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ABSTRACT: An immobilized copper (II) complex on micro cellulose (Cell-DABCO-Cu) was synthesized 

and characterized by FT-IR, TGA, and SEM. The catalytic activity of Cell-DABCO-Cu was evaluated  

as a recoverable and green catalyst for the four-component synthesis of 2H-indazolo[1,2-b]phthalazine 

trione derivatives in solvent-free conditions. The notable advantages of this procedure include excellent 

yields, short experimental time, and easy preparation of the catalyst. The feature of this work is using  

of Cell-DABCO-Cu as a starting material to prepare single-phase CuO nanoparticles (CuO NPs) via  

a solid-state decomposition procedure. The CuO nanoparticles with an average size of 40 nm were obtained  

by the direct calcination of Cell-DABCO-Cu. 
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INTRODUCTION 

Health, sustainability, and environmental protection 

are important challenges in the modern world. In this 

regard, designing and developing hybrid materials  

have improved the quality of life and technology. Many 

composites have been synthesized by the combination of 

organic and inorganic compounds which attracted 

significant attention due to their application. By entering 

the polymer science to functional material–inorganic hybrids 

the new advantages were obtained by combining  

the properties of polymers with the inorganic components [1]. 

The biodegradable nature of materials that were obtained 

from bioresources makes them the ideal candidate  

for the development of green polymer micro composites  

in catalytic systems [2-5]. Using harmful solvents with micro  

 

 

 

Composite in catalytic systems is a big problem and leads 

to the reduction of the applications of these important 

composites in different industries [6-8]. Therefore, performing 

the reactions in solvent-free conditions has attracted great 

attention in the recent past decades [6, 7, 9, 10].  

The MultiComponent Reactions (MCRs) are powerful 

tools for the synthesis of complex organic compounds 

from readily available reagents. The major advantages of 

MCRs include lower costs, short experimental times, high 

atom economy, and energy savings from the avoidance  

of time-consuming and expensive purification processes [8, 11]. 

New ways for the synthesis of organic compounds 

containing heterocyclic frames have been considered due 

to the wide applicability of these compounds [12-14]. 
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Heterocycles containing phthalazine are considered  

in heterocyclic synthesis because of pharmacological and 

biological activities [15-17].  

We recently reported the removal of pyrene and related 

aromatic hydrocarbons by several complexes-based catalyst 

systems and also friendly environmental reaction [18-20].  

In continuing our work on the synthesis of heterocyclic 

compounds [21-23], a novel copper complex was fabricated 

on a micro-fibril cellulose template as a heterogeneous 

catalyst and used for the four-component synthesis of 2H-

indazolo[1,2-b]phthalazine triones in solvent-free 

condition. After finishing the catalytic system, CuO NPs 

were obtained via solid-state thermal decomposition of 

Cell-DABCO-Cu at 800°C. 

 

EXPERIMENTAL SECTION 

Materials and Physical measurements 

Chemicals were either prepared in our laboratory or 

purchased from Merck or Fluka chemical companies  

and were used without any further purification. IR spectra 

of compounds in the 4000–400 cm-1 regions as KBr disks 

were recorded on a Thermo SCIENTIFIC model NICOLET 

iS10 spectrophotometer. SEM (Shimadzu 50, model s4160) 

analysis was performed for checking the morphology and 

topology of the products. Powder X-Ray Diffraction (XRD) 

was performed on a Bruker D8-advance X-ray 

diffractometer or on a X’Pert Pro MPD diffractometer with 

Cu Kα (λ= 0.154 nm) radiation. A Shimadzu 

thermogravimetric analyzer (TG-50, Japan) is the model of 

thermogravimetric analysis (TGA). 1H and 13C NMR 

spectra were recorded on a Bruker DRX-400 spectrometer 

(400 and 100 MHz, respectively) in DMSO-d6, internal 

standard TMS. All reactions were monitored by thin-layer 

chromatography (TLC) on silica gel Polygram SILG/UV 

254 plates (eluent EtOAc:hexane = 3:1). Melting points 

were determined on an Electrothermal-9100 apparatus and 

are uncorrected. Elemental analyzes were carried out using 

a Heraeus CHN-O-Rapid analyzer. Cellulose was purchased 

from Aldrich (microcrystalline, 20 mm). 

