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Abstract

Polyhydroquinoline derivatives have been efficiently prepared on polyethylene glycol (PEG) via
one-pot condensation of PEG-bound acetoacetate, 1,3-cyclohexanedione, ammonium acetate and
the appropriate aromatic aldehyde in the presence of catalytic amounts of polyphosphoric acid by
solvent-free microwave irradiation. The procedure provided the target compounds in excellent
yield and purity with a facile work-up procedure.
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Introduction

4-Substituted 1,4-dihydropyridines (1,4-DHPs) are analogues of NADH coenzymes and an
important class of drugs.! Current literature reveals that these compounds possess a variety of
biological activities. > Furthermore, hydrogenation methods for the conversion of these
compounds to pyridines have been investigated intensively.’ Classical methods for the synthesis
of 1,4-dihydropyridines are one-pot condensation of an aldehyde with ethyl acetoacetate and
ammonium acetate, either in acetic acid or under reflux in alcohols.* However, these methods
suffer from several drawbacks such as a long reaction times, an excess of organic solvent, lower
product yields, and harsh refluxing conditions. Therefore, it is necessary to develop more
efficient and versatile methods for the preparation of 1,4-DHPs and the progress in this area is
remarkable, including the recent use of microwaves,” ionic liquids,’ refluxing at high
temperature,7 TMSCI—NaI,8 Yb(OTf)3,9 Ceric ammonium nitrate, 0, and solid-phase organic
synthesis (SPOS) techniques.'? Although some reactions are satisfactory in terms of yield, the
use of high temperatures, expensive metal precursors, catalysts that are harmful to the
environment, and long reaction times limits the use of these methods. Recently, organic synthesis
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of small molecular compounds on soluble polymers, i.e. liquid-phase organic synthesis (LPOS),
has become an increasingly attractive field.” This approach couples the advantages of
homogeneous solution chemistry (high reactivity, lack of diffusion phenomena and ease of
analysis without the cleavage-and-check procedures) with those of SPOS (use of excess of
reagents and easy isolation and purification of the products). Moreover, owing to the
homogeneity of liquid-phase reactions, the reaction conditions can be utilized readily according
to the corresponding solution-phase systems without large changes, and the excess of reagents is
less than that in solid-phase reactions. Among the various soluble polymers, polyethylene glycol
(PEQG) is the most useful and promising. As part of an ongoing research program focused on the
use of PEG-supported B-keto ester in liquid-phase organic synthesis,'* we developed herein the
Hantzsch reaction on PEG that offers the desired products, i.e. polyhydroquinoline derivatives, in
excellent yield and high purity after the direct cleavage from PEG, maintaining the simplicity of
the one-pot procedure (Scheme 1). To our knowledge, there have been no reports regarding the
liquid-phase synthesis of polyhydroquinoline derivatives.
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Scheme 1

