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ABSTRACT

Polyvinylpolypyrrolidone supported chlorosulfonic acid ([PVPP-SOsH]"Cl") was synthesized and evaluated as a recoverable
catalyst for the one-pot synthesis of hexahydroquinolines by reaction of arylaldehydes, dimedone (5,5-dimethylcyclohexane-
1,3-dione) or 1,3-cyclohexanedione, ethylacetoacetate and ammonium acetate in high to excellent yield in ethanol at 70 °C.
The [PVPP-SO;H]'CI catalyst was characterized via Fourier transform infrared spectroscopy (FT-IR) and thermal gravimetric
analysis (TGA). The acidity strength of the catalyst was determined by titration and found to be 12 mmol/g, which shows a
high loading of H" per gram of the catalyst. Moreover, the catalyst could be recycled several times without significant loss of
its catalytic activity. Clean methodologies, easy work-up procedure, high yield and simple preparation of the catalyst are some

advantages of this work.
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1. Introduction

1,4-Dihydropyridines (1,4-DHPs) have shown a variety
of biological activities such as, antiangin [1], anti-
inflammatory activity [2], antitumor [3], antitubercular
activity [4], analgesic activity [5] and antithrombotic
[6]. Commercial drugs such as Nifedipine which are a
prototype of the 1,4-DHP structure have been used
extensively in both antianginal and antihypertensive
treatment. 1,4-DHPs are used as the most popular drug
as calcium channel blockers and also possess the
disordered heart ratio as a chain cutting agent of factor
IV channel [7]. Also, 1,4-DHPs exhibits several
medicinal applications which include neuroprotectant
[8] and cerebral antischemic activity in the treatment of
Alzheimer’s disease [9]. These examples clearly
demonstrate the remarkable potential of 1,4-
dihydropyridine derivatives as a source of valuable
drugs. One of the commonly used methods reported for
the synthesis of symmetrical 1,4- dihydropyridines
(1,4-DHPs) involves the one-pot, four component
condensation of two molecules of ethylacetoacetate,
aromatic aldehyde and ammonia which was first
established by Hantzsch in 1881 [10].
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In order to improve the efficiency of Hantzsch DHPs
synthesis, different catalysts such as Yb(OTf); [11],
ionic  liquid [12], Sc(OTf); [13], iron(IIl)
trifluoroacetate [14], heteropolyacid [15], Bakers yeast
[16], L-proline [17], cerium(IV) ammonium nitrate
[18], Hf(NPf2)4 [19], ANP [20], Pd-nanoparticles [21],
Bi(NO3)3.5H,O [22], FeFs [23], TiO, NPs [24],
[pyridine-SO3;H]CI [25], 1,3-di(bromo or chloro)-5,5-
dimethylhydantoin (DBH or DCH) [26],
[Dsim]HSO4 [27], [NMP]HSO4 [28] and Fe;O4 NPs
[29] have been explored. However, some drawbacks
still exist, such as the use of expensive or toxic
catalyst, longer reaction time, corrosive, hazardous
reaction condition, tedious work-up procedures,
unsatisfactory yields, and non-recyclable catalysts.
Therefore, it seems that a major task of current
research is to replace less efficient and traditional
catalysis procedures with more acceptable method
based on improved, stable, and recoverable catalyst.
There are a number of advantages in using polymer-
supported catalysts over conventional catalysis; the
reactions can be performed under mild conditions, and
purification of the product is simplified because of the
use of an insoluble solid support. Polymer supported
catalysts can also be recycled after use [30]. Following
our interest in the use of polyvinyl polypyrrolidone as
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support  for the preparation of polyvinyl
polypyrrolidone-bromine (PVPP-Br;) [31], polyvinyl
polypyrrolidone-boron trifluoride (PVPP-BF3) [32] and
application of these reagents for some organic
reactions [33,34], herein, polyvinylpolypyrrolidone
supported chlorosulfonic acid has been successfully
applied to perform the reaction of arylaldehydes,
dimedone (5,5-dimethylcyclohexane-1,3-dione) or 1,3-
cyclohexanedione, ethylacetoacetate and ammonium
acetate in ethanol at 70°C to provide a series of
hexahydroquinolines in good to excellent yields
(Scheme 1).

