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Abstract—A highly efficient method for the synthesis of 1,2,3,4-tetrahydroquinoline derivatives via a molecular iodine catalyzed
domino reaction of anilines with cyclic enol ethers, such as 2,3-dihydrofuran and 3,4-dihydro-2 H-pyran, is described. The reaction
may proceed through an aza-Diels—Alder process between an in situ generated 2-azadiene and another equivalent of cyclic enol.

© 2006 Elsevier Ltd. All rights reserved.

Substituted tetrahydroquinolines offer a high degree of
structure diversity and have proven to be very important
in medicinal chemistry. Thus, a variety of approaches
have been developed for the synthesis of tetrahydro-
quinoline skeleton.! The aza-Diels-Alder reaction of
electron-rich dienophiles with N-aryl aldimines has pro-
vided a convenient protocol for the synthesis of tetra-
hydroquinolines.> Recently, polycyclic pyrano- and
furano[3,2-c]quinoline derivatives have been synthesized
via a domino coupling of anilines with cyclic enol ethers
or cyclic hemiacetals.> Various Lewis acids such as
InCl;,3*® FeCl;-Nal,** and Dy(OTf);*¢ have been
found to catalyze this reaction. Heterogeneous catalyst
montmorillonite KSF*® and cation-exchange resin'
have also been reported to be effective. Although these
methods are available, new efficient, selective and facile
protocols are still in strong demand.

Molecular iodine has been used as a mild and efficient
catalyst for various organic transformations.* In contin-
uation of our efforts to develop new synthetic routes of
heterocycles,” herein we describe a highly efficient
synthesis of 1,2,3,4-tetrahydroquinolines via a molecular
iodine-catalyzed domino reaction of anilines with cyclic
enol ethers, such as 2,3-dihydrofuran (DHF) and
3,4-dihydro-2H-pyran (DHP), under mild reaction
conditions.
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The selected model reaction was carried out with aniline
and 2,3-dihydrofuran (DHF) in several organic solvents
at room temperature (Table 1). A mixture of endo-iso-
mer 2a and exo-isomer 3a was isolated. It is found that
a remarkable solvent effect exists in our iodine-catalyzed
domino process. CH,Cl, and MeCN are the best sol-
vents for good transformation in very short time
(5 min), while other solvents afford either poor yields
or trace products. It is noteworthy that the highest dia-
stereoselectivity is obtained when CH,Cl, is used as a
solvent (Table 1, entries 9-11). Furthermore, the yields
increase slightly as the amount of catalyst is increased
from 10 to 20mol % (Table 1, entries 9-11). So
10 mol % amount of iodine appears to be sufficient to
drive the reaction forward.

Under the optimized reaction conditions, a variety of
anilines 1 were tested to react with 2 equiv of 2,3-
dihydrofuran (DHF) using 10 mol % of I, as a catalyst
in CH,Cl, at room temperature for 5min (Table 2).°
As shown in Table 2, electron-rich anilines (Table 2, en-
tries a, and e—i) were more reactive than electron-defi-
cient anilines (Table 2, entries b—d, and j). The strong
electron-withdrawing group substituted 4-nitroaniline
only gave a trace of product (Table 2, entry j). In all
cases, the products were obtained as a mixture of
endo/exo-isomers (2 and 3). The ratio of isomers was
determined by the "H NMR spectra of the crude prod-
ucts. The stereochemistry of the isomers was assigned
on the basis of coupling constants and chemical shifts
of protons, which was accordant with the presentation
of the literatures.?
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Table 1. Solvent effect on I,-catalyzed synthesis of pyrano[3,2-c]quinolines®
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0 o
1a NH: cat.I, m
+ —_—
ZU solvent N OH + N OH
r.t. H
9] 2a endo 3a exo
Entry Catalyst (mol %) Solvent Time (min) Yield (%)° endofexo®
1 10 Acetone 15 45 40:60
2 10 THF 15 50 48:52
3 10 Benzene 15 55 36:64
4 10 Toluene 15 52 38:62
5 10 MeOH 30 Trace —
6 10 Et,O 15 34 45:55
7 10 MeCN 5 84 47:53
8 20 MeCN 5 87 47:53
9 5 CH,Cl, 15 72 31:69
10 10 CH,Cl, 5 88 30:70
11 20 CH,Cl, 5 90 33:67

#Reaction conditions: aniline (1 mmol), DHF (2 mmol), I, and solvent (5 ml) at room temperature.
®Isolated yield by silica gel column chromatography.
°Determined by "H NMR spectroscopy.

