
INTRODUCTION

Lewis acids play key roles in a large
number of reactions, and their use in organic
synthesis continues to see rapid development1.
Transition metal Lewis acid catalysts have emerged
as a new class of compounds within this area. They
offer neutral and mild conditions that are of interest
for the needs of modern chemistry and its focus on
economically and ecologically friendly methods. In
comparison with classic Lewis acids derived from
main group halides (e.g., B, Al, Sn), f-elements, and
early transition metal halides, late transition metal
Lewis acids often are more inert to ubiquitous
impurities such as water, offer higher stability,
tunable properties by ligand modification, and a well-
defined structure and coordination chemistry, thus
allowing detailed studies of reaction mechanisms,
and a rational basis for catalyst optimization. Among
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ABSTRACT

RuCl3.nH2O was applied as an efficient catalyst for double condensation of indoles and ethereal
dialdehydes. It was found that the catalytic system involving RuIII affords bis(indolyl) derivatives under
mild reaction conditions in good yields.

Key words: Ruthenium; Ethereal dialdehydes; Indole; Bis(indolyl)methanes.

this new class of late transition metal Lewis acids,
ruthenium salts and complexes display remarkable
properties2.

On the other hand, investigation of the
chemistry of indoles has been, and continues to
be, one of the most active areas of heterocyclic
chemistry3. Indole derivatives are found abundantly
in a variety of natural plants and exhibit various
physiological properties and are potentially bioactive
compounds. Bis(indolyl)methanes and
bis(indolyl)ethanes are important derivatives of
indole. Bis(indolyl)methanes (BIMs) are the most
active cruciferous substances for promoting
beneficial estrogen metabolism in women and men4.
BIM increase the body’s natural metabolism of
hormones and promote good estrogen (2-
hydroxyestrogen). This indole antioxidant is patented
for alleviating symptoms of fibromyalgia. BIM is
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effective in the prevention of cancer due to its ability
to modulate certain cancer causing estrogen
metabolites5. Scientists have demonstrated that
BIM induces apoptosis in human cancer cells and

may also normalize abnormal cell growth
associated with cervical dysplasia. Thus indole and
its derivatives have been a topic of research
interest6.
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Scheme 1.

The electrophilic substitution reaction of
indoles with aldehydes or ketones afford
corresponding bis(indolyl)alkanes (Scheme 1).
Numerous methods have been reported for the
synthesis of bis(indolyl)methanes. Of these
methods, the acid catalyzed electrophilic addition
reaction of indole with aldehydes is one of the most
simple and straightforward approaches for the
synthesis of bis(indolyl)methanes. A variety of
reagents such as protic acids (acetic acid) 7, iodine
8,9, clays 10,11, amberlyst-15 12, In(OTf)3, InCl3 

13,
Dy(OTf)3 

14, Ln(OTf)3 
15, FeCl3 

16, ZrCl4 
17, GaX3 

18,
alum (KAl(SO4)2.12H2O) 19 and etc. have been
employed to promote these reactions. 3-Position of
indole is the preferred site for electrophilic
substitution reactions and 3-alkyl or acyl indoles are
versatile intermediates for the synthesis of a wide
range of indole derivatives20.

RESULTS AND DISCUSSION

Recently, we have reported that Ruthenium
(III) chloride hydrate is a very effective catalyst for
the double addition of indoles to aldehydes or
ketones, yielding bis(indolyl) derivatives in high yields
and the ruthenium catalyst was used in low
concentrations (as low as 1.2 mol% relative to each
aldehyde group) 21.

In this contr ibution, we repor t the
synthesis of new derivatives of bis(indolyl)
methanes as potential biologically active
compounds. The corresponding derivatives were
formed when indoles were treated with various
ethereal dialdehydes in the presence of a catalytic
amount of RuIII (Scheme 2).
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Condensation reactions proceeded
smoothly at room temperature in rather short times
(checked by TLC). Treatment of 1,4-bis(2-
formylphenoxymethyle)benzene (0.5 mmol) with
indole (2 mmol) in the presence of  RuCl3.nH2O
catalyst (2.4 mol %) in methanol (6 ml) at room
temperature for 30 min. gave corresponding product
(1c) in 72% yield (Table 1, entry 1).

