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Novel sulfonated carbon/nano-metal oxide composites were successfully synthesized by the partial 

carbonization of starch in the presence of different nano-metal oxides (nano-titania, nano-ceria and 10 

nano-zirconia) followed by sulfonation. The catalytic activity of the prepared catalysts was 

evaluated for the one-pot synthesis of gem-bisamides, bis(heterocyclyl)methanes and for the one-

pot three component synthesis of β-aminocarbonyl compounds via Mannich reaction. Different 

nano-metal oxides have been investigated as support materials, with a view to select the most 

active solid acid catalyst. Among the various catalysts, sulfonated carbon/nano-titania composite 15 

(C/TiO2-SO3H) was found to be the most active and selective, and could be recycled several times 

without significant loss of activity. All the catalysts were characterized by FTIR and CHNS 

analysis, and the most active catalyst was further characterized by XRD, SEM, TEM, HRTEM, 

EDX and TGA. 

Introduction 20 

Homogeneous acid catalysts such as Lewis and Bronsted acids 

represent an important class of catalysts that are commonly 

employed in the large-scale synthesis of industrial bulk 

chemicals as well as in the production of fine chemicals1. The 

electrophilic activation of a substrate by means of a Bronsted 25 

acid is, undoubtedly, the most straightforward and a common 

approach used to promote a chemical reaction, so Bronsted 

acids have been widely utilized as efficient catalysts for 

numerous organic transformations2. However, a restriction on 

the use of these homogeneous catalysts in industry is their 30 

difficulty in separation, high volatility, toxicity, waste 

generation and limited solubility/phase contact with the 

starting materials. Using the eco-friendly reusable 

heterogeneous solid acids instead of conventional, toxic and 

polluting homogeneous acid catalysts, is thus strongly 35 

recommended from the view point of “Green chemistry”3. To 

successfully obtain a highly active heterogeneous catalyst, a 

rational choice is immobilization of homogeneous catalyst on 

a suitable insoluble support material. Recently, carbon based 

materials have been attracting attention as potential supports 40 

in heterogeneous catalysis4. Their high surface area ensures a 

high density of catalytic active sites when used as catalysts 

and catalyst supports. Because of their unique properties, such 

as resistance to acidic and basic conditions, good electric 

conductivity, tunability of surface chemistry, stability against 45 

various chemical environments and low cost, carbon based 

catalysts find wide applications in organic syntheses and in 

industrial manufacturing of materials5-12. Recently, it was 

found that carbon materials when dispersed over inorganic 

supports leads to organic/inorganic hybrid composites with 50 

more stability, activity and selectivity13,14. Among the various 

sulfonated carbon/inorganic support composites prepared so 

far, silica derived composites have been extensively studied, 

whereas composites derived from other inorganic support 

materials especially metal oxides like titania, ceria, zirconia 55 

etc. have been poorely explored15. Metal oxides are of high 

importance as catalyst supports in heterogeneous catalysis 

because of their interesting acid–base and redox properties, 

high chemical stability and being commercially available and 

non-toxic16.  In this context, metal oxides can be efficiently 60 

utilized for the development of novel sulfonated 

organic/inorganic hybrid materials, thereby showing the 

synergistic effect of the composite on catalytic performance of 

the novel solid acid catalyst.  

Amide and bisamide functionalized moieties represent 65 

important biological and medicinal scaffolds. Further, 

symmetrical and unsymmetrical N,N’-alkylidene bisamides 

and their derivatives are found as key structural subunits for 

the construction of peptidomimetic frameworks17.The 

preparation of symmetrical N,N’-alkylidene bisamides is an 70 

important organic transformation and several methods have 

been reported in literature for their synthesis18-21.  

Bis(heterocyclyl)methanes represent an important class of 

compounds that constitute the building blocks of natural and 

unnatural porphyrins22. These occur widely in various natural 75 

products and show versatile biological and pharmacological 

activities23-25. Synthetic strategies mediated through protic 

acids26 and Lewis acids27, ionic liquids28, ion exchange 

resins29 and rare earth metals30 have been reported in the 

literature for the preparation of bis(heterocyclyl)methanes.  80 

 
 

† Electronic Supplementary Information (ESI) available: FTIR, XRD, 
partcle size histigrams, EDX, TGA, Spectral details of all the products 
listed in Table 5, 6 and 7 and copies of spectras of 1H, D2O, 13C and 
DEPT of selected products.  
See http://dx.doi.org/10.1039/b000000x/ 
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Mannich reaction, one of the most important carbon–carbon 

bond forming reactions has been enormously used for the 

preparation of secondary and tertiary amine derivatives31. 

These reactions provide synthetically and biologically 

important β-amino carbonyl compounds, which are important 85 

intermediates for the construction of various nitrogen-

containing natural products and pharmaceuticals32. Mannich 

reaction of aromatic ketones, aromatic aldehydes and aromatic 

amines  has been reported to be catalyzed by various Lewis 

and Bronsted acid catalysts33-44.  90 

Most of the methods reported for the synthesis of gem-

bisamides, bis(heterocyclyl)methanes and β-aminocarbonyl 

compounds suffer from drawbacks such as the use of 

corrosive reagent, expensive and large amount of catalyst, 

long reaction time, harmful reaction media, and low yields. 95 

Therefore, there is still a demand for the development of 

greener synthetic protocol for the synthesis of gem-bisamides, 

bis(heterocyclyl)methanes and β-amino carbonyl compounds 

under mild conditions using inexpensive catalysts. 

In the present work, we report the synthesis of novel 100 

sulfonated carbon/nano-metal oxide composites derived from 

inexpensive and renewable biomaterial, starch as carbon 

source and commercially available, non-toxic nano-metal 

oxides as inorganic support. The carbon material used 

provides high surface area for sulfonation and the inorganic 105 

support used provides thermal and mechanical stability to the 

composites formed. The catalytic activity of sulfonated 

carbon/nano-metal oxide composites was evaluated for the 

one-pot synthesis of gem-bisamides, 

bis(heterocyclyl)methanes and for  one-pot three component  110 

Mannich reaction. 

 

 

 

 115 

 

Results and discussion  

Characterization of sulfonated carbon/nano-metal oxide 

composites 

Sulfonated carbon/nano-metal oxide composites have been 120 

prepared by the incomplete carbonization of starch in the 

presence of different inorganic supports like nano-titania, 

nano-ceria and nano-zirconia to form carbon/nano-titania 

(C/TiO2), carbon/nano-ceria (C/CeO2) and carbon/nano-

zirconia (C/ZrO2) composites respectively, which on 125 

sulfonation with conc. sulfuric acid gave corresponding 

sulfonated carbon/nano-metal oxide composites. We have 

used starch as a cheaper and green carbon precursor 

alternative to the commonly used high cost resins45, ionic 

surfactants46 and triblock co-polymers47. Starch molecule has 130 

more hydroxyl groups and the amount of amylopectin ratio 

present in starch is important for the formation of small 

polycyclic aromatic rings that provide anchoring sites for 

−SO3H groups. It has been reported that the carbonization 

temperature has great effect on the catalytic activity of final 135 

sulfonic acid catalyst due to the pore structure and surface 

acid groups48. The carbon catalysts prepared under lower 

temperature carbonization process show better catalytic 

performance due to the smaller size of carbon sheets and 

hence availability of more surface active sites for the grafting 140 

of sulfonic groups. Whereas with increasing carbonization 

temperature, carbon materials become harder and the 

flexibility of the polycyclic aromatic carbon decreases 

through plane growth and carbon sheet stacking49. In 

consideration with these facts, the partial carbonization has 145 

been done at 673 K to get higher sulfonic acid densities in the 

final catalyst.  

 

 

 150 

 

 

 

 

 

 

 

 

 

 

 

 

 

                       Scheme 1 General procedure for the synthesis of sulfonated carbon/nano-metal oxide composites. 
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The partial carbonization of starch leads to pyrolysis followed 

by dehydration and dissociation of C-O-C linkages thereby 

leading to the formation of polycyclic aromatic carbon rings 

with surface hydroxyl groups. The presence of these groups 

provide anchoring sites to sulfonic acid groups during the 155 

sulfonation step. The general procedure for the synthesis of 

sulfonated carbon/nano-metal oxide composites is represented 

in Scheme 1. The characterization of the sulfonated 

carbon/nano-metal oxide composites thus prepared (C/TiO2-

SO3H, C/CeO2-SO3H and C/ZrO2-SO3H) was carried out with 160 

FTIR and CHNS analysis. The most active catalyst C/TiO2-

SO3H was further characterized by XRD, SEM, TEM, 

HRTEM, EDX and TGA.  

