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Abstract—1H-Indole and 2-methyl-1H-indole reacted with ethyl 3-bromopropynoate over aluminum oxide to 
give mixtures of the corresponding ethyl 3-(1H-indol-3-yl)propynoates and ethyl 3,3-bis(1H-indol-3-yl)-
acrylates, the latter prevailing.  

Development of effective procedures for function-
alization of indole ring constitutes an important 
problem since compounds of the indole series are key 
building blocks for the synthesis of alkaloids and other 
biologically important heterocycles [1]. The most 
promising for subsequent modification are indole 
derivatives possessing exocyclic multiple bonds con-
jugated with the heteroaromatic ring, e.g., C-ethenyl- 
and C-ethynylindoles. Such compounds are widely 
used in organic synthesis, for example, as substrates in 
cycloaddition reactions with various reactive dieno-
philes [1, 2]. A large number of fused polynuclear 
heterocyclic systems can be obtained on their base, in 
particular derivatives of carbazole [3], indolylcarba-
zole [4], and β- and γ-carbolines [5], which exhibit  
a broad spectrum of biological activity [6] and are used 
as medical agents. Indole derivatives containing  
an acetylene fragment also possess high biological 
activity [7]. 

Most methods for the introduction into indole ring 
of substituents containing a triple bond are based on 
reactions of functionally substituted indoles with 
alkynes in the presence of palladium complexes, cop-
per halides, and bases [5, 8, 9], as well as with copper  
acetylides [9]. Ethynylindoles are also formed via 
transformation of structural fragments directly attached 
to the indole ring [10]. Apart from the above methods 
[1, 11], ethynylindoles are often prepared by addition 
of indoles to alkynes [12] and replacement of func-

tional groups [13] or hydrogen atom [14] in electro-
philic alkenes. Such processes attract much interest, 
for they do not require preliminary functionalization of 
the heteroring.  

We recently developed a convenient procedure for 
the introduction of an acetylenic fragment into pyrrole 
and indole ring via reaction with 1-acyl-2-bromo-
acetylenes over aluminum oxide at room temperature 
(reaction time 0.5–1 h) [15, 16]; this procedure 
requires no palladium or copper catalyst, base, and sol-
vent, and preliminary functionalization of the hetero-
ring is unnecessary. The cross coupling is accompanied 
by formation of 2-benzoyl-1,1-bis(pyrrol-2-yl)ethenes 
or 2-benzoyl-1,1-bis(indol-3-yl)ethenes as by-products 
whose yield does not exceed 6% [16]. Under analo-
gous conditions, ethyl 3-bromopropynoate reacted with 
1-unsubstituted and 1-vinyl-4,5,6,7-tetrahydro-1H-in-
doles over Al2O3 surface to give mixtures of the cor-
responding 2-benzoylethynyl-4,5,6,7-tetrahydro-1H-
indoles and ethyl 3,3-bis(4,5,6,7-tetrahydro-1H-indol-
2-yl)acrylates at a ratio of 2 : 1 [17]. 

With a view to extend our knowledge on the above 
cross coupling reaction, elucidate main factors deter-
mining the yield of products and their ratio, and obtain 
new indole derivatives having an exocyclic multiple 
bond conjugated with the ring, we examined reactions 
of 1H-indole (Ia) and 2-methyl-1H-indole (Ib) with 
ethyl 3-bromopropynoate (II) in the presence of alumi-
num oxide. The reaction was carried out by grinding  

DOI: 10.1134/S1070428008100199 



REACTION  OF  INDOLES  WITH  ETHYL  BROMOPROPYNOATE  OVER  AL2O3  SURFACE 

RUSSIAN  JOURNAL  OF  ORGANIC  CHEMISTRY   Vol.  44   No.  10   2008 

1513 

Scheme 1. 

