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Abstract

This paper describes the direct synthesis of carboxamide-functionalized nano NaY
zeolite (CBA-Ze) to develop a new high-functionality nanocatalyst in one pot pro-
cess. This surface functionalization was achieved using a four-component Ugi reac-
tion. Afterward, copper ions were coordinated with Ugi-ligands decorated on the
nano NaY zeolite surface. To characterize the synthesized catalysts, fourier trans-
form-infrared spectroscopy (FT-IR), thermogravimetric analysis (TGA), differential
thermal analysis, scanning electron micrograph, transmission electron microscopy,
X-ray diffraction (XRD), dynamic light scattering, energy dispersive spectroscopy,
inductively coupled plasma, and elemental analyses were used. The nature of the
supported Ugi-ligand on the zeolite’s surface improved the catalyst reactivity of
the zeolite, made it more homogeneous, and increased its ability to coordinate with
copper ions. The catalytic activity of the synthesized copper-carboxamide complex
immobilized on nano NaY zeolite (Cu@CBA-Ze) was investigated in the synthe-
sis of Xanthen derivatives, resulting in product yields of 85-98% Cu@CBA-Ze
using only 20 mg in H,O:EtOH (1:1) at room temperature within 30 min. In addi-
tion to the ease of recovering and reusing catalyst, and the simple setup procedure,
this method is an eco-friendly, benign procedure for synthesizing heterocycles. This
study describes a catalytic system with the potential to produce other useful hetero-
cyclic compounds under mild environmental conditions.
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Introduction

Nanomaterials are used to immobilize homogeneous catalysts and enhance their
catalytic reactivity, efficiency, and stability. Various nanomaterials are available,
including nanozeolites, which have high specific surfaces, are non-toxic, and can be
reused [1]. With the increasing use of functionalized nano-zeolites for the synthesis
of organic chemicals such as chromens [2, 3], pyrrols [4], and pyrimidines [5], the
modification of nano-zeolites has gained increasing attention.

In recent years, multicomponent approaches as well as materials chemistry have
been combined to create new functional materials. They result in lower costs, lower
waste, and reduced pollution by reducing complexity and substrate variety. In addi-
tion, they reduce the number of atoms, pots, and steps [6]. It is well known that
Ugi’s four-component reactions (Ugi-4CRs) produce a high level of molecular com-
plexity when performed in one pot due to the intimate nature of their reactions. As
a result, atomic economy, bond numbers, and stereochemical diversity were high [7,
8]. It produces complex pseudo peptides with carboxamide functionality by a Ugi
four-component reaction [9-11]. In coordination chemistry and catalysts for hydro-
gen bonding, carboxamides [-C(O)NH-] play a crucial role, as well as being crucial
protein building blocks [12]. Recent research has used Ugi-4CR as a catalyst for
producing pyrrols [4] and a new kind of carbonaceous-based drug carrier [13, 14].

@ Springer



Copper-carboxamide complex immobilized on nano NaY zeolite:... 5291

Xanthenes are an important class of heterocyclic compounds with various appli-
cations such as dyes [15], lasers [16], and pH-sensitive fluorescent materials for the
visualization of biomolecules [17], as well as possessing pharmaceutical and biolog-
ical properties like anticancer [18], antiviral [19], analgesic and antibacterial [20],
anti-inflammatory [21], antimalarial [22], anticonvulsant [23], antimicrobial [24],
antiplatelet [25], antigenotoxic [26], antiphlogistic [27], and antifungal activities
[28, 29].

Due to these properties, extensive research was conducted on xanthenes synthe-
sized with different catalysts, including silica sulfuric acid [30], Fe@Zeolite [31],
I, [32], core/shell Fe;O,@GA @isinglass [33], Fe,O,@PS @His [HSO*] [34], Cu
(ID-Fur-APTES/GO [35], perlite NPs@IL/ZrCl, [36], Cobalt (II) complex [37],
Fe;0,@SiO,-TEA-HPA [38], NiCuFe,0, [39], (TTTMS) [40], p-sulfonic acid
calix [4] arene [41], [MIMPS][HSO,] [42], [DMEA][HSO,] [43], and Cux-Cr100-
x—MOF [44].

Although these catalysts offer some improvement, many of them suffer from
some disadvantages, such as long reaction times [30, 32, 38], harsh reaction condi-
tions [30, 40, 42, 43], toxic solvents [30], and low reaction yields [30, 33]. There-
fore, there is a need to develop a simple, cost-effective, energy-efficient, and environ-
mentally friendly catalytic system for xanthene synthesis. However, recovering and
reusing nanocatalysts has been staying a significant challenge. A possible solution
to this issue involves using heterogeneous nanocatalysts due to their distinct proper-
ties including, simplicity of catalyst separation, high stability, eco-friendliness, low
cost, easy availability, and less corrosivity. Therefore, there is considerable attention
to designing and synthesizing new heterogeneous catalytic systems to address these
problems.

