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A variety of substituted quinolines are synthesized from

R? R3

Note

such as a basegxpensive and/or harmful metdlghe oxidants
for the aromatizatiofi,and other additive¥ Thus, the develop-
ment of more simple and practical methods is strongly destred.
Herein, we report a novel and most practical reaction course to
the synthesis of multifunctionalized quinolines using imines and
carbonyl compounds on a large scale.

Initially, we found the synthesis of quinolin@aal? using
heptanalla and benzylideneanilinga catalyzed by HCI (4 M
in dioxane) under an Natmosphere. The reaction was com-
pleted withn 6 h and provided quinolin@aa in 43% vyield
accompanied by a considerable amount of 1,2-dihydroquinoline
4 and amines (Table 1, entry 132 Using 2 equiv of imine2a
increased the yield ddaato 81% without the formation o4,

(6) More than three step reaction sequences were taken for quinoline
synthesis. See: (a) Ishikawa, T.; Manabe, S.; Aikawa, T.; Kudo, T.; Saito,
S. Org. Lett 2004 6, 2361-2364. (b) Theeraladanon, C.; Arisawa, M.;
Nishida, A.; Nakagawa, Mletrahedror2004 60, 3017-3035. (c) Ichikawa,

J.; Wada, Y.; Miyazaki, H.; Mori, T.; Kuroki, HOrg. Lett 2003 5. 1455~
1458. (d) Suginome, M.; Fukuda, T.; Ito, YOrg. Lett 1999 1, 1977
1979. (e) Kobayashi, K.; Takagoshi, K.; Kondo, S.; Morikawa, O.; Konishi,
H. Bull. Chem. Soc. Jpr2004 77, 553-559. (f) Abbiati, G.; Beccalli, E.
M.; Broggini, G.; Zoni, C.Tetrahedron2003 59, 9887-9893. (g) Wiebe,

J. M.; Callle A. S.; Lau, C. K.Tetrahedron1996 52, 11705-11724. (h)
Kobayashi, K.; Yoneda, K.; Miyamoto, K.; Morikawa, O.; Hisatoshi, K.

imines and enolizable carbonyl compounds under aerobic Tetrahedron2004 60, 11639-11645. (i) Kobayashi, K.; Yoneda, K.;

conditions, in which only water is a byproduct. In DMSO,
a catalytic amount of HCI activates carbonyl compounds
quite effectively to give the quinolines. A simple and
practical procedure is demonstrated on a large scale.

Substituted quinolines which are included in natural products
and drugs play important roles in medicinal chemistry. Their
biological activitied are widely used as, e.g., antimalarial,
antiinflammatory, and antibacterial ageAtBecause of their

Mizumoto, T.; Umakoshi, H.; Morikawa, O.; Konishi, Hetrahedron Lett
2003 44, 4733-4736.

(7) (&) Amii, H.; Kishikawa, Y.; Uneyama, KOrg. Lett 2001, 3, 1109-
1112. (b) Larock, R. C.; Kuo, M.-YTetrahedron Lett1991, 32, 569—
572. (c) Strekowski, L.; Janda, L.; Patterson, S. E.; Nguyefetiahedron
1996 52, 3273. (d) Arcadi, A.; Marinelli, F.; Rossi, Hetrahedron1999
55, 13233-13250. (e) Kim, J. N.; Lee, H. J.; Lee, K. Y.; Kim, H. S.
Tetrahedron Lett2001, 42, 3737-3740. (f) Zhao, F.; yang, X.; Liu, J.
Tetrahedror2004 60, 9945-9951. (g) Cho, C. S.; Kim, B. T.; Kim, T.-J.;
Shim, S. CChem. Commur2001, 2576-2577. (k) Takashi, M.; Ichikawa,
J.; Chem. Lett2004 33, 590-591.