 

Synthesis of Cell-DABCO-Cu 

Synthesis of chloro-functionalized cellulose (Cell-Cl)  

A mixture of 3-chloropropyltrimethoxysilane (1mL) 

and triethylamine (0.1 mL) was added to 1g cellulose 

in dry toluene (10 mL) and refluxed for 24 hours. Chloro 

functionalized cellulose was separated by centrifugation 

at 3000 rpm for 15 min and washed with ethanol. The resulting 

product was dried under a vacuum. 

 

Synthesis of DABCO supported on cellulose (Cell-

DABCO) 

A mixture of 0.5 g chloro functionalized cellulose  

and 1,4-diazabicyclo[2.2.2]octane (DABCO) (2 g) in dry 

acetone (40 mL) was stirred magnetically for 15min. After 

refluxing within 24 hours, the resulted DABCO supported 

on cellulose was separated by centrifugation at 3000 rpm 

for 15 min and washed with acetone to remove the excess 

DABCO. 

 

The synthesis of the immobilized copper complex on DABCO 

supported on cellulose (Cell-DABCO-Cu) 

To a solution of copper (II) acetate (0.5 g) in dry acetone 

(40 mL), 1g of DABCO-supported cellulose was added. 

After stirring for 36 hours, the final product was separated 

by centrifugation at 3000 rpm for 15 min and dried under 

a vacuum. 

 

Synthesis of 2H-indazolo[2,1-b]phthalazine-trione compounds 

A mixture of hydrazinium hydrate 3 (1.2 mmol), 

phthalic anhydride 4 (1 mmol), dimedone 1 (1 mmol),  

aryl aldehyde 2a-n (1 mmol), and Cell-BABCO-Cu 

(0.01g) as a catalyst was stirred at 80oC under solvent-free 

conditions. The completion of the reaction is monitored by 

TLC. After satisfactory completion of the reaction, 5mL 

ethanol was added and the catalyst was removed by 

centrifugation and the solvent was evaporated. The crude 

product was recrystallized from ethanol/water. The desired 

pure products were characterized by a comparison of their 

physical data with those of known compounds. 

 

Synthesis of CuO nanoparticles 

The Cell-DABCO-Cu micro-composite was heated  

at 2 °C/min up to 800 °C in a laboratory thermal furnace 

with a residence time of 5 h to produce the black powder. 

 

RESULTS AND DISCUSSION 

Synthesis and characterization of Cell-DABCO-Cu 

Cellulose-supported DABCO (Cell-DABCO) was synthesized 

via the nucleophilic substitution of Cell-Si-Cl with DABCO 

in a SN2 reaction as shown in Scheme 1.  Then the resulting 

Cell-DABCO was coordinated with copper acetate to give 

the final catalyst Cell-DABCO-Cu complex. 
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Scheme 1: Synthesis of Cell-DABCO-Cu catalyst. 

 

To approve the successful synthesis of Cell-BABCO-Cu 

composite, FT-IR analysis was carried out. The FT-IR 

spectra of cellulose, Cell-Cl, and Cell-DABCO-Cu  

are shown in Fig. 1. In the cellulose spectrum (Fig. 1a),  

the strong broad stretching at 3200–3600cm−1 corresponds 

to OH groups of cellulose, C–H stretching of methine and 

methylene groups are appeared in 2800–3000cm−1, and the 

alcoholic C–O and glycosidic bond vibrations are located 

around 1100–1150cm−1 [24, 25]. As seen in Cell-Cl spectra 

(Fig1b), the absorption peaks at 2910, 2930, and 1475 cm-1 

are related to CH2 of 3-chloropropyltrimethoxysilane  

and 1000-1100cm-1 Si-O in oxygen-silica tetrahedral, 

indicating that the cellulose was successfully functionalized 

by 3-chloropropyltrimethoxysilane [26]. The C-N+ 

stretching vibration of DABCO and also terminal COO of 

the catalyst are appeared in 1400-16120cm−1 (Fig 1C) [27]. 

The absorption peaks at 1400-1630 cm−1 are corresponding 

to the bridged C=O of the acetate group. 

The presence of metal in the catalyst was confirmed  

by ICP-AES, and which amount of Cu in each gram of 

catalyst was determined 68 µmol. 

The thermal behavior of Cell-DABCO-Cu (Fig. 2)  

was studied by thermogravimetric analysis (TGA) (15 mg 

of Cell-DABCO-Cu micro composite was used with 

temperature range 30 °C to 900 °C, at 80 K/min heating rates. 

