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Abstract 

We have described an efficient method for the synthesis of 1,2- disubstituted benzimidazole 

derivatives from various aldehydes and o-phenylenediamine using ethanol as a solvent using C-SO3H as a 

catalyst at reflux conditions. All the synthesized compounds were characterized by FT-IR, 1H NMR and 13C 

NMR techniques. The thermally and chemically stable, metal free, functionalized green C-SO3H catalyst was 

obtained by in-situ partial carbonization and sulfonation of glycerol with sulfuric acid and the nature of the 

catalyst was confirmed by SEM, EDX and XRD techniques. 
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Introduction 

In recent days, the reusable heterogeneous solid acid catalysts are frequently used as the replacement 

for liquid-based acid catalysts [1]. The synthesis or any kind of chemical reactions which are based on 

homogeneous medium like sulphuric acid involves high energy consumption and a complicated separation 

procedure of the catalyst from the reaction mixture [2]. Sulphuric acid is the most important industrially by 

needed chemical for many organic transformation reactions such as nitration, sulfonation, esterification, and 

electrolysis etc. and the excessive usage of large amount of H2SO4 causes severe environmental hazards [3]. 

C-SO3H is considered as a replacement for liquid acid catalysts that overcome environmental problems. SO3H 

loaded carbon heterogeneous catalyst was prepared in many ways like simple sulphonation of sucrose [4], 

glucose [5] and starch [6] or by incomplete carbozation followed by sulfonation of carbohydrates such as 

sugar or cellulose. Here in we report the synthesis of C-SO3H solid catalyst from very low-cost material, 

glycerol which is a by-product from the production of biodiesel. This SO3H loaded carbon catalyst has distinct 

properties such as high mechanical and thermal stability, good pore structure, insoluble in organic solvents 

like methanol, ethanol, hexane, chloroform as well as water [7-9]. Due to the above advantages of C-SO3H 

heterogeneous catalyst, researchers have recommended this material in the place of liquid H2SO4 in many 

organic transformation reactions, electrocatalysis, water treatment, CO2 capture and a few more catalysis 

reactions [10-19]. Nitrogen and oxygen atoms bearing heterocyclic compounds are highly abundant in nature 

and they have varieties of application in bioactivities particularly in pharmaceuticals and agrochemicals. 1,2-

Disubstituted benzimidazole based derivatives are core structural heterocyclic compounds of most of the 

drugs and natural products [20-22]. Benzimidazole based core structures are present in commercial drugs like 
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Atacand, Nexium, Micardis, Protonix and Vermox [23-25]. Benzimidazole derivatives are also found to act 

as potent cyototoxic antitumor agents [26,27] and DNA binding agents [28].  

 

Experimental methods 

Reagents and common solvents such as ethanol, methanol, acetone, dichloromethane, tetrahydrofuran, 

acetonitrile, etc., were purchased from commercial sources in their high purity and used as received. Reactions 

were monitored by TLC using silica gel 60 F254 aluminium sheets with hexane/ethyl acetate as the eluting 

solvent system. Melting points were determined with an electro-thermal apparatus by open capillary method 

and are uncorrected. NMR spectra were recorded on a BRUKER DRX-400 MHz spectrometer in DMSO-d6 

and δ values are expressed in ppm using tetramethyl silane (TMS) as an internal standard. 

 

Preparation of C–SO3H 

A mixture of glycerol (15 g) and concentrated H2SO4 (45 g) was taken in a 500-ml beaker and gently 

heated on a hotplate from ambient temperature to 190 °C with constant stirring to facilitate in situ partial 

carbonization and sulfonation. The reaction mass was allowed at that temperature for about 30 minutes till 

the foaming was ceased to obtain the solid C-SO3H catalyst. The catalyst was cooled to room temperature 

and washed with water under agitation until the washed water remains neutral to pH paper. The product was 

filtered and dried at 110 °C for 3 h to get glycerol-based C-SO3H catalyst. 

