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Introduction

Multi-component reactions (MCRs) are the
effective pathway in present chemistry because
of their example
conventional and

substantial features for
reaction planning
economy. MCRs ease the synthesis of target
products of pharmacological and biological
significance by presenting numerous steps in
one-pot reaction [1-7].

In cyclic di-carbonyl compounds the situation of
C=0 groups concludes completely the
effortlessness of their cyclization and produces
them as suitable found at ion for the preparation
of sulfur-, and nitrogen-including
heterocycles [8,9].

One of the most investigated types of heterocyclic
compounds is decahydroacridine diones. The
existence of numerous reaction moieties in

atom

oxygen-,

decahydroacridinediones increases wide
synthetic potentials [10].
Decahydroacridinediones  include a  1,4-

dihydropyridine ring as basic part and are
accessible by several types of Hantzsch synthesis
[11-14], which is a basic fragment of
progressively significant NADH, NADPH, and N-
alkylnicotinamides [15].
Decahydroacridinediones display a wide range of
pharmacological and biological [16,17] activity,
containing antimicrobial properties [18,19] such
as antimicrobial [20,21], anticancer [22],
cytotoxic [23], antitumor [24], anti-multidrug-
resistant [25], fungicidal [26], and broadly
approved as calcium blockers [27,28]. Several
approaches the
produce of these target products by using
numerous catalysts like Cu(ID [29],
[MIMPS]gPW1204o and [TEAPS]gPW1204o SChiff
base [30], Ag nanoparticle [31], Glutathione-
Coated Magnetic Nanoparticles [32], Fe30.
[33], and cobalt-alanine metal

have been considered for

nanoparticles
complex [34].
The nanoparticles are highly applicable in various
industries such as electronics, mechanics, and
chemistry. They further have potentially been
applied in different technologies that deal with
catalysts,
superconductors, and magnetic materials [35-

engineering materials,

41]. The nanoparticles of metal oxides have
attracted an extraordinary attention. In multiple
chemistry fields, they can provide conventional
materials with feasible but unusual modifications.
In different organic syntheses,
nanoparticles have been mainly employed as
nano-catalysts, thanks to their suitable surface
area versus their corresponding compounds in
bulk form [42-47].

Silica-coated particles are a category of materials
broadly studied in numerous fields of materials
and colloid science [48-52]. Mesoporous silica,
owing to its proper hydrothermal stability, large
surface functionality, and area has been revealed
widely for biomedical specifically
intracellular  drug [53-55]. Ag
nanoparticles engrossed significant consideration
owing to their conducting, catalytic, and optical
properties [56,57].  Silica-supported
nanoparticles (Ag@SiO; core-shell) were studied
as an appropriate catalyst in the field of
chemistry [58-60].

In viewpoint of the above-mentioned reports and
our studies for the produce of heterocyclic
products and application of metal oxide
nanoparticles catalysts [61-66], herein, we report
catalytic  applications of Ag-SiO;
nanoparticles  for = the  preparation  of
decahydroacridine 5 via the one-pot three-
component reaction of aldehydes 1 with
dimedone 2 and anilines 3 or ammonium acetate
4 in ethanol solvent at room temperature
(Scheme 1).

these

uses,
delivery

silver

novel

Experimental

Reagent and analysis

The reagents were prepared from Merck and
Aldrich. Melting points were measured on a
Thermo Scientific apparatus and are uncorrected.
FT-IR spectra were attained by a FT-IR Bruker
(WQF-510) spectrometer. tH-NMR spectra were
achieved by Bruker DRX-400 MHz spectrometer.
The spectra were measured in CDCl; relative to
TMS (0.00 ppm). Chemical shifts are measured in
ppm. Reactions were observed by TLC on
aluminum sheets silica gel Fzs4. The products are
characterized by linking their melting points, FT-
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IR, and 'H-NMR and with those studied in
published papers.

R = H, 4-Cl, 4-OMe, 4-NO,,
4-Me, 4-OH, 2-OH, 2-OMe

Ag-SiO,
nanoparticles (2 mol%)

Scheme 1: synthesis of decahydroacridineby usingcore-shell Ag-SiO; nanoparticles

General procedure for the preparation of Ag-SiO2
nanoparticles

Silica particles were prepared using sol-gel
method. Therefore, a solution of ethanol (100
mL), hydrochloric acid 1% (5 mL) and water
(1.98 g; 110 mmol) was prepared. The resulting
solution was stirred for 5 min, and then TEOS
(10.41 g 50 mmol) was added dropwise and
stirred for 2 h. The resulting SiO, nanoparticles
were stabilized. The silver nitrate was dissolved
in minimal water. Next, the prepared silver
solution was added to the silica nanoparticles
solution and stirred for 10 h to prepare a
colorless catalyst solution [67].