The application and preparation of functionalized nanozeolites are currently of
interest to us [2-5]. In this paper, we present a multicomponent ligation approach
using Ugi-four components for the chemical attachment of carboxamide ligands on
the surface of nano NaY zeolite (CBA-Ze). In turn, this led to the development of
novel nanocatalysts that were highly compatible with copper ions (Cu@CBA-Ze). In
this study, a recyclable and eco-friendly nanocatalyst (Cu@CBA-Ze) was found to
be applied to the preparation of xanthene derivatives.

Results and discussion

In order to achieve homogenized nano NaY zeolite, (3-aminopropyl)triethoxysilane
(APTES) was used, followed by 2-hydroxybenzaldehyde, tert-butylisocyanide, and
acetic acid through a multicomponent reaction, which immobilized carboxamide
functionality in grafted ligands, improving NaY zeolite dispersibility and reactivity.
In nano NaY zeolite, Ugi-ligands were decorated with copper ions.

To prepare Ugi-four component functionalized nano NaY zeolite (CBA-Ze), nano
NaY zeolite (Ze) was treated with APTES to produce silane-bonded nanozeolite
(AP-Ze). As a result of a four-component reaction, 2-hydroxybenzaldehyde, tert-
butylisocyanide, and acetic acid (AcOH) were combined with (AP-Ze) to yield the
Ugi-modified nanocatalyst (CBA-Ze). As a next step, copper ions were immobilized
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Scheme 1 Synthesis of the Cu@CBA-Ze

on the coating of carboxamide on the nano NaY zeolite (Cu@CBA-Ze). Because
2-hydroxybenzaldehyde has ligand-active —OH groups, we found that it is an appro-
priate bidentate ligand for metal chelates. An array of spectral techniques was used
to characterize the samples’ structures (Scheme 1), including FTIR, XRD, TGA,
DTA, EDS mapping, DLS, SEM, TEM, elemental analyses, and ICP-OES.

FT-IR analysis

In Fig. 1, the FT-IR spectra of all synthesized samples are depicted. All com-
mon bands at 1100-1000 cm™! (Si-O stretching), 1633 cm™! (O-H bending), and
3500-3300 cm™" (O-H stretching) vibrations can be seen in the FT-IR spectra of Ze,
AP-Ze, CBA-Ze, and Cu@CBA-Ze, which exhibit all distinct bands [2, 5]. In the
spectrum of AP-Ze, the appearance of vibrational bands at around 3205-3150 cm™!
(N-H stretching vibrations), 2932 cm™' (C—H stretching vibrations), and 1460 cm™"
(C-H bending vibrations) confirm APTES is successfully attached to Ze’s surface
[45].

Infrared absorption bands at 3321 cm™' (N-H stretching vibrations), 2965 cm™"
(C—H stretching vibrations), 1633 cm™' (C=O0 stretching vibrations), and 1489 cm™!
(C-H bending vibrations) are depicted in the infrared spectrum of the Ugi product
resulting from a one-pot pseudo-four component reaction between 2-hydroxybenza-
ldehyde, APTES, tert-butyl isocyanide, and AcOH. The infrared spectrum of CBA-
Ze displays vibration bands at 3320 cm™' related to (N-H stretching vibrations),
2927 cm™! related to (C—H stretching vibrations), 1686 cm™! (C=0 stretching vibra-
tions), 1489 cm™! (C-H bending vibrations) and 1100 cm™' (Si—-O-Si absorption
band), confirming the prosperous modification of the AP-Ze’s surface through the
Ugi-multicomponent reaction. The infrared spectrum of Cu@CBA-Ze exhibits
vibration signals at 3321 cm™" ascribed to (N-H stretching vibrations), 2929 cm™!
related to (C—H stretching vibrations), 1686 cm™! (C=O stretching vibrations),
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Fig. 1 Infrared spectra of Ze, AP-Ze, CBA-Ze, and Cu@CBA-Ze

1489 cm™! (C-H bending vibrations) and 1100 cm™! (Si—O-Si absorption band) [6,
46].

TGA analysis

The obtained data from TGA and DTA of Ze, AP-Ze, CBA-Ze, and Cu@CBA-Ze in
the range of 30 and 600 °C at a rate of 10 °C/min are shown in Figs. 2 and 3, respec-
tively. The TGA of Ze displays a weight loss at temperatures <200 °C ascribed to
the removal of physically adsorbed water molecules. The TGA diagram of AP-Ze
exhibits a weight loss at temperatures < 150 °C related to physically adsorbed water
molecules (12%) and a reduction between 300 and 450 °C for the removal of the
organic moiety (aminopropyl group, 15%, 2.58 mmol/g).