2. Experimental
2.1. General

High-purity chemical reagents were purchased from
the Merck Chemical Company. Melting points were
determined using an Electrothermal Mk3 apparatus and
are uncorrected. NMR spectra were recorded in CDCl3
on a Bruker Avance DRX-400 MHz instrument
spectrometer using TMS as internal standard. FT-IR
spectra were obtained with potassium bromide pellets
in the range 4004000 cm™ with a Perkin-Elmer 780
spectrometer. Thermal gravimetric analysis (TGA) was
recorded on a Shimadzu-50 system at a heating rate of
10 °C/min.

2.2. Preparation of the catalyst

To a suspension of PVPP (3 g) in CH,CL, (25 mL), a
solution of chlorosulfonic acid (3 mL) in CH.Cl,
(15 mL) was added dropwise and the mixture stirred
for 2 h at room temperature. The resulting resin was
filtered and washed with CH»Cl» (2x10 mL) and dried
in a vacuum desiccator to give [PVPP-SO;H]'Cl" as a
pale yellow stable powder.

2.2.1. General synthesis of hexahydroquinolines

A mixture of aromatic aldehyde (1 mmol),
dimedone (5,5-dimethylcyclohexane-1,3-dione)
(1 mmol, 0.14 g ) or 1,3-cyclohexanedione (1 mmol,
0.112 g ), ethylacetoacetate (1 mmol, 0.126 mL) and
ammonium acetate (1.2 mmol, 0.092 g) in the presence
of [PVPP-SOs;H]" CI' (0.05 g) was stirred in ethanol
(5 mL) at 70°C for the appropriate time, as shown in
Table 1. Completion of the reaction was indicated by
TLC monitoring. Then, the reaction mixture was
cooled to ambient temperature, and the crude solid

0
0 0
+ ArCHO + M
R Me OEt
0
R 1 2 3
R=H, Me

residue was recrystallized from ethanol and water
(10 mL, 50% V/V) to afford pure crystals of the proper
hexahydroquinolines in 80-96% yields. The products
were characterized by FT-IR, "THNMR, *CNMR and
by comparison with authentic samples reported in the
literature.

Selected spectral data

Ethyl2,7,7-trimethyl-4-(3-nitrophenyl)-5-oxo-
1,4,5,6,7,8-hexahydroquin-oline-3-carboxylate (5c):

Yellow solid. m.p.= 175-177°C. FT-IR (KBr):
v = 3275, 2958, 1702, 1608, 1529, 1485, 1347, 1232,
1073, 687 cm™'. 'THNMR (400 MHz, CDCl3): § = 0.95
(s, 3H), 1.11 (s, 3H), 1.21 (t, 3H, J = 7.2 Hz),
2.14-2.43 (m, 7H), 4.08 (q, J= 7.1 Hz, 2H), 5.17
(s, 1H), 5.79 (s, 1H), 7.36 (t, J= 7.9 Hz, 1H),7.74
(d, J= 7.9 Hz, 1H), 7.98 (d, J= 8.1, 1H), 8.11 (s,1H)
ppm. BCNMR (100 MHz, CDCl): § = 14.0, 18.4,
26.5, 29.0, 32.2, 36.6, 50.0, 59.4, 102.4, 109.0, 121.0,
121.9, 129.7, 134.2, 145.6, 146.0, 150.0, 154.9, 166.5,
194.2 ppm.

Ethyl4-(4-chlorophenyl)-2,7,7-trimethyl-5-0xo-
1,4,5,6,7,8-hexahy-droquinoline-3-carboxylate (5e):

Yellow solid. m.p.= 244-246°C. FT-IR (KBr):
v = 3270, 3195, 3070, 2945, 1670, 1604, 1475, 1367,
1227, 1105, 857 cm™'. 'HNMR (400 MHz, CDCl):
8 =0.96 (s, 3H), 1.04 (s, 3H), 1.11 (t, 3H, J= 7.2 Hz),
2.12-2.35 (m, 4H), 2.36 (s, 3H), 4.05 (q, 2H, J= 7.1
Hz), 5.03 (s, 1H), 6.46 (s, 1H), 7.15 (d, J= 8.4 Hz, 2H),
7.25 (d, J= 8.4 Hz, 2H) ppm. *CNMR (100 MHz,
CDCl): 6= 14.1, 18.4, 26.6, 29.1, 32.2, 35.6, 50.2,
59.0, 103.3, 109.6, 127.8, 129.2, 130.4, 145.4, 146.5,
149.6, 166.5, 194.2 ppm.