Table 2. Iodine-catalyzed reaction of anilines with 2,3-dihydrofuran®

R
X
| o oY
R R S
1 NH2 catl, (N l\\ <
+ E——
U CH,Cl, Z OH+ N ~ OH
2 l rt, 5 min ” N
¢ 2 endo 3 exo
Entry Aromatic amines Yields (%)° endofexo®
A @—N Ho 88 30:70
B F—ONHZ 85 57:43
C CIONHZ 77 54:46
D BrONHg 80 56:44
E Me@NHZ 93 37:63
F MeOONHg 87 56:44
G EIOONHZ 88 52:48
NH
H Q 2 90 28:72
Me

Table 2 (continued)

Entry Aromatic amines Yields (%)® endo/exo®
I MEQNHZ 90 2773
Me

J 02N4<i>7NH2 Trace —

#Reaction conditions: aromatic amine (1 mmol), DHF (2 mmol) and
CH,Cl, (5ml) at room temperature using iodine (0.1 mmol) for
S min.

®Isolated yield by silica gel column chromatography.

¢ Determined by 'H NMR spectroscopy.

We also performed the domino reaction of aniline with
less active 3,4-dihydro-2 H-pyran (DHP) using the above
reaction conditions but obtained pyrano[3,2-c]quinoline
4a and 5a in poor yield (10%). Delightfully, we found
that the yield could be improved to 85% when MeCN
was used as a solvent; the reaction time was prolonged
to 50 min and the catalytic amounts of iodine were in-
creased to 20 mol %. The methodology has been gener-
alized by reacting a series of substituted anilines with
DHP to give pyrano[3,2-c]quinoline derivatives 4 and
5 in good yields with the exception of 4-nitroaniline
(Table 3).7 In all cases, the products were obtained as
a mixture of endo/exo-isomers.

It is noteworthy that our method has several advantages
including mild conditions, improved yields, short reac-
tion time, simple operation and work-up. Additionally,
the protocol does not require anhydrous solvents.
According to the literatures,**" we think that iodine
catalyzes the reaction as a mild Lewis acid. The tentative
mechanism to rationalize the product formation is
shown in Scheme 1. The reaction may proceed via an
aza-Diels—Alder process of 2-azadiene, which is gener-
ated in situ from cyclic enol ether and aniline, with
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Table 3. Iodine-catalyzed reaction of anilines with 3,4-dihydro-2H-
pyran®

T
R o OH QA| OH
= H
NH, N
1 I T RL

+ — R + L
MeCN, 1. t. Z N N
H H

4 endo 5 exo
O
Entry Aromatic amines Yields (%)° endo/exo®
a ONHZ 85 34:66
b FONHQ 75 64:36
c msz 70 30:70
d Me@NHg 85 34:66
e MeOONHZ 83 33:67
f EtOONHg 90 42:58
NH
g Q 2 92 40:60
Me
NH
h Q 2 7 35:65
cl
M NH
i e < 2 2 93 35:65
Me
J OZNONHZ Trace —

#Reaction conditions: aromatic amine (1 mmol), DHP (2 mmol) and
MeCN (5ml) at room temperature using iodine (0.2 mmol) for
50 min.

®Isolated yield by silica gel column chromatography.

°Determined by "H NMR spectroscopy.
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Scheme 1.

another equivalent of cyclic enol resulting in the forma-
tion of tetrahydroquinolines.

In summary, we have developed a highly efficient dom-
ino reaction of anilines with cyclic enol ether using a cat-
alytic amount of molecular iodine to provide 1,2,3,4-
tetrahydroquinoline derivatives. The notable features
of this procedure are mild reaction conditions, good

yields, short reaction time, metal-free, and operational
simplicity.

