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Abstract: The tetrahydroquinoline moiety is a structural
feature of many natural products. By using a domino
reaction of aromatic amines and cyclic enol ethers or
2-hydroxy cyclic ether catalyzed by indium chloride in water,
various tetrahydroquinoline derivatives were synthesized
efficiently. Most cyclization products showed cis selectivity.
The use of 2,3-dihydrofuran as the cyclic enol ether provided
both higher reactivity and cis selectivity than the use of 3,4-
dihydro-2H-pyran. The cis selectivity was tentatively ratio-
nalized due to chelation control in water.

The tetrahydroquinoline moiety is present in various
natural products, and many tetrahydroquinoline deriva-
tives exhibit a broad range of biological activities.!
Therefore, it has attracted continuous interest to develop
methods for the synthesis of tetrahydroquinoline deriva-
tives.? Among the various methods, Lewis acid catalyzed
aza-Diels—Alder reaction of N-arylimines with various
dienophiles is one of the most powerful tools for con-
structing 2,3,4-trisubstituted tetrahydroquinoline deriva-
tives.® When cyclic enol ethers, such as 2,3-dihydrofuran
or 3,4-dihydro-2H-pyran, are employed as the dieno-
philes, tricyclic compounds (furano- or pyranoquinoline
derivatives) are obtained.* A one-pot procedure for syn-
thesizing such compounds, based on the three-component
reaction of a substituted aniline, an aryl aldehyde, and
an electon-rich olefin in the presence of Lewis acid
catalysts, was reported recently.® Since the work of Loh,®
indium halide has been shown to be an effective Lewis
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acid for various reactions in agueous medium.” Herein,
we wish to report an efficient synthesis of tetrahydro-
quinoline derivatives via a novel domino coupling of
aniline derivatives and cyclic enol ethers catalyzed by
indium(l11) chloride in water (Scheme 1).

To begin our study, aniline 1a (2 mmol) was reacted
with 3,4-dihydro-2H-pyran 2a (6 mmol) at room temper-
ature in water, and no reaction was observed for 3 days.
On the other hand, when the reaction mixture was stirred
in water at room temperature (for 3 days) in the presence
of indium(l11) chloride (10 mol %), a smooth reaction
occurred to generate the corresponding tetrahydroquino-
line derivatives 3 and 4 (as a 68:32 mixture of isomers)
in 90% yields.® The reaction time can be shortened by
increasing the reaction temperature to 50—60 °C. Under
the same reaction conditions, InBrs, In(OTf)3, Sc(OTf)s3,
and protonic acids, such as hydrochloride acid and
trifluoroacetic acid, were also effective but provided the
desired product in lower yields. Subsequently, a series
of substituted anilines were reacted with 3,4-dihydro-2H-
pyran 2a to give novel 2-(hydroxyalkyl)tetrahydroquino-
line derivatives (Table 1). The substituent on anilines has
a marked effect on the reactions. Anilines bearing
electron-donating groups were found to be more reactive
than the ones bearing electron-withdrawing groups. No
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Table 1. Reaction of Anilines with 3,4-Dihydro-2H-pyran
(2a) in Water

entry  aniline (1) conditions  cis/trans product (%)
o)
3a +4a
(90)
1 @‘NHz rt/3day 68:32
N OH
1a H
2 50°C/10n  62:38 (85)
o)

HsC 3b +4b

3 HsC NH, 50°C/on 57:43 (88)

>

o
T=
o
I

H;CO 3c +4c

4 H3CO NH, 50°C/10h 66:34 (62)

pry
(1]

=
o
I

c
NH,  50°Ci4gh  57:43 (51)

w
o
+

B
o

2
o

_.i _.i
a

=z

o

x

)
@
&
W
+
(229
®

NH, 50°Cragh  49:51

[+
o1}
5

[
I=
[}
I

-n

3f +4f
Hy  50°C/ah 68:32 (68)

~
:
4

2

o]

T

-
=
x

0
HO 3g +4g
g HO NH,  s0°C/10h  74:28 (74)
1g N OH
o]
PhHN 3h +4h
9 PhHN NH, rt/10h 47:53 87)
N OH
1h N
o)

NC 3i +4i

10 NC NHy  50°Cjagh  34:66 (30)

2
o}
T

1

I

a |solated yields were reported.

reactions occurred between 4-nitroaniline and 2a. Aniline
bearing a hydroxyl group reacted as expected without the
need of protection (Table 1, entry 8). When 2,3-dihydro-
furan 2b was employed as the cyclic enol ether to react
with anilines, a faster reaction rate and an enhanced cis
selectivity (to form 5 and 6) were observed in each case
(Table 2).

