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Abstract: A copper-based metal-organic framework with 1,3,5-tricarboxylic acid linkers was
prepared through a facile hydrothermal method. This MOF has not been used in organic reactions
widely. Cu.BTC was employed as an affordable, competent heterogeneous catalyst in 1,8-dioxo-
octa-hydro xanthene synthesis. Additionally, the structure, morphology, and porosity of this
catalyst were considered. Various techniques such as FE-SEM, BET, EDS, FT-IR, and XRD applied
to this aim. As a result, Cu.BTC had a mesoporous structure, an excellent specific surface area, and
high purity. Some privileges of using this heterogeneous catalyst in 1,8-dioxo-octa-hydro xanthene
synthesis are mild condition, increased activity, ease in separation, and reusability. Additionally,
1,8-dioxo-octa-hydro xanthene was obtained via simple recrystallization.
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1. Introduction

Multicomponent reactions (MCR) are a synthetic methodology that involves three or
more components to produce products having all initiating materials in their structure
and almost no by-products [1]. Heterocyclic compounds are one of the condensation MCR
products. Additionally, heterocyclic compounds have various photodynamic therapy
applications as sensitizers and dyes [2]. Xanthene derivatives are compounds that are
obtained from condensation reactions. Xanthene has received recognition as a significant
class of organic compounds. According to their bright spectroscopic properties, xanthene
compounds are used as dyes and laser technologies. There are other noticeable
pharmaceutical and biological properties of xanthene compounds, such as anti-viral,
antibacterial, antinociceptive, and anti-inflammatory activities [3]. Xanthene compounds
are the product produced in two- or three-component reaction aided by a homogeneous
or a heterogeneous catalyst. Any material that increases the rate of a chemical reaction
without consumption is a catalyst. Xanthene derivatives synthesis various protocols have
been upgraded due to organic and medical research scopes in recent years. Several
catalysts have been applied in condensation reactions including TiCl4, amine-
functionalized montmorillonite, MOFs [4]. The mentioned catalytic routes have provided
important successes; however, some of them bring limitations like low yields, long
reaction times, excess of organic solvent, high temperatures, and harsh reaction
conditions. MOFs are 3D framework structures with metal centers and organic ligands,
widely used as heterogeneous catalysts in many chemical reactions. It is proved that not
only the metal clusters of MOFs but their organic ligands have catalytic activity.
Moreover, the guest molecules in MOFs can act as catalysts in the same way. One of the
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well-known copper metal-organic frameworks (Cu.BTC) displays high catalytic activity
regarding its unsaturated open copper metal sites [5].

In this literature, Cu.BTC was synthesized through a solvothermal method. As
demonstrated in Scheme 1, this catalyst was applied in 1,8-dioxo-octa-hydro xanthene
synthesis. High yields, short reaction time, use of non-toxic solvents, and mild reaction
condition are the advantage of using this catalyst.
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Scheme 1. Synthesis of 1,8-dioxo-octahydroxanthenes catalyzed by CU.BTC.

2. Experimental
2.1. Materials

The Merck Company provided all the chemicals and solvents used for this research
and used as received without any further purification.

2.2. Synthesis of Cu.BTC MOF

First of all, 1.56 mmol Cu (NOs)2.3H20 was dissolved in 3 mL distilled water in a
beaker, and 0.5 mmol H:BTC was dissolved in 3 mL ethanol in another beaker
simultaneously. Then, two solutions were mixed and stirred for 20 min to obtain a
homogeneous mixture. It is sealed in a 60 mL Teflon-lined autoclave and heated at 120 °C
for 12 h. In the end, the blue crystals were washed with distilled water and ethanol several
times and dried at 60 °C in an oven for 8 h.

2.3. Synthesis of 1,8-Dioxo-octa-hydro Xanthene Derivatives

Amounts of 1.0 mmol aldehyde, 2.0 mmol dimedone, 20 mg Cu.BTC and 3 mL
ethanol as a solvent were mixed and refluxed for the appropriate time. After completing
the reaction (monitored by TLC), the catalyst has filtered, and the solvent evaporated by
vacuum. Simple recrystallization has obtained the intended product.

3. Characterization

TESCAN, MIRA III detector SAMX field emission scanning electron microscope (FE-
SEM) exhibited the sample’s morphology. Powder X-ray diffraction (XRD) patterns of the
samples were presented by PHILIPS-PW 1800 diffractometer with monochromatized Cu
Ka radiation (A = 1.542 A). FT-IR studies were recorded on a Shimadzu- FT-IR 8400S
Spectrometer using KBr pellets at room temperature. TESCAN, MIRA III detector SAMX
Energy-dispersive X-ray spectroscopy (EDS) showed qualitative and quantitative
elemental analysis and the sample’s chemical characterization. Micrometrics ASAP 2020
Brunauer-Emmett-Teller (BET) proved the measurement of the sample’s specific surface
area. The observations were very often referred to as physical adsorption or
physisorption. Thin layer chromatography (TLC) was used for the purity determination
of substrates, products and reaction monitoring over silica gel 60 F254 aluminum sheet.
Melting points were measured in open capillary tubes with Electrothermal 9100 melting
point apparatus.
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4. Results and Discussion
4.1. FE-SEM

The scanning electron microscope (SEM) images of Cu.BTC are presented in Figure
la,b from two different sides and magnifications 2 um and 200 nm, respectively. Figure
la indicates a well crystalline morphology of the Cu.BTC seeds and a very uniform distri-
bution [6]. Figure 1b shows the metal-organic framework from a very close side to show
the porous structure [6].