General procedure for the produce of
decahydroacridinesby using Ag-SiO; nanoparticles

A mixture of aldehydes (1 mmol), anilines (1
mmol), or ammonium acetate (0.077 g; 1 mmol),
dimedone (0.280 g 2 mmol), and Ag-SiO:
nanoparticles (2 mol%) at room temperature in
ethanol as a solvent (2 mL) was stirred for proper
time (Table 2). TLC was used to monitor the
reaction progress (ethyl acetate: n-hexane; 2:5).
After end of the reaction, the products were
isolated by filtration and extracted with CH:Cl..
Thereafter, the organic layer was separated, the
solvent was vaporized, and the basic solid
purified by recrystallization from ethanol.

Selected spectral data analysis for products

9,10-Bis(4-chlorophenyl)-3,3,6,6-tetramethyl-
3,4,6,7,9,10-hexahydroacridine-1,8(2H,5H)-dione
(Table 2, entry 5):White solid; M.P.: 287-290 °C,
Yield: 90%; FT-IR (KBr) (Vmax, cm1): 3043, 2955,
1663, 1341, 1220; tH-NMR (400 MHz, CDCl3): 6 =
0.96 (s, 6H), 1.08 (s, 6H), 1.76-2.18 (m, 8H), 5.20
(s, 1H), 7.13-7.53 (m, 8H).
10-(4-Chlorophenyl)-3,3,6,6-tetramethyl-9-(4-
nitrophenyl)-3,4,6,7,9,10-hexahydroacridine-
1,8(2H,5H)-dione (Table 2, entry 6): White solid;
M.P.: 258-260 °C; Yield: 94%; FT-IR (KBr) (Vmax
cm-1): 2954, 1675, 1510, 1340, 850; tH-NMR (400
MHz, CDCl3): 6 = 1.14 (s, 6H), 1.26 (s, 6H), 2.38-
2.50 (m, 8H), 5.57 (s, 1H), 7.27 (d ,4H, ]J= 6.6),
8.16 (d, 4H, J=6.7).

Results and Discussion

Synthesis of decahydroacridine by using Ag-SiO;
nanoparticles as a catalyst

In this study, an expedient and benign process
was investigated for the preparation of
decahydroacridine using Ag-SiO, nanoparticles as
catalyst.

To assess the effectiveness of Ag-SiO;
nanoparticles, the condensation reaction of 4-
nitrobenzaldehyde with dimedone and aniline for
the produce of corresponding decahydroacridine
was studied as a typical reaction.

The model reaction was studied by using several
molar ratios of Ag-SiO, nanoparticles in ethanol
at room temperature (Table 1, entries 1-4).

Applying 2 mol% of catalyst resulted in higher
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yield, while the reaction time became shorter
(Table 1). In these conditions, the chosen product
was achieved in 89% yield within 5 minutes
(Table 1, entry 3). Likewise, when the chosen
reaction was approved by 3 mol% of the nano
catalyst the yield decreased to 83% (Table 1,
entry 4). Optimization was lastly attained at 2
mol% when not much difference in the yield was
detected after increasing the amount of Ag-SiO»
nanoparticles up to 3 mol%. However, reducing
the catalyst level from 2 mol% to 0.5 mol% (as
presented in Table 1, entry 1) led to a reduction
in desired product yield, and an increase in
Correspondingly, the
reaction was performed without the catalyst, the
intermediates remain unreacted was formed. SiO>
was further used to evaluate the optimized
reaction, where in a reduction in yield (47%), and
an increase in reaction time (60 minutes) was
observed.

We investigated the effect of several solvents on
the selected reaction by using 2 mol% of Ag-SiO»
nanoparticles at room temperature. This reaction
was achieved in several solvents for example

reaction time. when

water, chloroform, acetonitrile, and ethyl acetate
(Table 1, entries 5-8). The best results were
obtained regarding reaction time and yield
attained in ethanol (Table 1). It was observing
that polarity of solvent plays a significant role for
the reaction achievement. In organic solvents and
water, the yield of target product was lower and
longer reaction time were necessary, while the
reaction by using ethanol led to in suitable yield.
Based on the results, among all solvents, the best
results obtained from application of ethanol,
regarding the target product yield and reaction
time.

In further effort, after approving the reaction in
reflux condition, no changes observed in the
terms of desired product yield and reaction time.
Therefore, it was establishing that there was not
a correlation between rate
temperature. The quantities of reactants,
required to synthesize the desired product, were
investigated. Applying 1:2:1 molar ratio of
aldehydes, dimedone, and anilines, or ammonium
acetate, respectively, obtained the maximal yield.

reaction and

Table 1: Optimization studies for the preparation of desired decahydroacridine

(0]
NH,
©/ Ag-SiO,
0 nanoparticles (? mol%) N
O —
Solvent (?), r.t.
NO,

Entry Solvent Catalyst (mol%) Reaction time (min) Yield (%)P
1 C2HsOH 0.5 30 85
2 C2HsOH 1 25 88
3 C2HsOH 2 5 89
4 C2HsOH 3 20 83
5 H:20 2 140 75
6 CHCls 2 40 82
7 CH3CN 2 15 87
8 Ethyl acetate 2 25 83

a Reaction condition: 4-nitrobenzaldehyde (1 mmol; 0.151 g), aniline (1 mmol; 0.093 g; 0.091 mL), dimedone (2

mmol; 0.280 g), solvent (2 mL), and room temperature
b [solated yield
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Later on, the reaction of several aldehydes with
dimedone and anilines or ammonium acetate
verified the overview and scope of the present
process. In all cases, the appropriate yields were
achieved as revealed in Table 2. The nature and
electronic properties of derivatives on the ring
were found effective in respect with yield and

time of reaction. As exposed in Table 2, electron-
withdrawing substituents in aldehydes enhanced
the electron-releasing
substituents shrank the reaction rate. In addition,

reaction rate while
the amines reactivity displays the order: 4-

chloroaniline > aniline > ammonium acetate.

