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Abstract.

The Hantzsch three-component condensation reaction of various aromatic aldehydes, 1,3-dione

and aniline derivatives in the presence of 2-methylpyridinium trifluoromethanesulphonate ([2-MPyH]OTY) as
green and highly efficient catalysts in water affords 1,8-dioxodecahydroacridine derivatives in good to excellent
yields. This reaction has been carried out in the presence of 1 mol% of [2-MPyH]OTT at room temperature.
The described novel synthesis method proposes several advantages of mild condition, short reaction times, high
yields, simplicity and easy workup compared to the traditional method of synthesis.

Keywords.

2-Methylpyridinium trifluoromethanesulphonate; Hantzsch three-component condensation;

protic ionic liquid; 1,8-dioxodecahydroacridine; water solvent.

1. Introduction

Ionic liquids (ILs) are salts consisting of ions, which
exist in the liquid state at ambient temperatures.' They
show reasonably high ionic conductivities. Although
the first IL, ethyl ammonium nitrate (M.p. 12°C) was
reported as early as 1914,% ILs have generated great
interest only recently. ILs are usually characterized by
a wide electrochemical window of stability, a reason-
able ionic conductivity (similar to most non-aqueous
electrolytes). ILs typically consist of organic nitrogen-
containing heterocyclic cations and inorganic anions. '
Nevertheless, in the last few years, they have become
more attractive in other fields such as catalysis,? for-
mation of metal nanostructures,* analytical chemistry>
including sensors® and for electrochemical biosensors.’
Due to their high polarities, ILs are expected to be suit-
able solvents for the reaction between organo-soluble
and water soluble reagents.®

Acridine and its derivatives are interesting com-
pounds, because of their well-known properties in
fields of medicinal®!® and biological activities (such
as anticancer,'! antibacterial,'? antitumour,* anticon-
vulsant, ' antimalarial, '* analgesic, '® hypertensive and

*For correspondence

anti-inflammatory),'” applications in material science
(semiconductors)'® and spectroscopy (luminescent
agent).'” Therefore, their syntheses have attracted a
large number of organic chemists. >

Preparation of acridine and its derivatives is a three-
component reaction which is an important class of
organic reactions. Many procedures have explained
the synthesis of acridine derivatives containing 1,4-
dihydropyridines, from dimedone, aldehydes and
different nitrogen sources such as urea,?' ceric ammo-
nium nitrate,?> ammonium acetate on basic alumina,?
and different appropriate amines or ammonium
acetate,” via conventional heating in organic
solvents, in the presence of Amberlyst-15,” p-
dodecylbenzenesulphonic acid (DBSA),?® triethyl-
benzylammonium chloride (TEBAC)?” and using
ILs**3% such as Brgnsted acidic imidazolium salts
containing perfluoroalkyl tails,*" 1-methylimidazolium
triflouroacetate ((Hmim]Tfa). >

However, some of the reported methods of synthe-
sis of 1,8-dioxodecahydroacridine involve unpleasant
experimental procedure and reagents which are expen-
sive. A mild and efficient catalyst for the synthesis of
1,8-dioxodecahydroacridine is very desirable. Perform-
ing organic reactions in aqueous media has attracted
much attention because of the wonderful properties
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of water. It would be significantly safe, cheap, non-
toxic and environment-friendly compared to organic
solvents.

In 2006, Deng et al.** introduced new functionalized
acidic ILs based on pyridinium which have much higher
activity than other reported catalysts with the addi-
tional advantage of reusability. In this article, we wish
to report a green and highly efficient method for one-
pot synthesis of 1,8-dioxodecahydroacridine derivatives
via Hantzsch three-component condensation reaction
using an IL as catalyst. This is an efficient synthesis in
aqueous media, which not only defends simplicity but
also constantly gives corresponding products in good to
excellent yields (scheme 1).

