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Abstract. Electrophilic substituons reactions of indole and 1-methylindole with methyl propiolate in the 
presence of K-10 montmorillonite were obtained the formation of the corresponding methyl 3,3-
bis(indolyl)propanoates. The reaction of 1,3-dimethylindole with methyl propiolate was given methyl 3,3-
bis(1,3-dimethyl-1H-indol-2-yl)propanoate, methyl 1,5-dimethyl-1H-benzo[b]azepine-3-carboxylate and 
methyl 3,3,3-tris(1,3-dimethyl-1H-indol-2-yl)propanoate. The reaction of 1,3-dimethylindole with 2-
cyclopentenone was yielded a typical addition product, similarly the reaction of indole and 1-methylindole 
with 2-cyclopentenone were concluded the expected addition products only. 
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INTRODUCTION 

Indole and its derivatives are components of drugs 
founded in many pharmaceutical compounds1−4 and are 
crucial building blocks for biologically active 
compounds.5,6 The Michael addition of indoles to α,β-
unsaturated carbonyl compounds are an useful reaction 
for medicinal chemistry applications. Bis and trisindolyl 
compounds have recieved a considerable attention on 
account of their biological activity7−9 and growth 
inhibitory activity on tumor cells.10−13 Trisindolyl 
amines are reported to be important intermediates for 
the development of new drugs with potential 
ironchelating abilities.14 However, for years, many syn-
thetic methods for the preparation of the biologically 
important, diindolyl15−22 and trisindolylalkanes,23−27 
have been reported and most of these procedures either 
in strong acidic conditions,28,29 expensive reagents and 
catalysts involved30−35 or they were carried out under 
dry conditions using microwaves36,37 and ultrasound 
accelerated methods.38 

Environmentally, Benign chemical processes us-
ing less hazardous catalysts has become a primary goal 
in synthetic organic chemistry. In this work, the reac-
tions of indole, 1-methylindole and 1,3-dimethylindole 
with methyl propiolate and 2-cyclopentenone in di-
chloromethane under mild conditions using K-10 
montmorillonite as catalyst is described. The reactions 
of indole and methyl-substituted indoles with α,β-

unsaturated carbonyl compounds with an initial attack at 
the preferred 3-position of the indoles were followed by 
rearrangement to the 2-position. This type of rear-
rangement has been previously reported by Jackson et 
al.39−41 

Treatment of indole(1) and 1-methylindole(2) with 
methyl propiolate in dichloromethane in the presence 
K10 montmorillonite, occurred just at that position to 
give methyl 3,3-di(1H-indol-2-yl)propanoate(4) and 
3,3-bis(1-methyl-1H-indol-2-yl)propanoate(5) (Scheme 
1). The C3 atom in the indole molecule is the most ac-
tive in electrophilic substitution processes.23,31 In the 
molecule of 1,3-dimethylindole(3), because the 3-
position is occupied by methyl group, from the addition 
reaction of 1,3-dimethylindole(3) to methyl propiolate 
in dichloromethane and K-10 Montmorllonite catalyst 
were obtained three different products in one pot; 

Scheme 1. The reaction of indole and 1-methylindole with 
methyl propiolate.  
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methyl 3,3-bis(1,3-dimethyl-1H-indol-2-yl)propano-
ate(6), methyl 1,5-dimethyl-1H-benzo[b]azepin-3-
carboxylate(7) and the methyl 3,3,3-tris(1,3-dimethyl-
1H-indol-2-yl)propanoate(8) respectively (Scheme 2). 
Substituted benzoazepines possess a broad spectrum of 
biological activities.42 They are of moderate size giving 
rise to their potential as ligands for receptors and offer 
semi-restricted conformational flexibility allowing con-
siderable scope for selective binding with a range of 
functional groups.14 Benzoazepine type compounds 
were previously synthesized from the 2-methoxyindole 
and dimethyl pyrroles in 1966.43 It is worth mentioning 
that in previous work,44 we have reported the synthesis 
of dimethyl 2-(2-methyl-1H-methylindol-3-yl)maleate 
and dimethyl 2-methyl-1H-1-benzazopine-3,4-dicarbo-
xylate from the reaction of 2-metylindole with dimethyl 
acetylenedicarboxylate. From the reaction 1,3-di-
methylindole and dimethyl acetylenedicarboxylate were 
isolated dimethyl 1,5-dimethyl-1H-1-benzoazepine-3,4-
dicarboxylate. In 1,3-dimethylindole with methylpro-
piolate reaction as a successful example of the ring 
expansion was obtained methyl 1,5-dimethyl-1H ben-
zo[b]azepin-3-carboxylate(7). 