These results are summarized in Table 1,
and clearly reveal the scope of the reaction.

Effect of the reaction solvent was
monitored by using three different solvents.
Methanol was found as the best solvent (Table 2).

Table 1: RuIII-catalyzed condensation of indoles and dialdehydes

Entry a Indole dialdehyde Product Time(min) Yield (%)b

1
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1c 30 72
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2c 15-Oct 85
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8d 30 85

aAll products were characterized by  1H NMR, 13C NMR and IR data.
bIsolated yields
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The unique feature of the reaction is that
all products were insoluble in the reaction solvent
and this made the workup even easier (see
experimental).

With regard to regioselectivity, as it is
evident from 1H NMR data, preferred site for
electrophilic substitution was found to be C-3
position of indole. In the case of 3-methylindole, the
reaction proceeded smoothly at C-2 position.
Formation of azafulvenium salt which undergoes
further addition with a second indole, rationalizes
the formation of products from a mechanistic point
of view 22.

EXPERIMENTAL

General Information
IR spectra were recorded on a Shimadzu

FTIR-8400S spectrometer. 1H NMR spectra were
obtained on a Bruker (DRX-500 Avance) and 13C
NMR spectra were obtained on a Bruker (DRX-125
Avance). Chemical shifts of 1H and 13C NMR spectra
were expressed in parts per million downfield from
tetramethylsilane. Melting points were measured on
a BÜCHI Melting Point B-540 and are uncorrected.
Elemental analyses were made by a Carlo-Erba
EA1110 CNNO-S analyzer and agreed with the
calculated values.

Materials
Chemicals were purchased from Merck

and were used without further purification. Ethereal
dialdehydes were prepared using the reported
procedure23.

General Procedure for Synthesis of
Bis(indolyl)methanes

A mixture of indole (2 mmol), ethereal

dialdehyde (0.5 mmol) and RuCl3.nH2O (2.6 mg,
0.012 mmol) in methanol (6 ml) was stirred at room
temperature for the appropriate time (Table 1). The
progress of the reaction was monitored by TLC. After
completion of the reaction, the precipitated product
was filtered off and rinsed with cold reaction solvent,
which provided the pure product.

Characterization data for the products:
1,4-bis{2-[3,3'-bis(indolyl)-methyl]-phenoxy
methyl}benzene (1c)

Violet solid; M.P. 176-178 °C; IR (KBr): υ
(cm-1); 742, 1093, 1238, 1454, 1485, 1555, 1593,
2923, 3053, 3413. 1H NMR (500 MHz, CDCl3, 25
°C): δ  5.01 (s, 2H), 6.39 (s, 1H), 6.50 (d, J = 1.6
Hz, 2H), 6.80-6.90 (t, 1H), 6.91 (s, 2H), 7.00 (t, J =
7.9 Hz, 3H), 7.16-7.18 (m, 4H), 7.20 (d, J = 8.1 Hz,
2H), 7.40 (d, J = 7.8 Hz, 2H), 7.69 (s, 2H, NH) ppm.
13C NMR (125 MHz, CDCl3, 25 °C): δ 37.90, 70.00,
111.60, 116.50, 118.50, 119.30, 121.20, 123.00,
124.20, 124.40, 126.70, 127.70, 128. 80, 133.10,
133.20, 136.90, 138.50, 147.60 ppm. Anal. Calcd.
for C54H42N4O2: C, 83.26; H, 5.43; N, 7.19; found: C,
83.23; H, 5.44; N, 7.20.

1,4-bis{2-[3,3'-bis(1-methyl-indolyl)-methyl]-
phenoxy methyl}benzene (2c)

Purple solid; M.P. 198-200 °C; IR (KBr): υ
(cm-1); 740, 1101, 1240, 1458, 1480, 1550, 1593,
2925, 3053, 3412. 1H NMR (500 MHz, CDCl3, 25
°C): δ  3.67 (s, 6H), 5.06 (s, 2H), 5.18 (s, 1H), 6.60
(s, 2H), 6.89 (d, J = 7.96 Hz, 2H), 6.98-7.04 (m,
4H), 7.19-7.26 (m, 5H), 7.29-7.31 (m, 2H), 7.45 (s,
2H) ppm. 13C NMR (125 MHz, CDCl3, 25 °C): δ
12.80, 40.30, 70.20, 111.20, 112.40, 114.20,
118.00, 120.50, 122.30, 123.40, 126.50, 126.80,
127.40, 127.90, 128.20, 130.10, 137.50, 140.10,
157.80 ppm. Anal. Calcd. for C58H50N4O2: C, 83.42;
H, 6.04; N, 6.71; found: C, 83.45; H, 6.01; N, 6.71.

