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Immobilization of organofunctionalized silica (SIMPTMS)
with biphenyl-2,2’-dioic acid and investigation of its catalytic
property for one-pot tandem synthesis of acridine-1,8-dione
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Abstract MPTMS-functionalized silica immobilized with
biphenyl-2,2’-dioic acid, an efficient heterogeneous cata-
lyst, was synthesized and characterized by various spectro-
scopic techniques such as FTIR, TGA, TEM and SEM. The
catalytic activity of the synthesized catalyst has been demon-
strated for the one-pot Knoevenagel/Michael condensation
reaction of aromatic amines and 5,5-dimethyl-1,3-cyclohex-
anedione with various aldehydes. This method results in the
synthesis of high-yielding acridine-1,8-dione derivatives and
also provides simple and facile recyclability of the catalyst.
The synthesized derivatives were characterized by IR, 'H-
NMR, *C-NMR and mass spectroscopy. Molecular struc-
tures of three acridine-1,8-dione derivatives were determined
by single-crystal X-ray diffraction which determines that
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3,3,6,6-tetramethyl-9,10-diphenyl-1,8-dioxodecahydroacr-
idine crystallizes in the monoclinic with space group P2/,
3,3,6,6-tetramethyl-9-(4-chlorophenyl)-10-(4-methylphenyl)-
1,8-dioxodecahydroacridine crystallizes in the monoclinic
with space group P2,/n and 3,3,6,6-tetramethyl-9-(4-
chlorophenyl)-10-(4-methoxyphenyl)-1,8-dioxodecahydroacr-
idine crystallizes in the monoclinic with space group P2 /n.

Graphical Abstract The one-pot tandem synthesis of
acridine-1,8-dione derivatives was carried out successfully
with good yields under the catalytic influence of MPTMS-
modified silica immobilized with biphenyl-2,2/-dioic acid
which has proved to be an efficient heterogeneous catalyst
with good recyclable property.
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Introduction

Following the ideology of green chemistry, the develop-
ment of heterogenized mesoporous material-supported
catalysts has engrossed immense attention due to the com-
bining advantage of both homogeneous and heterogene-
ous catalytic systems [1]. Nowadays, different types of
mesoporous materials are known and extensively employed
as catalysts for diverse organic transformations. Among
various mesoporous materials, silica especially immo-
bilized siliceous surface with various organic functional
groups has received great attention [2]. In the literature,
several silica-functionalized acidic and basic derivatives,
viz silica/sulfuric acid/NaNO, [3, 4], sulfuric acid([3-(3-sil-
icapropyl)sulfanyl]propyl)ester [5, 6], solid silica-based
sulfonic acid [7], SBA-15-supported sulfonic acid [8], sil-
ica-bonded S-sulfonic acid (SBSSA) [9, 10], silica-bonded
N-propyl sulfamic acid (SBNPSA) [11], silica-bonded pro-
pyl-diethylene-triamine-N-sulfamic acid (SPDTSA) [12],
silica-bonded propylpiperazine-N-sulfamic acid (SBPPSA)
[13], silica-bonded N-propylpiperazine sodium n-propion-
ate (SBPPSP) [14, 15], silica-bound N-propy]l triethylenete-
tramine sulfamic acid (SBPTETSA) [16], Pd nanoparticles
on silica-bonded N-propylpiperazine sodium N-propionate
(SBPPSP) [17], were reported and shown good activ-
ity toward various organic transformations. For the intro-
duction of desired organic functional groups into the
mesoporous silica materials for their surface modifications,
different techniques have been intensely developed [18].
The silylization process is one of the techniques in which
silica surface interacts with the silane reagent and forms
covalent bond with the surface [19, 20] by the partial con-
version of surface silanols to new organofunctional surface
groups [21] that in turn act as precursors for further immo-
bilization of organic molecules. Because of these modifi-
cations, the immobilized organofunctionalized mesoporous
silica materials exhibit properties like concurrent tandem
catalysis. Based on the above facts, in this communica-
tion, we introduce a facile methodology for the preparation
of highly organofunctionalized mesoporous silica mate-
rial, i.e., MPTMS-functionalized silica immobilized with
biphenyl-2,2’-dioic acid as an efficient heterogenous cata-
lyst which is employed in the one-pot tandem reaction for
synthesis of acridine-1,8-dione derivatives.
Acridine-1,8-dione/1,8-dioxodecahydroacridine  deriva-
tives are an important class of heterocyclic compounds
containing a 1,4-dihydropyridine (DHP) parent nucleus
[22] or are polyfunctionalized 1,4-DHP derivatives. These
compounds possess a wide range of pharmaceuticals activi-
ties [23] including antimicrobial [24-26], antibacterial [27],
antileishmanial activities [28], fungicidal [29, 30], antima-
larial [31, 32], antitumor [33] and antimulti-drug resistant
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[34]. Multi-drug resistance (MDR) is a serious obstacle in
the management of breast cancer. Therefore, acridine diones
having MDR modifier potency used to overcome MDR
problems [35]. These derivatives were also used in the treat-
ment of cardiovascular diseases such as angina pectoris and
hypertension, DNA-binding [36] and DNA photo-damaging
ability [37]. They also exhibit properties such as positive
inotropic effects which promote the entry of calcium to the
intracellular space [38] and also act as potassium channel
blockers [39]. In addition, acridine diones exhibit important
properties such as high fluorescence efficiency allowing
them to be used as laser dyes [40, 41]. It is also reported that
these polyfunctionalized DHPs are useful in Alzheimer’ dis-
ease due to their platelet antiaggregatory activity [42]. They
have similarities in structure to the biologically important
compounds NADH and NADPH [43]. These findings gave
activations to many scientists to prepare some new acridine
derivatives by different methodologies.

