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ABSTRACT 
The nano-structures of CuO were effectively prepared using an extract of 
sulfate was used as starting substrate. Structural and morphological properties of the synthesized nanoparticles have been ch
by using FE-SEM, BET and XRD analysis. The effect of calcination temperature on the morphology of the as s
investigated. In order to evaluate the efficiency of the as synthesized CuO nano
were investigated in the reaction of aromatic amines and 
in the XRD pattern of powders. The crystalline size of the samples was determined using a 
XRD pattern at 76, 76, 77 nm. Different morphologies of CuO nano
sizes of about 70-130 nm, cone-shaped clusters of CuO with the average size of 0.9
particles with the average size of 2-4 µm were observed at 400, 600 
Keywords: sulfonamide; p-toluenesulfonyl chloride; CuO; 

1. INTRODUCTION 
 The formation of C-N and S-N bonds is of essential 

significance in organic synthesis, owing to the high commonness 

of nitrogen-containing molecules of natural and pharmaceutical 

pertinence [1]. The vast majority of techniques for the introduction 

of C-N and S-N bonds rely on functional group interconversions 

for their synthesis. In comparison, the formation of new S

C-N bonds directly from C-O or S-O bonds represents a very 

attractive and efficient choice [1-4].  

 Form the many years ago sulfonamides 

employed as useful compounds for drugs and crop protection 

agents, and are using materials for the prevention and tr

bacterial infections, diabetes mellitus, oedema, hypertension and 

gout. They are used in the some have proved to be useful as 

herbicides and plaguicides [5-9]. Several methods have been used 

for the synthesis of sulfonamide derivatives. For exam

of (a) silylamine with sulfuryl chloride [10, 11], (b) 

substituted sulfonyl chloride, often in the presence of an organic 

amine base to scavenge the acid (HCl). In this condition elevated 

temperature, especially for the less reactive anilines is required 

 

2. EXPERIMENTAL SECTION 
 All reagents were purchased from Merck and Aldrich and 

used without further purification. Phase identification was carried 

out for the as-precipitated and heat treated samples by an X

diffraction (XRD) method with a Rigaku D-max C III, X

diffractometer using Ni-filtered Cu-Kα radiation. Field Emission 

Scanning Electron Microscope (FESEM) images were obtained on 

HITACHI S-4160. N2 adsorption measurements of the catalyst 

were carried out using micro metrics adsorption equipment 

(Quantachrome instrument, model Nova 2000, USA), 
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N bonds is of essential 

significance in organic synthesis, owing to the high commonness 

ning molecules of natural and pharmaceutical 

pertinence [1]. The vast majority of techniques for the introduction 

N bonds rely on functional group interconversions 

for their synthesis. In comparison, the formation of new S-N and 

O bonds represents a very 

sulfonamides have been widely 

compounds for drugs and crop protection 

prevention and treatment of 

bacterial infections, diabetes mellitus, oedema, hypertension and 

gout. They are used in the some have proved to be useful as 

9]. Several methods have been used 

ulfonamide derivatives. For example reaction 

of (a) silylamine with sulfuryl chloride [10, 11], (b) amine with a 

substituted sulfonyl chloride, often in the presence of an organic 

amine base to scavenge the acid (HCl). In this condition elevated 

ive anilines is required 

[12-13], (c) Slowly add of sulfonyl chloride into an amine solution 

in a biphasic system of organic solvents and basic aqueous 

solution [14-15]. But hydrolysis of sulfonyl chlorides is the major 

competing reaction, which results in

these protocols remain a need for a simple and efficient 

methodology towards accessing sulfonamides under mild 

conditions in the absence of a strong base or competing 

nucleophile. In the present protocol 

[16-23], we initiated this study to devise a simple, universal and 

high yielding synthetic methodology and applicable to a wide 

range of amines using CuO nano

conditions (Scheme 1). 
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Scheme 1. Preparation of aryl sulfonamides using CuO nano

