Open Access Article. Published on 15 January 2024. Downloaded on 7/13/2025 2:03:46 PM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

RSC Advances

W) Check for updates ‘

Cite this: RSC Adv., 2024, 14, 2633

Received 8th November 2023
Accepted 8th January 2024

DOI: 10.1039/d3ra07629f

rsc.li/rsc-advances

1. Introduction

ROYAL SOCIETY
OF CHEMISTRY

(3

Accelerated synthesis of 1,8-dioxo-
octahydroxanthene and 1,8-dioxo-
decahydroacridine derivatives using dendritic
mesoporous hanosilica functionalized by
hexamethylenetetramine: a novel nanocatalyst

Zahra Sabri,®® Nasrin Shadjou (2*2® and Mehdi Mahmoudian®

Xanthene and acridine derivatives are interesting organic compounds that are used in different research
fields like biomedicine and pharmaceutical science. However, applied catalysts for their synthesis have
some limitations such as long reaction times, the need for harsh conditions and low yield. So, discovery
of novel catalysts for the synthesis of xanthene and acridine derivatives is highly demanded. To
overcome the limitation of previous methods on the efficient synthesis of 1,8-dioxo-octahydroxanthene
and 1,8-dioxo-decahydroacridine derivatives, a green heterogeneous organic nano-catalyst (Cu@KCC-
1-nPr—HMTA) was synthesized by covalent attachment of hexamethylenetetramine to the cavities and
channels of dendritic mesoporous nanosilica (KCC-1). The prepared nano-catalyst was identified using
various spectroscopic and microscopic methods including scanning electron microscopy (SEM), Fourier
transform infrared (FT-IR), X-ray energy diffraction (EDX), EDX mapping and nitrogen adsorption—
desorption analysis (BET-BJH). The prepared green nano-catalyst showed a spherical and dendritic
structure with a surface area of 65.699 m? g%, average pore size of 40.78 nm and pore volume of 0.66
cm® g7t Also, Cu@KCC-1-nPr—HMTA has many chemo-active sites for the condensation reaction and
was used as an efficient nano-catalyst towards one-step synthesis of 1,8-dioxo-decahydroacridine and
1,8-dioxo-octahydroxanthene derivatives from the reaction of aromatic aldehydes, dimedone, and
ammonium acetate under solvent-free conditions. Short reaction times of 1 to 5 minutes for 1,8-dioxo-
decahydroacridine and 30 to 55 minutes for 1,8-dioxo-octahydroxanthene derivatives, high yields and
mild reaction conditions are advantages of the proposed synthetic method. It is hoped that the
engineered nano-catalyst will be used for the synthesis of other organic compounds in the future.

xanthenes.”*?" However, some of these methods have long
reaction times, harsh conditions and undesirable yields. So,

Xanthenes are an important class of heterocyclic compounds
that have shown a wide range of pharmacological properties
such as antiviral," anti-cancer,>® antibacterial, antifungal,**
antiplasmodial,® antinociceptive,” anti-inflammatory,®* and DNA
binding.” Due to the specific structure of xanthene, these
compounds have been used in laser technology,>'® fluorescent
materials for visualization of biomolecules,"* cosmetics and
pigments.*

Reaction of aldehydes with dimedone in the presence of
various catalysts such as ionic liquids, silica sulfuric acid,
resins, para dodecyl benzene sulfonic acid, sodium dodecyl
sulfate, zinc oxide, acetyl chloride, zirconium, para toluene
sulfonic acid, etc., has been reported for the synthesis of
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optimization of the methods for the efficient synthesis of
xanthenes has been widely demanded by chemists.”*>*

On the other hand, acridine derivatives are a nitrogen-
containing heterocyclic organic compound with important
biological activities® such as antimalarial** and chemotherapy
of cancer.” 1,8-Dioxodihydroacridine derivatives can be
prepared using quasi-four-component reaction between dime-
done, aromatic aldehyde and amine or ammonium acetate in
solvent-free thermal conditions in the presence of various
catalysts.”®*” Advanced nanomaterials play an important role as
heterogeneous active catalysts for the synthesis of organic
compounds because of easy access to internal surfaces and
active functional groups that are located inside the cavities and
channels of the them.*®

Recently, dendritic nanoparticles with homocentric radial
cavities act as a very useful catalytic substrate, which creates an
open three-dimensional structure that to block active surfaces

RSC Adv, 2024, 14, 2633-2651 | 2633


http://crossmark.crossref.org/dialog/?doi=10.1039/d3ra07629f&domain=pdf&date_stamp=2024-01-15
http://orcid.org/0000-0001-5961-3686
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d3ra07629f
https://rsc.66557.net/en/journals/journal/RA
https://rsc.66557.net/en/journals/journal/RA?issueid=RA014004

Open Access Article. Published on 15 January 2024. Downloaded on 7/13/2025 2:03:46 PM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