Acknowledgements

This work was financially supported by the Specialized
Research Fund for Doctoral Program of Higher Educa-
tion, China (No. 20050335101), the Natural Science
Foundation of Zhejiang Province (No. R404109) as well
as the Teaching and Research Award Program for Out-
standing Young Teachers in Higher Education Institu-
tions of MOE, PR China.

References and notes

1. (a) Weinreb, S. M. In Comprehensive Organic Synthesis;
Trost, B. M., Fleming, 1., Paquette, L. A., Eds.; Pergamon:
Oxford, 1991; Vol. 5, pp 401-450; (b) Boger, D. L;
Weinreb, S. M. Hetero Diels—Alder Methodology in Organic
Synthesis; Academic: San Diego, 1987; Chapters 2 and 9;
(c) Qiang, L. G.; Baine, N. H. J. Org. Chem. 1988, 53,
4218-4222; (d) Ramesh, M.; Moham, P. S.; Shanmugam, P.
Tetrahedron 1984, 40, 4041-4046; (e) Perry, N. B.; Blunt, J.
W.; McCombs, J. D.; Munro, M. H. G. J. Org. Chem. 1986,
51, 5476-5478; (f) Williamson, N. M.; March, P. R.; Ward,
A. D. Tetrahedron Lett. 1995, 36, 7721-7723; (g) Johnson,
J. V.; Eauckman, S.; Baccanari, P. D.; Roth, B. J. Med.
Chem. 1989, 32, 1942-1949; (h) Celing, R. W.; Leeson, P.
D.; Moseley, A. M.; Baker, R.; Foster, A. C.; Grimwood,
S.; Kemp, J. A.; Marshall, G. R. J. Med. Chem. 1992, 35,
1942-1948; (i) Carling, R. W.; Leeson, P. D.; Moseley, A.
M.; Smith, J. D.; Saywell, K.; Trickelbank, M. D.; Kemp, J.
A.; Marshall, G. R.; Foster, A. C.; Grimwood, S. Bioorg.
Med. Chem. Lett. 1993, 3, 65-68.

2. (a) Katritzky, A. R.; Rachwal, S.; Rachwal, B. Tetrahedron

1996, 52, 15031-15036; (b) Larock, R. C.; Yang, H.; Pace,
P. Tetrahedron Lett. 1998, 39, 1885-1888; (c) Padwa, A.;
Brodney, M. A.; Liu, B.; Satake, K.; Wu, T. J. Org. Chem.
1999, 64, 3595-3598; (d) Bunce, R. A.; Herron, D. M.;
Johnson, L. B.; Kotturi, S. J. Org. Chem. 2001, 66, 2822—
2828; (e) Zhang, W.; Jia, X.; Yang, L.; Zhao, G.; Liu, Z.-L.
Tetrahedron Lett. 2002, 43, 9433-9436; (f) Romuald, B.;
Patricia, M.; Benoit, D.; Andre, T. Tetrahedron 1998, 54,
4125-4131.

3. (a) Zhang, J. H.; Li, C. J. J. Org. Chem. 2002, 67, 3969—

3971; (b) Li, Z.; Zhang, J.; Li, C. J. Tetrahedron Lett. 2003,
44, 153-156; (c) Kamal, A.; Prasad, B. R.; Ramana, A. V.;
Babu, A. H.; Reddy, K. S.; Yadav, J. S.; Reddy, B. V. S;
Rao, R. S.; Kumar, K. S.; Kunwar, A. C. Tetrahedron Lett.
2004, 45, 3507-3509; (d) Batey, R.; Powell, D. A.; Lough,
A.J.; Yadav, J. S.; Reddy, B. V. S.; Rao, R. S.; Kumar, K.
S.; Kunwar, A. C. Tetrahedron Lett. 2001, 42, 7935-7939;
(e) Yadav, J. S.; Reddy, B. V. S.; Sadasiv, K.; Reddy, P. S.
R. Tetrahedron Lett. 2002, 43, 3853-3856; (f) Chen, L.; Li,
C. J. Green Chem. 2003, 5, 627-629; (g) Di Salvo, A
Spanedda, M. V.; Ourevitch, M.; Crousse, B.; Bonnet, D.
D. Synthesis 2003, 2231-2235; (h) Chen, L.; Li, Z. G.; Li, C.
J. Synlett 2003, 732-734; (i) Yadav, J. S.; Reddy, B. V. S;
Gayathri, K. U.; Prasad, A. R. Synthesis 2002, 2537-
2541.