 

C-SO3H catalyst characterization  

To investigate morphological and elemental composition the C-SO3H catalyst, scanning electron 

microscopy (SEM) analysis integrated with EDX spectroscopy was performed. FT-IR spectra was recorded 

on Bruker FT-IR27 spectrophotometer using KBr optics. The particle size was analyzed by Dynamic light 

scattering technique and X-ray diffraction study was analyzed by powder X-ray diffractometer. 

 

General experimental procedure for the synthesis of 1,2-disubstituted benzimidazole derivatives: 

In a 50 mL RB flask containing ethanol (5 mL), a mixture of aromatic aldehydes 1a-e (2 mmol), o-

phenylene diamine 2 (1 mmol) and C-SO3H (50 mg) were added. The resulting mixture was allowed to stir 

at reflux condition for a specified time given in table 4 leading to the formation of 1,2-disubstituted 

benzimidazole derivatives (3a-e). After completion of the reaction (monitored by TLC with mobile phase 

ethyl acetate and n-hexane), the reaction mixture was cooled to ambient temperature and filtered along with 

the catalyst. The product was recrystallized using hot ethanol. The catalyst has been recovered by washing 

with ethyl acetate and reused successively. All the synthesized compounds were characterized with FT-IR, 
1H NMR and 13C NMR techniques. 

 

Spectral data for synthesized 1,2-disubstituted benzimidazole derivatives  

1-(4-Chlorobenzyl)-2-(4-chlorophenyl)-1H-benzo[d]imidazole (4a): 

Colour: Yellow; 1H NMR (400 MHZ, DMSO-d6): δ= 8.13-6.96 (m, 12H, Ar-H), 5.55 (s, 2H, CH2); 
13C NMR 

(100MHZ, DMSO-d6): 167.1, 152.4, 150.3, 141.9, 138.4, 135.7, 132.7, 131.6, 131.2, 129.8, 129.5, 129.2, 

128.8, 128.4, 128.1, 124.0, 123.6, 119.4, 115.4, 47.3; FT-IR (KBr): 3040, 2844, 1991, 1678, 1592 cm-1. 
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1-(2-Chlorobenzyl)-2-(2-chlorophenyl)-1H-benzo[d] imidazole (4b): 

Colour: Pale yellow; 1H NMR (400 MHZ, DMSO-d6): δ= 8.20-7.00 (m, 12H, Ar-H), 5.59 (s, 2H, CH2); 
13C 

NMR (100 MHZ, DMSO-d6): 152.24, 150.6, 143.0, 136.4, 136.3, 135.2, 134.9, 132.5, 131.5, 131.2, 129.5, 

129.4, 128.6, 128.4, 123.4, 122.9, 122.7, 119.8, 111.5, 47.3; FT-IR (KBr):  3052, 2754, 1888, 1645, 1573 cm-

1. 

1-(4-Fluorobenzyl)-2-(4-fluorophenyl)-1H-benzo[d]imidazole (4c): 

Colour: Pale yellow; 1H NMR (400 MHZ, DMSO-d6): δ= 8.25-7.01 (m, 12H, Ar-H), 5.57 (s, 2H, CH2); 
13C 

(100MHZ, DMSO-d6): 162.3, 152.8, 150.9, 143.1, 136.3, 133.6, 131.9, 129.2, 128.6, 127.2, 127.0, 123.3, 

122.7, 119.7, 116.5, 116.4, 116.2, 115.9, 111.5, 47.2; FT-IR (KBr): 3050, 2950, 1887, 1601, 1532 cm-1. 

 

1-(3-nitrobenzyl)-2-(3-nitrophenyl)-1H-benzo[d]imidazole (4d) 

Colour: Pale brown; 1H NMR (400 MHZ, DMSO-d6): δ= 8.67-7.30 (m, 12H, Ar-H), 5.80 (s, 2H, CH2); 
13C 

NMR (100MHZ, DMSO-d6): 151.8, 149.9, 149.2, 148.7, 143.3, 139.9, 136.8, 136.1, 135.7, 133.5, 133.3, 

131.7, 131.4, 131.4, 129.3, 125.3, 125.0, 123.6, 121.6, 47.7; FT-IR (KBr): 3084, 2915, 1918, 1613, 1523 cm-

1. 