Indole(1), 1-methylindole(2) and 1,3-Dimethylin-
dole(3) was also reacted with 2-cyclopentenone under 
the same conditions and in this reaction, it is yielded 
only Michael addition products (Scheme 3). We have 
found that Montmorillonite smoothly catalyzes in these 
reactions leading to two C–C bonds and thus affording 
the desired products in one pot. 

 

EXPERIMENTAL 

Material 

All chemicals were purchased from Merck, Fluka and 
Sigma-Aldrich and Montmorillonite K-10 clay was 
purchased from Fluka AG, Switzerland. TLC was 
carried out on aluminum sheets precoated with silica gel 
60 F254 (Merck), and the spots were visualized with UV 
light (λ = 254 nm). Column chromatography was 
conducted on silica gel 60 (40−63 μm). The melting 
points were determined on an Electrotermal A 9100 
melting point apparatus. The NMR spectra were record-
ed on a Bruker DPX-400 spectrometer. Chemical shifts 
are reported in parts per million relative to CHCl3 (

1H: δ 
= 7.27), CDCl3 (

13C: δ = 77.0 ppm) and CCl4 (
13C: δ = 

96.4 ppm). The IR spectra were measured in KBr on a 
Jasco FTIR 300E spectrometer. The mass spectra were 
run on an LC/MS, AGILENT 1100 MSD system. The 
elemental compositions were determined using a LECO 
CHNS-932 analyzer. 
 
Synthesis of Methyl 3,3-di(1H-indol-2-yl)propano-
ate(4)  

8 mmol of indole(1) and 4 mmol methyl propiolate was 
dissolved in 50 ml dichloromethane and K-10 catalyst 

 

Scheme 2. The reaction of 1,3-dimethylindole with methyl propiolate.  

Scheme 3. The reaction of indole, 1-methylindole and 1,3-
dimethylindole with 2-cyclopentenone.  
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was added. The mixture was refluxed for 6 hours and 
the progress of the reaction was monitored by TLC. 
After the removal of the solvents under reduced pres-
sure, the crude product was purified by column chroma-
tography on flash silica gel using (ethylacetate / cyclo-
hexane, 3:7, v/v) followed by recrystallization from 
ethylacetate / cyclohexane to give (e.g. 0.93g, 73 %) red 
crystals,. m.p. 79−80. oC; 1H NMR (400 MHz, CDCl3) 
δ/ppm: 7.9 (2H, s, N-H), 7.55 (2H, d, J =6.8 Hz, H-7), 
7.22 (2H, d, J =8.1 Hz, H-4), 7.16 (2H, t, J =8 Hz, H-5), 
7.03 (2H, t, J =10 Hz, H-6), 6.83 (2H, s, H-2), 5.1 (1H, 
t, J =7.5 Hz, CH), 3.55 (3H, s, OCH3), 3.28 (2H, d, J 
=9.7 Hz, CH2). 

13C NMR (400 MHz, CDCl3) δ/ppm: 
173.2 (1C, C=O), 136.6 (2C, C-8), 126.6 (2C, C-9), 
121.9 (2C, C-2), 121.8 (2C, C-5), 119.4 (2C, C-6), 
119.2 (2C, C-4), 118.6 (2C, C-3), 111.2 (2C, C-7), 51.6 
(1C, OCH3), 41.0 (1C, CH), 30.8 (1C, CH2); MS m/z: 
318 (M+, 3 %), 282 (M+-34, 17 %), 276 (M+-42, 100 
%), 216 (M+-132, 14 %). Anal. Calcd. mass fractions of 
elements, w/%, for C20H18N2O2 (Mr = 318.37) are: C 
75.45, H 5.70, N 8.80; found: C 75.38, H 5.64, N 8.66. 
 