RSC Advances

in these catalysts impossible and this increases the catalytic
activity of these nanostructure. Polshettiwar and co-workers***°
reported a new nano-silica compound (KCC-1) with spherical,
dendritic, fibrous and controlled morphology with novel phys-
icochemical properties. These nanomaterials have been utilized
for the synthesis of pharmaceutical compounds, photo-catalysts
and superabsorbent for the removal of heavy metals, gas
absorption, solar cells, self-cleaning materials, sensitive
sensors, drug delivery and biomedical applications. Due to high
surface area and accessible channels and pores, dendritic
fibrous nanosilica (DFNS) is highly demanded as an advanced
nanostructure for the technological approaches like organic
synthesis. Also, the ability to loading various guest molecules,
reactants, and solvents into their internal surface and create the
available active catalytic centers, are the main advantages of
these nanomaterials in different research areas.****

Hexamine,* also known as methamine and hexamethy-
lenetetramine (HMTA) (Scheme 1), is a white and biocompat-
ible crystalline heterocyclic organic compound that is highly
soluble in water and polar organic solvents. This flammable
solid has a cage-like structure and it has been used in the
synthesis of some chemical compounds like plastic, pharma-
ceuticals and rubber additives. In addition, HMTA has free
and readily available amino groups which can be easily
participate in substitution reactions. Hence, the modified
nanostructures with this functional group are chemical active
compound.*

Due to the importance of this functional group, Noori
et al.,* investigated the heterogeneous catalytic properties of
hexamethylenetetramine functionalized magnetic silica in
the N-benzylation of primary amines. Also, Ghorbani-Vaghei
and Izadkhah** prepared hexamethylenetetramines func-
tionalized magnetic silica towards efficient synthesis of pyr-
anopyrazole derivatives with high yields and short reaction
time.

Considering the importance of xanthene and acridine
derivatives and the scope of their application in various fields,
we decided to propose a new method for the synthesis of these
compounds in the presence of non-toxic, inexpensive, high-
performance, and new nano-catalyst, by one-pot reaction of
aromatic aldehydes, dimedone and ammonium acetate under
solvent-free conditions. Dendritic nanoparticles have fibrous
structure with three-dimensional radial channels which lead
to the efficient synthesis of pharmaceutically important
compounds. So, based on the openness of nanochannels,
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Scheme 1 Hexamethylenetetramine structure.
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presence of accessible interior spaces and high volume of
cavities, advanced nanomaterials are interesting for the
chemists. Hence, in this research, hexamethylenetetramines
along with copper ions were attached to the walls and channels
of KCC-1 and its catalytic properties was studied in the
synthesis of 1,8-dioxo-octahydroxanthene and 1,8-dioxo-
decahydroacridine derivatives. The structure of functional-
ized catalyst (Cu@KCC-1-nPr-HMTA) is shown in Scheme 2.

2. Experimental

2.1. Materials and reagents

Cetyltrimethylammonium bromide (CTAB), HMTA, ammonium
acetate, aromatic aldehydes, dimedone, and cyclohexane were
purchased from Merck, Germany. CTAB was used as surfactant
during the synthesis of KCC-1. Tetraethyl orthosilicate (TEOS)
and (3-chloropropyl)triethoxysilane were bought from Sigma-
Aldrich. Also, DMF, toluene, and hexanol were purchased
from Sigma-Aldrich. Deionized water was produced in labora-
tory. No further purification was performed on materials and
reagents and they were used as-purchased.

2.2. Instruments

Philip Harris C4954718 was used to melting point measure-
ment. Fourier transform infrared (FT-IR), spectras were ob-
tained by Thermo-Nicolet Nexus 670 instrument. Thin layer
chromatography (TLC) on Merck's silica plates were used to
the monitoring of the reaction progress. The Field Emission
Scanning Electron Microscopy (FE-SEM) images and Energy
Dispersive X-ray (EDX) were recorded with FEG-SEM MIRA3
TESCAN, Czech Republic at 1000 kV. Brunauer-Emmett-
Teller (BET) was recorded by Micromeritics NOVA 2000
(Florida, USA) apparatus at 77 K using nitrogen as the
adsorption gas.

2.3. Synthesis process KCC-1

In this study, KCC-1 (bare dendritic fibrous nano-silica) was
synthesized according to our previous report.*® For this purpose,
CTAB was dissolved in 10 ml of distilled water and then 0.6 g of
urea was added to this solution at room temperature and the
mixture was stirred by stirrer for 3 hours to dissolve the whole
CTAB. In the next step, 2.3 g of TEOS as a precursor of KCC-1,
80 ml cyclohexane and 1.3 ml hexanol added to the above-
mentioned solution. The mixed solution was placed at room
temperature for 80 minutes under sonication, and then it was
refluxed at 120 °C. After this step, the mixture was cooled to
room temperature and KCC-1 was collected as bare DFNS. The
nano-silica was washed three times with distilled water and
twice with acetone which is necessary for its purification. The
product was dried at room temperature. Finally, to remove the
template, the KCC-1 was calcined in 550 °C/6 h. It is important
to point out that CTAB was used as a template in the KCC-1
synthesis process by the formation of reverse micelle and urea
is used for hydrolysis and condensation of orthosilicate
precursor. Fig. 1 shows the synthesis procedure of KCC-1.

