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A variety of substituted quinolines are synthesized from
imines and enolizable carbonyl compounds under aerobic
conditions, in which only water is a byproduct. In DMSO,
a catalytic amount of HCl 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 activities1 are widely used as, e.g., antimalarial,
antiinflammatory, and antibacterial agents.2 Because of their
importance, the synthesis of substituted quinolines has been a
focus of organic chemistry since Skraup’s procedure was
reported over a century ago,3 and a large number of general
synthetic methods have been reported.4 However, most of the
synthetic routes still suffer from various problems: (1) harsh
conditions,5 (2) multisteps,6 and (3) a large amount of promoters

such as a base,7 expensive and/or harmful metals,8 the oxidants
for the aromatization,9 and other additives.10 Thus, the develop-
ment of more simple and practical methods is strongly desired.11

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 quinoline3aa12 using
heptanal1a and benzylideneaniline2a catalyzed by HCl (4 M
in dioxane) under an N2 atmosphere. The reaction was com-
pleted within 6 h and provided quinoline3aa in 43% yield
accompanied by a considerable amount of 1,2-dihydroquinoline
4 and amine5 (Table 1, entry 1).13 Using 2 equiv of imine2a
increased the yield of3aa to 81% without the formation of4,
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but this was accompanied by an equimolar amount of amine5
(entry 2). An air atmosphere, however, drastically decreased
the amount of amine5 and gave only the desired quinoline3aa
(entry 3). Slightly excess amounts of imine afforded a satisfac-
tory yield (entry 4).

These results suggest the mechanism described in Figure 1.
Heptanal1a is in equilibrium with the enol form. Although the
equilibrium is highly inclined toward the aldehyde form, the
generated enol immediately reacts with imine2a to form
intermediate4 via intramolecular cyclization. Under an N2

atmosphere,4 is able to be oxidized by imine2a, and quinoline
3aais obtained along with amine5 (path A). A lack of2a results
in the isolation of hydroquinoline4 (Table 1, entry 1). However,
an aerobic condition effectively suppresses path A and leads to
path B to give the quinoline sufficiently.14 Oxygen in the air
apparently acts as an effective oxidant for aromatization of4,15

whereas other oxidants did not work well.9,16

We examined solvents and catalysts in the reaction described
in Table 2. Among the various solvents, DMSO gave the best

result (entry 1). On the other hand, DMF gave the product3aa
in lower yield (entry 2), and lower basic solvents such as THF
and CH2ClCH2Cl hardly afford the product (entries 3 and 4).
Using DMSO as a solvent, we next examined the catalysts. The
use of aqueous HCl instead of HCl-dioxane as a catalyst
slightly decreased the yield (entry 5). TiCl4 afforded3aa in a
moderate yield (entry 6), but InCl3 and Yb(OTf)3 did not work
well (entries 7 and 8). It is noteworthy that a weaker acid,
pyridinium chloride, gave a considerable yield of 64% (entry
9). In addition, it is important that strong Brønsted acids such
as CF3COOH, H2SO4, and CF3SO3H gave much lower yields
(entries 10-12). However, addition of Bu4NCl (5 mol %) to
the reaction catalyzed by CF3SO3H raised the yield from 25%
to 69% (entry 13). NMR analysis suggested that the addition
of Bu4NCl to the mixture of heptanal and CF3SO3H in DMSO-
d6 slightly inclined the keto-enol equilibrium toward the enol
form17 (see Supporting Information). Although the acidity of
HCl in DMSO is weaker than in water,18 the chloride anion is
hardly solvated and exists as a “naked anion”. It can act as an
effective base to catalyze an aldehyde enolization with the
proton. Those facts reasonably explain the importance of the
combination of HCl and DMSO.

Encouraged by these results, we demonstrated the quinoline
synthesis using various carbonyl compounds and imines2 (Table
3). Primary aldehydes,1, afforded the corresponding quinolines
(entries 1-3).19 Unfortunately, acetophenone did not give the
desired product but gave chalcone in 45% yield. This result
indicates that intramolecular cyclization to the ketone moiety
cannot occur because of steric bulkiness (entry 4). Methyl
pyruvate which bears a more electrophilic carbonyl center
reasonably reacted with imine2a to give quinoline3eain 43%
yield (entry 5). Our method tolerated imines bearing various
functional groups such as Br, OMe, COOH, OH, and furyl

(14) HCl-assisted aza-triene-type cyclization of ano-alkenylimine was
reported, although the process is not likely to be included in our system.
See: Mehta, B. K.; Yanagisawa, K.; Shiro, M.; Kotsuki, H.Org. Lett. 2003,
5, 1605-1608.
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is performed on a much larger scale, the use of oxygen instead of air must
be more effective.

(16) We tested various oxidants such as I2, nitrobenzene, MnO2, and
dimethyl acetylenedicarboxylate under N2 atmosphere conditions, but each
of them critically decreased the yields.

(17) We have performed the NMR study using TiCl4 or Sc(OTf)3 (3
equiv) as an additive for the heptanal enolization. However, no enolized
product was found in both cases.
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TABLE 1. Optimization of the Reaction of 1a with 2a

yield (%)

entry atm X (equiv) 3aa 4 5

1 N2 1 43 31 29
2 N2 2 81 0 73
3 air 1 64 0 4
4 air 1.2 82 0 11

FIGURE 1. Plausible mechanism: two paths for aromatization.