Figure 1. SEM images of CU.BTC in different sides and magnifications (a) 2 um and (b) 200 nm.

4.2. XRD

The crystalline structure and phase purity of as-prepared Cu.BTC is determined by
XRD pattern. Figure 2 displayed the structure of Cu.BTC matches with ICDD pdf number
00-062-1183 reference card. The diffraction peaks at 20 values of 6.7, 10.36, 11.64, 13.48,
14.7,19.28, 25.92, and 28.92 are attributed to the reflection of planes with (2 0 0), (220), (2
22),(400),(331),(440), (731), and (7 5 1) miller indices, respectively [7].
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Figure 2. XRD pattern of CU.BTC.

4.3. EDS

Energy-dispersive X-ray spectroscopy (EDS) confirmed the elements that existed in
Cu.BTC and chemical composition of Cu.BTC. Figure 3 shows the original peaks of the
sample elements and Figure 4 approved that [8]. The elements originated from Cu
(NO:s)2.3H20 metal cores and HsBTC as organic linkers [8].
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Figure 3. Original peaks of the sample elements.
Quantitative Results
Elt HLine Int Error (K Kr Woeo 1A% ZAF Formula [Ox% PkBg |[Class LConf |HConf |Cat
C HKa 8354 515980 ||0.5263 ||0.1860 |46.13 5727 0.4032 0.00 8102 |A 4513 47.14 0.00
o] HK& 906.8 132.3060((0.2417 ||0.0854 |43.14 40.21 0.1980 0.00 72.26 A 42.24 44.04 0.00
Cu HKa 597.0 0.8812 |0.2320 ||0.0820 ||10.73 2.52 0.7639 0.00 31.67 |A 10.46 11.01 0.00
H 1.0000 [0.3534 |100.00 |[100.00 0.00 0.00

Figure 4. Quantitative results of Cu.BTC.

4.4. FT-IR

FT-IR spectrum of Cu.BTC is shown in Figure 5. The broad bands at 3000-3500 cm™!
are attributed to stretching vibrations of hydroxyl groups. The three observed peaks at
1437, 1579, and 1623 cm™ are ascribed to asymmetric, and symmetric carboxylate groups
existed in 1,3,5-benzene tricarboxylic acid, respectively. The occurrence of the peak at 1100
cm is related to stretching vibrations of C-O bonds. The peak at 490 cm™ is assigned to

M (Cu)-O bonds [9].
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Figure 5. FT-IR spectrum of CU.BTC.

4.5. BET

Brunauer-Emmett-Teller (BET) proved the meso- and micro-porous structure of
Cu.BTC with a pore diameter of about 40 A. The pores’ size distribution and pores volume
shown in Figure 6 confirmed the MOF structure’s mesoporosity [10].
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Figure 6. BET patterns of CU.BTC.

Moreover, BET and Langmuir surface area, the cumulative volume of pores, and the
average pore width of the sample are presented in Table 1 that exhibit a high surface area
of the MOF.

Table 1. BET and Langmuir surface area.

BET Surface Langmuir Surface BJH Desorption Cumulative BJH Desorption Average
Area m¥/g Area m¥g Volume of Pores cm?/g Pore Width A
HKUST-1 463.3874 613.5577 0.080150 60.639

Sample

To indicate the merits of Cu.BTC in organic synthesis, we have applied that in the
synthesis of 1,8-Dioxo-octa-hydro xanthene Derivatives. The reaction did not conclude
without the Cu.BTC and this shows the importance of the catalyst. In Table 2, the aldehyde
derivatives used have been reported, and all the products have high yields.

Table 2.CU.BTC catalyzed synthesis of 1,8-Dioxo-octa-hydro xanthene Derivatives.

Entry Product Time (min) Yield (%) Mp °C (Ref.)

1 15 92 201-203 [11]
2 12 88 230-232 [11]
3 18 90 227-229 [11]
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4 15 86 246-248 [11]
5 20 89 169-170 [11]
6 20 89 220-222 [11]

5. Conclusions

In this study, an excellent catalytic activity of Cu.BTC has investigated. The structure,
morphology, and catalytic activity of the MOF have been studied. The Cu.BTC exhibited
good porosity and high purity, which are following BET and XRD, respectively, and were
synthesized by a facile hydrothermal method.

The results of this research showed Cu.BTC is an efficient heterogeneous catalyst in
synthesizing 1,8-Dioxo-octa-hydro xanthene Derivatives in a one-pot multicomponent re-
action. This method’s benefits are high yields, short reaction time, use of non-toxic sol-
vents, simple workup by recrystallization, and mild reaction conditions. This MOF also
could be used as an absorbent for pollutant elimination aims.
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