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Synthesis of Polycyclic Indolines by Utilizing a
Reduction/Cyclization Cascade Reaction
Jingyu Zhang,[a] Wei Xia,[a] Meilin Qu,[a] Saskia Huda,[a] Jas S. Ward,[b] Kari Rissanen,[b] and
Markus Albrecht*[a]

In memory of Prof. Dr. Dieter Enders

Subsequent reduction and dearomatizing cyclization reactions
open up an entry into the synthesis of novel N-fused polycyclic
indolines. The dearomatizing cyclization as key step of the
sequence proceeds well with Cu(OTf)2 or TfOH as catalyst. At
elevated temperature reduction of nitro-substituted precursors
with iron under acidic conditions affords a broad variety of
polycyclic indolines directly in a two-step cascade reaction in
good to excellent yields. Using the developed protocol, the
alkaloids tryptanthrin and phaitanthrin C have been prepared.

Dearomatization reactions are recognized as a powerful tool to
access diverse polycyclic scaffolds which are frequently encoun-
tered in alkaloid natural products and bioactives.[1] Aromatic
feedstocks, owing to their widespread availability and ease of
preparation, play an important role in synthetic organic
chemistry.[2] Hereby, indole derivatives are well recognized in
organic chemistry and their synthesis and functionalization
have been intensely studied for over a century.[3] The dearoma-
tization of indoles has been developed into one of the most
attractive and straightforward approaches to access the indo-
line scaffold.[4] In past decades, numerous efforts have been
made to perform effective dearomatization reactions, involving
arylation, cycloaddition, oxidation, and others.[5] Various poly-
cyclic indolines with a fused ring at C2, C3 positions have been
prepared via this route as well (e.g., pyrroloindolines).[1c,d,4e,6]

Notably, novel polycyclic indolines with a fused ring at N1
and C2 positions are frequently found in alkaloid natural
products and pharmaceuticals (Figure 1),[7] Some methods for
the synthesis of the heterocyclic skeleton have been

developed.[8] However, the increasing demand for novel and
complex polycyclic indoline scaffolds has stimulated the search
for general and efficient protocols.[9,10] To date, the dearomatiz-
ing cyclizations of N-substituted indoles to polycyclic indolines
has been already developed.[11–14] E.g., dearomatization pro-
ceeds with C� C bond formation in the presence of Pd- or Ni-
catalysts or by visible-light photocatalysis as well as others.[11]

Recently, some approaches have been described, which involve
C� O bond formation in the presence of Pd-catalysts, BBr3 or
triflic acid, and FeCl3 (Scheme 1a).[12–14] To the best of our
knowledge, N-acylindoles with amine or nitro groups as
substrates are not systematically studied. Only one approach
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Figure 1. Natural products with N-fused polycyclic indolines.

Scheme 1. Dearomatization cyclization reactions of N-substituted indoles.
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has been reported by us, in which the amine group was
activated by a tosylate substituent (Scheme 1a).[14] Thus, it is
desirable to develop simple and effective methods to access
novel N-fused indolines.

Our recent research of the indole dearomatization
reaction[13–14] catalyzed by FeCl3

[15] inspired us to expand the
protocol to the direct synthesis of 5a,6-dihydroindolo[2,1-b]
quinazolin-12(5H)-one as basic skeleton by intramolecular
nucleophilic attack of an in situ generated non-activated NH2-
group to the C2-position of N-acyl indoles.[16]

Primary amines (as cyclization precursors) are easily avail-
able by reduction of nitro groups using iron metal in the
presence of hydrochloric acid.[17] In order to study the synthesis
of 5a,6-dihydroindolo[2,1-b]quinazolin-12(5H)-one derivatives 3/
4 we started from nitrobenzoates 1 (Scheme 1b). Reduction of
the nitrobenzoates 1 using Fe/HCl at room temperature affords
the amines 2 which are required for the dearomatizing
cyclization.