2. Experimental

2.1 General procedure for synthesis of [2-MPyH]OTf
as a IL catalyst

The IL [2-MPyH]OTTf as a catalyst was synthesized
according to literature.* A white solid was formed in
high purity and then the physical data (IR, NMR) of
these known ILs was found to be identical. Spectral
data: "H NMR (400 MHz, CDCl;): § 2.93 (s, 3H), 7.26—
7.67 (m, 2H), 8.29-8.36 (m, 1H), 8.84 (d, / = 5.9 Hz,
1H), 17.21 (brs, 1H); *C NMR (100 MHz, CDCl;): §
154.1, 146.7, 141.3, 128.1, 125.3, 120.7, 21.1; IR (KBr,
cm~') 2983, 1631, 1365, 1223, 1070, 957, 887, 579.

2.2 Recycling of [2-MPyH]OTf as an IL catalyst

In case of a hydrophilic ionic liquid, i.e., [2-MPyH]OTT,
the reaction mixture was diluted with water and
extracted with CH,Cl, (2* 10 mL). The combined
organic extracts were washed with water, dried over
anhydrous Na,SO,, concentrated under vacuum and the

Me

4: R=Me; 5: R=H

Synthesis of 1,8-dioxodecahydroacridines catalysed by protic pyridinium ionic liquid.

resulting product was purified by recrystallization to
afford pure product. The ionic liquid can be recovered
either by extracting the aqueous phase with CH,Cl, or
by evaporating the aqueous layer under vacuum. The
ionic liquid thus obtained was further dried at 60°C
under reduced pressure for use in subsequent runs.

2.3 General procedure for the synthesis
of 1,8-dioxodecahydroacridine derivatives

A mixture of an aromatic aldehyde (1.0 mmol), 1, 3-
dione (2.0 mmol), aniline derivatives (1.0 mmol) and
ILs as a catalyst (1 mol%) in water (2 mL) was stirred at
room temperature for an appropriate time. The progress
of the reaction was monitored by TLC. After comple-
tion of the reactions, the mixture solid was filtered off
and washed with H,O (10 mL) and the crude prod-
ucts were obtained. The crude products were purified
by recrystallization from ethanol (98%).

2.4  Spectral data for the synthesis
of 1,8-dioxodecahydroacridine derivatives

2.4a 3,3,6,6-Tetramethyl-9-(4-chlorophenyl)-10-phenyl-
3,4,6,7,9, 10-hexahydroacridine-1,8(2H,5H)-dione (table 1,
entry 4b): M.p. 243-245°C (1it.*° 244-246 °C); 'H
NMR spectrum (400 MHz, CDCls, §, ppm): 1.65 (s,
6H, 2 * CHj), 1.83 (s, 6H, 2 * CHj3), 2.54 (dd, 4H,
J = 16.1 Hz, 2* CH,), 2.75 (dd, 4H, J = 16.3 Hz,
2 * CH,), 5.17 (s, 1H, CH), 7.23-7.37 (m, 5H, ArH),
7.53 (d, 2H, J = 9.3 Hz, ArH), 7.67 (d, J = 9.2 Hz,
2H, ArH); IR spectrum (KBr, v, cm™!): 785 (—CH
out of bending of aromatic ring), 1235 (CN stretch-
ing), 1375, 1575 (C=C— stretching of aromatic ring),
1671 (C=0-— of 1,3-diketone), 2945 (CH stretching of
aliphatic), 3055 (—CH stretching of aromatic ring).
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Table 1. Synthesis of 1, 8-dioxodecahydroacridine derivatives catalysed by ionic
liquid in water®.

