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A variety of functionalizedN-alkoxyindole-3-carbonitrile
derivatives are achieved under remarkably mild conditions
by applying a FeCl3-mediated intramolecular heterocycliza-
tion of 3-alkoxyimino-2-arylalkylnitriles. This novel synthesis
allows theN-moiety on the side chain to be annulated to the
benzene ring as the final synthetic step, which enables the
functionalization of the benzenoid portion of the indole at
an early stage of the synthesis.

The N-alkoxyinodoles have attracted considerable attention
since a number of alkaloids possessing theN-methoxyindole
skeleton have been isolated and reported in the literature.1

Furthermore, the biological activity of some indole-based
pharmaceutical agents can be considerably improved after

replacing the indole N-H with an N-methoxy moiety.2 While
the potential importance of theN-alkoxyindole skeleton is
evident, a survey of the literature indicated that the methods
developed for the synthesis of theN-alkoxyindole nucleus can
be generalized into the following types: (1) methylation of
N-hydroxyindoles with dimethyl sulfate or diazomethane (path
a in Figure 1);1c,3 (2) dehydration of 2-hydroxyindoline deriva-
tives catalyzed by aqueous HCl (path b in Figure 1);4 (3)
cyclization of the requisiteo-nitro functionalized substrate
mediated by NaCl/DMSO at high temperature (path c in Figure
1);5 (4) alkylative cycloaddition ofnitrosoarenes with alkynes
in the presence of K2CO3/Me2SO4 (path d in Figure 1);6 and
(5) intramolecular cyclization of ana-aryl ketone oxime
derivative via a nitrenium ion intermediate (path e in Figure
1).7

An intramolecular cyclization strategy in which a pendant
nitrogen moiety is annulated to a benzene ring provides a unique
access to multiply substituted indoles since such a method would
avoid using the use of “privileged”N-functionalized arenes as
starting materials and the introduction of the nitrogen atom could
be postponed to a later synthetic step.8 Herein, we report such
an intramolecular cyclization method for the construction of
N-alkoxyindoles by direct C-H amination of an aromatic ring
with a side chainN-moiety thus enabling access to an assortment
of benzo-functionalized indoles.

In a previous study,8g we reported a PIFA-mediate oxidative
cyclization for the conversion of compound2′ to compound3′.
Since this cyclization protocol easily produced indoles with
either an N-alkyl or N-aryl group, we were interested in
extending the reaction to access natural products with the
N-alkoxyindole skeleton. The oxime ether substrate2, prepared
from â-ketonitriles 1, under identical cyclization conditions
could also produce the desiredN-alkoxyindole3;9 however, the
yield (9-35%) was fairly unsatisfactory (entries 1-6, Table
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1), although substrate2 in each case was totally consumed.10

A subtle change in the electronic configuration of the oxime
ether2 as compared to the enamine2′ is apparently the cause
for the observed difference in reactivity. Thus new oxidative
cyclization conditions were investigated (entries 7-14, Table
1) which led to the discovery that the single electron oxidant
FeCl3 could conveniently convert2a into 3a. A study to optimize
reaction parameters by using2a as substrate (entries 15-20,
Table 1) indicated that CH2Cl2 was a desirable solvent for the
reaction, and at least 2 equiv of FeCl3 was needed for the
complete consumption of2a. As the reaction proceeded, the
formation of gaseous HCl was observed. Furthermore, it was
found that the isomeric oximes, cis isomer2b-1and trans isomer
2b-2, afforded the same cyclized product3b in yields of 79%
and 82%, respectively. For all subsequent studies, a mixture of
the two oxime isomers11 was used directly without separation.
The results listed in Table 2 demonstrated that both electron-
withdrawing and electron-donating aromatic substituents could
be tolerated. Entries 9 and 10 (Table 2) showed that when R3

was a bulkiern-butyl or benzyl group, the reaction was not
significantly altered. However, when R2 was a bulkier phenyl
or benzyl group (entries 2 and 12-15, Table 2), the reaction
time was obviously longer and the yields were reduced (56-

64%). When R2 was hydrogen (entry 11, Table 2), the
2-unsubstitutedN-alkoxyindole3j was obtained in acceptable
yield. The reaction was also compatible with multiple substit-
uents on the benzene ring (entries 17 and 21, Table 2).