Ethyl-1,4,7,8-tetrahydro-2,7,7-trimethyl-4-(2-
chlorolphenyl)-5(6H)-oxo-quinolin-3-arboxylate (5f):

Yellow solid. m.p.= 208-209°C. FT-IR (KBr):
v = 3063, 2956, 1721, 1640, 1611, 1467, 1384, 1227,
1021, 745 cm’. '"HNMR (400 MHz, CDCl5): &= 0.97
(s, 3H), 1.09 (s, 3H), 1.20 (t, J= 7.2 Hz, 3H), 2.11-2.24
(m, 4H), 2.32 (s, 3H), 4.05 (q, J= 7.2 Hz, 2H), 5.04
(s, 1H), 5.74 (s, 1H), 7.02-7.42 (m 4H) ppm. *CNMR
(100 MHz, CDCl3): 6 = 13.1, 18.3, 26.1, 28.3, 31.5,
349, 40.0, 49.6, 58.8, 104.1, 110.1, 125.2, 126.2,
128.6, 131.0, 132.1, 142.6, 142.9, 147.5, 166.4, 194.3

0 Ar
[PVPP-SO3H]+CF N COOEt
NH,OAc/ EtOH 70 °C R | |
4 R s E Me

Scheme 1. Synthesis of hexahydroquinolines catalyzed by [PVPP-SOsH]"CI.
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2-Methyl-5-ox0-4-phenyl-1,4,5,6,7,8-
hexahydroquinoline-3-carboxylic acid ethyl ester (5j):

Yellow solid. m.p.= 240-242°C. FT-IR (KBr):
Vv = 3276, 2960, 1681, 1603, 1487, 1380, 1276, 1217,
1074, 814 cm™'. "THNMR (CDCls, 400 MHz): 6= 1.18
(t, 3H, J= 6.8 Hz), 1.80-2.10 (m, 2H), 2.30-2.44
(m, 7H), 4.06 (q, 2H, J= 6.8 Hz), 5.07 (s, 1H), 6.17
(s, 1H), 7.10 (t, 1H, J= 7.6 Hz), 7.20 (t, 2H, J= 7.6 Hz),
7.30 (d, 2H, J= 7.6 Hz) ppm. *CNMR (CDCl;, 100
MHz): 6 = 14.1, 194, 21.0, 27.6, 36.4, 37.0, 59.8,
106.6, 113.4, 125.9, 127.9, 127.8, 143.3, 147.1, 149.5,
167.4 ppm.

Ethyl 2-methyl-4-(3-nitrophenyl)-5-oxo-1,4,5,6,7,8-
hexahydroquinoline-3-carboxylate, (51):

Yellow solid. m.p.= 199-201°C. FT-IR (KBr):
Vv = 3297, 2940, 1703, 1608, 1527, 1480, 1346, 1222,
1182, 1076, 718 ¢cm™!. 'HNMR (400 MHz, CDCL):
o= 1.19 (t, J= 7.2 Hz, 3H), 2.05-1.92 (m, 2H),
2.36-2.32 (m, 2H), 2.42 (s, 3H), 2.50-2.47 (m, 2H),
4.08 (q, J= 7.2 Hz, 2H), 5.18 (s, 1H), 6.06 (s, 1H), 7.39
(m, 1H), 7.74 (d, J= 7.6 Hz, 1H), 7.99 (dd, J= 8.0, 2.0
Hz, 1H), 8.09 (m, 1H) ppm. “CNMR (100 MHz,
CDCl): 6 = 14.2, 19.2, 21.1, 27.2, 36.8, 60.0, 104.9,
112.2, 121.2, 122.8, 128.6, 134.8, 144.6, 148.2, 149.4,
150.8, 167.0, 195.8 ppm.

3. Results and Discussion

In this study, [PVPP-SOsH]'Cl is obtained by simple
reaction of chlorosulfonic acid with the cross-linked
PVP (Scheme 2). Characterization of [PVPP-
SOs;H]'CI" was performed by recording the Fourier
transform infrared spectroscopy (FT-IR), which shows
the O-H stretching vibration at 3394 cm’!, the SO»
asymmetric and symmetric stretching at 1176 and 1072
cm! respectively and S-OH bending at 1007 cm™! and
symmetric S—O stretching at 883 cm™ (Fig. 1). In
addition, the band at 1442 (C-N) cm in PVPP is
disappeared and a moderate absorption at 1643 cm’!
that corresponds to the internal imine groups in catalyst
is appeared. These results provided the evidences that
chlorosulfonic acid was successfully attached to the
polyvinylpolypyrrolidone.

The acidity strength of the catalyst was determined by
titration and found to be 12 mmol/g, which shows a
high loading of H" per gram of the catalyst.

