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Herein we describe a clean and sustainable, one-pot,
multi-component protocol for the synthesis of 1,8-
dioxo-decahydroacridines by Hantzsch condensation
of cyclic 1,3-dicarbonyl compound and NH,OAc with
diverse aryl aldehydes using citric acid as an inexpen-
sive green additive in ecological safe solvent. Utiliza-
tion of cheaper and safer catalyst, cleaner reaction
profile, straightforward work-up procedure and good
to excellent yields of the desired product are the note-
worthy aspects of this method.
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OUR environment needs to be protected from the growing
amounts of waste and toxic by-products that sequentially
lead to chemical pollution. Therefore, synthetic chemists
are interested to develop relatively safer technologies
which play a vital role in green chemistry. Establishing
newer chemical transformations should satisfy the green
principles such as non-toxic, non-flammability, eco-
friendly medium, and separation as well as recycling of
the catalysts. Since the last decade, efforts have been
made towards the design and synthesis of an environ-
ment-friendly method with respect to reagents, catalysts
and solvents that could be easily biodegradable'?. Multi-
component reaction (MCR) strategies have been widely
used in the convergent synthesis of complex organic enti-
ties. The MCRs uses simple and easily available starting
materials and provide high atom economy and selectivity.
It is one of the important synthetic tools available to
achieve both economic and environment-friendly goals.
Therefore, the synthesis of heterocyclic compounds using
significant bioactivities with MCR support is an impor-
tant pursuit in organic synthesis.

Synthesis of acridines is a growing area of interest due
to polyfunctionalized groups with a wide range of biolo-
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gical activities’. Among them, 1,8-dioxo-decahydro-
acridines is an important class of aza-heterocycles in
which a phenyl-substituted pyridine ring is fused with
two cyclohexanone rings. These structures contain 1,4-
dihydropyridine (1,4-DHP) as a parent core, which acts
as fluorescent probes in bioanalytical chemistry* and also
used as potential drug candidates for the treatment of car-
diovascular diseases. Some of these compounds are used
in dye-sensitized solar cells and in the preparation of
blue light-emitting devices™®. In addition, 1,8-dioxo-
decahydroacridines have been widely employed as DNA
intercalators, SIRT1 inhibitors, and calcium and potas-
sium channel modulators’”®. Several studies have revealed
that these heterocycles exhibit numerous medicinal
applications which include antitumour, calcium-channel
blockers, antileukemic, antifungal, anticancer, anti-athero-
sclerotic and bronchodilator’ . They are also used as
laser dyes, chemosensors and initiators in the photo-
polymerization process. These derivatives are highly
important due to their structural similarities with coen-
zyme nicotinamide adenine dinucleotide (NADH), which
plays an important role in biological systems.

The most common route for the synthesis of 1,8-dioxo-
decahydroacridines is the condensation of a diverse range
of aryl aldehydes, dimedone or cyclic 1,3-dicarbonyl
compounds with various nitrogen sources such as ammo-
nium acetate, urea, ammonium hydroxide, ammonium
bicarbonate and hydroxylamine'*'®. A variety of catalysts
such as sulphonated polyethylene glycol (PEG-OSO;H),
silzic (Si0,—ZnCl,), silica boron—sulphuric acid, proline,
Zn(OAc),, nano nickel cobalt ferrite (NijsCo¢sFe;Oy),
carbon-based solid acid, Bronsted acidic imidazolium
salts, ascorbic acid, acetic acid, tris(pentafluorophenyl)
borane/B(C¢Fs);, silica-supported polyphosphoric acid,
ammonium chloride, silica-supported Preyssler nanopar-
ticles have been employed in this reaction'® 2. However,
most of these reported methods have certain drawbacks
such as use of toxic and corrosive solvents, expensive
reagents, tedious preparation of catalyst, prolonged reac-
tion times, complicated work-up procedure, harsh reaction
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Table 1. Optimization of solvent for the synthesis of 1,8-dioxo-
decahydroacridine®

Entry Solvent Time (min) Yield (%)°

1 Water 240 70

2 Ethanol 150 89

3 Ethanol : water 200 80

4 Methanol 300 72

5 Acetonitrile 360 68

6 Dichloroethane 400 55

7 Toulene 390 65

“Reaction conditions: Benzaldehyde (1 mmol), dimedone (2 mmol),
NH,OAc (1.5 mmol) and citric acid monohydrate (2 mmol) in solvent
(4 ml) at reflux. *Isolated yields.

conditions and low yields of the anticipated product.
Therefore, a great demand still exists for the utilization of
an efficient, simple and eco-friendly process, especially
using cheaply available organocatalysts.

