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Abstract 

Herein, we report the direct synthesis of carboxamide-functionalized graphene oxide (carboxamide-f-GO) 

for the development of new nanocatalysts, with highly dispersed particles, through covalent 

functionalization with a facile and direct strategy. This surface functionalization was carried out through a 

one-pot sequential four-component Ugi reaction. Subsequently, the Ugi-ligand decorated on the surface of 

the graphene oxide sheets coordinated with copper nanoparticles (Cu NPs) and finally covered with 

magnetic nanoparticles. The synthesized nanocatalyst was characterized by Fourier transform infrared 

(FT-IR), proton nuclear magnetic resonance spectroscopy (
1
H NMR), X-ray powder diffraction (XRD), 

scanning electron microscopy (SEM), energy-dispersive X-ray spectroscopy (EDX), dynamic light 

scattering (DLS), thermogravimetric analysis (TGA) and atomic force microscopy (AFM). The 

carboxamido nitrogen in Ugi-ligand showed high affinity toward complexation with Cu NPs and has a 

profound effect on the reactivity of the copper center in this nanocatalyst. The catalytic activity of 

nanocatalyst was investigated in Ullmann cross-coupling reaction for practical and direct access to 

corresponding N-aryl amines in a deep eutectic solvent as a green and recyclable media. The results 

showed the capability of this designed catalytic system through N-arylation of N-heterocycles and aniline 

derivatives with high yields in short reaction times. In addition, both of the nanocatalyst and deep eutectic 

solvent were easily recovered and reused for five consecutive runs. 
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Introduction  

A dramatic rise in interest has occurred since the discovery of graphene with regards to graphene-based 

nanomaterials [1]. Graphene consists of single-layer-thick sheets of sp
2
 bonded carbon atoms that are 

arranged in a two-dimensional (2D) honeycomb network [2]. Considering to this structure, graphene 

shows a number of unique and extraordinary structural, electronic, and optical properties [3-7]. These 

unparalleled properties include a high surface area, predominant mechanical strength, thermal 

conductivity and so forth [8, 9]. Eventually, these great potentials have been conducted to wide 

interdisciplinary applications of graphene in various fields such as sensors, drug delivery, electronic and 

catalyst to name a few [10-14]. 

Functionalization reactions are reactions that introduced desired groups on the surface of materials, based 

on the oxidation reactions and later can lead to the other functional groups [15, 16]. Graphene, one of the 

most important carbonaceous materials,  has been functionalized frequently to produce graphene oxide 

(GO) that showed robust ability to yield further manifold functional nanomaterials [17]. Among various 

such fields, the research in functionalized graphene-based nanomaterials as a catalyst is still in its infancy 

since exponentially upward trend recently [18, 19]. Besides, derivatization reactions are reactions in 

which the induced functional group on the surface of materials is involved in the subsequent reactions. In 

the case of graphene-derivatization, the chemical structure and complex functions are bonded to the 

graphene to add more functionality and attachment of various metal and metal oxide nanoparticles to the 

surface for further use as an efficient metal-functionalized graphene nanocomposite [20-22].  

On the other hand, small synthetic ligands are appropriate alternatives due to their robustness, low 

synthetic cost and fast ligand development [23]. The carboxamide [–C(O)NH–] group, a crucial building 

block in the primary structure of proteins, is a vital ligand unit for coordination chemists [24]. Transition 

metal coordination by a carboxamide oxygen is occasionally observed in native enzymes such as kidney 

bean purple acid phosphatase and serine/threonine protein phosphatase-1 [25]. Recently, graphene oxide 

functionalized with carboxamide ligands appear in amino acids possessing copper affinity have been 

assembled by chemical functionalization, producing an excellent catalyst for the epoxidation of 

norbornene [26]. 

Isocyanide-based multicomponent reactions (I-MCRs), for their intimate nature, produce a high increase 

of molecular complexity in a one-pot procedure, which caused a high degree of atomic economy, high 

number of bond-forming (bond-forming economy), and the stereochemical diversity [27, 28]. Among all 

the I-MCRs, special attention must be given to a Ugi four‐component reaction and also abbreviated as 

Ugi‐4CR [29]. The Ugi 4-CR allows the synthesis of diversely substituted pseudo-peptides with 

carboxamide functionality [30, 31]. Recently, the union of materials chemistry with multicomponent 

approaches has accelerated the preparation of novel functional materials. These innovative strategies have 



  

many advantages such as operational simplicity, substrate diversity and in particular, pot, atom and step 

economic feature which caused to some of the adequate aspects of green chemistry; reduced cost, low 

waste and pollutant productions. Very recently, Ugi-4CR has been used for the synthesis of novel 

carbonaceous-based drug or gene carriers [32-34]. The development of novel functionalized materials 

with MCR approach as a catalyst remains a significant challenge; therefore it is highly desirable to assess 

their efficiency and applicability in the construction of a nanocatalyst for organic transformations. 