© 2024 The Author(s). Published by the Royal Society of Chemistry
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Scheme 2 Structure of functionalized catalyst (Cu@KCC-1-nPr—HMTA).

2.4. Functionalization of KCC-1 with n-propyl chloride
functional group

In this process, 0.02 g of KCC-1 was dispersed in 1.2 ml toluene
and was exposed to ultrasound for 30 min. In the next step, 30 pl
of 3-chloropropyltriethoxysilane was added to the solution and
refluxed at 110 °C for 20 hours. Then, the modified KCC-1 was
separated by centrifuge. It was washed with toluene several
times and finally dried at 30 °C for 21 hours.

2.5. Functionalization of KCC-1-nPr-Cl with HMTA

At first, 0.1 g of KCC-1-nPr-Cl were added to the 5.2 ml of
chloroform and then, HMTA was added to 2.1 ml chloroform
and completely dissolved. Then, the mixture was refluxed for 5

Stirring

at 3h

CTAB

Urca Wat

KCC-1

Fig. 1 Synthesis procedure of KCC-1.
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hours. Finally, the resulting precipitate was separated by
centrifuge and washed several times with distilled water and
chloroform toward its purification. The desired sediment was
dried at 60 °C in oven.

2.6. Doping of copper ions into the structure of KCC-1-nPr-
HMTA

In the process of copper-doping on the structure of KCC-1-nPr-
HMTA, the 5 g of the prepared nano-catalyst was added to the
1 M of copper sulfate solution with a volume of 25 ml (1 M in
deionized water) and stirred for 15 h at 60 °C. Then, the ob-
tained uniform mixture was filtered by centrifuge and the
resulting sediment was dried in vacuum condition at room
temperature. Finally, the blue powder was obtained as final
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nano-catalyst. Scheme 3 shows the schematic procedure of
Cu@KCC-1-nPr-HMTA.

2.7. General procedure of 1,8-dioxo-octahydroxanthene and
1,8-dioxo-decahydroacridine derivatives

The designed nano-catalyst Cu@KCC-1-nPr-HMTA (0.02 g) was
applied for the synthesis of 1,8-dioxo-octahydroxanthene and
1,8-dioxo-decahydroacridine derivatives from the reaction of
aromatic aldehydes (1 mmol), dimedone and ammonium
acetate (1 mmol) under solvent free conditions at 120 °C. Also,
reaction process was explored by TLC (ethyl acetate/diethyl
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ether 1:2). After completion of the reaction, hot ethanol was
added to the reaction mixture and the nano-catalyst was sepa-
rated. The obtained products were collected and then recrys-
tallized in EtOH (Scheme 4).

3. Results and discussion
3.1. Characterization of Cu@KCC-1-nPr-HMTA

The morphology and chemical composition of functionalized
and engineered nano-catalyst have been identified with a variety
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Scheme 3 Synthetic procedure of Cu@KCC-1-nPr—HMTA.
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Scheme 4 Synthesis procedure of 1,8-dioxo-octahydroxanthene and 1,8-dioxo decahydroacridine derivatives in the presence of Cu@KCC-1-

nPr—-HMTA.
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Fig. 2 FT-IR spectra of KCC-1 (A) and KCC-1-nPr—HMTA (B).

of spectroscopic and microscopic analyses including FE-SEM,
FT-IR, EDX, mapping, and BET-BJH methods.

The FT-IR spectrum of KCC-1 and Cu@KCC-1-nPr-HMTA
are presented and compared in Fig. 2. KCC-1 has a sharp peak
in 1074 cm ™" and 799 cm ™! which is related to the unsymmetric
and symmetric Si-O-Si stretching, respectively (Fig. 2A).

The FT-IR spectra of KCC-1-nPr-HMTA was shown in
Fig. 2B. The peak in 3431 cm ™" is related to the OH group in
KCC-1. Also, the peaks in 2916 cm ™", 2724 cm ™" are related to
the stretching vibration of aliphatic C-H in functional group
which attached to the pores of KCC-1. Also, the peak in
1393 cm ™ is related to C-N bonds.

Elemental analysis of KCC-1-nPr-HMTA and Cu@KCC-1-
nPr-HMTA was evaluated using EDX method which is shown
in Fig. 3. These elemental analyses confirm the presence

© 2024 The Author(s). Published by the Royal Society of Chemistry
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of N, C, Si, O, and Cu and confirmed the functionalization of
KCC-1 with hexamethylenetetramine functional group and
successful loading of copper cation on the structure of
prepared nano-catalyst.

