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Synthesis and characterization of Cu(II) Schiff base complex 
immobilized on graphene oxide and its catalytic application in the 

green synthesis of propargylamines† 

Shweta Kumari,a Amiya Shekhar,b and Devendra D. Pathaka,*  

The Cu(II) Schiff base complex immobilized on graphene oxide 

has been synthesized and characterized by FTIR, FT-RAMAN, 

XRD, UV, TEM, FE-SEM, EDAX, TGA, N2 adsorption–

desorption and AAS analysis. The immobilized complex has 

been found to be highly efficient and recyclable heterogeneous 

catalyst for the synthesis of propargylamines in aqueous 

medium.  

 

The development of synthetic strategies for C–H bond activation by 

transition metal catalysts is one of the most important areas in 

organic chemistry.1 The synthesis of propargylamines by three-
component one-pot coupling reactions (A3-coupling reactions) of 

aldehydes, alkynes, and secondary amines is one of the best 

examples of such a process.2  Propargylamines moieties are versatile 

synthons in the preparation of nitrogen-containing molecules, such 

as aminoindolizines, β-lactams, oxotremorine analogs, pyrroles, 

pyrrolidines, isosteres, allylamines, and as key intermediates for 
natural product synthesis.3,4 The A3-coupling reactions have been 

reported to be catalysed, by either salts or complexes of transition 

metals such as  gold,  silver, ruthenium, copper, iridium, iron, 

indium, and zinc etc.5,6 However, most of them have certain 

drawbacks, such as long reaction time, moderate yields, formation of 

by-products, involvement of expensive reagents and solvents, and 

use of the microwave radiations.7 The large scale synthesis of 

propargylamines by the above protocols may entail some of the 

environmental & economic concern. Therefore, the development of 

novel green heterogeneous catalyst is one of the frontier areas of 

current research. Herein, our interest lies in exploring new routes for 
synthesis of propargylamines using a cost-effective, green and 

reusable catalyst under mild reaction conditions. 

In recent years, graphene oxide (GO) has been demonstrated as a 

promising, ideal support for number of metals, metal oxides, 

inorganic complexes, nanoparticles and organic compounds due to 

its unique nanostructure, high chemical stability and surface area, 
good accessibility, and functional groups on its basal planes.8 The 

edges of GO also provide additional advantages.9  Mungse et al. 

reported the first Schiff  base complex of vanadium immobilized  on 

graphene oxide anchored.10 Su et al. prepared Schiff base complexes 

of transition metals onto graphene oxide for epoxidation of styrene.11 

Verma et al. reported oxo-vanadium Schiff base immobilized on 

graphene oxide as catalyst for the epoxidation of fatty acids and 

esters.12 Recently, Xiong et al. have reported CuCl2 immobilized on 

graphene oxide as a catalyst for the synthesis of propargylamines 

under microwave radiation.7a In continuation of our work on the 

development of green synthesis methodologies for various organic 
transformations,13 we herein report the immobilization of a new 

Cu(II) Schiff  base complex onto graphene oxide sheets and  its use 

for the green synthesis of propargylamines. The water is a universal 

solvent and recently organic reactions in a aqueous medium has 

attracted a lot of attention.14  

The schematic presentation of the synthesis of heterogeneous 

Cu(II) Schiff base complex immobilized on graphene oxide sheets 

(GO-Cu)  is shown in Scheme 1 (more detail of GO-Cu preparation 

is given in the ESI). 
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Scheme 1. Synthesis of ligand (L) and Schematic presentation of the 

synthesis of Cu(II) Schiff base complex immobilized on graphene oxide 

sheets. 