Aromatic carbon‐nitrogen bond formations have been prepared by Ullmann-type cross-coupling of 

heterocyclic nitrogen compounds or primary and secondary amines with aryl halides through copper 

nanoparticles [35-37]. Since the classic Ullman reaction needs harsh reaction conditions and 

stoichiometric amounts of copper for overcoming these drawbacks a recent notable achievement has been 

developed for the utilization of various copper-chelating ligands. However, most of these protocols suffer 

from limitations such as weak reusability of the catalysts and utilizing of toxic ligands. Thus, the 

development of a mild and efficient catalytic procedure for the amination of aryl halides with eco-

compatible conditions is highly desirable.  

One of the important issues in green chemistry is embedment of conventional toxic organic solvents with 

eco-friendly non-toxic alternatives that do not have flammable vapors at a wide range of temperature. In 

this regards, deep eutectic solvents (DESs) as green, bio-renewable, and biodegradable solvents have 

gained significant attention in the recent years. DESs have a non-toxicity, non-volatility, inflammability 

and a wider liquid temperature range and also can be sourced from renewable feed stocks, with a cheap 

production procedure [38]. The most studied series of DESs are those prepared using choline chloride as a 

donor compound with components including urea, glycerol, carboxylic acids, and ethylene glycol or 

metal salts such as FeCl3 [39]. Owing to these advantages, DESs have gained a growing interest in many 

fields of research such as organic synthesis, pharmaceutical applications, surfactant chemistry, extraction 

processes, polymerization, electrochemistry and functional materials [40, 41]. 

  we developed the utilization of Ugi-4CR as a tailored 

multicomponent ligation approach towards the synthesis of carboxamide-ligands chemically grafted on 

the surface of graphene nanosheets (carboxamide-f-GO), for first time, leading to the novel nanocatalyst 

which have high affinity to complex with copper nanoparticles (Cu NP-carboxamide-f-GO). In order to 

make a nanocatalyst reusable, the Fe3O4 nanoparticles (Fe3O4 NPs) were synthesized on the surface of 

nanomaterial to yield final Cu NP-carboxamide-f-GO@Fe3O4 nanocomposite (@Fe3O4 means covered 

with Fe3O4 NPs). The application of nanocatalyst for rapid access to corresponding N-aryl amines was 

investigated in a benign deep eutectic solvent, which is a new generation of pioneer green solvents 

(Scheme 1). 



  

 

Scheme 1 Synthesis of Cu NP-carboxamide-f-GO@Fe3O4 via a four-component Ugi reaction for C-N bond 

formation trough Ullmann cross-coupling reactions 

 

Experimental 

1-General 

Graphite flake with an average lateral size of 20-100 micron was purchased from Merck. All reagents 

were purchased from Merck and Aldrich and used without further purification. The X-ray diffraction 

(XRD) pattern of the carbonaceous nanomaterials was recorded on a diffractometer (STOE & CIE STADI 

P) with a scintillation detector. Scanning electron microscopy (SEM) observations were carried out using 

an environmental scanning electron microscope (Philips XL30 ESEM). Atomic force microscopy (AFM) 

images were obtained using a atomic force microscope with the non-contact mode. 

The polydispersity index (PdI) was measured by dynamic light scattering (DLS) (Zetasizer Nano ZS90, 

Malvern Instruments). Thermogravimetric analysis (TGA) was carried out using a simultaneous thermal 

analyzer (Scinco STA 1500) at a heating rate of 10 °C min
-1

 in the air. Fourier transform infrared (FT-IR) 

spectra were made in KBr pellets on a Shimadzu IR470 spectrometer. The amount of Cu nanoparticles 

was estimated using an inductively coupled plasma optical emission spectrometer (ICP-OES; Varian 

Vista PRO Radial). The elemental analyses were performed with an Elementar Analysensysteme GmbH 

Vario EL. 
1
H and 

13
C NMR spectra were recorded on a BRUKER DRX-300 AVANCE spectrometer at 

300.13 and 75.47 MHz. NMR spectra were obtained in CDCl3.  