N
H

R

Ia, Ib

+ Br
OEt

O

II

Al2O3

HN

R

IIIa, IIIb

Et

O
+

EtO

O

N N
R RH H

IVa, IVb

R = H (a), Me (b). 

the reactants with aluminum oxide, and its progress 
(conversion of the initial reactants and product ratio) 
was monitored by 1H NMR spectroscopy. As we 
showed in [16], the major products in the reactions of 
indoles Ia and Ib with 3-bromo-1-phenylprop-2-yn-1-
one where the corresponding (3-phenyl-3-oxoprop-1-
yn-1-yl)indoles, while 3,3-bis(indolyl)-1-phenylprop-
2-en-1-ones were formed as minor ones (5–6%) [16]. 
By contrast, ethyl 3-bromopropynoate (II) reacted with 
indoles Ia and Ib to give mainly the corresponding 
3,3-bis(indolyl)acrylates IVa and IVb in up to 57% 
yield (Scheme 1), whereas ethynylindoles IIIa and 
IIIb were isolated in no more than 17% yield. Despite 
poor yield of the target products, the reaction was 
regioselective: only position 3 in the indole ring was 
involved. 

It should be noted that ethyl 3-bromopropynoate 
(II) reacted with compounds Ia and Ib at a consider-
ably lower rate than did 3-bromo-1-phenylprop-2-yn-
1-one. According to the 1H NMR data, the reaction of 
indole (Ia) with an equimolar amount of ester II in 2 h 
at room temperature produced only ~4% of ethynyl-
indole IIIa and ~6% of acrylate IVa. By heating the 
reactant mixture for 1 h at 52–54°C (after grinding the 
reactants with aluminum oxide over a period of 15 min 
at room temperature), the concentration of acrylate IVa 
increased to 18–19%, the fraction of ethynylindole 
IIIa being 4–5%. Apart from products IIIa and IVa, 
the reaction mixture contained unreacted indole (Ia) 
and acetylenic ester II. In the presence of 2 equiv of 
the latter at room temperature the amount of ethynyl-
indole IIIa increased to 20% in 1 h and to 26% in 3 h, 
and it was isolated in 17% yield (after 3 h). In this 
case, the concentration of acrylate IVa did not exceed 
10%. When the reaction was carried out with 2 equiv 
of indole Ia, the yield of acrylate IVa reached 41%. 

2-Methyl-1H-indole turned out to be more reactive 
than indole (Ia) toward ethyl 3-bromopropynoate (II): 
under comparable conditions (room temperature, equi-
molar amounts of the reactants) after 1 h, the reaction 

mixture contained only ~10% of initial indole Ib, 
while after 2 h only traces of Ib were detected. The 
corresponding ethynylindole IIIb and diindolylacrylate 
IVb were formed in approximately equal amounts. 
However, the product ratio changed after distillation  
of the mixture, and compounds IIIb and IVb were 
isolated in 12 and 57% yield, respectively. 

We recently showed [18] that 2-phenylpyrrole 
reacts with 3-bromo-1-phenylprop-2-yn-1-one upon 
grinding the reactants with solid metal oxides to give 
either benzoylethynylpyrrole or product of pyrrole ad-
dition at the triple bond, depending on the metal oxide 
nature. We examined reactions of indoles Ia and Ib 
with ethyl 3-bromopropynoate (II) in the presence of 
other oxides, namely silicon dioxide, barium oxide, 
calcium oxide, magnesium oxide, and zinc oxide. 
Among these, only magnesium oxide showed a weak 
catalytic activity: according to the 1H NMR data, only 
~3–4% of ethynylindole IIIa and traces of acrylate 
IVa were present in the reaction mixture after 1 h at 
room temperature; after 24 h, the concentration of 
indole IIIa increased to 10–12%, and that of IVa, to  
4–5%. Raising the temperature to 52–54°C accelerated 
the process: after 2 h, the reaction mixture contained 
14–17% of compound IIIa and 5–7% of IVa. 

As with Al2O3, the reaction of ethyl 3-bromo-
propynoate (II) with 2-methyl-1H-indole (Ib) over 
MgO surface was faster than with unsubstituted indole 
(Ia): after 1 h, the mixture contained 25% of IIIb and 
20% of IVb (1H NMR). The product ratio almost did 
not change when the reaction was prolonged to 4 h 
(26% of IIIb and 18% of IVb). In the presence of 
barium and calcium oxides, only 6–8% of cross-cou-
pling product IIIb was formed, while traces of IIIb 
were detected in the reaction mixture obtained with the 
use of zinc oxide. In these cases, no diindolylacrylate 
IVb was formed. 