The FTIR spectra of the sulfonated carbon/nano-metal oxide 

composites exhibited a strong and broad band in the range 165 

3100-3400 cm-1 attributed to phenolic –OH groups present in 

the polycyclic aromatic rings. Further, bands in the range 

1700-1720 cm-1 and 1580-1620 cm-1 were assigned to C=O 

groups and aromatic C=C stretching modes respectively. The 

C=O groups were produced by the oxidation of carbon by 170 

small amounts of sulfuric acid used for sulfonation. The 

absorption bands in the range 1210-1230 cm-1 and 1030-1040 

cm-1 were due to asymmetric and symmetric stretching modes 

of SO2 group indicating the successful incorporation of SO3H 

groups into the carbon framework. The presence of a well 175 

defined band at 654 cm-1 in the spectra of C/TiO2-SO3H is 

attributed to Ti-O stretching frequency characteristic of TiO2 

(ESI Fig. S1). The characteristic absorption bands of different 

composites prepared are presented in Table 1.   

Table 1. Major absorption frequencies in FTIR (νmax in cm-1) 180 

of sulfonated carbon/nano-metal oxide composites  

                                                                SO2 stretch 

Entry   Catalyst Phenolic 

-OH 

 C=C    Asym. Sym. M-O 

       

    1. C/TiO2-

SO3H 

 3394 1614     1224  1035   654 

    2. C/CeO2-

SO3H 

 3161 1587     1211  1037   693 

    3. C/ZrO2-

SO3H 

 3240 1620     1230  1030   750 

aFTIR was recorded on Perkin-Elmer FTIR spectrophotometer using 

KBr discs. 

The sulfur content of different composites was determined by 

CHNS analysis and it was found that C/TiO2-SO3H contained 185 

1.2 wt%, C/CeO2-SO3H contained 0.58 wt% and C/ZrO2-

SO3H contained 0.89 wt% of sulfur, equivalent to SO3H 

loading of 0.32, 0.18, 0.28 mmol per g of the catalyst. The 

acid densities and the amount of C, H and S present in all the 

three catalysts is presented in Table 2 as determined by 190 

elemental analysis. Among the three solid acids, C/TiO2-

SO3H exhibited the highest SO3H density. The most active 

sulfonated carbon/nano-titania composite (C/TiO2-SO3H) was 

further characterized by XRD, SEM, TEM, HRTEM, EDX 

and TGA. The presence of titania nanoparticles in the 195 

sulfonated carbon/nano-titania composites was confirmed by 

XRD data (ESI Fig. S2). The XRD pattern exhibited well 

defined sharp peaks that can be indexed to the presence of 

crystalline titania nanoparticles in anatase phase50. The 

diffraction peaks at 25.5o, 36.3o, 48.2o and 54.4o could be 200 

ascribed to characteristic reflections from (101), (004), (200) 

and (211) planes of tetragonal TiO2 respectively. An 

additional broad peak between 2θ=20-30o attributed to the 

presence of amorphous carbon was also observed51. The 

average crystallite size of nano-titania as determined by the 205 

Debye Scherrer equation, was found to be 17 nm. The surface 

morphology of the catalyst was studied using the SEM 

analysis. The SEM micrographs showed the presence of 

aggregates of particles with somewhat spherical morphology.  

Table 2. Acid densities and amount of C, H and S present in 210 

sulfonated carbon/nano-metal oxide composites 

Entry Catalyst -SO3H 

(mmol g-1)a 

S  

(wt%)a 

C 

(wt%)a 

H 

(wt%)a 

 

1. 

 

C/TiO2-

SO3H 

 

0.32 

 

1.2 

 

19.6 

 

1.5 

2. C/CeO2-

SO3H 

0.18 0.58 20.1 1.7 

3. C/ZrO2- 
 

     SO3H 

0.28 0.89 18.2 1.2 

  aDetermined by elemental analysis 

A marked tendency to form large clusters was observed along 

with a slight roughening of the catalyst surface depicting the 

amorphous nature of composite material formed. A typical 215 

SEM image of the prepared catalyst is shown in Fig. 1a and 

1b. The morphology and fine structure of sulfonated 

carbon/nano-titania composites was examined by TEM (Fig. 

1c and 1d) and HRTEM analysis (Fig. 1e and 1f). The TEM 

image of the catalyst exhibited the presence of spherical 220 

particles as were observed in SEM micrographs also. The 

amorphous carbon appears as semitransparent background and 

the dark spots overlapping it represent the titania nano-

paticles, thereby the spherical particles as a whole depict the 

presence of composites. The TEM image provided the average 225 

size of composites as the titania nano-particles are not well 

resolved in the micrographs. A high resolution TEM image 

however, provided a clear idea about average particle size of 

titania nanoparticles. The average size of the composites as 

determined from TEM was found to be 60-65 nm (ESI, Fig. 230 

S3 for particle size distribution histogram) and those of titania 

nanoparticles from HRTEM was found to be 25-27 nm (ESI, 

Fig. S4 for particle size distribution histogram) which is 

somehow greater than that obtained from XRD data. It might 

be due to the agglomeration of one or more crystallites 235 

leading to an increase in particle size as determined from 

HRTEM. The HRTEM image showed clear lattice fringes 

with interplanar spacing of 3.3 Ao corresponding to the (101) 

plane of anatase TiO2
50. The reused catalyst was further 
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examined  after 5th run by TEM analysis and as is clear from 240 

the TEM images, there is insignificant change in the structure 

of the catalyst, thereby showing the stabilitity of the catalyst 

even after subsequent reaction cycles (ESI, Fig. S5).  The 

components of C/TiO2-SO3H were also analysed by using 

energy dispersive spectroscopy (EDX) which confirmed the 245 

presence of Ti in addition to C, O and S in the catalyst (ESI 

Fig. S6). To examine the thermal stability of C/TiO2-SO3H, 

thermal gravimetric analysis was carried out in the 

temperature range of 40-700 oC in a static atmosphere of 

nitrogen (ESI Fig. S7). The TGA analysis of C/TiO2-SO3H 250 

showed a weight loss below 100 oC that was attributable to the 

loss of adsorbed solvent or trapped water from the catalyst.  

Further weight loss from 240-700 oC was due to the loss of 

organic functionality. Thus, from the TGA analysis, it can be 

concluded that the catalyst is stable upto 240 oC, confirming 255 

that it could be safely used in organic reactions below 240 oC.  

Catalytic testing for the one-pot synthesis of symmetrical 

gem-bisamides 

 Our initial efforts were focused on finding the most effective 

catalyst among the various sulfonated carbon/nano-metal 260 

oxide composites. In order to screen the catalysts, the reaction 

of benzamide and 4-methylbenzaldehyde was taken as a 

model reaction under solvent-free conditions at 100 oC. It was 

found that among various composites, sulfonated                                                                              

carbon/nano-titania composites (C/TiO2-SO3H) efficiently 265 

catalyzed the synthesis of symmetrical gem-bisamides both in 

terms of reaction time and yield. The resuls are summarized in 

Table 3. Further, in order to optimize the amount of catalyst, 

we analyzed the reaction by varying the amount to 0.05 (1.6 

mol% SO3H), 0.1 (3.2 mol% SO3H), 0.15 (4.8 mol% SO3H),  270 

0.2 (6.4 mol% SO3H) and 0.3 g (9.6 mol% SO3H) of C/TiO2-

SO3H, and the optimum amount of catalyst turns out to be 0.2 

g (6.4 mol% SO3H)  in order to obtain the best results. To 

study the solvent effect on the reaction of benzamide and 4-

methylbenzaldehyde in presence of C/TiO2-SO3H, we carried  275 

out the reaction in different solvents such as ethanol, 

acetonitrile, water and toluene. When the reaction was 

performed in ethanol, acetonitrile and water only trace amount 

of product formation was observed (Table 4, entry 1, 2 and 

6), whereas in toluene appreciable amount of product 280 

formation take place (Table 4, entry 7), but reaction didnot 

proceed to completion even when run for longer reaction 

times or with an increased amount of catalyst. Surprisingly, 

when the reaction was carried out under solvent-free 

conditions at 100 oC, both the yield and reaction time were 285 

significantly improved. 

 

 

 

 

 

 

                                  (a)                                                            (c)                                                                 (e) 

 

 

 

 

 

 

                             (b)                                                                  (d)                                                                  (f) 

Fig. 1 SEM (a and b), TEM (c and d) and HRTEM (e and f) images of sulfonated carbon/nano-titania composite (C/TiO2-SO3H). 