  

2-Synthesis of the graphene oxide (GO) 

GO was synthesized from natural graphite via preoxidation/thermal expansion of graphite followed by 

modified Hummer’s method [37, 38]. At first step, 10 g of natural graphite flake was mixed with 3:1 

volume ratio of H2SO4:HNO3 for 24 h. Then 400 ml of water was added to the resultant solution for 

quenching the reaction. The resultant product was then filtered and washed out with water and dried 

under vacuum at 60 °C for 24 h. In the second step, 2 g of the product was mixed with 200 ml of H2SO4 

and 6 g potassium permanganate for 24 h caused to a thick paste. Then, 600 ml of distilled water was 

added to the paste, and the reaction was terminated by addition of aqueous solution of 50 ml H2O2, 

resulting in a yellow brown mixture. Then the mixture was centrifuged and washed out three times with 

10% HCl solution and then three times with distilled water. The procedure was followed by sonication for 

30 minutes to produce GO stable aqueous dispersion. At the end of this process, the mixture was 

centrifuged for 15 min at 7000 rpm in order to remove un-exfoliated graphite oxide particles. The full 

characterization of synthesized GO is presented in the Supporting Information, Fig. S1. 

3-General procedure for the preparation of carboxamide-functionalized graphene oxide 

(carboxamide-f-GO)  

In a typical procedure, 2-hydroxy-4-methylbenzaldehyde (0.68 g, 5.00 mmol) and aniline (0.46 g, 5.00 

mmol) were dissolved in EtOH (25 mL). The solution was stirred at room temperature for 30 min. Then, 

cyclohexyl isocyanide (0.54 g, 5.00 mmol) and GO (0.50 g) were added and the resulting mixture was 

stirred at 60 °C for 12 h in a closed vial. On completion, the reaction mixture was cooled to room 

temperature, and carboxamide-f-GO was easily purified by washing with ethanol/Acetone and isolated by 

centrifugation (20000 rpm, 10 min, 5 times). 

4-Preparation of Cu NP-carboxamide-f-GO@Fe3O4 

Carboxamide-f-GO (1.00 g) was dispersed in water and then ultrasonication was performed at room 

temperature. Then, a solution of CuCl2.2H2O (0.09 g, 0.50 mmol) in 5 mL of H2O was added dropwise to 

the reaction mixture, followed by the addition of ascorbic acid (50 mL, 0.05 M). The reaction mixture 

was stirred on a magnetic stirrer at 80 °C for 24 h. Then, Cu NP-carboxamide-f-GO were centrifuged and 

washed three times with deionized water (20000 rpm, 5 min, 3 times). The final step was the synthesis of 

the magnetic Fe3O4 using co-precipitation technique [47]. The Fe3O4 NPs (0.50 g) was dispersed in water 

(15 mL) and sonicated for 15 min then Cu NP-carboxamide-f-GO (1.00 g) added and sonication 

continued for 3 h at room temperature. Then, by applying an external magnet, the Cu NP-carboxamide-f-



  

GO@Fe3O4 were collected and then washed three times with deionized H2O/ethanol and the magnetic 

precipitate was dried under vacuum at 60 °C. 

5- Preparation of choline chloride-based deep eutectic solvent (DES) 

Choline chloride-based deep eutectic solvent was prepared according to the literature [38, 48]. The two 

components were mixed on the basis of reported relationships showed in Table 1 and heated to 80 °C 

until a homogeneous colorless liquid was prepared. The obtained DESs were used without any further 

purification. 

6-General procedure for the catalytic amination of aryl halides  

A mixture of Cu NP-carboxamide-f-GO@Fe3O4 nanocomposite (0.05 mol % of Cu), K2CO3 (1.50 mmol), 

an amine (1.00 mmol) and an aryl halide (1.00 mmol) were placed in choline chloride–glycerol deep 

eutectic solvent (3 mL) and vigorously stirred at 110 °C for a certain period of time (0.5-3 h). After 

completion of the reaction as indicated by TLC (ethyl acetate and n-hexane), the reaction mixture was 

cooled to room temperature. Then, water (10 mL) was added; the catalyst was separated by an external 

magnet and diluted with ethyl acetate (10 mL). The insoluble crude product was filtered, concentrated and 

then the residue was purified by flash chromatography (SiO2, ethyl acetate and n-hexane) to yield pure 

product. 

7- Statistical analysis 

All data are represented as means ± standard deviation (SD). The statistical analysis was performed using 

Origin Pro (version 8.5.1) at confidence levels of 95% and 99%. 