Citric acid is a weak organic acid with the formula
C¢HgO5; it was initially isolated and crystallized from
lemon juice in 1784. It has been found as a natural pre-
servative and antioxidant in a variety of citrus fruits like
orange, lemon, pineapple, peach and pear. This organic
acid is the most widespread intermediate product of
metabolism. Furthermore, citric acid is also used for the
preparation of salt and forms complexes with many met-
als such as magnesium, iron, manganese, calcium and
copper. Due to its widespread presence, non-toxic nature
and chemical stability, it has been used for sequestering
in industrial process, as a softener in detergent, as an an-
ticoagulant blood preservative and as a complexing agent
in metal treatment. Other industrial and pharmaceutical
applications of citric acid include an antioxidant in
cosmetics, cleaning and buffering. Despite its huge indus-
trial and pharmaceutical importance, only a few reports
exemplify its catalytic application in organic synthesis.

In continuation of our research on the development of
green and sustainable methodologies for the synthesis of
bioactive heterocyclic scaffolds™ 7, herein we describe a
green protocol for the synthesis of 1,8-dioxo-decahydro-
acridines from one-pot, MCR of dimedone and NH,OAc
with a range of aryl aldehydes in the presence of readily
available citric acid as organocatalyst in ethanol at reflux.
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Citric acid-catalyzed multi-component synthesis of 1,8-dioxo-decahydroacridines.

Results and discussion

In order to optimize the various reaction conditions, such
as effect of solvents and catalyst, the reaction of benzal-
dehyde (1 mmol), dimedone (2 mmol), and NH,;OAc
(1.2 mmol) was selected as the template in the presence
of citric acid (2 mmol) as organocatalyst (Scheme 1).

In a preliminary experiment, the reaction was carried
out in various solvents such as water, ethanol, ethanol:
water, methanol, acetonitrile, dichloroethane and toluene
at reflux; Table 1 shows the results. The best result was
obtained in ethanol providing an excellent yield (89%) of
the expected product in 150 min. (Table 1, entry 2).
Though the reaction proceeded in water (Table 1,
entry 1) ethanol:water (1:1), methanol, acetonitrile,
dichloroethane or toluene, the yield of the desired product
was moderate in these solvents with prolonged reaction
time (Table 1, entries 3—7).

Next, we optimized the catalyst by varying the amount
of citric acid; Table 2 provides the results. The amount of
catalyst plays a crucial role in the yield of the desired
product. No product was formed without catalyst (Table
2, entry 1). When the amount of citric acid was increased,
the yield of the desired product also significantly
increased (Table 2, entries 1-3). Maximum yield was ob-
tained in the presence of 2.0 mmol catalyst (Table 2, entries
1-4). Further increase in the amount of citric acid did not
have a profound influence on the yield as well as reaction
time of the anticipated product (Table 2, entry 5).

After optimization of the reaction conditions, we eva-
luated the scope and generality of the present protocol by
the reaction of a variety of substituted aryl aldehydes,
dimedone and NH4OAc in the presence of catalyst
(2.0 mmol) in ethanol at reflux; Table 3 shows the
results. The aromatic aldehydes with varied electronic
structure undergo smooth conversion affording the
expected 1,8-dioxodecahydroacridines in good to excel-
lent yields. It was observed that the electronic structure of
the substituents on aldehyde had little influence on the
yield of the anticipated 1,8-dioxo-decahydroacridines.
Furthermore, aromatic hetrocyclic aldehyde also showed
good conversion with 81% yield (Table 3, entry 10).
However, the reaction of aliphatic aldehyde showed low
yield with prolonged reaction time (Table 3, entry 11).
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The recyclability of the catalyst was checked for model
reactions; Figure 1 depicts the results. After completion
of reaction, the product was recovered by filtration and
the filtrate was extensively extracted with chloroform.
The catalyst present in the aqueous layer was then dried
under vacuum before performing the reusability test. The
recovered citric acid could be used in the next reaction
cycle. The results indicated that the catalyst could be
reused for at least three runs with a modest change in the
yield of the product.

Figure 2 shows the plausible mechanism of the forma-
tion 1,8-dioxodecahydroacridines. First, citric acid
promotes enolization of 1,3-diketone (2), which reacts
with aldehyde (1) to form the Knoevengel adduct (5). The
adduct (5), undergoes Michael addition with the second
molecule of dimedone to yield intermediate (6). The
intermediate (6) then reacts with ammonium acetate to
yield amine (7) by imine intermediate. The resulting
imine (7) undergoes intramolecular cyclization followed
by dehydration to yield the desired product (4).