The CBA-Ze’s TGA profile shows two weight losses, at 120 °C attributed to
the removal of the physically adsorbed water molecules (9%) and at 250-400 °C
related to the organic moiety ((CH,);N(CH;CO) (CH(CsHsOH) (CONHC(CH,)5),
41%, 1.34 mmol/g. According to our results, the aminopropyl groups on AP-Ze
are approximately 2.58, and the organic moiety on CBA-Ze is about 1.34 mmol/g.
TGA data indicates that copper (II) oxide is present in the structure of Cu@CBA-Ze
which results in higher char yields. Table 1 also shows the CHN analysis of AP-Ze
and CBA-Ze, which indicates that CBA-Ze has a higher carbon content and con-
tains nitrogen atoms than AP-Ze, indicating that AP-Ze was successfully perfumed
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Fig.2 TGA thermograms of Ze, AP-Ze, CBA-Ze and Cu@CBA-Ze
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Fig.3 DTA curves for Ze, AP-Ze, CBA-Ze, and Cu@CBA-Ze

Table 1 An analysis of CHN Entry Catalyst C (Wt %) N (wt %)
results for the AP-Ze and
CBA-Ze products 1 AP-Ze 8.94 3.46

2 CBA-Ze 28.15 3.84

by the Ugi-multicomponent reaction. In agreement with the TGA data, the amount
of Ugi product attached was 1.31 mmol/g. ICP analysis measured a copper load of
2.76 mmol/g on the surface of the CBA-Ze.
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Morphological characteristics

The morphology of the synthesized catalysts was investigated using SEM images.
As shown in Fig. 4, the SEM images of Ze, AP-Ze, CBA-Ze, and Cu@CBA-Ze are
similar, indicating that modification on the NaY nanozeolite surface did not signifi-
cantly change the morphology of nano NaY. The average particle sizes were ~40 to
80 nm.

Furthermore, TEM analysis was used for the structural characterization of the
prepared catalysts. As illustrated in Fig. SA, the TEM images of all samples indi-
cate the mean particle size in the range of 80—100 nm which is in good agreement
with SEM results. Also, a histogram of the diameter distribution of Cu@CBA-Ze is

] N ll _,"‘
SEM MAG: 100.0 kx Det: InBeam N MIRA3 TESCANSN SEM MAG: 100.0 kx Det: inBeam MIRA3 TESCAN

WD: 5.21 mm BI: 7.00 500 nm WD: 5.21 mm BI: 7.00 500 nm
View field: 2.08 ym  Date(midly): 08118122

View fiokd: 2.08 pm  Date{m/dly): 08118122

SEM MAG: 100 kx Det: InBeam MIRA3 TESCANI  SEM HV: 30.0 kV WD: 2.97 mm
WD: 4.98 mm BI: 7.00 500 nm View field: 2.08 pm Det: InBeam
View field: 2.08 ym _ Date(midly): 018/22 SEM MAG: 100 kx _Date{midly): 01/25:23

Fig.4 SEM images of Ze, AP-Ze, CBA-Ze, and Cu@CBA-Ze

@ Springer



5296 H.Younesi et al.

Mean= 98.30 nm
SD=17.22

Ferquency

40 60 80 100 120 140 160 180 200 220
Diameter(nm)

®)

A)

Fig.5 A The TEM images of Ze, AP-Ze, CBA-Ze, and Cu@CBA-Ze, and (B) size histogram patterns of
Cu@CBA-Ze

displayed in Fig. 5B revealing the average particle size was approximately 98 nm,
exhibiting slightly different from the obtained results from SEM results.

The elemental mappings of AP-Ze, CBA-Ze, and Cu@CBA-Ze are shown in
Figs. 6, 7, and 8. The results display that Al, Si, O, C, N, and Cu were uniformly dis-
tributed throughout the catalyst surface which resulted in a uniform catalyst surface
modification.

Fig. 6 Elemental mapping of the AP-Ze catalyst
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Fig. 7 Elemental mapping of the CBA-Ze catalyst
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Fig. 8 Elemental mapping of the Cu@CBA-Ze catalyst
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To determine the sizes and distributions of particles present in the liquid phase,
the DLS analysis was provided based on the intensity of light scattered. Figure 9
shows an average particle size of 121 nm based on DLS analysis of Cu@CBA-
Ze indicating a narrow particle size distribution. It was found that DLS results
matched XRD, TEM, and SEM data well.
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Fig.9 DLS diagram of Cu@CBA-Ze catalyst

XRD analysis

As demonstrated in Fig. 10, Ze, AP-Ze, CBA-Ze, and Cu@CBA-Ze crystal struc-
tures were identified by applying X-ray diffraction patterns. It was found that all syn-
thesized samples showed basic NaY zeolite reflection peaks in their XRD patterns
confirming no significant changes in the nano NaY zeolite structure were observed
after APTES and Ugi reactions, as confirmed by SEM analysis. Appearing of the
peaks at 26: 36.51° and 42.52° ascribed to the Cu,O phase indicating copper ions
are successfully immobilized on the CBA-Ze’s surface [47-49]. Based on the Debye
Scherrer equation, the crystal sizes for Ze, AP-Ze, CBA-Ze, and Cu@CBA-Ze were
19.27, 21.54, 28.74, and 18.72 nm, respectively.

