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An efficient synthetic method for 4-functionalized quinoline
derivatives, 4-((1,3-dithian-2-ylidene)methyl)quinolines, has

been developed. Mediated by trifluoromethanesulfonic acid,

ethynyl ketenesS,Sacetals can react in a one-pot procedure

FIGURE 1. Structures of ketene dithioacetals.

workers described a novel approach to tetrahydroquinolines via
the aza-Diels-Alder (Povarov) reaction of ketene dithioacetals
B (Figure 1) withN-arylimines?

During the course of our studies on the chemistry of
functionalized ketene dithioacetdfs:5a¢6.8.10 3 series of
o-ethynyl ketenes,Sacetals, namely the alkylthio activated 1,3-
enynes (Figure 1C), were prepared in high yields via a
consecutive VilsmeierHaack and dehydrochlorination reaction
starting from easily available-acetyl ketene dithioacetadls
under mild conditiond? As synthetic applications of these
electron-rich enynes, we have described the self-coupling
reactions of theo-ethynyl ketene cyclic dithioacetals to the
corresponding heteroatom-substituted expanded 1,3-dithiolan-
[5]radialend32and alkyne-spaced TTE& Interestingly, when
the addition reactions of carboxylic acids deethynyl ketene
dithioacetals were conducted in the absence of catalysts, the
addition was found to occur at the carberarbon triple bond
in a highly chemo- and regioselective manieilhe above

with various arylamines and aldehydes under mild conditions results provided us with a more complete understanding of how

to give the corresponding quinoline derivatives in good to
high yields via a consecutive arylimine formation, regiospe-
cific aza-Diels-Alder (Povarov) reaction, and reductive
amination.

to use the electron-rich carbecarbon triple bond of the
alkylthio activated 1,3-enynes. In this paper, the aza-Biels

(5) For selected examples, see: (a) Dong, D.; Bi, X.; Liu, Q.; Cong, F.
Chem. Commur2005 3580-3582. (b) Bi, X.; Dong, D.; Li, Y.; Liu, Q.
J. Org. Chem2005 70, 10886-10889. (c) Zhao, L.; Liang, F.; Bi, X.;
Sun, S.; Liu, QJ. Org. Chem2006 71, 1094-1098. (d) Peruncheralathan,

Functionalized ketene dithioacetals, with the general structure s ; khan, T. A.; lla, H.; Junjappa, Hl. Org. Chem2005 70, 10030~
A as shown in Figure 1, are versatile intermediates in organic 10035. (e) Panda, K.; Suresh, J. R.; lla, H.; Junjappa).HOrg. Chem.

synthesi&3 anda-EWG ketene dithioacetals (EWS electron
withdrawing group) have proven to be important building blocks
in the construction of substituted aromatiand heterocyclic
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compound$:® Some recent research has revealed that the Lett-2005 46, 4399-4402. (b) Sun, S.; Zhang, Q.; Liu, Q.; Kang, J.; Yin,

coupling reaction at thex-carbon of functionalized ketene
dithioacetals is reliable and incorporates a wide variety of
functionalized ketene dithioacetals and cafooor heteroatom
electrophiles$. Recently, in a significant report, Beaton and co-

(1) For reviews ona-oxo keteneS,Sacetals, see: (a) Dieter, R. K.
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Alder (Povarov) reaction betweenethynyl ketene dithioacetals
and N-arylimines to provide functionalized quinolines is re-

TABLE 1. Aza-Diels—Alder Reaction of Enyne 1a with Arylimine
2a under Various Reaction Conditions
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and the quinoline ring system occurs in various natural products ¢~g
possessing biological activify:16 The synthetic methods for
substituted quinolines commonly involve the elaboration of a
quinoline ringl”8the reactions of anilines with 1,3-dicarbonyl

