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A highly enantioselective metal-free reduction of 3H-indoles has been developed. This Brensted acid catalyzed transfer hydrogenation of
indole derivatives with Hantzsch dihydropyridine as the hydrogen source constitutes an efficient method for the synthesis of various optically

active indolines with high enantioselectivities.

Imine reduction continues to be a topic of ongoing interest
with considerable efforts devoted to the asymmetric reduction
of both cyclic and acyclic imines. While many highly
enantioselective hydrogenations of various imines and N-
heteroaromatic compounds are known,* only a few asym-
metric reductions of trisubstituted indoles are available.
Current methods include transition metal catalyzed high-
pressure hydrogenation using iridium and ruthenium com-
plexes with a variety of chiral diphosphine,? diamine,® and
phosphoramidite ligands.* However, all these methods are
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at present limited to 2,3,3-trimethylindole as the model
substrate and yield the corresponding trimethylindoline in
moderate to good enantioselectivities (Scheme 1).27*

Scheme 1. Asymmetric Reduction of 2,3,3-Trimethylindole
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Recently, chiral Brgnsted acid catalysis®® has become a
major area in asymmetric synthesis, and several examples
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of highly enantioselective metal-free hydrogenation of
carbon—nitrogen double bonds based on chiral phosphoric
acid catalysts have been reported.”®

In the present communication, we describe the first general
enantioselective Brgnsted acid catalyzed hydrogenation of
3H-indoles. Inspired by the success of chiral Bransted acids
in the reduction of imines,® quinolines,®® benzoxazines,®
and pyridines,®® we decided to evaluate them in the first
organocatalytic reduction of 3H-indoles. In an initial phase,
various achiral proton acids were tested. It was found that
diphenyl phosphates 3 readily catalyze the reduction of 3H-
indoles 1 with Hantzsch dihydropyridine 2 as a hydrogen
source (Scheme 2).*°

Scheme 2. Metal-Free Reduction of Trisubstituted Indoles

This prompted us to explore the enantioselective version
of this process to develop the first Brgnsted acid catalyzed
reduction of 3H-indoles. For this purpose, chiral Brgnsted
acids 5a—j were applied in the reduction of 3H-indole 1la
(Table 1).*

Initially, the asymmetric transfer hydrogenation was
performed in toluene with imine l1a as the test substrate,
Hantzsch dihydropyridine 2 as the hydrogen source, and
Brensted acids 5a—j as catalysts. From these experiments,
Brensted acid 5] emerged as the most suitable catalyst for
this transformation, yielding the product 4a in an excellent
yield and selectivity (98%, 97% ee).

Further experiments concentrated on the optimization of
other reaction parameters such as temperature, concentration,
and catalyst loading. While lowering the temperature resulted
in inferior conversion, decreasing the concentration yielded
diminished enantioselectivity.

Using a more concentrated solution resulted in a drop in
both conversion and enantioselectivity, indicating that prod-
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Table 1. Survey of Chiral Catalysts for the Hydrogenation

O O Brensted acid 5
P - .
N 2, toluene, rt
5a: Ar = 9-Phenanthryl

1a
5b:  Ar = [H]gPhsSi
Ar 5¢. Ar = Phenyl
OO 5d: Ar= 4-Biphenyl
O. .0 5e: Ar=1-Naphthyl
0" “OH 5f.  Ar= 2-Naphthyl
Sg: Ar= 3,5-(CF3)CGH3
OO 5h:  Ar = 3,5-(t-Bu),PMP
Ar 5i.  Ar= [H]s-9-Phenanthryl
5j:  Ar = 9-Anthracenyl

entry® catalyst yield [%]° ee [%]°
1 5a 96 72
2 5b 94 50
3 5¢ 98 42
4 5d 96 38
5 5e 75 48
6 5f 89 42
7 5g 96 10
8 5h 82 4
9 5i 91 72
10 5j 98 97