Synthesis of Methyl 3,3-bis(1-methyl-1H-indol-2-
yl)propanoate(5) 

Into a solution of 1-methylindole(2) (8 mmol) and 
methyl propiolate (4 mmol) in 50 mL dichloromethane, 
the K-10 catalyst was added. The mixture was refluxed 
for 6 hours and the reaction was followed by TLC. After 
completion, the catalyst was filtered off and washed 
with dichloromethane. The reaction products were sepa-
rated by flash chromatography (chloroform / petroleum 
ether, 9:1, v/v) followed by recrystallization from chlo-
roform / petroleum ether to give e.g. 0.86 g (62 %) 
white crystals, m.p. 122−123 ºC. 1H NMR (400 MHz, 
CDCl3) δ/ppm: 7.5 (d, J=8 Hz, 2H, H-7), 7.3 (d, J=6.7, 
2H, Hz, H-4), 7.2 (t, J=10 Hz, 2H, H-5), 7.0 (t, J=10 
Hz, 2H, H-6), 6.8 (s, 2H, H-2), 5.1 (t, J=7.5 Hz, 1H, -
CH), 3.7 (s, 6H, N-CH3), 3.5 (s, 3H, OCH3), 3.1 (d, J = 
7.5 Hz, 2H, CH2); 

13C NMR (400 MHz, CDCl3) δ/ppm: 
172.9 (1C, C=O) ,137.3 (2C, C-8), 128.6 (2C, C-9), 
127.0 (2C, C-2), 126.3 (2C, C-5), 121.4 (2C, C-6), 
118.8 (2C, C-4), 117.4 (2C, C-3), 109.1 (2C, C-7), 51.5 
(1C, OCH3 ), 41.3 (1C, CH), 32.6 (2C, N−CH3), 30.6 
(1C, CH2); MS m/z : 347 (M+, 4 %), 285 (M+-61, 38 %) 
202 (M+-144, 68 %), 170 (M+-176, 88 %), 160 (M+-186, 
100 %). Anal. Calcd. mass fractions of elements, w/%, 
for C22H22N2O2 (Mr = 346.42) are: C 76.28, H 6.40, N 
8.09; found: C 76.14, H 6.35, N 8.24. 
 
The Reaction of 1,3-dimethylindole with Methyl 
Propiolate  

1,3-dimethylindole(3) (12 mmol) was dissolved in 50 
mL dichloromethane and 4 mmol of methyl propiolate 
was added. After the addition of 2 g of K-10 Mont-

morillonite clay, the mixture was refluxed for 16 hours 
and the progress of the reaction was monitored by TLC. 
After completion, the reaction mixture was filtered 
under vacuum and the solvent was evaporated off to 
give an oily product. This mixture was separated by 
flash chromatography using chloroform / petroleum 
ether, (4:1, v/v) to give the following three products; 
methyl 3,3-bis(1,3-dimethyl-1H-indol-2-yl) propano-
ate(6), methyl 1,5-dimethyl-1H-benzo[b]azepine-3-
carboxylate(7) and methyl 3,3,3-tris(1,3-dimethyl-1H-
indol-2-yl) propanoate(8) respectively. 
 
Methyl 3,3-bis(1,3-dimethyl-1H-indol-2-yl)propano-
ate(6) 

Pale yellow crystals, recrystallized from chloroform / 
petroleum ether, e.g. 0.48 g (23 %), m.p. 87−88 °C; 1H 
NMR (400 MHz, CDCl3) δ/ppm: 7.52 (d, J=5 Hz, 2H, 
H-7), 7.2 (d, J=7.3 Hz, 2H, H-4), 7.1 (t, J=7 Hz, 2H, H-
5), 6.9 (t, J=7 Hz, 2H, H-6), 5.1 (t, J=7.5 Hz, 1H, CH), 
3.7 (s, 6H, N−CH3), 3.5 (s, 3H, OCH3 ), 3.1 (d, J=7.6 
Hz, 2H, CH2), 2.1 (s, 6H, CH3); 

13C NMR (400 MHz, 
CDCl3) δ/ppm: 173 (1C, C=O), 137 (2C, C-2), 127 (2C, 
C-8), 126 (2C, C-9), 121 (2C, C-5), 119 (2C, C-6), 118 
(2C, C-4), 117 (2C, C-7), 109 (2C, C-3), 51 (1C, 
OCH3), 41 (1C, CH2), 32 (2C, N−CH3), 30 (1C, CH), 29 
(2C, CH3); MS m/z : 375 (M+, 5%) 345 (M+-29, 8%), 
275 (M+-99, 4%), 216 (M+-158, 38%), 184 (M+-190, 
100%). Anal. Calcd. mass fractions of elements, w/%, 
for C24H26N2O2 (Mr = 374.48) are: C 76.98, H 7.00, N 
7.48; found: C 76.84, H 7.10, N 7.36. 
 