1a

(Combes and Conraelimpach—Knorr synthesisy or o,5- . raio  time  3ayield®
unsaturated compounds (Skratpoebner-Von Miller syn- entry catalyst(equv) solvent (1423 (min) (%)
thesis)L”12 0-aminoaryl ketones/aldehydes with ketones (Fried- ; EES%?IE 83)) gttg:z ﬁ g ;g
lander synthesis)?-20N-arylimines with nucleophilic olefins or 3 CRSOH(LO) C,_bcé 12 5 60
alkynes (Povarov reactiof}”?*and some recently developed 4  CRSOH(1.0) CHCl 1:2.5 5 58
methods22 It is noted that the [4-2] cycloaddition reaction 5 CRSQH(0.3) CHCl 1:2 10 11
of N-arylaldimines with dienophiles (Povarov reaction) has 6  PTSA(L.0) CHCl 12 180 41
attracted increased attention and interest in recent yéa¥3sb g 2@%&.‘?}1 0) g:\_ﬂkg l2 1122 182 1%
however, these approaches are mainly limited to the synthesis ¢ CRSOH (1:0) THE 12 5 18
of 4-alkyl-substituted quinolines. Other methdds?%22includ- 10 CRSOH (1.0)  CHCN 1:2 5 17
ing those based on the Baylislillman chemistry3@ and the 1 CRSGH (1.0)  GHsOH 1:2 15 14

reactions of arylimines with 2-substituted acrylates and
acrylamideg?® although could be considered the alternative
approach to the corresponding 4-(substituted vinyl)quinolines
and quinoline-4-carboxylic acid derivatives; however, they suffer proceeded quickly (5 min) at room temperature and products
from low product yields, multiple steps, or narrow scope for 3aand4awere obtained in 16% and 15% yield, respectively
either aldehydes or arylimines. Herein we report an efficient (Table 1, entry 1). The structure 8 was determined on the
synthetic method for 4-functionalized quinolines via a three- basis of its spectroscopic and analytical data and confirmed by

a|solated yields.

component one-pot procedure under mild conditions, which

could allow for adequate diversity of aldehydes and arylamines

and high regioselectivity (Table 3).

In the initial experiment, the aza-Dieté\lder reaction of
enyne la (1.0 equiv) with arylimine2a (1.0 equiv) was

X-ray crystal analysig?

With quinoline 3a at hand, next, the reaction conditions
including solvents, catalysts, and the ratidlafto 2awere then
optimized and the results are listed in Table 1. It was found
that, with CRSO;H (1.0 equiv) as the catalysB8a could be

examined (Table 1). With dichloromethane as the solvent and Produced in 28% yield by reactiriga (1.0 equiv) with arylimine

mediated with BE-OEt, (1.0 equiv), the reaction dfawith 2a

(15) (a) Jones, G. I€omprehensie Heterocyclic ChemistrKatritzky,
A. R, Rees, A. R., Eds.; Pergamon: New York, 1984; Vol. 2, pp-395
510. (b) Balasubramanian, M.; Keay, J.|6 Comprehensie Heterocyclic
Chemistry 1| Katritzky, A. R., Rees, C. W., Scriven, E. F. V., Eds;
Pergamon Press: Oxford, UK, 1996; Vol. 5, p 245.

(16) For reviews, see: (a) Michael, J.Nat. Prod. Rep1997, 14, 605—
618. (b) Bray, P. G.; Ward, S. A.; O'Neill, P. MCurr. Top. Microbiol.
Immunol.2005 295 3—38. (c) Michael, J. PNat. Prod. Rep2005 22,
627-646.

(17) For reviews, see: (a) Cheng, C.-C.; Yan, SOdy. React.1982
28, 37—201. (b) Kouznetsov, V. V.; Mendez, L. Y. V.; Gomez, C. M. M.
Curr. Org. Chem2005 9, 141-161.

(18) (&) Marull, M.; Schlosser, MEur. J. Org. Chem2004 1008~
1013. (b) Krasovskiy, A.; Krasovskaya, V.; Knochel, Angew. Chem.
Int. Ed. 2006 45, 2958-2961.

(29) (a) Denmark, S. E.; Venkatraman JSOrg. Chem2006 71, 1668—
1676. (b) Wu, Y.-C.; Liu, L.; Li, H.-J.; Wang, D.; Chen, Y.<.Org. Chem.
2006 71, 6592-6595.

(20) Bose, D. S.; Kumar, R. KTetrahedron Lett2006 47, 813—-816.

(21) (a) Shou, W.-G.; Yang, Y.-Y.; Wang, Y.-@. Org. Chem2006
71, 9241-9243. (b) Twin, H.; Batey, R. AOrg. Lett. 2004 6, 4913-
4916. (c) Basuli, F.; Aneetha, H.; Huffman, J. C.; Mindiola, DJJAm.
Chem. Soc.2005 127, 17992-17993. (d) Amii, H.; Kishikawa, Y.;
Uneyama, KOrg. Lett.2001, 3, 1109-1112.