 

The chemical changes that occurred during the immobilization of 

Cu(II) Schiff  base complex onto GO were followed by FTIR. The 

FTIR spectra of GO, GO-APTMS, GO-APTMS-L and GO-Cu are 

shown in Fig 1a. The FTIR spectrum of GO exhibited strong 
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characteristics bands at 3419, 1731, 1623, 1223, and 1035.5 cm−1, 

due to the presence of   hydroxyl, phenolic, carbonyl, carboxylic, 

epoxy, etc. functional groups in the  scaffold.15 The FTIR spectrum 

of GO-APTMS, exhibited a doublet at 2850 and 2917 cm−1, 

corresponding to the v symmetric and asymmetric CH2 of the alkyl 

chains.16a Moreover, the bands observed at 1121.5 and 1034.6 cm−1 

were attributed to Si–O–Si and Si–O–C linkages, respectively.16b 

The bands at 3423.7 and 1573.2 cm−1, due to v N-H, confirms the 

successful chemical functionalization of GO sheets.16 The FTIR 

spectrum of GO-APTMS-L depicted a new peak at 1632 cm−1 due to 

v C=N bond.  The formation of C=N clearly indicated that the 

condensation reaction between the carbonyl groups of aldehyde of 

ligand (L) and the -NH2 groups of GO-APTMS had taken place.17 In 

the FTIR spectrum of GO-Cu, v C=N frequencies were slightly 

shifted to lower frequencies (∆v=13 cm-1) at 1619 cm−1, compared 

with (GO-APTMS-L). The shifting of these absorption bands to 
lower wave numbers confirmed the coordination of Cu(II) metal ion 

with azomethine nitrogen atom of the Schiff base.18 However, no 

change in the v N=N frequency was observed which rules out the 

interaction of the azo group to the metal. The new sharp band at 

1438 cm-1 was observed, due to the v CO frequency which, indicated 

that Cu bonded with -OAc.19a The new bands at 674, 462 cm−1 were 

attributed to the stretching modes Cu–N and Cu–O bonds, 

respectively and  confirmed the coordination of copper with N, O 

sites of GO-APTMS-L.19  

 
 

Figure 1. FTIR spectra of (a) GO, GO-APTMS, GO-APTMS-L, GO-Cu and  

FT-RAMAN spectra of (b) GO, GO-APTMS, GO-APTMS-L, GO-Cu.   

 

The FT-RAMAN spectra of GO, GO-APTMS, GO-APTMS-L, and 

GO-Cu are shown in Fig. 1b. The FT-RAMAN spectra of GO-Cu 

complex and other intermediates show two remarkable peaks at 

around 1351, and 1596 cm−1, which were associated with the well-

defined D band and G bands, respectively.8a The values of ID/IG 

were found to be 0.82, 0.84, 0.87 and 0.89 for GO, GO-APTMS, 

GO-APTMS-L, and GO-Cu respectively. The gradual increase in the 

ID/IG ratio is indicative of increasing disorder in the graphene oxide 

lattice after functionalization.20 The PXRD of GO and GO-Cu are 
given in Fig. 2. The exfoliated GO exhibited a broad diffraction peak 

at 2θ = 11.62o with a corresponding d spacing of 0.82 nm, which 

may due to presence of functionalities in the basal plane of GO along 

with absorbed water molecules causing increase in the interlayer 

distance.21a The PXRD spectrum of GO-Cu exhibited a new peak 

with a very broad pattern around 2θ = 22.24o, closer to reduced 
graphene (2θ = 24o). The broad diffraction peak of PXRD of GO-Cu 

indicates that the synthesized composite is almost amorphous in 

nature.21 The UV-visible spectra of GO (Fig. S1†) and GO-APTMS, 

ligand, GO-APTMS-L, GO-Cu are shown in Fig. S2† respectively. 

The UV-vis spectrum of GO depicted a strong absorption peak at 

230 nm and a shoulder at about 300 nm, which were attributed to the 

π/π* transitions of the graphitic C–C bonds and to the n/ π* 

transitions of the C=O bonds, respectively (Fig. S1†).22a However, 

the UV-vis spectrum of the GO-Cu showed one broad band at 535 

nm, due to d–d transitions of the Cu ions (Fig. S2†).22 Micro-

structural features and morphology of GO and GO-Cu were analyzed 
by FESEM (Fig. S3†) and TEM (Fig. 3), FESEM image of GO-

APTMS, GO-APTMS-L materials are also shown in the ESI (Fig. 

S2†). 

 
Figure 2. PXRD spectra of  GO and  GO-Cu. 