4. (a) Samajdar, S.; Basu, M. K.; Becker, F. F. Synlett 2002,

319-322; (b) Basu, M. K.; Samajdar, S.; Becker, F. F.;
Banik, B. K. Tetrahedron Lett. 2001, 42, 4425-4428; (c)
Banik, B. K.; Samajdar, S.; Banik, I. J. Org. Chem. 2004,
69, 213-219; (d) Banik, B. K.; Manhas, M. S.; Bose, A. K.



4512

J. Org. Chem. 1994, 59, 4714-4717; (e) Yadav, J. S.; Reddy,
B. V. S.; Sabitha, G.; Reddy, G. S. K. K. Synthesis 2000,
1532-1536; (f) Yadav, J. S.; Reddy, B. V. S.; Rao, C. V,;
Reddy, S. G. Synlett 2003, 247-249; (g) Ji, S. J.; Wang, S.
Y.; Zhang, Y.; Loh, T. P. Tetrahedron 2004, 60, 2051-2055;
(h) Ke, B.; Qin, Y.; He, Q.; Huang, Z.; Wang, F. P.
Tetrahedron Lett. 2005, 46, 1751-1753; (i) Xia, M.; Lu, Y.
D. Synlett 2005, 2357-2361; (j) Wu, J.; Xia, H. G.; Gao, K.
Org. BioMol. Chem. 2006, 4, 126-129; (k) Chen, W. Y.; Lu,
J. Synlett 2005, 1337-1339; (1) Sun, J. W.; Dong, Y. M_;
Cao, L. Y.; Wang, X. Y.; Wang, S. Z; Hu, Y. F. J
Org. Chem. 2004, 69, 8932-8934; (m) Wang, H. S.; Miao, J.
Y.; Zhao, L. F. Chin. J. Org. Chem. 2005, 25, 615-
618.

. (a) Ding, H. F.; Ma, C.; Yang, Y. W.; Wang, Y. G. Org.
Lett. 2005, 7, 2125-2128; (b) Wang, Y. G.; Lin, X. F.; Cui,
S. L. Synlett 2004, 1175-1178; (c¢) Cui, S. L.; Lin, X. F.;
Wang, Y. G. J. Org. Chem. 2005, 70, 2866-2868; (d) Wang,
Y. G.; Zhang, J.; Lin, X. F.; Ding, H. F. Synlett 2003,
1467-1469; (e) Lin, X. F.; Cui, S. L.; Wang, Y. G. Chem.
Lett. 2003, 32, 842-843; (f) Lin, X. F.; Zhang, J.; Wang, Y.
G. Tetrahedron Lett. 2003, 44, 4113-4115.