(22) (a) Tanaka, S.-Y.; Yasuda, M.; Baba, A.Org. Chem2006 71,
800-803. (b) Sakai, N.; Annaka, K.; Konakahara,JT Org. Chem2006
71, 3653-3655. (¢) Sangu, K.; Fuchibe, K.; Akiyama, Org. Lett.2004
6, 353—-355. (d) Hessian, K. O.; Flynn, B. IOrg. Lett.2006 8, 243-246.
(e) Zhang, X.; Campo, M. A.; Yao, T.; Larock, R. Org. Lett.2005 7,
763-766. (f) Janza, B.; Studer, AOrg. Lett. 2006 8, 1875-1878. (g)
Korivi, R. P.; Cheng, C.-HJ. Org. Chem2006 71, 7079-7082. (h) Lin,
X.-F.; Cui, S.-L.; Wang, Y.-GTetrahedron Lett2006 47, 3127-3130.

(23) (a) Madapa, S.; Singh, V.; Batra, Betrahedror2006 62, 8740~
8747 and references therein. (b) Duvelleroy, D.; Perrio, C.; Parisel, O.;
Lasne, M.-C.Org. Biomol. Chem2005 3, 3794-3804 and references
therein.
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2a (1.0 equiv) in dichloromethane for 5 min (Table 1, entry 2,
along with 25% of aminda). To our delight, under essentially
the same conditions as above, the yiel®@atould be increased

to 60% by raising the ratio ofa/2ato 1:2 (Table 1, entry 3,
along with 57% of4a). However, the yield oBa could not be
increased by further raising the ratio 2&/1a(Table 1, entry

4) and the catalytic amount of GFO;H (0.3 equiv) led to lower
yields of 3a (Table 1, entry 5). Meanwhile, it was found that
other catalysts tested, such as 4-methylbenzenesulfonic acid
(PTSA) and acetic acid, were less effective thansSiBH
(Table 1, entry 6) or ineffective (Table 1, entry 7). Among the
solvents tested, dichloromethane seemed to be the best choice
(Table 1, entry 3). Other solvents, for example, DMF,:CN,

THF, and ethanol, gave much lower product yields (Table 1,
entries 8-11).

Prompted by the successful synthesis of quinddaeve then
examined the scope of different arylimin@swith electron-
withdrawing or electron-donating groups on either the arylamine
or arylaldehyde component. To our delight, under the optimized
conditions (Table 1, entry 3), the arylimin2selected for this
study gave strong evidence to suggest that this aza-PAdtter
reaction tolerates a wide variety of arylimin@s(Table 2).
Comparatively, no desired aza-Diel8lder products could be
obtained by reacting arylimin2a with phenylacetylene and
1-pentyne, respectively, under essentially the same conditions
as above.

(24) Crystal data foBa: Co4H22N204S,, white crystal,M = 466.58,
triclinic, P1, a = 9.616(4) A,b = 11.270(5) A,c = 11.587(5) A,a =
69.052(7), B = 83.860(7y, y = 73.520(73, V= 1124509 R, z=2,T
= 273(2),Fooo = 488, R; = 0.0623,wR, = 0.1390.



TABLE 2. CF3SOsH-Catalyzed Aza-Diels-Alder Reaction of
Enyne 1a with Arylimines 2

0 R! s o0
X
| OFt, CFSOH SN OEt
s s CH,Cl,, it R! N
N=\
~ R? N”OR2
1a 2 3
time yield?
entry R R2 (min) product (%)
1 CHs 4-NO,-CgHa 5 3a 60
2 CHs 4-CHO-CgHa 5 3b 70
3 H 4-CH;0-CGeH4 5 3c 70
4 H 4-F-GsHa 5 3d 60
5 F 3,4-CHO,CgH3 5 3e 63
6 F 4-NQ-CgHa 5 3f 61

a|solated yields.

