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ABSTRACT

Ag/CuO/MCM-48 as a heterogeneous catalyst was efficiently employed in the synthesis of diversely substituted symmetrical and unsymmetrical
polyhydroquinoline by a multi-component reaction of arylaldehyde, dimedone, ethyl cyanoacetate and ammonium acetate. This novel method is simple,
environmentally friendly, rapid, uses a recyclable catalyst and produces the products in high to excellent yields (83-97%) and lower reaction times (17-35 min). The

catalyst can be reused at least 10 times without any appreciable decrease in its catalytic activities.
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1. INTRODUCTION

Polyhydroquinoline derivatives exhibit a variety of pharmacological properties
such as vasodilator, bronchodilator, antiatherosclerotic, antitumor,
geroprotective, hepatoprotective, HIV protease inhibition, selective antagonism
of adenosine-A3 receptors, antidiabetic activities and the treatment of
Alzheimer's disease [1-5]. Their 1,4-dihydropyridine unit was first recognized as
calcium channel modulators but was later developed as cardiovascular and
antihypertensive drugs including amlodipine, felodipine, nicardipine and
nifedipine (Fig.1) [6-9].

Usually, polyhydroquinolines is accessed through Hantzsch reaction with
several drawbacks such as low to moderate yields, besides requiring harsh
conditions and longer reaction times. Therefore, several modifications have been
reported for the classical Hantzsch approach so far [10-23]. However, despite
their potential efficacy, many of these methods still involve longer reaction time,
two-step synthesis, expensive and toxic catalysts cumber, some harsh product
isolation procedures and incompatibility with certain functional groups. Hence,
the challenge for a sustainable environment calls for more general and viable
routes that would be of great consequence to both synthetic and medicinal

chemists is still demanded.
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Figure 1. Some representative 1,4-dihdropyridines used as clinical drugs.
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In addition, nanostructured materials due to large specific surface area and
small diffusion resistance have received widespread attention, as a catalyst to
synthesize useful heterocyclic compounds [24-29]. As most common
nanostructures, metal oxides were applied due to their large surface area and high
catalytic activities [30, 31]. In spite of some advantages, the tendency of metals
nanoparticles for aggregation can have undesirable effects on their catalytic
efficiency. The use of support to immobilize the metals nanoparticles can address
this issue. Among the wide-ranging inorganic supports, mesoporous silica
MCM-48 due to their outstanding structural characteristics like substantial pore
volume, high stability, considerable surface area, uniform morphology of the
pores, a simple modification of the surface and 3D interconnected pore network
has been the center of major attention [32-36].

As a continuation of our ongoing endeavors in developing novel and practical
multicomponent reactions to synthesize heterocyclic compounds of biological
importance [37-45], we herein present the catalytic efficiency of Ag/CuO/MCM-
48 for the multicomponent synthesis of symmetrical and unsymmetrical
polyhydroquinoline derivatives under identical reaction conditions (Scheme 1).
Recently, unsymmetrical polyhydroquinoline motifs have been recognized as
lead molecules in antidiabetic drug discovery [46].
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Scheme 1. Synthesis of symmetrical and unsymmetrical polyhydroquinolines.
2. EXPERIMENTAL
2.1. Materials and apparatus

All reagents and solvents were purchased from Merck and used without further
modification. The *H NMR spectra were obtained on a Bruker Avance 400 and
500 MHz spectrometers. The internal standard for the *H and 3C NMR spectra
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was TMS. Chemical shifts (5) are reported in ppm and the coupling constants (J)
are given in Hertz (Hz). The FT-IR spectra for the samples were obtained using
Shimadzu FT-IR-8900 spectrophotometer by using KBr pellets. Field Emission
Scanning Electron Microscopy (FE-SEM) was executed by a Hitachi S4160
instrument.

The low-angle XRD spectrum (26 = 0.8-10°) of Ag/CuO/MCM-48 was
subjected by X’Pert PRO MPD diffractometers with Cu K, (A = 1.54056 A°).
Melting points were determined with an Electrothermal model 9100 apparatus
and are uncorrected.