Page 4 of 15New Journal of Chemistry

N
ew

Jo
ur

na
lo

fC
he

m
is

tr
y

A
cc

ep
te

d
M

an
us

cr
ip

t



CREATED USING THE RSC ARTICLE TEMPLATE (VER. 2.0) - SEE WWW.RSC.ORG/ELECTRONICFILES FOR DETAILS 

www.rsc.org/[JOURNAL] Article 

This journal © Royal Society of Chemistry [ 

 

Further increase in reaction temperature had no significant 

effect on the amount of product formation. Thus, the optimum 

conditions selected are: benzamide (2 mmol), aldehyde (1 290 

mmol), C/TiO2-SO3H (0.2 g, 6.4 mol% SO3H) under solvent-

free conditions at 100 oC. In order to explore the scope and 

limitations of this novel catalytic method, we investigated 

various aromatic aldehydes containing either electron-

withdrawing or electron-donating groups under the optimized 295 

reaction conditions and excellent results were obtained (Table 

5, products 3a-o). The reaction is also compatible with  

various aliphatic aldehydes (Table 5, products 3n, 3o). 

 Catalytic testing for the synthesis of 

bis(heterocyclyl)methanes 300 

 Initial attempts to optimize the reaction conditions for the 

synthesis of bis(heterocyclyl)methanes was done using 

dimedone as the C-H activated compound. To select the 

appropriate carbon/nano-metal oxide composite, 4- 

methylbenzaldehyde was selected as the test substrate and the 305 

reaction was carried out with different sulfonated composites 

at 100 oC. It was found that C/TiO2-SO3H again turned out to 

be the most active catalyst for the synthesis of 2,2’-

arylmethylenebis(3-hydroxy-5,5-dimethyl-2-cycloxene-1-one) 

(Table 3, entry 1). Further, 0.2 g (6.4 mol% SO3H) of 310 

C/TiO2-SO3H gave the best results in terms of reaction time  

and yield. The effect of different solvents on the reaction rate 

was also examined by carrying out the reaction in a variety of 

protic and aprotic solvents (Table 4), and the best results were 

obtained using water as solvent (Table 4, entry 6). Since the 315 

reaction in water at 100 oC was completed in 30 min. in the 

case of test substrate, so we thought that the reaction may be  

successful at room temperature. Then the test reaction was 

also carried out at room temperature, and found that 2,2’-(4-

Methylphenylmethylene)bis(3-hydroxy-5,5-dimethyl-2-    320 

 

 

 

cycloxene-1-one) was formed in 70% yield in 6 h (Table 4, 

entry 3). These observations clearly indicate the significant 325 

effect of temperature on the reaction time and yield, so the 

reaction with rest of the substrates was carried out in water at 

100 oC (Table 6, products 5a-j). 

 Ilangovan et al. have reported that the reaction of dimedone 

and aromatic aldehydes leads to the formation of two  330 

different products under different set of conditions52. The 

open chain products, 2,2’-arylmethylene bis(3-hydroxy-5,5-

dimethyl-2-cycloxene-1-ones) were formed when the reaction 

was carried out in aqueous media, whereas the formation of 

cyclized products, 1, 8-dioxooctahydroxanthenes  took place 335 

under solvent-free conditions. To examine the possibility of 

the cyclized product with our catalytic system, the reaction 

with test substrate was carried out under solvent-free 

conditions at 80, 100 and 120 oC. The formation of open chain 

product, 2,2’-(4-Methylphenylmethylene)bis(3-hydroxy-5,5-340 

dimethyl-2-cycloxene-1-one) was observed at 80 and 100 oC 

(Table 4, entries 8, 9), whereas, an increase in the reaction 

temperature to 120 oC, led to the formation of cyclized 

product, 3,3,6,6-tetramethyl-9-(4-tolyl)-1,8-dioxo-

octahydroxanthene in excellent yields (Table 4, entry 10). 345 

Based on these results, it was concluded that C/TiO2-SO3H in 

water at 100 oC gave the open chain products, 2,2’-

arylmethylene bis(3-hydroxy-5,5-dimethyl-2-cycloxene-1-

ones), whereas, C/TiO2-SO3H under solvent-free conditions at 

120 oC gave 1,8-dioxooctahydroxanthenes. In order to 350 

examine the substrate scope, various aromatic and 

heteroaromatic aldehydes with different substituents were 

choosen and excellent results were obtained (Table 6, 

products 5a-j, 6a-j) . With these encouraging results, we turn 

to explore the scope of the reaction using other C–H activated 355 

compounds, pyrazolone and indole and the reaction was 

carried out using aromatic aldehydes in aqueous media at 100 
oC as well as under solvent-free conditions at 120 oC. 

Table 3. Comparison of catalytic activities of different sulfonated carbon/nano-metal oxide composites for the one-pot 

synthesis of symmetrical gem-bisamides, bis(heterocyclyl)methanes and β-aminocarbonyl compounds 

                                                                                Bisamidesb                     Bis(heterocyclyl)methanesc                  Mannichd    

 

 Entry 

 

Sulfonated carbon/nano-metal       
        oxide compositesa 

 

Time (h) 

 

Yielde (%) 

 

 Time (h) 

 

 Yielde (%) 

 

 Time (h) 

   

  Yielde (%) 

        

   
     1. 

 

       
        C/TiO2-SO3H 

    
    2 

     
    90 

   
     0.5 

    
    92 

   
      3 

    
     94 

  
     2. 

 

       
        C/CeO2-SO3H 

     
    6 

    
    85 

 
    0.75 

    
    80 

  
      7 

     
     86 

  
     3. 

 

      
        C/ZrO2-SO3H 

    
    2 

    
    70 

 
    0.75 

    
    82 

   
      5 

    
     85 

aC/TiO2-SO3H: sulfonated carbon/nano-titania composite; C/CeO2-SO3H: sulfonated carbon/nano-ceria composite; C/ZrO2-SO3H: sulfonated 

carbon/nano-zirconia composite. bReaction conditions: 4-methylbenzaldehyde (1 mmol), benzamide (2 mmol), sulfonated carbon/nano-metal oxide 

composite (0.2 g) at 100 oC under solvent-free conditions. cReaction conditions: 4-methylbenzaldehyde (1mmol), dimedone (2 mmol), sulfonated 

carbon/nano-metal oxide  composite (0.2 g) at 100 oC in water (5 mL). dReaction conditions: 4-bromobenzaldehyde (1 mmol), acetophenone (1 

mmol), aniline (1 mmol), sulfonated carbon/nano-metal oxide composite (0.1 g) at  60 oC in water (5 mL). 

eIsolated yield. 
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In case of both indole and pyrazolone, no cyclized product 

was formed, and 4,4′-arylmethylene bis(3-methyl-1-phenyl-360 

1H-pyrazol-5-ol) in case of pyrazolone and 

bis(indolyl)methanes in case of indole were obtained as the 

sole products. The milder conditions employing water at 100 
oC were selected as the optimum reaction conditions. Further, 

a series of 4,4’-arylmethylene bis(3-methyl-1-phenyl-1H-365 

pyrazol-5-ols) and  bis(indolyl)methanes were synthesized in 

excellent yields using different aromatic aldehydes with 

electron-donating and electron-withdrawing groups (Table 6, 

products 7a-j, 8a-j). 

Catalyst testing for the one-pot three component Mannich 370 

reaction 

Mannich reaction was carried out by stirring a mixture of 

aromatic aldehyde, ketone and amine in the presence of 

sulfonated carbon/nano-metal oxide composites in water.   

To select the appropriate sulfonated composite, the reaction of 375 

4-bromobenzaldehyde, acetophenone and aniline was selected 

as the model reaction. Again C/TiO2-SO3H was found to be 

the best catalyst for the one-pot three component synthesis of 

β-amino carbonyl compounds both in terms of reaction time 

and yield (Table 3, entry 1). In order to optimize the amount 380 

of C/TiO2-SO3H, we carried out the model reaction with 

varying amounts 0.05 (1.6 mol% SO3H), 0.1 (3.2 mol% 

SO3H), 0.15 (4.8 mol% SO3H), 0.2 (6.4 mol% SO3H) and 0.3 

g (9.6 mol% SO3H) of C/TiO2-SO3H. The optimum amount of 

C/TiO2-SO3H was found to be 0.1 g (3.2 mol% SO3H) in 385 

order to obtain the best results. Further, the efficiencies of 

several organic solvents as reaction media and solvent-free 

system were investigated for the synthesis of β-aminocarbonyl 

compounds. Polar solvents such as ethanol and acetonitrile 

were found to be the better solvents, however, a significant 390 

improvement was observed in aqueous media. To optimize the 

reaction temperature, the Mannich reaction was carried at 60, 

80 and 100 oC using water as the reaction medium and found 

that 60 oC was the optimum reaction temperature (Table 4, 

entry 4). Thus the optimum conditions selected are: aromatic 395 

aldehyde (1 mmol), aromatic ketone (1 mmol), aromatic 

amine (1 mmol), C/TiO2-SO3H (0.1 g, 3.2 mol% SO3H), water 

(5 mL) and 60 oC as the reaction temperature. To determine 

the scope of the designed protocol, a number of commercially 

available aromatic aldehydes, aromatic ketones and aromatic 400 

amines were choosen for the one-pot synthesis of β-

aminocarbonyl compounds and the results are summarized in 

Table 7. The reaction proceeded smoothly with substrates 

having either electron-donating or with-drawing groups 

affording products in good to excellent yields. 405 

In order to find out the role of C/TiO2-SO3H as heterogeneous 

catalyst for the one-pot synthesis of gem-bisamides, 

bis(heterocyclyl)methanes and β-aminocarbonyl compounds 

via Mannich reaction, the test reaction in each case was 

carried out in the presence of nano-titania, amorphous carbon, 410 

non-sulfonated carbon/nano-titania, sulfonated amorphous 

 

Entry 

 

Solvent 

 

Temperature 

Bisamidesa 

Time (h)   Yielde (%) 

  Bis(heterocyclyl)methanesb 

Time (h)         Yielde (%) 

        Mannichc 

Time (h) Yielde(%) 

 

1. 

