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ABSTRACT

A novel I2/TBHP-mediated direct oxidative diamination reaction of indoles with anilines was developed. The reaction proceeded smoothly under
aqueous and open air reaction conditions. This protocol provides a practical synthetic method for the synthesis of Tryptanthrin and the
construction of N�C3 linked pyrrolidinoindolines which is the core structure of Psychotrimine.

Indole is the core structure of many clinical drugs1 and
natural products,2 which has attracted the exploration of

methods for direct indole functionalization.3 There are a
series of reports on the direct C�C bond functionalization
of indole derivatives;4 however, investigations on the direct
C�N bond functionalization of indole derivatives remain
rare,5 especially for direct diamination at the C2 and C3
positions in one step. The pyrroloindolines are an impor-
tant class of indole derivatives and widely exist in pharma-
cologically important compounds and natural products.6
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A wide variety of polymeric-tryptamine-related alkaloids
containing two to eight pyrrolidinoindoline units show
excellent biological activities, such as antifungal, anti-
bacterial, antiviral,7 and analgesic properties.8 Most
polymeric-tryptamine-related alkaloids are linked through
C�C bonds to give oligomeric structures. Interestingly, a
small amount of polypyrrolidinoindoline alkaloids with
a N1�C3 linkage have been isolated in recent decades,

which exhibit fascinating structures andbiological functions
(Figure 1).9For example, Psychotrimine (Figure 1, I),which
had been totally synthesized by Takayama’s and Baran’s
groups independently in 2008, exhibits potent activity
against colon and lung cancers.10 The direct diamination
at the C2 and C3 positions of indole was treated as the key

step in the total synthesis of Psychotrimine reported by
Baran (Scheme 1),10b which inspired us to explore new
methods for the direct diamination of nonactivated indoles.
Most synthetic strategies for the direct C�N bond forma-
tions are based on transition-metal catalysis because they are
straightforward, efficient, convenient, and highly selected.11

However, the transition-metal-catalyzed direct oxidative
aminations have many drawbacks such as the toxicity of
catalysts, expensive transition metals or ligands, production
of heavy metal byproducts, and requiring harsh reaction
conditions.Therefore, it is an interesting challenge todevelop
ametal-freemethod from the environmental and economical

standpoints. Metal-free catalyzed direct amination has at-
tracted intensiveattention frombothacademicand industrial
communities, because of the visible advantages of lower cost,
lesswaste, andmilder conditions.12Herein,we report a novel
I2/TBHP-mediated13 intramolecular oxidative diamination
of indoles with anilines, which provides an efficient way to
construct N�C3 linked pyrrolidinoindolines with high dia-
stereoselectivities under mild conditions.
We started by studying the reaction of 1.0 mmol indole

(1a) wtih 3.0 mmol p-toluidine (2a) in the presence of
6.0mmol ofTBHP (tert-butyl hydroperoxide, 70% inwater)
as the oxidant and 10 mol % of iodine as the catalyst.
When the reaction was stirred in CH3CN (2 mL) at rt for
6 h,N-(p-tolyl)-3-(p-tolylimino)-3H-indol-2-amine (3a) was
obtained in 70% LC-yield (Table 1, entry 1). The structure
of 3awas further confirmed by single-crystalX-ray analysis.
To our delight, when the ratio of 1a:2a was changed from
1:3 to 1:4, the yield of the desired product 3a could increase
to 80% (Table 1, entry 2). We next scrutinized the catalyst
dosage, which suggested that 10 mol % of iodine could
achieve a satisfied result (Table 1, entries 3�4). When the
reaction time was prolonged, a similar yield was detected

Figure 1. Selected polypyrrolidinoindoline alkaloids with the
N1�C3 linkage.

Scheme 1. Baran’s Synthesis of Psychotrimine
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(Table 1, entry 5). Further optimization studies with a
variety of solvents such as CH3NO2, toluene, and EtOH
resulted in good yields (Table 1, entries 6�8). However,
when the reaction was treated with DMF or DMSO, poor
yields were obtained (Table 1, entries 9 and 10). To increase
the reaction yields, we further screened different reaction
temperatures. It was found that when the reaction was
treated at 40 �C, the desired product 3a could be produced
in 85%LC-yield and 81% isolated yield (Table 1, entry 11).
After optimization, optimal reaction conditions were con-
firmed: 10 mmol % iodine as the catalyst, 6.0 equiv of
TBHPas the oxidant, CH3CNas the reaction solvent, and a
reaction temperature of 40 �C.
With the optimal reaction conditions in hand, we next

investigated the substrate scope of the direct oxidative
diamination reactions (Table 2). Various substituted in-
doles (1a�j) were reacted with p-toluidine (2a) to give
the corresponding N-phenyl-3-(phenylimino)-3H-indol-2-
amines (3a�j) in good to excellent yields. Substituents on
the different positions of the phenyl ring of indoles did not
affect the reaction. The halogen-containing indoles could
also furnish the desired products in excellent yields under
the identical reaction conditions, which offer possibilities
for further functionalizations (Table 2, entries 4�5 and
7�9).Unfortunately, when 5-nitro-1H-indole (3k) bearing
a strong electron-withdrawing group was treated to this
transformation, only trace product was detected (Table 2,
entry 11). Reactions of a variety of substituted anilines 2
with indole 1a were also surveyed. It was found that
substrates 2c and 2d possessing the�OCH3 and�OC2H5