2.2. General procedure for the
polyhydroquinoline (Table 2, 4a-f)

synthesis of symmetrical

Ag/CuO/MCM-48 was prepared according to our previous report [42].
Arylaldehyde 1 (1 mmol), dimedone 2 (2 mmol), ammonium acetate (1.3 mmol)
and Ag/CuO/MCM-48 (30 mg) were taken in 4 mL EtOH in a round-bottomed
flask and the reaction mixture was reflux for an appropriate reaction time (Table
2). After completion of the reaction which was monitored by TLC (eluent; n-
hexane:EtOAc, 8:2), the reaction mixture was diluted with hot EtOH and
Ag/CuO/MCM-48 was separated by filtration. The filtrate was evaporated in a
rotatory evaporator and the residue was recrystallized from EtOH to produce the
pure products 4a-f in 83-95 % yield (Table 2). 2

2.3. General procedure for the
polyhydroquinoline (Table 3, 5a-f)

synthesis of unsymmetrical

Arylaldehyde 1 (1 mmol), dimedone 2 (1 mmol), ethyl cyanoacetate 3 (1
mmol), ammonium acetate (1.3 mmol) and Ag/CuO/MCM-48 (30 mg) were
mixed in EtOH (4 mL) in a round-bottomed flask and heated at reflux condition.
After completion of the reaction (monitored by TLC, eluent; n-hexane : EtOAc,
8 : 2), the reaction mixture was diluted with hot EtOH and the catalyst was
separated by filtration. The filtrate was evaporated under vacuum and solid
residue was recrystallized from EtOH to furnish the compounds 5a-f in 88-97%
yield (Table 4).

Selected spectral data:

2.4. 9-(4-Chlorophenyl)-3,3,6,6-tetramethyl-3,4,6,7,9,10-hexahydroacridine-1,8
(2H,5H)-dione 4a

H NMR (500 MHz, DMSO-ds): 3: 0.85 (s, 6H, 2xCHs), 1.09 (s, 6H, 2xCHs),
1.98 (d, 2H, J = 16.0 Hz, 2xCH), 2.17 (d, 2H, J = 16.0 Hz, 2xCH), 2.33 (d, 2H,
J=17.1 Hz, 2xCH), 2.45 (d, 2H, J = 17.1 Hz, 2xCH), 4.77 (s, 1H, CH), 7.15 (d,
2H,J=8.5Hz, Ar-H), 7.22 (d, 2H, J = 8.5 Hz, Ar-H), 9.47 (s, 1H, NH); *CNMR
(100 MHz, DMSO-dg) 5:14.4, 22.6, 26.9, 29.2, 29.5, 31.2, 31.8, 32.6, 33.2, 50.6,
70.3, 111.5, 128.0, 129.9, 130.4, 146.6, 150.0, 194.9, 207.0 ppm.

2.5. Ethyl 2-amino-4-(4-chlorophenyl)-7,7-dimethyl-5-oxo-1,4,5,6,7,8-
hexahydroquinoline-3-carboxylate 5a

*H NMR (500 MHz, DMSO-ds) &: 0.83 (s, 3H, CHs), 1.00 (s, 3H, CH3), 1.08
(t,3H,J =7.1Hz, CH3), 1.93 (d, 1H, J = 16.0 Hz, CH), 2.15 (d, 1H, J = 16.0Hz,
CH), 2.27 (d, 1H,J=17.1 Hz, CH), 2.40 (d, 1H, J = 17.1 Hz, CH), 3.86-3.92 (m,
2H, CHy), 4.68 (s, 1H, CH), 7.13 (d, 2H, J = 8.5 Hz, ArH), 7.20 (d, 2H, J = 8.5
Hz, ArH) ppm.

3. RESULTS AND DISCUSSION

Following our prior efforts to prepare heterogeneous catalysts and apply them
for the synthesis of heterocyclic systems [38, 40-42, 44, 45], herein, a facile
Hantzsch condensation in the presence of Ag/CuO/MCM-48 as an effective
heterogeneous and reusable catalyst in EtOH has been employed to obtain
diversely substituted symmetrical and unsymmetrical polyhydroquinoline 4a-f
and 5a-f with high to excellent yields (Scheme 1). Ag/CuO/MCM-48 was
synthesized by the procedure described in our previous report [42].