1-(2-Nitrobenzyl)-2-(2-nitrophenyl)-1H-benzo[d] imidazole (4e): 

Colour: Pale yellow; 1H NMR (400 MHZ, DMSO-d6): δ= 8.17-7.51 (m, 12H, Ar-H), 5.71 (s, 2H, CH2) ;
13C 

NMR (100MHZ, DMSO-d6): 149.7, 148.6, 147.9, 146.9, 134.8, 134.2, 134.0, 133.7, 132.7, 129.5, 128.9, 

128.2, 126.0, 125.0, 124.3, 123.4, 123.0, 122.6, 120.2, 45.6; FT-IR (KBr): 3057, 2839, 2636, 1845, 1608, 

1521 cm-1. 

 

Results and Discussion 

C-SO3H Catalytic study 

Thermally and chemically stable metal free glycerol-based carbon catalyst was an amorphous material 

which showed more effective catalytic activity because of large -SO3H group density on its surface area. The 

C-SO3H catalyst was analyzed by FT-IR spectroscopy in the range of 500-4000 cm-1. In figure 1, the broad 

vibration band at 3401 cm-1 indicates -OH stretching vibrations of sulfuric acid, the bands at 1587 cm-1 and 

1026 cm-1 representing the symmetric and asymmetric stretching of SO2 group, which proves the presence of 

sulfonic groups on the catalyst. The powder X-ray diffractogram of C-SO3H catalyst was examined in figure 

6. It exhibits two broad peaks in the diffraction of 2θ =25°, which shows the amorphous nature of the C-SO3H 

catalyst. The particle size and distribution size of C-SO3H catalyst using DLS technique in the suspension of 

solvent dispersed medium are shown in-between 800-900 nm (figure 4).  
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Figure1. FT-IR spectrum of fresh C-SO3H catalyst 

 

 
Figure 2. SEM images of C-SO3H catalyst 

 

 
Figure 3. EDX image of C-SO3H catalyst 
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Figure 4. DLS particle analysis of C-SO3H catalyst 

One pot multicomponent reaction of ortho phenylene diamine (OPD) and para-chloro benzaldehyde 

as a model reaction for the synthesis of 1,2 disubstituted benzimidazole in various solvents, including 

methanol, ethanol, tetrahydrofuran, chloroform, dichloromethane, 1,2 dioxane, toluene and acetonitrile at 

room temperature condition has been studied (Table 1, entry 1-8), where the reaction in ethanol solvent 

medium provided a good yield (72%) compared to other solvents. 

 

Table 1. Optimization of suitable solventa 

Entry Solvent 
Time 

(min) 
bYield (%) 

1 Methanol 25 60 

2 Chloroform 32 56 

3 Dichloromethane 28 54 

4 Ethanol 18 72 

5 DMF 19 65 

6 1,2 Dioxane 20 61 

7 Acetonitrile 25 59 

8 Toluene 40 45 
ap-chlorobenzaldehyde (2 mmol), orthophenylene diamine (1 mmol), different solvents (5 ml) at room 

temperature. bIsolated yield 

Further, to optimize the temperature, the above reaction (formation of product 3a) was conducted at different 

temperatures such as room temperature, 50 ºC, 60 ºC, 70 ºC and reflux. When the reaction was carried out at 

reflux condition, the reaction was completed in 9 min with the yield 80% and the same reaction was completed 

in 18 min with the yield of 72% yield at room temperature (Table 2).  
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Table 2. Optimization of suitable temperaturea 

Entry Temperature 
Time 

(min) 

bYield 

(%) 

1 RT 18 72 

2 50 15 75 

3 60 12 77 

4 70 09 78 

5 Reflux 09 80 
ap-chlorobenzaldehyde (2 mmol), orthophenylene diamine (1 mmol), ethanol (5 ml) stirred at different 

temperatures. bIsolated yield 

Next to optimize the amount of catalyst, the same reaction (formation of product 3a) was carried out with 

different milligrams of C-SO3H catalyst such as 20mg, 30 mg, 50 mg, 80 mg and 100 mg where the reaction 

gave very good yield with 50 mg of catalyst providing 96% yield at very short reaction time (2 min) (Table 

3). 