Many protocols have already been reported for the
synthesis of acridine-1,8-dione derivatives that are Bron-
sted acidic imidazolium salts containing perfluoroalkyl
tails [44], [CMIM][HSO,] [22], indium(II) triflate [23],
Amberlyst-15 [45], p-dodecylbenzenesulfonic acid [46],
triethylbenzylammonium chloride [47], CuSO,.5H,0
[48], [B(C4Fs);] [49], Nano TiO, [50, 51], refluxing
water [38], Cu-doped ZnO [52], SiO,-Pr-SO;H [53],
water-mediated oxalic acid [42], TPA NPs/PAA [54],
etc.

Most of the methods described above suffer from one
or more limitations such as longer reaction time, use of
stoichiometric amount of expensive catalysts and haz-
ardous solvents. Further, these methods exemplify lim-
ited substrate scope. Thus, an effective, convenient and
fast one-pot tandem condensation—cyclization method
is required for the regioselective synthesis of acridone-
1,8-derivatives. Therefore, we would like to report an
effective method for their synthesis using the reaction
of aldehydes, 5,5-dimethyl-1,3-cyclohexanedione and
aromatic amines. This multi-component reaction was
accomplished in the presence of MPTMS-functionalized
silica immobilized with biphenyl-2,2’-dioic acid as an
efficient heterogenous catalyst as shown in Scheme 1.

Experimental section

Materials and instrumentations

All the chemicals and solvents were purchased from Sigma-
Aldrich and Merck and were used without further purifica-

tion. Silica gel was purchased from ACROSS Organics. All
melting points of the products were taken on Perfit melting
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point apparatus and compared with those reported in the
literature. TGA analysis of the catalyst was carried on Per-
kin-Elmer Simultaneous Thermal Analyzer STA 6000.
SEM images of catalyst were recorded from JEOL Model
JSM-6390LV microscope, and TEM images were recorded
from PHILIPS CM200 microscope (STIC Cochin Univer-
sity, Kerala). FTIR spectra of the catalyst and synthesized
products were recorded on SHIMADZU prestige spectro-
photometer, and 'H-NMR and '*C-NMR spectra of the
products were recorded in DMSO-d on Bruker Avance III
400 MHz spectrometer using TMS as an internal standard
(Department of Chemistry, University of Jammu, Jammu).
The mass spectra were recorded on Esquire 3000 Bruker
Daltonics spectrometer (ESI) (IIIM, Jammu). The good
quality crystals of acridine-1,8-dione compounds were
selected, and their single-crystal X-ray data were recorded
on a CCD area-detector diffractometer (X calibur system—
Oxford diffraction make, UK) (Department of Physics and
Electronics, University of Jammu, Jammu).