Also, mapping images of KCC-1-nPr-HMTA confirmed all of
the obtained results by EDX method. As shown in Fig. 4, the
scattering elements in the functionalized KCC-1 is including
carbon, nitrogen, silicon and oxygen which shows successful
functionalization of the KCC-1-nPr-Cl with HMTA.

Using FE-SEM analysis, the morphology and surface prop-
erties of prepared nano-catalyst was surveyed. The spherical
KCC-1-nPr-HMTA has fibrous and wrinkled structure (Fig. 5).
Also, a relatively balanced distribution of size can be seen in
synthesized nanoparticles.

RSC Adv, 2024, 14, 2633-2651 | 2637
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Fig. 3 EDS spectra of (A) KCC-1-nPr—HMTA and (B) Cu@KCC-1-nPr—HMTA.

Also, the FE-SEM images of Cu@KCC-1-nPr-HMTA has been
shown in Fig. 6. The spherical, fibrous and dendritic
morphology of functionalized KCC-1 are obvious in all of
images that recorded in different magnifications.

The results of nitrogen adsorption-desorption analysis of
KCC1-nPr-HMTA were indicated in Fig. 7 and surface area
and pore volume of this catalyst was compared with KCC-1
and KCC-1-nPr-Cl in Table 1 which shows a significant

2638 | RSC Adv, 2024, 14, 2633-2651

decrease in surface area and pore volume of Cu@KCC-1-nPr—
HMTA than KCC-1 and KCC-1-nPr-Cl. So, it is confirmed
the successful functionalization of KCC-1 by HMTA. The
reason for the increase in the mean size of the channels
can be related to the filling of channels from the central
part of the KCC-1 spheres. They are pulled out of the center
where the average size of the cavities is increased by func-
tionalization. Also, according to Fig. 7, it's obvious that

© 2024 The Author(s). Published by the Royal Society of Chemistry
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Fig. 4 Mapping images of KCC-1-nPr—-HMTA.

KCC1-nPr-HMTA is a mesoporous nano-silica with dendritic
structure.

After characterization and confirm the successful synthesis
of Cu@KCC-1-nPr-HMTA4, its application as nano-catalyst for
the efficient synthesis of 1,8-dioxo-octahydroxanthene and 1,8-
dioxo-decahydroacridine derivatives were surveyed. For this
purpose, the reaction of dimedone (2 mmol) and 4-chlor-
obenzaldehyde (1 mmol) was explored in the presence of KCC-
1-nPr-HMTA (0.02 g) in ethanol (5 ml) as solvent. Also, the

© 2024 The Author(s). Published by the Royal Society of Chemistry
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reaction process was investigated using TLC. The reaction was
completed within 25 minutes. But the results of melting point
and FT-IR analysis of the product shown that the production of
the reaction is a tetraketone (2,2'-((4-chlorophenyl)methylene)
bis(3-hydroxy-5,5-dimethylcyclohex-2-enone)) (Scheme 5).
FT-IR spectra of prepared tetraketone is shown in the Fig. 8.
The presence of broad peak in 3447 cm ™' corresponds to the
OH functional group confirms the formation of tetraketone
product in this reaction. Also, the peak appeared in the

RSC Adv, 2024, 14, 2633-2651 | 2639
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Fig. 5 FE-SEM images of KCC-1-nPr—HMTA in different magnifications.

2957 cm " region is related to the stretching vibration of C-H
and the peak in the 1489 cm ™" region is related to stretching
vibration of C=C. In addition, the peak observed in the
2871 cm™ ' region is related to the stretching vibration of
aliphatic C-H. Importantly, the peak in the 1596 cm™ " region
corresponds to the stretching vibration of C=0 and the peak in
the 1253 cm™" region indicate the stretching vibration of C-O
bond that the resonance between oxygen and the double bond
causes the peak absorption appear at lower frequency. Although
the tetraketone was synthesized with high yield, but it is not our
desired product, and the aim of our research was the synthesis
of 1,8-dioxo-octahydroxanthene and 1,8-dioxo-
decahydroacridine  derivatives through one-pot three-
component reaction of aromatic aldehydes, dimedone and
ammonium acetate in the presence of designed nano-catalyst.

In this section, one-pot three-component reaction of dime-
done (2 mmol) and 4-chlorobenzaldehyde (1 mmol) was inves-
tigated in the presence of nano-catalyst (KCC-1-nPr-HMTA),
under solvent free condition and 120 °C. The reaction
completed in 35 minutes with 98% efficiency.

2640 | RSC Adv, 2024, 14, 2633-265]

Due to the FT-IR spectra of a sample a peak appeared in
2956 cm ™" is related to the C-H stretching vibration of C-H
groups and the peaks in the range before 2956 cm™" corre-
sponds to the stretching vibration of aliphatic C-H groups
(Fig. 9). Also, a peak appearing in 1578 cm™ " and 1490 cm ™" are
related to the stretching vibration of C=C and the peak
appeared in 1604 cm ™" is corresponds to the stretching vibra-
tion of C=0 functional group. In addition, the peak located in
the 1245 cm ™' indicate the stretching vibration of C-O bond,
which the resonance between oxygen and double bond caused
to be appeared at lower frequency. Finally, the lack of broad
peak of hydroxy functional group in the region 3447 cm ™’
confirms the synthesis of 9-(4-chlorophenyl)-3,3,6,6-tetra-
methyl-3,4,5,6,7,9-hexahydro-1H-xanthene-1,8(2H)-dione as
product in this reaction.

