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diindolylalkanes and vibrindole A
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Abstract—Dry reaction of indoles 1la—¢ with aldehydes 2a—i, ketones 2j—0 and an acetal 2p on M. K10 clay at room temperature
furnished 3,3'-diindolylalkanes (DIAs: 3a-h, j-r). The novel formation of tris(3-indolyl)methane 4 from 2i through tandem
reactions and of the DIAs 6 and 8 from 1d through Plancher rearrangements were also observed. © 2002 Elsevier Science Ltd.

All rights reserved.

The diindolylalkanes (DIAs) constitute an old'®® but
important class of compounds, reviewed recently by
us.? The syntheses of the DIAs reported up to the
sixties are well reviewed.*»® The first isolation of a
hallucinogenic DIA from a fungus in 1977* and the
subsequent isolation of other DIAs, including some
bioactive members, from natural sources®* < have made
this field a rapidly growing area. The principal synthetic
avenues to the DIAs comprise the protic or Lewis
acid-catalysed reaction of indoles or indolyl Grignard
reagents with aldehydes (or their acetals), ketones, ao-
ketoacids, imines, iminium salts or nitrones.> Most of
these methods suffer from various disadvantages such
as long reaction periods (e.g. 10 days®), use of expensive
Lewis acids (e.g. dysprosium triflate’) or preformed
reagents (e.g.  oxazolidines/tetrahydrooxazines,®*®
nitrones®®®), etc., yet furnishing the DIAs in extremely
low (e.g. 2%°*) or unspecified® yields in some cases.
Moreover, none of these methods is environmentally
friendly, since always an excess of solvent and often
toxic or hazardous chemicals are employed.
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In continuation of our ongoing interest!'®*" in green

chemistry, we have developed a mild and expedient
synthesis of symmetrical DIAs using montmorillonite
K10 clay as the catalyst. The method is highly efficient
and free from the aforesaid drawbacks. A brief account
of our work and its main findings as well as the
advantages of this method over the extant synthetic
routes are discussed in this communication.

Montmorillonite K10 clay is known to behave as both
a protic and a Bronsted acid (Hammett acidity func-
tion, Hy: —5.5 to 5.9) and has a large specific surface
area (500-760 m?/g), compared to other solid acidic
catalysts like silica gel (400-600 m?/g).!! We, therefore,
used this clay in a solvent-free reaction of indoles with
mainly aldehydes and ketones. Initially, indole 1a was
treated with 0.5 equiv. of acetaldehyde 2a, both
adsorbed on M. K10 clay (2 g/l mM of 1a). A simple
work-up furnished vibrindole A 3a, a bacterial metabo-
lite,> as the sole product in 10 min and in very good
yield (Scheme 1).

vibrindole A (3a)
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The potential of this method became apparent when the
conditions and the yield of 3a were compared with
those of its five previous syntheses, all from indole
(Table 1).

Prompted by this success, we extended this reaction of
indole with a range of other aldehydes 2a-i, ketones
2j-0 and an acetal 2p under similar conditions, furnish-
ing (except for 2i) the respective symmetrical DIAs
3a—p (except 3i) in good to excellent yields. 5-Bromoin-
dole 1b and 2-methylindole 1c¢ behaved similarly with

Table 1. Comparative evaluation of the syntheses of vibrindole A

the aldehydes 2b and 2c¢, respectively forming the
respective DIAs 3q and 3r in excellent yields (Scheme
2).

Our findings (Table 2) reflect the wide applicability and
usefulness of our method. For most aldehydes 2a—e, the
reactions were exceedingly fast (5-10 min), whereas for
salicylaldehyde 2f, the reaction required 2 h perhaps
because of its hydrogen bonding. The yields were also
excellent, viz. 92-97%, except for acetaldehyde 2a
where the somewhat lower yield (82%) can be

(3a) from indole (1a)

Sl. no. Reagent Temp. Time Yield®* (%) Lit. ref.
1 MeCHO, AcOH Rt 10 days 58 6

2 (i) Propiolic acid, MeOH; (ii) -CO, Reflux Sh 45 12

3 An oxazolidine,” MeCN, CF;CO,H Rt 15 min 25 8a,b

4 EtOH, DMCD.* aq. NaClO,, Pt-electrode Rt Not stated 86 13

5 MeCH=N*(Bn)O—, Me;SiCl, CH,Cl, Rt 17 h 83 9a,b

6 Present method: MeCHO, M. K10 clay Rt 10 min 82

“ Refer to isolated yields.
®2-Methyl-3-phenyloxazolidine.
¢ 2,6-Di-O-methyl-B-cyclodextrin.

m +  RCOR
N~ X

M. K10 clay
>

rt,S5min-6h X X
H 69-97 %
la: X=Y=H 2a-p (except 2i) 3a-r
1b: X=H; Y=Br R/R'=H, Alkyl, Aryl, (except 3i)
1c: X=Me; Y=H Cycloalkyl

Scheme 2.