Preparation of heterogeneous catalyst:
organofunctionalized silica immobilized
with biphenyl-2,2’-dioic acid

The preparation of organofunctionalized silica immobilized
with biphenyl-2,2-dioic acid catalyst was achieved initially
by surface modification of activated silica with 3-mercapto-
propyl trimethoxysilane (MPTMS). The procedure for sur-
face modification of activated silica by 3-mercaptopropyl
trimethoxysilane (MPTMS) as silane coupling reagent was
already reported in the literature [55], and this step results in
the conversion of surface silanols to new organofunctional
surface groups that act as precursors for further immobiliza-
tion of organic molecules.

Finally, immobilization of MPTMS-functionalized silica
(SiMPTMS) with biphenyl-2,2’-dioic acid

To a suspension of MPTMS-functionalized silica
(SIMPTMS) (5 g) in DMF (50 ml) was added biphenyl-
2,2'-dioic acid (0.5 g, 1 mol%, 2.06 mmol) and the result-
ing mixture was refluxed at 120 °C in an oil bath for 24 h.
After completion of 24 h, the mixture was allowed to cool
down at room temperature and filtered off using Buchner
funnel. The residue was given continuous distilled water
washing for 3—4 times. After washing, the residue was
dried in an oven for 24 h, and finally, free flowing powder
was obtained.

The complete preparation procedure
Scheme 2.

is shown in

One-pot regioselective synthesis of acridine-1,8-dione
derivatives

A mixture of aldehyde (1 mmol), 5,5-dimethyl-1,3-cy-
clohexanedione (2 mmol) and aniline/toluidine/p-anisi-
dine (1 mmol) was taken in a round-bottom flask (50 ml)
containing solution of ethanol (2 ml) and water (0.4 ml).
To this mixture, MPTMS-functionalized silica immobi-
lized with biphenyl-2,2'-dioic acid (0.05 g) as a hetero-
geneous catalyst was added and the reaction mixture was
allowed to refluxed at 80 °C in an oil bath for the appro-
priate time. On completion of the reaction (monitored
by TLC), the reaction mixture was cooled to room tem-
perature and diluted with EtOAc (20 mL). After dilution,
the reaction mixture was filtered to separate the catalyst
followed by washing of filtrate with distilled water and
dried over anhydrous Na,SO,. Finally, the solvent was
allowed to evaporate over water bath and crude product

(o]
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o o g
H,;C 720 “
(0] H 3 y
NH, (o] (E)-
MPTMS modified silica immobilized CH
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X% o X EtOH:H,0 CH,
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H3C o
Reactants Product

Scheme 1 One-pot regioselective synthesis of acridine-1,8-dione derivatives
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Scheme 2 Preparation procedure of MPTMS-functionalized silica immobilized with biphenyl-2,2’-dioic acid
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Fig. 1 FTIR spectra of MPTMS-modified silica and MPTMS-modified silica immobilized with biphenyl-2,2’-dioic acid catalyst
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was obtained. The crude product was further recrystal-
lized from ethanol at room temperature to isolate pure
product.