Results and discussion 

Graphene oxide was modified by further derivatization through Ugi-4CR to afford the Ugi-ligand with 

carboxamide scaffolds on the surface of graphene sheets. Distinct ability of carboxamide motifs to 

coordinate with transition metals, together with the advantages of covalent 

functionalization/derivatization approaches of graphene has prompted us to employ carboxylated 

graphene nanosheets (G-COOH) as an acid component in a Ugi four-component reaction for the synthesis 

of carboxamide functionalized graphene nanoparticles with the coordination ability of copper 

nanoparticles, for the first time. According to the commonly accepted Ugi reaction mechanism, the 

benzaldehyde 1, aniline 2, and GO 3 are in equilibrium with imine [A] in the reaction medium (Scheme 

2). The addition of the cyclohexyl isocyanide 4 onto the iminium group followed by the addition of the 

carboxylate ion onto the C atom of the nitrilium ion leads to the formation of the adduct [B], which 



  

undergoes an intramolecular acylation known as Mumm rearrangement to give the stable carboxamide-f-

GO 5. Next, copper nanoparticles were immobilized onto the carboxamide coated surface of the GO. We 

used 2-hydroxy-4-methylbenzaldehyde due to the potentially ligand-active –OH groups which make the 

carboxamide scaffold appropriate bidentate ligands for metal chelates. Meanwhile, the quantitative 

determination of the copper content, as determined by ICP-OES was obtained to be 0.01mmol/g. 

 

Scheme 2 Proposed mechanism for the synthesis of carboxamide-f-GO 

The CHN analysis, before and after functionalization, confirm the existence of nitrogen atom originated 

from carboxamide scaffold on the surface of graphene sheets. The atomic percent of N2 is 4.38 % which 

confirms the successful formation of amide bonds during the one-pot Ugi-4CR. The FT-IR spectra of 

carboxamide-f-GO and Cu NP-carboxamide-f-GO@Fe3O4 are shown in Fig. 1. In the FT-IR spectrum of 

carboxamide-f-GO, the C=O stretching frequencies of the amide bond formed by carboxamide 

functionalization appeared around 1720 cm
-1
 which indicate the attachment of carboxamide scaffolds on 

the surface of the GO (Fig. 1a). Also, the absorption of the N-H stretching of the amide is observed 

around 3200-3580 cm
-1

. Furthermore, the bands at 2923 and 2854 cm
-1

 can be assigned to the asymmetric 

and symmetric methylene vibrations of cyclohexyl moiety. Finally, the peaks at 1041 cm
-1

 were attributed 

to the in-plane bending of C–H in benzene ring [49, 50]. The FT-IR spectrum of Cu NP-carboxamide-f-

GO@Fe3O4 exhibits a broad band at 570 cm
-1

 corresponds to the stretching vibration of the Fe–O bonds 



  

which attributed to the spinel form of Fe3O4 [51]. Notably, C=O stretching bonds show a slight shift to 

1612 and 1566 cm
-1

 that could be due to the chelation of Cu NPs on the surface of carboxamide-f-GO 

(Fig. 1b).  

 

Figure 1 FT-IR spectra of carboxamide-f-GO (a) and Cu NP-carboxamide-f-GO@Fe3O4 (b) 

One of the interesting features of this Ugi functionalization is the high dispersity and stability of the 

nanocomposite, more than one month, in water (Supporting Information, Fig. S2) and organic solvent. 

This stable dispersion in DMSO-d6 caused to clear 
1
H NMR spectrum. The nanocomposite spectrum 

shows a multiplet for the methylene protons of the cyclohexyl ring (δ = 1.16-1.71 ppm, 10H); a singlet for 

the methyl group of benzaldehyde (δ = 2.28 ppm, 3H), a multiplet for the NH−CH cyclohexyl (δ = 3.99-

4.05 ppm, 1H); a singlet for methine proton of carboxamides (δH = 6.16 ppm, 1H), the aromatic protons 

gave rise to multiplets in the aromatic region of the spectrum (δH = 6.71−7.36 ppm, 5H) and a singlet for 

NH of amide group (δH = 7.83 ppm, 1H). The indication of protons of sp
3
 carbons of cyclohexyl 

isocyanide along with methine proton of carboxamide scaffold obviously demonstrated the formation of 

Ugi-ligand on the surface of the graphene sheets (Fig. 2).  



