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ABSTRACT

2-Alkynylcyclohexadienimines, derived from the oxidation of 2-alkynylanilines, react with aromatic amines leading toN-arylindoles with a 4-amino
substitution. The reaction was metal-controlled, and Bi(OTf)3 proved to be the best catalyst. The resulting 4-amino N-arylindoles could be
converted to azepino[4,3,2-cd]indoles through condensation with aldehydes.

N-Arylindoles appear as central substructures in many
pharmaceutical and medicinal compounds.1 For example,

they are potential antipsychotic agents,2 angiotensin II
antagonists,3 melatonin receptor MT1 agonists,4 anti
HIV-1 agents,5 and COX-2 inhibitors.6 Transition-metal-
catalyzed C�N cross-coupling of aryl halides with indoles
is a straightforward approach to prepare N-arylindoles.7

Recently, a variety of cascade reactions have been devel-
oped for the synthesis of N-arylindoles.8 In these elegant
tactics, a transition-metal-catalyzed coupling reaction also
plays a prominent role (Scheme 1). The development of an
alternative method to construct functionalized N-arylin-
doles is still desirable.
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Some of our recent efforts have been focused on extend-
ing the utilization of cyclohexadienimines,9,10 which are
formed from the oxidative dearomatization of aromatic
amines.11 2-Alkynyl cyclohexadienimines proved to be
potential precursors to 4-substituted indoles. Since there
are two reaction sites in the R,β-unsaturated imino group,
we envisaged that tandem1,2- and1,4-additionsof aromatic
amines to 2-alkynylcyclohexadienimines might provide a
path to construct N-arylindoles with a 4-amino substitu-
tion (Scheme 2). The 4-aminoindole unit is also found in
many biologically active compounds, such as (�)-indo-
lactam V,12 pyrroloazaflavones,13 and SDZ-216525.14

Preliminary investigation revealed that the species of
catalyst had a significant influence on the reaction between
2-phenylethynylcyclohexadienimine (1a) and p-toluidine
(2a) (Table 1). In the presence of 10 mol % of AuCl, the
reaction only provided 4-amino-substituted N-Ts indole

3aa in a 53%yield.WhenAuCl3 was used instead ofAuCl,
the desired 4-amino-N-arylindole 4aa was isolated as the
major product in 39% yield. When PdCl2 was employed,
the yield ofN-arylindole 4aa decreased to 7%. For a variety
of metal triflates, only AgOTf, Cu(OTf)2, and Bi(OTf)3
exhibited catalytic activities for the generation of
N-arylindole 4aa. Bi(OTf)3 proved to be the best catalyst.

To improve the yield of compound 4aa, various sol-
vents, temperatures, and ratios of cyclohexadienimine and
p-toluidine were examined. The best yield was obtained
when the reaction was conducted in t-BuOH with 3 equiv
of p-toluidine at room temperature for 48 h (eq 1).

With the optimized reaction conditions in hand, the
scope of this reaction was investigated. To simplify the
reaction procedure, the crude oxidative dearomatization
products were directly used in the Bi(OTf)3-catalyzed
reactions (Table 2). For 4-substituted 2-alkynylanilines
with a range of different substitutions, the two-step reac-
tions proceeded smoothly leading to the corresponding
4-amino-N-arylindoles in good to excellent yields (Table 2,
entries 1�7). When 2-ethynyl-4-methylbenzenamine (5h)

Scheme 1. Strategies for the Synthesis of N-Arylindoles

Scheme 2. Our Strategy To Construct 4-Amino-N-arylindoles

Table 1. Evaluation of Catalysts

entry catalyst 3aa (%)a 4aa (%)a

1 AuCl 53 0
2 AuCl3 11 39
3 PdCl2 64 7
4 Zn(OTf)2 0 0
5 Ni(OTf)2 0 0
6 Fe(OTf)2 0 0
7 Dy(OTf)3 0 0
8 Sc(OTf)3 0 0
9 Yb(OTf)3 0 0

10 In(OTf)3 0 0
11 AgOTf 47 36
12 Cu(OTf)2 7 35
13 Bi(OTf)3 7 62

aReported yields are of the isolated product based on compound 1a.
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was used as substrate, the reaction was complex. No
desired product 4hawas obtained (entry 8).With respect to
other aromatic amines, both electron-rich and electron-
poor anilines are suitable partners for this process (Table 2,
entries 9�15). For example, the reaction of 4-methoxy-
benzenamine (2b) gave rise to product 4ab in a 95% yield
(Table 2, entry 9), while the reaction of fluoro- or chloro-
substituted aniline 2g or 2h afforded compound 4ag or 4ah
ina68ora75%yield, respectively (Table2, entries14and15).
The reaction of 5-amino-1,3-dimethyl-1H-pyrazole or
4-aminopyridine was very complex, and product 4ai or
4aj was not isolated (Table 2, entries 16 and 17).

When 4-amino-N-Ts-indole 3aa was treated with
p-toluidine and Bi(OTf)3, it could not be converted to
4-amino-N-arylindole 4aa. When cyclohexadienimine 6

was used instead of 2-alkynylcyclohexadienimines to react
with 4-methoxybenzenamine under the standard conditions,

the Bi(OTf)3-catalyzed reaction provided N-(4-meth-
oxyphenyl)cyclohexadienimine (7) in a 96% yield. No
reaction was observed with PdCl2 or AuCl as catalyst
(Scheme 3).
To shed some light on the reaction pathway, a primary

DFT calculation was performed using Gaussian 09
package.15 We located the ground states of the intermedi-
ates formed from themetal catalyst activation of 2-alkynyl
cyclohexadienimine 1a. As a matter of convenience, the
counteranion is not considered. The results indicated that,
when bismuth salt was used as catalyst, the direct coordi-
nation with the nitrogen atom of imine is most stable
(Figure 1, intermediate I). When palladium was used, the
activation of the triple bond leading to intermediate IIwas
most favored. On the basis of the NBO (natural bond
orbital) analysis, the C-3 position of 2-alkynylcyclohexa-
dienimine is more positively charged compared with the
C-5 position in both intermediates (Figure 1), which is in
line with our experimental results.