The important point in this study is the effective role of
copper cation as an active center in catalytic activity. At first, in
order to optimization of the reaction and investigate the role of
basic functional group (HMTA) in the reaction process,
different types of unfunctionalized substrate (KCC-1), chlor-
opropyl functionalized KCC-1 (KCC-1-nPr-Cl) and HMTA

© 2024 The Author(s). Published by the Royal Society of Chemistry
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Fig. 6 FE-SEM images of Cu@KCC-1-nPr—-HMTA different magnification.

functionalized KCC-1 (KCC-1-nPr-HMTA) were also used in
reaction of dimedone (2 mmol) and 4-chlorobenzaldehyde (1
mmol) under solvent-free condition at 120 °C and in the pres-
ence of 0.02 g of nano-catalyst. The results showed that, in the
presence of KCC-1 and KCC-1-nPr—Cl the reaction time was long

© 2024 The Author(s). Published by the Royal Society of Chemistry

(130 min) and the product with low yield (10%) was obtained
(entries 1 and 2, Table 2). But in the presence of 0.02 g of the
designed nano-catalyst (KCC-1-nPr-HMTA), the yield of the
product was 90% and reaction time was reduced to 60 min
(entry 3, Table 2). After loading the copper ions in the channels

RSC Adv, 2024, 14, 2633-2651 | 2641
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Fig. 7 BET (A), BJH (B), absorption and desorption isotherms (C), and Langmuir-plot (D) of KCC1-nPr—HMTA.

Table 1 The surface area (m? g~Y), mean pore size (nm) and pore
volume (cm® g% of KCC-1, KCC-1-nPr-Cl, and KCC1-nPr-HMTA

and pores of the catalyst (KCC-1-nPr-HMTA) and applying it in
the synthesis of 1,8-dioxo-octahydroxanthene derivatives, the

Surface area

Average pore

Pore volume

product was obtained in the lowest time (30 min) with the

highestyield (98%) under solvent-free conditions (entry 4, Table

Sample (m*>g™) size (nm) (em® g™
KCC-1 617 9.9 1.5
KCC-1-nPr-Cl 386 12.4 1.1
KCC-1-nPr-HMTA 65.699 40.781 0.66
(0] H
o o Y
2 Cu@KCC-1-nPr-HMTA

2). According to the results indicated in Table 2, the use of

copper cation plays a significant role in increasing the yield of
the reaction and shortens the reaction time. Therefore,

Cu@KCC-1-nPr-HMTA (0.02 g) was selected as the optimal

EtOH, Reflux

Scheme 5 Synthesis of tetraketone in the presence of ethanol as solvent and under reflux conditions.
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Fig. 8 FT-IR spectra of tetraketone (2,2'-((4-chlorophenyl)methylene)bis(3-hydroxy-5,5-dimethylcyclohex-2-enone)).

catalyst in the
derivatives.

Also, different solvents such as ethanol, water/ethanol and
dimethylformamide were used to investigate their effect in the
time and yield of the reaction. According to the obtained results,
(entry 1, Table 3), when the reaction of dimedone (2 mmol) and
4-chlorobenzaldehyde (1 mmol) was done in the presence of
Cu@KCC-1-nPr-HMTA (0.02 g) and ethanol as a solvent under
reflux conditions, the yield of reaction product was about 80%
in 25 minutes. However, after crystallization of the obtained
product, the formation of tetraketone was confirmed by IR
spectra and melting point.

In the next step, the yield of the reaction between dimedone
(2 mmol) and 4-chlorobenzaldehyde (1 mmol) was negligible in
the presence of Cu@KCC-1-nPr-HMTA (0.02 g) as catalyst and
water/ethanol (1:1) as solvent under reflux conditions in 90
minutes (entry 2, Table 3). Continuously, when DMF was used
as solvent at 70 °C (entry 3, Table 3), the product of the reaction
was obtained in 70 minutes with 60% yield. In the next step, the
same reaction was investigated in DMF as solvent in the pres-
ence of Cu@KCC-1-nPr-HMTA as catalyst at 120 °C (entry 4,

reaction of 1,8-dioxo-octahydroxanthene

© 2024 The Author(s). Published by the Royal Society of Chemistry

Table 3). The results showed that the reaction product was ob-
tained in 40 min with 60% efficiency. In the next step, the same
reaction was obtained in the presence of 0.02 g of KCC-1-nPr-
HMTA as catalyst under solvent-free conditions at 120 °C (entry
5, Table 3). The results of TLC showed that the product was
obtained in 60 min with 90% yield. After crystallization of ob-
tained product in ethanol, the 1,8-dioxo-octahydroxanthene
derivatives were confirmed by FT-IR spectroscopy and deter-
mination of melting point.

