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Abstract

An efficient, recyclable and environmental-friendly synthetic route to polyhdroquinoline and 1,8-dioxohexahydroacri-
dine derivatives have been developed via multi-component one-pot Hantzsch reaction of various aldehydes and ammo-
nium acetate with (a) cyclic 1,3-dicarbonyl compounds and ethyl acetoacetate, and (b) 2 equivalents of cyclic 1,3-dicar-
bonyl compounds in the presence of novel polymeric catalyst [poly(AMPS-co-AA)] under solvent-free conditions. The
present approach offers several advantages such as short reaction times, easy isolation and purification of product, and

safe, non-toxic, recyclable and economic use of catalyst.

Keywords: Aldehydes, cyclic 1,3-dicarbonyl compounds, ammonium acetate, ethyl acetoacetate, crosslinked

poly(AMPS-co-AA) catalyst, solvent-free, one-pot synthesis

1. Introduction

Development of novel synthetic methodologies to
facilitate the preparation of compound libraries based on
privileged structures is an intense area of research. One
approach to address this challenge involves the develop-
ment of multicomponent reactions (MCRs), in which
three or more reactants are combined together in a single
reaction flask to generate a product incorporating most of
the atoms contained in the starting materials. In addition
to the intrinsic atom economy and selectivity underlying
such reactions, simpler procedures, equipment, time, and
energy savings, as well as environmental friendliness ha-
ve all led to a sizable effort to de sign and implement
MCRs in both academia and industry.'”’

Compounds containing the 4-substituted 1,4-dihy-
dropyridine (DHP) nucleus comprise a large family of
medicinally important compounds. They can cure the di-
sordered heart ratio as a chain-cutting agent of factor IV
channel, posses the calcium channel agonist-antagonist
modulation activities>!! and also behave as neuroprotec-
tants, cerebral antiischaemic agents and chemosensiti-

zer.'”13 They are also common features of various bioacti-
ve compounds such as vasodilator, bronchodilator, antiat-
heroselerotic, antitumor, geroprotective, hepatoprotective
and n idiabetic agents.'*"”

Despite their importance from a pharmacological,
industrial, and synthetic point of view, comparatively few
methods on their preparation have been reported. In 1822,
Arthur Hantzsch reported first synthesis of symmetrically
substituted 1,4-dihydropyridine by the one-pot, four-com-
ponent condensation of two molecules of ethyl acetoace-
tate, aromatic aldehyde and ammonia.'® The standard
Hantzsch procedure does not need the intervention of any
additive or reagent and the reaction was originally con-
ducted either in acetic acid or at reflux in alcohol for rat-
her long periods, resulting in low or modest yields of con-
densation products.'” Replacement of ammonia by ammo-
nium acetate allowed the efficient synthesis of Hantzsch
compounds in a aqueous medium as well as under sol-
vent-free conditions.?*>!

The utilization of cyclic 1,3-diketone in Hantzsch
reaction for the synthesis of polyhydroquinoline and 1,8-
dioxohexahydroacridine was recently demonstrated by
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using HCIO, Si0,,?* molecular iodine,” ionic liquids,***

iodotrimethylsilane (TMSI),* organocatalysts,”’ >’ mi-
crowave irradiation,’® HY-zeolite,’! p-TSA,32 montmoril-
lonite K10 clay,* hafnium (IV) bis(perfluorooctanesul-
fonyl)imide complex [Hf(NPf,) 4],34 scolecite,® 5-pyrroli-
dine-2-yltetrazole,*® ceric ammonium nitrate (CAN),*’-%
silica sulfuric acid,”® scandium triflate [Sc(oTf),],*°
K,[PW,,CoO,,],*' sulfamic acid,* solar thermal energy,*
NH,Cl or Zn(OAc)2,44 carbon-based solid acid (CBSA),*
Zn0,* HCM-41,* fluoro alcohols (TFE or HFIP),*® nick-
el nanoparticle, ** silica-gel supported polyphosphoric acid
(PPA-Si0,),® FeF,”' and aluminum phosphate
(AIPO,).”” However, these methods suffer from several
drawbacks such as long reaction times, use of large quanti-
ties of volatile organic solvents, unsatisfactory yields, the
use of expensive reagents, difficult workup, catalysts that
are harmful to environment and harsh reaction conditions.
Therefore, it is of great interest to develop an efficient and
heterogeneous method for the synthesis of polyhydroqui-
noline and 1,8-dioxohexahydroacridine derivatives.