When potassium carbonate was used as active 
surface in the reactions of indoles Ia and Ib with ethyl 
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Scheme 2. 
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3-bromopropynoate (II), the reaction mixture (in 1 h) 
contained neither expected products nor initial ester II, 
though potassium carbonate successfully promoted 
selective synthesis of 2-ethynyl-4,5,6,7-tetrahydroin-
doles [19]. Presumably, the ester group in II underwent 
base-catalyzed hydrolysis on exposure to atmospheric 
moisture to give potassium 3-bromopropynoate. 

Indoles Ia and Ib, as well as pyrroles [15], are 
likely to react with acetylenic ester II through inter-
mediate formation of ethyl 3-(1H-indol-2-yl)-3-bromo-
acrylates Va and Vb. Elimination of hydrogen bromide 
from the latter yields ethynylindoles IIIa and IIIb, 
while replacement of the bromine atom by the second 
indole molecule leads to bis(indolyl)acrylates IVa and 
IVb (Scheme 2), for compounds IIIa and IIIb failed 
to react with indole under the same conditions. 
Obviously, the rate of bromine replacement is higher 
than the rate of elimination of hydrogen bromide, so 
that compounds IVa and IVb are formed as the major 
products.  

We can conclude that mild conditions and simple 
experimental procedure for the reaction of indoles with 
ethyl 3-bromopropynoate, as well as accessibility of 
the initial compounds, make the proposed method 
promising for one-step synthesis of indolylpropynoates 
and previously unknown diindolylacrylates. 

EXPERIMENTAL 

The IR spectra were recorded in KBr on a Bruker 
IFS-25 spectrometer. The 1H and 13C NMR spectra 
were measured on a Bruker DPX-400 instrument at 
400.13 (1H) and 100.6 MHz (13C) relative to hexa-
methyldisiloxane as internal reference. Signals in the 
1H and 13C NMR spectra were assigned with the aid of 
two-dimensional homo- (COSY, NOESY) and hetero-
nuclear (HSQC, HMBC) correlation techniques.  

Reaction of indoles Ia and Ib with ethyl  
3-bromopropynoate (II) (general procedure). Ethyl 
3-bromopropynoate (II), 0.09 g (0.51 mmol), was 
ground with aluminum, silicon, barium, calcium, mag-
nesium, or zinc oxide or potassium carbonate (10-fold  

excess with respect to the overall weight of the re-
actants), 0.06 g (0.51 mmol) of indole (Ia) or 0.067 g 
(0.51 mmol) of indole (Ib) was added, and the mixture 
was ground over a period of 1 h in a porcelain mortar 
at room temperature. A 0.10–0.12-g sample of the 
mixture was withdrawn and treated with 1.5–2 ml of 
CDCl3, and the solution was separated by filtration and 
analyzed by 1H NMR spectroscopy; depending on the 
results, the reaction time was prolonged to 2–3 h. The 
reactions at 52–54°C were carried as follows. The 
reactants were ground over a period of 15 min at room 
temperature, the mixture was transferred into a glass 
beaker, and the beaker was immersed into a bath 
heated to the required temperature. 

Ethyl 3-(1H-indol-3-yl)propynoate (IIIa). Indole, 
0.06 g (0.51 mmol), was added in three portions to  
a mixture of 0.18 g (1.02 mmol) of ethyl 3-bromo-
propynoate and 2.40 g of Al2O3, and the mixture was 
intermittently ground in a porcelain mortar over  
a period of 3 h at room temperature. The mixture 
gradually turned pinkish–orange. It was transferred to 
a column charged with Al2O3, and the column was 
eluted with chloroform to isolate 0.018 g (17%) of 
compound IIIa and 0.004 g (5%) of IVa. 