All reagents were purchased from Merck and Aldrich and 

used without further purification. Phase identification was carried 

precipitated and heat treated samples by an X-ray 

max C III, X-ray 

Kα radiation. Field Emission 

Scanning Electron Microscope (FESEM) images were obtained on 

adsorption measurements of the catalyst 

were carried out using micro metrics adsorption equipment 

(Quantachrome instrument, model Nova 2000, USA), N2 (99.99%) 

as the analysis gas and the catalyst samples were slowly heated to 

140 °C for 3h under nitrogen atmosphere. The total pore volume 

was obtained from the maximum amount of nitrogen gas adsorbed 

at partial pressure P/P0=0.999. The NMR spectra were

on a Bruker Avance DPX 400 MHz instrument. The spectra were 

measured in DMSO-d6 relative to TMS (0.00 ppm). Melting points 

were determined in open capillaries with a BUCHI 510 melting 

point apparatus. TLC was performed on silica gel Polygram SIL 

G/UV 254 plates. 
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SEM, BET and XRD analysis. The effect of calcination temperature on the morphology of the as synthesized powders was 
structures the catalytic preparation of aryl sulfonamides 

linic single phase structure was observed 
formula from the highest peak of the 

cluding spherical nano-powder with the average particle 
0.12 µm and cubic or uniform sand like conjoined 

], (c) Slowly add of sulfonyl chloride into an amine solution 

in a biphasic system of organic solvents and basic aqueous 

]. But hydrolysis of sulfonyl chlorides is the major 

competing reaction, which results in diminishing yields. Thus, 

these protocols remain a need for a simple and efficient 

methodology towards accessing sulfonamides under mild 

conditions in the absence of a strong base or competing 

nucleophile. In the present protocol and in continue of our works 

we initiated this study to devise a simple, universal and 

high yielding synthetic methodology and applicable to a wide 

range of amines using CuO nano-particles under ambient 

CuO

CH3CN; r.t.

S
NHAr(R)

O

O

ryl sulfonamides using CuO nano-structures.  

as the analysis gas and the catalyst samples were slowly heated to 

140 °C for 3h under nitrogen atmosphere. The total pore volume 

was obtained from the maximum amount of nitrogen gas adsorbed 

at partial pressure P/P0=0.999. The NMR spectra were recorded 

on a Bruker Avance DPX 400 MHz instrument. The spectra were 

relative to TMS (0.00 ppm). Melting points 

were determined in open capillaries with a BUCHI 510 melting 

point apparatus. TLC was performed on silica gel Polygram SIL 
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2.1. Preparation of CuO nano-structures. 

 At first, 20 g of Leaves of Rosmarinus Officinalis was 

grounded and inserted in a 250 balloon flask containing 100 mL of 

de-ionized water and 50 mL of ethanol and the mixture was 

refluxed for 4h. Afterwards the extract was filtered to cut off the 

unrequited bodies. The extract was combined with 15 mL of 

aqueous ammonia (37%). Next the prepared solution was pureed 

drop-wise to an aqueous solution of Cu(II) (prepared by dissolving 

of cupric sulfate (20 mmol) in 50 mL of water) under vigorous 

magnetic stirring. Next the resulted mixture was aged for 5h until 

a precipitate was formed. Finally, the mixture was filtered washed 

with water for three times, dried and calcinated at 400, 600 and 

800 °C for 2h in an electric furnace using alumina crucibles and 

maintained at the stable mentioned temperature for 2h. After 

calcining, the obtained products of CuO were stored in airtight 

container for further analysis. 

2.2. General procedure. To a mixture of aromatic amines (1 

mmol) and p-toluenesulfonyl chloride (1 mmol) in acetonitrile (5 

mL), CuO nano-structures (0.25 mmol) were added as the catalyst, 

and the mixture was stirred for an appropriate time at room 

temperature. After the reaction was completed (TLC is indicated), 

the reaction mixture was diluted with water (30 ml) and extracted 

with chloroform (3 × 30 ml). The combined chloroform extracts 

were dried with Na2SO4 and concentrated to afford the pure 

products. 

Selected data: 4-methyl-N-tosylbenzenamine: 1H NMR (400 

MHz, CDCl3): 2.23 (s, 3H), 2.35 (s, 3H), 4.81 (s, 1H, NH), 6.96 

(d, J = 7.9 Hz, 2H), 7.27 (d, J = 7.9 Hz, 2H), 7.35 (d, J = 8.0 Hz, 

2H), 7.73 (d, J = 8.0 Hz, 2H) ppm. 4-chloro-N-

tosylbenzenamine: 1H NMR (400 MHz, CDCl3): 2.34 (s, 3H), 

4.83 (s, 1H, NH), 7.06 (d, J = 7.8 Hz, 2H), 7.34 (d, J = 8.1 Hz, 

2H), 7.52 (d, J = 7.8 Hz, 2H), 7.72 (d, J = 8.1 Hz, 2H) ppm. N-

tosylcyclohexanamine: 1H NMR (400 MHz, CDCl3): 1.31-1.84 

(m, 10H), 2.33 (s, 3H), 3.90 (m, 1H), 4.64 (s, 1H, NH), 7.32 (d, J 

= 8.0 Hz, 2H), 7.70 (d, J = 8.0 Hz, 2H) ppm. 

