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Glycerin and CeCl3�7H2O were successfully used in recyclable catalytic system for the synthesis of several
bis(indolyl)methanes in good to excellent yields through the reaction of indoles with aldehydes. The
method is applicable to aliphatic and aromatic aldehydes, and the mixture of glycerin and CeCl3�7H2O
can be reused up to five times without special treatment and with comparable yields.
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Indoles and their derivatives are widely present in bioactive
metabolites of compounds of both terrestrial and marine origin.1 Re-
cent studies have shown that bis(indolyl)methanes can act as highly
selective fluorescent molecular sensors for Cu2+ cations2 and also as
colon cancer cell and tumor growth inhibitors.3 Because of their ver-
satile biological activities, in particular the pharmacological activity,
various methods are mentioned for the preparation of bis(indo-
lyl)methanes. The most common protocol involves the Lewis or
protic acid-promoted electrophilic substitution reaction of indoles
with carbonyl compounds.4 Despite the high atomic efficiency of
these reactions, a drawback of most of the described methods is
the use of expensive and toxic reagents and volatile solvents. Re-
cently, some improvements on the preparation of bis(indolyl)meth-
anes have been described.5 These comprise the use of I2,5a modified
zirconia,5b HBF4–SiO2,5c ZnO,5d oxalic acid,5e trityl chloride,5f and
CeCl3�7H2O–NaI–SiO2

5g under solvent-free conditions, dodecylsulf-
onic acid in the presence of water,5h PEG-supported sulfonic acid,5i

catalytic [bmim][MeSO4],5j or ionic liquid in the absence of any cat-
alyst.5k In general, these reactions occur under mild conditions, are
simple and clean, and give yields comparable to the conventional
methods. In spite of these advantages, the direct reuse of the cata-
lytic system is not possible in most of the described methods.

Recently, glycerin, which is easily available as a co-product in
the biodiesel production, has attracted attention as it is a versatile,
cheap, and renewable feedstock in synthetic organic chemistry.6

Because of our interest in the use of glycerin as a solvent,7 and in
new applications of cerium(III) in organic synthesis,8 we decided
ll rights reserved.
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to study the electrophilic substitution reaction of indoles 1 with
carbonyl compounds 2 to obtain bis(indolyl)methanes 3 (Scheme
1, Tables 1 and 2).

Initially, we chose indole (1a, 1 mmol) and benzaldehyde
(2a, 0.5 mmol) as standard starting materials to establish the best
conditions for the reaction. We examined the temperature,
amount of CeCl3�7H2O, and reaction time using glycerin as a recy-
clable solvent (Table 1). It was found that by using 0.5 equiv of
CeCl3�7H2O and 2.0 mL of glycerin at room temperature, the reac-
tion proceeded slowly and in 95% yield after stirring for 24 h
(Table 1, entry 1). However, when the mixture was heated at
60 and 75 �C, the desired product 3a was obtained in similar
yields, after 3 and 1.5 h, respectively (entries 2 and 3). At higher
temperatures no products were isolated, even after stirring for
several hours (entry 4). The effect of the amount of the catalyst
was also evaluated. When only 0.1 equiv of CeCl3�7H2O was used,
3a was obtained in excellent yield after stirring at 75 �C for 1.5 h
(entry 5). On the other hand, by using 1.0 equiv of CeCl3�7H2O, no
increase in yield or reduction in time was observed (entry 6).
2 R = (a) C6H5, (b) 4-NO2C6H4, (c) 4-ClC6H4, (d) 4-CH3OC6H4, (e) 2-ClC6H4,
(f) 2-CH3C6H4, (g) C6H5CH=CH, (h) 3,4-OCH2O-C6H3, (i) 2-furyl, (j) C4H9.

Scheme 1.
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Table 1
Optimization of the synthesis of bis(indolyl)methanes according to Scheme 1a

Entry Solvent CeCl3�7H2O (equiv) Temp. (�C) Time (h) Yield (%)

1 Glycerin 0.5 rt 24 95
2 Glycerin 0.5 60 3 95
3 Glycerin 0.5 75 1.5 94
4 Glycerin 0.5 100 24 —b

5 Glycerin 0.1 75 1.5 96
6 Glycerin 1.0 75 1.5 94
7 Glycerin 0 rt 24 31
8 Glycerin 0 75 24 32
9 CH3CN 0.5 rt 24 N.R.c

10 PEG-400 0.5 rt 24 30
11 PEG-400 0 rt 24 N.R.c

12 iC3H7OH 0.5 rt 24 N.R.c

13 CH3NO2 0.5 rt 24 N.R.c

a Reaction conditions: indole (1a, 1.0 mmol); benzaldehyde (2a, 0.5 mmol).
b A complex mixture was obtained.
c No reaction.