The inner atmosphere was maintained with a nitrogen purge 

flow rate 40 mL/min to protect the sample from oxidation). 

As shown in Fig. 2, the degradation of this biocatalyst 

occurred at 380 °C which exhibits its high thermal stability. 

The organic component was decomposed completely  

at more than 800 °C. According to the TGA, 69.50 µmol/g 

of copper or copper complex was loaded. 

SEM image was used to study the surface morphology 

of this novel biocatalyst (Fig. 3).  

The Fibril shape of cellulose is observable before 

supporting the cupper complex.  

 

Synthesis of 2H-indazolo [2,1-b]phthalazine-triones 

In this context, the novel synthesized bio-nano hybrid 

was employed in the four-component synthesis of  

2H-indazolo[1,2-b]phthalazine triones 5a-n in solvent-free 

conditions (Scheme 2). 

To determine the best conditions, the reaction of 

benzaldehyde 2a (1 mmol), hydrazine hydrate 3  

(1.2 mmol), dimedone1 (1 mmol) and phthalic anhydride 

4 (1 mmol), in the presence of metal cellulose catalyst  
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Fig. 1: FT-IR spectra of A) Cellulose, B) Cell-Cl, and C) Cell-

DABCO-Cu.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: Thermo gravimetric analysis of Cell-DABCO-Cu. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3: SEM image of a) Cell-DABCO-Cu and b) cellulose. 

 

 

Scheme 2: Four component synthesis of 2H-indazolo[1,2-b]phthalazine trione derivatives (5a-n). 

 

was performed in different solvents, different amounts of 

catalyst, and various temperatures. The results are collected 

in table 1, (entries 1–11). The best yield and reaction time 

were obtained in the case of solvent-free and 0.01 g of 

catalyst and 80oC. 

By using the optimized reaction conditions, the 

possibility and efficiency of this procedure were discovered 

by the synthesis of 2H-indazolo[1,2-b]phthalazine trione 

derivatives 5a-n with a different aromatic aldehyde in the 

presence of Cell-DABCO-Cu as an efficient and green 

catalyst. Interestingly, the aromatic aldehydes with both 

electron-donating and withdrawing groups participated 

well in this reaction and provided the corresponding 

products in good to excellent yields (Table2). The obtained 

products were characterized by spectral data IR, 1H NMR, 

and 13C NMR and have been recognized by comparison of 

the spectral data and melting point with those obtained in 

authentic samples. 

The suggested mechanism for the synthesis of the desired 

products in the presence of a metal cellulose catalyst is shown 

in Scheme 3. By the Knoevenagel condensation of aryl 

aldehydes with dimedone in the presence of Cell-DABCO-Cu 
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Table 1: Optimization of the reaction conditions. 

Yielda (%) Time (min) Temp (oC) catalyst (g) Solvent Entry 

15 120 Reflux 0.01 CH2Cl2 1 

12 110 r.t* 0.01 THF 2 

17 120 reflux 0.02 THF 3 

23 54 r.t 0.01 H2O 4 

61 10 80oC 0.01 H2O 5 

48 53 r.t 0.01 EtOH 6 

69 11 reflux 0.01 EtOH 7 

trace 120 80 oC None None 8 

85 15 80 oC 0.008 None 9 

89 10 80 oC 0.01 None 10 

90 10 80 oC 0.015 None 11 

aExperimental conditions: benzaldehyde 2a (1 mmol), hydrazine hydrate 3 (1.2 mmol), dimedone 1 (1 mmol), phthalic anhydride 4  

(1 mmol), catalyst and solvent (5 mL). *Room temperature. 

 

 

Scheme 3: The proposed reaction mechanism for the desired reaction. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4: The reuse test of Cell-DABCO-Cu catalyst. 

as an acidic catalyst, intermediate (I) was prepared.  

The condensation of hydrazinemonohydrate with phthalic 

anhydride afforded phthalhydrazide (II) by dehydration. 

In the next step, 1,4-conjugate addition of the 

phthalhydrazide (II) to intermediate (I) followed by cyclization 

provides the corresponding product (5a-n). (Scheme 3) 

The recycling of the catalyst was investigated  

by checking the model reaction in the presence of 0.01 g 

Cell-DABCO-Cu (Fig. 4). After completion of the reaction,  

the catalyst was separated from the reaction mixture  

by centrifuge and washed with ethanol three times.  