(8) (a) Jiang, B.; Si, Y.-GJ. Org. Chem 2002 67, 9449-9451. (b)
Cho, C. S.; Kim, T. K.; Kim, B. T.; Kim, T.-J.; Shim, S. Q. Organomet.

importance, the synthesis of substituted quinolines has been achem 2002 650, 65-68. (c) McNaughton, B. R.; Miller, B. LOrg. Lett

focus of organic chemistry since Skraup’s procedure was
reported over a century agaand a large number of general
synthetic methods have been reportédowever, most of the
synthetic routes still suffer from various problems: (1) harsh
conditions® (2) multisteps$, and (3) a large amount of promoters

(1) (a) Michael, J. PNat. Prod. Rep1997 14, 605. (b) Balasubramanian,
M.; Keay, J. G. InComprehensie Heterocyclic Chemistry jlIKatritzky,
A.R., Rees, C. W., Scriven, E. F. V., Eds.; Pergamon Press: Oxford, New
York, 1996; Vol. 5, p 245.

(2) (a) Larsen, R. D.; Corley, E. G.; King, A. O.; Carrol, J. D.; Davis,
P.; Verhoeven, T. R.; Reider, P. J.; Labelle, M.; Gauthier, J. Y.; Xiang, Y.
B.; Zamboni, R. JJ. Org. Chem1996 61, 3398-3405. (b) Chen, Y.-L,;
Fang, K.-C.; Sheu, J.-Y.; Hsu, S.-L.; Tzeng, C.<C.Med. Chem2001,

44, 2374-2377. (c) Roma, G.; Braccio, M. D.; Grossi, G.; Mattioli, F.;
Ghia, M.Eur. J. Med. Chem200Q 35, 1021-1035. (d) DubeD.; Blouin,

M.; Brideau, C.; Chan, C.-C.; Desmarais, S.; Ethier, D.; Falgueyret, J.-P.;
Friesen, R. W.; Girard, M.; Girard, Y.; Guay, J.; Riendeau, D.; Tagari, P.;
Young, R. N.Bioorg. Med. Chem. Letl998 8, 1255-1260. (e) Maguire,

M. P.; Sheets, K. R.; McVety, K.; Spada, A. P.; Zilberstein, JA.Med.
Chem 1994 37, 2129-2137.

(3) Skraup, HChem. Ber188Q 13, 2086-2087.

(4) For recent reports on quinoline synthesis, see: (a) Zhang, X.; Campo,
M. A.; Yao, T.; Larock, R. COrg. Lett 2005 7, 763-766. (b) Igarashi,

T.; Inada, T.; Sekioka, T.; Nakajima, T.; Shimizudhem. Lett2005 34,
106—-107 and references therein.

(5) (@) Matsugi, M.; Tabusa, F.; Minamikawa, J.fietrahedron Lett
200Q 41, 8523-8525. (b) Linderman, R. J.; Kirollos, K. Setrahedron
Lett 1990 31, 2689-2692. (c) Strekowski, L.; Czarny, A.; Lee, H.
Fluorine Chem200Q 104, 281—-284. (d) Panda, K.; Siddiqui, I.; Mahata,

P. K.; lla, H.; Junjappa, HSynlett2004 449-452.

800 J. Org. Chem2006 71, 800-803

2003 5, 4257-4259. (d) Du, W.; Curran, D. FOrg. Lett 2003 5, 1765

(9) (a) Akiyama, T.; Nakashima, S.; Yokota, K.; Fuchibe Ghem. Lett
2004 33,922-923. (b) Cho, C. S.; Oh, B. H.; Kim, J. S.; Kim, T.-J.; Shim,

S. C. Chem. Commun200Q 1885-1886. (c) Sangu, K.; Fuchibe, K.;
Akiyama, T.Org. Lett 2004 6, 353-355. (d) Cho, C. S.; Kim, B. T;
Choi, H.-J.; Kim, T.-J.; Shim, S. CTetrahedron2003 59, 7997-8002.
(e) Kimpe, N. D.; Keppens, MTetrahedron1996 52, 3705-3718.