The activity of the Carboxamide-modified nano NaY zeolite immobilized with
copper (Cu@CBA-Ze) has been examined for a three component reaction with
aromatic aldehydes 1, dimedone 2, or f-naphthol 3 in the presence of a catalytic
amount of Cu@CBA-Ze (Scheme 2).

The reaction of 4-chlorobenzaldehyde (1 mmol), and dimedone (2 mmol)
in EtOH (10 mL) in the presence of a catalyst was chosen as a model reaction to
achieve the optimal reaction conditions. This reaction was studied in the presence of
several heterogeneous catalysts (Ze, AP-Ze, CBA-Ze, and Cu@CBA-Ze). Moreover,
a catalyst-free reaction conditions were also tested (entry 1). In Table 2, Carbox-
amide-Functionalized nano NaY zeolite Immobilized with Copper (Cu@CBA-Ze)
is shown to be an effective catalyst for the model reaction (entries 5, 8-22). The
Ze, AP-Ze, CBA-Ze, Cu (OAc),, and Cu@CBA catalysts produced only traces of
the product (entries 2—4 and 6, 7). Different amounts of Cu@CBA-Ze (10, 15, 20,
25, and 30 mg) (entries 5 and 8—11) were used for this reaction. Results indicate
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Scheme 2 Synthesis of Xanthenes using Cu@CBA-Ze
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Table 2 Optimization of reaction conditions for the synthesis of compounds 4b

Entry Catalyst (mg) Solvent Temperature °C  Time (min) Yield %*
1 - EtOH r.t 240 Trace
2 Ze (10) EtOH r.t 240 Trace
3 AP-Ze (10) EtOH r.t 240 Trace
4 CBA-Ze (10) EtOH r.t 60 53

5 Cu@CBA-Ze (10) EtOH rt 30 73

6 Cu (OAc), (10) EtOH r.t 30 42

7 Cu@CBA (10) EtOH r.t 30 77

8 Cu@CBA-Ze (15) EtOH r.t 30 82

9 Cu@CBA-Ze (20) EtOH r.t 30 87

10 Cu@CBA-Ze (25) EtOH rt 30 87

11 Cu@CBA-Ze (30) EtOH r.t 30 88

12 Cu@CBA-Ze (20) H,0 .t 30 62

13 Cu@CBA-Ze (20) H,0:EtOH (1:1) r.t 30 98

14 Cu@CBA-Ze (20) MeOH r.t 30 74

15 Cu@CBA-Ze (20) CH,;CN r.t 30 72
16 Cu@CBA-Ze (20) DMF r.t 30 81

17 Cu@CBA-Ze (20) DMSO rt 30 84
18 Cu@CBA-Ze (20) CH,Cl, r.t 30 52
19 Cu@CBA-Ze (20) Et,0 r.t 30 47

20 Cu@CBA-Ze (20) n-Hexane r.t 30 42

21 Cu@CBA-Ze (20) H,0:EtOH (1:1) 40 30 98
22 Cu@CBA-Ze (20) H,O:EtOH (1:1) 78 30 98

Bold values related to the optimal condition which is described in the text

Reaction condition: 4-chlorobenzaldehyde (1 mmol), dimedone (2 mmol), in the presence of the catalyst
in a solvent (10 ml)

“Isolated yields

that Cu@CBA-Ze is 20 mg in the optimized condition (entry 9). There was no
improvement in reaction yield when catalyst amounts were increased (entries 10,
11). A range of solvents was then employed to test this model reaction, including
H,0, H,O: EtOH (1:1), MeOH, CH,;CN, DMF, DMSO, CH,Cl,, Et,0, and n-Hex-
ane (entry 9 and 12-20). Reaction yields (entries 21 and 22) were not significantly
increased by increasing the reaction temperature to 40 and 78 °C. According to
Table 2, the model reaction performs well in the presence of Cu@CBA-Ze in H,O:
EtOH (1:1) at room temperature (entry 13).