In order to compare the efficiency and advantages of
citric acid with reported catalysts, we have tabulated several
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Figure 1. Reusability of citric acid for synthesis of 1,8-dioxo-
decahydroacridines.
Table 2. Optimization of catalyst for the synthesis of 1,8-dioxo-
decahydroacridine®

Entry Catalyst (mmol) Time (min) Yield (%)°
1 - 150 -
2 1 150 68
3 1.5 150 78
4 2.0 150 89
5 3.0 150 89

“Reaction conditions: Benzaldehyde (1 mmol), dimedone (2 mmol),
NH4OAc (1.5 mmol) and citric acid monohydrate (1-3 mmol) in
ethanol (4 ml) at reflux. "Isolated yields.
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results in the synthesis of 1,8-dioxo-decahydroacridines
(Table 4). The table shows that citric acid is effective in
terms of yield as well as reaction time compared to the
reported catalysts.

Experimental

All the chemicals were obtained from a local supplier and
used without further purification. The melting points
were determined by open capillary method and are uncor-
rected. The FTIR spectra (Bruker ALPHA FTIR spectro-
meter) and NMR spectra (Bruker AC; 400 MHz for 'H
NMR and 75 MHz for *C NMR spectrometer using TMS
as an internal standard) were recorded. The chemical
shifts (o) are expressed in parts per million.

General procedure for the synthesis of
1,8-dioxo-decahydroacridine derivatives

A mixture of aromatic aldehyde (1 mmol), dimedone
(2 mmol), NH4OAc (1.2 mmol) and citric acid (2 mmol)
was stirred in ethanol (4 ml) at reflux. After completion
of the reactions as monitored by thin layer chromatogra-
phy (TLC), the reaction mixture was allowed to cool at
room temperature, poured into ice-cold water (20 ml) and
stirred continuously for 10 min. The resultant solid was
filtered, washed with cold water and then dried. The
crude solid was recrystallized in ethanol and characte-
rized by spectroscopic techniques.

Spectral data

3,3,6,6-Tetramethyl-9-(phenyl)-1,8-dioxo-decahydroacri-
dine (Table 3, entry 1): Yield 89%, m.p.: 193-195°C,
(192-194°C)*”; '"HNMR (400 MHz, CDCl3) & (ppm):
7.45 (s, 1H, NH), 7.65-7.10 (m, 5H, Ar-H), 5.15 (s, 1H,
CH), 2.42-2.17 (m, 8H, CH,), 1.12 (s, 6H, CH3), 0.98 (s,
6H, CHs); °C NMR (75 MHz, CDCl;) & 193.8, 148.3,
136.4, 126.8, 128.1, 126.8, 114.3, 51.1, 41.3, 34.2, 33.6,
29.9,27.6; IR (KBr, cm'): 3275, 2959, 1631, 1368.

3,3,6,6-tetramethyl-9-(4-chlorophenyl)-1,8-dioxo-deca-
hydroacridine (Table 3, entry 3): Yield 87%, m.p.: 294—
296°C, (295-297°C)*’; 'H NMR (400 MHz, CDCl;) &
(ppm): 7.66 (s, 1H, NH), 7.48 (d, /=9 Hz, 2H, Ar-H),
7.38 (d, /=9 Hz, 2H, Ar-H), 5.16 (s, 1H, CH), 2.30-2.13
(m, 8H, CH,), 1.17 (s, 6H, CH3), 0.95 (s, 6H, CHs); *C
NMR (75 MHz, CDCl3) &: 196.1, 150.1, 144.9, 132.0,
130.1, 127.9, 113.2, 51.5, 41.1, 34.4, 33.6, 30.5, 26.8; IR
(KBr, cm™): 3436, 2954, 1647, 1612, 1365.

3,3,6,6-Tetramethyl-9-(4-cynophenyl)-1,  8-dioxo-deca-
hydroacridine (Table 3, entry 5): Yield 74%, m.p.:
<300°C, (<300°C)*; 'HNMR (400 MHz, CDCly) &
(ppm): 7.52 (d, J=8.3 Hz, 2H, Ar-H), 7.46 (d, /J=8.3 Hz,
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2H, Ar-H), 5.11 (s, 1H, CH), 5.91 (s, 1H, NH), 2.43 (d,
J=16.5 Hz, 2H), 2.26 (d, J=16.5 Hz, 2H), 2.28 (d,
J=16.5 Hz, 2H), 2.19 (d, J = 16.5 Hz, 2H), 1.13 (s, 6H,
CH), 0.96 (s, 6H, CH;); *C NMR (75 MHz, CDCLy) §:
194.8, 148.7, 146.1, 130.2, 129.5, 120.7, 112.9, 50.4,
32.9,32.0, 30.5, 29.1, 26.6); IR (KBr, cm™'): 3321, 2955,
2233, 1631, 1491.