Table 2: Synthesis of 1,8-dioxo-decahydroacridines using Ag-SiO2 nanoparticles

Reaction time Yield Melting point Melting point
Entry Aldehyde Amine
(min) (%)®b found (°C) reported (°C)
CHO NH,
253-255
1 55 80 252-254
[29]
CHO
NH,
244-246
2 25 85 242-244
[29]
Cl
CHO
NH,
288-291
3 5 89 292-294
[68]
O,N
CHO
NH,
219-221
4 45 86 215-217
[33]
H,CO
CHO NH,
290-292
5 45 90 287-290
[31]
Cl Cl
CHO NH,
187-192
6 25 94 187-189
[31]
O,N Cl
CHO NH,
278-284
7 55 87 279-281
[31]
H;CO Cl
NH,
CHO
203-207
8 45 83 200—203
OH [3 1]
Cl
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CHO
293-295
9 NH4+0Ac 55 87 294-296
OCH,4 [31]
CHO
276-278
10 NH4+0Ac 50 83 278-280
[29]
H,CJ
CHO
310-311
11 NH4+0Ac 50 85 308-310
OH [29]
CHO
303-305
12 NH4+0Ac 45 80 300-302
[29]
HO
CHO
278-280
13 NH4+0Ac 55 91 274-276
[29]
H;C
CHO
298-300
14 NH40Ac 40 90 301-303
[32]
Cl

a Reaction condition: aldehyde (1 mmol), anilines (1 mmol), or ammonium acetate (1 mmol; 0.077 g), dimedone (2
mmol; 0.280 g),Ag@Si0: core-shell nanoparticles (2 mol%), CzHsOH as a solvent (2 mL), and room temperature

b Isolated yield

Scheme 2 depicts the potential mechanism by
which the synthesis of 1,8-
dioxodecahydroacridines been occurred
using Ag-SiO; nanoparticlesis [68]. Initially, the
Ag-Si02 nanoparticles activate the carbonyl group
of aromatic aldehyde 1. Indeed, one molecule of
dimedone 2
aldehyde 1, which resulted in generating an
intermediate 6 by removing one molecule of
water. Next, another molecule of dimedone 2
stepped in a reaction with 6 via Michael addition
to generate intermediate 7. The intermediate 8
was achieved by nucleophilic attack of anilines or
ammonia (in situ produced by ammonium
acetate) to activated carbonyl group of 7 by

has

entered in a reaction with an

removal of second molecule of water which
tautomerized to intermediate 9. Finally, the
nucleophilic attack of -NH group on C=0 group
cyclized the intermediate 9 and generatel,8-
dioxodecahydroacridines 5 by eliminating the
third molecule of water.

The advantage of current method over reported
methods was investigated by comparing the
attained results with those reported previously
(Table 3). The reaction conditions for the
synthesis of target molecule (Table 2, entry 3),
were compared considering mol% of the catalyst,
reaction time, temperature, and yields.
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Scheme 2: Suggested mechanism in the preparation of decahydroacridines using Ag-SiOz nanoparticles

Table 3: Comparison of this approach with further processes for the preparation of target molecule (Table 2,

Entry 3)2
0]
O
eyl
+ NO, Reaction conditions?
: NH, >©/
Entry Reaction condition Tlr.ne Yield Reported
(min) (%) reference
1 Ag-SiOz nanocomposite (2 mol%), C2HsOH, r.t. 5 89 This work
2 Nano Fe304 (10 mol%), solvent-free, 120 °C 15 90 [33]
3 Ag-TiO2 (1 mol%), C2HsOH, r.t. 25 90 [68]
4 cobalt-alanine complex (5 mol%), C2HsOH, reflux 150 85 [34]

aReaction condition: 4-nitrobenzaldehyde (1 mmol; 0.151 g), aniline (1 mmol; 0.093 g; 0.091 mL), dimedone (2
mmol; 0.280 g)
b Isolated yield
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Conclusion

In conclusion, a gentle and convenient procedure
was developed to generate decahydroacridines

aldehydes,
ammonium acetate, and dimedone using Ag-SiO-

from numerous anilines  or
nanoparticles at room temperature in ethanol as
a solvent. This procedure simple
filtration, mild reaction condition, operational
ease, good yield of products, and use of Ag-SiO; as

an effective catalyst.

includes

Supporting Information

The supporting data include products' spectral
images of FT-IR and 'H-NMR of products.
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