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Abstract: An efficient synthesis of polyhydroquinoline derivatives
were reported via four-component coupling reactions of aldehydes,
dimedone, ethyl acetoacetate and ammonium acetate in the pres-
ence of a catalytic amount of ionic liquid under solvent free condi-
tions. In the meantime, the catalytic effect of different ionic liquids
on the reaction has also been investigated.
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In recent years, much attention has been directed towards
the syntheses of 1,4-dihydro pyridyl compounds due to
the fact that 1,4-dihydro pyridyl compounds possess ava-
riety of biologica activities.®® For example, 1,4-dihydro
pyridyl compounds as the chain-cutting agent of factor |V
channel* can cure the disordered heart ratio.>® Relative-
ly speaking, 1,4-dihydro pyridine derivatives combining
single ring have been mostly reported.

In view of the importance of polyhydroquinoline deriva-
tives, many classica methods for the synthesis of polyhy-
droquinoline  derivatives were reported”*? by
conventional heating and refluxing approaches in the
presence of organic solvent. These methods, however, in-
volve long reaction time, harsh reaction conditions, the
use of alarge quantity of organic solvent and unsatisfac-
tory yields. Therefore, improvements in such syntheses
have been sought continuously. More recently, Tu et al.
reported the preparation of polyhydroquinoline deriva-
tives under microwave irradiation. 31

Owing to the great potential of ionic liquids asan environ-
mentally friendly media for catalytic processes, much
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attention currently has been focused on organic reactions
catalyzed by ionic liquids, and severa reactions catalyzed
by ionic liquids have been reported with good results,*>2°
which offered some new clues that using ionic liquids as
catalysts for those traditionally reactions may not only be
possible but also practical and even highly efficient. To
our knowledge, so far there is no report on this reaction
catalyzed by ionic liquids under solvent free conditions.

In past reports, our group described asymmetric Mannich-
type reactions® and the syntheses of bis(in-
dolyl)methanes® utilizing ionic liquids as a new reaction
media, and good results have been achieved. In continua-
tion of our work to apply ionic liquidsto organic reactions
in the context of green and economical chemistry, herein,
we would like to report a facile synthesis of polyhydro-
guinoline derivativesin the presence of a catalytic amount
of ionic liquid under solvent free conditions, as shown in
Scheme 1.

Inour initial research, 4-chlorobenzaldehyde was sel ected
as arepresentative aldehyde in order to optimize the reac-
tion conditions. Ascan be seen from Table 1, it was found
that the reaction in the presence of a catalytic amount of
ionic liquid needs shorter reaction time than that without
any catalyst at room temperature (Table 1, entries 1 and
2). But when the reaction was investigated at 90 °C, the
reaction catalyzed by ionic liquid [hmim]BF, was com-
pleted with higher yield and in shorter reaction time
(Table 1, entries 3 and 4). Obviously, the temperature and
the catalyst have important effect on the reaction. So the
best condition wasthat the reaction was catalyzed by ionic
liquid [hmim]BF, at 90 °C.
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Tablel The Selection of the Reaction Conditions?

Cl
? »
o O NH4OAC o
ClOCHO + N + COOC,Hs
OCzHs o lonicLiquid |
N
H
Entry Temperature (°C) lonic liquid Time (min) Yield (%)°
1 25 - 140 76
2 25 [hmim]BF, 00 78
3 90 - 16 81
4 90 [hmim]BF, 8 95

a All reactions were run in 4-chlorobenzal dehyde—ethy| acetoacetate—dimedone—ammonium acetate = 1:1:1:1.5 (mmol) at 8090 °C under

solvent free conditions.
b |solated yields

Using the best conditions reported in Table 1(entry 4), we
continued to investigate the reaction at the temperature of
90 °C using seven different ionic liquids, i.e. butylmeth-
ylimidazolium tetrafluoro borate ([bmim]BF,), hexylme-
thylimidazolium tetrafluoroborate ([hmim]BF,),
octylmethyl imidazolium tetrafluoroborate ([omim]BF,),
nonylmethylimidazolium tetrafluoroborate ([nmim]BF,),
decylmethylimidazolium tetrafluoroborate ([dmim]BF,),
hexylmethylimidazolium hexafluorophosphate ([hmim]
PFs), and hexylmethylimidazolium bromide ([hmim]Br),
has been investigated. All theresultsarelisted in Table 2.
In ionic liquids such as [hmim]BF,, [dmim]BF,,
[hmim]PF,, and [hmim]Br, the desired product was
obtained in satisfactory yields.