  

 

Figure 2 Representative 1H NMR (DMSO-d6) spectrum of carboxamide-f-GO 

In a follow-up investigation for confirmation the ability of Ugi-4CR for the surface functionalization, the 

AFM images were obtained. AFM image of graphene (Fig. 3a) showed that the lateral width of the sheets 

was 300 ~ 600 nm and the thickness is about 2.5 nm. AFM image has revealed that the graphene is 

multilayered (2-4 layers), in comparison with reported AFM measurement which showed ~ 0.6-1 nm 

thickness for bare graphene [52, 53]. It can be seen from the AFM image of carboxamide-f-GO surface 

that graphene sheet fully covered with carboxamide functional groups leading to multi-layered 

functionalized graphene and increasing the thickness of sheets (Fig. 3b). 



  

 

Figure 3. AFM images of graphene (a) and carboxamide-f-GO (b) 

The XRD patterns of carboxamide-f-GO and Cu NP-carboxamide-f-GO@Fe3O4 are shown in Fig. 4. The 

pattern showed that the structure of the GO maintained uniformly through the Ugi reaction process 

because the diffraction peaks at 2θ =10.10 
o
 which were associated with the (001) interlayer spacing of 

0.80 nm, were observed. Additionally, the peaks at 2θ= 44.14 
o
 and 64.42 

o
 correspond to stainless steel 

sample holder of powder diffractometer (Supporting Information, Fig. S3). In the XRD pattern of Cu NP-

carboxamide-f-GO@Fe3O4, the peaks at 43.12
o
, 50.2

o
 and 74.26

o
 were assigned to the (111), (200) and 

(220) lattice planes of Cu NPs [54], and also the peaks at 30.04
 o

 , 35.44
 o

, 43.06
 o

, 53.62
 o

, 57.1
o
, and 

62.62
o 

corresponded to the (220), (311), (400), (422), (511), and (440) cubic spinel structure of the Fe3O4 

NPs [55]. Cu NP-carboxamide-f-GO@Fe3O4 demonstrates broadened XRD traces, confirmed that it 

consists of nanocrystallites. Therefore, the average particle diameters were estimated using Scherrer’s 

formula [55]. Calculation from full width at half maximum (FWHM) data using Scherrer’s equation gave 

average crystallite size of 25.9 nm and 29.8 nm for Fe3O4 and Cu NPs, respectively.  



  

 

Figure 4 XRD patterns of carboxamide-f-GO and Cu NP-carboxamide-f-GO@Fe3O4 

To gain insight into the structure and morphology of the nanocatalyst, the SEM images were obtained. 

The SEM image of GO shows the ultrathin homogeneous layered structure of the sheets (Fig. 5a). After 

functionalization via Ugi reaction and corporation of carboxamide scaffolds on the surface of the GO, 

SEM image confirms that the structure of GO was constantly remained. The mentioned result indicated 

that Ugi multicomponent reaction has a great potential for generating valuable functionalization on the 

surface of GO without any obvious changes in the structure and morphology during a facile one-pot 

procedure (Fig. 5b). In the case of Cu NP-carboxamide-f-GO@Fe3O4, the incorporation of Cu and Fe3O4 

NPs with semispherical morphology was noticed (Fig. 5c). The components of carboxamide-f-GO and Cu 

NP-carboxamide-f-GO@Fe3O4 were determined by using energy dispersive (EDX) spectrometry. The 

EDX spectrum shows the elemental composition of (C, N and O) of carboxamide-f-GO and (O, Fe and 

Cu) of Cu NP-carboxamide-f-GO@Fe3O4 (Fig. 5d, e).  

 



   

Figure 5 SEM images of: (a) GO, (b) carboxamide-f-GO, (c) Cu NP-carboxamide-f-GO@Fe3O4. EDX spectra of: 

(d) carboxamide-f-GO, (e) Cu NP-carboxamide-f-GO@Fe3O4 

In this sense, an apparent hydrodynamic diameter of the nanocatalyst was measured with DLS analysis 

(Fig. 6). The DLS size measurement showed that the synthesized nanocatalyst had an average particle 

size range and polydispersity index (PdI) of 349 ±80 nm and 0.8±0.02, respectively. The nanocatalyst 

showed high polydispersity index which may due to the aggregation of graphene sheets and Fe3O4 NPs 

after functionalization [56]. On the basis of our literature survey, there is some report available on the 

covalent functionalization of graphene which showed similar high polydispersity index [57] and since the 

Cu NP-carboxamide-f-GO@Fe3O4 nanocomposites consist of different nanoparticles, the existence of 

distributions with differences in width is rational. 