3,3,6,6-Tetramethyl-9-(4-methoxyphenyl)-1,8-dioxo-deca-
hydroacridine (Table 3, entry 7): Yield 90%, m.p.: 270—
272°C, (270-272°C)”’; 'HNMR (400 MHz, CDCl;) &
(ppm): 8.82 (s, 1H, NH), 7.12 (d, J = 8.6 Hz, 2H, Ar-H),
6.64 (d, J= 8.6 Hz, 2H, Ar-H), 4.83 (s, 1H, CH), 3.65 (s,
3H, O-CH3;), 2.35 (d, J=17.0 Hz, 2H), 2.24 (d, /=16.3
Hz, 2H), 2.10 (d, J=15.9 Hz, 2H), 1.98 (d, J=16.2 Hz,
2H), 1.01 (s, 6H, CHj), 0.98 (s, 6H, CH;); “C NMR
(75 MHz, CDCl;) o: 192.4, 154.6, 149.1, 138.9, 128.6,
112.8, 111.8, 54.6, 51.8, 32.2, 30.3, 28.9, 26.5; IR (KBr,
cm'): 3448, 2954, 1643, 1612, 1365, 1141.
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Proposed reaction mechanism for the synthesis of 1,8-dioxo-decahydroacridines.

3,3,6,6-Tetramethyl-9-(4-methylphenyl)-1,8-dioxo-deca-
hydroacridine (Table 3, entry 8): Yield 79%, m.p.: 272—
274°C, (271-273°C)*"; '"H NMR (400 MHz, CDCl;) &
(ppm): 11.9 (s, 1H, NH), 7.09 (d, /=9 Hz, 2H, Ar-H),
6.98 (d, /=9 Hz, 2H, Ar-H), 5.50 (s, 1H, CH), 2.29 (s,
3H, CHj), 2.19-2.47 (m, 8H, CH;), 1.22 (s, 6H, CH;),
1.09 (s, 6H, CHs); *C NMR (75 MHz, CDCls) &: 190.6,
135.5,135.1, 129.3, 128.9, 126.5, 117.7, 47.2, 46.6, 32.5,
31.3,29.8, 27.4; 20.9; IR (KBr, cm'): 2958, 2877, 1569,
1369.

Conclusion

In summary, here we report a simple and economically
viable one-pot method for the synthesis of 1,8-dioxo-
decahydroacridine derivatives, via Hantzsch condensation
of dimedone, NH4;OAc with various aromatic aldehydes
using commercially available, inexpensive citric acid as a
greenorgano catalyst. Some important advantages of this
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Table 3. Synthesis of 1,8-dioxo-decahydroacridine derivatives®

CHO

_ oS 2  NiOp.  Sitric acid 2 mmoD
i P ’ ' Etahnol, reflux
o]
1 2 3
N’
|
4
Time
Entry Aromatic aldehyde (min) Yield® (%)
CHO
! © 150 89
CHO
2 © 100 90
NO,
CHO
3 © 160 87
el
CHO
4 <> 180 85
Br
CHO
> © 200 74
CN
CHO
6 © 160 83
OH
CHO
7 © 210 90
OCHj;
(Contd)
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Table 3. (Contd)

Time
Entry Aromatic aldehyde Product (min) Yield” (%)
CHO
8 © 130 79
CHj;
CHO
9 230 80
H,CO OCHs
OCH3;
10 @ 240 81
s CHO
H
0 o
CHO
11 \( 300 45
N

H

“Reaction conditions: Dimedone (2 mmol), aryl aldehyde (I mmol), NH,OAc (1.5 mmol) and citric
acid monohydrate (2 mmol) in ethanol (4 ml) at reflux. *Isolated yields.

Table 4. Effect of various catalysts on the synthesis of 1,8-dioxo-decahydroacridines

Time Yield

Entry Catalyst Reaction condition (min) (%) Reference

1 Citric acid (2 mmol) Ethanol/reflux 150 89 Present study
2 Ni sCo.sFe;04 (20 mol%) EtOH: H,O (1:1), reflux 40 92 24

3 Si0,—ZnCl, (0.2 g mol%) Solvent-free/100°C 30 70 20

4 B (C4Fs); (3 mol%) Solvent-free/RT 168 80 29

5 PPA-SiO, (0.02 g) Solvent-free/100°C 10 93 30

6 Ammonium chloride Solvent-free/120°C 60 87 31

7 SPNP (0.03 mmol) H,O0, reflux 120 91 32
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