Meta-Substituted aromatic reactants have the possibility of
producing two regioisomeric products. With them-chloro- or
m-trifluoromethylbenzenes (entries 18 and 19, Table 2), similar
quantities of the regioisomeric indoles were observed; however,
for the substrates2s, 2t, and 2v, the single regioisomeric
products3s, 3t, and3v were found, respectively.

An important extension of this heterocyclization methodology
is to use alternative types of aromatic rings to generate different
classes of pyrrole-fused heterocycles such as the hitherto
unknown3u-w from the substrates2u-w. It is noteworthy
that in the13C NMR spectra, theN-methoxy group signal in3r
is split into a quartet, apparently the result of through space
coupling12 with the fluorines of the trifluoromethyl group at
the 7 position, while this coupling is not observed in3r′.

In our investigation of the scope and generality of this
heterocyclization method, we found that seemingly closely
related substrates (4-8 in Figure 3), when applied to the same
reaction conditions, yielded none of the expected cyclized
product, which indicates that a benzyliccyanogroup plays a
crucial role in the course of the reaction. Interestingly, the result
that substrates7 and8 were unable to cyclize could be predicted
by the fact that only a single desired product3m was obtained
for substrate2m (entry 14, Table 1), which implies that
formation of an intermediate with a double bond conjugated
with the benzene ring that will be cyclized by the pendent
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FIGURE 1. Existing strategies for construction of theN-methoxyindole
skeleton.

FIGURE 2. Synthesis ofN-substituted indoles by joining the pendent
N-moiety to the benzene ring.

TABLE 1. Conditions Screened for the Intramolecular Cyclization
Reaction of 3-Alkoxyimino-2-arylalkylnitriles 2

entrya oxidant (equiv) 2 solvent
temp
(°C)

time
(h)

yield
(%)b

1 PIFA (1.3) 2a CH2Cl2 rt 24 10c

2 PIFA (1.3) 2c CH2Cl2 rt 24 15c

3 PIFA (1.3) 2f CH2Cl2 rt 24 13c

4 PIFA (1.3) 2o CH2Cl2 rt 24 9c

5 PIFA (1.3) 2t CH2Cl2 rt 24 35c

6 PIFA (1.3) 2a toluene 105 12 12c

7 I2 (5) 2a CH2Cl2 rt 6 0
8 MnO2 (3) 2a CH2Cl2 rt 6 0
9 DDQ (3) 2a CH2Cl2 rt 6 0

10 CAN (3) 2a MeOH rt 6 0
11 Cu(Oac)2‚H2O (4) 2a AcOH 110 6 0
12 Mn(OAc)3‚2H2O (3) 2a AcOH 110 6 0
13 FeCl3‚6H2O (3) 2a CH2Cl2 rt 6 0
14 FeCl3 (1.5) 2a CH2Cl2 rt 3 50d

15 FeCl3 (2.0) 2a CH2Cl2 rt 2 77
16 FeCl3 (2.2) 2a CH2Cl2 rt <1 82
17 FeCl3 (2.2) 2a MeOH rt 12 0
18 FeCl3 (2.2) 2a EtOAc rt 12 trace
19 FeCl3 (2.2) 2a MeCN rt 12 trace
20 FeCl3 (2.2) 2a THF rt 12 trace

a All reactions were run in commercial grade solvents without inert
atmosphere protection.b Isolated yields after silica gel chromatography.
c Contains several unidentified byproducts.d 20% of 2a recovered.
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N-moiety is required. Besides, it was very surprising to find
that the most similar substrate5, differing from substrate2t by
replacement of the nitrile with an ester, also failed to provide

any detectable cyclized product under the same reaction
conditions. A possible explanation for this might be that in the
presence of an ester group, FeCl3 would act as a Lewis acid,
rather than a single electron oxidant. However, this method still
has a significant implication for the synthesis of a large number
of N-alkoxyindole derivatives since thecyanogroup is a versatile
functionality.