(10) Mahata, P. K.; Venkatesh, C.; Kumar, U. K. S.; lla, H.; Junjappa,
H. J. Org. Chem2003 68, 3966-3975. Most other quinoline syntheses
using Vilsmeier-type reactions referenced therein also need more than an
equimolar amount of POgl

(11) Recently, some useful approaches assisted by microwave and/or
Lewis acid catalysts have been reported, although none of them were
performed on a large scale. (a) Makioka, Y.; Shindo, T.; Taniguchi, Y.;
Takai, K.; Fujiwara, Y.Synthesid995 801—-804. (b) Song, S. J.; Cho, S.

J.; Park, D. K.; Kwon, T. W.; Jenekhe, S. Aetrahedron Lett2003 44,
255-257. (c) Arcadi, A.; Chiarini, M.; Giuseppe, S. D.; Marinelli, Bynlett
2003 203-206. (d) Ranu, B. C.; Hajra, A.; Dey, S. S.; JanaTetrahedron
2003 59, 813-819. (e) Yadav, J. S.; Reddy, B. V. S.; Rao, R. S;
Naveenkumar, V.; Nagaiah, KSynthesi®003 1610-1614. (f) Yadav, J.
S.; Reddy, B. V. S.; Premalatha, Bynlett2004 963-966. (g) Yadav, J.
S.; Reddy, B. V. S.; Sreedhar, R.; Rao, S.; Nagaial§yhthesi2004 14,
2381-2385. (h) De, S. K.; Gibbs, R. Aletrahedron Lett2005 46, 1647—
1649.

(12) 2-Arylquinolines are biologically active and occur in structures of
antimalarial compounds and antitumor agents. See: (a) Craig,PMéd
Chem 1972 15, 144-149. (b) Atwell, G. J.; Baguley, B. C.; Denny, W.

A. J. Med Chem 1989 32, 396-401.

(13) Quinoline synthesis using imines and -€acetylides involving
dehydrogenative aromatization by imines was reported. See: Huma, H. Z,;
Halder, R.; Kalra, S. S.; Das, J.; IgbalT&trahedron Lett2002 43, 6485—

6488.
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TABLE 1. Optimization of the Reaction of 1a with 2a TABLE 2. Solvent and Catalyst Screef
talyst (5 mol%
H Ph H HCI (5 mO'%) /\/\/\”/H+ Ph\n/H w, Ph N\
/\/\/\ﬂ/ + il 5 N__ solvent, air, 60°C,6h | _
o) N. DMSO “Ph
Ph atmosphere 1a 2a 3a2a
1a 2a (X equiv) 60°C, 6 h
entry catalyst solvent yield (%)
Ph._N Ph_N H 1 HCIP DMSO 82
Z X 3 THF 8
4 CH,CICH,CI 7
3aa 4 5 He z
5 HCIe DMSO 71
yield (%) 6 TiCly 67
. 7 InCl; 6
entry atm X (equiv) 3aa 4 5 8 Yb(OTf:s 43
1 N2 1 43 31 29 9 PyrHCI~ 64
2 N2 2 81 0 73 10 CRCOOH 32
3 air 1 64 0 4 11d H2SOy 35
4 air 1.2 82 0 11 12 CRSGH 25
13 CRSOs;H + BusNCI 69
14 BwNCI 0
Ph.__H
\ﬂ/ aAll reactions were performed using heptartd (0.6 mmol) and
. H eV 22 benzylideneanilingZa _(0.72 mmol) ‘in DMSO (2 mL) under an air
n-CsHﬂ/\[(H n-CsHﬁN _H PnT atmosphere? 4 M in dioxane.c10 M in H,O. ¢ One drop of HSQ; was
0 1a HCI (cat.)/DMSO OH added.
n-CgHyq
Pho~ ‘ 9y result (entry 1). On the other hand, DMF gave the pro®aet
n-CsHy1 o nCeHy | % Ny + pp N~ -Ph in lower yield (entry 2), and lower basic solvents such as THF
Ph Zpe PhoA pathA e s and CHCICH.CI hardly afford the product (entries 3 and 4).
N C HN Using DMSO as a solvent, we next examined the catalysts. The
-H,0 . : .
\© (O) air 3aa + H0 use of aqueous HCI instead of H&lioxane as a catalyst
path B slightly decreased the yield (entry 5). TiGlfforded3aain a
moderate yield (entry 6), but Ingand Yb(OTf} did not work
FIGURE 1. Plausible mechanism: two paths for aromatization. well (entries 7 and 8). It is noteworthy that a weaker acid,