 

The FESEM images of GO and GO-Cu exhibited twisted nanosheets 

in disordered phase with a lot of wrinkles and crumpling features 

(Fig. S3†).23 These folded edges and protrusions, owing to sp3-

carbon in GO, bear the Cu immobilised Schiff base complex on both 
sides of the GO nanosheets (Fig. S3† d). These sites may serve as 

ideal templates for reactant molecules to accomplish the desired 

transformation.16 The TEM images of GO (Fig. 3a) revealed the 

nanoscopic features with few numbers of layers. The Fig. 3b also 

depicted fine nanostructures of the GO-Cu.  The EDAX analysis 

provides detailed chemical analysis on the GO, GO-APTMS, GO-
APTMS-L and GO-Cu (Fig. S4†). The GO was found to be mainly 

composed of carbon and oxygen. The loading of Cu(II) Schiff base 

complex on GO, changed the elemental composition with the 

introduction of  copper, nitrogen and silicon, which are core 

elements of the complex apart from carbon and oxygen. Further, 

EDAX elemental mapping was performed to understand the 

distribution of the Cu-Schiff base complex on GO. The elemental 

mapping indicated the uniform distribution of Cu, N and Si over GO 

surface (Fig. 4). Further, the copper content, analyzed by AAS, was 

found to be 0.29 mmol g-1 in the GO-Cu. The TGA thermograms of 

GO and GO-Cu are displayed in Fig. S5†.  The TGA of GO showed 
~20% weight loss near 100oC, due to evaporation of water molecules 

present in the lattice of GO. The second significant weight loss was 

observed in the range of 170–240oC, due to thermal decomposition 

of oxygen carrying functionalities.24  The thermogram of GO-Cu 

showed a very small  weight loss ( 5%) around 100oC  owing to the 

loss of adsorbed water molecules. The second weight loss in the 

temperature range from 175 to 260oC was attributed to the thermal 

decomposition of undigested oxygen carrying functionalities and 

APTMS moieties, which have not participated in further chemical 

fictionalization. The last major mass loss observed in the range of 

360–470oC was related to the slow decomposition of the Cu(II) 
Schiff base complex.25 The BET surface area of the GO and GO-Cu, 

determined by nitrogen physisorption at 77 K, was about 93.599 and 

42.659 m²g-1
 respectively.   

 
Figure 3. TEM image of (a) GO and (b) GO-Cu. 
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Figure 4. Elemental mapping images of carbon, oxygen, silicon, nitrogen and 

Copper in GO-Cu.  

 

The catalytic efficiency of GO-Cu was tested in the three-component 

coupling of aldehydes, amines and alkynes shown in Scheme 2 
(more detail of propargylamines synthesis is given in the ESI).  

+ R2R3NH + R4 HR1CHO
GO-Cu
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Scheme 2. Synthesis of propargylamines using GO-Cu as Catalyst. 

 

In order to optimize reaction conditions, various parameters (time, 

temperature, solvents and catalyst loading) were studies. 

Benzaldehyde, phenylacetylene and piperidine were chosen as model 

reactants under N2 atmosphere. These results are summarized in 

Table 1. When the reaction was carried out without catalyst (Table 1, 

entry 1under reflux, no product was formed even after 36 hrs. The 
same reaction in presence of 20 mg of GO in water (5 mL) under 

reflux for 24 hrs yielded no product as the  starting materials were 

recovered (Table 1, entry 2).  However, when the reaction was 

carried out in the presence of 20 mg GO-Cu under reflux in water, 

the desired product was obtained in 85% yield within 8 h (Table 1, 

entry 3). However, no significant improvement in yield of the 

product was noticed when the catalyst loading was increased from 

20 to 50 mg (Table 1 entry 4). It indicated that 20mg of the catalyst 

was optimum. Among the various solvents used such as water, 

toluene, THF, DMF, neat and DMSO, water was found to be the best 

medium for the synthesis of propargylamines (Table 1, entries 1–
12). After optimization of the reaction conditions, we choose a 

variety of different aldehydes, alkynes and amines to discern the 

catalytic scope and the generality of the GO-Cu complex (Table 2). 