As an extension of the scope of this reaction, different aromatic aldehydes (1a-i)
were treated with dimedone (2) and/or f-naphthol (3) to extend the range of applica-
tions (Table 3). After determination of optimum conditions, the performance of the
Cu@CBA-Ze as a catalyst for the synthesis of other xanthene derivatives was evalu-
ated by the reaction of aromatic aldehydes and dimedone or f-naphthol. In all stud-
ied cases, Cu@CBA-Ze gave the corresponding products 4a-h, Sa-h, and 6a-d in
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Table 3 Synthesis Xanthenes using Cu@CBA-Ze?

o OH Ar
P . (Cu@CBA-Z¢) (20 mg) o
Ar o o

H,O:EtOH (1:1), r.t, 30 (min)

la-i 2 3 46
Entry Product Ar Structure MP °C [Ref] Yield %*
1 4a C¢Hs 204-205 [50] 94
2 4b 4-CI-C¢H, 233-235 [50] 98
3 4c 4-CN-C¢H, 215-216 [51] 86
4 4d 4-NO,-C¢H, 230-232 [50] 97
5 4e 4-OMe-C¢H, 252-253 [50] 92
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Table 3 (continued)

OH
“/ (Cu@CBA-Ze) (20 mg) ﬁ
O

H,O:EtOH (1:1), r.t, 30 (min)

la-i

4-6

Entry Product Ar Structure MP °C [Ref] Yield %*
6 4f 4-Me-C¢H, 229-230 [42] 89

7 4¢g 3-NO,-C4H, 166-168 [50] 91

8 4h 3-Br-C¢H, 286-287 [50] 93

9 5a C¢Hs 182-184 [50] 91

10 5b 4-CI-C¢H, Cl 284-285 [50] 92

11 5¢ 4-CN-CH, CN 290-292[52] 93

@ Springer



Copper-carboxamide complex immobilized on nano NaY zeolite:...

5303

Table 3 (continued)

OH
“/ (Cu@CBA-Ze) (20 mg)

la-i

H,O:EtOH (1:1), r.t, 30 (min)

4-6

Entry Product Ar Structure MP °C [Ref] Yield %*

12 5d 4-NO,-C¢H, NO, 316-318[50] 94
980

13 Se 4-OMe-C¢H, OMe 202-204 [50] 85
980

14 5f 4-Me-CgH, Me 220-221 [53] 88
980

15 5¢g 2,6-diCl-CH,4 O 274-276 [54] 92

1
16 5h 3-NO,-C4H, 215-216 [50] 88
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Table 3 (continued)

OH
“/ (Cu@CBA-Ze) (20 mg) ﬁ
O

H,O:EtOH (1:1), r.t, 30 (min)

la-i

4-6
Entry Product Ar Structure MP °C [Ref] Yield %*
17 6a 4-CI-C¢H, 176-177 [50] 94
18 6b 4-CN-C¢H, 199-201 [55] 95
19 6¢c 4-NO,-C¢H, 173-174 [50] 98
20 6d 3-Br-C¢H, 160-161[50] 86

Reaction condition: aldehydes (I mmol), dimedone (2 mmol), or f-naphthol (2 mmol), in the presence of
the Cu@CBA-Ze (20 mg) in an H,O: EtOH (10 ml, 1:1)

“Isolated yield

better yields, and shorter times in comparison to previously reported. The selectivity
of the reaction was investigated in a competitive reaction between an equimolecu-
lar mixture of dimedone and f-naphthol with benzaldehyde derivatives in the pres-
ence of the Cu@CBA-Ze under the same reaction conditions (entries 17-20). The
outcomes revealed that only asymmetric products 6a—d were obtained in excellent
yields. This is might be due to the faster reaction rate of aldehyde with dimedone
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rather than with f-naphthol leading to the formation of knovenagle adduct, which
then reacts with B-naphthol in the absence of dimedone resulting in asymmetric
products 6a—d. This assumption was verified with TLC monitoring of the three-
component reaction of 4-nitrobenzaldehyde, dimedone, and S-naphthol (see S1-2).
To confirm the structures of synthesized Xanthenes, we compared their physical
properties and 'H and '3C NMR spectra to published data.

The results obtained by using the present catalytic approach for the synthesis of
xanthenes were compared with those published previously to demonstrate the effi-
cacy of the method (Table 4). Applying different catalysts such as Zr (DP), (entry 1),
SBSSA (entry 2), Fe**-montmorillonite (entry 3), ZnO-CH;COCI (entry 4), CaCl,
(entry 5), [bmim]HSO, (entry 6), p-sulfonic acid calix 4] arene (entry 7), boric acid
(entry 8), CuO NPs (entry 9), Fe;O,@PS@His (entry 10), Cu (II)-Fur-APTES/GO
(entry 11), perlite NPs@IL/ZrCl, (entry 12), and [cmmim][BF4] (entry 13), The
xanthenes were obtained in lower yields (83-98%) and longer reaction times. Nev-
ertheless, the catalyst system introduced led to the reaction proceeding at 25 °C in
H,0: EtOH (1:1) and producing the desired product whit 98% yield after 30 min
(entry 14). Based on these results, we can conclude that Cu@CBA-Ze nanocatalyst
may be an excellent alternative catalyst for preparing xanthenes.