Potential mechanistic sequences are proposed in Scheme 1.
(1) The coordination of FeCl3 with the cyanogroup, followed
by an abstraction of the benzylic proton from9 and the

TABLE 2. Synthesis ofN-Alkoxyindoles 3 via Intramolecular Heterocyclization of 3-Alkoxyimino-2-arylalkylnitriles 2 Mediated by FeCl 3
c

a Isolated yields after silica gel chromatography.b The structure of3f was further confirmed by X-ray crystal analysis. See the Supporting Information
for details.c Conditions: all reactions were carried out with 1 equiv of2, 2.2 equiv of ferric chloride in CH2Cl2 at rt.

FIGURE 3. Other models that failed to cyclize via FeCl3.
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subsequent removal of FeCl2 from 10 would give the stable
nitrogen-based radical11, with resonance structures carbon
based radical12 and theN-radical13. (2) Mediated by ferric
chloride, a second SET (single electron transfer) process would
occur to convertN-radical13 to the nitrenium ion14. (3) The
electrophilic attack on the nitrenium ion by the benzene ring13

with the subsequent loss of a proton would afford3 (path a,
Scheme 1). Alternatively, from the resonance structure16, the
nitrogen lone pair could nucleophilicly attack the ring carboca-
tion to give18. Finally, rearomatizaiton of18by loss of a proton
would give the titled compounds3 (path b, Scheme 1). The
above proposed mechanism accounts well for the experimental
facts such as the formation of gaseous HCl and the need for 2
equiv of FeCl3 for a complete reaction.

Although no intermolecular coupled products of carbon-based
radical12 were detected in any of the reactions with FeCl3, we

found that substrate2a, after treatment with K3Fe(CN)6,
conveniently furnished the homodimer19 in high yield without
any formation of3a (Scheme 2). This result suggests that the
radical species initially generated with FeCl3 must be rapidly
converted to the nitrenium ion14 while K3Fe(CN)6, being a
less potent oxidant (compared with FeCl3), could not fulfill the
transformation of13 into 14 and gave the intermediate radical
12 long enough lifetime for dimerization to occur.

In summary, we have discovered a conceptually different
route for the preparation of theN-alkoxyindole skeleton.
Compared with existing methods, the key features of this new
method include a tolerance to various functional groups, ready
availability of the starting materials, and remarkably mild
reaction conditions. Complementary to the recently described
cyclodehydration ofa-aryl ketone oximes to indoles,8f this
method generates the indole from its alkyl oxime ether2 but
without cleavage of the N-O bond. The widespread occurrence
of N-alkoxyindole derivatives in natural products and pharma-
ceuticals might render this method broadly useful.

Experimental Section

General Procedure for the Synthesis ofN-Alkoxyindole-3-
carbonitriles 3. To a solution of 3-alkoxyimino-2-aryalkylnitrles
2 (4 mmol) in CH2Cl2 (30 mL) was added in one portion the FeCl3

(10 mmol) powder with stirring at room temperature. TLC was
used to monitor the reaction process until the total consumption of
2. To the solution was then added H2O (20 mL), and stirring was
continued for an additional 5 min. The reaction mixture was
extracted with CH2Cl2 (3 × 20 mL) and the organic layer was dried
with anhydrous Na2SO4. The solvent was removed under vacuum
and the residue was purified by silica gel chromatography, using a
mixture of petroleum ether and EtOAc as eluent, to give the pure
products3; the reaction time and yields are reported in Table 2.
(See the Supporting Information for details.)
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SCHEME 1. Proposed Mechanistic Pathways SCHEME 2. An Oxidative Coupling Reaction of 2a
Mediated by K3Fe(CN)6
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