Results and Discussion

The PEG 4000 bound acetoacetate 1 was prepared easily by reacting dihydroxyl PEG 4000 with
2,2,6-trimethyl-4H-1,3-dioxin-4-one in anhydrous toluene under reflux for 5 h.'* The conversion
of the terminal hydroxyl groups on PEG to 1 was indicated by C=0 absorptions at 1743 and
1718 cm™ in the IR spectrum, corresponding to ester and ketone carbonyl groups, respectively,
and was determined by 'H NMR to be quantitative. In this liquid-phase synthetic process, the
condensation of PEG-bound acetoacetate 1 with 1,3-cyclohexanedione (2), aromatic aldehydes
and ammonium acetate would be the key step for the success of this protocol. First, the mixture
of PEG-bound acetoacetate 1, benzaldehyde (3a), 2 and ammonium acetate was chosen as the
model reaction to investigate the liquid-phase synthesis of ethyl 2-methyl-5-ox0-4-phenyl-
1,4,5,6,7,8- hexahydroquinoline-3-carboxylate (5a). Apparently, Lewis acids such as Yb(OTf)3,9
Ceric ammonium nitrate, '° efc., could not be transferred to the PEG supported reaction system,
since the Lewis acids would become ineffective due to the strong coordination between Lewis
acids and the oxygen atoms on the PEG chain. Accordingly, the above mixture was stirred in
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refluxing EtOH or AcOH for 10 h, or longer, respectively, using the classical solution-phase
method. However, the condensation on PEG was not complete as monitored by FT-IR
microscopy study of the PEG-bound intermediate 4a showing a new moderately strong
absorption near 1690 cm™ corresponding to the carbonyl stretch of the carbonyl group of the
polyhydroquinoline ring but still exhibiting a relatively intense band near 1718 cm™, which
corresponds to the ketone carbonyl group of PEG-bound acetoacetate 1. With addition of
iodine'' into the system, the speed of the reaction was obviously accelerated, but the yield of
target compound 5a cleaved from PEG was not yet satisfactory. Inspired by the results of the
application of microwave (MW) irradiation,” a better result was obtained by employing MW
heating under similar reaction conditions. Interestingly, after a series of experiments, the best
result was obtained in the above condensation reaction when a catalytic amount of the non-
volatile, high boiling and non-oxidizing polyphosphoric acid (PPA) was added under 400 W
irradiation power for 3 min without solvent. This reaction process promoted by microwave was
also monitored by FT-IR microscopy, which showed complete disappearance of the ketone
carbonyl stretch near 1718 cm™ and the appearance of a new carbonyl stretch group for the
polyhydroquinoline ring near 1690 cm™ of the PEG-bound intermediate 4a. Furthermore, this
was confirmed by proton NMR spectroscopy of 4a since the methyl proton (CHs) of the PEG-
bound acetoacetate 1 was shifted downfield from 6 = 2.27 to 2.40 ppm. When the irradiation was
stopped, the solids were treated with a small quantity of CH,Cl,, the PEG-bound intermediate 4a
was then filtered and precipitated by addition of diethyl ether and was separated by filtration.
The target compound 5a was obtained in 94% yield and 97 % HPLC purity of crude product by
cleavage from the PEG support under the treatment of the PEG-bound product Sa with NaOEt in
EtOH with stirring overnight. Following the synthesis of Sa on PEG, a set of related compounds
(5b-5i) was prepared using an analogous synthetic protocol. As shown in Table 1, the yields (90-
95 %) are excellent and the purities are satisfactory (=95 %). It appears that there is no apparent
electronic effect on the liquid-phase synthetic reaction and aromatic aldehydes with electron-
withdrawing or electron-donating groups are both effective substrates. In some cases, a trace
amount of the PEG residue might contaminate the final products 5, which can be easily removed
by recrystallization from hot ethanol or by passing the crude product through a pad of silica gel
column (10-15 % ethyl acetate in hexane as the eluent).

Additionally, cleavage of the resin-bound intermediate 4 via an alternative process was
investigated as shown in Scheme 2. For example, treatment of 4a with 50 % TFA in CH,Cl, at
room temperature for 1 h furnished 2-methyl-5-oxo0-4-phenyl-1,4,5,6,7,8-hexahydroquinoline-3-
carboxylic acid 6a ° in 93 % yield and 95 % HPLC purity.

In summary, an efficient PEG supported Hantzsch reaction has been described for the liquid-
phase synthesis of polyhydroquinoline derivatives under solvent-free microwave promotion via
one-pot four-component coupling reactions of PEG-bound acetoacetate, 1,3-cyclohexanedione,
aromatic aldehydes and ammonium acetate in the presence of catalytic amounts of PPA. The
process presented here is operationally simple, environmentally benign and affords excellent
yields and purity, compared with the classical solution-phase reactions.
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Table 1. Yields and purities of polyhydroquinoline derivatives Sa-5i

Entry  Ar (Aromatic aldehydes 3)  Product Yield (%) ¢ Purity (%) b
1 Ce¢Hs (3a) Sa 94 97
2 2-NO,C¢H4 (3b) 5b 94 96
3 4-NO,C¢H4 (3¢) Sc 95 95
4 4-MeC¢Hy4 (3d) 5d 93 96
5 4-MeOC¢Hy4 (3¢) Se 92 95
6 4-CIC¢H4 (39) 5f 92 96
7 4-FC¢Hs (3g) S5¢g 93 96
8 4-HOCgH4 (3h) 5h 91 95
9 2-Furyl (31) 5i 90 95

“Isolated yield based on loading of original HO-PEG-OH; ” Determined on HPLC analysis of
crude products before purification.
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Scheme 2