Result and discussions
Catalyst characterization
FTIR

The proposed configuration of MPTMS-modified silica
immobilized with biphenyl-2,2’-dioic acid catalyst was
confirmed and characterized by FTIR technique and also
compared the obtained spectrum with FTIR spectrum of
MPTMS-modified silica as shown in Fig. 1. The main
absorption frequencies are mentioned in Table 1. As pro-
posed by the preparation method of the catalyst, immo-
bilization of MPTMS-modified silica with biphenyl-2,2’-
dioic acid takes place which leads to the formation of
thioester linkage between —SH of MPTMS-modified sil-
ica and —OH of biphenyl-2,2’-dioic acid. The presence of
thioester linkage (—-S—C=0) in the immobilized catalyst
was confirmed from the presence of absorption frequency
at 1690.68 cm™!. This linkage formation was further sup-
ported by the fact that MPTMS-modified silica shows the
characteristic absorption frequency of thiol (-SH) group
at 2574.97 cm~! which was completely absent in the
immobilized catalyst. The presence of absorption peaks
at 1443.48 and 1370.48 cm~! in the FTIR spectrum of
immobilized catalyst concludes that only one of the two
—COOH groups present in the biphenyl-2,2’-dioic acid
undergoes the formation of thioester linkage with —SH
of MPTMS-modified silica. This conclusion was also
supported by the phenomenon of steric hindrance which
opposes the involvement of both —-COOH groups of acid
in thioester linkage formation and finally leads to the sta-
bility of catalyst.

Thermal gravimetric analysis

The thermal stability of MPS-modified silica immobilized
with biphenyl-2,2’-dioic acid was determined by thermal
gravimetric analysis (Fig. 2). The TGA curve obtained
for the synthesized catalyst showed the first weight loss
of 2.397% up to 111.70 °C which may be ascribed to the
removal of surface-adsorbed solvent and gases. The second
weight loss of 1.524% up to 239.04 °C was probably due to
the loss of structural water within modified silica support.
The third weight loss of 3.505% up to 431.88 °C may be
considered due to the decomposition of organic functionali-
ties like benzene rings of biphenyl-2,2’-dioic acid and also
CO and CO, groups from the catalyst. The fourth weight

Table 1 Main absorption frequencies in FTIR (v, in cm™") spectrum of MPTMS-modified silica and MPTMS-modified silica immobilized with biphenyl-2,2/-dioic acid catalyst

Benzene rings stretch-  —COO™ stretching

i

O (thioester
linkage) stretching

Free —Si—OH stretching —SH stretching —S-C

—CH, stretching

Si—O-Si (asym., sym.

Catalysts

stretching and bending

modes)

2574.97

3674.39

MPTMS-modified silica 1091.71, 800.46, 466.77 2922.16, 2891.30,

2856.58

MPTMS-modified silica 1087.90, 801.46, 466.79 2944.46, 2894.31

1630.88

1690.68

3648.62

1443.78, 1370.48

immobilized with
biphenyl-2,2’-dioic

acid
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loss of 4.695% and more up to 800 °C for the catalyst may
probably attributed to thermal decomposition of MPS-mod-
ified silica chains. This thermal analysis of the synthesized
catalyst indicates that it is stable up to 250 °C, and hence,
it is safe to carry out the organic transformations at 80 °C.
The calculation of weight loss is shown in Table 2.

TEM analysis of MPTMS-modified silica immobilized
with biphenyl-2,2’-dioic acid

The TEM micrographs and the corresponding SAED
(selected area electron diffraction) pattern were also used
to further examine the particle size, morphology and
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Fig. 2 TGA curve of MPS-modified silica immobilized with biphenyl-2,2’-dioic acid

Table 2 Calculation of weight loss of the catalyst from TGA curve

S. no. Temperature (°C)  Weight % (%) of catalyst (W %)  Weight loss of catalyst (100%-W %)  Differential weight loss of catalyst
1 111.70 97.603% 2.397% (100-97.603)% = 2.397%

2. 239.04 96.079% 3.921% (97.603-96.079)% = 1.524%

3. 431.88 92.574% 7.426% (96.079-92.574)5 = 3.505%

4 692.44 87.879% 12.121% (92.574-87.879)% = 4.695%

(b)