 

Ethanol 

 

Reflux 

 

6 

 

30f 

 

1 

 

80 

 

     5.5 

 

90 

2. Acetonitrile Reflux 6 26f 2 72        6 89 

3. Water Rt - - 6 70        - - 

 4. Water 60 oC - - 1.5 82        3 94 

5. Water 80 oC - - 1 85       2.5 92 

6. Water Reflux 6 Trace 0.5 92       2.25 94 

7. Toluene Reflux 12 60f - -         - - 

8. Solvent-free 80 oC 6 76 1.5 87        4.5 85 

9. Solvent-free 100 oC 2 90 1 90         4 88 

10. Solvent-free 120 oC 2 91 0.25 94d         - - 

Table 4. Effect of different solvents on C/TiO2-SO3H catalyzed one-pot synthesis of symmetrical gem-bisamides, bis(heterocyclyl) 

methanes and β-aminocarbonyl compounds 

aReaction conditions: 4-methylbenzaldehyde (1 mmol), benzamide (2 mmol) and C/TiO2-SO3H (0.2 g, 6.4 mol% SO3H).   

   bReaction conditions:   4- methylbenzaldehyde (1mmol), dimedone (2 mmol) and C/TiO2-SO3H (0.2 g, 6.4 mol% SO3H).  

   cReaction conditions: 4-bromobenzaldehyde   (1 mmol),  acetophenone (1 mmol), aniline (1 mmol) and C/TiO2-SO3H   (0.1 g, 3.2 mol% SO3H). 

   dRefers to the yield of 1.8-dioxooctahydroxanthenes. 

      eIsolated yield. 

      fColumn chromatographic yield. 
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carbon, sulfonated carbon/silica composite and without using 

any catalyst. The results summarized in Table 8 clearly 

demonstrate the higher catalytic activity of sulfonated 

carbon/nano-titania composite in comparison to other solid 415 

acid catalysts both in terms of reaction time and product yield. 

Thus, C/TiO2-SO3H was selected as the heterogeneous 

catalyst to carry out the desired organic transformation. 

Further, to study the merits of the current protocol for the 

synthesis of gem-bisamides, bis(heterocyclyl)methanes and β-420 

aminocarbonyl compounds, a comparison of the efficacy of 

C/TiO2-SO3H with some of the reported catalytic systems in 

the literature was done. The results presented in Table 9 

clearly depict the superiority of the present catalytic system in 

terms of higher value of TOF compared to others reported in 425 

literature. In addition, the present method comparatively 

affords a truly green process using benign reaction media 

along with higher product yields in shorter reaction time 

(Table 9, bold entries). 

 430 

 

 

 

 

 435 

 

 

                   3a: 1.5 h, 93%                     3b: 2 h, 90% 

 

 440 

                              

 

                     3e: 2 h, 93%                        3f: 1.5 h, 94%  

 

 445 

 

 

                      3i: 2 h, 92%                       3j: 0.5 h, 85% 

 

 450 

 

 

                                   3m: 2 h, 85%                      3n: 1.5 h, 82% 

 Recyclability and Heterogeneity 

 For practical applicability of a heterogeneous catalyst, 455 

recyclability is a very important factor. Therefore, we 

investigated the efficiency of C/TiO2-SO3H in repeated cycles 

of reaction (Table 5, 3b, Table 6, 5b, Table 7, 12c). After 

completion of the reaction, the catalyst could be easily 

separated by simple filteration, washed with distilled water, 460 

dried and could be reused for subsequent runs. The results 

shown in Fig. 2 clearly demonstrate that the catalyst is 

recyclable upto 5th run without significant loss of activity. 

Furthermore, the amount of  SO3H in the used catalyst after 5th
 

run was determined by elemental analysis, and found that 0.28 465 

mmol g-1 of SO3H was still grafted onto the surface of the 

catalyst compared to 0.32 mmol g-1 in fresh catalyst. These 

results indicate the high stability and activity of the catalyst 

after subsequent reaction cycles. 

 470 

 

 

 

                     

 475 

 

 

 

 

 480 

 

 

3c: 3h, 91%                   3d: 2.5 h, 90% 

 

 485 

 

 

 

3g: 2 h, 92%                  3h: 2.5 h, 90% 

 490 

 

 

 

   

3k: 1 h, 90%                      3l: 2.5 h, 94% 495 

 

 

 

  

           3o: 2 h, 80%   500 

Table 5. C/TiO2-SO3H catalyzed one-pot synthesis of symmetrical gem-bisamidesa,b 

          aReaction conditions: aldehyde (1 mmol), benzamide (2 mmol), C/TiO2-SO3H (0.2 g, 6.4 mol% SO3H) at 100 oC under solvent-free conditions.   

           bIsolated yield. 

R H

O

R' NH2

O

R' N
H

N
H

RO

R'

O

2
C/TiO2-SO3H

100 oC, Solvent

        free
1 2 3

N
H

N
H

O O

N
H

N
H

O O

CH3

N
H

N
H

O O

OCH3

N
H

N
H

O O

Cl

N
H

N
H

O O

Cl

N
H

N
H

O O

Br

N
H

N
H

O O

NO2

N
H

N
H

O O

NO2

N
H

N
H

O O
O

N
H

N
H

O O
S

N
H

N
H

O O

N
H

N
H

O O

N
H

N
H

O O

N
H

N
H

O O

N
H

N
H

O O
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Page 7 of 15 New Journal of Chemistry

N
ew

Jo
ur

na
lo

fC
he

m
is

tr
y

A
cc

ep
te

d
M

an
us

cr
ip

t



CREATED USING THE RSC ARTICLE TEMPLATE (VER. 2.0) - SEE WWW.RSC.ORG/ELECTRONICFILES FOR DETAILS 

Article www.rsc.org/[JOURNAL] |  

 This journal © Royal Society of Chemistry 

 

 

 

 

 505 

 

 

 

 

 510 

 

 

 

 

 515 

 

 

 

 

 520 

 

                                             5a: 0.25h , 92%          5b: 0.5h, 92%         

 

 

 525 

 

 

                                        5f: 0.5h, 90%             5g: 3h: 90% 

  

 530 

 

 

 

 

 535 

 

 

 

 

 540 

 

 

 

 

 545 

 

 

 

 

 550 

 

 

 

 

 555 

 

 

 

 

 560 

5c: 3h, 94%      5d: 0.25h, 93%         5e: 0.25 h, 94% 

 

 

 

 565 

 

 

 

 

5h: 3h, 91%        5i: 1.5h, 92%          5j: 0.5h, 88% 570 

 

 

 

 

 575 

 

 

 

 

 580 

Table 6. C/TiO2-SO3H catalyzed one-pot synthesis of bis(heterocyclyl)methanesa,b,c 

O O

OH OH

O O

OH OH

O O

OH OH

O O

OH OH

O O

OH OH

CH3 OCH3 Br Cl

O O

OH OH

O O

OH OH

O O

OH OH

O O

OH OH

O O

OH OH

Cl

OH NO2

NO2

O

O O O O O O O O O O

CH3 OCH3 Br Cl

O O O O O

    6a: 0.25h, 94% 6b: 0.5h, 92% 6c: 1.5h, 90% 6d: 1h, 90% 6e: 0.5h, 94%

R

CHO

O

O

O

O

N
N

Ph

O

Water, 100 oC

C/TiO2-SO3H

Solvent-free, 120 oC

C/TiO2-SO3H

C/TiO2-SO3H

C/TiO2-SO3H

Water, 100 oC

Water, 100 oC

O

O O

R

N
H

N
N

N
N

OH OHPh Ph

R

OH OH

O O

HN NH

R

R

4

5

22

2

2

6

7

8
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                                           6f: 1h, 94%             6g: 2h, 90% 585 

 

 

 

 

                                              590 

                                               7a: 0.5h, 92%        7b: 0.5h, 94% 

 

 

 

 595 

 

                                             7f: 0.5h, 94%             7g: 0.5h, 90% 

 

 

 600 

 

 

 

                                             8a: 4h, 90%           8b: 3.5h, 93%                       

 605 

 

 

 

 

 610 

 

                                                8f: 3h, 92%            8g: 3h, 94% 

 

The heterogeneity of C/TiO2-SO3H was tested by the hot 

filtration test to check any possibility of leaching of sulfonic 615 

acid groups from the catalyst surface. The reaction in case of 

product 12c, Table 7 has been carried out in the presence of 

C/TiO2-SO3H, until the conversion was 40% (1 h) after which 

the catalyst was filtered off at the reaction temperature. The 

reaction was then continued further under same set of 620 

conditions without the catalyst and found that no significant 

conversion was observed. Thus, it can be concluded that the 

catalyst is heterogeneous in nature and no significant leaching 

of sulfonic acid groups takes place from the catalyst surface. 