In a futile attempt we tried (2-aminophenyl)(1H-indol-1-yl)
methanone (2a) in the dearomatizing cyclization with 10 mol%
Cu(OTf)2 (conditons a) or 10 mol% TfOH (conditions b) as
catalysts (Scheme 2). Cu(OTf)2 has been identified earlier as the
superior catalyst for the analogous reaction with the corre-
sponding activated tosyl amine.[14b] With the non-activated
amine 2a no reaction occurred. The nucleophilicity hereby is

reduced by acidbinding, which does not take place in case of
the analogous phenols. In addition, probably the electrophilicity
of the C2 position of 2a is not high enough. In order to
establish higher electrophilicity at C2 a methyl group was
installed in this position. Starting from 2b the indoline 3b was
obtained in excellent yields under mild copper(II) triflate as well
as TfOH catalysis. This cyclization is tolerating various kinds of
substituents at the 6-membered ring of indole (e.g., CH3, OCH3,
halogens (F, Cl, Br) at C5-position). Some variation of the
substituent at 2-position is possible. However, it is required that
the (“formal”) positive charge at 2-position is stabilized.

The substrate with two methyl groups at C2- and C3-
position results in 89% yield of 3h with TfOH as catalyst but
only 3% with Cu(OTf)2. When C2- and C3-position are
connected by an alkyl chain, moderate to good yields of
cycloalkyl-fused indolines (3 i–3k) are obtained. Moreover,
aromatic substituents at C2-position, generally result in poly-
cyclic indolines (3 l–3o) in good yields. The observed results
show that a higher stabilization of a positive charge at C2 of the
indole results in higher yields. The yields in the presence of
TfOH are generally higher than in the presence of Cu(OTf)2
indicating that with the metal salt the generation of TfOH may
produce the catalytically active species.[18]

After establishing the amine cyclization it was desirable to
obtain the dearomatized products in a simpler approach. When
the iron powder/HCl reduction of the nitro compound 1a was
attempted at elevated temperature (boiling ethanol), the
dearomatized product 3a/4a was formed (49%). This trans-
formation proceeds via a two-step cascade. Subsequently,
optimization of different reaction parameters including the
amount of iron and hydrochloric acid, the solvent, the reaction
temperature, and the reaction time has been done (Table 1).

Under best conditions, product 4a is obtained in 93% yield
by treating 1a with iron powder (5.0 eq.), hydrochloric acid
(9.0 eq.) in 2-propanol (1.0 mL) at 90 °C for 18 hours under air.
In addition, other metal powders have been tested with
significantly reduced yields of 4a (Al: 14%, Zn: 74%, Ni: 46%,
Cu: 3%). For comparison reasons, Cu(OTf)2 or TfOH were used
as catalysts to cyclize 2a in 2-propanol at 90 °C for 18 hours
leading to 4a in 25% or 87% yield, respectively. This yield is
still lower compared to the two-step procedure shown in
Table 1, entry 19.

With the optimized reaction conditions in hand, the
substrate scope has been explored (Scheme 3). Indolines 3b–
3p with electron donating groups in 2-position of the indole
skeleton[19] are obtained in excellent yields of 79–99%
(Scheme 3). The yields of the two step procedure are much
higher than the ones obtained with Cu(OTf)2 or HOTf for only
the cyclization step. In addition, the indolines 4a–4p can be
obtained from the corresponding N-acylindoles without activa-
tion of the 2-position of indole by substituents. However, the
yields drop to, e.g., 15% in case of 4h with an electron
withdrawing group in 5-position destabilizing a cation in 2-
position. Some X-ray structures (2080687 (for 3c), 2080688 (for
3e), 2080689 (for 3f), 2080690 (for 3h), 2080691 (for 3n)) have
been obtained from indoline derivatives, which nicely show the

Scheme 2. Synthesis of indolines via dearomatization reaction catalysed by
Cu(OTf)2 or TfOH. Reaction conditions a: 2 (0.2 mmol), Cu(OTf)2 (10 mol%),
CHCl3 (0.1 mL), H2O (20 μL), 60 °C, air, 48 h. Reaction conditions b: 2
(0.2 mmol), TfOH (10 mol%), CHCl3 (0.1 mL), H2O (20 μL), 60 °C, air, 48 h. *
NMR yield.
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slightly bent shape of the tetracyclic dearomatized indoline
based moieties (Figure 2).

Nevertheless, it has to be mentioned that some derivatives
(5a–g) cannot be obtained via the described route. This is due
to destabilization of the required cation stabilization in 2-
position of the precursor (5a–e) or by steric effects between
the N-acyl unit with the substituent in 7-position of the indole
(5f). 5g probably is not obtained due to conformational
restrictions at the SO2-unit (Figure 3).