. Typical procedure for the synthesis of furano[3,2-c]quino-
lines 2 and 3. To a mixture of anilines 1 (1 mmol) and 2,3-
dihydrofuran (2 mmol) in CH,Cl, (5 ml) was added iodine
(25 mg, 0.1 mmol), and the solution was stirred at room
temperature for 5 min. Then, to the reaction mixture was
added 10% aq Na,S,03 solution (10 ml) and the products
were separated by thorough extraction with CH,Cl,
(10 ml). The solvent was evaporated after drying (Na,SOy)
and the pure compounds were obtained by silica gel column
chromatography with hexane-EtOAc (1:2). For the repre-
sentative compounds 2e and 3e: liquid; IR (neat): v = 3345,
2931, 1618, 1501, 1063 cm™'. MS (ESI): m/z =247 [M™].
HRMS (EI): m/z [M*] caled for CisH NO>: 247.1572;
found: 247.1578. endo-Isomer (2¢): 'H NMR (CDCls,
400 MHz): ¢ 1.50-1.92 (m, 5H), 2.02-2.04 (m, 1H), 2.22
(s, 3H), 2.56-2.58 (m, 1H), 2.80 (br, 1H), 3.45-3.47 (m, 1H),
3.72-3.75 (m, 2H), 3.86-3.88 (m, 2H), 5.05 (d, J = 7.6 Hz,
1H), 6.49 (d, J="7.6 Hz, 1H), 6.90 (dd, J=2.2, 7.6 Hz,
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1H), 7.10 (d, J=22Hz, 1H). 3C NMR (CDCl;,
100 MHz): 6 20.85, 24.28, 29.35, 30.95, 42.85, 53.06,
62.55, 66.96, 76.15, 115.00, 122.90, 128.17, 129.32, 130.55,
142.96. exo-Isomer (3e): '"H NMR (CDCls, 400 MHz): &
1.50-1.90 (m, 5H), 2.17-2.19 (m, 1H), 2.22 (s, 3H), 2.76-
2.79 (m, 1H), 2.82 (br, 1H), 3.69-3.71 (m, 2H), 3.76-3.78
(m, 2H), 3.93-3.96 (m, 1H), 4.52 (d, J = 5.6 Hz, 1H), 6.59
(d, J=8.4 Hz, 1H), 6.90 (dd, J = 2.2, 8.4 Hz, 1H), 7.15 (d,
J=22Hz 1H). °C NMR (CDCl;, 100 MHz): 6 20.75,
28.90, 29.45, 30.19, 41.66, 52.58, 62.66, 65.83, 76.11, 115.24,
120.77, 127.75, 129.83, 131.39, 142.85.

. Typical procedure for the synthesis of pyrano[3,2-c]quino-

lines 4 and 5. To a mixture of anilines 1 (1 mmol) and 3,4-
dihydro-2H-pyran (2 mmol) in MeCN (5 ml) was added
iodine (50 mg, 0.2 mmol), and the solution was stirred at
room temperature for 50 min. Then, to the reaction mixture
was added 10% aq Na,S;0; solution (20 ml) and the
products were separated by thorough extraction with
CH,Cl, (20 ml). The solvent was evaporated after drying
(Na,S0O,) and pure compounds were obtained by silica gel
column chromatography with hexane/EtOAc (1:2). For the
representative compounds 4e and 5e: liquid; IR (neat):
v = 13365, 2931, 1628, 1498, 1071 cm~'. MS (ESI): m/z =
291 [M"]. HRMS (EI): m/z [M"] caled for C;;H,sNOs:
291.1834; found: 291.1839. endo-Isomer (4e): 'H NMR
(CDCl3, 400 MHz): 6 1.30-1.80 (m, 10H), 2.01-2.04 (m,
1H), 3.30-3.40 (m, 2H), 3.61-3.65 (m, 1H), 3.66 (t,
J=6.5Hz, 2H), 3.75 (s, 3H), 5.01 (d, J=5.6 Hz, 1H),
6.49 (d, J=8.2 Hz, 1H), 6.68 (dd, J = 2.6, 8.4 Hz, 1H), 6.95
(d, J=2.6 Hz, 1H). *C NMR (CDCl;, 100 MHz): § 18.02,
22.44, 2545, 32.33, 32.71, 35.57, 53.95, 55.96, 61.05, 62.45,
72.58, 112.04, 115.03, 115.67, 121.53, 139.35, 152.70. exo-
Isomer (5e): '"H NMR (CDCl;, 400 MHz): 6 1.30-1.80 (m,
10H), 1.97-1.99 (m, 1H), 3.48-3.51 (m, 1H), 3.74-3.77 (m,
3H), 3.76 (s, 3H), 3.95-3.98 (m, 1H), 4.45 (d, J=2.6 Hz,
1H), 6.51 (d, /=8.2Hz, 1H), 6.68 (dd, J=2.6, 8.2 Hz,
1H), 6.85 (d, J=2.6Hz, 1H). '*C NMR (CDCl;,
100 MHz): 6 21.75, 23.25, 24.69, 33.09, 33.20, 36.82,
50.95, 56.17, 62.56, 67.68, 74.26, 114.73, 116.10, 116.72,
121.74, 139.20, 152.17.
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