              625 

 

 

 

 

 630 

6h: 1.5h, 92%         6i: 2.5h, 90%          6j: 1h, 85%  

 

 

 

 635 

 

 

7c: 0.5h, 92%          7d: 1h, 94%             7e: 0.5h, 90% 

 

               640 

 

 

 

7h: 0.5h, 91%        7i: 0.5h, 92%            7j: 2h, 90% 

 645 

 

 

 

  8c: 5h, 94%           8d: 4.5h, 92%           8e: 4.5h, 94% 

                                     650 

 

 

 

8h: 3.5h, 92%          8i: 5h, 92%                 8j: 6h, 90%    

Conclusion 655 

In conclusion, we have developed a green, sustainable and 

economic protocol for the one-pot synthesis of symmetrical gem-

bisamides, bis(heterocyclyl)methanes and β-amino carbonyl 

compounds using novel sulfonated carbon/nano-metal oxide  

composites as solid acid catalyst. The highly active, stable solid 660 

acid catalyst was prepared from inexpensive, natural biomaterial 

starch and commercially available nano-metal oxides. The 

highlights of the developed protocol are novelity, operational 

simplicity, environmental friendliness, excellent yields and 

recyclability. 665 

 

  aReaction conditions: aldehyde (1mmol), dimedone or pyrazolone or indole (2 mmol), C/TiO2-SO3H (0.2 g, 6.4 mol% SO3H) at 100 oC in water     

   (5   mL) for products 5a-j, 7a-j, 8a-j.  bReaction conditions: aldehyde (1mmol), dimedone (2 mmol), C/TiO2-SO3H (0.2 g, 6.4 mol% SO3H) at 120    

  oC under solvent-free conditions for products 6a-j.  cIsolated yield. 
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Experimental 

General  

All starting materials were purchased from commercial 

sources and used without further purification. The 1H and 13C 670 

NMR data were recorded in CDCl3 or DMSO-d6 or 

CDCl3+DMSO-d6 on Bruker Avance III (400 MHz) 

spectrometer. The FTIR spectra were recorded on Perkin-

Elmer FTIR spectrophotometer and mass spectral data on 

Bruker Esquires 3000 (ESI). CHNS analysis was recorded on 675 

ThermoFinnigan FLASH EA 1112 series. SEM images were 

recorded using FEG SEM JSM-7600F Scanning Electron 

Microscope, Transmission Electron Micrographs (TEM) were 

recorded on Philips CM-200. EDX analysis was carried out 

using OXFORD X-MAX JSM-7600 and TGA was recorded 680 

on Perkin Elmer, Diamond TG/DTA. X-ray diffractograms 

(XRD) was recorded in 2 theta range of 10-80 oC on a Bruker 

AXSDB X-ray diffractometer using Cu Kα radiations. 

 

 685 

 

 

 

 

 690 

 

                                    12a: 1.5h, 92%           12b: 2h, 94%                              

 

 

 695 

 

                                     12e:  1.5h, 90%           12f: 2h, 91%             

 

 

 700 

 

                                    12i: 2h, 92%                12j: 3h, 85% 

 

 

 705 

                                     12m: 3h, 90%               12n: 2h, 92% 

 

General procedure for the synthesis of sulfonated 

carbon/nano-metal oxide composites 

The mixture of starch and nano-metal oxides (10 g) in the 710 

ratio of 1: 1.2 taken in a round-bottom flask, was heated at 

353 K for 10 h. The mixture was then subjected to incomplete 

carbonization by heating at 673 K under nitrogen atmosphere 

for 10 h.  The carbonization step leads to the dehydration and 

dissocation of C-O-C linkages present in the starch, thereby 715 

forming amorphous carbon/nano-metal oxide composites. The 

resulting mixture was then sulfonated  by heating in 

concentrated sulfuric acid (15 mL, >96 wt%) at 423 K for 10 

h under N2 atmosphere. The composite material obtained was 

then washed repeatedly with hot distilled water (>353 K) until 720 

sulfate anions were no longer detected in the filtered water. 

Sulfonated carbon/nano-metal oxide composites were finally 

dried in an oven at 373 K for 2 h (7 g).                                          

 

 725 

 

 

 

 

 730 

 

12c: 3h, 94%           12d: 2.5h, 90% 

 

 

 735 

 

12g: 1.5h, 88%          12h: 2h, 90% 

 

 

 740 

 

 12k: 2.5h, 84%            12l: 2h, 86% 

 

 

 745 

12o: 2.5h, 85% 

Table 7.  C/TiO2-SO3H catalyzed one-pot three component synthesis of β-aminocarbonyl compoundsa,b 

    aReaction conditions: Ketone (1mmol), aromatic aldehyde (1 mmol), aromatic amine (1 mmol), C/TiO2-SO3H (0.1 g, 3.2 mol%    

   SO3H) at 60  oC in water.  bIsolated yield 

HNO HNO

OCH3

HNO HNO

Cl

NO2

F

HNO HNO HNOHNO

H3C F

Br NO2

HNO HNO

Cl Br

HNO

O2N

HNO HNO HNOHNO

CH3 Br Cl

CH3

O

H

O NH2 HNO

C/TiO2-SO3H

R R' R"

R'

R"

R
H2O, 60 oC

9 10 11 12
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 750 

 

 

 

 

 755 

 

 

 

 

General procedure for the synthesis of symmetrical gem-760 

bisamides (3a-o) 

To a mixture of aldehyde (1mmol) and amide (2 mmol) in a 

round bottom flask (25 mL), C/TiO2-SO3H (0.2 g, 6.4 mol% 

SO3H) was added and the reaction mixture was heated at 100 
oC under solvent-free conditions for an appropriate time. On 765 

completion of the reaction (monitored by TLC), hot ethanol    

 

 

 

 770 

 

 

 

 

 775 

 

 

 

 

 780 

 

 

 

 

 785 

                                    

 

 

 

(5×10 mL) was added and the catalyst was separated by 790 

simple filteration. Removal of the solvent under reduced 

pressure afforded the product, which was further purified by 

crystallization from ethanol.  

General procedure for the synthesis of 

bis(heterocylyl)methanes (5a-j, 6a-j, 7a-j, 8a-j) 795 

 

 

 

                                        

 800 

 

                  

                                             

  

 805 

 

Table 8. Comparison of activity of C/TiO2-SO3H with nano-titania, amorphous carbon, non-sulfonated carbon/nano-titania, 

sulfonated amorphous carbon, sulfonated carbon/silica composite for the synthesis of gem-bisamides, bis(heterocyclyl) methanes and 

β-aminocarbonyl compounds. 

Entry   Catalyst          Bisamidesa 

Time (h)      Yield (%) 
   Bis(heterocyclyl) 
        methanesb 

Time (h)   Yield (%) 

     Mannichc 

Time (h)    Yield(%) 

   1. No Catalyst      10     NRf     5      20d    10     10d 

   2. Nano-Titania      10      18d     5      25d    10     12d 

  3. Amorphous Carbon      10      20d     5      28d    10     15d 

  4. Non-sulfonated 

carbon/nano-titania 

     10      25d     5      30d     10     20d 

  5. Sulfonated amorphous 
carbon 

      2      45d    0.25       65d     3     50d 

  6. Sulfonated carbon/silica 

composite 

      2      70e    0.25       80e     3     78d 

  7.  Sulfonated carbon/nano-

titania composite 

      2       90e    0.25       94e     3     94e 

aReaction conditions: 4-methylbenzaldehyde (1 mmol), benzamide (2 mmol), catalyst (0.2 g) at 100 oC under solvent-free conditions. bReaction 

conditions: 4-methylbenzaldehyde (1mmol), dimedone (2 mmol), catalyst (0.2 g) at 120 oC under solvent-free conditions for the synthesis of 1,8-

dioxooctahydroxanthenes. cReaction conditions: 4-bromobenzaldehyde   (1 mmol),  acetophenone (1 mmol), aniline (1 mmol), catalyst (0.1 g) at 60 oC 

in water. dColumn chromatographic yields. eIsolated yields. fNR: No reaction. 