Compound IIIa. Light brown crystals, mp 100–
102°C. IR spectrum, ν, cm–1: 3268 (NH), 3052, 2978, 
2922, 2855 (CH2, Me), 2194 (C≡C), 1691 (C=O), 
1661, 526, 1421, 1370, 1346, 1256, 1218, 1108, 1081, 
1017, 744. 1H NMR spectrum (CDCl3), δ, ppm: 1.36 t 
(3H, Me, J = 7.1 Hz), 4.30 q (2H, CH2, J = 7.1 Hz), 
7.24 m (2H, 5-H, 6-H), 7.40 d (1H, 7-H, J = 7.7 Hz), 
7.60 d (1H, 2-H, J = 2.2 Hz), 7.77 d (1H, 4-H, J =  
8.2 Hz), 8.93 br.s (1H, NH). 13C NMR spectrum 
(CDCl3), δC, ppm: 14.2 (Me), 61.7 (OCH2), 82.9, 84.1 
(C≡C), 95.2 (C3), 111.8 (C7), 120.0 (C4), 121.6 (C5), 
123.6 (C6), 128.4 (C4a), 132.4 (C2), 135.1 (C7a), 154.9 
(CO). Found, %: C 73.42; H 5.12; N 6.47. C13H11NO2. 
Calculated, %: C 73.23; H 5.20; N 6.57. 

Ethyl 3,3-bis(1H-indol-3-yl)acrylate (IVa). A mix-
ture of 0.12 g (1.02 mmol) of indole (Ia), 0.09 g 
(0.51 mmol) of ethyl 3-bromopropynoate, and 2.10 g 
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of Al2O3 was ground in a porcelain mortar over a pe-
riod of 3 h at room temperature. The mixture was 
transferred to a column charged with Al2O3, and the 
column was eluted with chloroform. Yield 0.069 g 
(41%), light brown crystals, mp 210–212°C. IR spec-
trum, ν, cm–1: 3392, 3302 (NH), 3117, 3058 (=CH), 
2980, 2924, 2853 (CH2, Me), 1683 (C=O), 1580, 1560, 
1518, 1457, 1428, 1339, 1328, 1173, 1150, 1128, 1114, 
1101, 1050, 1025, 847, 746. 1H NMR spectrum 
(CDCl3), δ, ppm: 1.11 t (3H, Me, J = 7.1 Hz), 4.07 q 
(2H, CH2, J = 7.1 Hz), 6.51 s (1H, CH=), 7.00 m (1H, 
5-H), 7.05 d (1H, 2′-H, J = 2.4 Hz), 7.13 m (1H, 6-H), 
7.15 m (1H, 5′-H), 7.22 m (1H, 6′-H), 7.24 d (1H, 2-H, 
J = 2.3 Hz), 7.29 d (1H, 4-H, J = 8.3 Hz), 7.32 d (1H, 
7-H, J = 8.6 Hz), 7.36 d (1H, 7′-H, J = 8.5 Hz), 7.80 d 
(1H, 4′-H, J = 8.0 Hz), 8.40 br.s (1H, 1′-H), 8.55 br.s 
(1H, 1-H). 13C NMR spectrum (CDCl3), δC, ppm: 14.2 
(Me), 59.6 (OCH2), 111.2 (C7), 111.6 (C7′), 112.6 (Cα), 
115.4 (C3), 119.5 (C3′), 119.9 (C5), 120.5 (C4), 120.7 
(C4′), 121.0 (C5′), 122.0 (C6), 122.8 (C6′), 125.5 (C4a′), 
126.2 (C2), 127.3 (C4a), 128.3 (C2′), 135.8 (C7a), 137.0 
(C7a′), 144.1 (Cβ), 167.5 (CO). Found, %: C 76.54;  
H 5.20; N 8.50. C21H18N2O2. Calculated, %: C 76.34; 
H 5.49; N 8.48. 