Methyl 1,5-dimethyl-1H-benzo[b]azepine-3-carboxy-
late(7) 

Yellow crystals, recrystallized from chloroform / 
petroleum ether, e.g. 0.35 g (17 %), m.p. 106−107 °C; 
1H NMR (400 MHz, CDCl3) δ/ppm: 7.85 (s, 1H, H-2), 
7.75 (s, 1H, H-4), 7.5 (d, J=6 Hz, 1H, H-6), 7.20−7.15 
(m, 1H, H-8), 7.05-6.95 (m, 1H, H-7), 6.25 (d, J=6 Hz, 
2H, H-9), 3.7 (s, 3H, OCH3), 2.4 (s, 3H, N−CH3), 1.45 
(s, 3H, benzo[b]azepin-5-CH3); 

13C NMR (400 MHz, 
CDCl3) δ/ppm: 168 (1C, C=O), 138 (1C, C-10), 132 
(1C, C-2), 127 (2C, C-8), 123 (1C, C-6), 119 (2C, C-
11), 116 (1C, C-4), 115 (1C, C-7), 108 (2C, C-9), 102 
(2C, C-3), 51 (1C, OCH3), 29.7 (1C, N−CH3), 10 (1C, -
CH3); MS m/z : 229 (M+, 11%), 160 (M+-69, 100%), 
149 (M+-80, 18%), 113 (M+-116, 18%). Anal. Calcd. 
mass fractions of elements, w/%, for C14H15NO2 (Mr = 
229.27) are: C 73.34, H 6.59, N 6.11; found: C 73.20, H 
6.53, N 6.26. 
 
Methyl 3,3,3-tris(1,3-dimethyl-1H-indol-2-yl)propa-
noate(8) 

Dark green crystals, recrystallized from chloroform / 
petroleum ether, e.g. 0.79 g (38 %) m.p. 119−120 °C; 
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1H NMR (400 MHz, CDCl3) δ/ppm: 7.9 (d, J=6 Hz, 3H, 
H-7), 7.7−7.5 (m, 3H, H-4), 7.3−7.2 (m, 3H, H-5), 
7.2−7.0 (m, 3H, H-6), 3.85 (d, J=3.3 Hz, 9H, N−CH3), 
3.65 (d, J=3.3 Hz, 3H, OCH3 ), 3.1 (s, 2H, CH2), 2.5 (s, 
3H, CH3), 2.2 (s, 6H, CH3); 

13C NMR (400 MHz, 
CDCl3) δ/ppm: 167.0 (1C, C=O), 138.2 (3C, C-2), 132.6 
(d, J=1.6 Hz, 2C, C-8), 131.3 (1C, C-8), 128.1 (3C, C-
9), 124.2 (3C, C-5), 122.5 (3C, C-6), 119.5 (3C, C-4), 
117.3 (2C, C-7), 116.3 (1C, C-7), 112.8 (1C, C-3), 
109.2 (d, J=0.5 Hz, 2C, C-3), 51.6 (2C, -OCH3, -CH2), 
30.7 (4C, N−CH3, -C), 10.3 (3C, -CH3). M S m/z : 517 
(M+, 4%), 487 (M+-30, 6%), 459 (M+-58, 10%), 230 
(M+-287, 100%), 198 (M+-319, 91%). Anal. Calcd. mass 
fractions of elements, w/%, for C34H35N3O2 (Mr = 
517.66) are: C 78.89, H 6.81, N 8.12; found: C 79.01, H 
6.86, N 7.98. 
 