Table 2
Synthesis of bis(indolyl)methanes 3 using the mixture of glycerin/CeCl3�7H2O

Entry Indoles 1 Aldehydes 2

1 N
H

1a

CHO

2a

2 N
H

1b
Br 2a

3 1a
CHO

2b

NO2

4 1b 2b

5 1a
CHO

2c

Cl

6 1b 2c

7 1a
CHO

2d

CH3O

8 1b 2d
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When the reaction was performed in glycerin, without
CeCl3�7H2O, at room temperature or by heating (75 �C), incom-
plete consumption of the starting materials and poor yields were
observed (entries 7 and 8). We also used other solvents instead of
glycerin, such as CH3CN, CH3NO2, iPrOH, and PEG-400. However,
only PEG-400 afforded the product, but in modest yield (30%),
even after 24 h (Table 1, entry 10).

Since the best conditions were established (Table 1, entry 5), the
protocol was extended to other aromatic and aliphatic aldehydes,
reacting with indole and 6-bromoindole (Table 2, Scheme 1).9

For all the tested examples, the bis(indolyl)methanes 3 were
obtained in good to excellent yields after stirring at 75 �C for
1.5–5 h, except for p-chlorobenzaldehyde (2c), which needed 8–
10 h of reaction (Table 2). When 6-bromo-1H-indole (1b) was used,
the respective brominated products were obtained in slightly low-
er yields, compared to 1a (entries 2, 4, 6 and 8, Table 2). For substi-
tuted benzaldehydes containing either NO2 (2b, entries 3 and 4) or
Product 3 Time (h) Yielda (%)

N
H

N
H3a

C6H5

1.5 96

N
H

N
H3b

C6H5

Br Br 1.5 85

N
H

N
H3c

4-NO2C6H4

5 79

N
H

N
H3d

4-NO2C6H4

Br Br 5 73

N
H

N
H3e

4-ClC6H4

8 88

N
H

N
H3f

4-ClC6H4

BrBr 10 77

N
H

N
H3g

CH3OC6H4

2 87

N
H

N
H3h

CH3OC6H4

Br Br 4 73
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Table 2 (continued)

Entry Indoles 1 Aldehydes 2 Product 3 Time (h) Yielda (%)

9 1a CHO

2e

Cl

N
H

N
H3i

2-ClC6H4

5 84

10 1a CHO

2f
N
H

N
H3j

2-CH3C6H4

2 96

11 1a CHO
2g

N
H

N
H3k

C6H5

2 75

12 1a

O

O

CHO

2h
N
H

N
H3l

O
O

5 72

13 1a

O CHO

2i
N
H

N
H3m

O

2 86

14 1a CHO
2j

N
H

N
H3n

5 75

a Yields of pure products isolated by column chromatography (hexanes/AcOEt) and identified by mass spectrometry, 1H and 13C NMR, Refs. 4 and 5.
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Cl (2c, entries 5 and 6; and 2e, entry 9), longer reaction times were
needed to completely consume the starting materials. The aliphatic
aldehyde pentanal (2j) reacted with indole 1a under our conditions
to afford, after 5 h, 3,30-pentane-1,1-diylbis-1H-indole (3n) in 75%
(entry 14).

The glycerin/CeCl3�7H2O mixture can be successfully reused up
to five times without any treatment with excellent results. Thus,
for example, after the completion of the reaction of indole 1a and
benzaldehyde 2a (Table 2, entry 1), the product 3a was simply ex-
tracted with ethyl acetate (3 � 5 mL) and the glycerin/catalyst
mixture was reused in a new electrophilic substitution. The prod-
uct was obtained in 95%, 94%, 96%, 94%, and 95% yields after suc-
cessive cycles.

In conclusion, the mixture of glycerin/CeCl3�7H2O has proved to
be an effective, recyclable catalytic system for the synthesis of
bis(indolyl)methanes. The method is simple, clean, and general
for the reaction of aromatic and aliphatic aldehydes with indole.
The use of low-cost, renewable feedstock glycerin as a solvent
and of a small amount of the catalyst, together with the possibility
of their direct reuse for several cycles, is particularly relevant to the
green chemistry concept.
Acknowledgments

This project is funded by MCT/CNPq, CAPES and FAPERGS.

References and notes

1. (a) Sundberg, R. J. The Chemistry of Indoles; Academic Press: New York, 1996; (b)
Casapullo, A.; Bifulco, G.; Bruno, I.; Riccio, R. J. Nat. Prod. 2000, 63, 447; (c) Garbe,
T. R.; Kobayashi, M.; Shimizu, N.; Takesue, N.; Ozawa, M.; Yukawa, H. J. Nat. Prod.
2000, 63, 596; (d) Bao, B.; Sun, Q.; Yao, X.; Hong, J.; Lee, C. O.; Sim, C. J.; Im, K. S.;
Jung, J. H. J. Nat. Prod. 2005, 68, 711.

2. Martínez, R.; Espinosa, A.; Tárraga, A.; Molina, P. Tetrahedron 2008, 64, 2184.
3. (a) Lei, P.; Abdelrahim, M.; Cho, S. D.; Liu, S.; Chintharlapalli, S.; Safe, S.