Table 3. Optimization of suitable mg of catalysta 

Entry Catalyst 

(mg) 

Time 

(min) 

bYield 

(%) 

1 - 09 80 

2 20mg 08 86 

3 30mg 06 90 

4 50mg 02 96 

5 80mg 02 96 

6 100mg 02 96 
ap-chlorobenzaldehyde (2 mmol), orthophenylene diamine (1 mmol), ethanol (5 ml) and C-SO3H, 

stirred at reflux temperature. bIsolated yield 

Thus, we introduced a novel synthetic method for 1,2, disubstituted benzimidazole derivative (3a-h) by simply 

refluxing various aldehydes and o-phenylenediamine, with C-SO3H catalyst in ethanol, obtaining the target 

product with good to excellent yields (85-96%) (Scheme 1). FT-IR spectrum of compound 3a (Table 4, Entry 

1) shows a band at 3040 cm−1 that indicates the presence of C=C-H and a sharp band at 2844 cm−1 

corresponding to the alkane group. A band at 1991 cm−1 denotes the C–C of aromatic and band at 1678 cm-1 

denotes alkene group. The peak at 1592 cm−1 indicates the presence of –C=N–stretching. In the 1H NMR 

spectrum of the compound 3a, multiplets from δ 8.13 – 6.96 ppm indicate the existence of the aromatic 

protons. A sharp singlet at δ 5.55 shows the presence of –CH2 protons. In the 13C NMR spectrum of compound 

3a, the signals for aromatic carbons are found in the range, δ 115.4 to 167.17 ppm and the signal for CH2 

appeared at 47.3 ppm. 
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Scheme 1. Synthesis of 1,2-disubstituted benzimidazole derivatives 

 

Table 4. Synthesis of 1,2-disubstituted benzimindazolea 

Entry R OPD Product 
Time 

(min) 

bYield 

(%) 

1. 4-Cl OPD 3a 2 96 

2. 2-Cl OPD 3b 5 92 

3. 4-F OPD 3c 7 90 

4. 2-NO2 OPD 3d 3 94 

5. 3-NO2 OPD 3e 3 95 
aReaction condition: Substituted aldehydes (1 mmol), orthophenylene diamine (OPD), C-SO3H (50 mg) in 

ethanol solvent, reflux condition. bIsolated yield. 

 

Plausible mechanism approach for the formation of 1, 2-disubstituted benzimidazole derivatives. 

A plausible mechanism for the formation of the product is described in scheme 2. Aromatic aldehyde was 

activated by C-SO3H during the reaction. Initially Schiff’s base formation was occurred between 

arylenediamine and substituted aromatic aldehydes (I) followed by cyclization and 1,3 hydride transfer (II) to 

form the final product, 1,2-disubstituted benzimidazole (Scheme 3). 
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Scheme 2. Possible mechanism in the formation of 1, 2-disubstituted benzimidazole derivatives 

 

Reusability 

The successive reusability of the recovered C-SO3H catalyst was examined by the scheme 1 under the 

optimized conditions. The C-SO3H catalyst gave 96 to 90 % of yield of the products without any loss of its 

effectiveness even after 6th run. The activity of the catalyst after the 7th run was reduced for the formation of 

the product as shown in figure 7. The recovered C-SO3H catalyst was further analyzed by X-ray diffraction 

and FT-IR studies (Table 6). 

