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Abstract: Two solid acids, Fe**-K-10 montmorillonite clay and
HY -zeolite have been employed efficiently for single-step synthesis
of pyrano- or furoguinolinesin high yields and high diastereosel ec-
tivities by coupling of three components: anilines, benzaldehydes
and 3,4-dihydro-2H-pyran or 2,3-dihydrofuran. Both the heteroge-
neous catalysts are recoverable and recyclable.
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Pyranoquinoline derivatives are known to possess various
important biological properties such as antiallergic, anti-
inflammatory and estrogenic activities.? Several bioactive
alkaloids contain a pyranoquinoline moiety.®> Generally
the pyranoquinolines are prepared by aza-Diels-Alder re-
actions of imines (derived from aromatic amines) with
3,4-dihydro-2H-pyran. Different Lewis acids are known
to catayze such reactions* However, many of these
Lewis acids are not easily available or expensive, hon-re-
usable and afford the mixture of products with unsatisfac-
tory yields. More importantly, several Lewis acids cannot
be utilized for single-step coupling of aldehydes, amines
and enol ethers because they will be decomposed or deac-
tivated by amines and water formed in the intermediate
imine formation step. This may be areason for the limited
number of reported methods for one-pot coupling of these
three components, though various methods for multistep
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coupling are known.*> However, many of the imines are
hygroscopic, unstable and difficult to purify and so the
processinvolving the preparation and purification of these
imines separately, and subsequent utilization of them for
coupling with enol ethers, are not advantageous. The
Lewis acid GdCl;, which was used earlier for one-pot
preparation of pyranoquinoline derivatives, was also not
shown to be reusable.® Thus there is a need to develop ef-
ficient and economic processes for single step synthesis of
pyranoquinolines and related compounds.

In connection with our work on the development of novel
synthetic methodologies utilizing the solid acids such as
Fe**-K-10 montmorillonite clay®® and HY -zeolite® we
have recently observed that these two catalysts can effi-
ciently be employed for one-pot synthesis of pyrano- and
furogquinolines by coupling of the three components,
anilines (1), benzaldehydes (2) and 3,4-dihydro-2H-pyran
or 2,3-dihydrofuran (3) (Scheme 1).

Different anilines and benzaldehydes were treated with
3,4-dihydro-2H-pyran or 2,3-dihydrofuran to produce a
series of pyrano or furoquinolines (Table 1). Fe**-K-10
clay catalyzed the reaction at room temperature while
HY -zeolite under reflux.” The times required for the first
catalyst to complete the conversion were shorter (34 h)
than those required for the second catalyst (56 h). The
products (4 and 5) were obtained in high yield and high
diastereoselectivities. These were the mixture of trans-

or

CH,Cl,

reflux, 5-6 h +
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and cis-isomers that could be separated by column
chromatography over silicagel. The trans-isomer (4) was
the major and cis-isomer (5) minor in each conversion.
Theratio of theisomers produced in areaction was deter-
mined by *H NMR spectrum of the crude product and the
structures of the products were established from the spec-
tral (*H NMR and M S) data of the pure compounds.” Pre-
viously the cycloaddition of N-benzylidiene aniline with

vinyl ethers in the presence of Fe**-K-10 clay was
reported* to form two products, one formed by [4+2] ad-
dition and the other by [2+2] addition. Here we could not
get any product derived by [2+2] addition of 3,4-dihydro-
2H-pyran or 2,3-dihydrofuran with the intermediate imi-
nes.

Table1l Preparation of Pyrano- and Furoquinolines Using Solid Acids Fe**-K-10 Clay and HY -Zeolite?

Entry  Aniline (1) Benzaldehyde (2)  Olefin (3) Catalyst®  Time (h) Isolated yield (%)  Product ratio® (4:5)
R! R? R® R* n

a H H H H 2 i 35 86 84:16
i 5.0 82 87:13
b H H H OMe 2 i 4.0 90 91:09
i 55 85 88:12
c H H H Cl 2 i 3.0 91 92:08
i 5.0 86 89:11
d H H OCH,0 2 i 4.0 89 85:15
ii 55 83 84:16
e H H Cl Cl 2 i 3.0 92 90:10
i 5.0 88 87:13
f H Cl H H 2 i 35 86 85:15
i 55 84 86:14
g H Me H H 2 i 35 89 90:10
i 5.0 81 87:12
h H Me H Cl 2 i 4.0 88 83:17
i 6.0 83 79:21
i H OMe H H 2 i 4.0 85 80:20
i 55 81 78:22
j Me H H H 2 i 4.0 76 74:26
i 6.0 73 77:23
k H H H H 1 i 35 84 82:18
i 55 79 84:16
H H H OMe 1 i 4.0 91 89:11
i 55 83 83:17
m H H H Cl 1 i 3.0 85 84:16
i 5.0 82 87:13
n H H Cl Cl 1 i 3.0 88 89:11
ii 55 86 85:15
o] H Me H H 1 i 35 87 88:12
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Table1l Preparation of Pyrano- and Furoquinolines Using Solid Acids Fe**-K-10 Clay and HY -Zeolite? (continued)

Entry  Aniline (1) Benzaldehyde (2)  Olefin (3) Catalyst®  Time (h) Isolated yield (%)  Product ratio® (4:5)
R! R? R® R4 n
i 55 82 92:08
p H Me H cl 1 i 40 84 80:20
i 6.0 78 83:17
q H OMe H H 1 i 4.0 81 78:22
i 55 77 79:21
r Me H H H 1 i 4.0 74 76:24
i 6.0 71 75:25

a All the products were characterized from their spectral (*H NMR and MS) data.
b Catalyst: (i) Fe**-K-10 clay, (ii) HY -zeolite.
¢ Product ratio was determined from the 'H NMR spectrum of the crude product.
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Acknowl edgment reaction, the mixture was filtered. The concentrated filtrate

was subjected to column chromatography over silicagel and
The authors thank CSIR, New Delhi and IICT for financial the column was eluted with hexane—EtOAc (20:1) to afford
assistance. the pyrano- or furoquinolines. Both the catalyst, Fe**-K-10
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All the prepared compounds are known. The spectral data of
some representative pyrano and furoquinolines are given
below.