substituent at the 4-position of the aryl ring provided the
desired products 3m and 3n in 84% and 60% yields,
respectively (Table 2, entries 13 and 14). However, when
4-bromoaniline was subjected to the reaction, the yield of

the desired product 3p was decreased to 34% (Table 2,
entry 15).
When3-methyl-1H-indole 1lwas applied to this reaction

instead of 1a under the optimized reaction conditions, the
diamination product 3q with a single N�C3 bond could
also be obtained in 79% yield (Scheme 2, eq 1). This
promising result suggested the possibility of constructing
N�C3 linked pyrrolidinoindolines in one step under simi-
lar reaction conditions.
Herein, N-(2-(1H-indol-3-yl)ethyl)-4-methylbenzene-

sulfonamide (1m) was treated with 2-bromoaniline (2g)
under the optimized reaction conditions. However, the
desired product 3r could only be obtained in a poor yield.
In order to improve the yield of 3r, we further screened
some additives such as Lewis acids and amino acids.
Fortunately, the yield could be increased to 43% when
20 mol % L-proline was added as the additive, and only a
single diastereoisomer was observed. The structure of 3r
was further confirmedbyX-ray analysis (Scheme 3).When
2-iodoaniline 2h instead of 2gwas subjected to the reaction
with 1m in the presence of 20 mol % L-proline, the desired

Table 1. Optimization of the Reaction Conditionsa

entry 1a:2a

I2
(mol %)

time

(h)

solvent

(2 mL)

temp

(�C)
yield

(%)a

1 1:3 (10) 6 CH3CN 25 70

2 1:4 (10) 6 CH3CN 25 80

3 1:4 (20) 6 CH3CN 25 80

4 1:4 (5) 6 CH3CN 25 56

5 1:4 (10) 8 CH3CN 25 76

6 1:4 (10) 6 CH3NO2 25 80

7 1:4 (10) 6 Tol. 25 78

8 1:4 (10) 6 EtOH 25 74

9 1:4 (10) 6 DMSO 25 13

10 1:4 (10) 6 DMF 25 34

11 1:4 (10) 6 CH3CN 40 85(81)b

aReaction conditions: 1a (1 mmol), TBHP (70% in water), solvent
(2 mL); the yields were determined by LC analysis using biphenyl as the
internal standard. b Isolated yield.

Scheme 2. Reaction of 1l with 2a

Table 2. Reactions with Various Indoles and Anilinesa

entry R1 R2 pruduct

yield

(%)a

1 H (1a) 4-CH3 (2a) 3a 81

2 5-CH3 (1b) 4-CH3 3b 90

3 5-OCH3 (1c) 4-CH3 3c 83

4 5-F (1d) 4-CH3 3d 89

5 5-Br (1e) 4-CH3 3e 85

6 6-CH3 (1f) 4-CH3 3f 92

7 6-F (1g) 4-CH3 3g 91

8 6-Cl (1h) 4-CH3 3h 85

9 6-Br (1i) 4-CH3 3i 85

10 7-CH3 (1j) 4-CH3 3j 91

11 5-NO2 (1k) 4-CH3 3k trace

12 H (1a) H (2b) 3l 51

13 H 4-OCH3 (2c) 3m 84

14 H 4-OC2H5 (2d) 3n 60

15 H 4-t-Bu (2e) 3o 71

16 H 4-Br (2f) 3p 34

aReaction conditions: 1 (1 mmol), 2 (4 mmol), I2 (0.1 mmol), TBHP
(70% in water) (6 mmol), solvent (2 mL), 40 �C, 6 h.
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pyrrolidinoindoline 3s could be obtained in 71% yield.
Furthermore, the optically active 3t could be formed in
43% yield as a single diastereoisomer by the reaction of
(R)-methyl 3-(1H-indol-3-yl)-2-(4-methylphenylsulfonamido)-
propanoate 1owith 2h under identical reaction conditions
(Scheme 3).
In order to explore the possibility of intramolecular

amination of indole, we further explored the reaction of
(2-aminophenyl)(1H-indol-1-yl)methanone 4 under the
I2/TBHP contidions. To our delight, the reaction proceeded
smoothly to furnish the correspondingproductTryptanthrin
5 in 41% yield (Scheme 4, eq 2), which is an interesting
synthetic target14 and exhibits remarkable pharmacological
and biological activity against cancer cells.15 In addition,
alkaloid (þ)-Cruciferane 6, which possesses a wide array of
biological properties,6h,16 could be synthesized from Tryp-
tanthrin 5 over two steps.17

In conclusion, we have developed a metal-free direct
oxidative diamination reaction of indoles with anilines under

mild conditions. This transformation displays many advan-
tages, such as use of aqueous solvent and being air-tolerant,
inexpensive, less toxic, and environmentally benign. This
protocol provides a practical synthetic method for the
construction of 3-amido-substituted pyrrolidinoindo-
lines which can be treated as precursors of Psychotri-
mine. Meanwhile, this reaction is applicable to the
synthesis of Tryptanthrin which is found in many kinds
of plants. Further investigations are ongoing in our
laboratory to understand the mechanism of this reaction
and to apply it to other organic reactions.
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Scheme 3. Construction of N�C3 Linked Pyrrolidinoindolinesa

aReaction conditions:3m�o (0.5mmol),2g�h (1mmol), I2 (0.05mmol),
L-proline (0.1mmol),TBHP(70%inwater) (2mmol), solvent (2mL), 40 �C,
24 h.

Scheme 4. Intramolecular Amination of 4
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