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a b s t r a c t

A one-pot synthesis of 1-hydroxymethyl-3-aminomethyl indoles 3 could be achieved in excellent yield
by reacting indoles 1 with formaldehyde and secondary amines 2 in the presence of molecular sieves
(3 Å) and catalytic amount of InCl3 (10 mol %) in 1,4-dioxane at room temperature for 3–5 h.

� 2012 Elsevier Ltd. All rights reserved.
Indole scaffolds are widespread in biologically active com-
pounds and natural products.1 Their main importance is in medic-
inal chemistry and drug discovery which has resulted in continued
interest in their synthesis.2 Indole and its synthetic analogs are
known to possess important biological activities such as antipy-
retic,3 analgesic4 anticonvulsant etc.5 Among various indole deriv-
atives, 3-aminomethyl indoles6,7 were found to possess inhibitory
activity toward phosphorylation of kinase pp60c-Src,7,8 which is a
non-receptor protein tyrosine kinase (PTK), participating in many
cellular activities including cell adhesion, invasion, motility, differ-
entiation, and growth factor receptor signaling.9 Hemiaminals10 of
indoles are also reported to possess good anti-tumor activity.11

Hemiaminals are generally used as prodrugs to increase the bio-
availability12 of drug molecules containing indole and other N-
heterocyclic moieties, due to their labile nature, hemiaminals
generally fragment into formaldehyde and indole or other N-
heterocyclic compounds.13 It is well known that InCl3 has the
ability to promote Diels-Alder,14a aldol,14b Mannich,14c Friedel–
Crafts,14d and various other important organic transfomations.14e,15

Also indium salts have shown notable tolerance toward mois-
ture and other co-coordinating functional groups present in the
substrates.16 We have been able to use InCl3 as catalyst for the syn-
thesis of various hetereocycles17 of biological importance over the
years. We have now observed that when indole (1a) was treated
ll rights reserved.
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with formaldehyde and piperidine (2a) in 1,4-dioxane it resulted
in the formation of 1-hydroxymethyl-3-aminomethyl indole 3a
in 15% yield as well as expected products such as 1,3-diaminom-
ethyl indole 4a18a (12%) and 1-aminomethyl indole 5a18 (10%)
(Table 1, entry 1). When activated molecular sieves (MS) (3 Å) were
added to the reaction mixture, the duration of the reaction de-
creased to 14 h but not much improvement in the yield and selec-
tivity in the formation of 3a (Table 1, entry 2). To our delight,
simple addition of 10 mol % of InCl3 as Lewis acid catalyst into
the above reaction afforded the 1-hydroxymethyl-3-aminomethyl
indole 3a as the sole product in 84% yield in 4 h (Table 1, entry 3).
The role of molecular sieves, most likely, is to absorb the water
generated during the reaction. To investigate the role of solvent
in the reaction, we have used various other solvents (Table 1) such
as THF, MeOH, and MeCN, and it seems that 1,4-dioxane is the per-
fect solvent choice for this reaction (Table 1, entry 3). Then we
investigated the effects of different Lewis acid catalysts in the same
reaction and observed that InCl3 was found to be the best among
the various catalysts used to afford the desired 1-hydroxy-
methyl-3-aminomethyl indole 3a (Table 2).

This optimized method was then exploited to prepare a number
of substituted 1-hydroxymethyl-3-aminomethyl indoles 3b–o by
varying indoles and secondary amines. The results are summarized
in the following table (Table 3).

It is pertinent to mention that when 3-methyl indole (1f) was
reacted with formaldehyde and piperidine (2a) in the presence of
10 mol % of InCl3 and 3 Å MS in 1,4-dioxane afforded only
1-hydroxymethyl-3-methyl indole (6)10 as product in 83% yield,
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Table 2
The effect of Lewis acid catalysts in the reaction of indole (1a), formaldehyde and
piperidine (2a)

Entrya Solvent Lewis acid catalyst Time (h) Yieldb (%)

3a 4a 5a

1 1,4-Dioxane InCl3 4 84 — —
2 1,4-Dioxane FeCl3 5 61 17 8
3 1,4-Dioxane ZnCl2 7 48 19 8
4 1,4-Dioxane BF3.OEt2 5 45 18 9

a Reaction conditions: 1a (1 mmol), formaldehyde (4 mmol), 2a (1.5 mmol),
Lewis acid catalyst (10 mol %) and MS (3 Å) (200 mg) in 1,4-dioxane (10 mL) at
room temperature.

b Isolated yield.

