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ABSTRACT

Anovel one-step assembly of tetrahydro-5H-indolo[3,2-c]quinolines frombenzyl azides and indoles via a formal [4þ 2] cycloaddition is described.
A cascade reaction sequence, which involves benzyl azide-to-iminium rearrangement followed by two sequential Pictet�Spengler reactions,
generates the tetracycles in moderate to excellent yields. The current method is applicable to a broad substrate scope and holds significant
potential in constructing polycyclic indolines with tertiary and/or quaternary carbon centers.

Development of efficient, practical, and environmen-
tally benign synthetic methods for constructing structu-
rally complex scaffolds continues to attract the attention of
synthetic chemists. Thus, cascade reactions,1which involve
multistep transformations in a one-pot fashion to convert
readily available reactants into complex molecular archi-
tectures, have become particularly powerful and attractive
in modern synthetic chemistry.
Aub�e and co-workers demonstrated that, in the presence

of an acid, azides, especially benzyl azides, underwent
rearrangement to generate the corresponding iminium
species, which could be trapped by carbonyl compounds
via aMannich-type reaction.2 Inspiredby this observation,
we envisioned that treatment of indoles with benzyl azides

in the presence of certain acids would form tetrahydro-5H-
indolo[3,2-c]quinolines3 via a formal [4þ 2] cycloaddition4

(Scheme 1). It is well-known that both quinolines5 and
indolines6 are important heterocycles in organic synthesis.
Herein, we wish to report our findings in constructing the
structurally appealing tetrahydro-5H-indolo[3,2-c]quinoline
scaffolds in a one-pot fashion.

Scheme 1. Proposed Synthesis of Tetrahydro-5H-indolo[3,2-
c]quinoline via a Formal [4 þ 2] Cycloaddition
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An initial attempt (Scheme 1) was made by employ-
ment of benzyl azide (1a, 1.1 equiv), which was treated
with triflic acid (1.2 equiv) in dichloromethane. After the
iminium species formation was complete as monitored
by TLC (within 15 min at 0 �C), indole (2, R = H,
1.0 equiv) was added to the reaction mixture at room
temperature, which, however, failed to yield the desired
tetrahydro-5H-indolo[3,2-c]quinoline 3 (R = H). After
extensive experiments, we found that tetracycle 3a could
be isolated in 65% yield under the same conditions when
N-Ts protected indole 2awas used (Table 1, entry 1). The
cis relationship of the two newly generated tertiery car-
bon centers was confirmed by relevant NOE experi-
ments.7 The acid here seemed to play a pivotal role in
the formation of 3a, and triflic acid performed the
best among all the Br€onsted and Lewis acids screened
(entries 1�4). Next, we investigated the solvent effects
for this particular transformation (entries 5�11), and
toluene was found to be superior to any other solvents
screened (entry 10).

We then investigated the effects of N-protecting groups
on the indoles (Table 2). Surprisingly, much lower yields
were obtained for the tetracyclic products in the case ofN-
nosyl (2b, entry 2) andN-mesyl indoles (2c, entry 3). Even
worse was the fact that no desired product could be
isolated when N-acetyl indole (2d, entry 4) or N-methyl
indole (2e, entry 5) was employed.Hence, the presence of a
tosyl group on the indolic nitrogen proved to be crucial for
the reaction.

Under the optimized conditions, the scope of the cur-
rent method was tested (Table 3). A series of substituted
indoles (bearing electron-donatingor -withdrawing groups

Table 1. Screening of the Acids and Solvents

entrya acid solvent

timeb

(h)

yieldc

(%)

1 TfOH DCM 1 65

2 TFA DCM 24 0

3 BF3 3OEt2 DCM 24 0

4 AlCl3 DCM 2 47

5 TfOH DCE 2 82

6 TfOH THF 24 0

7 TfOH MeCN 17 18

8 TfOH MeOH 24 0

9 TfOH benzene 2 73

10 TfOH toluene 1.5 88

11 TfOH xylene 2 82

aReaction conditions: 1a (1.1 mmol), 2a (1.0 mmol), and the acid
(1.2 mmol) in the solvent specified (10 mL). bReaction time after the
addition of the acid. c Isolated yield.