Experimental Section

General Procedures. Melting points were determined on an X4 melting point apparatus and are
uncorrected. 'H NMR spectra were recorded on a Bruker Avance (400 MHz) spectrometer. FT-
IR spectra were taken on a Perkin-Elmer SP One FT-IR spectrophotometer. Mass spectra (EI,
70eV) were recorded on a HP5989B mass spectrometer. Microanalyses were performed with a
PE 2400 elemental analyzer. HPLC analysis was carried out on Agilent 1100 automated system
having a PDA detector (A max = 254 nm) using a gradient from 100 % of the aqueous 0.1 % TFA
(eluent A) to 60 % eluent A-40% of 0.5 % TFA in acetonitrile (eluent B) over 35 min (0.8
mL/min) on a RP-18e column (100x4.6 mm). MW experiments were performed on a Galaz WP
800J-823 domestic microwave oven. 1,3-cyclohexanedione, ammonium acetate, aromatic
aldehydes were obtained from commercial sources and used without further purification.

General procedure for the preparation of polyhydroquinoline derivatives (5a-5i)

At room temperature, PPA (2-3 drops) was added to the completely ground powder of PEG 4000
bound acetoacetate acet 1'* (1.0 g, 0.5 mmol), 1,3-cyclohexanedione 2 (1.0 mmol), ammonium
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acetate (1.2 mmol) and the corresponding aromatic aldehyde 3 (1.0 mmol). The resulting mixture
was added into an open vessel, stirred with a spatula for 30 s, and the vessel was placed inside a
large container filled with alumina at the center of a domestic microwave oven. After irradiation
at 400 W for 3-4 min, the mixture was cooled to room temperature and a small volume of
dichloromethane (5 mL) was added. After filtration, diethyl ether (30 mL) was added with
stirring to precipitate the polymer 4. For completion of the precipitation, the suspension was left
at 0°C for another 30 min. The polymer 4 was collected and washed several times with diethyl
ether (3x10 mL). After drying in vacuo, the solid was added to a NaOEt (1N)/EtOH solution (15
mL) to cleave the products at room temperature overnight (checked by TLC). The target
compounds 5 were obtained by extraction from the reaction mixture with EtOAc, dilution with
H,0 (20 mL) and then removal of the solvent. The crude yellow products were purified further
by recrystallization from hot ethanol or by passing the crude product through a pad of silica gel
(10-15% ethyl acetate in hexane) to give a yellow or brown solid, if necessary.

Ethyl 2-methyl-5-0x0-4-phenyl-1,4,5,6,7,8-hexahydroquinoline-3-carboxylate (5a). Mp 241-
242 °C; "H NMR (CDCls, 400 MHz): § = 7.30-7.26 (m, 2H), 7.22-7.19 (m, 2H), 7.13-7.10 (m,
1H), 6.06 (s, 1H), 5.08 (s, 1H), 4.05 (q, J = 6.8 Hz, 2H), 2.45-2.31 (m, 7H), 2.09-1.85 (m, 2H),
1.19 (t, J = 6.8 Hz, 3H); °C NMR (CDCls, 100 MHz): & = 195.6, 167.4, 149.5, 147.1, 143.2,
128.0, 127.9, 126.0, 113.4, 106.1, 59.7, 37.1, 36.4, 27.5, 21.1, 19.2, 14.2; IR (KBr): v = 3283,
1703, 1695, 1614 cm™; EIMS: m/z (%) = 311 (M"); Anal. Calcd for C;oH,NOs: C, 73.29; H,
6.80; N, 4.50. Found: C, 73.35; H, 6.88; N, 4.56.

Ethyl 2-methyl-5-0x0-4-(2-nitrophenyl)-1.,4,5,6,7,8-hexahydroquinoline-3-carboxylate (5b).
Mp 191-192 °C; 'H NMR (CDCls, 400 MHz): & = 7.71-7.68 (m, 1H), 7.61-7.40 (m, 2H), 7.40 (s,
1H), 7.25-7.22 (m, 1H), 5.88 (s, 1H), 4.08-4.02 (m, 2H), 2.51-2.21 (m, 7H), 2.00-1.75 (m, 2H),
1.12 (t, J = 7.1 Hz, 3H); C NMR (CDCls, 100 MHz): 8 =196.0, 167.2, 152.2, 148.2, 145.3,
141.8, 132.6, 131.0, 126.4, 123.5, 111.9, 104.6, 59.7, 36.6, 32.4, 26.85, 20.8, 18.7, 13.9; IR
(KBr): v = 3285, 1705, 1692, 1620, 1525 cm™'; EIMS: m/z (%) = 356 (M"); Anal. Calcd for
Ci9H20N20s: C, 64.04; H, 5.66; N, 7.86. Found: C, 64.11; H, 5.71; N, 7.90.