FT-IR and X-ray diffraction studies are shown in figures 5 and 6. The FT-IR spectra of 4th and 8th run C-

SO3H catalyst show the broad vibration band at 3394 cm-1 indicating -OH stretching vibrations of sulfonic 

acid, the band at 1686 and 1037 cm-1 representing the symmetric and asymmetric stretching of SO2 group 

which proves the sulfonic group on C-SO3H material. These values are well coincided with pure (unrecycled) 

C-SO3H catalyst (figure 7). X-ray diffraction patterns of the fresh and after recovery of C-SO3H catalyst 

reveal the carbon particles remain in the same range 2θ=25°-30° attributed to the amorphous nature even after 

8th run.  

 
Figure 5. FT-IR spectura of recycled C-SO3H catalyst 

 
Figure 6. XRD of recycled C-SO3H catalyst 
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Figure 7. Percentage of product yield recycled C-SO3H catalyst 

 

Table 6. Reusability of the C-SO3H catalysta 

Entry Cycle 

bYield (%) 

1,2 disubstituted 

benzimidazole 

1 I 96 

2 II 96 

3 III 96 

4 IV 96 

5 V 96 

6 VI 93 

7 VII 92 

8 VIII 82 
aReaction condition: Substituted aldehydes (1 mmol), orthophenylene diamine (OPD), C-SO3H (50 mg) reflux 

condition. bIsolated yield. 

 

Conclusion 

Finally, we have concluded a green and efficient methodology for the synthesis of 1,2-disubstituted 

benzimidazole derivatives via one step, two component reaction using reusable C-SO3H as an effective solid 

acid catalyst derived from glycerol at reflux condition in ethanol medium. Catalyst reusability, mild reaction 

conditions, ease of procedure and good yields are the advantages of this method.  

 

Reference 

1. Prabhavathi Devi BLA, Gangadhar KN, Siva Kumar KLN, K. Shiva Shanker, R.B.N. Prasad, P.S. Sai 

Prasad. Synthesis of sulfonic acid functionalized carbon catalyst from glycerol pitch and its application 

for tetrahydropyranyl protection/deprotection of alcohols and phenols. J Mol Catal A Chem, 2011, 345: 

96-100. 

2. Lotero E, Liu Y, Lopez DE, Suwannakaran A, Bruce DA, GoodwinJG. Synthesis of Biodiesel via Acid 

Catalysis. Jr, Ind. Eng. Chem. Res. 2005, 44:5353–5363. 

https://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR23044413 Volume 5, Issue 4, July-August 2023 10 

 

3. Lakhya Jyoti Konwar, Paivi Maki-Arvela, Jyri-Pekka Mikkola. SO3H‑Containing Functional Carbon 

Materials: Synthesis, Structure and Acid Catalysis. Chemical Reviews, 2019, 119:11576-11630. 

4. Peng L, Philippaerts A, Ke X, Van Noyen J, Clippel F De, Van Tendeloo G, Jacobs PG, Sels BF. 

Preparation of sulfonated ordered mesoporous carbon and its  use for the esterification of fatty acids. 

Catal. Today. 2010, 150:140–146. 

5. Zong MH, Duan ZQ, Lou WY, Smith TJ, Wu H. Preparation of a sugar catalyst and its use for highly 

efficient production of biodiesel. Green Chem. 2007, 689(9):434–437. 

6. Budarin V, Clark JH, Hardy JJE, Luque R, Milkowski K, Tavener SJ, Wilson AJ. Starbons: New starch-

derived mesoporous carbonaceous materials with tunable properties. Angew. Chemie – Int. Ed. 2006, 

45:3782–3786. 

7. Toda M, Takagaki A, Okamura M, Kondo JN, Hayashi S, Domen K, Hara K. Biodisel made with sugar 

catalyst.  Nature. 2005, 438:178. 

8. Takagaki A, Toda M, Okamura M, Kondo JN, Hayashi S, Domen K, Hara M. Esterification of higher 

fatty acids by a novel strong solid acid. Catal. Today. 2006, 116(2):157–161. 

