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ELECTROPHILIC SUBSTITUTION OF
INDOLES CATALYZED BY TRIPHENYL
PHOSPHONIUM PERCHLORATE:
SYNTHESIS OF 3-ACETYL INDOLES AND
BIS-INDOLYLMETHANE DERIVATIVES

Rajagopal Nagarajan and Paramasivan T. Perumal*

Organic Chemistry Division, Central Leather
Research Institute, Adyar, Chennai-600 020, India

ABSTRACT

Triphenyl phosphonium perchlorate (TPP) is found to cata-
lyze the acetylation of indoles with acetic anhydride to give 3-
acetyl indoles. Similarly bis-indolylmethane derivatives were
prepared by the electrophilic substitution reaction of indole
with substituted benzaldehydes.

Indole and its derivatives possess a wide range of biological activities
and recently the chemistry of indoles was reviewed by Gribble.! Acetyl
indoles are used as starting material for the synthesis of carbazole,” pyrido
carbazole® and carbolines.* Several catalysts like Si(O,C-CH,-CH,-
COOCH;),/SnCl,,> HCIO, .° SiCl, 7 and ZnCl,® have been used for the
acetylation of indoles. However the yields are very low. Okauchi et al.’
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reported that the indoles were converted into a metal derivative with
Et,AICI or Me,AlCI followed by treatment with acid chlorides to give
acetyl indoles.

In this paper we wish to report our observation on acetylation of
indoles with triphenyl phosphonium perchlorate (TPP) which is so far not
reported in the literature. Recently we have reported that the TPP effectively
catalyzing the imino Diels-Alder reaction of imines with electron rich die-
nophiles to give quinoline derivatives in good yields.'

To a stirred solution of indole (la) in excess anhydride, 20 mol%
PPh;-HCIO, was added and stirred for 30 min. After work-up, 3-acetyl
indole is obtained in 61% vyield (Scheme 1). The yields obtained with
other indoles are given in Table 1.

COCH3
| + Acy0 FERHCIO: O mol%) @
g e RT, 25-35 min R

|
" i
la-d 2a-d

Scheme 1.

The electrophilic substitution of indoles with carbonyl system pro-
duces bis-indolylmethanes. Bis-indolylmethane derivatives affects central
nervous system'! and also used as tranquilizers.'?

In the presence of 20 mol% TPP, benzaldehyde 3a was treated with
indole 1a in acetonitrile and stirred at room temperature for 30 min, the
reaction afforded bis-indolylmethane 4a in 66% yield (Scheme 2). The results
obtained with other substituted benzaldehydes are given in Table 2.

Table 1. Synthesis of 3-Acetyl Indoles* Catalyzed by 20 mol% PPh;-HCIO,

Substituents
Time in Yield
S1. No. R! R? min %
1 H H 30 61
2 H CHj; 25 50
3 SO,Ph H 25 91
4 COPh H 30 79

*The products were characterized by IR, NMR and Mass Spectra.
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H 3
1a 3a-d 4a-d
Scheme 2.

Table 2. Synthesis of bis-Indolylmethanes* Catalyzed by 20 mol% PPh;-HCIO,4

Substituents
Time in Yield
SL. No. R! R? R’ min %
1 H H H 30 61
2 NO, H H 25 50
3 H H Cl 25 91
4 H OH OCHj5 30 79

*The products were characterized by IR, NMR and Mass Spectra.

In conclusion, we have shown that TPP effectively catalyzes the acet-
ylation of indoles to 3-acetyl indoles as well as catalyzes the reaction of
indole with aromatic aldehydes, leads to bis-indolylmethane derivatives.
The catalyst is mild and cheap which has an advantage that only
20mol% required for the reactions.

TYPICAL EXPERIMENTAL PROCEDURE
Synthesis of 3-Acetyl Indoles

To a stirred solution of indoles la—e (2.5 mmol) in acetic anhydride
(5mL) protected by guard tube, PPh3-HCIO, (0.181 g, 20 mol%) was added
and stirred for appropriate time. After the reaction was over, water (50 mL)
was added and stirred for 15-25min. To this solid NaHCO; was added in
portions to aid faster precipitation of acetyl indoles and extracted with
CH,Cl, (3x20mL). The organic layer was washed with saturated

MaRcEL DEKKER, INC.
270 Madison Avenue, New York, New York 10016
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NaHCO; (10mL), brine (10mL) and dried over anhydrous Na,SO,, then
concentrated under reduced pressure. The residue was purified by column
chromatography using silica gel (60-120 mesh) and eluted with petroleum
ether—ethyl acetate to afford 3-acetyl indoles. Spectral data for the com-
pound 2¢: '"HNMR (CDCl;, 300 MHz): & 8.32-7.24 (m, 10H), 2.55 (s, 3H);
3C NMR (CDCl;, 75MHz): & 193.4, 137.4, 134.9, 132.7, 131.5, 129.2,
127.9, 126.5, 125.4, 124.3, 123.7, 122.6, 121.8, 113.5, 112.6, 27.9; MS m/z
299 (M™); IR (KBr): 1671, 1378, 1170 cm ™.

Synthesis of bis-Indolylmethanes

To a stirred solution of benzaldehyde (1 mmol) and indole 1a (0.234 g,
2.0mmol) in acetonitrile (10mL) protected by guard tube TPP (0.091 g,
20 mol%) was added and stirred for appropriate time. To the reaction mix-
ture water (10 mL) was added and extracted with chloroform (3 x 10mL).
The combined organic layer was dried over anhydrous Na,SO,4, and then
concentrated under reduced pressure. The crude product was purified by
column chromatography using silica gel (60—-120 mesh) and eluted with pet-
roleum ether—ethyl acetate to afford 3,3'-bis-indolylphenylmethane 4a in
66% yield.'HNMR (CDCl;, 300 MHz): & 7.59-7.02 (m, 15H), 6.50 (s,
2H), 5.90 (s, 1H); *CNMR (CDCl;, 75MHz): § 143.9, 136.4, 128.6,
128.1, 126.9, 126.0, 123.5, 121.7, 119.8, 119.4, 119.1, 111.0, 40.0; MS m/z
322 (M™); IR (KBr): 3394, 3051, 455, 747cm ™.
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