                                                            Fig. 2 Recyclability of C/TiO2-SO3H.  

Reaction conditions: 4-methylbenzaldehyde (1 mmol), benzamide (2 mmol), C/TiO2-SO3H (0.2 g, 6.4 mol% SO3H) at 100 oC under solvent-free 

conditions for 2 h [bisamides]; 4-methylbenzaldehyde (1 mmol), dimedone (2 mmol), C/TiO2-SO3H (0.2 g, 6.4 mol% SO3H) at 100 oC in water (5 

mL) for 0.5 h [bis(heterocyclyl)methanes]; 4-bromobenzaldehyde (1 mmol), acetophenone (1 mmol), aniline (1 mmol),  C/TiO2-SO3H (0.1 g, 3.2 

mol% SO3H) at  60 oC in water (5 mL) for 3 h [Mannich reaction]. 
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 810 

 

 

 

 

 815 

 

 

 

 

 820 

 

 

             

            

   825 

  

 

To a mixture of aldehyde (1 mmol) and C-H activated 

compound (dimedone or indole or pyrazolone, 2 mmol) and 

C/TiO2-SO3H (0.2 g, 6.4 mol% SO3H) in a round bottom flask 830 

(25 mL), water (5 mL) was added and the reaction mixture 

was stirred at 100 oC in case of synthesis of 2,2’- 

arylmethylenebis(3-hydroxy-5,5-dimethyl-2-cycloxene-1-

ones), 4,4’-arylmethylenebis(3-methyl-1-phenyl-1H-pyrazol- 

5-ols) and bis(indolyl)methanes or 120 oC under solvent-free 835 

conditions in case of synthesis of 1,8-dioxo- 

octahydroxanthenes for an appropriate time. After completion 

of the reaction (monitored by TLC), the reaction mixture was 

extracted with hot EtOAc (5×10 mL) and filtered. The organic 

layer was washed with water and dried over anhyd. Na2SO4. 840 

Finally, the product was obtained after removal of the solvent 

under reduced pressure followed by crystallization with 

EtOAc: pet ether. 

General procedure for the one-pot three component 

synthesis of β-amino carbonyl compounds via Mannich 845 

reaction (12a-o) 

To a mixture of aromatic ketone (1 mmol), aromatic aldehyde 

(1 mmol), aromatic amine (1 mmol) and C/TiO2-SO3H (0.1 g, 

 

 850 

 

 

 

 

 855 

 

 

 

 

 860 

 

 

 

 

 865 

 

 

3.2 mol% SO3H) in a round-bottom flask (25 mL), water (5 

mL) was added and the reaction mixture was stirred at 60 oC 

for an appropriate time. After completion of the reaction (as 870 

monitored by TLC), the reaction mixture was diluted with 

ethyl acetate (5×10 mL) and filtered. The organic layer was 

washed with water (100 mL) and dried over anhyd. Na2SO4. 

Finally, the product was obtained after removal of the solvent 

under reduced pressure and purified by crystallization with 875 

EtOAc: pet ether.  

The catalyst was washed with double distilled water followed 

by CH2Cl2 (3×10 mL). It was dried at 90 oC for 2 h and reused 

for subsequent reactions. The structures of the products were 

confirmed by 1H and 13C NMR, mass spectral data and 880 

comparison with authentic samples obtained commercially or 

prepared according to the literature methods.  
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Table 9. Comparison of the catalytic activity of C/TiO2-SO3H with reported catalytic systems for the one-pot synthesis of symmetrical 

gem-bisamides, bis(heterocyclyl) methanes and β-aminocarbonyl compounds via Mannich reaction.  

Reaction       Catalyst Reaction Conditions Yieldd    

  (%) 

Time 

(h) 

TOFe 

(min.-1)  

Bisamidesa Phosphotungstic acid53 Toluene, 110 oC, Catalyst (0.3 mmole), 
18h 

  85 18 0.0026 

Boric acid54 Toluene,  120 oC, Catalyst (0.3 mmole)   80  60 0.0006 

 SBSSANPs55   Toluene,120 oC,  Catalyst  (0.08g)   91   6 0.0263 

Silica sulfuric acid56 EtOAc, 90 oC, Silica sulfuric acid (25 
mol%) 

  85  0.58 0.097 

C/TiO2-SO3H
f 

Solvent-free,  100 oC, C/TiO2-SO3H 

(0.2g) 

 

  90    2 0.117 

Bis(heterocyclyl) 
methanesb 

TBAHS26b 1,4-dioxane/water, reflux, TBAHS (10 
mol%) 

   91 3.5 0.043 

VSA NRs57 Solvent-free, 80 oC, VSA NRs (10 

mol%) 

   90  0.5 0.3 

Silica-bonded N-propyl 
sulfamic acid58 

Ethanol, 80 oC, Catalyst (0.03g)    92    4 0.37 

PPA-SiO2
59 Solvent-free, 140 oC, PPA-SiO2 (10 

mol%) 

   83  0.5 0.27 

C/TiO2-SO3H
f 

Solvent-free, 120 oC, C/TiO2-SO3H 

(0.2g) 

   94  0.25 0.979 

 Mannichc SiO2-OAlCl2
37 Ethanol, rt, SiO2-OAlCl2 (.05g, 20 

mol% Al) 
   91    6 0.012 

CSA60 Solvent-free, rt, CSA (5 mol%)   83    8 0.034 

CBSA5c Ethanol, rt, CBSA (0.1 g)    88    7  0.007 

HClO4-SiO2
61 Ethanol, rt, HClO4-SiO2 (4 mol%)    75   17 0.0183 

C/TiO2-SO3H
f 

Water, 60 oC,  C/TiO2-SO3H (0.1g)    94     3  0.163 

 

aReaction conditions: 4-methylbenzaldehyde and benzamide;   bReaction conditions: 4-methylbenzaldehyde and dimedone for the synthesis of 1,8-

dioxooctahydroxanthenes;  cReaction conditions: 4-bromobenzaldehyde, acetophenone and aniline; dIsolated yield; eTurn over frequency; fOur work. 

 

Page 12 of 15New Journal of Chemistry

N
ew

Jo
ur

na
lo

fC
he

m
is

tr
y

A
cc

ep
te

d
M

an
us

cr
ip

t



CREATED USING THE RSC ARTICLE TEMPLATE (VER. 2.0) - SEE WWW.RSC.ORG/ELECTRONICFILES FOR DETAILS 

www.rsc.org/[JOURNAL] Article 

This journal © Royal Society of Chemistry [ 

NMR spectrometer (Bruker Avance III, 400 MHz) under PURSE 

program to the University of Jammu; Financial support from 890 

UGC, New Delhi (Major Research Project, F 41-281/2012 (SR) 

is highly acknowledged. One of the authors (MK) is thankful to 

UGC for project fellowship. 

Manmeet Kour and Satya Paul* 

Department of Chemistry, University of Jammu, Jammu-180 006, India. 895 

Fax: +91-191-2431365; Tel: +91-191-2453969; E-mail: 

paul7@rediffmail.com 

 

References 

1 (a) J. A. Melero, R. Grieken and G. Morales, Chem. Rev., 2006, 106, 900 

3790; (b) M. Hara, T. Yoshida, A. Takagaki, T. Takata, J. N. Kondo, 

S. Hayashi and K. Domen, Angew. Chem., Int. Ed., 2004, 43, 2955; (c) M. 
D. Gonzalez, Y. Cesteros, J. Llorca and P. Salagre, J. Catal., 2012, 290, 

202. 

2 (a) J. Safari and Z. Zarnegar, New J. Chem., 2014, 38, 358; (b) T. C. 905 

Wabnitz and J. B. Spencer, Org. Lett., 2003, 5, 2141; (c) M. M. Khodaei, 

A. R. Khosropour and P. Fattahpour, Tetrahedron Lett., 2005, 46, 2105; 

(d) S. Pathak, K. Debnath and A. Pramanik, Beilstein J. Org. Chem. 2013, 

9, 2344; (e) S. Paul, S. Ghosh, P. Bhattacharyya and A. R. Das, RSC Adv., 

2013, 3, 14254; (f) Z. Ma, H. Han, Z. Zhou and J. Nie, J. Mol. Catal. A: 910 

Chem., 2009, 311, 46. 
3 (a) K. Matuszek, A. Chrobok, F. Coleman, K. R. Seddon and M. S. 

Kwasny, Green Chem., 2014, 16, 3463; (b) F. Zheng, Q. Chen, L. Hu, N. 