Cu@CBA-Ze catalyzes the synthesis of xanthene derivatives by activating the
carbonyl group of aldehydes making it more susceptible to nucleophilic attack by
dimedone to form intermediate (I), followed by Michael’s addition of another mol-
ecule of dimedone to form the intermediate (II). Intramolecular cyclization occurs
after successive elimination of H,O which results in the desired product and regen-
erates Cu@CBA-Ze in the reaction mixture (Scheme 3).

Table 4 Catalytic activity comparison of Cu@CBA-Ze with literature-reported catalysts in the synthesis
of 4b

Entry  Catalyst (amount) Conditions Time Yield (%) [Ref]
1 Zr (DP), (60 mg) EtOH/reflux 24 h 98 [56]
2 SBSSA (30 mg) EtOH/reflux 10h 98 [57]
3 Fe**-montmorillonite (80 mg) EtOH/100 °C 6h 88 [58]
4 ZnO-CH;COCI (48 mg) CH;CN/reflux 5h 90 [59]
5 CaCl, (17 mg) DMSO0/85-90 °C 4h 83 [60]
6 [bmim]HSO, (100 mg) solvent free/80 °C 3h 95 [61]
7 p-sulfonic acid calix [4] arene (12 mg) EtOH/80 °C 35 min 95 [41]
8 boric acid (3 mg) solvent free/120 °C 20 min 96 [62]
9 CuO NPs (7 mg) solvent-free/100 °C 14 min 90 [63]
10 Fe;0,@PS@His [HSO,™] (80 mg) EtOH/reflux 10 min 96 [34]
11 Cu (II)-Fur-APTES/GO (20 mg) EtOH: H,0/50 °C 30 min 92 [35]
12 perlite NPs@IL/ZrCl, (5 mg) solvent free/80 °C 120 min 88 [36]
13 [cmmim][BF4] (200 mg) microwave irradiation/r.t 1h 94 [64]
14 Cu@CBA-Ze (20 mg) H,0: EtOH (1:1)/r.t 30 min  98?

Bold values related to this work which is provided in the form of a table footnote

2This work
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Cu@CBA-Ze

Product 4

O
|
¢

Scheme 3 A suggested mechanism for the synthesis of compounds 4

Recovering and reusing catalysts in chemical processes is always a challenge.

Specifically, this context examines how well the catalysts used in the model reaction
can be recovered, reused, and leached. The Cu@CBA-Ze heterogeneous catalyst
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Fig. 11 Reusability of catalyst in the model reaction

showed the potential to be an effective solid catalyst for the preparation of xanthenes
by filtration and reused for at least eleven cycles (Fig. 11).

After eleven successive cycles of Cu@CBA-Ze reuse, the SEM and TEM images
as well as the XRD patterns and the FT-IR spectrum show no significant differences
from fresh Cu@CBA-Ze images and catalyst properties and activity have remained
unchanged (Fig. 12).

g - 7 P
HE- I 1,
. . - 7
) ER
1685 Sag0 5 I &
i i
1630
71000-1100
v
5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 4000 3500 3000 2500 2000 1500 1000 500

Fig. 12 A SEM images of (a): fresh NaY-Ugi and (b): reused Cu@CBA-Ze after eleven cycles (B): TEM
images of (a): fresh NaY-Ugi and (b): reused Cu@CBA-Ze after eleven cycles (C): XRD patterns of the
reused Cu@CBA-Ze after eleven cycles (D): IR spectra of the reused Cu@CBA-Ze after eleven cycles
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Test of synthesized catalyst leaching has been investigated on the model reaction
under general conditions. Although the reaction was supposed to be completed in
30 min, it was stopped after 15 min to collect the catalyst through centrifugation. A
GC analysis was performed to measure the reaction yield (81%). A 30-min stirring
of the reaction mixture without a catalyst did not change the product yield as cal-
culated again by GC. The results indicate that there is no catalyst leaching after the
reaction is complete.

Conclusion

This study describes the simple and direct synthesis of carboxamide-functionalized
nano NaY zeolite (CBA-Ze) to obtain a new high-functionality catalytic system in
one pot process. This surface modification was achieved using a Ugi four-component
reaction, followed by immobilization of copper ions on the Ugi-ligands decorated
nano NaY zeolite surface. The synthesized catalysts were characterized using tech-
niques such as FT-IR, TGA, DTA, SEM, TEM, XRD, DLS, EDS, ICP, and elemen-
tal analyses. The nature of the bonded Ugi-ligand on the zeolite’s surface improved
the catalyst reactivity, and homogeneity and increased its capability to coordinate
with copper ions. The catalyst efficiency of the synthesized copper-carboxamide
complex immobilized on nano NaY zeolite (Cu@CBA-Ze) was investigated in the
synthesis of Xanthens, leading to product yields of 85-98% in H,O: EtOH (1:1) at
room temperature within 30 min. Ease of catalyst recovery, simple setup procedure,
high stability, simple work-up, short reaction time, excellent product yields, and
reusability of catalyst for eleven consecutive runs are the significant advantages of
the presented work. This study introduces a catalytic system that can potentially pro-
duce other beneficial heterocyclic compounds under mild environmental conditions.