\H/ﬂ; \H/ﬂ?

N 0 SN

(_\f CISO,H Cl®/OSO3H
PVPP

—_—
CH,CI,

[PVPP-SO,H]*CI-
Scheme 2. Preparation of [PVPP-SOs;H]CI.
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The thermal behavior of PVPP and [PVPP-SO;H]"CI
are shown in Fig. 2. The thermal analysis [PVPP-
SO:;H]'Cl" showed two decreasing peaks. First peak
appears at temperature around 100-120°C due to
desorption of water molecules from the -catalyst
surface. This is followed by a second peak at 220-
270°C, corresponding to the loss of the sulfonic group.
The thermal analysis data showed that the catalyst is
stable up to 200°C.

In order to optimize the reaction conditions, the effect
of temperature, the amount of catalyst, and the reaction
time were examined. It was found that the
condensation reaction of benzaldehyde, dimedone (5,5-
dimethylcyclohexane-1,3-dione), ethylacetoacetate and
ammonium acetate as a model reaction was affected by
various solvents. Also, the model reaction was
performed under solvent-free conditions. Among them,
ethanol (96%) provided the highest yield at 70°C after
2 h (Table 1, entry 1). In addition, very low conversion
to the product was observed in the absence of the
catalyst even after 12 h. Next, we examined the
optimal amount of catalyst using the same model
reaction. It was observed that 50 mg [PVPP-SO;H]"CI
was sufficient to catalyze the reaction smoothly. Using
these optimized reaction conditions, a variety of
hexahydroquinolines was prepared from arylaldehydes,
dimedone (5,5-dimethylcyclohexane-1,3-dione) or 1,3-
cyclohexanedione, ethylacetoacetate and ammonium
acetate in the presence of polyvinylpolypyrrolidone
supported chlorosulfonic acid in ethanol at 70°C in
good to excellent yields (Table 1). Surprisingly,
the corresponding hexahydroquinolines was isolated
by crystallization from the crude filtrate. As shown
in Table 1, aromatic aldehydes bearing -electron-
deficient substituents on the aromatic ring reacted in
shorter time and the desired product obtained in better
yields.

[PVPP-SO,H]|CI

3394
9
107,
1007
883
838

1176

PVPP

.Z,

1285

=
. 4

1651

o
-
J

T T T T
2500 2000 1500 1000 200

Wavenumber em-1

T T
3s00 3000

Fig. 1. The FT-IR spectrum of PVPP and [PVPP-SO;H]CI-.
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Fig. 2. The thermal analysis of PVPP and [PVPP-SO;H]"CI-.

Table 1. Synthesis of hexahydroquinolines derivatives by [PVPP-SO;H]*CI-.?

. . m.p. (°C)
Entry R Aryl Product Time (h) Yield (%)° . Reporied®
1 Me CsHs Sa 2 95 226-228 225-227
2 Me 4-NO»-CsHy 5b 1.75 96 242-244 242-243
3 Me 3-NO,-CeHy4 Sc 2 94 175-177 174-173
4 Me 2-NO,-CsH4 5d 2 93 203-205 204-206
5 Me 4-Cl-CeH4 Se 2 96 244-246 243-244
6 Me 2-Cl-CeH4 5f 2 92 208-209 208-210
7 Me 3-HO-CsH4 S5g 4 87 220-221 218-220
8 Me 3-MeO-CsHy Sh 4.5 82 202-204 201-203
9 Me 4-Me-CeHy 5i 4.5 80 260-262 261-263
10 H CeHs 5j 3 90 240-242 239-240
11 H 2-NO,-CsH4 5k 2.5 94 190-192 189-190
12 H 3-NO»-CsH4 51 2.5 92 199-201 198-200
13 H 4-Cl-CeH4 Sm 4 90 234-235 233-234
14 H 4-MeO-CsHy S5n 4.5 80 192-194 192-193
15 H 4-Me-CsHa 50 4.5 81 241-243 239-240

2Reaction and conditions: aldehyde (1 mmol), dimedone (5,5-dimethylcyclohexane-1,3-dione) or 1,3-cyclohexanedione (I mmol),
ethylacetoacetate (1 mmol), ammonium acetate (1.2 mmol) and [PVPP-SO3H]" CI- (0.05 g) in EtOH (5 mL) at 70 °C.

bAll yields refer to isolated products.