Carcinogenesis 2008, 29, 1139; (b) Diana, P.; Carbone, A.; Baraja, P.; Montalbano,
A.; Martorana, A.; Dattolo, G.; Gia, O.; Via, L. D.; Cirrincione, G. Bioorg. Med. Chem.
Lett. 2007, 17, 2342; (c) Zhang, H.-C.; Bonaga, L. V. R.; Ye, H.; Derian, C. K.;
Damiano, B. P.; Maryanoff, B. E. Bioorg. Med. Chem. Lett. 2007, 17, 2863.

4. (a) Perumal, P. T.; Nagarajan, R. Tetrahedron 2002, 58, 1229; (b) Chakrabarty, M.;
Ghosh, N.; Basak, R.; Harigaya, Y. Tetrahedron Lett. 2002, 43, 4075; (c) Chen, D.;
Yu, L.; Wang, P. G. Tetrahedron Lett. 1996, 37, 4467; (d) Yadav, J. S.; Reddy, B. V.
S.; Murthy, C. V. S. R.; Kumar, G. M.; Madan, C. Synthesis 2001, 783; (e) Deb, M.
L.; Bhuyan, P. J. Synlett 2008, 325.

5. (a) Ji, S.-J.; Wang, S.-Y.; Zhang, Y.; Loh, T.-P. Tetrahedron 2004, 60, 2051; (b)
Nadkarni, S. V.; Gawande, M. B.; Jayaram, R. V.; Nagarkar, J. M. Catal. Commun.
2008, 9, 1728; (c) Bandgar, B. P.; Patil, A. V.; Kamble, V. T. Arkivoc 2007, 16, 252;
(d) Mona, H.-S. Synth. Commun. 2008, 38, 832; (e) Dabiri, M.; Baghbanzadeh, M.;



C. C. Silveira et al. / Tetrahedron Letters 50 (2009) 6060–6063 6063
Azimi, S. C.; Ahmadzadeh-Asi, S.; Ardestani, R. R. Lett. Org. Chem. 2008, 5, 490; (f)
Khalafi-Nezhad, A.; Parhami, A.; Zare, A.; Zare, A. R. M.; Hasaninejad, A.; Panahi,
F. Synthesis 2008, 617; (g) Bartoli, G.; Bosco, M.; Foglia, G.; Giuliani, A.;
Marcantoni, E.; Sambri, L. Synthesis 2004, 895; (h) Hazarika, P.; Sharma, S. D.;
Konwar, D. Synth. Commun. 2008, 38, 2870; (i) Sheng, S.-R.; Wang, Q.-Y.; Ding,
Y.; Liu, X.-L.; Cai, M.-Z. Catal. Lett. 2009, 128, 418; (j) Chakraborti, A. K.; Roy, S. R.;
Kumar, D.; Chopra, P. Green Chem. 2008, 10, 1111; (k) Yadav, J. S.; Reddy, B. V. S.;
Sunitha, S. Adv. Synth. Catl. 2003, 345, 349.

6. (a) Zhou, C.-H. C.; Beltramini, J. N.; Fana, Y.-X.; Lu, G. Q. M. Chem. Soc. Rev. 2008,
37, 527; (b) Zheng, Y.; Chen, X.; Shen, Y. Chem. Rev. 2008, 108, 5253; Pagliaro, M.;
Rossi, M. In The Future of Glycerol: New Usages for a Versatile Raw Material; Clark,
J. H., Kraus, G. A., Eds.; RSC Green Chemistry Series: Cambridge, 2008.

7. Lenardão, E. J.; Trecha, D. O.; Ferreira, P. C.; Jacob, R. G.; Perin, G. J. Braz. Chem.
Soc. 2009, 20, 93.
8. Silveira, C. C.; Mendes, S. R. Tetrahedron Lett. 2007, 48, 7469.
9. General procedure for the synthesis of bis(indolyl)methanes: To a mixture of

glycerin (2 mL), indole (1a, 0.117 g, 1.0 mmol), and benzaldehyde (2a, 0.053 g,
0.5 mmol) was added 0.1 equiv of CeCl3�7H2O (0.0186 g, 0.05 mmol) at room
temperature. The temperature was slowly raised to 75 �C, under magnetic
stirring. The reaction progress was followed by TLC, and after 1.5 h (see Table 2)
the oil bath was removed. Then, at room temperature, ethyl acetate (3 � 5 mL)
was added and the upper organic phase was separated from the glycerin/
catalyst mixture, dried with MgSO4, and the solvent was evaporated under
reduced pressure. The residue was purified by column chromatography (ethyl
acetate:hexanes, 1:9) yielding 3a as a light pink solid (0.155 g, 96%). Mp 123–
125 �C (Lit.4a 124–125 �C); 1H NMR (200 MHz, CDCl3) d (ppm) 7.89 (br s, 2H);
7.40–7.30 (m, 6H); 7.28–7.23 (m, 2H); 7.23–7.12 (m, 3H); 6.98 (t, J = 6.8 Hz, 2H);
6.64 (s, 2H); 5.87 (s, 1H).


	Glycerin and CeCl3·7H2O: a new and efficient recyclable medium for the synthesis of bis(indolyl)methanes
	Acknowledgments
	References and notes