Experimental
Materials

Merck Company supplied (3-aminopropyl)triethoxysilane (APTES), 2-hydroxyben-
zaldehyde, tert-butyl isocyanide, glacial acetic acid, copper (II) acetate, and solvents
(Germany). NaY nanozeolite (Si/Al1=2.5) was provided by Zeolyst corporation
(USA).

Physicochemical techniques
Melting points were measured using the Electrothermal IA9100 (Essex, UK). A
Bruker Avance DRX-400 NMR spectrometer (Bruker, Germany) recorded 'H and

13C NMR spectra with TMS as internal reference and CDCl; as solvent. The syn-
thesized samples were identified by applying X-ray powder diffraction (Philips
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PW-1830), TGA apparatus (Netzsch, Selb, Germany), FT-IR spectrometers (Bruker
Tensor 27, Germany), dynamic light scattering (DLS) on (HORIBA SZ-100, Ltd.,
Japan), and scanning electron microscopy (SEM) (Tescan, Brno, Czech Republic).

Synthesis of catalyst
General synthesis of APTES-modified nanozeolites (AP-Ze)

To a mixture of 1.00 g of NaY nanozeolite (Ze) in dry toluene (30 mL), 2.33 mL of
APTES (10.0 mmol) was added under a nitrogen atmosphere and refluxed for 8 h.
To collect the APTES-modified nanozeolites (AP-Ze), the mixture was centrifuged
after cooling to room temperature. Unreacted APTES was removed using a Soxhlet
extractor with 150 mL 99.5% ethanol for 24 h [4].

General synthesis for producing carboxamide-functionalized nanozeolite (CBA-Ze)

Carboxamide-functionalized nanozeolite (CBA-Ze) was prepared according to
reported procedures [4, 6]. To a solution of 2-hydroxybenzaldehyde (5.00 mmol,
0.52 mL) in EtOH (25 mL), NaY-AP (0.50 g) was added and allowed to be stirred
for 30 min at ambient temperature. Then tert-butylisocyanide (5.00 mmol, 0.56 mL)
and glacial acetic acid (5.00 mmol, 0.28 mL) were added to the mixture and stirred
at ambient temperature for 12 h. After cooling to room temperature, the carboxa-
mide-functionalized nanozeolite (CBA-Ze) was purified by washing with Ethanol/
Acetone and separated using centrifugation (8000 rpm, 10 min, 5 times).

General procedure for preparation of Cu@CBA-Ze (Cu@CBA-Ze)

1.00 g of CBA-Ze was dispersed in water and ultrasonicated at room temperature.
Then, copper (II) acetate (0.09 g, 0.50 mmol in 10 mL H,O) was added dropwise to
the reaction mixture. The reaction mixture was stirred over 24 h at 80 °C. The Cu@
CBA-Ze were centrifuged and washed three times with deionized water (8000 rpm,
5 min, 3 times) [6].

Synthesis of xanthenes

General procedure for the synthesis of xanthenes

A mixture of aromatic aldehyde (1 mmol), dimedone (2 mmol), and/or f-naphthol
(2 mmol), Cu@CBA-Ze catalyst (20 mg) in H,O: EtOH (1:1) (10 mL) was stirred at

room temperature for 30 min. After reaction completion (checked by TLC, n-Hex-
ane: EtOAc (3:1) as eluent), the catalyst was separated through centrifugation. The
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Scheme 4 Synthesis of xanthenes using Cu@CBA-Ze

solvent was removed under reduced pressure and the solid product recrystallized
from ethanol (Scheme 4).

Spectral data for selected samples (4a, 53, 6a, 4d, 5d, and 6c¢)

9-(4-chlorophenyl)-3,3,6,6-tetramethyl-3,4,5,6,7,9-hexahydro-1H-x
anthene-1,8(2H)-dione (4a)

Light yellow powder, m.p. 204205 °C, yield: 94%; '"H NMR (CDCl,, 400 MHz):
6 1.01 (s, 6H, 2CHj;), 1.12 (s, 6H, 2CHj;), 2.19 and 2.25 (ABq, 4H, J=16.0 Hz,
2CH,), 2.48 (s, 4H, 2CH,), 4.73 (s, 1H, CH), 7.19-7.26 (m, 4H, CH,,,). '3C NMR
(CDCl;, 100 MHz): 6 27.2, 29.2, 31.4, 32.2, 40.8, 50.6, 115.2, 128.2, 129.7, 132.0,
142.6, 162.4, 196.3.

