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Tetrahydroquinoline derivatives exhibit interesting biological
activity. For example, 2-aryl-2,3-dihydro-4-quinolone (1) exhibits
antitumor activity,1 and 2-aryl-1,2,3,4-tetrahydroquinoline (2) is a
core structure of the compounds possessing 5-lipoxygenase inhibi-
tory properties and potential therapeutic application in asthma.2

Development of novel methods for the preparation of a tetrahy-
droquinoline framework in scalemic form continues to be an
important goal of synthetic organic chemists.3

The inverse electron-demand aza Diels-Alder reaction of
azabutadiene with an electron-rich alkene constitutes one of the
efficient methods for the preparation of the tetrahydroquinoline
derivatives.4 Although several enantioselective Diels-Alder reac-
tions of an electron-rich diene with an electron-deficient alkene
have been developed,5 a catalytic inverse electron-demand aza
Diels-Alder reaction of azabutadiene with an electron-rich alkene
has been scarcely studied. For example, Kobayashi et al. developed
a BINOL-based chiral lanthanide catalyst,6 while Sundararajan et
al. reported an aminodiol-based Ti(IV) catalyst for the aza Diels-
Alder reaction.7 However, the enantioselectivities are not always
high, and the development of more efficient chiral catalyst is
desired.

Recently, chiral Brønsted acid catalysts have continued to
increase in popularity as green catalysts, which are free of metals.8,9

We have designed and synthesized chiral phosphoric acid, derived
from (R)-BINOL, and demonstrated its catalytic activity as chiral
Brønsted acid catalysts.10,11 As part of our continued effort on the
development of chiral Brønsted acid-catalyzed reactions, we wish
to report herein a chiral Brønsted acid-catalyzed enantioselective
aza Diels-Alder reaction of azabutadiene with electron-rich alkenes,
leading to tetrahydroquinolines with high enantioselectivity.

A phosphoric acid bearing 9-anthryl group on the 3,3′-position
(R)-3 turned out to be highly effective as a catalyst for the aza
Diels-Alder reaction of aldimine, derived from aromatic aldehyde
ando-hydroxyaniline, and ethyl vinyl ether in toluene at 0°C. The
results are shown in Table 1. A range of aldimines derived from
aromatic aldehyde worked well to give tetrahydroquinoline deriva-

tives in good to high yields with excellent diastereoselectivity in
favor of the cis isomer, which exhibited high to excellent enantio-
selectivity (entries 1, 6, 8, 9, 10, 11). Not only ethyl ether, but also
butyl and benzyl ethers proved to be good substrates, and the
cycloadducts were obtained with excellent diastereo- and enantio-
selectivities (entries 2, 3, 7, 12). The absolute stereochemistry of
the cycloadduct (entry 6), which was obtained by the reaction of
an aldimine prepared from 4-bromobenzaldehyde and ethyl vinyl
ether, was unambiguously determined by X-ray analysis, and those
of other cycloadducts were surmised by analogy. The cycloaddition
reaction with cyclic vinyl ethers such as dihydrofuran (4a) and
dihydropyran (4b) also gave cycloadducts5a and5b, respectively,
in excellent enantioselectivities (entries 4, 5).12

Next, the cycloadducts were transformed into the compounds
bearing a 2-aryl-2,3-dihydro-4-quinolone and 2-aryl-1,2,3,4-tetra-

Table 1. Chiral Brønsted Acid-Catalyzed Aza Diels-Alder
Reaction of Aldimines with Vinyl Ethersa

entry Ar R yield (%) cis/trans ee(%)b

1c Ph Et 89 99:1 94
2c Ph n-Bu 82 99:1 96
3d Ph Bn 76 99:1 91
4c Ph 4a 86 99:1 90
5d Ph 4b 95 99:1 97
6c 4-BrC6H4 Et 77 99:1 90
7c 4-BrC6H4 n-Bu 86 99:1 89
8c 4-ClC6H4 Et 79 99:1 88
9d 4-MeC6H4 Et 59 99:1 91
10d 2-ClC6H4 Et 72 96:4 87
11d 2-naphthyl Et 74 99:1 95
12d 2-naphthyl n-Bu 80 99:1 88

a The reaction time is 10-55 h by use of 10 mol % of (R)-3. b ee of the
cis isomer.c The reaction was carried out at-10 °C. d The reaction was
carried out at 0°C.
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hydroquinoline core structure. The 2-aryl-2,3-dihydro-4-quinolone
framework was synthesized starting from benzyl ether by use of
carbamate (Scheme 1). The 2-aryl-1,2,3,4-tetrahydroquinoline
derivative was obtained starting from ethyl ether (Scheme 2).

Because the presence of the OH moiety on theN-aryl group is
essential for attaining high enantioselectivity,13 we surmised that
the present aza Diels-Alder reaction proceeds via a nine-membered
cyclic transition state, wherein phosphoryl oxygen forms a hydrogen
bond with the hydrogen of the imine OH moiety with the nucleo-
phile attacking there-face of the imine preferentially (Figure 1).

In summary, we have developed a chiral Brønsted acid-catalyzed
inverse electron-demand aza Diels-Alder reaction of aldimines with
electron-rich alkenes. Tetrahydroquinoline derivatives were obtained
with high to excellent enantioselectivity.
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Scheme 1. Preparation of Dihydro-4-quinolone Derivativesa

a Conditions: (a) triphosgene, Et3N, CH2Cl2, 8 h, 88%; (b) H2, Pd/C,
AcOH, 98%; (c) MnO2, CH2Cl2, 40 min, 56%.

Scheme 2. Preparation of Tetrahydroquinoline Derivativesa

a Conditions: (a) triphosgene, Et3N, CH2Cl2, 4 h, 95%; (b) H2, Pd(OH)2,
AcOH, 39 h, 83%.

Figure 1. Plausible transition state.
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