From a mechanistic point of view, the cascade reaction is an
acid catalysed process. Initiated by the reduction of the nitro
group of 1 the amine 2 is formed which is activated by addition
of acids to the 3-position of the indole as well as to the
carbonyl of the acyl moiety. This enables attack of the amine to
the 2-position of indole to finally obtain compounds 3/4
(Scheme 4). Hereby, it cannot be decided if iron salt or HCl is
the active catalyst. Control experiments show that under
standard reaction conditions HCl as well as iron(II) chloride are
able to catalyse the cyclization of the amine 2a to the indolines
3a/4a in low yields (45% or 14%, respectively). This may
indicate a cooperative effect between the Bronsted and the
Lewis-acid.

Table 1. Optimization of the two-step cascade reaction of 1a to obtain
4a.[a]

Entry Fe [eq.] HCl [eq.] Solvent T [°C] t [h] 4a [%][b]

1 5 12 EtOH 80 6 49
2 5 9 EtOH 80 6 54
3 5 6 EtOH 80 6 46
4 5 3 EtOH 80 6 6
5 7 9 EtOH 80 6 45
6 4 9 EtOH 80 6 44
7 3 9 EtOH 80 6 0
8 5 9 EtOH 80 12 65
9 5 9 EtOH 80 18 73
10 5 9 EtOH 80 24 70
11 5 9 EtOH 70 18 42
12 5 9 EtOH 90 18 77
13 5 9 EtOH 100 18 67
14 5 9 toluene 90 18 0
15 5 9 CH3CN 90 18 69
16 5 9 CH3NO2 90 18 0
17 5 9 DMF 90 18 5
18 5 9 DMSO 90 18 22
19 5 9 2-propanol 90 18 93 (91)
20 5 9 1-propanol 90 18 60
21 5 9 1-butanol 90 18 76

[a] Unless otherwise noted, all reactions were performed on a 0.2 mmol
scale, with 1.0 mL of solvent in a sealed tube under air. [b] Yields were
determined by 1H NMR spectroscopy using 1,3,5-trimethoxybenzene as an
internal standard; the yield given in brackets corresponds to the isolated
yield.

Scheme 3. Substrate scope for the reduction/cyclization sequence. Reaction
conditions: 1 (0.2 mmol), Fe (5.0 equiv.), HCl (9.0 equiv.) in 2-propanol
(1.0 mL) at 90 °C for 18 h.

Figure 2. Molecular structures of 3c, 3e, 3 f, 3h, 3n. Deposition Numbers
2080687 (for 3c), 2080688 (for 3e), 2080689 (for 3f), 2080690 (for 3h),
2080691 (for 3n) contain the supplementary crystallographic data for this
paper. These data are provided free of charge by the joint Cambridge
Crystallographic Data Centre and Fachinformationszentrum Karlsruhe Access
Structures service www.ccdc.cam.ac.uk/structures.

Figure 3. Indolines which cannot be obtained by methods presented in
here.
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Thus, in here a versatile protocol for the one-pot two-step
preparation of tetracyclic indolines from simple nitro substi-
tuted N-benzoates of indole is presented. In order to show the
value of the described procedure selected cyclization products
have been applied to obtain alkaloids (Scheme 5). Oxidation of
4a proceeds smoothly by reaction with t-butyl hydroperoxide
and affords the naturally occurring alkaloid tryptanthrin in
quantitative yield with an overall yield of 90% starting from 1a.
Phaitanthrin C is obtained from the cyclization product 4g by
oxidation followed by cleavage of the methyl ether in 76%
yield.

In conclusion, we developed versatile protocols for the
synthesis of diverse novel N-fused polycyclic indolines. Cu(OTf)2
and TfOH are mild catalysts for the intramolecular dearomatiz-
ing amination of N-acylindoles. Based on this, a concise one-pot
nitro reduction/dearomatization cascade reaction is developed
in here. Simple experimental protocols, cheap and widespread
availability of the starting materials, wide range tolerance of
functional groups, and good to excellent yields make this
procedure attractive for the preparation of polycyclic indolines.
Based on our preliminary studies, we expect that these

protocols will be further applied to the synthesis of alkaloid
natural products and bioactives.
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