Entry R! R? Time (min) Yield (%)° M.p (°C) [Ref.]
4a H H 15 94 255-257%
4b 4-Cl H 11 96 243-245%
4c 4-OMe H 11 94 222-224%
4d 3-NO; H 5 98 297-299%2
4e H 4-Me 11 94 223-285%
af 2-Cl 4-Me 11 95 284-286%6
4g 3-Cl 4-Me 9 95 316-318%
4h 4-Cl 4-Me 8 96 273-275%
4i 2,4-Cl, 4-Me 9 95 318-320%
4j 3,4-Cl, 4-Me 9 96 251-253%0
4k 4-Me 4-Me 8 96 29529730
41 4-OH 4-Me 10 94 347-349%6
4m 4-OMe 4-Me 8 95 279-281%
4n 4-OH-3-OMe  4-Me 9 94 273-275%
40 3-NO, 4-Me 3 98 285-287%
4p H 4-OMe 11 95 214-2167"
4q 4-C1 4-OMe 7 96 252-25431
4r 4-OMe 4-OMe 8 96 210-2123!
4s 2-Cl 4-Cl 9 95 315-317%
4t 4-Cl 4-Cl 7 97 303-305%
4u H 4-Br 10 95 270-272%
5a H H 20 91 275-2773%
5b 4-Cl H 15 94 291-29322
Sc 3-NO, H 8 95 277-279%
5d 2-OMe H 15 92 267-267%

#Reaction condition: 1,3-dione (2 mmol), aromatic amine (1 mmol), aldehyde deriva-
tives (1 mmol), ionic liquid catalyst (1 mol%), water solvent (2 mL)

bIsolated yield

2.4b  9-(4-Hydroxyphenyl)-3,3,6,6-tetramethyl-10-p-
tolyl-3,4,6,7,9, 10-hexahydroacridine-1,8(2H,5H)-dione
(table 1, entry4m):  M.p. 279-281°C (lit.*® 282-383 °C);
"H NMR spectrum (400 MHz, CDCls, §, ppm): 1.74
(s, 6H, 2 * CHs), 1.83 (s, 6H, 2* CH3), 2.27 (s, 3H,
CH3), 2.45 (dd, 4H, J = 16.8 Hz, 2 * CH,), 2.63 (dd,
4H, J = 16.9 Hz, 2* CH,), 5.23 (s, 1H, CH), 5.47 (s,
1H, OH), 7.26 (d, 2H, J = 9.2 Hz, ArH), 7.37 (d, 2H,
J = 9.3 Hz, ArH), 7.56 (d, 2H, J = 9.3 Hz, ArH),
7.64 (d, 2H, J = 9.3 Hz, ArH); IR spectrum (KBr, v,
cm™'): 780 (—CH out of bending of aromatic ring),
1230 (CN stretching), 1370, 1567 (C=C— stretching
of aromatic ring), 1659 (C=0- of 1,3-diketone), 2945
(CH stretching of aliphatic), 3057 (—CH stretching of
aromatic ring), 3581 (OH stretching).

2.4c  10-(4-Methoxyphenyl)-3,3,6,6-tetramethyl-9-
phenyl-3,4,6,7,9, 10-hexahydroacridine-1,8(2H,5H )-
dione (table 1, entry 4p): M.p. 214-216°C (lit.*!
215-217 °C); '"H NMR spectrum (400 MHz, CDCl;,
8, ppm): 1.71 (s, 6H, 2 * CH;), 1.77 (s, 6H, 2* CH;),

2.29 (dd, 4H, J = 16.2 Hz, 2* CH,), 2.35 (dd, 4H,
J =16.1 Hz, 2* CH,), 3.75 (s, 3H, CH3), 5.12 (s, 1H,
CH), 7.25 (d, 2H, J = 9.2 Hz, ArH), 7.33—7.38 (m,
5H, ArH), 7.43 (d, 2H, J = 9.2 Hz, ArH); IR spectrum
(KBr, v, cm™!): 980 (—CH out of bending of aromatic
ring), 1230 (CN stretching), 1335 (C—O stretching),
1357, 1560 (C=C-— stretching of aromatic ring), 1679
(C=0— of 1,3-diketone), 2955 (CH stretching of
aliphatic), 3065 (—CH stretching of aromatic ring).