The structure of prepared catalyst was identified by IR, XRD and SEM. In the
FT-IR spectrum of Ag/CuO/MCM-48, the O-H stretching and bending modes in
silanols and adsorbed water is observed at 3441 and 1638 cm™. The appeared
bands at 1103, 805 and 469 cm™ can be corresponded to the asymmetric,
symmetric and bending vibrations of Si-O-Si bridges, respectively (Fig. 2).
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Figure 2. FT-IR spectrum of Ag/CuO/MCM-48.

The spherical morphology of Ag/CuO/MCM-48 was confirmed by the FESEM
image (Fig. 3). The size of the particles is nearly 200-900 nm.

The low angle XRD diffraction spectrum of Ag/CuO/MCM-48 shows the peak
correlated to Bragg plane (211) of 1a3d cubic MCM-48 at around 20 = 2.3° [42,
47] (Fig. 4).

Figure 3. SEM image of Ag/CuO/MCM-48

After preparation of the catalyst an initial screen of reaction conditions was
carried out, therefore a mixture of 4-chlorobenzaldehyde 1a (1 mmol), dimedone
2 (2 mmol) and ammonium acetate (1.3 mmol) were stirred for 360 min at room
temperature in EtOH. This reacrion produced polyhydroquinoline 4a in 40%
yield (Table 1, entry 1). Further verification of the effect of the amount of
catalyst, solvent and temperature (Table 1, entries 2-9) revealed that using 30 mg
Ag/CuO/MCM-48 in EtOH at reflux condition produces the product 4a in 95%
yield (Table 1, entry 2).
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Figure 4. The low angle X-ray diffraction patterns of Ag/CuO/MCM-48.

The protocol was applied for the synthesis of symmetrical polyhydroquinoline
(4a-f). Various arylaldehydes having electron-donating as well as electron-
withdrawing substituents were used for the synthesis of corresponding
polyhydroquinolines under the optimized reaction conditions in high to excellent
yields (83-95%) (Table 2).



Tablel. Optimization of the synthesis of 4a under various conditions.
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Entry Catalyst Amount of the catalyst (mg) Solvent Temp. (°C) ;rnlms Yield? (%)
1 - - EtOH reflux 360 40
2 Ag/CuO/MCM-48 30 EtOH reflux 20 95
3 Ag/CuO/MCM-48 20 EtOH reflux 25 81
4 Ag/CuO/MCM-48 40 EtOH reflux 20 95
5 Ag/CuO/MCM-48 30 EtOH r.t. 80 70
6 Ag/CuO/MCM-48 30 DMF reflux 180 68
7 Ag/CuO/MCM-48 30 H,O reflux 200 70
8 Ag/CuO/MCM-48 30 CHsCN reflux 180 73
9 Ag/CuO/MCM-48 30 MeOH reflux 25 84
?1solated Yield.
Table 2. Ag/CuO/MCM-48 catalyzed synthesis of symmetrical polyhydroguinoline 4a-f.
. . Yield Mp °C
Entry Aldehyde Product Time (min) (%)? Found Reported Ref.
1 4-CIC¢H,CHO 4a 20 95 >300 317-320 [48]
2 3-0,NC¢H,CHO 4b 25 88 293-295 296-297 [49]
3 2,4-Cl,C¢H;CHO 4c 20 90 >300 -
4 4-HOC¢H,CHO 4d 35 86 282-284 284-286 [48]
5 4-MeC¢H,CHO de 35 85 282-284 279-281 [48]
6 C¢HsCHO 4f 35 83 277-279 277-279 [48]

2|solated Yield.
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Table3. Optimization of the reaction conditions for the synthesis of 5a.

Entry Catalyst Amount of the catalyst (mg) Solvent Temp. (°C) ;Ir'%r::]e) Yield? (%)
1 - EtOH reflux 360 25
2 Ag/CuO/MCM-48 30 EtOH reflux 18 97
3 Ag/CuO/MCM-48 20 EtOH reflux 25 88
4 Ag/CuO/MCM-48 40 EtOH reflux 18 96
5 Ag/CuO/MCM-48 30 EtOH r.t. 60 74
6 Ag/CuO/MCM-48 30 DMF reflux 140 72
7 Ag/CuO/MCM-48 30 H,O reflux 180 74
8 Ag/CuO/MCM-48 30 CHsCN reflux 150 77
9 Ag/CuO/MCM-48 30 MeOH reflux 20 87
?]solated Yield.
Table 4. Ag/CuO/MCM-48 catalyzed synthesis of unsymmetrical polyhydroquinoline 5a-f.
. . Yield Mp °C
Entry Aldehyde Product Time (min) (%)? Found Reported Ref,
1 4-CIC¢H,CHO 5a 18 97 154-156 155-157 [50]
2 3-0,NC¢H,CHO 5b 25 85 185-187 183-184 [50]
3 2,4-Cl,C¢H;CHO 5¢c 17 95 182-184 -
4 4-HOC¢H,CHO 5d 30 91 148-150 -
5 4-MeC¢H,CHO 5e 30 89 141-143 139-141 [50]
6 CsHsCHO 5f 30 88 154-156 157-160 [50]