Quinolines with the general structuBeepresent a new class
of quinoline derivatives and are expected to have synthetic
potential due to containing am-oxo keteneS,Sacetal func-
tionality at the 4-positior.In addition, it should be emphasized
that the aza-DielsAlder reaction of enyné&awith arylimines
2 proceeded in a regiospecific manner since no other isomers
of quinolines3 were observed in our experiments. In consid-
eration of the significant advantages of multicomponent reac-
tions (MCRs)® we then focused our attention on the one-pot
three-component reaction to construct 4-((1,3-dithian-2-ylidene)-
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TABLE 3. Three-Component Aza-Diels-Alder Reaction of Enynes
1, Arylamines 5, and Aldehydes 6

S
N NH
SR 2 CF3SO4H , 87N R
| + + RCHO — > R
IS S CHzclz, rt X
N R N” R
1 5 6 3
time yield?
entry R R R2 (min)  product (%)
1 COOEt 4-CH 4-NO,-CgH4 5 3a 59
2 COOEt 4-CH 4-CHO-CgHa 5 3b 72
3 COOEt H 4-CHO-CGsH4 5 3c 71
4 COOEt H 4-F-GH, 5 3d 63
5 COOEt 4-F 3,4-ChD,CeH3 5 3e 64
6 COOEt 4-F 4-NQ-CgHa 5 3f 60
7 COOEt 4-CH 3,4-CHO.CgHs 5 39 58
8 COOEt 4-CH 4-F-GHa 5 3h 63
9 COOEt 4-CH 4-Cl-CgHa 5 3i 68
10 COOEt 4-CH CgHs 5 3j 69
11 COOEt 4-CH 3-NO,-CgHa 5 3k 70
12 COOEt 3-CH 4-F-GHas 5 3l 56
13 COOEt 4-Cl 3,4-CbD,CeH3 5 3m 59
14 COOEt 4-Cl 4-NQ@-CgHa 5 3n 57
15 COOEt 4-CH 4-pyridyl 5 30 69
16 COOEt 4-CH 2-thienyl 5 3p 72
17 COOEt 4-CH CgHsCH:CH 5 3q 72
18 COOEt 4-CH (CHg)C 5 3r 67
19 COOEt 4-CH PhCh 5 3s 53
20 COOH 4-CH 4-CI-GsHa 5 3t 65
21 COOH 4-CH 4-NO,-CgHa 5 3u 70

a|solated yields.

methyl)quinolines3 from structurally diverse aldehydes and
arylamines. To our delight, the three-component reaction of
enynela (R = CO.Et), an arylamineb, and an aldehyd®
(Table 3) also proceeded smoothly under otherwise identical
conditions (Table 1, entry 3). Various aldehydes, such as
aromatic aldehydes with either an electron-donating or an
electron-withdrawing group on the benzene ring (Table 3, entries
1-14), heteroaromatic aldehydes (entries 15 and 16), olefinic

aldehyde (entry 17), and aliphatic aldehydes (entries 18 and 19)
served as suitable aldehyde components for the one-pot reaction

to give the corresponding 4-functionalized quinoline derivatives
(Table 3). Moreover, the yields of the above three-component

reactions were comparable to those observed when the reaction

was performed in two individual steps (Table 2). Additionally,

under the identical conditions as above, the three-component

aza-Diels-Alder reactions of enynelb (R = CO,H) and
4-methylbenzenamine with either 4-chlorobenzaldehyde or
4-nitrobenzaldehyde also proceeded quickly to give the corre-
sponding 4-functionalized quinoline derivativ8s and 3u in
65% and 70% vyield, respectively (Table 3, entries 20 and 21).
On the basis of the above experimental results, the mechanis
is proposed as a usual consecutive arylimine formation, aza-
Diels—Alder (Povarov) reaction, followed by a reductive
amination process (Scheme 1). However, unlike the related
reports??it should be emphasized that in our experiments, we
could not isolate the dihydroquinoline intermedi@tend amines
4 were obtained in nearly the same yields as the corresponding
quinolines3 under identical conditions in all cases. Even under
an N, atmosphere, the aza-Dield\lder reactions of enynéa

(25) For reviews, see: (a) Posner, G. Ehem. Re. 1986 86, 831—

m

SCHEME 1. Proposed Mechanism for the Aza-DielsAlder
Reaction of Enynes 1 with Arylimines 2

(2
ST

R R!/=
X _R X
\J[ L\ omsol et .
S” 'S N=\
R2 N R?
1 2 7 8
lCF3soaH 19
,
R\\_/ R! CS R
:,; CF380;° DA
ARt N
H R HN— |
2 >
R Z N7 R2