Fig.3 TEM micrographs a 50 nm; b 100 nm and SAED pattern (inset of Fig. 3a)
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Fig. 4 SEM micrograph of MPTMS-modified silica immobilized
with biphenyl-2,2'-dioic acid

crystallinity of the synthesized heterogeneous catalyst.
The TEM micrographs indicated that the biphenyl-2,2’-
dioic acid was uniformly distributed onto the surface of
mercaptopropyl trimethoxysilane-modified silica and the
magnified image showed that the catalyst was in shape of
nanorods with size in the range of 3.56-5.99 nm. Further,
the SAED pattern displays an arrangement of rings contain-
ing spots, proposing that the nanorods were highly crystal-
line in nature (see inset of Fig. 3a). The TEM micrographs
and the SAED pattern are shown in Fig. 3.

SEM analysis of MPTMS-modified silica immobilized
with biphenyl-2,2’-dioic acid

The nanostructure and morphology of the immobilized
MPTMS-modified silica with biphenyl-2,2’-dioic acid were
also studied using a scanning electron microscope (SEM)
at different magnifications which also proved the presence
of nanorod-like structures of the catalyst as indicated in
Fig. 4.

Optimization of reaction conditions

To obtain optimized conditions for the designed protocol,
p-chlorobenzaldehyde (1 mmol), 5,5-dimethyl-1,3-cy-
clohexanedione (2 mmol) and aniline/toluidine/p-anisi-
dine (1 mmol) were selected as model substrates to form
N-substituted acridine-1,8-dione derivative. Preliminar-
ily, the catalytic potential of various solid acid catalysts
has been assessed for the one-pot tandem condensation—
cyclization reaction among the model substrates and it
has been found that MPTMS-functionalized silica immo-
bilized with biphenyl-2,2’-dioic acid, exhibiting con-
current tandem catalysis, was proved to be an efficient
catalyst for the synthesis of desired acridine-1,8-dione
derivatives in 70-95% yields. The model reactions were
also performed using 0.05/0.1/0.2 mg amount of catalysts
in the presence of different types of solvents, refluxing
at different temperatures like 80/100 °C for obtaining
high-yield products under proper reaction conditions.

Table 3 Optimization of the one-pot tandem condensation—cyclization reaction among aldehydes, 5,5-dimethyl-1,3-cyclohexanedione and aro-

matic amines

S.no. Catalysts

Amount of catalysts (mg) Solvents (ml)

Temperatures (°C) Time (min) Yields® (%)

1. No catalyst 0.05/0.1/0.2

2. Silica 0.05/0.1/0.2

3. Mercaptopropyl-modified silica  0.05/0.1/0.2
(MPS)

4. Silica-supported biphenyl-2,2’-  0.05/0.1/0.2
dioic acid

S. MPTMS-functionalized silica  0.05/0.1/0.2
immobilized with Biphenyl-
2,2'-dioic acid

6. Mercaptopropyl-modified silica- 0.05/0.1/0.2
supported biphenyl-4,4’-dioic
acid

7. Aminopropyl-modified silica- 0.05/0.1/0.2
supported biphenyl-2,2’-dioic
acid

Ethanol/acetonitrile/water/  80/100 10 10-30
Ethanol/water

Ethanol/acetonitrile/water/  80/100 10 20-40
Ethanol/water

Ethanol/acetonitrile/water/  80/100 10 30-50
Ethanol/water

Ethanol/acetonitrile/water/ 80/100 10 60-70
Ethanol/water

Ethanol/acetonitrile/water/  80/100 10 60-95
Ethanol/water

Ethanol/acetonitrile/water/  80/100 10 50-60
Ethanol/water

Ethanol/acetonitrile/water/  80/100 10 40-60

Ethanol/water

The conditions in bold are the final optimized conditions under which we have carried out the synthesis process

Reaction conditions: p-chlorobenzaldehyde (1 mmol), 5,5-dimethyl-1,3-cyclohexanedione (2 mmol) and aniline/toluidine/p-anisidine (1 mmol)

and solvent (5 ml)
 Yields based on crystallization from EtOAc/Pet. ether
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The complete test reaction conditions and final results are
shown in Table 3.