2.4d  10-(4-Bromophenyl)-3,3,6,6-tetramethyl-9-phenyl-
3,4,6,7,9, 10-hexahydroacridine-1,8(2H,5H)-dione (table 1,
entry 4u). M.p. 270-272°C (lit.”> 269-272°C); 'H
NMR spectrum (400 MHz, CDCls, §, ppm): 1.73 (s,
6H, 2 * CHj), 1.81 (s, 6H, 2* CH;), 2.37 (dd, 4H,
J = 16.2 Hz, 2* CH,), 2.44 (dd, 4H, J = 16.3 Hz,
2 * CH,), 5.36 (s, 1H, CH), 7.21-7.35 (m, 5H, ArH),
7.38 (d, 2H, J = 9.1 Hz, ArH), 7.51 (d, 2H, J =
9.3 Hz, ArH); IR spectrum (KBr, v, cm™!): 778 (—CH
out of bending of aromatic ring), 1225 (CN stretch-
ing), 1367, 1545 (C=C-— stretching of aromatic ring),
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1671 (C=0-— of 1,3-diketone), 2953 (CH stretching of
aliphatic), 3065 (—CH stretching of aromatic ring).

3. Results and discussion
3.1 Effect of reaction conditions

To study the generality of this process, several exam-
ples illustrating this method for the synthesis of
those polyfunctionalized 1,8-dioxodecahydroacridines
were studied. Results are summarized in table 1.
The effect of electron and the nature of substituents
on the aromatic ring did showed expected strong
effects in terms of yields under these reaction con-
ditions. Aromatic aldehydes and aniline derivatives
containing electron-withdrawing groups (such as nitro
and halo groups) or electron-donating groups (such
as hydroxyl and alkoxyl groups) were employed and
they were found to react well to give the cor-
responding 1,8-dioxodecahydroacridines in good to
excellent yields. Aromatic aldehydes having electron-
withdrawing groups on the aromatic ring (table 1,
entries 3d, 3h, 30) react faster than electron-donating
groups (table 1, entries 3¢, 3l, 3m, 3r). Also, ani-
line derivatives similarly underwent the conversion
well. Also, the reaction in the presence of 5,5-
dimethylcyclohexane-1,3-dione occurs faster than the
reaction in presence of cyclohexane-1,3-dione.

3.2 Effect of solvent, amount of catalyst
and temperature

We have also examined the effects of the solvent
through a few experiments. As a model reaction,
the reaction of 4-chlorobenzaldehyde with 5,5-
dimethylcyclohexane-1,3-dione and p-toluidine cata-
lysed by 1 mol% IL in various solvents are summa-
rized in table 2. The yields refer to the isolated yields.
From table 2, we know that water is obviously the best
choice for these reactions. Another reason we chose
water as the solvent of this reaction is that water is safe,

Table 2. Reaction in various solvents catalysed by ionic
liquid®.

Solvent H,O C,HsOH CH3;CN Toluene Benzene
Time (min) 8 10 15 25 31
Yield (%)* 96 96 94 89 89

aReaction condition: 5,5-Dimethyl-1,3-cyclohexenedione
(2 mmol), p-toluidine (1 mmol), 4-chlorobenzaldehyde
(1 mmol), ionic liquid catalyst (1 mol%), solvent (2 mL)
bIsolated yield.
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Table 3. Optimization reaction condition for preparation
of acridine®.

Entry  Catalystamount  Temperature  Time  Yield
(mol%) °C) (min)  (%)°

1 Catalyst-free 25 60 -

2 Catalyst-free 75 60 -

3 Catalyst-free 100 60 -

4 1 25 8 96

5 1 75 8 95

6 1 100 8 96

7 2 25 8 96

8 2 75 10 96

9 2 100 10 96

10 5 25 15 91

11 10 25 15 90

#Reaction condition: 4-Chlorobenzaldehyde (1 mmol),
p-toluidine (1 mmol), 5,5-dimethyl-1,3-cyclohexenedione
(2 mmol)

bIsolated yield

benign, cheap and a green solvent compared to organic
solvents.