 

Figure 6. Particle size distribution of Cu NP-carboxamide-f-GO@Fe3O4 nanocatalyst 



  

Thermal stability is one of the important factors for selecting an appropriate catalyst for the reaction, 

especially in the coupling reactions that need heating. Therefore, the thermal behavior of Cu NP-

carboxamide-f-GO@Fe3O4 was characterized by thermogravimetric analysis and the TGA result is 

presented in Fig. 7. The weight loss from 120 °C to 220 °C is attributed to the decomposition of labile 

oxygen-containing functional groups which anchored to the surface of the graphene [58]. The weight loss 

from above 450 °C may ascribe to the pyrolysis and destruction of the graphite network [2]. The residual 

weight of ~ 17% presented the weight percentage of Cu and Fe3O4 NPs on the surface of functionalized 

GO. 

 

Figure 7. TGA curve of Cu NP-carboxamide-f-GO@Fe3O4 recorded at a heating rate of 10 °C min-1 

To demonstrate the catalytic activity of the synthesized Cu NP-carboxamide-f-GO@Fe3O4 

nanocomposite, Ullmann C-N coupling of the N-heterocycles and primary amines with aryl halides have 

been investigated. For this purpose, the model reaction of 1-iodo-4-methoxybenzene 1b and piperidine 2a 

catalyzed by Cu NP-carboxamide-f-GO@Fe3O4 has performed for the synthesis of 1-(4-

methoxyphenyl)piperidine (3b). Likewise, the effects of engineering aspects, such as the temperature, 

solvent and bases on kinetics were investigated in detail. The initial experiments were carried out by 

running the model reaction in the presence of Cs2CO3 and K2CO3 as a base and 0.05 mol% of catalyst in 

different solvents. From Table 1, it is apparent that the solvent plays a significant role in the cross-

coupling reaction. The reaction with K2CO3 as the base instead of Cs2CO3 in the DMF, DMSO and H2O 



  

caused to lower yield of 3b (Table 1, Entries 1, 3 and 5). In continuation, due to the many advantages of 

deep eutectic solvent as a green medium in organic transformations and based on our interest in this 

medium [59-61], we used DES as a solvent in C-N cross-coupling Ullmann reaction. Subsequently, in the 

choline chloride-glycerol based DES no obvious difference in yields were observed when using Cs2CO3, 

and K2CO3 and since the K2CO3  is more available and cheaper than Cs2CO3, therefore K2CO3 in choline 

chloride-glycerol based DES was chosen under optimal conditions (Table 1, Entry 14). Even the yields in 

urea based DESs in the presence of the K2CO3 and NaOH are lower than glycerol-based DES (Table 1, 

Entries 8 and 9). The other acidic DESs showed very low yields for the Ullmann coupling reactions even 

after 3 hours (Table 1, Entries 10-12). In addition, several experiments were performed for the 

temperature optimization at 80 °C, 110 °C and 120 °C in the presence of K2CO3 in choline chloride-

glycerol based DES utilizing 0.05 mol% Cu NP-carboxamide-f-GO@Fe3O4 (Table 1, Entries 14-16). As 

can be seen, the optimal reaction temperature is 110 
o
C (Entry 14 versus Entries 16 and 17). In the case of 

80 °C, the yield of the coupling product was lower than the one at 110 °C. However, when the 

temperature increased to 120 °C, the yield of the coupling product did not increase significantly. It should 

be noted here that, in the absence of catalyst in optimum condition no coupling product could be detected 

(Table 1, Entry 17). The effect of catalyst loading was investigated using different quantities of the 

catalyst from 0.025 mol% to 0.1 mol% (Table 1, Entries 17, 19 and 20). At last but not least, Cu NP-

carboxamide-f-GO@Fe3O4 (0.05 g) provided the best results at 110 °C in choline chloride-glycerol 

medium after 30 minutes. 