Ethyl 3-(2-methyl-1H-indol-3-yl)propynoate 
(IIIb) and ethyl 3,3-bis(2-methyl-1H-indol-3-yl)-
acrylate (IVb). Ethyl 3-bromopropynoate, 0.133 g 
(0.75 mmol), was ground with 2.31 g of Al2O3, 0.098 g 
(0.75 mmol) of 2-methyl-1H-indole was added in three 
portions, and the mixture was intermittently ground in 
a porcelain mortar over a period of 2 h at room tem-
perature. The mixture gradually turned orange. It was 
washed with 150 ml of diethyl ether, the solvent was 
removed, the residue (0.144 g of a dark brown crystal-
line material, a mixture of compounds IIIb and IVb at 
a ratio of 56 : 44 according to the 1H NMR data) was 
dissolved in 3–4 ml of diethyl ether, and the light 
yellow crystals were filtered off, washed with diethyl 
ether, and dried. We thus isolated 0.058 g (43%) of 
compound IVb. The filtrate was applied to a column 
charged with Al2O3, and the column was eluted with 
chloroform to isolate 0.021 g (12%) of compound IIIb 
and 0.019 g (14%) of IVb. Overall yield of IVb 57%. 

Compound IIIb. Light brown crystals, mp 136–
138°C. IR spectrum, ν, cm–1: 3334 (NH), 2964, 2924, 
2853 (CH2, Me), 2183 (C≡C), 1677 (C=O), 1461, 
1367, 1256, 1232, 1158, 1027, 747, 735. 1H NMR spec-
trum (CDCl3), δ, ppm: 1.36 t (3H, Me, J = 7.1 Hz), 
2.58 s (3H, Me), 4.30 q (2H, CH2, J = 7.1 Hz), 7.18 m 
(2H, 5-H, 6-H), 7.29 m (1H, 7-H), 7.68 d (1H, 4-H, J = 

8.0 Hz), 8.20 br.s (1H, NH). 13C NMR spectrum 
(CDCl3), δC, ppm: 13.1 (Me), 14.3 (H2Me), 61.7 
(OCH2), 83.3 and 86.5 (C≡C), 93.5 (C3), 111.0 (C7), 
119.6 (C4), 121.5 (C5), 123.0 (C6), 129.2 (C4a), 134.8 
(C7a), 144.8 (C2), 155.2 (CO). Found, %: C 74.12;  
H 5.67; N 6.22. C14H13NO2. Calculated, %: C 73.99;  
H 5.77; N 6.16. 

Compound IVb. Light yellow crystals, mp 240–
242°C. IR spectrum, ν, cm–1: 3378, 3306 (NH), 3060 
(=CH), 2977, 2930, 2875 (CH2, Me), 1682 (C=O), 
1582, 1558, 1530, 1485, 1456, 1427, 1368, 1326, 1288, 
1256, 1187, 1142, 1034, 754, 740. 1H NMR spectrum 
(CDCl3), δ, ppm: 1.11 t (3H, 2-Me, J = 7.1 Hz), 2.03 s 
(3H, 2′-Me), 2.15 s (3H, Me), 4.06 q (2H, CH2, J =  
7.1 Hz), 6.29 s (1H, CH=), 6.90 m (1H, 5-H), 7.03 m 
(2H, 5′-H, 6-H), 7.10 m (2H, 4-H, 6′-H), 7.26 m (2H, 
7-H, 7′-H), 7.43 d (1H, 4′-H, J = 8.2 Hz), 7.96 br.s 
(1H, 1-H), 8.02 br.s (1H, 1′-H). 13C NMR spectrum 
(DMSO-d6), δC, ppm: 12.4 (2-Me, 2′-Me), 14.3 
(MeCH2), 58.7 (CH2), 110.5 (C7′), 110.8 (C7), 111.6 
(C3), 113.3 (Cα, C3′), 118.4 (C4, C5′), 118.7 (C5), 119.6 
(C4′), 120.2 (C6), 120.8 (C6′), 127.3 (C4a′), 127.9 (C4a), 
135.2 (C7a, C7a′), 135.5 (C2), 136.7 (C2′), 145.1 (Cβ), 
165.9 (CO). Found, %: C 77.16; H 6.09; N 7.90. 
C23H22N2O2. Calculated, %: C 77.07; H 6.19; N 7.82. 
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