°From refs. [12,15,19].
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A plausible mechanism for the formation of
hexahydroquinolines catalyzed by [PVPP-SOsH]'Cl is
shown in Scheme 3. Formation of the
hexahydroquinolines V takes place through a
Hantzsch-type mechanism via conjugate addition of
the enamine intermediate 1 obtained from
ethylacetoacetate and ammonium acetate (the catalyst
facilitates the formation of enamine intermediate I by
increasing the electrophilicity of the carbonyl group of
ethylacetoacetate) to the Knoevenagel product II
obtained from dimedone or 1,3-cyclohexanedione and
the corresponding aromatic  aldehyde. Then,
intermediate III is converted to IV by imino-enamino
tautomerization. Finally, hexahydroquinonine V forms
by intramolecular nucleophilic attack of the NH, group
to the activated carbonyl group and then removes one
molecule H>O.

To check the reusability of the catalyst, it was
employed in the synthesis of 3-acetyl-2,7,7-trimethyl-
4-phenyl-4,6,7,8-tetrahydroquinolin-5(1H)-one (5a) six
cycles under the optimum conditions. The catalyst
powder was recovered by simple filtration and washed
with dichloromethane, taking into account the partial
loss of catalyst during the recovery. Afterward,
according to the amount of catalyst the required
amount of  fresh dimedon, benzaldehyde,
ethylacetoacetate and ammonium acetate were added.
The results showed that the catalyst can be reused six
consecutive times without significant loss of its

0 (Con =+
H
Gt

v Ar—gpy [PVPP- SO3H|CI
R R
; ; O
R=Me, H R

(6] HN\)
111

OEt

catalytic activity and the yield was changed from 95%
(first run) to 89% (sixth run).

In order to examine the efficiency of the present
method for the synthesis of hexahydroquinolines,
compound Sa was compared with some of those
reported in the literature (Table 2). As one can see, our
results show good comparability with previously
reported data when all terms including yields, reaction
times, and reaction conditions are taken into account.
Although ILs possessed such promising
advantages and this reaction with ionic liquids has
been reported in shorter reaction times [27,28], but,
their widespread practical application was still
prevented by several disadvantages such as high
viscosity and homogeneous reaction, which was
difficult for separation and reuse procedures and
consequently high cost for the use of relatively large
amounts of ILs as opposed to economic criteria
[35,36]. Polyvinylpyrrolidone is used as a binder in
many pharmaceutical tablets [37]; it simply passes
through the body when taken orally. However,
autopsies have found that crospovidone (PVPP)
contributes to pulmonary vascular injury in substance
abusers who have injected pharmaceutical tablets
intended for oral consumption [38]. [PVPP-SO;H]*CI
is a biocompatible and reusable polymeric catalyst.
Clean methodologies, easy workup procedure, good to
high yields and simple preparation of the catalyst are
some advantages of this work.

H
+ 0O, ,>
‘\ OEt IPVPP SO3H] =
NH; +
-HZO -HZO OEt

Scheme 3. The proposed mechanism for the synthesis of hexahydroquinolines catalyzed by [PVPP-SOsH]"CI-.
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Table 2. Comparison of our results with previously reported data for the synthesis of 5a.

Entry Catalyst Reaction conditions Time/min Yield (%) Ref.
1 Yb(OTH)s EtOH/r.t. 300 90 [11]
2 Sc(OTH)3 EtOH/r.t. 240 93 [13]
3 Bakers yeast Phosphate buffer /r.t. 1440 79 [16]
4 L-proline EtOH/ reflux 360 92 [17]
5 CAN EtOH/ r.t. 120 94 [18]
6 Hf(NPf>)4 (CioF15)/ 60°C 180 95 [19]
7 ANP EtOH/r.t. 240 88 [20]
8 Pd-nanoparticles THF/ reflux 240 89 [21]
9 Bi(NO3);.5H,0 EtOH/ 80°C 240 92 [22]
10 [Dsim]HSO4 50°C 35 94 [27]
11 [NMP]HSO4 r.t. 9 91 [28]
12 [PVPP-SO;H]'CI EtOH/ 70°C 120 95 This work

4. Conclusions

In summary, we have developed a simple, clean,
efficient and one-pot procedure for the synthesis of
hexahydroquinolines using PVPP-SOsH]'ClI" as a
reusable heterogeneous catalyst in ethanol at 70°C.
Simple performance and work-up procedure and high
yields are some of advantages of this method. The
catalyst is recyclable and could be reused without
significant loss of activity. The [PVPP-SO;H]'CI is
also stable, non-corrosive, easy to prepared and handle,
and represent effective activity after several months of
storage.
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