Aryl aldehydes, possessing electron withdrawing groups, afforded 

better yields as compared to aldehydes bearing electron donating 

groups. The reaction of primary amines such as aniline and 
benzylamine, in place of secondary amines, with aldehydes and 

alkynes did not succeed to yield the expected products, thereby 

limiting the scope of the reaction. 
 

Table 1. Optimization of Reaction Conditions for the synthesis of 

propargylamines from benzaldehyde, phenylacetylene and piperidinea  

Entry Catalyst 

(mg) 

Time 

( h) 

Temp. (oC) Solvents Yield, %b 

1 --- 
 

36 100 Water -- 

2 GO (20) 

 

24 100 Water -- 

3 GO-Cu 

(20) 

08 100 Water 85 

4 GO-Cu 

(50) 

08 100 Water 85 

5 GO-Cu 

(20) 

15 100 Water 85 

6 GO-Cu 

(20) 

08 100 --- 60 

7 GO-Cu 
(20) 

08 100 Toluene 84 

8 GO-Cu 

(20) 

08 110 Toluene 84 

9 GO-Cu 

(20) 

08 100 THF 62 

10 GO-Cu 
(20) 

08 70 THF 58 

11 GO-Cu 

(20) 

08 100 DMF 50 

12 GO-Cu 

(20) 

08 100 DMSO 45 

aReaction conditions: benzaldehyde (1mmol), piperidine (1mmol), phenyl 

acetylene (1.2 mmol). 

b Isolated yield after work up 

The coupling proceeded smoothly with secondary amines such as 

morpholine and piperidine to afford the corresponding 

propargylamines in good yields under standard conditions, and it 

was found that piperidine gave better results in term of yields and 

reaction time than morpholine. The products were obtained as 
yellowish oil and fully characterized by IR and 1H NMR. 

Furthermore, the catalyst (GO-Cu) was compared with previously 

reported catalysts for the synthesis of propargylamines in terms of 

TON and TOF (Table 3). Our catalyst (0.58 mol %, based on Cu) 

gave better TON (146) and TOF (18.3) in the reaction. Furthermore, 

the catalyst was tested for recyclability up to six times. It is apparent 
from (S6†) that the GO-Cu catalyst could be reused up to four cycles 

without loss of catalytic activity. However, gradual decline in the 

catalytic activity of GO-Cu was noted after 5th cycle. A plausible 

mechanism for the synthesis of propargylamines using GO-Cu 

complex is proposed in Scheme 3. Based upon the earlier reports,2a it 

is suggested that the first step of the reaction involves the activation 
of the C–H bond of alkyne by Cu Schiff’s base complex. The 

alkenyl– Cu Schiff’s base complex intermediate thus formed reacted 

with the iminium ion generated in situ from aldehyde and secondary 

amines to give the corresponding propargylamines and regenerated 

the GO-Cu complex for further reaction.  

 
Table 2. Synthesis of propargylamines from of aldehydes, amines, and 

alkynes catalyzed by GO-Cu 
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Table 3.  A comparative study of catalyst (GO-Cu) with previously reported 
catalysts in A3 coupling reaction in terms of TON and TOF  

 
En

try 

catalyst Metal 

(mol 

%) 

Yield/Conv. 

      (%) 

TON TOF Ref. 

       

1 Au/IRMOF Au 

(0.6) 

98 112 9.3 26a 

2 NAP–MgO Au (--) 96 407 17 26b 

3 AuCl Au (5) 99 20 1.7 26c 

4 AuBr3 (1) Au(1) 100 100 8.3 26c 

5 Au/ZrO2  Au 

(0.142) 

93 668 111 26d 

6 GO-Cu Cu 
(0.58) 

85 146 18.3 This 
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Scheme 3. Proposed reaction mechanism for the formation of 

propargylamines 

 

Conclusions 
In summary, we have developed a new Cu(II) Schiff base 

complex immobilized onto graphene oxide and demonstrated its 

catalytic application in the green synthesis of propargylamines from 

aldehydes, alkynes and amines without using any base or co-catalyst 

in aqueous medium . The developed catalyst is very cheap, easily 

recovered at the end of the reaction, and recycled up to four times 

without significant loss in catalytic activity. 
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