 

3. RESULTS SECTION 
 In order to obtain information about the phase 

characteristics of the synthesized materials, XRD analysis are 

done. Figure 1 shows the XRD patterns of CuO nano-catalysts 

calcined at 400, 600 and 800 °C for 2h. The monoclinic single 

phase structure (space group C2/c), with lattice parameters � = 

4.6853Å, � = 3.4257Å and� = 5.1303Å, β=99.5490° (JCPDS 045-

0937), was observed in the XRD pattern of powders. With 

increasing in the calcining temperature an increase in the intensity 

of the diffraction peaks was acquired. The crystalline size of the 

samples was determined using a Scherrer formula from the 

highest peak of the XRD pattern at 76, 76, 77 nm with the use of 

the following equation: 

 
Where K is taken as 0.9, λ is the wavelength of X-ray used, β is 

the full width half maximum of the prominent peak and θ is the 

glancing angle.  

 
Figure 1. XRD patterns of CuO nanoparticles calcined at 400, 600, and 800 °C. 

 The FE-SEM images were performed to determine the 

shape and size of the synthesized samples and the results are 

shown in Figures 2-4. It was revealed that with increasing on the 

calcination temperature from 400 to 800 °C a change in the 

morphology and size of the samples was occurring. When the 

sample was calcined at 400 °C the spherical nano-powder of CuO 

with average particle sizes of about 70-130 nm were obtained 

(Figure 2). 
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Figure 2. FE-SEM micrographs and particle size distribution of CuO nano

 The mean surface area of the sample calcined in 400 °C 

was determined using a BET analysis as 3.675 m

 With increasing temperature to 600 °C a change in the 

morphology was observed. Compared to Figure 

Figure 3, it is clear that the morphology of the as

sample is changed to the cone-shaped clusters of CuO with the 

Figure 3. FE-SEM micrographs and particle size distribution of CuO nano
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SEM micrographs and particle size distribution of CuO nano-structure calcined at 600 °C.

 

The mean surface area of the sample calcined in 400 °C 

was determined using a BET analysis as 3.675 m2g-1.  

With increasing temperature to 600 °C a change in the 

morphology was observed. Compared to Figure 2, as shown in 

s clear that the morphology of the as-synthesized 

shaped clusters of CuO with the 

average size of 0.9–0.12 µm. These clusters are wrought from the 

CuO nano-spherical with the average size of about 90 nm as 

estimated from the particle size distribution analysis (Figure 3). 

The formation of different morphology 

higher temperatures the rate of the organic matter removal is 

increasing.  

SEM micrographs and particle size distribution of CuO nano-structure calcined at 600 °C
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structure calcined at 600 °C. 

0.12 µm. These clusters are wrought from the 

spherical with the average size of about 90 nm as 

estimated from the particle size distribution analysis (Figure 3). 

The formation of different morphology is due to the fact that in 

eratures the rate of the organic matter removal is 

 
structure calcined at 600 °C. 
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 After that a fresh sample was calcined in 800 °C and the 

obtained morphology was studied by FE-SEM (Figure 4). As it 

was shown in Figure 4 the agglomeration of the nano-particles 

were speeding and the morphology was changed from cluster like 

to the cubic or uniform sand like conjoined particles with the 

average size of 2-4 µm. This can be due to the fast nucleation of 

the CuO nano-crystals which causes a big aggregation of the CuO 

nanoparticles.  

 
Figure 4. FE-SEM micrographs of CuO nano-structure calcined  

at 800 °C. 
 

 Rosmarinus Officinalis extract was known to be reached in 

carboxylic acids such as rosmarinic acid and carnosoic acid [19]. 

The carboxyl group is converted to carboxylic anion following the 

addition of ammonia solution. The presenters of chelating agents 

such as carboxylic anions are the main reason for the preparation 

of CuO nano-structures. 

 The proposed mechanism for the preparation of CuO nano-

structures is shown in Scheme 2. 

R-COOH + NH4OH
H2O

R-COO  +  NH4

Cu2+

OR

O Cu
O

O

R

O
O

R calcination

CuO  
Scheme 2. Proposed mechanism for the preparation of CuO nano-
structures. 

3.1. Catalytic testing.  

 In order to examine the catalytic activity of CuO nano-

structures, the reaction of equimolar 4-methylbenzene-1-sulfonyl 

chloride and 4-methoxyaniline was chosen as a model of 

substrates. No other additive was necessary to promote the 

reaction. 