In order to achieve the optimum catalytic amount, the same
experiment was carried out with the same conditions and the
same reagents for xanthene synthesis in the presence of KCC-1-
nPr-HMTA catalyst (entry 6, Table 3). The reaction was
completed under solvent-free conditions and at 120 °C in
90 min with 90% efficiency and after crystallization of xanthene,
the product was detected by FT-IR spectroscopy and its melting
point was determined. Then, for the reaction of dimedone (2
mmol) and 4-chlorobenzaldehyde (1 mmol) for preparation of
xanthene product in the presence of (0.01 g) KCC-1-nPr-HMTA,
the reaction time was 90 min with 90% efficiency under solvent-
free conditions and 120 °C. In the following, by loading copper

RSC Adv, 2024, 14, 2633-2651 | 2643
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Fig. 9 FT-IR spectra of 9-(4-chlorophenyl)-3,3,6,6-tetramethyl-3,4,5,6,7,9-hexahydro-1H-xanthene-1,8(2H)-dione.

Table 2 Comparison of the time (min) and yield (%) of the 1,8-dioxo-octahydroxanthene derivatives synthesis based on various types of KCC-1

Entry Catalyst Temperature (°C) Time (min) Yield (%)
1 KCC-1 (0.02 g) 120 130 10

2 KCC-1-nPr-Cl (0.02 g) 120 130 10

3 KCC-1-nPr-HMTA (0.02 g) 120 60 90

4 Cu@KCC-1-nPr-HMT (0.02 g) 120 30 98

Table 3 Comparison of the effect of various reaction conditions for xanthan synthesis

Entry Catalyst Solvent Temperature (°C) Time (min) Yield (%)
1 Cu@KCC-1-nPr-HMTA (0.02 g) Ethanol Reflux 25 80

2 Cu@KCC-1-nPr-HMTA (0.02 g) Water and ethanol Reflux 90 —

3 Cu@KCC-1-nPr-HMTA (0.02 g) DMF (2 drops) 70 70 60

4 Cu@KCC-1-nPr-HMTA (0.025 g) DMF (2 drops) 120 40 60

5 KCC-1-nPr-HMTA (0.02 g) No solvent 120 60 90

6 KCC-1-nPr-HMTA (0.01 g) No solvent 120 90 90

7 Cu@KCC-1-nPr-HMTA (0.02 g) No solvent 120 30 98

8 No catalyst No solvent 120 60 —

ions in the structure of designed nano-catalyst (Cu@KCC-1-
nPr-HMTA), the product was obtained in the shortest time (30
min) with the highest efficiency (98%) in solvent-free conditions
(entry 7, Table 3). In the last step, the reaction was carried out at
120 °C under solvent-free conditions in the presence of catalyst.
The reaction was completed in 60 min with negligible efficiency
(entry 8, Table 3). Based on the obtained results indicated in
Table 3, it can be concluded that solvent-free conditions are
a green method and an appropriate option for advancing the

2644 | RSC Adv, 2024, 14, 2633-2651

reaction. On the other hand, costs will be reduced and we will
have a green reaction that will not harm the environment.
Accordingly, the above conditions play an effective role in this
reaction. Therefore, 0.02 g of Cu@KCC-1-nPr-HMTA catalyst
and solvent-free conditions and 120 °C were selected as
optimum reaction conditions.

According to the data obtained from the condensation reaction
of dimedone and aromatic aldehydes using the newly synthesized
nano-catalyst, 1,8-dioxo-octahydroxanthene derivatives were

© 2024 The Author(s). Published by the Royal Society of Chemistry
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Table 4 Synthesized of 1,8-dioxo-octahydroxanthene derivatives in the presence of Cu@KCC-1-nPr—HMTA and solvent free condition

Melting point Melting point
Entry Products Time (min) Yield (%) (reported) (°C) Ref.
OCH,
1 0 Q 50 95 242-245 243-245 47
O on
o) o)
2 45 80 231-233 230-233 48
cl
3 o o 30 98 230-232 228-230 47
NO,
4 o o 50 98 221-223 219-222 49
(0)
(0} (0}
5 55 90 248-249 246-248 49
‘ o ‘
CN
6 o o 30 95 217-218 217-218 50
(0)

© 2024 The Author(s). Published by the Royal Society of Chemistry
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Table 4 (Contd.)

Melting point Melting point
Entry Products Time (min) Yield (%) (reported) (°Q) Ref.
7 40 95 219-221 215-221 50
8 32 90 240-242 240-242 50

produced with excellent yield and in a short reaction time. The
products were synthesized in solvent-free conditions and within

30 to 45 minutes without by-products (Table 4).