Yana and X. Kong, Dalton Trans., 2014, 43, 1220; (c) P. Gupta, M. Kour, 
S. Paul and J. H. Clark, RSC Adv., 2014, 4, 7461. 915 

4 (a) H. Dogan, E. Yildiz, M. Kaya and T. Y. Inan, Bull. Mater. Sci., 

2013, 36, 563; (b) R. J. White, V. Budarin, R. Luque, J. H. Clark and   D. 
J. Macquarrie, Chem. Soc. Rev., 2009, 38, 3401; (c) B. Zhang, J. Ren, X. 

Liu, Y. Guo, Y. Guo, G. Lu and Y. Wang, Catal. Commun., 2010, 11, 

629; (d) A. Mavrogiorgou, M. Papastergiou, Y. Deligiannakis and M. 920 

Louloudi,  J. Mol. Catal. A: Chem., 2014, 393, 8; (e) B. Chang,  Y. Tian, 

W. Shi, J. Liu, F. Xi and X. Dong, RSC Adv., 2013, 3, 20999. 

5 (a) X. Mo, E. Lotero, C. Lu, Y. Liu and J. G. Goodwin, Catal. Lett., 
2008, 123, 1; (b) E. B. García, F.  J. M. Hodar, A. F. P. Cadenas and F. C. 

Marin, Catalysts, 2013, 3, 853; (b) W. J. Lee, U. N. Maiti, J. M. Lee, J. 925 

Lim, T. H. Han and S. O. Kim, Chem. Commun., 2014, 50, 6818; (c) A. 

Davoodnia, A. Khojastehnezhad and N. T. Hoseini, Bull. Korean Chem. 

Soc., 2011, 32, 2243; (d) J. D. Atkinson, M. E. Fortunato, S. A. 
Dastgheib, M. R. Abadi, M. J. Rood and K. S. Suslick, Carbon, 2011, 49, 

587. 930 

6. M. Okamura, A. Takagaki, M. Toda, J. N. Kondo, K. Domen, T. 
Tatsumi, M. Hara and S. Hayashi, Chem. Mater., 2006, 18, 3039. 

7. M. Toda, A.Takagaki, M. Okamura, J. N.Kondo, S. Hayashi, K.  

Domen and M. Hara, Nature, 2005, 438, 178. 
8. A. Takagaki, M. Toda, M. Okamura, J. N. Kondo, S. Hayashi, K. 935 

Domen, and M. Hara, Catal. Today, 2006, 116, 157. 

9. S. Suganuma, K. Nakajima, M. Kitano, D. Yamaguchi, H. Kato, S. 
Hayashi and M. Hara, J. Am. Chem. Soc., 2008, 130, 12787. 

10. S. Suganuma, K. Nakajima, M. Kitano, D. Yamaguchi, H. Kato, S. 

Hayashi and M. Hara, Solid State Sciences, 2010, 12, 1029. 940 

11. D. Yamaguchi and M. Hara, Solid State Sciences, 2010, 12, 1018.  

12. K. Nakajima and M. Hara, ACS Catal., 2012, 2, 1296. 

13. P. A. Russo, M. M. Antunes, P. Neves, P. V. Wiper, E. Fazio, F. Neri, 
F. Barreca, L. Mafra, M. Pillinger, N. Pinna and A. A. Valente, Green 

Chem., 2014, DOI: 10.1039/c4gc01037j. 945 

14. P. Gupta and S. Paul, Green Chem., 2011, 13, 2365. 
15. A. Trunschke, D. L. Hoang, J. Radnik, K. W. Brzezinka, A. Bruckner, 

H. Lieske, Appl. Catal. A, 2001, 208, 381; (b) S. Mutyala, R. R. 

Kanchamreddy, M. Jonnalagadda, D. R. Burri, K. S. R. Rao, M. L. 
Kantam and P. Srinivasu, Indian  J. Chem., 2014, 53A, 572; (c) Z. Yang, 950 

X. Zhou, Z. Jin, Z. Liu, H. Nie, X. Chen, S. Huang, Adv. Mater., 2014, 

26, 3156. 
16. (a) T. Froschl, U. Hormann, P. Kubiak, G. Kucerova, M. Pfanzelt, C. 

K. Weiss, R. J. Behm, N. Husing, U. Kaiser, K. Landfesterd and M. W. 

Mehrens, Chem. Soc. Rev., 2012, 41, 5313; (b) B. M. Reddy and A. Khan, 955 

Catal. Rev., 2005, 47, 257. 

17. (a) T. Yamazaki, K. Y. Numani and M. Goodman, Biopolymers, 

1991, 31, 1513; (b) C. A. G. N. Montalbetti and V. Falque, Tetrahedron, 

2005, 61, 10827; (c) J. R. Satam and R. V. Jayaram, Catal. Commun., 
2008, 9, 2365; (d) F. Tamaddon, F. Aboee and A. Nasiri, Catal. 960 

Commun., 2011, 16, 194. 

18. W. A. Noyes and D. B. Forman, J. Am. Chem. Soc., 1933, 55, 3493. 
19. N. O. Brace and G. J. Mantell, J. Org. Chem., 1961, 26, 5176. 

20. M. A. Abbasinejad, M. H. Mosslemin, A. Hassanabadi and S. T. Safa, 

Synth. Commun., 2010, 40, 2209. 965 

21. E. E. Magat, B. F. Faris, J. E. Reith and L. F. Salisbury, J. Am. Chem. 

Soc., 1951, 73, 1028. 

22. (a) E. Vogel, Pure Appl. Chem., 1990, 62, 557; (b) E. Vogel, N. Lux, 
J. Dorr, T. Pelster, T. Berg, H. S. Bohm, F. Behrens, J. Lex, D. Bremm 

and G. Hohlneicher, Angew. Chem., Int. Ed., 2000, 39, 1101; (c) J. L. 970 

Sessler and D. Seidel, Angew. Chem., Int. Ed., 2003, 42, 5134.  
23. (a) T. Zhao, Z. Wei, Y. Song, W. Xu, W. Hu and D. Zhu, J. Mater. 

Chem., 2007, 17, 4377; (b) T. Benincori, S. Rizzio and F. Sannicolo, 

Macromolecules, 2003, 36, 5114; (c) A. R. Katritzky, L. Xie and W. Q. 
Fan, J. Org. Chem., 1993, 58, 4376; (d) D. A. Stetsenko, E. N. Lubyako, 975 

V. K. Potapov, T. L. Azhikima and E. D. Sverdlov, Tetrahedron Lett., 

1996, 37, 3571.  
24. (a) T. Sone, Y. Ohba and R.Watanabe, Bull. Chem. Soc. Jpn., 1989, 

62, 1346; (b) V. K. Gupta, M. K. Pal and A. K. Singh, Talanta, 2009, 79, 

528; (c) Z. Hu, J. L. Atwood and M. P. Cava, J. Org. Chem., 1994, 59, 980 

8071. 

25. (a) J. Zheng, R. Wen, X. Luo, G. Lin, J. Zhang, L. Xu, L. Guo and H. 

Jiang, Bioorg. Med. Chem. Lett., 2006, 16, 225; (b) S. Sasaki, N. 
Ishibashi, T. Kuwamura, H. Sano, M. Matoba, T. Nisikawa and M. 

Maeda, Bioorg. Med. Chem. Lett., 1998, 8, 2983. 985 

26. (a) K. Niknam, M. A. Zolfigol, T. Sadabadi and A. Nejati, J. Iran. 
Chem. Soc., 2006, 3, 318; (b) H. N. Karade, M. Sathe and M. P. Kaushik, 

ARKIVOC, 2007, xiii, 252; (c) Z. Zhou and X. Deng, J. Mol. Catal. A: 

Chem., 2013, 367, 99; (d) Z. H. Maa, H. B. Hana, Z. B. Zhoua and J. 
Niea, J. Mol. Catal. A: Chem., 2009, 311, 46. 990 

27. (a) V. Murugesan, K. K. Cheralathan and M. Karthik, Bull. Catal. 

Soc. India, 2004, 3, 23; (b) H. Firouzabadi, N. Iranpoor and A. A. Jafari, 
J. Mol. Catal. A: Chem, 2006, 244, 168. 

28. (a) J. S. Yadav, B. V. S. Reddy and S. Sunitha, Adv. Synth. Catal., 

2003, 345, 349; (b) S. J. Ji, M. F. Zhou, D. G. Gu, S. Y.Wang and 995 

T. P. Loh, Synlett, 2003, 2077; (c) S. J. Ji, M. F. Zhou, D. G. Gu, Z. Q. 

Jiang and T. P. Loh, Eur. J. Org. Chem., 2004, 2004, 1584; (d) S. A. 

Sadaphal, S. S. Sonar and M. S. Shingare, Cent. Eur. J. Chem., 2008, 6, 
622. 

29. X. L. Feng, C. J. Guan and C. X. Zhao, Synth. Commun., 2004, 34, 1000 

487. 
30. L. M. Wang, J. W. Han, H. Tian, J. Sheng, Z. Y. Fan and X. P. Tang, 

Synlett, 2005, 337. 