Table 2. Scope Investigation

entry R1 R2 R3 4 (%)a

1 C6H5 Me 4-MeC6H4 4aa (90)

2 4-MeOC6H4 Me 4-MeC6H4 4ba (73)

3 4-ClC6H4 Me 4-MeC6H4 4ca (68)

4 n-Bu Me 4-MeC6H4 4da (71)

5 t-Bu Me 4-MeC6H4 4ea (65)

6 C6H5 Et 4-MeC6H4 4fa(76)

7 C6H5 n-Bu 4-MeC6H4 4ga (85)

8 H Me 4-MeC6H4 4ha (0)

9 C6H5 Me 4-MeOC6H4 4ab (95)

10 C6H5 Me 3,5-(Me)2C6H3 4ac (92)

11 C6H5 Me 4-iPrC6H4 4ad (88)

12 C6H5 Me C6H5 4ae (64)

13 C6H5 Me 4-BrC6H4 4af (73)

14 C6H5 Me 4-ClC6H4 4ag (68)

15 C6H5 Me 4-FC6H4 4ah (75)

16 C6H5 Me 4-pyridyl 4ai (0)

17 C6H5 Me 1,3-(CH3)2-1H-pyrazol-5-yl 4aj (0)

aReported yields are of the isolated product based on compound 5.

Scheme 3

Figure 1. Optimized structures of intermediate I with Bi(III) as
catalyst (upper) and intermediate II with Pd(II) as catalyst
(down). The number in parentheses is NBO charges on atoms.
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As illustrated in Scheme 4, when a suitable Lewis acid
such as Bi(OTf)3 was used, the coordination with the
carbon�nitrogen double bond promotes 1,2- and 1,4-addi-
tions simultaneously.16 In path a, the 1,2 addition with
aromatic amines follows by elimination of TsNH2 to form
N-aryl 2-alkynylcyclohexadienimine C. With the aid of
Bi(OTf)3, this intermediateundergoes 1,4-addition togenerate
intermediate F. In path b, the 1,4 addition generates inter-
mediateD. Its direct cyclization leads to 4-aminoN-Ts indole3.
When the 1,2-addition takes place before the cyclization,
intermediate D is converted to intermediate E, followed by
elimination ofTsNH2 to afford intermediateF. After cycliza-
tion and aromatization, 4-amino-N-arylindole 4 is formed.
It is noteworthy that, compared with 4-amino-N-Ts-

indole 3, 4-amino-N-arylindole 4 has a more electron-rich
indole ring.This propertymakes it useful in the synthesis of
azepinoindole derivatives.17 As shown in Table 3, in the
presence of 2 equiv of trifluoromethanesulfonic acid (TfOH),
treatment of 4-amino-N-arylindoles with aldehydes in
dichloromethane at 0 �C led to azepino[4,3,2-cd]indoles 9.
Various aldehydes including aromatic aldehydes bearing an
electron-withdrawing or an electron-donating group, hetero-
aromatic aldehydes, cinnamaldehyde, 2-phenylacetaldehyde,

and butyraldehyde were suitable substrates for this reaction.
The corresponding azepino[4,3,2-cd]indoles were formed
in good to excellent yields. When 4-amino-N-arylindoles
bearing an electron-withdrawing substituent were used,
the corresponding products were formed in moderated
yields. The structure of compound 9 was confirmed by
single-crystal diffraction analysis of compound 9aak.
In summary, a new strategy for accessing 4-amino--

arylindoles through dearomatization and Bi(OTf)3-cata-
lyzed tandem reaction has been developed. 4-Amino-N-
arylindoles could be converted to azepino[4,3,2-cd]indoles.
Work is currently ongoing to extend its scope by exploring
its reactionmechanismandpossible synthetic applications,
and these results will be reported in due course.
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Table 3. Synthesis of Azepino[4,3,2-cd]indolesa

entry R3 R4 9b (%)

1 Me 4-NO2C6H4 9aaa (99)

2 Me 4-CF3C6H4 9aab (92)

3 Me 4-FC6H4 9aac (98)

4 Me 4-ClC6H4 9aad (98)

5 Me 4-BrC6H4 9aae (97)

6 Me 4-CNC6H4 9aaf (95)

7 Me C6H5 9aag (94)

8 Me 4-MeOC6H4 9aah (85)

9 Me 4-HOC6H4 9aai (85)

10 Me 2-thiophyl 9aaj (90)

11 Me 2-furyl 9aak (97)

12 Me C6H5CHdCH 9aal (80)

13 Me C6H5CH2 9aam (98)

14 Me n-Pr 9aan (91)

15 Br 4-NO2C6H4 9afa (74)

16 Cl 4-NO2C6H4 9aga (73)

17 F 4-NO2C6H4 9aha (70)

aFreshly distilled trifluoromethanesulfonic acid was used. b Isolated
yield based on compound 4.

Scheme 4. Plausible Reaction Pathway
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