@ Reactions were performed at rt with 3H-indole 1a, 2 (1.25 equiv), and 5 mol
% catalyst 5 at 0.02 M concentration in toluene for 16 h. ® Yield after column
chromatography. © Enantiomeric excess was determined by HPLC on a chiral phase.

uct inhibition occurs. The influence of the catalyst loading
on the reduction of 3H-indole 1a to indoline 4a, is sum-
marized in Table 2. Decreasing the catalyst loading to 1 mol

Table 2. Examination of the Catalyst Loading

. O Bregnsted acid 5j
|O / -
N 2a, toluene, rt

1a
entry® 5j [mol %) yield [%]° ee [%]°
1 5 99 97
2 1 97 97
3 0.1 81 96

2 Reactions were performed at rt with 3H-indole 1a, 2 (1.25 equiv), and catalyst
5at 0.02 M concentration in toluene for 16 h. ® Yield after column chromatography.
¢ Enantiomeric excess was determined by HPLC on a chiral phase.

% had no influence on the conversion and selectivity (Table
2, entry 2). Furthermore, despite a lower conversion, the
catalyst loading could be decreased to 0.1 mol % without
affecting the selectivity (Table 2, entry 3).

Under the optimized conditions, the scope of the Bransted
acid catalyzed hydrogenation of various 3H-indoles was
explored (Tables 3 and 4). In general, high yields and
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Table 3. Scope of the Catalytic Enantioselective Reduction

RZ o2 R? R2
Rw Brensted acid 5§ Rb\)&i
,—R — R
N 2a, toluene, rt N
1 a4 .
entry” indoline 4 yield [%]*  ee [%]
1 O . O 99 97
H
2 ® H Chs 88 >99
3 . 91 99
O :
4 O g O)on 93 >99
5 O . O 86 99
y O
6 ® u O-one 84 >99
F. .
7 O ) O 93 98
H
MeCQ. .
8 O ) O 92 97
H
9 O O 91 97
H
o
10 O ¥ O OMe 94 97

96

5
J

2 Reactions were performed at rt with 3H-indole 1, 2 (1.25 equiv), and
1 mol % catalyst 5 at 0.02 M concentration in toluene for 16 h. ® Yield
after column chromatography. © Enantiomeric excess was determined by
HPLC on a chiral phase.

excellent enantioselectivities were obtained in the case of
2-aryl-substituted 3H-indoles (Table 2, entries 1—11). The
reaction tolerates various electron-donating and electron-
withdrawing substituents on both the aryl substituent and
indoline core. However, only moderate to high yields and
selectivities were obtained if 2-alkyl-substituted indoles were
reduced (Table 4, entries 1—4).
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Table 4. Scope of the Catalytic Enantioselective Reduction

entry? indoline 4 yield [%]°  ee [%]
N
H

2 Cg 86 75¢
N
A

3 @%{- 71 70¢
N
H

0
4 @\){—( 87 90/

R

@ Reactions were performed with 3H-indole 1, 2 (1.25 equiv), and 1
mol % catalyst 5 at 0.02 M concentration in toluene for 16 h. ® Yield after
column chromatography. € Enantiomeric excess was determined by HPLC
on a chiral phase. 9 2 days, 50 °C, 32% starting material isolated. € Catalyst
5b, 3 days, 50 °C. f5 mol % 5j, rt.

Employing CD spectroscopy measurements and theoretical
calculations, the absolute configuration of 2-phenyl 3,3-
dimethyl indoline (Table 3, entry 11) has been determined
as (S).*? The stereochemical outcome of the reaction is in
agreement with our previous results obtained in the asym-
metric reduction of 2-substituted N-heterocyles.

In summary, we developed the first metal-free enantiose-
lective Bransted acid catalyzed transfer hydrogenation of 3H-
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indoles. The mild reaction conditions, low catalyst loading,
and high enantioselectivities render this transformation an
attractive approach to optically active indolines.
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