To study the generality of the newly designed proto-
col, various types of aldehydes and also different aro-
matic amines were selected which provided good to
excellent yields of products. The results are summarized
in Table 4.

From the above table, the structure—activity relationship
has been drawn which inferred that aromatic aldehydes
substituted with electron-withdrawing groups and aromatic

amines with electron-donating groups undergo faster reac-
tion to generate high-yield acridine-1,8-dione derivatives as
compared to aldehydes substituted with electron-donating
groups as well as hetero-aromatic aldehydes and unsubsti-
tuted aromatic amines or substituted with electron-with-
drawing groups. The catalytic effect of the synthesized cat-
alyst was also studied by carrying out the reaction of model
substrates in the absence of catalyst, and it was observed
that without catalyst, reaction did not take place even after
120 min of refluxing at 80 °C.

Table 4 SiMPTMS

. L . . Entry Aldehydes Amines Time (min) Yields (%)* M.P/Lit. M.P. (°C)
immobilized biphenyl-2,2'-dioic
acid catalyzed synthesis of 1. R,=H R,=H 35 90 219-222/220-222 [38]
Ij;;‘;fiti“;ed acridine-1.8-dione R,=3-NO, R,=H 20 90 273-275/272-274 [38]
3. R,=4-NO, R,=H 15 90 276-278/281-282 [38]
4. R,=4-CN R,=H 25 80 269-270/265-267 [51]
5. R,=4-Cl R,=H 15 90 242-245/243-245 [38]
6. R,=4-Br R,=H 25 75 256-258/254-256 [54]
7. R,=4-CH, R,=H 35 88 258-261/260-262 [54]
8. R,=4-OCH; R,=H 30 85 288-289/291-293 [38]
9, R,=3,4-(OCH,), R,=H 35 80 285-288
10. R,=3-OCH;-4-OH R,=H 40 80 263-265
11. Furfural R,=H 50 60 235-238
12. R,=H R,=4-CH; 30 85 263-265/264-266 [56]
13. R,=3-NO, R,=4-CH; 25 85 285-288/285-287 [56]
14. R,=4-NO, R,=4-CH, 23 90 >310/>300 [38]
15. R,=3-Cl R,=4-CH; 25 90 298-305/309-311 [56]
16. R,=4-Cl R,=4-CH; 20 90 269-270/271-272 [56]
17. R,=4-OH R,=4-CH, 30 80 >315/>300 [56]
18. R,=4-CH, R,=4-CH, 30 88 291-293/294-295 [56]
19. R;=4-OCH; R,=4-CH; 35 85 283-286/285-287 [56]
20. R,=34-(OCH,), R,=4-CH, 35 80 271-272
21. R,=3-OCH;-4-OH R,=4-CH; 40 80 269-273/275-276 [46]
22. R,=CN R,=4-CH; 35 70 277-278/273-275 [56]
23. R,=H R,=4-OCH; 25 85 213-215/215-217 [44]
24. R,=3-NO, R,=4-OCH;, 20 90 264-265
25. R,=4-NO, R,=4-OCH, 20 90 298-305
26. R,=4-Cl R,=4-OCH; 18 95 251-254/251-252 [44]
27. R,=4-Br R,=4-OCH, 22 80 251-253/247-248 [57]
28. R,;=4-CH, R,=4-OCH; 25 85 240-242/238-241 [44]
29. R,;=4-OCH; R,=4-OCH; 22 85 209-211/210-211 [44]
30. R,=3,4-(0CH;), R,=4-OCH; 30 75 252-255/247-248 [57]
31. R,=4-OH R,=4-OCH; 30 75 >300/>300 [57]
32. R,=4-N(CH;), R,=4-OCH; 30 70 281-283/274-276 [57]
33. Thiophen-2-yl R,=4-OCH; 40 65 249-251/240-242 [57]