1,4-bis{2-[3,3'-bis(2-methyl-indolyl)-methyl]-
phenoxy methyl}benzene (3c)

Violet solid; M.P. 221-223 °C; IR (KBr): υ
(cm-1); 742, 1097, 1217, 1456, 1483, 1520, 1589,
2860, 2914, 3024, 3051, 3400. 1H NMR (500 MHz,
DMSO-d6, 25 °C): δ 1.99 (s, 6H) 4.90 (s, 2H), 6.10
(s, 2H), 6.60 (t, J = 7.5 Hz, 2H), 6.81-6.84 (m, 5H),
6.88 (t, J = 7.4 Hz, 2H), 7.00-7.06 (m, 2H), 7.20-
7.24 (m, 3H), 10.68 (s, 2H, NH) ppm. 13C NMR (125
MHz, DMSO-d6, 25 °C): δ  12.20, 40.90, 70.00,

Table 2: Effect of solvent on the
conversion to bis(indolyl)methanes c, d

Entry Solvent Time (min) Yield (%) a

1 THF 15-30 70-86
2 CH3OH 10-30 72-90
3 C2H5OH 15-30 66-80

a Isolated yields.
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111.60, 112.50, 114.50, 119.30, 121.10, 123.00,
126.70, 128.90, 130.40, 131.20, 136.90, 138.50,
158.80 ppm. Anal. Calcd. for C58H50N4O2: C,
83.42; H, 6.04; N, 6.71; found: C, 83.46; H, 6.02;
N, 6.70.

1,4-bis{2-[2,2'-bis(3-methyl-indolyl)-methyl]-
phenoxy methyl}benzene (4d)

Purple solid; M.P. 168-169 °C; IR (KBr): υ
(cm-1); 742, 1103, 1240, 1458, 1541, 1615, 2921,
3051, 3412. 1H NMR (500 MHz, CDCl3, 25 °C): δ
2.30 (s, 6H) 5.10 (s, 2H), 5.40 (s, 1H), 6.62 (d,
J = 7.6 Hz, 1H), 6.70 (t, J = 7.6 Hz, 1H), 6.90
(d, J = 7.7 Hz, 1H), 6.95 (t, J = 7.6 Hz, 1H),
7.12 (s, 2H), 7.25-7.31 (m, 8H), 9.98 (s, 2H,
NH) ppm. 13C NMR (125 MHz, CDCl3, 25 °C): δ
12.70, 38.20, 71.20, 107.70, 111.10, 114.30,
120.20,  121.30,  122.00,  123.30,  126.80,
127.40,  127.50,  130.10,  130.40,  136.70,
136.90, 140.2, 158.70 ppm. Anal. Calcd. for
C58H50N4O2: C, 83.42; H, 6.04; N, 6.71; found:
C, 83.40; H, 6.06; N, 6.70.

1,4-bis{4-[3,3'-bis(indolyl)-methyl]-phenoxy
methyl}benzene (5c)

Orange solid; M.P. 149-150 °C; IR (KBr): υ
(cm-1); 742, 1091, 1234, 1456, 1506, 1541, 1608,
2923, 3053, 3413. 1H NMR (500 MHz, CDCl3, 25
°C): δ  5.00 (s, 2H), 5.70 (s, 1H), 6.80 (d, J = 2 Hz,
1H), 6.84-6.87 (t, J = 7.6 Hz, 2H), 6.90 (d, J = 8.6
Hz, 2H), 7.00 (t, J = 7.7 Hz, 2H), 7.20 (t, J = 7.7 Hz,
4H), 7.30 (d, J = 8.1 Hz, 2H), 7.40 (s, 2H), 10.70
(s, 2H, NH) ppm. 13C NMR (125 MHz, CDCl3, 25
°C): δ  55.40, 70.40, 111.20, 112.20 114.10, 118.90,
120.30, 122.20, 122.80, 127.40, 127.50, 130. 20,
130.40, 136.40, 141.10, 157.80 ppm. Anal. Calcd.
for C54H42N4O2: C, 83.26; H, 5.43; N, 7.19; found: C,
83.23; H, 5.45; N, 7.21.