pyridinium chloride, gave a considerable yield of 64% (entry
but this was accompanied by an equimolar amount of afine 9). In addition, it is important that strong Bransted acids such
(entry 2). An air atmosphere, however, drastically decreasedas CRCOOH, HSQ,, and CESO;H gave much lower yields

the amount of aming and gave only the desired quinoliBaa (entries 16-12). However, addition of BANCI (5 mol %) to
(entry 3). Slightly excess amounts of imine afforded a satisfac- the reaction catalyzed by GEO;H raised the yield from 25%
tory yield (entry 4). to 69% (entry 13). NMR analysis suggested that the addition

These results suggest the mechanism described in Figure 10f BusNCI to the mixture of heptanal and @FO;H in DMSO-
Heptanallais in equilibrium with the enol form. Although the s slightly inclined the kete-enol equilibrium toward the enol
equilibrium is highly inclined toward the aldehyde form, the form!’ (see Supporting Information). Although the acidity of
generated enol immediately reacts with imi@a to form HCI in DMSO is weaker than in watéf,the chloride anion is
intermediate4 via intramolecular cyclization. Under an,N  hardly solvated and exists as a “naked anion”. It can act as an
atmosphered is able to be oxidized by imin2a, and quinoline effective base to catalyze an aldehyde enolization with the
3aais obtained along with aming(path A). A lack of2aresults proton. Those facts reasonably explain the importance of the
in the isolation of hydroquinoling (Table 1, entry 1). However, = combination of HCl and DMSO.
an aerobic condition effectively suppresses path A and leads to  gncoyraged by these results, we demonstrated the quinoline
path B to give the quinoline sufficientl. Oxygen in the air  ynthesis using various carbonyl compounds and infr@able
apparently acts as an effective oxidant forsaromatlzantl]éf 3). Primary aldehyded, afforded the corresponding quinolines
whereas other oxidants did not work weff (entries 13).1° Unfortunately, acetophenone did not give the

We examined solvents and catalysts in the reaction describedgesijred product but gave chalcone in 45% vyield. This result
in Table 2. Among the various solvents, DMSO gave the best jhgicates that intramolecular cyclization to the ketone moiety
cannot occur because of steric bulkiness (entry 4). Methyl

(14) HCl-assisted aza-triene-type cyclization ofa@alkenylimine was pyruvate which bears a more electrophilic carbonyl center
B s ket L oo™ easonably reacted with im0 give guinoinedeain 43%

5. 1605-1608. yield (entry 5). Our method tolerated imines bearing various

(15) We tested the reaction betweta (0.6 mmol) and2a (0.6 mmol) functional groups such as Br, OMe, COOH, OH, and furyl
under @ (1 atm)at 65°C for 6.5 h, and quinolinaa was obtained in
65% yield, just as in the reaction under an air atmosphere. When the reaction
is performed on a much larger scale, the use of oxygen instead of air must  (17) We have performed the NMR study using Ti®F Sc(OTf} (3

be more effective. equiv) as an additive for the heptanal enolization. However, no enolized
(16) We tested various oxidants such asriitrobenzene, Mng@ and product was found in both cases.

dimethyl acetylenedicarboxylate undes &mosphere conditions, but each (18) Bordwell, F. G.Acc. Chem. Red.988 21, 456-463.