2. Experimental

IR spectra were recorded on a Shimadzu 435-U-04
spectrophotometer (KBr pellets). 'H and '*C NMR spectra
were obtained using Bruker DRX-300 Avance spectrome-
ter in DMSO-d, or CDCl, using TMS as an internal refe-
rence. Melting points were determined in open capillary
tubes in a Stuart BI Branstead Electrothermal apparatus
and are uncorrected. All products were characterized by
comparing their spectral (IR, 'H and '*C NMR), TLC, and
physical data with those reported in the literature. A si-
multaneous thermal analyzer (STA-625, Geometric Scien-
tific) was used for thermo gravimetric analysis of AMPS-
co-AA polymer under nitrogen atmosphere. The heating
rate was 20 °C/min. The sample weight taken for TG was
10.0 mg.

2. 1. Catalyst Preparation

Crosslinked N,N -methylene bisacrylamide (MBA,
2 g) was added to the mixture of 2-acrylamido-2-methyl-
propane sulphonic acid (AMPS, 10 g) and acrylic acid
(AA, 10 ml) in 100 ml distilled water. The solution was
added to a three-neck reactor equipped with a mechanical
stirrer (Heidolph RZR 2021, three blade propeller type).
The reactor was immersed in a thermostated water bath at
70 °C. An inert gas (nitrogen) was gently bubbled into the
reactor to remove the oxygen. After 15 min, the ammo-
nium persulphate solution (APS, 0.2 g in 2 ml H,0) was
added to the mixture, and the mixture was allowed to stir
(200 rpm) for 20 min. To remove probably unreacted mo-
nomer, 1 g of polymer was added and the mixture allowed
to stir gently for 72 hours. The polymer was filtered and
poured to methanol for 48 hours. Methanol was decanted

and the product divided to small pieces. Finally, the poly-
mer was dried in oven. After grinding, the powdered poly-
mer was kept away from moisture, heat and light.

2. 2. Typical Procedure for the Synthesis
of Polyhydroquinoline and
1,8-dioxohexahyDroacridine Derivatives

Synthesis of 3-acetyl-4-(4-chlorophenyl)-2,7,7-tri-
methyl-4,6,7,8-tetrahydroquinolin-5(1H)-one (4b)

A mixture of 4-chlorobenzaldehyde (1b, 1mmol),
dimedone (2, 1 mmol), ethyl acetoacetate (3, 1 mmol),
ammonium acetate (1.2 mmol) and crosslinked poly
(AMPS-co-AA) (0.03 g) was heated on an oil bath at 120
°C for 20 min. Completion of the reaction was indicated
by TLC (hexane:ethyl acetate, 2:1). After completion, ap-
propriate amount of hot EtOH (96%) was added and the
mixture stirred for 10 min. After that, the catalyst was se-
parated by filtration. The filtrate was poured into crushed
ice and the separated solid product was filtered and recry-
stallized from ethanol to get pure compound 4b.

Synthesis of 9-(4-chlorophenyl)-3,3,6,6-tetramethyl-
3,4,6,7,9,10-hexahydroacridine-1,8(2H,5SH)-dione (5w)

To mixture of 4-chlorobenzaldehyde (1b, 1mmol),
dimedone (2, 1 mmol), ethyl acetoacetate (3, 1 mmol) and
ammonium acetate (1 mmol) was added crosslinked
poly(AMPS-co-AA) (0.03 g) and the mixture was heated
on an oil bath at 120 °C for 10 min. The isolation procedu-
re was the same as described above for 4b.

The results of all copounds obtained are collected in
Table 2.