Table 2. Dry reaction of indoles (1 mM) with aldehydes and ketones* (0.5 mM) using M. K10 clay (2 g)

Sl. no. 1a+ Aldehydes/ketones Time Prod. Yield® (%)
1 la+MeCHO (2a) 10 min 3a 82

2 1la+PhCHO (2b) 5 min 3b 97

3 la+0-O,NC,H,CHO (2¢) S min RIS 96

4 la+m-O,NC,H,CHO (2d) 5 min 3d 95

5 la+p-MeOCH,CHO (2e) 10 min 3e 92

6 la+0-OHC-H,CHO (2f) 2h 3f 95

7 1a+2-CHO-thiophene (2g) 10 min 3g° 80

8 la+2-CHO-furan (2h) lh 3h 81

9 1la+2-CHO-pyrrole (2i) 4 h 4 (not 3i) 88

10 la+MeCOMe (2§) 454 (8) h 3j 83

11 la+MeCOEt (2k) 4 h 3k¢ 69

12 1la+MeCOPh (21) 64 (16) h 31 71

13 1a+ Cyclopentanone (2m) 6 h 3m 76

14 la+ Cyclohexanone (2n) 2h 3n 77

15 1a+4-Me-cyclohexanone (20) 2h 30° 73

16 1a+ Phthalimido-CH,CH(OEt), (2p) 494 (8) h 3p° 97

17 1b+2b S min 3q° 96

18 lc+2c 5 min 3r¢ 93

19 1d+2c 2h 5% 6° 63; 27
20 1d+2d 2 h 7°; 8¢ 52; 37

4 Benzophenone failed to react with la.
b Refers to isolated yields.
¢ New compounds.

d Using 6 g clay; time periods within parentheses were needed using 2 g clay.
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accounted for by our observation that 2a decomposes
rapidly on clay. For ketones 2j-o, the reactions were
slower (2-6 h) and the yields were also lower (69-83%),
presumably because of steric crowding in the resulting
DIAs. That acetone and acetophenone required
increasingly more time, whereas benzophenone did not
react at all with 1a, lends support to our view. For 2p,
the reaction was also slow (4 h), but the yield of 3p was
excellent (97%).

Of the 2-formylheteroarenes 2g—i, the reaction was
inexplicably very fast (10 min) only with 2g. More
surprisingly, whereas 2g and 2h furnished the expected
DIAs 3g and 3h, respectively, 2i provided tris(3-
indolyl)methane 4,'°>!4% instead of the expected DIA
3i X=Y=H; R,R'=2-pyrrolyl). In light of our
recently reported clay-mediated, general synthesis of
triindolylmethanes,'® the formation of 4 may be con-
sidered to proceed through the successive formations of
the expected DIA 3i and the indoleninium species 3'i
(Scheme 3). Pyrrole was found to decompose rapidly on
M. K10 clay, which accounts for the fact that, contrary
to expectation, no pyrrole could be isolated from the
reaction mixture. However, it remains obscure as to
why 2i behaved differently from 2g and 2h.

The time required to complete the reactions of 1a with
2i, 21 and 2p could be considerably reduced from 8, 16
and 8 h to 4.5, 6 and 4 h, respectively using thrice the
amount of clay (6 g/l mM). These results suggested
that the greater the surface area of clay available, the
faster is the rate of the reactions.

When skatole 1d was separately treated with 2¢ and 2d
in a similar manner, both the reactions were consider-

ably slower and furnished, besides the expected respec-
tive 2,2’-DIAs 5'° and 7, the unexpected 2,3'-DIAs 6'¢

1 a Clay

3i (not obtained)

Scheme 3.

Me
Me

2,2' DIA 5/ 7)

Scheme 4.

and 8, respectively. The structures of 5-8 and the
distinction of 5/7 from 6/8 were proved by analysing
their spectra and by comparing the same with those of
3r. Thus, both 5 and 6 possessed the same molecular
formulae (HRMS) and similar structural units (IR, 'H,
13C). But, for 6, two different signals appeared for the
two NH’s (IR, 'H) as well as for the two methyls ('H,
13C), which disclosed its unsymmetrical nature. Further,
the '*C chemical shifts of the 2-methyl-3-substituted
indole nucleus of 3r (a 3,3-DIA) and those of the
3-methyl-2-substituted indole ring of 5 (a 2,2-DIA)
were more or less reproduced in the '*C NMR spec-
trum of 6, which demonstrated it to be a 2,3’-DIA. The
situation was analogous for 7 and 8.

The reactions no doubt proceeded through the two
successive intermediates A and B, followed by separate
Plancher rearrangements.!’*° One involved the usual
migration of an arylalkyl group and led to the 2,2'-
DIAs 5 and 7. The other involved the hitherto unre-
ported migration of a methyl group, in preference to an
arylalkyl group, and led to the 2,3'-DIAs 6 and 8
(Scheme 4). Pertinently, this is the first record of the
formation of 2,3’-DIAs from 3-alkylindoles, since only
2,2’-DIAs were reported to have been formed in all
previous cases.?

The clay, recovered from the reaction of 1a with 2j was
washed and dried at 110-120°C for 12 h and used in a
second reaction between 1a and 2b. The product 3b was
obtained in similar yield (96%) and time (5 min) as in
the experiment using fresh clay. The recyclability of M.
K10 clay in these reactions was thus demonstrated.

In conclusion, we have developed an expedient, clay-
mediated green synthesis of symmetrical DIAs.'® It is
superior to the extant synthetic routes for a number of

CH
wah @/ N

Skatole (ld) Ar=2-or 3 02NC6H4 '\
\
M. K10 clay H
(2¢/2d) 2 h

m

2,3-DIA (6/8)
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reasons, viz. (i) it is fast and efficient, employs a cheap,
non-toxic and reusable clay as the catalyst and involves
a simple work-up; (ii) it furnishes DIAs 3c¢-d from
nitrobenzaldehydes 2¢-d exceedingly fast (5 min) and in
excellent yields (>95%) in contrast to a recent slow (10
h) synthesis (using lithium perchlorate as catalyst) with
moderate yield (67%);!° (iii) on hydrazinolysis, the
phthalimido-DIA 3p produced the corresponding diin-
dolylethylamine (3: X=Y=H; R,R'=H, CH,NH,)
much faster (6.5 h) and in a better yield (92%) than its
earlier three-step synthesis from indole and glyoxylic
acid (>80 h; 32%).2° Our method has enormous poten-
tial in the synthesis of naturally occurring DIAs, upon
which we have recently embarked.
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