of them critically decreased the yields. (19) Unfortunately, a secondary aldehyde gave a complicated mixture.
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TABLE 3. Reaction with Various Imines and Carbonyl Compound$

entry carbonyl compound imine product
/\/\/\n/ H Ph \ﬂ/ H Ph | Ny
o N-ph 7
1 1a 2a 82% 3aa
Ph N
Ph H N
\/\g/ Ph l =
2 1b 2a 80% 3ba
H Ph N
Ph
T —
Ph
3 1c 2a 69% 3ca
\n/ Ph Ph | N\
o) ¥z
4 1d 2a Ph
0% 3da
(e}
Ph N
\[Hk OMe | N
5b
o 1e 2a 7
COOMe
43% 3ea
hg! 0
/\/\/\n/ H H | NS O
N =
o N-ph
6 1a 2b R= Br 80% 3ab
7b 1a 2c OMe 64% 3ac
8° 1a 2d COOH 81% 3ad
Ph\n/H Ph I Ny
L .
9 1a R 2e = Br 79% 3ae
109 1a 2f OMe 81% 3af
11¢ 1a 2g OH 74% 3ag
JQ J0
= H _ N
| N
N-ph F
12 1a 2h 80% 3ah
OMe
Ph \ﬂ/ H Ph. _N
| ~N

B .
13 1a MeO 2i 55% 3ai

a All reactions were performed using carbonyl compodr(@.6 mmol), imine2 (0.72 mmol), and HCI (4 M in dioxane, 5 mol %) in DMSO (2 mL) under
an air atmosphere at 6 for 6 h.? At 80 °C for 6 h.c At 100 °C for 6 h.9 HCI (20 mol %).e HCI (50 mol %).

(entries 6-13)2° Notably, quinolines with a Br functional group  synthesis under an air bubbling condition g&a&in 73% yield
are important compounds because they are applicable to furthe10.0 g) as a pure form after column chromatography. Ad-

C—C bond coupling reactions (entries 6 anc®9)n addition, ditionally, when the reaction betweela and 2i was carried
2-furyl and 8-OMe quinolines have the useful ability of chelating out, the solid producdai was isolated only by filtration without
metals (entries 12 and 13). any other procedures such as distillation and chromatography.

To illustrate the preparative utility, our procedure was  Because imines generated from alkylaldehydes and aromatic
performed on a large scale (Scheme 1). A 50-mmol-scale amines are usually unstable and difficult to isolate, we examined
the reaction of in situ generated alkylimines. When we used

(20) Imines derived from ketone gave very low yields, and the reaction
is now under investigation.

(21) (@) Hu, Y.-Z.; Zhang, G.; Thummel, R. ©rg. Lett 2003 5, 2251~ (22) Das, V. G. K.; Wei, C.; Ng, S. WJ. Organomet. Cheni987,
2253. (b) Tagata, T.; Nishida, M. Org. Chem2003 68, 9412-9415. 322 33-47.
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SCHEME 1. Large-Scale Synthesis
HCI (5 mol%) PhNx
1a + 2a - - S | _
(50 mmol) DMSO, air bubbling, 60 °C, 6 h 3aa
73% 10.0 g (isolated)
OMe
Ph.__N
HCI (5 mol%) | ~
1a + 2i > .
DMSO, air bubbling, 60 °C, 6 h 3ai
(50 mmol) )
48% 7.3 g (isolated)
Only filtration
SCHEME 2. Reaction with in Situ Generated Alkylimines
NH, Rq
\/YH Ri HCI (5 mol%) \i:i“rj\
+
o DMSO, air, 60 °C, 6 h = R,
2.5 equiv Rz
1 6aR=H R,=H 3fa 70%
6b R;=OMe R,=H 3fb 75%
6cR=H  R,=OMe 3fc 60%
6dR=H R,=Cl 3fd 82%

2.5 equiv of butanalf and arylamine$a—d, the alkylimines

presumably generated in situ reacted wifrand afforded the

corresponding substituted quinolinegfg—d) (Scheme 2).