Spectral data of the new compound ethyl 4-(2-met-
hoxyphenyl)-2,7,7-trimethyl-5-o0x0-1,4,5,6,7,8-hexahy-
droquinoline-3-carboxylate (4k)

Mp. 249-251 °C; IR (KBr): 3230, 3080, 2985, 1690,
1610, 1490, 1382, 1280, 1228, 710 cm™. 'H NMR (300
MHz, DMSO-d,): 6 0.88 (s, 3H), 1.01 (s, 3H), 1.15 (t, 3H),
1.96-2.48 (m, 7H), 3.85 (s, 3H), 4.00 (q, 2H), 4.89 (s, 1H),
6.52-7.45 (m, 4H), 9.05 (s, 1H, NH). '"H NMR (300 MHz,
DMSO-d, + D,0): 6 0.88 (s, 3H), 1.01 (s, 3H), 1.15 (t,
3H), 1.96-2.48 (m, 7TH), 3.85 (s, 3H), 4.00 (q, 2H), 4.89 (s,
1H), 6.52-7.45 (m, 4H). *C NMR (75 MHz, DMSO-d,): &
14.61, 18.57, 26.78, 29.59, 26.19, 50.58, 55.17, 55.26,
59.42, 104.16, 110.15, 111.10, 114.06, 120.23, 129.40,
145.37, 149.49, 150.65, 159.28, 167.55, 195.60.

3. Results and Discussion

In recent years heterogeneous catalysts have attrac-
ted a great attention due to efficiency, and for economic
and environmental reasons. In the green chemistry con-
text, replacement of homogeneous catalysts with hetero-
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geneous ones for the productions of fine chemicals in in-
dustrial processes appears as expansive research area.>>’
Polymer supported reagents have been in use since 1946
and have been the subject of many review articles.”®
These catalysts have been recognized as environmentally
benign and economically feasible catalysts owing to their
high catalytic activities, ease of handling, non-toxicity
and experimental simplicity in comparison to conventio-
nal catalysts.

Results of thermogravimetric analysis of our poly-
mer catalyst are shown in Figure 1. The crosslinked
poly(AMPS-co-AA) catalyst exhibits three distinct
weight loss regions. The first one is in the range of 38181
°C attributed to loss of water (8.3%), and the second is in
the range of 183-335 °C with maximum decomposition
rate (31% weight loss) at 297 °C. Finally, the third one is
in the range of 187—496 °C with maximum decomposition
rate (60.7% weight loss) at 416 °C.

The IR spectrum of the polymer showed the charac-
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Figure 1. Thermogravimetric analysis of prepared crosslinked
poly(AMPS-co-AA) catalyst.

teristic absorption of acid (O-H) groups at 3444 cm™', car-
bonyl groups at 1654 cm™' and R,CH,-SO;” (AMPS)
groups at 1206 cm™.

According to our previous studies directed towards
the development of practical, and environmentally friend-
ly procedures for some important transformations,*' %8 we
investigated poly(AMPS-co-AA) catalyzed reactions for
the development of novel synthetic methodology.®"" In
the present research, poly(AMPS-co-AA) catalysis of the
Hantzsch reaction was investigated under solvent-free
conditions (Scheme 1). To the best of our knowledge, the-
re are no examples of the use of crosslinked poly(AMPS-
co-AA) as catalyst for the synthesis of polyhydroquinoli-
ne and 1,8-dioxohexahydroacridine derivatives.

Initially, the condensation of 4-chlorobenzaldehyde
(1b, 1 mmol), dimedone (2, 1 mmol), ethyl acetoacetate
(3, 1 mmol), and ammonium acetate (1.2 mmol) in the
presence of a catalytic amount of crosslinked poly

recyclable crosslinked

NH,OAc poly(AMPS-co-AA) catalyst

solvent-free

120°%C

5v-z

Scheme 1. Hantzsch synthesis of polyhydroquinoline and 1,8-dio-
xohexahydroacridine derivatives using crosslinked poly(AMPS-
coAA) catalyst under solvent-free conditions.