Table2 Synthesis of 4-(p-Chlorobenzyl)-3-ethoxyl Carbonyl-
1,4,5,6,7,8-hexahydro-5-oxo-2,7,7-trimethyl Quinoline Catalyzed by
Various lonic Liquids under Solvent-Free Conditions®

Entry lonic liquid Time (min) Yield (%)°
1 [bmim]BF, 7 83
2 [hmim]BF, 8 95
3 [omim]BF, 15 91
4 [nmim]BF, 6 86
5 [dmim]BF, 10 9%
6 [hmim]PFg 10 95
7 [hmim]Br 12 96

aAll reactions were run in 4-chlorobenzal dehyde—ethyl acetoacetate—
dimedone—-ammonium acetate = 1:1:1:1.5 (mmol) at 80-90 °C under
solvent free conditions.

b |solated yields
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Considering the reaction time and the yield, ionic liquid
[hmim]BF, was selected as the optimum catalyst for this
reaction to promote the synthesis of polyhydroquinoline
derivatives (Table 2, entry 2). Encouraged by these re-
sults, we then continued to study the reaction using vari-
ous adehydes in the presence of a catalytic amount of
ionic liquid [hmim]BF, The results were summaized in
Table 3 indicating that both aliphatic and aromatic alde-
hydes underwent smooth reaction with dimedone, ammo-
nium acetate and ethyl acetoacetate to give high yields of
products (Table 3).

Clearly, the effect of the nature of the substituents on the
aromatic ring showed no obvious effect on this conver-
sion, because they were obtained in excellent yields; ali-
phatic aldehydes such as heptal dehyde al so afforded good
yields of product in 18 minutes. In addition, the structure
of 2d was further confirmed by single crystal X-ray
crystallography (Figure 1).

Figurel The X-ray crystallography of 2d.?*
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Table3 Synthesisof Polyhydroquinoline Derivatives with Various Aldehydes Catalyzed by Ionic Liquid [hmim]BF, under Solvent-Free
Conditions

Entry RCHO Products®® Time(min)  Yied (%)®  Mp (°C)

Obtained Reported
©/ CHO
1

2a 10 95 227-229 265-266%
CHO
2 HsCO 2b 9 9% 260-261 263-2641223
: CHO
3 d 2 8 95 246-247 2452461223
CHO
O 14
4 L0 2d 5 %4 251-253 197-199
CHO
5  ON %e 14 o1 242-244
: CHO CHs
H3C 123
6 of 12 93 267-268 29720812
CHO
! \&
7 s 29 15 91 248-250
8 2h 26 92 208-210
9 2i 10 %4 235237 210-212%
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Table3 Synthesisof Polyhydroquinoline Derivatives with Various Aldehydes Catalyzed by lonic Liquid [hmim]BF, under Solvent-Free
Conditions (continued)

Entry RCHO Products®® Time(min)  Yied (%)®  Mp (°C)
Obtained Reported
O .
10 CO,Et 2 18 89 153-154
|
N
H

2 All products were characterized by IR, *H NMR spectroscopy and elemental analysis.
b |solated yields.
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washed with water, filtered and dried in vacuum to afford the
crude product. A pure product was obtained by further
recrystallization using absolute alcohal. 2a: IR (KBr): 3290,
1698, 1612 cm. 'H NMR (400 MHz, CDCl,): 6 =0.92 (s,
3H, CH,), 1.06 (s, 3H, CH,), 1.08 (m, 3 H, CH,CH,), 2.18
(m,4H,2xCH,),241(s, 3H, CH,),4.08 (9, J; =J,=6.0
Hz, 2 H, CH,CH,), 5.06 (s, 1 H, CH), 5.90 (s, 1 H, NH),
7.03-7.4 (m, 5H, ArH). Anal. Calcd for C, H,sNO;: C,
74.31; H, 7.42; N, 4.13. Found: C, 74.57; H, 7.51; N, 4.06.
2f: IR (KBr): 3275, 1702, 1647 cm™. *H NMR (400 MHz,
CDCl3): 6 =0.92 (s, 3H, CH3), 1.08 (s, 3H, CHy), 1.24 (t,
J,=J,=7.2Hz,3H, CH,CH,), 2.16 (s, 3H, CHj;), 2.26 (m,

4H,2xCH,), 240 (s, 3H, CH5), 4.08 (m, 2 H, CH,CH,),
5.00 (s, 1 H, CH), 5.80 (s, 1 H, NH), 7.00 (d, J=8.0 Hz, 2
H, ArH) 6.80 (d, J=8.0 Hz, 2 H, ArH). Anal. Calcd for
C,,H,7NO;: C, 74.76; H, 7.70; N, 3.96. Found: C, 74.92; H,
7.79; N, 3.90. 2i: IR (KBr): 3399, 3293, 1698, 1644 cm™.
IH NMR (400 MHz, CDCl,): § =0.94 (s, 3H, CH,), 1.06 (s,
3H, CHy),1.22(t,J,=J,=7.2Hz, 3H, CH,CH,), 2.20 (s,
3H, CHy), 238 (m, 4 H, 2x CH,), 3.89 (s, 3H, CH,), 4.12
(0, J;=J,=7.2Hz, 2 H, CH,CH,), 5.00 (s, 1 H, CH), 5.40
(s,1H, OH), 5.76 (s, L H, NH), 6.74 (m, 2 H, ArH) 7.00 (d,
1H, ArH). Anal. Calcd for C,,H,,NOs: C, 68.55; H, 7.06; N,
3.63. Found: C, 68.53; H, 7.11; N, 3.51.
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