Reaction conditions: Aldehydes (1 mmol),

 Yields based on crystallization from EtOAc/Pet. ether

@ Springer
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Different types of acridine-1,8-dione derivatives have
been regioselectively synthesized in good yields by the
above-mentioned protocol as shown in Table 4. Among
these synthesized derivatives, three derivatives (Entry 1,
16 and 26, Table 4) were grown as good crystals and their
structures were confirmed by single-crystal X-ray analy-
sis, IR, "H-NMR, '3*C-NMR and mass spectroscopy. These
crystals were obtained by very slow evaporation of their
ethanol solution at room temperature. The structures of the
three derivatives were determined by single-crystal X-ray
diffraction analysis. The molecular structures with atomic
labelings of derivatives 1, 16 and 26 (Table 4) are shown
below (Figs. 5, 6 and 7).
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Fig. 5 Molecular structure (40% probability) of the [3,3,6,6-tetrame-
thyl-9,10-diphenyl-1,8-dioxodecahydroacridine] (Entry 1, Table 4). H
atoms are shown as small spheres of arbitrary radii
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Fig. 6 Molecular structure (40% probability) of the [3,3,6,6-tetra-
methyl-9-(4-chlorophenyl)-10-(4-methylphenyl)-1,8-dioxodecahy-
droacridine] (Entry 16, Table 4). H atoms are shown as small spheres
of arbitrary radii
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Fig. 7 Molecular structure (40% probability) of the [3,3,6,6-tetra-
methyl-9-(4-chlorophenyl)-10-(4-methoxyphenyl)-1,8-dioxodecahy-
droacridine] (Entry 26, Table 4). H atoms are shown as small spheres
of arbitrary radii

X-ray intensity data of these derivatives were col-
lected on a CCD area-detector diffractometer (X’ calibur
system—Oxford diffraction make, UK) equipped with
graphite-monochromated MoKa radiation (A = 0.71073
A) at room temperature. The crystal used for data col-
lection was of dimensions 0.30 x 0.20 x 0.20 mm. The
data were corrected for Lorentz and polarization fac-
tors. The structures were solved by direct methods using
SHELXS97 [58]. All non-hydrogen atoms of the molecule
were located in the best E-map. Full-matrix least-squares
refinement was carried out using SHELXL97. Atomic
scattering factors were taken from International Tables for
X-ray Crystallography (1992, Vol. C, Tables 4.2.6.8 and
6.1.1.4). Molecular drawings were obtained using DIA-
MOND version 2.1 [59]. The crystallographic data and
details of the data collection and structure solution and
refinement are listed in Table 5.

Catalysts recyclability, heterogeneity and stability

In order to test the recyclability and stability of cata-
lyst regarding green chemistry aspect, the catalyst was
separated from the reaction mixture, washed with ethyl
acetate and dried in an oven for 3 h. After drying, cata-
lyst was ready to be reused again and again by follow-
ing the same process of separation from the reaction
mixture in case of the reaction among 4-chlorobenzal-
dehyde, 5,5-dimethyl-1,3-cyclohexanedione and aniline/
toluidine/p-anisidine (Entry 5, 16 and 26, Table 4). After
examining the six runs, catalyst did not show any signifi-
cant drop in its catalytic activity or yield of the products.
The results are shown in Fig. 8.

For examining stability of the catalyst, the same reac-
tion was performed with the dried catalyst which has
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Table 5 Summary of the crystal structure, data collection and structure refinement parameters for three acridine-1,8-dione derivatives [Entry 1,

16 and 26, Table 4]

Compounds 1 16 26
Chemical formula Cy H;, NO, C;yH,, CIN O, C;yH,; CIN Oy
M, 425.55 468.98 484.98

r

Crystal system, space group Monoclinic, P21/c

a,b,c(A) 11.7818 (16), 11.5406 (13), 17.9685
(14)

o, B,y (°) 90.00, 90.238 (10), 90.00

V(A% 2443.1 (5)

z 4

g (mm™") 0.072

0.30 x 0.20 x 0.20
Multi-scan CrysAlis Red
0.61696, 1.00000

Crystal size (mm)
Absorption correction
Toins T,

min®> * max
No. of reflections 3530
No. of parameters 294
No. of restraints 0
CCDC 1,061,090