Ethyl 2-methyl-5-0x0-4-(4-nitrophenyl)-1,4,5,6,7,8-hexahydroquinoline-3-carboxylate (5c).
Mp 205-206 °C; 'H NMR (CDCls, 400 MHz): § = 7.30-7.26 (m, 2H), 7.22-7.19 (m, 2H), 6.06 (s,
1H), 5.08 (s, 1H), 4.05 (q, J = 6.8 Hz, 2H), 2.45-2.31 (m, 7H), 2.09-1.85 (m, 2H), 1.19 (t, /= 6.8
Hz, 3H); °C NMR (CDCl;, 100 MHz): § =196.2, 167.1, 154.9, 151.6, 146.4, 144.8, 134.9,
129.0, 111.9, 104.5, 60.1, 37.1, 36.8, 27.2, 20.9, 19.2, 14.1; IR (KBr): v = 3287, 1708, 1696,
1623, 1518 cm'l; EIMS: m/z (%) = 356 (M"); Anal. Caled for C19H,0N,Os: C, 64.04; H, 5.66; N,
7.86. Found: C, 64.10; H, 5.70; N, 7.89.

Ethyl 2-methyl-5-0x0-4-(4-methylphenyl)-1,4,5,6,7,8-hexahydroquinoline-3-carboxylate
(5d). Mp 241-242 °C; "H NMR (CDCls, 400 MHz): & = 7.32 (s, 1H), 7.19 (d, J = 8.0 Hz, 2H),
7.01 (d, J = 8.0 Hz, 2H), 5.05 (s, 1H), 4.07 (q, J = 7.2 Hz, 2H), 2.50-2.21 (m, 10H), 2.10-1.80
(m, 2H), 1.21 (t, J = 7.2 Hz, 3H); °C NMR (CDCl;, 100 MHz): § =196.3, 167.6, 151.4, 144.5,
143.9, 135.4, 129.6, 128.5, 127.7, 112.7, 105.8, 59.7, 37.0, 35.8, 26.9, 20.9, 18.9, 14.1; IR (KBr):
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v = 3272, 1700, 1690, 1645 cm™; EIMS: m/z (%) = 325 (M"); Anal. Calcd for CoHy3NOs: C,
73.82; H, 7.12; N, 4.30. Found: C, 73.86; H, 7.16; N, 4.33.

Ethyl 2-methyl-5-0x0-4-(4-methoxyphenyl)-1,4,5,6,7,8-hexahydroquinoline-3-carboxylate
(5e). Mp 194-195 °C; 'H NMR (CDCl;, 400 MHz): § = 7.21 (d, J = 8.5 Hz, 2H), 7.10 (d, J = 8.5
Hz, 2H), 5.92 (s, 1H), 5.04 (s, 1H), 4.06 (q, J = 6.8 Hz, 2H), 3.74 (s, 3H), 2.58-2.31 (m, 7H),
2.11-1.82 (m, 2H), 1.20 (t, J = 6.8 Hz, 3H); °C NMR (CDCls, 100 MHz): & =195.7, 167.5,
157.7, 149.1, 142.9, 139.8, 128.9, 113.7, 113.3, 106.4, 59.8, 55.1, 37.0, 35.4, 27.5, 21.1, 19.4,
14.2; IR (KBr): v = 3268, 1700, 1688, 1616 cm™; EIMS: m/z (%) = 341 (M"); Anal. Calcd for
C20H23NO4: C, 70.36; H, 6.79; N, 4.10. Found: C, 70.42; H, 6.83; N, 4.12.

Ethyl 2-methyl-5-0x0-4-(4-chlorophenyl)-1,4,5,6,7,8-hexahydroquinoline-3-carboxylate (5f).
Mp 234-235 °C; 'H NMR (CDCls, 400 MHz): & = 7.25 (d, J = 8.8 Hz, 2H), 7.18 (d, J = 8.8 Hz,
2H), 6.30 (s, 1H), 6.05 (s, 1H), 4.05 (q, J = 7.2 Hz, 2H), 2.48-2.31 (m, 7H), 2.11-1.83 (m, 2H),
1.18 (t, J = 7.2 Hz, 3H); °C NMR (CDCls, 100 MHz): 8 =195.8, 167.2, 150.3, 145.6, 143.5,
131.6, 129.4, 128.0, 113.0, 105.8, 59.9, 36.8, 36.1, 27.4, 21.0, 19.3, 14.2; IR (KBr): v = 3270,
1700, 1685, 1622 cm™; EIMS: m/z (%) = 345 (M"); Anal. Calcd for C1oH,0CINO;: C, 65.99; H,
5.83; N, 4.05. Found: C, 66.04; H, 5.87; N, 4.08.