Synlett 2004, No. 10, 1715-1718 © Thieme Stuttgart - New Y ork

Downloaded by: Karolinska Institutet. Copyrighted material.



1718

K.V.N.S. Srinivas, B. Das

LETTER

4b: solid, mp 146-147 °C. *H NMR (200 MHz, CDCly): § =
732(2H,d,J=80Hz),7.18(1H,d,J=80Hz),7.04 (1
H,t,J=8.0Hz),6.84(2H,d, J=80Hz),6.64 (1 H,t,
J=8.0Hz),6.45(1H,d, J=8.0Hz),4.64(1H,d, J=10.0
Hz),4.36 (1H,d, J=25Hz),4.06 (1H, m),3.97 (1 H,d,
J=30H2z),382(3H,s),3.63(1H,t,J=10.0Hz),2.02 (1
H, m), 1.82 (1 H, m), 1.64 (1 H, m), 1.44 (1 H, m), 1.28 (1
H, m). MS-FAB: m/z=296 [M* + 1].

5b: solid, mp 154-155 °C. *H NMR (200 MHz, CDCl,): § =
7.38(1H,d,J=8.0Hz),7.30(2H,d,J=80Hz),7.00 (1
H, m),6.82 (2H,d,J=8.0Hz),6.77 (1 H, t,J=8.0 Hz),
6.50 (1H,d, J=8.0Hz),526 (1 H,d, J=3.0Hz),4.60 (1
H,d,J=3.0Hz),3.84(1H, m),3.82(3H,s),3.58 (1 H, m),
3.22(1H, m), 2.04 (1 H, m), 1.58-1.30 (4 H, m). MS-FAB:
m/z=296 [M* + 1].

4c: semi-solid. *H NMR (200 MHz, CDCly): 6§ =7.32 (4 H,
s),7.16 (1H,d,J=8.0Hz),7.04(1H,t,J=8.0Hz), 6.68 (1
H,t,J=8.0Hz),6.48 (1H,d, J=8.0Hz),4.67 (1H,d,
J=10.0Hz),4.92 (1 H, d,J=25Hz),4.05(1H, m), 3.95
(1H,brs),368(1H,t,J=10.0Hz),2.01 (1 H, m),1.80(1
H, m), 1.63(1H, m), 1.44 (1H, m), 1.22 (1 H, m). MSFAB:
m/z=300 [M* + 1].

5c: viscous. *H NMR (200 MHz, CDCl,): 6 =7.38 (1 H, d,
J=80Hz),7.35(4H,s),7.02(1H,t,J=80H2z),6.74 (1
H,d,J=8.0Hz),653(1H,d, J=80Hz),5.24(1H,d,
J=80Hz),465(1H,d,J=25Hz),3.72(1H, m), 3.55
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(1H, m), 3.40 (1 H, m), 2.08 (1 H, m), 1.57-1.32 (4 H, m).
MS-FAB: m/z=300 [M* + 1].

4d: solid, mp 152-153 °C. *H NMR (200 MHz, CDCl,): § =
7.18(1H,d,J=8.0Hz),7.04(1H,t,J=8.0Hz),6.92(1H,
d,J=25Hz),6.84-6.62(3H, m),6.46 (1H,d,J=8.0Hz),
596(2H,s),4.62(1H,d,J=10.0Hz),4.36 (1H,d,J=35
Hz),4.10(1H, m),3.98 (1 H, brs), 3.70 (1 H, m), 2.02 (1 H,
m), 1.85-1.22 (4 H, m). MS-FAB: m/z=310 [M* + 1].

5d: solid, mp 160-161 °C. *H NMR (200 MHz, CDCl,): § =
7.38(1H,d,J=8.0Hz),7.04(1H,t,J= 8.0Hz),6.92-6.76
(4H,m),6.56 (1H,d, J=8.0Hz),59 (2H, s),5.24 (1 H,
d,J=6.0Hz),4.60 (1 H,d,J=3.0Hz),3.78 (1L H, br s),
3.60-3.38 (2H, m), 2.05 (1 H, m), 1.60-1.38 (4 H, m). MS—
FAB: m/z=310[M* + 1].

4m: solid, mp 147-148 °C. *H NMR (200 MHz, CDCly):
8=735(4H,s),7.14(1H,d, J=80Hz),7.05(1H,t,
J=80Hz),6.64(1H,d,J=80Hz),642(1H,d, J=8.0
Hz),458(1H,d, J=5.0Hz),4.08 (1H, m), 3.85-3.42 (3 H,
m), 2.45 (1 H, m), 2.00 (1 H, m), 1.72 (1 H, m). MS-FAB:
m/z=286 [M* + 1].

5m: solid, mp 152-153 °C. *H NMR (200 MHz, CDCl,):
8=740(1H,d,J=8.0Hz),7.36 (4H,s),7.05(1H,t,
J=80Hz),6.68(1H,t,J=8.0Hz),525(1H,d, J=80
Hz),4.65(1H,d,J=3.0Hz),3.78 (1H, br s), 3.62-3.40 (2
H, m), 2.18 (1 H, m), 1.62-1.50 (2 H, m). MS-FAB: m/z=
286 [M* + 1].

(8) Laszlo, P.; Mathy, A. Helv. Chim. Acta 1987, 70, 557.
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