there are few reports on
the reaction of chalcone with indoles in water. Therefore, we
were particularly interested in the use of chalcone, which reacts
sluggishly with indoles in the presence of common catalysts. So, we
extended our studies by investigating the Friedel-Crafts alkylation
between indole and chalcone in water and other organic solvents,
using different catalysts (Table 2).

The reactions worked well in water, CH;CN and CICH,CH,Cl
at room temperature, whereas in THF, PhMe, EtOH very low
yields of the product were obtained. When MnCl,, RuCl;, ZrCl,,
H,SO, and MeSO;H were used as a catalyst in water, no Michael
adducts were detected, but in the presence of HCIO, and p-
toluenesulfonic acid (TsOH) moderate yields were obtained in wa-
ter. In addition, H;PMo,,0,, has been compared with H;PW,0,,
and we found the same results for both of these heteropoly acids
for the above reaction in water.

Encouraged by the remarkable results obtained with indole
and chalcone, a variety of substituted indoles and electron
deficient compounds were tested using this new Friedel-Crafts
alkylation method. The results clearly demonstrate that HPA
is an excellent catalyst for this reaction in water (Table 3). By
using substituted indoles such as N-methylindole, 2-methylindole
and 5-bromoindole, good to excellent yields were obtained. The
substituents did not affect the reactivity of indoles significantly.
The only significant difference in reactivity was observed for
N-methylindole, which gives a higher yield in comparison with
indole. With regard to Michael acceptors, the reactions proceeded
smoothly with electron-deficient olefins such as methyl vinyl
ketone, chalcone, chlorochalcone and B-nitrostyrene to afford the

Michael acceptor Products
Entry Indole Catalysts Time/h Yields (%)*
X X
S o~ T
R R
1 X=H, R=H H,PW,,0, 0.3 97
2 X=H, R=H H;PMo,,0, 0.3 97
3 X=Br, R=H H;PW,,0, 1 97
4 X=Br, R=H H;PMo,,0, 1 97
5 X=H, R=CH; H;PW,,0, 0.2 97
6 X=H, R=CH, H;PMo,,0, 0.2 97
X Ph O
N
Y Ph/\)]\ph N
R
7 X=H, R=H H,;PW,,0, 18 90
8 X=H, R=H H;PMo,,0,, 18 85
9 X=H, R=CH, H;PW,,0, 12 95
10 X=H, R=CH; H;PMo,,04 12 93
11 X=Br, R=H H;PW,,0, 18 78
12 X=Br, R=H H;PMo,,0, 18 80
-CICH, O
X N p 614
@ p-Chloro- | Ph
ITI chalcone N
R R
13 X=H, R=H H;PW,,0, 18 76¢
14 X=H, R=H H;PMo,,0, 18 80°
15 X=H, R=CH; H;PW,,0, 18 83
16 X=H, R=CH, H;PMo,,0, 18 89
X Ph
@ X NO,
N ph/\/Noz |
R N
R
17 X=H, R=H H.PW,,0,, 18 82
18 X=H, R=H H;PMo,,0, 18 86
19 X=H, R=CH; H,PW,,0, 14 90
20 X=H, R=CH; H;PMo,,0, 14 93
21 X=Br, R=H H;PW,,0, 18 74
22 X=Br, R=H H;PMo,,0, 18 76
23 = 1 95
m O HPWO,,
H NO.
Ph/\/ 2
24 H;PWO,, 18 74
25 Chalcone H,PWO,, 28 68

“Isolated yields. * Conversion 100%. < CH;OH as solvent

corresponding Michael adducts in good to excellent yields. In
all cases the reactions proceeded at room temperature with high
selectivity. It is important to note that products arising from 1,2-
addition were not observed under these reaction conditions. In
the case of sterically hindered and less reactive enone, such as
chalcone, the reaction proceeds smoothly with good yield. (Table 3,
entries 4 and 5). However, a,f-unsaturated esters are not suitable
substrates for Michael addition reaction of indoles under these
reaction conditions.
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Table4 The HPA-catalyzed reaction of electron-deficient olefins with pyrrole in water®

I\
I 1
E)NH . R\/\X Catalyst (10 mg) % I}I
water, rt + R _H
7 8a-c 9
8a: R=H, X=COCH, ]\
8b: R=Ph, X=COPh X N X
8c: R=Ph, X=NO, R H R
10
Yield (%)*
Entry Michael acceptor Molar ratio of 7: 8 Catalyst Time/h 9 10
1 8a 1:1 H;PW,,0, 2 36 28
2 8a 1:1 H;PMo,,04 2 34 25
3 8a 1:2.5 H;PW,,0, 8 0 82
4 8a 1:2.5 H;PMo,,0, 8 0 86
5 8b 1:1 H;PW,,0, 18 20 30
6 8b 1:1 H;PMo,,0, 18 14 32
7 8b 1:2.5 H;PW,,0, 18 8 68°
8 8b 1:2.5 H;PW,,0, 18 12 66°
9 8c 1:1 H;PW,,0,, 18 25 30
10 8c 1:1 H;PMo,,0, 18 20 32
11 8c 1:2.5 H;PMo,,04 18 10 48¢

“Yields refer to pure isolated compounds. * Methanol as solvent. ¢ 0.05 gram SDS was added.

Pyrroles also readily underwent Michael addition at a-positions
under the same reaction conditions. However, in this case, 2,5-
disubstituted pyrroles were the major products using a 1 : 1
pyrrole-reactant ratio. Any excess of the Michael acceptor resulted
in the formation of 2,5-disubstituted pyrroles in some cases
(Table 4, entries 3 and 4).

In summary, we have demonstrated a novel, highly efficient
and entirely green protocol for Friedel-Crafts alkylation of indole
and pyrrole with several electron-deficient olefins in water at
room temperature with good to excellent yields. Furthermore,
this procedure offers several advantages including the use of
green and low-loading catalyst, green solvent, improved yields,
cleaner reactions and simple experimental procedures, which make
it a useful and attractive strategy in multicomponent reactions
and combinational chemistry. In addition, easy workup has been
realized without the use of organic solvents when the products are
solid or insoluble in water. In some cases the pure products were
obtained after the evaporation of the solvent from the reaction
mixture.
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