31. (a) M. Arend, B. Westerman, Angew. Chem., Int. Ed., 1998, 37, 1044; 
(b) S. Kobayashi, H. Ishitani, Chem. Rev., 1999, 99, 1069; (c) C. 1005 

Mannich, W. Krosche, Arch. Pharm., 1912, 250, 674. 

32. (a) R. Muller, H. Goesmann and H. Waldmann, Angew. Chem., Int. 
Ed., 1999, 38, 184; (b) M. Suginome, L. Uehlin and M. Murakami, J. Am. 

Chem. Soc., 2004, 126, 13196; (c) W. Notz, F. Tanaka, S. I. Watanabe, N. 
S. Chowdari, J. M. Turner, R. Thayumanvan and C. F. Barbas, J. Org. 1010 

Chem., 2003, 68, 9624; (d) N. S. Joshi, L. R. Whitaker and M. B. Francis, 

J. Am. Chem. Soc., 2004, 126, 15942; (e) G. B. Evans, R. H. Furneaux, P. 

C. Tyler and V. L. Schramm, Org. Lett., 2003, 5, 3639; (f) M. Liu and M. 

P. Sibi, Tetrahedron, 2002, 58, 7991. 

33. K. Mogilaiah and G. Kankaiah, Indian J. Heterocycl. Chem., 2002, 1015 

11, 283. 

34. T. Akiyama, K. Matsuda and K. Fuchibe, Synlett, 2005, 322. 

35. (a) T. Akiyama, J. Takaya and H. Kagoshima, Synlett, 1999, 1045; (b) 
T. Akiyama, J. Itoh, K. Fuchibe, Synlett, 2002, 1269. 

36. L. Wang, J. Han, J. Sheng, H. Tian and Z. Fan, Catal. Commun., 1020 

2005, 6, 201. 
37. Z. Li, X. Ma, J. Liu, X. Feng, G. Tian and A. Zhu, J. Mol. Catal. A: 

Chem., 2007, 272, 132. 

38. H. Li, H. Zeng and H. Shao, Tetrahedron Lett., 2009, 50, 

6858. 1025 

39. H. Zeng, H. Li and H. Shao, Ultrason. Sonochem., 2009, 16, 758. 

40. T. Ollevier and E. Nadeau, Synlett, 2006, 219. 

41. R. Wang, B. Li, T. Huang, L. Shi and X. Lu, Tetrahedron Lett., 2007, 
48, 2071. 

Page 13 of 15 New Journal of Chemistry

N
ew

Jo
ur

na
lo

fC
he

m
is

tr
y

A
cc

ep
te

d
M

an
us

cr
ip

t

mailto:paul7@rediffmail.com
http://pubs.rsc.org/en/results?searchtext=Author%3ARobin%20J.%20White
http://pubs.rsc.org/en/results?searchtext=Author%3AVitaly%20Budarin
http://pubs.rsc.org/en/results?searchtext=Author%3ARafael%20Luque
http://pubs.rsc.org/en/results?searchtext=Author%3AJames%20H.%20Clark
http://pubs.rsc.org/en/results?searchtext=Author%3ADuncan%20J.%20Macquarrie
http://pubs.rsc.org/en/results?searchtext=Author%3ADuncan%20J.%20Macquarrie
http://pubs.rsc.org/en/results?searchtext=Author%3ADuncan%20J.%20Macquarrie
http://pubs.rsc.org/en/results?searchtext=Author%3ABinbin%20Chang
http://pubs.rsc.org/en/results?searchtext=Author%3AYanlong%20Tian
http://pubs.rsc.org/en/results?searchtext=Author%3AWeiwei%20Shi
http://pubs.rsc.org/en/results?searchtext=Author%3AJiyang%20Liu
http://pubs.rsc.org/en/results?searchtext=Author%3AFengna%20Xi
http://pubs.rsc.org/en/results?searchtext=Author%3AXiaoping%20Dong
http://www.sciencedirect.com/science/article/pii/S0926860X00007365
http://www.sciencedirect.com/science/article/pii/S0926860X00007365
http://www.sciencedirect.com/science/article/pii/S0926860X00007365
http://www.sciencedirect.com/science/article/pii/S0926860X00007365
http://www.sciencedirect.com/science/article/pii/S0926860X00007365
http://www.sciencedirect.com/science/article/pii/S0926860X00007365


CREATED USING THE RSC ARTICLE TEMPLATE (VER. 2.0) - SEE WWW.RSC.ORG/ELECTRONICFILES FOR DETAILS 

Article www.rsc.org/[JOURNAL] |  

 This journal © Royal Society of Chemistry 

42. K. Gong, D. Fang, H. L. Wang, and Z. L. Liu, Monatsh. Chem., 2007, 1030 

138, 1195. 

43. A. Kumar, M. K. Gupta and M. Kumar, Green Chem., 2012, 14, 290. 
44. M. Kidwai, D. Bhatnagar, N. K. Mishra, V. Bansal, Catal. Commun., 

2008, 9, 2547. 

45. J. M. Lin, C. C. M. Ma, J. Mater. Sci, 2001, 36, 4259. 1035 

46. P. V. Vigon, M. Sevilla, and A. B. Fuertes, Microp. Mesop. Mat., 

2010, 134, 165. 

47. Y. Meng, D. Gu, F. Zhang, Y. Shi, H. Yang, Z. Li, C. Yu, B. Tu and 
D. Zhao, Angew. Chem., Int. Ed., 2005, 44, 7053. 

48. M. Okamura, A. Takagaki, M. Toda, J. N. Kondo, T. Tatsumi, K. 1040 

Domen, M. Hara, S. Hayashi, Chem. Mater., 2006, 18, 3039. 
49. J. R. Kastner, J. Miller, D. P. Geller, J. Locklin, L. H. Keith, T. 

Johnson, Catal. Today, 2012, 190, 122; (b) J. T. Yu, A. M. Dehkhoda, N. 

Ellis, Energy Fuels, 2011, 25, 337; (c) C. Samorì, C. Torri, D. Fabbri, G. 
Falini, C. Faraloni, P. Galletti, S. Spera, E. Tagliavini and G. Torzillo, 1045 

ChemSusChem, 2012, 5, 1501. 

50. (a) Z. Antic, R. M. Krsmanovic, M. G. Nikolic, M. M. Cincovic, M. 
Mitric, S. Polizzi and M. D. Dramicanin, Mat. Chem. Phys., 2012, 135, 

1064; (b) M. B. Abbad, A. H. Kadhum, A. Mohamad, M. S. Takriff and 

K. Sopian, Int. J. Electrochem. Sci., 2012; 7, 4871. 1050 

51. N. Tsubouchi, K. Xu and Y. Ohtsuka, Energy Fuels, 2003, 17, 1119. 

52. A. Ilangovan, S. Malayappasamy, S. Muralidharan and S. 

Maruthamuthu, Chem. Cent. J., 2011, 5, 81. 
53. G. Harichandran, S. D. Amalraj and P. Shanmugam, Indian J. Chem., 

2011, 50B, 77. 1055 

54. G. Harichandran, S. D. Amalraj and P. Shanmugam, J. Iran. Chem. 
Soc., 2011, 8, 298. 

55. M. Tajbakhsh, R. Hosseinzadeh, H. Alinezhad and P. Rezaee, Synth. 

Commun., 2013, 43, 2370. 
56. F. Tamaddon, H. K. Shooroki and A. A. Jafari, J. Mol. Catal. A: 1060 

Chem., 2013, 368, 66. 

57. M. N. Esfahani and T. Abdizadeh, J. Chem. Sci. Tech., 2013, 2, 14. 
58. F. Rashedian, D. Saberib and K. Niknam, J. Chin. Chem. Soc., 2010, 

57, 998. 

59. S. Kantevari, R. Bantu and L.  Nagarapu, J. Mol. Catal. A: Chem., 1065 

2007, 269, 53. 

60. K. Kundu and S. K. Nayak, RSC Adv., 2012, 2, 480. 

61. M. A. Bigdeli, F. Nemati and G. H. Mahdavinia, Tetrahedron Lett., 
2007, 48, 6801.

Page 14 of 15New Journal of Chemistry

N
ew

Jo
ur

na
lo

fC
he

m
is

tr
y

A
cc

ep
te

d
M

an
us

cr
ip

t



CREATED USING THE RSC ARTICLE TEMPLATE (VER. 2.0) - SEE WWW.RSC.ORG/ELECTRONICFILES FOR DETAILS 

www.rsc.org/[JOURNAL] Article 

This journal © Royal Society of Chemistry [ 

 1070 

Page 15 of 15 New Journal of Chemistry

N
ew

Jo
ur

na
lo

fC
he

m
is

tr
y

A
cc

ep
te

d
M

an
us

cr
ip

t