1,4-bis{4-[3,3'-bis(1-methyl-indolyl)-methyl]-
phenoxy methyl}benzene (6c)

Orange solid; M.P. 212-214 °C; IR (KBr):
υ (cm-1); 740, 1101, 1240, 1458, 1480, 1550,
1593, 2925, 3053, 3412. 1H NMR (500 MHz,
CDCl3, 25 °C): δ  3.60 (s, 6H), 5.19 (s, 2H), 5.42
(s, 1H), 6.58 (s, 2H), 6.89 (d, J = 7.96 Hz, 2H),
6.98-7.04 (m, 4H), 7.19-7.26 (m, 5H), 7.29-7.31
(m, 2H), 7.45 (s, 2H) ppm. 13C NMR (125 MHz,
CDCl3, 25 °C): δ  39.70, 40.30, 70.20, 111.20,
112.40, 114.20, 118.00, 120.50, 122.30, 123.40,

126.50, 126.80, 127.40, 127.90, 128.20, 130.10,
137.50, 140.10, 157.80 ppm. Anal. Calcd. for
C58H50N4O2: C, 83.42; H, 6.04; N, 6.71; found: C,
83.46; H, 6.01; N, 6.69.

1,4-bis{4-[3,3'-bis(2-methyl-indolyl)-methyl]-
phenoxy methyl}benzene (7c)

Red solid; M.P. 241-243 °C; IR (KBr): υ
(cm-1); 744, 1107, 1298, 1377, 1460, 1504, 1540,
1602, 2916, 3055, 3409. 1H NMR (500 MHz, DMSO-
d6, 25 °C): δ 2.00 (s, 6H) 5.00 (s, 2H), 5.80 (s, 1H),
6.60 (t, J = 7.6 Hz, 2H), 6.80 (d, J = 7.9 Hz, 2H),
6.87-6.91 (m, 4H), 7.00 (d, J = 8.5 Hz,  2H), 7.20
(d, J = 7.9 Hz, 2H), 7.40 (s, 2H), 10.71 (s, 2H, NH)
ppm. 13C NMR (125 MHz, DMSO-d6, 25 °C): ä 13.90,
40.10, 70.90, 111.20, 112.80, 114.20, 119.20,
120.10, 122.10, 127.40, 127.80, 130.10, 130.60,
131.50, 136.10, 140.70, 157.80 ppm. Anal. Calcd.
for C58H50N4O2: C, 83.42; H, 6.04; N, 6.71; found: C,
83.44; H, 6.03; N, 6.71.

1,4-bis{4-[2,2'-bis(3-methyl-indolyl)-methyl]-
phenoxy methyl}benzene (8d)

Red solid; M.P. 142-144 °C; IR (KBr): υ
(cm-1); 743, 1107, 1238, 1454, 1508, 1550, 1593,
2923, 3051, 3413. 1H NMR (500 MHz, CDCl3, 25
°C): δ 1.99 (s, 6H) 5.20 (s, 2H), 5.50 (s, 1H), 6.55
(d, J = 7.4 Hz, 2H), 6.85 (t, J = 7.4 Hz, 2H), 7.20 (s,
2H), 7.28-7.31 (m, 8H), 10.20 (s, 2H, NH) ppm. 13C
NMR (125 MHz, CDCl3, 25 °C): δ  10.50, 35.20,
70.20, 109.70, 111.10, 113.90, 118.70, 119.90,
122.20, 127.40, 127.80, 131.10, 131.40, 136.20,
136.300, 141.2, 155.80 ppm. Anal. Calcd. for
C58H42N4O2: C, 83.42; H, 6.04; N, 6.71; found: C,
83.39; H, 6.07; N, 6.70.

CONCLUSION

In summary, a mild, very simple and
efficient method has been developed for the
synthesis of new indole derivatives as
bis(indolyl)methanes via aldol condensation of
indoles and various ethereal dialdehydes.
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