To find out the optimum quantity of [2-MPyH]OTf,
the reaction of 5,5-dimethylcyclohexane-1,3-dione, 4-
chlorobenzaldehyde and p-toluidine was carried out
in water solvent using different quantities of [2-
MPyH]OTT (table 3). IL [2-MPyH]OTY as a catalyst of
1 mol% gave excellent yield in 8 min as from table
3. To optimize the temperature in the mentioned reac-
tion, we have carried out a model study with 5,5-
dimethylcyclohexane-1,3-dione, 4-chlorobenzaldehyde
and p-toluidine using 1 mol% of catalyst at various
temperatures in water solvent. Table 3 clearly demon-
strates that 25°C is an effective temperature in terms of
reaction time and yield obtained.

3.3 Reusability of the catalyst

Reusability of the catalyst is an important advan-
tage and makes them useful in commercial applica-
tions. The catalyst plays a crucial role in the suc-
cess of the reaction in terms of rate and yields.?®

Table 4. Reusability studies of catalyst for synthesis of
compound 4h?.

Number of experiments  Fresh 1 2 3 4

Isolated yield (%)° 96 95 95 94 94
Catalyst recovery (%) 98 9% 95 93 91

aReaction condition: 5,5-Dimethyl-1,3-cyclohexenedione
(2 mmol), p-toluidine (I mmol), 4-chlorobenzaldehyde
(1 mmol), ionic liquid catalyst (1 mol%), water solvent
(2mL)

bIsolated yield



Hantzsch synthesis of 1,8-dioxodecahydroacridine

For example, 4-chlorobenzaldehyde reacted with 5,5-
dimethylcyclohexane-1,3-dione and p-toluidine in the
presence of 1 mol% IL catalyst to give the analogous
product in water at room temperature. After comple-
tion of the reaction (monitored by TLC), CH,Cl, was
added to the mixture. The aqueous layer was sepa-
rated and used without further purification. After wash-
ing the solid products with water completely, the water
containing ionic liquid (ionic liquid is more soluble in
water than CH,Cl,) was evaporated under reduced pres-
sure and the ionic liquid was recovered and reused.
The recovered catalyst was reused in five runs without
any loss of its activities (table 4). Deactivation of the

1521

catalyst is low, although coke formation (reactant) was
expected. The reaction was scaled up to 10 mmol of
p-toluidine and 4-chlorobenzaldehyde and 20 mmol of
5,5-dimethylcyclohexane-1,3-dione in the presence of
10 mol% of catalyst at room temperature. Yield of the
reaction was 96% after 8 min and 94% after the fifth
run. Results are summarized in table 4.

3.4 Proposed mechanism

We propose the following mechanism for the reaction
(scheme 2). The IL catalyst changes the aldehyde into
convenient electrophile via protonation of the carbonyl

®
M NG o X i
R ¢ B® CEsO; R R
0 0
K s °

Michael addition

Scheme 2. Proposed mechanism in the synthesis of acridine derivatives using ionic liquid catalyst.
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group and then one molecule of 1,3-dione condenses
with the aromatic aldehyde to produce the intermedi-
ate compound 10 (Aldol condensation). Then, the active
methylene group of the second molecule of 1,3-dione
reacts with 10 to give intermediate 11 (Micheal addi-
tion). Nucleophilic attack of amine group of aniline
derivatives to carbonyl group creates intermediate 12. In
the next step, cyclization will occur by the nucleophilic
attack of amine group to carbonyl group to achieve
intermediate 13. As a final point, by the removal of one
water molecule, the acridine derivatives 4 and 5 will be
produced.

4. Conclusion

In summary, IL catalyst was used as a highly effi-
cient and green catalyst for the synthesis of 1,8-
dioxodecahydroacridine derivatives which resulted to
better yields. IL effectively catalyses the reaction of
various aldehydes, 1,3-dione and aniline derivatives in
water to produce 1,8-dioxodecahydroacridine deriva-
tives in good to excellent yields. The catalyst offers sev-
eral advantages including non-toxic, mild reaction con-
ditions, cleaner reactions, high yield of the products,
shorter reaction times, lower catalytic loading as well as
simple experimental and isolation procedures. Also, the
catalyst could be reused easily five times with a small
decrease in catalytic activity of the recovered catalyst.
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