Monoclinic, P2,/n
15.249 (5), 11.016 (5), 16.253 (5)

Multi-scan CrysAlis Red
0.92151, 1.00000

Monoclinic, P2,/n
15.043 (5), 11.254 (5), 16.019 (5)

90.000 (5), 102.391 (5), 90.000 (5) 90.000 (5), 101.723 (5), 90.000 (5)

2666.6 (17) 2655.4 (17)
4

0.169 0.174

0.3 x 0.2 x 0.2 0.3 x 02 x 0.2

Multi-scan CrysAlis Red
0.72287, 1.00000

4682 4659
312 321

0
1,504,988 1,504,987

Computer programs: CrysAlis PRO (Oxford Diffraction, 2010), SHELXS97 (Sheldrick, 2008), SHELXL97 (Sheldrick, 1997), SHELXL97 (Shel-

drick, 2008), ORTEP-3 (Farrugia, 2012), PLATON (Spek, 2009)

been exposed to the atmosphere conditions for 5 days and
showed similar results. This may conclude that the cata-
lyst is quite stable even toward atmospheric conditions
which did not deteriorate its activity.

The hot-filtration test has also been performed for test-
ing the heterogeneity of the catalyst using 4-chlorobenza-
ldehyde, 5,5-dimethyl-1,3-cyclohexanedione and aniline
as test substrates which finally concluded that there is no
leaching of organic acid from the catalyst.

Mechanism

The role of MPTMS-modified silica immobilized with
biphenyl-2,2’-dioic acid as an efficient and recyclable
heterogeneous catalyst for the synthesis of acridine-
1,8-dione derivatives can be understood by the mecha-
nism proposed in Scheme 3. From the literature, it is
clear that the synthesis of desired product involves Kno-
evenagel (path a) as well as Michael (path b) condensa-
tion reactions among aldehyde, dimedone and amine.
The reaction starts immediately after the activation of
reactants by the catalyst and leads to the formation of
intermediates (1) and (2) which are further activated
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Fig. 8 Recyclability graph of MPTMS-modified silica immobilized
with biphenyl-2,2’-dioic acid catalyst in case of derivatives 5, 16 and
26 (Table 4)

by the catalyst and engaged them to undergo cycliza-
tion process to form intermediate (3). Finally, loss of
water takes place which leads to the synthesis of desired
product.
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Scheme 3 Plausible mechanism showing the role of MPTMS-modified silica immobilized with biphenyl-2,2’-dioic acid catalyst in the synthesis

of acridine-1,8-dione derivatives

Conclusion

The objective of this work is to introduce an effective
and simple regioselective one-pot tandem Knoevenagel/
Michael condensation—cyclization reaction for the synthe-
sis of various types of acridine-1,8-dione derivatives under
the catalytic influence of newly synthesized heterogene-
ous catalyst, MPTMS-modified silica immobilized with
biphenyl-2,2’-dioic acid. The synthesized catalyst and
products were characterized by various spectroscopy tech-
niques. Molecular structures of three products have also
been determined by single-crystal X-ray crystallography.
Therefore, it has been concluded that the developed proto-
col was versatile in terms of the substrate scope in case of
aldehydes and amines. A mechanistic insight also clearly

revealed the influence of electronic and steric factors asso-
ciated with aldehydes and amines and involvement of cata-
lyst that finally led to the synthesis of products in less time
but with good yields. Moreover, catalyst offers advantages
like easy preparation and handling, recyclability and reus-
ability which fulfills the triple bottom-line philosophy of
green chemistry [60].

Supplementary information
The supplementary information includes spectral data of
few synthesized products with their NMR and mass spec-

tral figures. Crystallographic data (CIF) files of three deriv-
atives are also provided as supporting information.
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