2|solated Yield

A possible mechanism for the synthesis of unsymmetrical
polyhydroquinolines catalyzed by Ag/CuO/MCM-48 is demonstrated in Scheme
3. The Lewis acid nature of the catalyst can activate the reactants. First,
Knoevenagel adduct A is formed by the reaction of arylaldehyde and ethyl
cyanoacetate (3). Simultaneously, the reaction of ammonium acetate and
dimedone (2) leads to intermediate B. Then, intermediate C is produced by
Michael addition of intermediate B on arylidene A. Eventually, the
intramolecular cyclization afforded the desired polyhydroquinoline derivatives

(5a-f).

From an economical point of view, the recyclability of Ag/CuO/MCM-48 was
also considered. To achieve this purpose, after completion of the synthesis of
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9-(4-chlorophenyl)-3,3,6,6-tetramethyl-3,4,6,7,9,10-hexahydroacridine-1,8(2H,5H)-
dione 4a and ethyl 2-amino-4-(4-chlorophenyl)-7,7-dimethyl-5-0xo0-1,4,5,6,7,8-
hexahydroquinoline-3-carboxylate 5a the hot ethanol was added to the reaction
mixture. After the filtration, the separated catalyst washed with hot ethanol and
dried at 100 °C. Then, it was reused for the subsequent cycle. Ag/CuO/MCM-48
retained high reactivity for up to 10 cycles (Fig 5, 6).

The efficiency of the catalyst to promote the synthesis of 9-(4-chlorophenyl)-
3,3,6,6-tetramethyl-3,4,6,7,9,10-hexahydroacridine-1,8(2H,5H)-dione 4a and
ethyl 4-(4-chlorophenyl)-2,7,7-trimethyl-5-oxo-1,4,5,6,7,8-hexahydroquinoline-
3-carboxylate 5a was compared with some reported catalysts. As illustrated in
Table 5, high capability of the present catalyst was obviously observed.
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Scheme 2. A plausible mechanism for the synthesis of 5a-f in the presence of Ag/CuO/MCM-48.
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Figure 5. Recyclability of the catalyst Ag/CuO/MCM-48 in the synthesis of 4a.
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Figure 6. Recyclability of the catalyst Ag/CuO/MCM-48 in the synthesis of 5a.
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Table 5. Comparison of catalytic effect of Ag/CuO/MCM-48 with other reported catalysts for the preparation of 4a and 5a.

Entry Product Catalyst Amount Condition Time (min) \E:)Z I)d Ref.
1 SiO,-I 0.25¢ EtOH/80 °C 90 82 [51]
2 SiO,-Pr-SOsH 0.02¢g Solvent-free /120 °C 120 95 [48]
3 Ag/CuO/MCM-48 0.03¢g EtOH/reflux 20 95 This work
4 Pd NPs 0.04 THF/ reflux 240 87 [52]
mmol
5 Fe;0,@B-MCM-41 0.05¢ EtOH/ reflux 40 92 [53]
6 FSM-16-SO;H 0.04¢g EtOH/reflux 20 88 [50]
7 Ag/CuO/MCM-48 0.03¢g EtOH/reflux 18 97 This work

CONCLUSION

In summary, a simple and highly efficient one-pot multi-component reaction
for the synthesis of symmetrical and unsymmetrical polyhydroquinoline
derivatives using Ag/CuO/MCM-48 catalyst was developed. This methodology
benefits from high to excellent yield of the desired products, use of eco-friendly
solvent, no requiring laborious work-up, simple purification of the product
without using chromatographic procedures and ability to recycle the catalyst.
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