 

Table 1. Preparation of N-(4-methoxyphenyl)-4-methylbenzenesulfonamide in different solvents and under solvent-free 

conditions. 

Solvent (2 mL) Catalyst (mmol) CuO calcined at 400 °C CuO calcined at 600 °C CuO calcined at 800 °C 

  Time (h)/ Yield (%)a Time (h)/ Yield (%)a Time (h)/ Yield (%)a 
CH3CN 0.25 2/89 2.2/85 2.5/80 
CH2Cl2 0.25 4/70 4/65 5/68 
Et2O 0.25 2/74 2/71 3/72 
EtOAc 0.25 2/84 2/85 2.2/74 
n-Hexane 0.25 5/65 5.5/70 6/65 
CHCl3 0.25 3/75 3/70 3.3/71 
CH3CN 0.1 3/60 3/55 4/54 
CH3CN 0.5 1.5/77 2/72 2/71 
CH3CN 0.75 1.5/78 1.5/75 1.5/72 
CH3CN 1 1/75 1/75 1/70 
aIsolated Yield 

 First, the effect of solvent was examined using different 

samples of CuO nano-structures calcined at 400, 600 and 800 °C 

and the results are summarized in Table 1. As shown in Table 1, 

the mentioned reaction in some of the common organic solvents 

such as n-Hexane, Et2O, CH2Cl2 and CHCl3 gave N-(4-

methoxyphenyl)-4-methylbenzenesulfonamide in moderate yields. 

As can be seen from Table 1, best results were obtained using 

CH3CN as solvent under ambient conditions. The results are 

summarized in Table 1. The next reaction was done using various 

amounts of catalyst loading. The optimal catalyst amount was 

found to be 0.25 mmol. The use of lesser amounts of the CuO 

afforded inferior product yield (Table 1). On the other hand, the 

use of higher quantities of the CuO did not provide any significant 

advantage in the increasing of the reaction yield (Table 1). 

 As it was expected the obtained results are similar for 

different samples of CuO nano-structures. However the activity of 

samples is decreased in order of the samples calcined at 400, 600 

and 800 °C respectively. This may be due to differences in the 

morphology and surface area of the samples. 

 Following the typical optimized reaction conditions, the 

present methodology was elaborated to a variety of amines to 

prepare a wide range of sulfonamides. The results are summarized 

in Table 2. A series of aromatic and aliphatic amines were 

sulfonylated at room temperature with considerable yields (Table 

2, Entries 1–13). Aromatic amines with an electron-donating 
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group showed higher reactivity than those with an electron- withdrawing group (Table 2). 

 

Table 2. Preparation of aryl sulfonamides using CuO nano-structures (0.25 mmol) calcined at different temperatures. 

Entry Amine CuO calcined at 400 °C CuO calcined at 600 °C CuO calcined at 800 °C 

  Time (h)/ Yield (%)a Time (h)/ Yield (%)a Time (h)/ Yield (%)a 

1 4-Methoxyaniline 2/92 2/80 2.5/81 

2 2-Methylaniline 2.5/85 4/81 5/75 

3 4-Methylaniline  2/89 2.2/85 2.5/80 

4 Aniline 3/85 3/80 3.5/79 

5 4-Nitroaniline 6/71 6.5/69 7.5/65 

6 4-Chloroaniline 5/75 5/70 6/71 

7 Cyclohexlamine 3/77 3.5/74 4/70 

8 n-Butylamine 2/70 2/68 2.5/70 

9 Piperidine 4/71 4/70 5/71 

10 Morpholine 4/75 4/68 5/70 
aIsolated Yields 

 

4. CONCLUSIONS 
 In summary, CuO nanostructures with various 

morphologies have been successfully prepared via a 

coprecipitation method with copper sulfate as precursor and 

Rosmarinus Officinalis extract as a surfactant.  The usage of green 

synthesis is a feasible and low-cost method to obtain nanometer 

scale particles as shown in the results. The XRD results showed 

that pure CuO powders were formed with the aid of this method. 

The use of plant extract in the synthesis of nanostructured CuO 

can be a cost effective and ecofriendly approach. FE-SEM 

imaging of the nano-structures showed the formation of different 

morphology of nano-spheres, cluster like and sand like conjoined 

particles for the samples calcined at 400, 600 and 800 °C 

respectively. The catalytic properties of CuO nano-structures were 

investigated in the reaction of aromatic amines and p-

toluenesulfonyl chloride to form aryl sulfonamides. This work 

demonstrates the use of a green biosynthesis method using cheap 

precursors of Rosmarinus Officinalis extract which provides nano-

structures of CuO with well crystalline structure. 
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