Synthesis of 3-(1H-indol-3-yl)cyclopentanone(9) 

6 mmol of indole was dissolved in 40 ml 
dichloromethane followed by the addition of 3 mmol 2-
cyclopentenone and 2 g of the catalyst Montmorillonite. 
The mixture was refluxed for 4 h and the reaction was 
observed by TLC. After the removal of the solvents 
under reduced pressure, the crude product was purified 
by column chromatography on flash silica gel using 
(ethylacetate/cyclohexane, 1:1, v/v). Dark green crys-
tals, e.g. 0.62 g (65 %) m.p. 61−63 oC; 1H NMR (400 
MHz, CDCl3) δ/ppm: 8.1 (s, 1H, N−H), 7.6 (d, 1H, J=8 
Hz, H-7), 7.4 (d, 1H, J=7 Hz, H-4), 7.3-7.2 (m, 1H, H-
5), 7.2−7.1 (m, 1H, H-6), 7.0 (s, 1H, H-2), 3.8−3.6 (m, 
1H, cyclopentanon-H-3), 2.8−2.7 (m, 2H, cyclopen-
tanon-H-2), 2.6-1.8 (m, 4H, cyclopentanon-H-4, 
cyclopentanon-H-5); 13C NMR (400 MHz, CDCl3) 
δ/ppm: 219.2 (1C, C=O), 137.3 (1C, C-8), 126.6 (1C, C-
9), 122.3 (1C, C-2), 119.9 (1C, C-5), 119.5 (1C, C-6), 
119.0 (1C, C-4), 118.7 (1C, C-3), 111.3 (1C, C-7), 45.2 
(1C, cyclopentanon-C-3), 38.1 (1C, cyclopentanon-C-
2), 33.7 (1C, cyclopentanon-C-5), 29.9 (1C, cyclopen-
tanon-C-4); MS m/z : 200.2 (M+, 24%), 149.1 (M+-50, 

28%), 118.1 (M+-81, 37%), 97.1 (M+-102, 100%), 83.2 
(M+-102, 21%). Anal. Calcd. mass fractions of 
elements, w/%, C13H13NO: (Mr = 199.25) are: C 78.36, 
H 6.58, N 7.03; found: C 78.24, H 6.64, N 7.15. 
 
Synthesis of 3-(1-methyl-1H-indol-3-yl)cyclopenta-
none(10) 

4 g of Montmorillonite was added in to a mixture of 8 
mmol of 1-methylindole and 4 mmol of 2-
cyclopentenone in 40 mL dicloromethane. The mixture 
was refluxed for 4 h and the reaction product was flash 
chromatographed using ethylacetate / petroleum ether 
(3:7, v/v). Brown crystals, e.g. 0.84 g, (61 %) m.p 91−92 

oC; 1H NMR (400 MHz, CDCl3) δ/ppm: 7.6 (d, 1H, J=8 
Hz, H-7), 7.3−7.2 (m, 2H, H-4, H-5), 7.1−7.0 (m, 1H, 

H-6), 6.7 (s, 1H, H-2), 3.7 (s, 3H, N−CH3), 2.7−2.6 (m, 
1H, cyclopentanon-H-3), 2.4−2.2 (m, 4H, cyclopen-
tanon-H-2, cyclopentanon-H-4), 2.1−2.0 (m, 2H, 
cyclopentanon-H-5); 13C NMR (400 MHz, CDCl3) 
δ/ppm: 219.2 (1C, C=O), 137.4 (1C, C-8), 127.0 (1C, C-
9), 124.0 (1C, C-2), 121.9 (1C, C5), 119.1 (1C, C-6), 
118.9 (1C, C-4), 117.1 (1C, C-7), 109.4 (1C, C-3), 45.4 
(1C, cyclopentanon-C-3), 38.1 (1C, N−CH3), 33.7 (1C, 
cyclopetanon-C-2), 32.6 (1C, cyclopentanon-C-5), 30.8 
(1C, cyclopentanon-C-4); MS m/z : 213 (M+, 17%), 
200.2 (M+-13, 5 %), 152.1 (M+-61, 3 %), 113.2 (M+-
100, 100 %). Anal. Calcd. for C14H15NO: (Mr = 213.12) 
are: C 78.84, H 7.09, N 6.57; found: C 78.98, H 7.04, N 
6.45. 
 