9 3

(1.0 equiv) with arylimine2a (2.0 or 1.0 equiv) can also proceed

quickly to give similar yields of producda as those obtained

under an air atmosphere (Table 1, entries 2 and 3) for 5 min at
oom temperature, along with the corresponding equimolar

amount of aminela without the formation of intermediai®a,

which showed that the oxygen in the air was not an effective

oxidant for aromatization of intermediaBe Consequently, the
dihydroquinoline intermediat®, obtained by the [42] cy-
cloaddition reaction of terminal alkyriewith arylimine 2, was
able to be immediately oxidized by iminium ion intermedi@te

to give quinoline3 along with amine4 (Scheme 158
In conclusion, we have demonstrated a novel and efficient
three-component aza Diet#\lder reaction with the highly

electron-rich dienophile, an-ethynyl ketenes,Sacetall, an

844. (b) Armstrong, R. W.; Combs, A. P.; Tempest, P. A.; Brown, S. D;
Keating, T. A.Acc. Chem. Resl996 29, 123-131. (c) BienaymgH.;
Hulme, C.; Oddon, G.; Schmitt, Ehem. Eur. J200Q 6, 3321—3329.

(26) Hoffmann, S.; Seayad, A. M.; List, Bngew. ChemInt. Ed.2005
44, 7424-7427.
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aldehyde, and an arylamine. This reaction provides a highly trated under reduced pressure to yield the corresponding crude
facile and efficient access to 4-functionalized quinolines and product, which was purified by silica gel chromatography (diethyl
the advantages, such as mild reaction conditions, good to highether/hexane= 1/5, v/v) to give 275 mg (59%) da as a yellow
yields, short reaction time, readily available or cheap starting ¢Tystal- Mp 182-183 °C; 'H NMR (CDCls, 500 MHz) 4 1.04 (t,
materials, three-component, one-pot procedure, and wide ary-‘] = 7.0 Hz, 3H), 2.18-2.22 (m, 2H), 2.54 (s, 3H), 2.823.14 (m,

. | . 4H), 4.12 (9,J = 7.0 Hz, 2H), 7.50 (s, 1H), 7.59 (d,= 8.5 Hz,
lamine and aldehyde components. Moreover, this aza Diels 1H). 7.74 (s, 1H), 8.10 (d] = 8.5 Hz, 1H), 8.37 (s, 4H}:C NMR

Alder reaction extends the synthetic utility of versatile polarized (CDCl, 125 MH2)6 14.4, 22.2, 23.4, 29.3, 29.9, 61.0, 121.2, 122.1

ketene dithioacetals. Further research is in progress. 123.8, 124.3 (2C), 126.8, 128.5 (2C), 130.3, 132.7, 137.8, 144.9,
145.9, 147.6, 148.4, 153.6, 161.7, 164.6; IR (KBr,én669, 857,
Experimental Section 1109, 1192, 1253, 1343, 1490, 1518, 1549, 1684; MS (B%t)
. 467 [(M + 1)]*. Anal. Calcd (found) for GH»N-04S,: C, 61.78
General Procedure for Three-Component Aza-Diels Alder (61.££(3)' H 3175 (4.78): N 6(.00 (6?13).@ 2N20:S

Reaction of Terminal Alkynes 1, Arylamines 5, and Aldehydes

6 (3a for example).To a stirred solution of terminal alkynka
(2.0 mmol, 228 mg), 4-nitrobenzaldehyde (2.0 mmol, 302 mg), and
4-methylbenzenamine (2.0 mmol, 214 mg) in # (10 mL) was
added CESO;H (1.0 mmol, 0.087 mL) in one portion. Then the
reaction mixture was stirred for 5 min at room temperature. After
lawas consumed (monitored by TLC), the reaction mixture was 3
poured into water (50 mL), followed by basification with saturated
aqueous NaHC®solution to adjust the pH value of the solution
to 8, and extracted with Ci€I, (2 x 10 mL). The combined organic
extracts were dried over anhydrous MgS€@ltered, and concen- JO070069Q

Acknowledgment. Financial support from the National
Natural Sciences Foundation of China (20602006) is gratefully
acknowledged.

Supporting Information Available: Crystallographic data for
a (CIF), experimental procedures, NMR spectra, and characteriza-
tion data for new compound® This material is available free of
charge via the Internet at http://pubs.acs.org.

4988 J. Org. Chem.Vol. 72, No. 13, 2007