(AMPS-co-AA) and under solvent-free conditions at
100-120 °C was examined as a model reaction (Table 1,
entry 1-3). The best results have been obtained at 120 °C
(entry 3). The efficiency of the reaction is mainly affected
by the amount of catalyst and temperature. Increasing the
amount of crosslinked poly(AMPS-co-AA) catalyst and
temperature did not increase the yield of the reaction (en-
try 4-6). It was found that at lower amount of catalyst with
the prolonged reaction time, the yield of reaction decrea-
sed (entry 7). Furthermore, in absence of the catalyst no
products could be detected even after 1h of reaction.

Table 1. Screening of the reaction conditions for the synthesis 3-
acetyl-4-(4-chlorophenyl)-2,7,7-trimethyl-4,6,7,8-tetrahydroqui-
nolin-5(1H)-one (4b).

Entry Amount of poly- Temperature, Time, Yield,?
(AMPS-co-AA), g C min %
1 0.03 100 20 72
2 0.03 110 20 77
3 0.03 120 20 89
4 0.04 120 20 83
5 0.05 120 20 83
6 0.03 130 20 83
7 0.02 120 30 74
8 - 120 60 -

Isolated yields. " No reaction.
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The scope and generality of this four-component
one-pot Hantzsch synthesis of polyhydroquinoline deriva-
tives is illustrated with different aldehydes (Table 2). All
reactions proceeded efficiently within 20-35 minutes at
120 °C to provide the corresponding polyhydroquinoline
derivatives in good yields ranging from 68—89%. This
method has the ability to tolerate a variety of functional
groups such as methoxy, methyl, nitro, hydroxy, halo, etc.,
under given reaction conditions. Both, the electron-rich
and electron-deficient aldehydes as well as heterocyclic
aldehyde worked well leading to high yields of products.

The structures of all products were established from their
spectral data.

Encouraged by these results, we continued to study
the reaction using 2 equivalents of cyclic 1,3-dicarbonyl
compounds (1,3-cyclichexadione), various aldehydes and
ammonium acetate (Scheme 1). Reaction was carried out
under solvent-free conditions at 120 C using crosslinked
poly (AMPS-co-AA) as catalyst (0.03 g) to give products
in good to high yields (Table 2). Clearly, the nature of the
substitutes on the aromatic ring showed no influence on
reaction yield.

Table 2. Preparation of polyhydroquinoline and 1,8-dioxohexahydroacridine derivatives using crosslinked poly(AMPS-co-AA) catalyst.

Product (4 or 5) R R! Time, min  Yield,* % Mp, °C

Found Reported
(4a) CeH; CH, 20 85 200-202 203-204*
(4b) 4-CI-CH, CH, 20 89 241-243 245-246%
(4¢) 4-CH,-CH, CH, 20 86 260-262 260-261*
(4d) O 2-CI-C,H, CH, 25 82 210-212 208-210%

cl 0

(4e) 4-NO,-CH, CH, 30 84 239-241 242-244%
(4f) 3-NO,-CH, CH, 30 86 174-177 178-179*
(4g) 2-NO,-CH, CH, 25 80 205-207 206-207*
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Product (4 or 5) R R! Time, min  Yield,? % Mp, °C
Found Reported

(4h) 4-F-CH, CH, 25 85 186-187 185-186%

(4i) 4-Br-CH, CH, 20 84 248-250 252-253%
(4j) 4-CH,0-CH, CH, 25 82 253-255 256-257*
(4k) 2-CH,0-CH, CH, 20 88 249-251 204-208*
(41 = 2-Thienyl CH, 35 78 239-241 238-240%
S
Et0,C

N

H
(4m) 4-Me,N-CH, CH, 25 81 260-262 262-263%
(4n) 4-HO-CH, CH, 25 76 230-232 230-231%
(4o) CH, H 20 80 244-246 240-241%
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Product (4 or 5) R R! Time, min  Yield,* % Mp, °C
Found Reported
(4p) 4-CI-CH, H 25 78 237-239 234-235%
4q) 4-NO,-CH, H 25 80 207-209 204-205%
(dr) 3-NO,-CH, H 25 82 202-204 198-200%
(4s) 4-CH,-CH, H 25 86 242-244 240-241%
(4t) 4-F-CH, H 25 84 243-245 243-2443%
(4u) = 2-Thienyl H 30 68 230-232 233-234%
EtO,C
|
N
H
5v) C H, CH, 15 86 191-193 190-192%
5w) 4-CI-CH, CH, 10 90 297-300 299-301%
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Product (4 or 5) R R! Time, min  Yield,* % Mp, °C
Found Reported
(5x) 4-CH,-C(H, CH, 15 86 269-271 269-270%
(Sy) 4-NO,-CH, CH, 10 88 286-289 286-289%
(5z) 4-CI-CH, H 15 89 266-268 268-270%
*Isolated yields.