14-(4-chlorophenyl)-14H-dibenzo[a,jlxanthene (5a)

Pink powder, m.p. 182-184 °C, yield: 91%; '"H NMR (CDCl;, 400 MHz): 6 6.49 (s,
1H, CH), 7.12 (d, 2H, J=8.0 Hz, CH,,), 7.42-7.51 (m, 6H, CH,,), 7.58-7.62 (m,
2H, CH,,), 7.83 (d, 2H, J=8.0 Hz, CH,,), 8.56 (d, 2H, J=8.0 Hz, CH,,), 8.34 (d,
2H, J=8.0 Hz, CH,)). 3C NMR (CDCl,, 100 MHz): 6 37.3, 116.7, 118.0, 122.4,
124.3, 126.9, 128.6, 128.9, 129.0, 129.4, 131.0, 131.2, 132.0, 143.4, 148.6.
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12-(4-chlorophenyl)-9,9-dimethyl-9,10-dihydro-8H-benzo[a]xanthen-11(12H)-one
(6a)

Light yellow powder, m.p. 176-177 °C, yield: 94%; '"H NMR (CDCl,, 400 MHz):
5 0.98 (s, 3H, CH,), 1.14 (s, 3H, CH,), 2.27 and 2.33 (ABq, 2H, J=16.0 Hz, CH,),
2.59 (s, 2H, CH,), 5.70 (s, 1H, CH), 7.14-7.17 (m, 2H, CH,,), 7.28-7.31 (m, 2H,
CH,,), 7.34 (d, 1H, J=8.0 Hz, CH,,), 7.39-7.43 (m, 1H, CH,,), 7.44-7.48 (m,
1H, CH,,), 7.78-7.82 (m, 2H, CH,,), 7.92 (d, 1H, J=8.0 Hz). *C NMR (CDCl,,
100 MHz): 6 27.1, 29.3, 32.2, 34.1, 41.4, 50.8, 113.8, 117.0, 123.4, 125.0, 127.1,
128.3, 128.4, 1285, 129.1, 129.8, 131.2, 131.5, 131.9, 143.2, 147.7, 164.0, 196.9.

6-tetramethyl-9-(4-nitrophenyl)-3,4,5,6,7,9-hexahydro-1H-xanthene-1,8(2H)-dione
(4d)

Light yellow powder, m.p. 230-232 °C, yield: 97%; '"H NMR (CDCl,, 400 MHz):
6 1.00 (s, 6H, 2CH,), 1.14 (s, 6H, 2CH,), 2.16 and 2.29 (ABq, 4H, J=16.00 Hz,
2CH,), 2.51 (s, 4H, 2CH,), 4.84 (s, 1H, CH), 7.49 (d, 2H, J=8 Hz, CH,,), 8.11 (d,
2H, J=8 Hz, CH,,). *C NMR (CDCl,, 100 MHz): § 27.2, 29.2, 32.2, 32.5, 40.8,
50.5,110.2, 114.5, 123.4, 129.3, 146.4, 151.5, 162.9, 196.2.

14-(4-nitrophenyl)-14H-dibenzo[g,jlxanthene (5d)

Brown powder, m.p. 316-318 °C, yield: 94%; '"H NMR (CDCl;, 400 MHz): § 6.62
(s, 1H, CH), 7.44— 7.48 (m, 2H, CH,,), 7.53 (d, 2H, J=8 Hz, CH,,), 7.60-7.64 (m,
2H, CH,,), 7.69 (d, 2H, J=8 Hz, CH,,), 7.84-7.88 (m, 2H, CH,,), 8.02 (d, 2H,
J=8 Hz, CH,), 8.30 (d, 2H, /=8 Hz, CH,,). >*C NMR (CDCl,, 100 MHz): 5 37.8,
115.7, 118.0, 122.0, 123.8, 124.5, 127.1, 128.9, 129.0, 129.5, 131.0, 131.1, 146.2,
148.7, 152.0.

9-dimethyl-12-(4-nitrophenyl)-9,10-dihydro-8H-benzo[a]lxanthen-11(12H)-one (6¢)

Yellow powder, m.p. 173-174 °C, yield: 98%; 'H NMR (CDCl;, 400 MHz): 6 0.97
(s, 3H, CH3), 1.16 (s, 3H, CH;), 2.25 and 2.38 (ABq, 2H, J=16.00 Hz, CH,), 2.62
(s, 2H, CH,), 5.84 (s, 1H, CH), 7.38 (d, 1H, J=8 Hz, CH,,), 7.40-7.48 (m, 2H,
CH,,),7.54 (d, 2H, J=8 Hz, CH, ), 7.81-7.86 (m, 3H, CH,,), 8.05 (d, 2H, /=8 Hz,
CH,,). '3C NMR (CDCl,, 100 MHz): § 27.0, 29.3, 32.2, 34.9, 41.4, 50.7, 112.9,
116.0, 117.1, 123.1, 123.6, 125.2, 127.3, 128.6, 129.3, 129.6, 131.0, 131.5, 146.3,
151.8, 164.6, 196.7.
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org/10.1007/s11164-023-05145-w.
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