Table 1. Optimization of the reaction conditions
a 
 

 

Entry Solvent Base Temp (oC) Time (h) Yield (%)b 

1 DMF K2CO3 110 12 45  

2 DMF Cs2CO3 110 10 47  

3 DMSO K2CO3 110 5 70 

4 DMSO Cs2CO3 110 5 78 

5 H2O K2CO3 Reflux 5 Trace 

6 H2O Cs2CO3 Reflux 5 15 



  

 

a Reaction conditions: 1-iodo-4-methoxybenzene (1b, 1 mmol, 0.23 g), piperidine (2a, 1 mmol, 0.08 g) and inorganic base (2 
mmol) and catalyst (0.05 mol%);  
b Isolated yield;  
c In the absence of catalyst;  
d Catalyst (0.025 mol%); 
e Catalyst (0.1 mol%) 
 

As is well known, reactions which possess the entropy-decreasing transformation are expedited by 

pressure. On the other hand, one of the most notable properties of DESs is their high viscosity which 

caused to creation of high-pressure cavities. This cavities formation may due to the many factors 

including the presence of an extensive hydrogen-bonding network, relatively large ion sizes, and 

electrostatic forces within the liquid [62]. Moreover, based on the hole theory, the viscosity of DESs 

corresponds to the holes available in the fluid which allows appropriate ionic motions [63]. On the basis 

of this theory, the volumetric factors are more effective than interactions between a salt and a hydrogen-

bonding donor [64]. The presence of these high pressure cavities which undergoes the reactions that 

associated with decreasing of the entropy and high thermal stability [65] have set DES as an appropriate 

medium for organic reactions under high pressure and temperature besides being environmentally benign 

media. Since, C-N coupling reactions associated with negative activation volumes and entropy decreasing 

owing to the conversion of two substrates to one molecule of compound, therefore the choice of deep 

eutectic solvent for coupling reactions is very rational. Our results in Table 1 unveil a clear correlation 

between the high pressure choline chloride-glycerol based DES and C-N cross-coupling reaction for 

providing the coupling product with high yield in the low reaction time, suggesting that extensive 

hydrogen-bonding network of choline chloride-glycerol based DES creating strain inside its cavity and so 

7 EtOH K2CO3 Reflux 10 45 

8 Choline chloride: urea (1:2) NaOH 110 3 73 

9 Choline chloride: urea (1:2) K2CO3 110 3 68 

10 Choline chloride: malonic acid (1:1) K2CO3 110 3 Trace 

11 Choline chloride: ethylene glycol (1:2) K2CO3 110 3 20 

12 Choline chloride: FeCl3(1:3) K2CO3 110 3 43 

13 Choline chloride: citric acid (1:2) NH4Cl 110 3 72 

14 Choline chloride: glycerol (1:2) K2CO3 110 0.5 97 

15 Choline chloride: glycerol (1:2) Cs2CO3 110 0.5 98 

16 Choline chloride: glycerol (1:2) K2CO3 80 3 85 

17 Choline chloride: glycerol (1:2) K2CO3 120 3 97 

18c Choline chloride: glycerol (1:2) K2CO3 110 3 No product 

19d Choline chloride: glycerol (1:2) K2CO3 110 3 90 

20e Choline chloride: glycerol (1:2) K2CO3 110 3 97 



  

promote the coupling reaction efficiency. In addition, it can be concluded that the presence of the 

synthesized nanocatalyst along with DES caused the synergistic effects to promote the Ullman C-N cross-

coupling significantly. Since glycerol is readily available and has low toxicity, it could be a great 

candidate for combining with choline chloride to produce an ideal eco-friendly medium for the syntheses 

that need high pressure [48]. 

After optimizing the reaction conditions, to study generality of the Cu NP-carboxamide-f-GO@Fe3O4 

nanocomposite in the C-N Ullmann coupling reaction, the reaction was extended to N-heterocycles and 

diverse anilines with various types of aryl halides in obtained optimized conditions. Aryl halides 

containing electron-deficient and electron-rich groups were found to react efficiently with good to 

excellent yields. Also, various secondary cyclic amines such as morpholine, 1,2,3,4-

tetrahydroisoquinoline and piperidine and heterocyclic nitrogen compounds for examples, imidazole and 

benzimidazole along with different anilines have been applied to obtain the desired products with good 

yields (Table 2). 

Table 2. N-arylation of amines catalyzed via Cu NP-carboxamide-f-GO@Fe3O4 nanocomposite in DES 

 

Entry Aryl Halide Amine Product Yield (%)
a
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90 
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97 
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95 
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97 
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75 

 

6 

 
 

 

 

80 
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99 
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91 

 

9 
  

 

 

78 

 

10 
  

 

 

83 

 

11 
 

  

 

 76 

 

12 

   

 

93 

a Isolated yield 

The efficiency of the synthesized nanocatalyst in comparison with the other reported catalysts is given in 

Table 3. The results indicated that in the case of Cu NP-carboxamide-f-GO@Fe3O4, the reaction yield is 

rather increased at the relatively shorter reaction times. In addition, the Cu percent is much lower than the 

other nanocatalysts. By contrast, DES medium shows a great efficiency as a green solvent toward this 

synthesis while having an outstanding advantage of eco-compatibility. 