Table 2. Screening of the N-Protecting Groups on the Indole

entry R (indole)

timea

(h) product

yieldb

(%)

1 Ts (2a) 1.5 3a 88

2 Ns (2b) 1.0 3b 73

3 Ms (2c) 1.0 3c 63

4 Ac (2d) 12 3d 0

5 Me (2e) 12 3e 0

aReaction time after the addition of TfOH. b Isolated yield.

Table 3. Exploration of the Substrate Scope

entry R1 R2

timea

(h) product

yieldb

(%)

1 H (1a) H (2a) 1.5 3a 88

2 H (1a) 6-F (2f) 1.5 3f 79

3 H (1a) 6-Cl (2g) 1.5 3g 93

4 H (1a) 5-Br (2h) 1.5 3h 95

5 H (1a) 5-CHO (2i) 1.5 3i 68

6 H (1a) 5-OMe (2j) 1.5 3j 72

7 H (1a) 7-Me (2k) 12 3k 54

8 H (1a) 3-Me (2l) 12 3lc 60

9 2-Me (1b) H (2a) 0.5 3m 77

10 3-Me (1c) H (2a) 0.5 3n, 3o

(1.4:1)

86d

11 4-Me (1d) H (2a) 0.5 3p 91

12 2-Br (1e) H (2a) 0.5 3q 92

13 3-Cl (1f) H (2a) 0.5 3r, 3s

(7:1)

75d

14 4-F (1g) H (2a) 0.5 3t 87

15 2-Br (1e) 5-OMe (2j) 0.5 3u 81

16 2-Br (1e) 5-Br (2h) 0.5 3v 96

17 2-Br (1e) 5-CHO (2i) 0.5 3w 67

aReaction time after the addition of TfOH. b Isolated yield. cSee
Scheme 2b for the structure of 3l. dThe ratio was obtained from the 1H
NMR spectral integrals.
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at various positions) reacted with 1a to generate the
corresponding tetracycles in moderate to excellent yields
(entries 2�6). However, much lower yields were obtained
in the cases of the methylated indoles 2k and 2l (entries 7
and 8). Clearly, positional substituents on indole had an
effect on the yields of the tetracycles (entries 2�8). The
scope of benzyl azides was examined by fixing 2a as the
indole partner. Good to excellent yields of the products
were obtained for the reactionof 2awithbenzyl azideswith
a methyl or halo substituent at various positions on the
phenyl ring (entries 9�14). For those with a meta-substi-
tuent, two possible regioisomeric products were formed
with ratios of 1.4:1 and 7:1 (entries 10 and 13). Better
regioselectivity was observed for the azide with a weakly
deactivating chloro group at the meta-position on the
phenyl ring due to the relatively low reactivity of 1f

(entry 13) compared to 1c (entry 10). Finally, the reactions
of 1e with substituted indoles 2h�2j proceeded smoothly
(entries 15�17).
A general mechanism8 was proposed by taking 3-

unsubstituted indole 2a as an example (Scheme 2a). Upon
protonation, azide 1a presumably produced species 4,
which underwent rearrangement to form iminium ion 5

with concomitant loss of molecular nitrogen.2 Trapping of
5 by 2a to generate 6 through a carbon�carbon bond
formation preferably at C-3 of 2a, followed by cyclization
at C-2 of 2a, afforded 3a via two consecutive Pictet�
Spengler reactions. In contrast, reaction of 3-methylated
indole 2l with 1a led exclusively to 3l through a formal
[4 þ 2] cycloaddition featuring a different regioselectivity
(see Table 3, entry 8; Scheme 2b). Because C-3 of indole 2l
was blocked by a methyl group, the intermolecular
Pictet�Spengler reaction occurred at C-2 of 2l to give 7,
which further cyclized to furnish 3l via an intramolecular
Fridel�Crafts reaction. A similar regioselectivity reversal
was observed by Davies9 in the rhodium-catalyzed [3 þ 2]
annulation of indoles. It is noteworthy that 3l possesses a
newly generated quaternary carbon center that would
otherwise be difficult to construct.10

In conclusion,wehavedevelopedadirect synthetic route
to tetrahydro-5H-indolo[3,2-c]quinolines from benzyl

azides and indoles via a formal [4 þ 2] cycloaddition
involving an in situ generated iminium ion. Due to the
mild conditions and broad substrate scope, this method
holds great potential in constructing polycyclic indolines
with tertiary and/or quaternary carbon centers that are
widely present in complex indoline alkaloids.
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Scheme 2. Proposed Mechanism for the Formation of 3a and 3l
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