A tentative mechanism to rationalize the product
formation is shown in (Scheme 2). Polyhydroquinolines
4a-u may be formed either through steps I-III or
through steps IV-VI.31733394142 The poly(AMPS-co-
AA) catalyst® is involved in steps I and IV, where it
catalyzes the Knoevenagel type coupling of aldehydes
with active methylene compounds and in steps III and
VI, where it catalyzes the Michael type addition of in-
termediates 6, 7, and 8, 9 to give products 4a-u. The for-
mation of Sv-z takes place through a Hantzsch-like
mechanism via conjugate addition of the enamine inter-
mediate (obtained from dimedone and ammonium ace-
tate, step V) to the Knoevenagel product (obtained from
dimedone and aldehydes 1a-z, step I), followed by imi-
no-enamino tautomerism and subsequent cycliza-
tion,*43

Furthermore, we investigated the reusability and
recycling ability of crosslinked poly(AMPS-co-AA) ca-
talyst. At first, we put 4-chlorobenzaldehyde (1b,

Table 3. Reuse of the crosslinked poly(AMPS-co-AA) catalyst for
the synthesis of 3-acetyl-4-(4-chlorophenyl)-2,7,7-trimethyl-
4,6,7,8-tetrahydroquinolin-5(1H)-one (4b).

Entry Time, min Yield,” %
0 20 89
1 20 82
2 30 76

 Isolated yields.

1 mmol), dimedone (2, 1 mmol), ethyl acetoacetate (3, 1
mmol), ammonium acetate (1.2 mmol) and 0.03 g of
poly(AMPS-co-AA) catalyst together, and then the mixtu-
re was stirred at 120 °C for 20 min without any solvent.
When the reaction was completed, the poly(AMPS-co-
AA) catalyst was separated by simple filtration and by di-
luting with hot ethnol. Finally, the catalyst was dried in
oven 120 °C for 24 h. Recovered catalyst was reused in
subsequent reactions (Table 3).

4. Conclusion

In conclusion, this paper describes an efficient, he-
terogeneous, simple and safe procedure for the prepara-
tion of the polyhydroquinoline and 1,8-dioxohexahy-
droacridine derivatives. Present methodology offers very
attractive features such as reduced reaction times, high
yields, non-corrosiveness, generality, easy and safe
work-up, recycability of catalyst and environmental ac-
ceptability.
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Scheme 2. The proposed mechanism for the formation of polyhydroquinoline (4a-u) and 1,8-dioxohexahydroacridine (5v-z) derivatives using

crosslinked poly(AMPS-co-AA) catalyst.
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Povzetek

V prispevku je predstavljena uc¢inkovita, obnovljiva in okolju prijazna Hantzscheva sinteza polihidrokinolinskih in 1,8-
dioksoheksahidroakridinskih derivatov z veckomponentno enostopenjsko reakcijo med razli¢nimi aldehidi, amonijevim
acetatom in (a) ciklicnimi 1,3-dikarbonilnimi spojinami ter etil acetoacetatom, oziroma (b) z dvemi ekvivalenti ci-
kli¢nih 1,3-dikarbonilnih spojin v prisotnosti novega polimernega katalizatorja [poly(AMPS-co-AA)] in brez topila.

Postopek ponuja ve¢ prednosti, kot so kratki reakcijski Casi, enostavna izolacija in ¢i§¢enje produkta, ter varen, netok-
si¢en, obnovljiv in ekonomsko ucinkovit katalizator.
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