O =Cu?*

The Scheme 6 shows the mechanism for the synthesis of 1,8-

dioxo-octahydroxanthene derivatives
Cu@KCC-1-nPr-HMTA as nano-catalyst. Loading of copper

2

in the presence of

Scheme 6 Synthesis mechanism of 1,8-dioxo-octahydroxanthene derivatives in the presence of Cu@KCC-1-nPr—HMTA as green nano-

catalyst.

2646 | RSC Adv, 2024, 14, 2633-2651
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ions as a Lewis acid in the designed nano-catalyst have
a significant impact on the catalytic performance. In the early
stages of the reaction, reactants interact with copper ion as
Lewis acid and HMTA as a basic group in the channels and
pores of designed nano-catalyst. The copper ions interact with
carbonyl of aromatic aldehydes and dimedone. Hence, the
carbonyl groups are activated and the H-hydrogen that present
in dimedone structure which becomes more acidic. It acceler-
ates the Knoevenagel condensation between carbonyl of
aromatic aldehydes and activated carbon of dimedone and led
to formation of intermediate 1. Then, through Michael's addi-
tion, the other dimedone that has the -catalyst-activated
carbonyl group, is attached to the intermediate 1 and finally
the product was synthesized. So, the reaction efficiency is
increased and the synthesis time is shortened. Similar results
were obtained by previous reports.'”*"%>

In this section, the results of synthesis of 1,8-dioxo-
octahydroxanthene derivatives are compared with other
synthetic methods presented in the previous reports that indi-
cated in the Table 5. High yields (80-98%) and short reaction
times (30 to 55 min) are important advantages of designed
nano-catalyst. These factors facilitate the synthesis of 1,8-dioxo-
octahydroxanthene derivatives and highly efficient production.

Due to the appropriate activity of the designed catalyst
(Cu@KCC-1-nPr-HMTA) for the one-step synthesis of 1,8-
dioxo-octahydroxanthene derivatives, we decided to investi-
gate the reaction of dimedone, aromatic aldehydes and
ammonium acetate salt for the synthesis of 1,8-dioxo-
decahydroacridine derivatives in the presence of designed
nano-catalyst. For this purpose, the reaction of dimedone (2
mmol), 4-chlorobenzaldehyde (1 mmol) and ammonium
acetate (1 mmol) was tested in the presence of 0.02 g of catalyst
(Cu@KCC-1-nPr-HMTA) and ethanol/water as solvent under

View Article Online

RSC Advances

reflux conditions. Also, the reaction process was investigated
using TLC. Under these conditions, the reaction efficiency was
negligible (Table 6, entry 1). Then, this reaction was tested in
the presence of 0.02 g catalyst and ethanol as solvent under
reflux conditions. After 120 minutes the reaction yield was
80% (Table 6, entry 2). In the following the reaction of dime-
done (2 mmol), 4-chlorobenzaldehyde (1 mmol), and ammo-
nium acetate (0.1 g) in the presence of 0.02 g catalyst, solvent-
free conditions and 120 °C was investigated. The results
showed that under these conditions and within 2 minutes, the
reaction product was achieved with 98% of yield (Table 6, entry
3). In the last step, to compare the performance of the
designed catalyst, the same reaction was investigated under
solvent-free and without catalyst at 110 °C. Longer reaction
time (60 minutes) and lower yield was associated with the
results (Table 6, entry 4). Therefore, solvent-free conditions,
temperature of 120 °C and 0.02 g of catalyst were selected as
optimum conditions for the synthesis of 1,8-dioxo-
decahydroacridine derivatives.

In order to synthesis of 1,8-dioxo-decahydroacridine deriva-
aldehydes with electron-donating groups such as
methoxy, methyl, hydroxy and aldehydes with electron-
withdrawing groups such as chloro- and nitro-groups on
aromatic ring were used for the reaction. The data presented in
Table 7 show that in the presence of nano-catalyst and under
solvent-free conditions, 1,8-dioxo-decahydroacridine deriva-
tives were synthesized in very short reaction times (1 to 5
minutes) with high yields without by-products.

The proposed mechanism of 1,8-dioxo-decahydroacridine
synthesis in the presence of dendritic nanosilica Cu@KCC-1-
nPr-HMTA is shown in Scheme 7. The copper which doped in
the designed nano-catalyst acts as a Lewis acid and has
a significant effect on the -catalyst's performance which

tives,

Table 5 Comparison of the performance of different catalysts in synthesis of the 1,8-dioxo-octahydroxanthene

Catalyst Solvent Temperature (°C) Time (min) Yield (%) Ref.
[Bmim]HSO, No solvent 80 180 85 13

Boric acid No solvent 20 120 98 53

CuO NPs No solvent 100 14 89 54
HCIO,4-Si0, No solvent 140 180 90 33
Fe;0,@Si0,@KCC-1@MPTMS@Cu No solvent 110 70 95 55
[SOsH-pyrazine-SO;H]Cl No solvent 110 35 93 56
[TMXH]FeCl No solvent 110 10 92 57