Table 3. Comparing the catalytic efficiency of various copper catalysts in N-arylation of amines 



  

Entry Catalyst Reaction conditions Time 

(h) 

Yield 

(%) 

Ref. 

1 CuBr/DPPhen (5 mol%) H2O, PEG-400 (20 mol%), 

KOH, 100 oC 

21-48 74-97 [66] 

2 CuI (10 mol%) DMSO, CsF (2 equiv.),  

130 oC, N2 

24 37-94 [67] 

3 CuO NPs (5 mol%) DMSO/t-BuOH, KOH, 110 oC - 10-89 [68] 

4 MOF-199 DMSO, NaOH, 120 oC 12 50-97 [69] 

5 Activated-Cu (10 mol%) H2O, LiOH, TBAB, 120 oC 24 35-81 [70] 

6 CuO/MWCNT (0.98 mol%) DMAc, K2CO3,120 oC 24 47-96 [71] 

7 Cu NP-carboxamide-f-GO@Fe3O4 

(0.05 mol%) 

DES, K2CO3 ,110 oC 0.5-3 75-99 This 

work 

 

The possibility of recycling is one of the advantages of heterogeneous catalyst systems from the green 

chemistry point of view. Additionally, it should be noted here that one of the distinct advantages of DES 

medium is its ability to perform as a recyclable reaction media. Therefore, in the present designed 

strategy, not only the catalyst can be recycled with the external magnet, but also the DES medium can be 

recovered even for five consecutive runs with no considerable loss of catalytic activity. In order to 

establish the reusability of the nanocatalyst and DES, the reaction of 1-iodo-4-methoxybenzene 1b and 

piperidine 2a as a model reaction was repeated under optimal conditions (Table 2, Entry 2). When the 

reaction was completed, DES was dissolved in water, the Cu NP-carboxamide-f-GO@Fe3O4 nanocatalyst 

was readily separated by an external magnet and the crude product was filtered. Then the DES was 

recovered by evaporating water at 80 °C under vacuum and recycled with nanocatalyst for the next 

experiment. For each run, three independent experiments were performed. The data points in Fig. 8 are 

the average of three independent experiments. Error bars represent the range over which the values were 

observed. The results reveal that only minor decreases in the reaction yields are observed and the 

recovered catalyst and medium retained a significant fraction of the original activity. 



  

 

Figure 8. Reusability of the nanocatalyst and DES  for Ullman C-N coupling reaction  

Conclusion 

In conclusion, we present a “new” horizon of the “old” Ugi reaction in material science for the synthesis 

of affinity ligands on the surface of graphene oxide sheets. This work provides new prospects not only in 

the functionalization of carbonaceous materials with multicomponent reactions (MCRs), but also in the 

application of the as-prepared nanocomposite for high yield C-N Ullmann coupling reactions in a DES as 

a green medium and alternative choice for toxic organic solvents. In this context, a copper nanoparticle 

modified carboxamide-functionalized magnetic graphene oxide nanocatalyst has been synthesized via a 

one-pot four component Ugi reaction. The Ugi-ligand with carboxamide motifs can act as an efficient 

ligand with high affinity toward copper nanoparticles. It is worth noting that the utilization of DES 

instead of the conventional toxic solvents such as toluene, DMF and DMSO in coupling reactions is in 

resonance with the state of the art. The advantages of using this environmentally benign and facile 

catalytic route are easy workup, high yield, being eco-friendly and moreover, shortened reaction times as 

the greatest exclusivity of this system. In addition, complexation of the Ugi-ligand to the copper prevents 

leaching and agglomeration of nanoparticles and improves reusability of the heterogeneous catalyst. The 

Cu NP-carboxamide-f-GO@Fe3O4 nanocomposite and DES were easily recovered and reused for five 

consecutive runs. Consequently, these results broaden the scope of using this catalyst as an adequate 

platform in the other heterogeneous catalytic transformations. In addition, along with a growing demand 

on the utilization of functional materials in a wide spectrum of interdisciplinary applications, it seems that 

different MCRs can be great candidates for material functionalization. Since, time-consuming, different 



  

purification steps and exhausting chemical transformations are not necessary and even non-experts can 

synthesize functionalized materials, therefore these functionalization systems can shift from laboratory to 

industry. Efforts are underway to functionalization of carbonaceous materials with the other important 

MCRs for drug delivery applications and catalytic routes. 
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