The diastereoselectivity of the cyclization can be ra-
tionalized by a balance of steric effect (A) and chelation
effect (B). Whereas a steric effect favors the trans
diastereomer, the chelation of indium(l1l) ion with the
imine and the enol ether favors the cis isomer (Figure
1). This hypothesis is consistent with the observed switch
of selectivity for entries 6 and 10 (Table 1). The presence
of Br~ and CN~ reduce the electron density of aniline
(more effectively than the other substituents), which
decreases the chelation ability of the corresponding
imines. As the p-phenylamino group is mostly likely also
coordinated with indium(l11) (and thus became an electron-
withdrawing group), the observed trans selectivity with
entry 9 (Table 1) can be explained similarly. The use of

Notes
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Figure 1.

five-membered cyclic enol ethers decreased the steric
effect and thus increased the cis selectivity (Table 2).
A tentative mechanism to rationalize the product
formation is shown in Scheme 2. The cyclic enol ethers 2
can be hydrated easily in the presence of protonic or
Lewis acid in water to give 7a or 7b.° In contrast, 7a
and 7b can lose water to give 2a and 2b. Substrates 7a
and 7b then undergoes facile ring opening in the presence
of the indium(lll) ion to give 8a and 8b in water. The
condensation reaction between aniline and 8 will gener-

(9) (a) Woods, G. F. Organic Syntheses; Wiley: New York, 1955;
Collect. Vol. 111, p 470. (b) Schniepp, L. E; Geller, H. H. 3. Am. Chem.
Soc. 1946, 68, 1646.
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Scheme 2. Proposed Mechanism for the
INCl;-Catalyzed Tetrahydroquinoline Synthesis in

Water
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ate imine 9, which is coordinated with indium ion.
Finally, an aza-Diels—Alder reaction of the imine 9 with
2 will generate the tetrahydroquinoline derivatives 3, 4,
5, and 6. In this domino reaction, the cyclic enol ether is
not only the dienophile but also the precursor of aldehyde.
As evidence to the proposed mechanism, when 2-hydroxy-
tetrahrdopyran (7a) or 2-hydroxytetrahydrofuran (7b),
instead of 3,4-dihydro-2H-pyran (2a) or 2,3-dihydrofuran
(2b), were reacted with aniline in water in the presence
of the indium(111) chloride catalyst, the tetrahydroquino-
line derivatives (3a, 4a, 5a, and 6a) were also obtained
efficiently (Scheme 3).

In conclusion, a highly efficient domino reaction of
aromatic amines with cyclic enol ether or 2-hydroxy cyclic
ether was developed in water catalyzed by indium(l1l)
chloride to provide new 1,2,3,4-tetrahydroquinoline de-
rivatives. The scope (such as asymmetric synthesis),
mechanism, and synthetic applications of this reaction
are currently under investigation.

Experimental Section

Commercially available chemicals were used directly as
received. Flash chromatography employed E. Merck silica gel
(Kiesegel 60, 230—400 mesh) purchased from Scientific Adsor-
bents. Elemental analyses were carried out at the Center of
Instrumental Facility of Tulane University. High-resolution
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mass spectrometry was performed at the Chemistry Institute
of the Chinese Academy of Science.

General Procedure for InCls-Catalyzed Domino Tet-
rahydroquinoline Synthesis in Water. A mixture of aromatic
amine (2 mmol), cyclic enol ether or 2-hydroxycyclic ether (4—6
mmol), and indium trichloride (0.2—0.4 mmol) in 10 mL of water
was stirred at room temperature or at 50—60 °C, and the
reaction progress was monitored by TLC. When the reaction was
completed, the reaction mixture was extracted with ethyl ether
or methylene chloride. The combined organic phases were dried
and concentrated. The crude materials were separated by
column chromatography to give tetrahydroquinoline derivatives.
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