Synthesis of 3-(1,2-dimethyl-1H-indol-2-yl)cyclopen-
tanon(11) 

3 g of Montmorillonite was added in to a mixture of 8 
mmol 1,3-methylindole and 4 mmol 2-cyclopentenon in 
30 mL dichloromethane and refluxed for 4 h. The result-
ing mixture was chromatographed using chloroform / 
petroleum ether (3:2, v/v) and a brownish gum like 
product was obtained. (e.g. 1.11 g, 74 %), m.p 138−139 
oC; 1H NMR (400 MHz, CDCl3) δ/ppm: 7.5 (d, 1H, 
J=7.8 Hz, H-7), 7.3−7.1 (m, 1H, H-4, H-5), 7.1−7.0 (m, 
1H, H-6), 3.7 (s, 3H, N−CH3), 2.8−2.6 (m, 1H, 
cyclopentanon-H-3), 2.6−2.5 (m, 2H, cyclopentanon-H-
2), 2.5−2.3 (m, 7H, cyclopentanon-H-4, cyclopentanon-
H-5, CH3); 

13C NMR (400 MHz, CDCl3) δ/ppm: 217.6 
(1C, C=O), 136.6 (1C, C-2), 135.4 (1C, C-8), 128.7 
(1C, C-9), 121.4 (1C, C-5), 119.0 (1C,C-6), 118.0 (1C, 
C-4), 111.6 (1C, C-7), 108.7 (1C, C-3), 43.3 (1C, 
cyclopentanon-C-2), 38.8 (1C, cyclopentanon-C-5), 
34.2 (1C, N−CH3), 30.2 (1C, cyclopentanone-C-4), 29.6 
(1C, cyclopentanon-C-3), 9.7 (1C, CH3); MS m/z : 
228.2 (M+, 50 %), 214.2 (M+-13, 8 %), 146.2 (M+-81, 
21 %), 97 (M+-130, 100 %). Anal. Calcd. for C15H17NO: 
(Mr = 227.3) are: C 79.26, H 7.54, N 6.16; found: C 
79.14, H 7.54, N 6.02. 

 

RESULTS AND DISCUSSION 

In this study, the bis, trisindolyl and benzo[b]azepine 
type compounds have been obtained directly from the 
reaction of 1,3-dimethylindole(3) with methyl 
propiolate rather than reacting indoles with aldehydes or 
ketons.23−27 The reaction of 1,3-dimethylindole(3) with 
methyl propiolate (Scheme 2) proceeds with an initial 
attack at the preferred 3-position of the 1,3-
dimethylindole. The intra-molecular arrangement fol-
lowed by the ring expansion gave the cyclic product, 
methyl 1,5-dimethyl-1H-benzo[b]azepine-3-carboxyl-
ate(7). This reaction is a successful example of the ring 
expansion under the action of activated acetylenes.43−45 
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Substituted benzoazepines possess a broad spectrum of 
biological activities, as the benzoazepine ring is a major 
fragment of a series of alkaloids.33,47 However, when the 
resonate was further attacked by a second molecule of 
1,3-dimethyl indole, the reaction was also proceeded 
with the attack at the 3-position followed by rearrange-
ment to the 2-position to give the methyl 3,3-bis(1,3-
dimethyl-1H-indol-2-yl)propanoate(6) at higher yield. 
Jackson et al have previously reported similar type of 
rearrangement.41 The methyl 3,3,3-tris(1,3-dimethyl-
1H-indol-2-yl)propano-ate(8) was obtained at lower 
yield. The reaction of indole and 1-methylindole with 
methyl propiolate gave only diindolyl products and no 
cyclization or trisindolyl products were observed 
(Scheme 1). 

However, the reaction of indole, 1-methylindole 
and 1,3-dimethylindole with 2-cyclopentenone were 
isolated addition products only and no cyclization or 
trisindolyl products were obtained (Scheme 3). 
 
CONCLUSION 

Michael addition of indoles to the α,β-unsaturated car-
bonyl compounds is an important approach to carbon–
carbon bond forming reactions in organic synthesis.42−47 
The reaction is a typical Michael type 1,4-addition or 
conjugate addition of resonance-stabilized carbanions of 
the methyl propiolate. The reaction of indole and 1-
methylindole with methyl propiolate could afford addi-
tion products and bisindolyl products only (Scheme 1). 
However, Montmorillonite smoothly catalyzes these 
reactions leading to two C–C bonds. The use of clay in 
these reactions was found to be very attractive, because 
of its environmental compatibility. Many protic acids 
and Lewis acids that are used in these reactions are 
sometimes deactivated. When Lewis acids are used, the 
excess acid can liberate as harmful mixtures to the eco 
system. 
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