Table 1
Solvent optimization studies for the reaction of indole (1a), formaldehyde and piperidine (2a)
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Entrya Solvent Lewis acid catalyst Time (h) Yieldb (%)

3a 4a 5a

1 1,4-Dioxane No catalystc 24 15 12 10
2 1,4-Dioxane No catalyst 14 21 15 14
3 1,4-Dioxane InCl3 4 84 — —
4 THF InCl3 13 20 23 14
5 Methanol InCl3 14 33 25 12
6 MeCN InCl3 12 62 18 9

a Reaction conditions: 1a (1 mmol), formaldehyde (4 mmol), 2a (1.5 mmol), InCl3 (10 mol %), and MS (3 Å) (200 mg) in the solvent specified (10 mL) at room temperature.
b Isolated yield.
c Reaction was performed without MS (3 Å).
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whereas 1,2-dimethyl indole (1g) furnished the anticipated
product 3-aminomethyl-1,2-dimethyl indole 719 in 79% yield
(Scheme 1).
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Scheme 2. Plausible mechanism for the InCl3 catalyzed for
In order to investigate the mechanism of the reaction, we have
performed proton NMR analysis of the crude reaction mixture (see
Supplementary data) of indole (1a), piperidine (2a), and formalde-
hyde in the presence of InCl3 and molecular sieves. It revealed that
A (not isolable) was formed after 30 min of stirring, which on fur-
ther stirring for 3.5 h was converted into product 3a (Scheme 2).
Therefore, the formation of 1-hydroxymethyl-3-aminomethyl in-
dole 3a may be explained as, the iminium ion generated from
the reaction between formaldehyde and piperidine (2a) under
the influence of InCl3 undergoes spontaneous electrophilic substi-
tution at C-3 of indole (1a) to afford 3-aminomethyl indole A,
which further reacts with the activated formaldehyde to give 3a
(Scheme 2).

The structures of all the synthesized compounds have been de-
duced mainly by NMR, high resolution mass, and IR. Moreover the
structure of (3-(piperidin-1-ylmethyl)-1H-indol-1-yl) methanol
(3a) has been confirmed by single crystal X-ray analysis20 (Fig. 1).
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Table 3
InCl3 catalyzed synthesis of 1-hydroxymethyl-3-aminomethyl indoles 3b–o

2a : R2N =

2b : R2N =

2c : R2N =

1a-e 2a-c

3b-o1a : R' = R" = H
1b : R' = Me, R'' = H
1c : R' = Ph, R'' = H
1d : R' = H, R'' = OMe
1e : R' = H, R'' = Br
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3 Å MS, 1,4-dioxane
rt, 3-5 h

Entry Indoles 1 Amines 2 Time (h) Yield of products
3b–oa (%)

1 1a 2b 4.5 85 (3b)
2 1a 2c 3.5 83 (3c)
3 1b 2a 4 84 (3d)
4 1b 2b 4 86 (3e)
5 1b 2c 4.5 84 (3f)
6 1c 2a 3 94 (3g)
7 1c 2b 3.5 89 (3h)
8 1c 2c 4 91 (3i)
9 1d 2a 3 85 (3j)

10 1d 2b 3.5 84 (3k)
11 1d 2c 5 83 (3l)
12 1e 2a 4 88 (3m)
13 1e 2b 3.5 87 (3n)
14 1e 2c 4.5 86 (3o)

a Isolated yields.

Figure 1. X-ray crystal structure of 3a with a water molecule. The crystallographic
data were collected at 298 K; hence hydrogen atoms of the water molecule could
not be assigned due to thermal disorder.
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In summary, an efficient Indium trichloride catalyzed one-pot
synthesis of 1-hydroxymethyl-3-aminomethyl indoles21 was
achieved from the reaction of indoles, formaldehyde, and second-
ary amines in excellent yield. Biological activities of the synthe-
sized 1-hydroxymethyl-3-aminomethyl indoles are underway
and the results will be reported in due course.
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