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Abstract: In the presence of a quinone, Brønsted acid-cat-
alyzed intramolecular C�N bond formation of o-vinylani-
lines by electrophilic cyclization was developed, giving the
corresponding N-arylindoles in good to high yields. The
reaction worked well for o-vinylanilines with terminal and
internal C=C double bonds.

Since its discovery,[1] indole has been well recognized as a privi-
leged structure in organic and medical chemistry.[2] Many phar-
macological and bioactive compounds contain an N-arylindole
structural motif. Such as, N-(4-fluorophenyl)indole 1 (sertindole)
is an efficient antipsychotic agent (Scheme 1),[3] N-(4-phenoxy-
phenyl)-1H-indole 2 is a designed cytosolic phospholipase in-
hibitor,[4] compound 3 is a heat shock protein 90 (HSP90) inhib-
itor,[5] N-phenylindole 4 is a potential melatonin receptor MT1
agonists,[6] and N-arylindole 5 is a good cyclooxygenase-2 in-
hibitor .[7]

The preparation of indoles has been intensively pursued by
many chemists,[8] and various methods have been developed
for the synthesis of N-arylindoles (Scheme 2). The predominant
strategy relies on the transition-metal-catalyzed coupling of an

indole and haloarenes (Scheme 2, route a).[9] In addition, the
metal-catalyzed intramolecular C�N bond forming of N-(2-halo-
styryl)aniline has also been well established (Scheme 2,
route b).[10] In 2012, Zheng et al. reported a pioneering visible-
light-mediated ruthenium-catalyzed synthesis of N-arylindoles
from styryl aniline by an oxidative coupling of C�H and N�H
bonds (Scheme 2, route c).[11] In this paper, we communicate
a metal-free synthesis of N-arylindoles by a Brønsted acid-cata-
lyzed C�N bond formation from C(sp2)�H of o-vinylanilines
and in situ generated quinone imines.[12]

The model reaction of 2-vinylaniline 6 a with 1,4-benzoqui-
none was carried out in the presence of various Brønsted acids
(Table 1). We were happy to find that the reaction catalyzed by
20 mol % of p-toluenesulfonic acid gave the desired N-arylin-
dole 7 a in 66 % yield (entry 1). The reaction using benzoic acid
as the catalyst afforded the product in 64 % yield (entry 2).
However, further exploring of carboxylic acids, such as 4-nitro-
benzoic acid, 2-phenylacetic acid, and formic acid, led to no
improvement (entries 3–5). Phenol could also catalyze the reac-
tion but with low yield (entry 6). Better yield was achieved
when the reaction was carried out in 1,4-dioxane than in THF
(entries 7 and 8).

With the optimized reaction condition in hand, the Brønsted
acid-catalyzed synthesis of N-arylindoles was then explored

Scheme 1. Pharmacological and bioactive N-arylindoles.

Scheme 2. Typical routes and our strategy for the synthesis of N-arylindoles.
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with various anilines with ortho-terminal alkene substituents
(Scheme 3). It was found that the reaction went well for all
ortho-vinylanilines with different alkyl and aryl substituents
(R1 = Me, Et, Ph), and the one with aryl group resulted better
yields than that with the alkyl groups (7 a and 7 b versus 7 c).
The reaction with naphthalene-1,4-dione proceeded as well
(7 d and 7 e). Anilines with the para-substituents (4-F, 4-Cl, 4-Br)
were well tolerated (7 f–7 k).

To further explore the scope of the reaction, anilines with in-
ternal alkenes were investigated for the synthesis of 2,3-disub-
stituted N-arylindoles (Scheme 4). We were satisfied to find
that all the anilines with internal alkenes (R2 = Me, Et, n-C3H7, n-

C4H9) worked well to give the n-arylindoles 7 l–7 o in good
yields. In addition, branched alkyl (R2 = cyclopropyl) and ester
groups (R2 = CO2Et) were well tolerated in spite of some de-
crease in the yields (7 p and 7 q). Once again, the anilines with
a-aryl worked better than with a-alkyl (7 r–7 w versus 7 l–7 q).
The example of 2,3,5-trisubstituted N-arylindole 7 x could be
obtained in 80 % yield.

The structure of N-arylindole 7 w was established by the X-
ray analysis of its single crystal (Figure 1).[13]

The hydroxyl group in N-arylindole 7 a could be methylated
under basic conditions [Eq. (1)] , and phenylated in the pres-
ence of CuI as the catalyst [Eq. (2)] .[14]

Table 1. Optimization of reaction conditions.

Entry Brønsted acid Solvent Yield [%][a]

1 TsOH·H2O THF 66
2 C6H5CO2H THF 64
3 4-NO2C6H4CO2H THF 47
4 C6H5CH2CO2H THF 42
5 HCO2H THF 38
6 phenol THF 36
7 C6H5CO2H 1,4-dioxane 70
8 TsOH·H2O 1,4-dioxane 78

[a] Isolated yields.

Scheme 3. Reaction of anilines with terminal alkenes.

Scheme 4. Reaction of anilines with internal alkenes.

Figure 1. X-ray structure of N-arylindole 7 w, hydrogen is omitted for clarity.

Chem. Asian J. 2016, 00, 0 – 0 www.chemasianj.org � 2016 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim2&&

�� These are not the final page numbers!

Communication

http://www.chemasianj.org


A plausible catalytic cycle is depicted in Figure 2. The proto-
nation of the quinone with the catalytic acid facilitates the for-
mation of the imine with aniline 6. An intramolecular electro-
philic cyclization of alkenes with the protonated quinone
imine II generates indoline cation III. The removal of the
proton by the quinone affords the N-arylindole and furnishes
the catalytic cycle.

To identify a possible reaction intermediate, the mass spec-
trum of the reaction mixture was tested before full consump-
tion of the starting materials, and a species with 224.1070 m/z
was observed, which is accorded with the molecular weight of
intermediate II or III (C15H14ON).[15] The observed better per-
formance of 2-vinylanilines with a-aryl (R1 = aryl) than with a-
alkyl (R1 = alkyl ; Scheme 3 and 4) can also be rationalized by
better stability of the carbon cation III when a-aryl is present.

In summary, the Brønsted acid-catalyzed synthesis of N-ary-
lindoles from 2-vinyl anilines and quinones was developed.
The reaction worked well for both anilines with terminal and

internal alkenes, giving the corresponding multisubstituted N-
arylindoles in good yields. The indoline carbon cation, generat-
ed by the electrophilic cyclization of alkenes with the protonat-
ed quinone imine, is proposed as the key intermediate for the
reaction. Related reactions involving the Brønsted acid-cata-
lyzed generation of carbon cations are underway in our labora-
tory.

Experimental Section

Acid-catalyzed synthesis of N-arylindoles

To a 25 mL reaction tube equipped with a stir bar was charged
with 2-vinylanilines 6 (0.3 mmol), quinone (0.3 mmol), TsOH·H2O
(11.4 mg, 0.06 mmol). To this mixture was added distilled 1,4-diox-
ane (2 mL). The reaction mixture was stirred at 80 8C until the reac-
tion was completed, typically for 10–18 h. The solvent was re-
moved under reduced pressure and the residue was purified by
chromatography on silica gel (ethyl acetate/petroleum ether, typi-
cally 1/12) to give the desired product.
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QuinonesSimple and efficient! In the presence

of a quinone, Brønsted acid-catalyzed
intramolecular C�N bond formation of
o-vinylanilines by electrophilic cycliza-

tion was developed, giving the corre-
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