TABLE 2. Solvent and Catalyst Screena

entry catalyst solvent yield (%)

1 HClb DMSO 82
2 DMF 38
3 THF 8
4 CH2ClCH2Cl 7

5 HClc DMSO 71
6 TiCl4 67
7 InCl3 6
8 Yb(OTf)3 43
9 PyrH+Cl- 64

10 CF3COOH 32
11d H2SO4 35
12 CF3SO3H 25
13 CF3SO3H + Bu4NCl 69
14 Bu4NCl 0

a All reactions were performed using heptanal1a (0.6 mmol) and
benzylideneaniline2a (0.72 mmol) in DMSO (2 mL) under an air
atmosphere.b 4 M in dioxane.c 10 M in H2O. d One drop of H2SO4 was
added.
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(entries 6-13).20 Notably, quinolines with a Br functional group
are important compounds because they are applicable to further
C-C bond coupling reactions (entries 6 and 9).21 In addition,
2-furyl and 8-OMe quinolines have the useful ability of chelating
metals (entries 12 and 13).22

To illustrate the preparative utility, our procedure was
performed on a large scale (Scheme 1). A 50-mmol-scale

synthesis under an air bubbling condition gave3aain 73% yield
(10.0 g) as a pure form after column chromatography. Ad-
ditionally, when the reaction between1a and 2i was carried
out, the solid product3ai was isolated only by filtration without
any other procedures such as distillation and chromatography.

Because imines generated from alkylaldehydes and aromatic
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) (a) Hu, Y.-Z.; Zhang, G.; Thummel, R. P.Org. Lett. 2003, 5, 2251-
2253. (b) Tagata, T.; Nishida, M.J. Org. Chem. 2003, 68, 9412-9415.

(22) Das, V. G. K.; Wei, C.; Ng, S. W.J. Organomet. Chem. 1987,
322, 33-47.

TABLE 3. Reaction with Various Imines and Carbonyl Compoundsa

a All reactions were performed using carbonyl compound1 (0.6 mmol), imine2 (0.72 mmol), and HCl (4 M in dioxane, 5 mol %) in DMSO (2 mL) under
an air atmosphere at 60°C for 6 h. b At 80 °C for 6 h. c At 100 °C for 6 h. d HCl (20 mol %).e HCl (50 mol %).
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2.5 equiv of butanal1f and arylamines6a-d, the alkylimines
presumably generated in situ reacted with1f and afforded the
corresponding substituted quinolines (3fa-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
carbonyl compounds to give the products. Aerobic conditions
afford the quinolines by the sufficient use of an equimolar
amount of imines. It is also interesting that a simple air bubbling
system enabled us to demonstrate this system on a large scale.

Experimental Section

General Procedure for Quinoline Synthesis Using Carbonyl
Compounds and Imines (Table 3).The reaction flask was
equipped with a drying tube (CaCl2) to 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 HCl (4
M in dioxane) (0.03-0.3 mmol), and the reactions were performed
under the conditions described in Table 3. The reaction mixture
was poured into aqueous NaHCO3 (10 mL) and water (20 mL).
The solution was extracted with Et2O (10 mL × 3). Collected
organic layers were dried over MgSO4. The procedures of further
purification for new compounds are shown in the Supporting
Information.

Large-Scale Synthesis of Quinoline 3aa Using Heptanal (1a)
and Benzylideneaniline (2a) (Scheme 1).The reaction flask (300
mL) was equipped with a CaCl2 tube, and air bubbling was
effectively performed through it (see the figure in the Supporting
Information). To a mixture of heptanal (50 mmol) and benzylide-

neaniline (60 mmol) in dry DMSO (150 mL) was added HCl (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 NaHCO3 (50 mL) and water (500 mL). The solution
was extracted with Et2O (100 mL× 3). Collected organic layers
were dried over MgSO4. 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/EtOAc) 98:2, 300
mL of hexane/EtOAc) 97:3, and 700 mL of hexane/EtOAc)
95:5) eluted benzylaniline5 and then afforded the product3aa(10.0
g, 73%).

Large-Scale Synthesis of Quinoline 3ai Using Heptanal (1a)
and Benzylidene-2-methoxyaniline (2i) (Scheme 1).The reaction
flask (300 mL) was equipped with a CaCl2 tube, 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 HCl (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 NaHCO3 (50 mL) and water (500
mL). The solution was extracted with Et2O (100 mL× 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 mL× 5) to give the product3ai 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 arylamine(6a-d) (0.6 mmol) and
butanal (1f) (1.5 mmol) in DMSO (2 mL) was added HCl (4 M in
dioxane) (0.03 mmol). After stirring for 6 h at 60°C, the reaction
mixture was poured into aqueous NaHCO3 (10 mL) and water (20
mL). The solution was extracted with Et2O (10 mL× 3). Collected
organic layers were evaporated under reduced pressure to give the
crude product. The spectral data of the products (3fa-d) were in
excellent agreement with the reported data.23
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SCHEME 1. Large-Scale Synthesis

SCHEME 2. Reaction with in Situ Generated Alkylimines

J. Org. Chem, Vol. 71, No. 2, 2006 803