Ethyl 2-methyl-5-0x0-4-(4-fluorophenyl)-1,4,5,6,7,8-hexahydroquinoline-3-carboxylate (5g).
Mp 243-244 °C; 'H NMR (DMSO-d, 400 MHz): & = 7.27-7.23 (m, 2H), 6.89-6.85 (m, 2H), 6.03
(s, 1H), 5.07 (s, 1H), 4.05 (q, J = 7.2 Hz, 2H), 2.70-2.21 (m, 7H), 2.11-1.82 (m, 2H), 1.17 (t, J =
7.2 Hz, 3H); C NMR (DMSO-ds, 100 MHz): § =195.1, 167.2, 151.9, 145.6, 144.5, 129.6,
129.4, 114.9, 111.5, 103.8, 59.5, 37.1, 35.6, 26.8, 21.3, 18.8, 14.6; IR (KBr): v = 3268, 1702,
1688, 1620 cm™; EIMS: m/z (%) = 329 (M"); Anal. Caled for C1oH20FNOs: C, 69.29; H, 6.12; N,
4.25. Found: C, 69.34; H, 6.17; N, 4.28.

Ethyl 2-methyl-5-0x0-4-(4-hydrophenyl)-1,4,5,6,7,8-hexahydroquinoline-3-carboxylate (5h).
Mp 221-222 °C; "H NMR (Acetone-dg, 400 MHz): 6 = 7.07 (d, J = 8.4 Hz, 2H), 6.64 (d, J = 8.4
Hz, 2H), 5.05 (s, 1H), 4.02 (q, J = 7.2 Hz, 2H), 2.53-2.00 (m, 2H), 2.34 (s, 3H), 2.23-2.19 (m,
2H), 2.00-1.72 (m, 2H), 1.18 (t, J = 7.2 Hz, 3H); >C NMR (Acetone-ds, 100 MHz): § =195.7,
168.4, 156.5, 151.5, 145.3, 140.8, 130.2, 115.7, 113.8, 106.3, 60.2, 38.1, 36.7, 27.7, 22.4, 19.2,
15.0; IR (KBr): v = 3300, 1700, 1688, 1617 cm™'; EIMS: m/z (%) = 327 (M"); Anal. Calcd for
CioH21NO4: C, 69.71; H, 6.47; N, 4.28. Found: C, 69.75; H, 6.49; N, 4.34.

Ethyl 2-methyl-5-0x0-4-(2-furyl)-1,4,5,6,7,8-hexahydroquinoline-3-carboxylate (5i). Mp
211-212 °C; 'H NMR (CDCl3, 400 MHz): & = 7.30-7.26 (m, 1H), 7.22-7.19 (m, 1H), 7.13-7.10
(m, 1H), 6.06 (s, 1H), 5.08 (s, 1H), 4.05 (q, J = 6.8 Hz, 2H), 2.45-2.31 (m, 7H), 2.09-1.85 (m,
2H), 1.19 (t, J= 6.8 Hz, 3H); >C NMR (CDCls, 100 MHz): 8 =195.6, 167.3, 157.9, 150.6, 144.2,
140.8, 110.1, 106.1, 104.8, 103.0, 59.9, 37.0, 30.4, 27.5, 21.0, 19.4, 14.3; IR (KBr): v = 3278,
1704, 1690, 1614 cm™; EIMS: m/z (%) = 301 (M"); Anal. Caled for C;7H;oNOg4: C, 67.76; H,
6.36; N, 4.65. Found: C, 67.81; H, 6.41; N, 4.68.
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126.4, 116.9, 107.8, 37.0, 31.6, 29.7, 21.4, 20.3; IR (KBr): 3146, 1709, 1674, 1620 cm™.
EIMS: m/z (%) = 283 (M"); Anal. Calcd for C7H;7NO3: C, 72.07; H, 6.05; N, 4.94. Found:
C,72.12; H, 6.11; N, 4.99.
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