Fe-X No solvent 90 15 95 58
Cu@KCC-1-nPr-HMTA No solvent 120 30 98 This work
Table 6 Optimization of reaction condition for the synthesis of 1,8-dioxo-decahydroacridine

Entry Catalyst Solvent Temperature (°C) Reaction time (min) Yields%
1 Cu@KCC-1-nPr-HMTA (0.02 g) Ethanol and water Reflux, 70 50 —

2 Cu@KCC-1-nPr-HMTA (0.02 g) Ethanol Reflux, 70 120 80

3 Cu@KCC-1-nPr-HMTA (0.02 g) Solvent free 120 2 98

4 No catalyst> Solvent free 110 60 70

© 2024 The Author(s). Published by the Royal Society of Chemistry
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Table 7 Comparison the synthesis time (min) and yield (%) of 1,8-dioxo-decahydroacridine derivatives under solvent-free conditions in the
presence of Cu@KCC-1-nPr—HMTA (0.02 g) as nano-catalyst

Entry Products Time (min) Yields% Melting point Melting point (°C) Ref.
OCHj;
1 o o 2 95 311-313 311-313 32
l NH l
cl
2 0 o 2 98 317-320 318-320 59
. NH .
N02
3 o 0 3 98 320-322 320-322 32
(] N ®
NO,
o) 0
4 5 88 348-349 347-349 32
NH
o) o)
5 2 50> 371-373 371-373 59
l NH l
CN
| 2 95 328-330 328-330 59

6 (6] O
‘ NH

2648 | RSC Adv, 2024, 14, 2633-265]
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Table 7 (Contd.)
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Entry Products Time (min) Yields% Melting point Melting point (°C) Ref.
CHs
7 0 0 1 96 331-332 331-332 59
‘ NH ‘
Br
(o} ’ O
8 1 97 230-232 230-232 59

accelerate of the reaction kinetic. In other words, in the pres-
ence of dendritic structure of catalyst, with easier access and
diffusion of reactants to the active sites (channels and pores),

the intermediate can be formed inside the channels and the
reaction efficiency is increased and the synthesis time is
shortened. On the other hand, due to the Lewis acid properties

O =Cu?"

(2

Scheme 7 Synthesis mechanism of 1,8-dioxo-decahydroacridine derivatives in the presence of designed catalyst (Cu@KCC-1-nPr—-HMTA).
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Table 8 Comparison of the performance of different catalysts in the efficient synthesis of 1,8-dioxo-decahydroacridine

Entry Catalyst Solvent Temperature (°C) Time (min) Yield (%) Ref.

1 Cu@KCC-1-nPr-HMTA Solvent-free 120 2 98 This work
2 MCM-41-SOzH Solvent-free 110 10 95 64

3 SiO,-Pr-SO;H Solvent-free 120 120 95 65

4 Na'-MMT-[bip]-NH, '-H,SO0, Solvent-free 120 10 95 66

5 Acetic acid Solvent-free 80 10 81 31

6 Choline chloride Ethanol 120 180 98 67

7 KCC-1-nPr-NH-Arg Solvent-free 110 30 98 68

of copper ions and basic properties of HMTA, the condensation
occurs between activated carbonyl groups, dimedone and
ammonium acetate which lead to the formation of intermediate
1. Then, by Michael addition of other dimedone to the inter-
mediate 1 and lastly after cycloaddition reactions, the final
product is formed. These results were confirmed by previous
reports.®*-**

In summary, the performance of different catalysts were
investigated for the reaction of 1,8-dioxo-decahydroacridine
synthesis in comparison with designed catalyst (Table 8).
Solvent-free conditions, stoichiometry use of reactants, high
efficiency and short reaction time (1-5 min) are important
features of applied nano-catalyst in synthesis.

In summary, the advantages this catalyst (Cu@KCC-1-nPr-
HMTA) is its nanostructure, which by creating a very high
surface area, allows the reaction to perform in a much more
suitable condition than previous reports. In this method,
instead of using solvents or toxic catalysts, solvent-free
conditions in the presence of silica based mesoporous
nano-material as a basic solid catalyst were applied which is
environmentally friendly, along with easy and simple
synthesis, high efficiency and very short time of reaction for
the synthesis of 1,8-dioxo-decahydroacridin and 1,8-dioxo-
octahydroxanthene derivatives.

4. Conclusion

In this study, Cu@KCC-1-nPr-HMTA was prepared and evalu-
ated for the efficient synthesis of 1,8-dioxo-octahydroxanthene
and 1,8-dioxo-decahydroacridin derivatives. Using this green
dendritic nano-catalyst, the synthesis of xanthene and acridine
derivatives was done in solvent-free and non-toxic reaction
conditions which do not harm living organisms and environ-
ment. Also, one-step synthesis, low amounts of catalyst, high
yields and shorter reaction times and purity of the products, are
other advantages of this nano-catalyst.
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