It was shown that the catalyst could be reusable for five cycles 

without any considerable loss of its activity. 
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Table 3: Comparison the result of Cell-DABCO-Cu catalyst with other reported catalysts for the synthesis of compound 5a. 

Yield (%) [Ref] Time (min) Reaction condition Catalyst (mol%) Entry 

94[35] 180 [bmim]Br/ 100°C p-TSA (30mol%) 1 

90[36] 60 EtOH/50°C/ultrasound Et3N (20mol%) 2 

96[37] 4 MW,100W/45°C [Bmim]OH (20mol%) 3 

89 (Present work) 8 Solvent free/ 80oC Cell-DABCO-Cu 4 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5: a) SEM and b) TEM images of the CuO NPs. 

 

Finally, in order to show the efficiency of the proposed 

method, Cell-DABCO-Cu catalyst was compared  

with other catalysts reported earlier for the synthesis  

of 3,4-Dihydro-3,3-dimethyl-13-phenyl-2H-indazolo[1,2-

b]phthalazine-1,6,11(13H)-trione 5a. As demonstrated  

in Table 3, the use of, this catalyst lead to an improved 

protocol in terms of compatibility with the environment, 

reaction time, and yield when compared with another 

catalyst. 

 

Synthesis and characterization of CuO  

By using the Cell-DABCO-Cu as a starting material 

 the single-phase CuO nanoparticles (CuO NPs) were prepared 

via a solid-state decomposition procedure. Morphology, 

shape, and size of CuO NPs were studied by SEM and 

TEM images (Fig 5). As shown in Fig 5a, b the diameter 

of Cu(II) was revealed 50 nm. It is notable that the size of 

CuO NPs in this study is smaller than the other reported 

studies (250-480nm).[38, 39] Therefore, the biodegradable 

Cell-DABCO-Cu can be used as an alternative precursor 

to produce nano-size copper oxide. 

Fig. 6 presents the XRD pattern of CuO NPs with  

the sharp peaks centered on 2θ values of 32.11, 35.76°, and 

38.96°, corresponding to (110), (002), and (111) planes of 

this nanomaterial, respectively. Minor peaks at 48.86, 

53.35, 58.39, 61.93, 66.96, and 67.99 ° can be indexed  

to reflection from (202), (020), (202), (113), (311), and (113). 

Hence the crystallographic structure of CuO nanocrystal is 

monoclinic bravais lattic with space group C2/c and unit 

cell lattice parameters a=4.684, b= 3.424, and c= 5.129.  

The average crystallite size of CuO NPs has obtained 30 nm 

by using the debye–scherrer formula. 

Fig. 7 was shown the FT-IR of CuO nanoparticles.  

The peak at 536 cm-1 is assigned to CuO stretching 

vibration [40]. On the other hand, the absence of stretching 

vibration of functional groups of the Cell-DABCO-Cu 

well confirmed the presence of CuO as a sole product. 

 

CONCLUSIONS 

In summary, a novel heterogeneous biocatalyst  

was synthesized, characterized, and developed successfully 

as a highly efficient and greener approach for the one-pot, 

four-component synthesis of 2H-indazolo[1,2-b]phthalazine 

trione derivatives 5a-n. The merits of the presented 

methodology are efficiency, generality, high the excellent 

yield of the products, short reaction time, simplicity,  

no elevated temperature, ease of product isolation, cleaner 

reaction profile, avoidance of any hazardous solvents  

or catalysts, and acceptance with the green chemistry 

agreements. Furthermore, the catalyst could be reused  



Iran. J. Chem. Chem. Eng. Immobilized Copper Complex On Biodegradable ... Vol. 41, No. 1, 2022 

 
 

Research Article                                                                                                                                                                         55 
 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6: The XRD pattern of CuO NPs. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7: FT-IR spectrum of the CuO nanoparticles. 

 

easily without noticeable loss of its activity which is  

the standpoint of this green procedure for the synthesis  

of 2H-indazolo[1,2-b]phthalazine triones. After finishing 

the catalytic activities of this biodegradable catalyst,  

single-phase CuO nanoparticles were obtained via a solid-

state decomposition procedure which makes it proper  

for the industrial goals. 
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