In summary, we have demonstrated an efficient, metal-free
practical approach for the synthesis of various substituted
quinolines. The HCl(cat)DMSO system effectively activates

JOCNote

neaniline (60 mmol) in dry DMSO (150 mL) was added HCI (4 M
in dioxane) (0.625 mL, 2.5 mmol) under an air bubbling condition.
After stirring for 6 h at 60°C, the reaction mixture was poured
into aqueous NaHC£X(50 mL) and water (500 mL). The solution
was extracted with EO (100 mL x 3). Collected organic layers
were dried over MgS® The solvent was evaporated under reduced
pressure, and the residue was purified by flash column chroma-
tography on silica gel. The solvents (500 mL of hexane, 500 mL
of hexane/EtOAc 99:1, 300 mL of hexane/EtOA& 98:2, 300
mL of hexane/EtOAc= 97:3, and 700 mL of hexane/EtOAe
95:5) eluted benzylaniling and then afforded the produgaa(10.0

g, 73%).

Large-Scale Synthesis of Quinoline 3ai Using Heptanal (1a)
and Benzylidene-2-methoxyaniline (2i) (Scheme 1Jhe reaction
flask (300 mL) was equipped with a CaQube, and air bubbling
was effectively performed through it (see the figure in the
Supporting Information). To a mixture of heptanal (50 mmol) and
benzylidene-2-methoxyaniline (60 mmol) in dry DMSO (150 mL)
was added HCI (4 M in dioxane) (0.625 mL, 2.5 mmol) under an
air bubbling condition. After stirring flo6 h at 60°C, the reaction
mixture was poured into aqueous NaH{60 mL) and water (500
mL). The solution was extracted withJet (100 mLx 3). Collected
organic layers were evaporated under reduced pressure (without a
rigorous removal of water), and the obtained solid was washed with
cold hexane (100 mlx 5) to give the producBai as a pure form
(7.28 g, 48%).

Quinoline Synthesis between Butanal (1f) and Arylamines
(6a—d) (Scheme 2).The reaction was performed under an air
atmosphere. To a mixture of arylamiii@a—d) (0.6 mmol) and
butanal {f) (1.5 mmol) in DMSO (2 mL) was added HCI (4 M in

carbonyl compounds to give the products. Aerobic conditions gioxane) (0.03 mmol). After stirring fo6 h at 60°C, the reaction
afford the quinolines by the sufficient use of an equimolar mixture was poured into aqueous NaHQ@O mL) and water (20
amount of imines. It is also interesting that a simple air bubbling mL). The solution was extracted with &t (10 mL x 3). Collected
system enabled us to demonstrate this system on a large scalerganic layers were evaporated under reduced pressure to give the

Experimental Section

General Procedure for Quinoline Synthesis Using Carbonyl
Compounds and Imines (Table 3).The reaction flask was
equipped with a drying tube (Cagfko perform the reaction under
an air atmosphere. To a mixture of carbonyl compounds (0.6 mmol)
and imines (0.72 mmol) in dry DMSO (2 mL) was added HCI (4
M in dioxane) (0.03-0.3 mmol), and the reactions were performed

crude product. The spectral data of the produ8fa-d) were in
excellent agreement with the reported cfta.
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was poured into aqueous NaHg(0 mL) and water (20 mL).

The solution was extracted with £ (10 mL x 3). Collected

organic layers were dried over Mg@O he procedures of further

Supporting Information Available: Experimental procedures,
spectroscopic details of new compounds, and data for the single-

purification for new compounds are shown in the Supporting crystal X-ray analysis d3ba (pdf and cif). This material is available

Information.

Large-Scale Synthesis of Quinoline 3aa Using Heptanal (1a)
and Benzylideneaniline (2a) (Scheme 1T.he reaction flask (300
mL) was equipped with a Cagltube, and air bubbling was
effectively performed through it (see the figure in the Supporting
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