9. Zong MH, Duan ZQ, Lou WY, Smith TJ, Wu H, Preparation of a sugar catalyst and its use for highly 

efficient production of biodiesel. Green Chem. 2007,9:434–437 

10. Hara M. Biomass conversion by a solid acid catalyst. Energy Environ. Sci. 2010, 3: 601−607. 

11. Nakajima K. Hara M. Amorphous carbon with SO3H groups as a solid Brønsted acid catalyst. ACS Catal. 

2012, 2:1296−1304. 

12. Okamura M. Takagaki A. Toda M. Kondo JN, Domen, K, Tatsumi T, Hara M, Hayashi S. Acid-catalyzed 

reactions on flexible polycyclic aromatic carbon in amorphous carbon. Chem. Mater. 2006, 

18:3039−3045. 

13. Shen Y, Chen B. Sulfonated graphene nanosheets as a superb adsorbent for various environmental 

pollutants in water. Environ. Sci. Technol. 2015, 49:7364−7372. 

14. Sun Y, Zhao J, Wang J, Tang N, Zhao R, Zhang D, Guan T, Li K. Sulfur-doped millimeter-sized 

microporous activated carbon spheres derived from sulfonated poly(styrene−divinylbenzene) for CO2 

capture. J. Phys. Chem. C 2017, 121:10000−10009. 

15. Choi Y, Kim Y, Kang KY, Lee JS. A composite electrolyte membrane containing high-content sulfonated 

carbon spheres for proton exchange membrane fuel cells. Carbon. 2011, 49:1367−1373 

16. Imaizumi S, Matsumoto H, Ashizawa M, Minagawa M, Tanioka A. Nanosize effects of sulfonated carbon 

nanofiber fabrics for high-capacity ion-exchanger. RSC Adv. 2012, 2:3109−3114. 

17. Liu J, Xue Y, Dai L. Sulfated graphene oxide as a hole extraction layer in high-performance polymer solar 

cells. J. Phys. Chem. Lett. 2012, 3:1928−1933. 

18. Hara M, Yoshida T, Takagaki A, Takata T, Kondo JN, Domen K, Hayashi S. A carbon material as a strong 

protonic acid. Angew. Chem., Int. Ed. 2004, 43:2955−2958. 

19. Toda M, Takagaki A, Okamura M, Kondo JN, Hayashi S, Domen K, Hara M. Green chemistry: biodiesel 

made with sugar catalyst. Nature 2005, 438:178. 

20. Ovenden SPB, Nielson JL, Liptrot CH, Willis RH, Tapiolas DM, Wright AD, Motti CA. Sesquiterpene 

Benzoxazoles and Sesquiterpene Quinones from the Marine Sponge Dactylospongia elegans. J. Nat. Prod. 

2011, 74:65-68. 

https://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR23044413 Volume 5, Issue 4, July-August 2023 11 

 

21. Viirre RD, Evindar G, Batey RA. Copper-Catalyzed Domino Annulation Approaches to the Synthesis of 

Benzoxazoles under Microwave-Accelerated and Conventional Thermal Conditions. J. Org. Chem. 2008, 

73:3452-3459. 

22. Don MJ, Shen CC, Lin YL, Syu W, Ding YH, Sun CM. Nitrogen-Containing Compounds  

from Salvia miltiorrhiza. J. Nat. Prod. 2005, 68: 1066-1070. 

23. Desai KG, Desai KR. Green route for the heterocyclization of 2-mercaptobenzimidazole into β-lactum 

segment derivatives containing –CONH– bridge with benzimidazole: Screening in vitro antimicrobial 

activity with various microorganisms. Bioorg. Med. Chem. 2006, 14: 8271–8279. 

24. Güven ÖÖ, Erdoğan T, Göker H, Ylidiz S. Synthesis and antimicrobial activity of  

some novel phenyl and benzimidazole substituted benzyl ethers. Bioorg. Med. Chem. Lett. 2007, 

17:2233–2236. 

25. Igual-Adell R, Oltra-Alcaraz C, Sánchez-Sánchez PE, Rodríguez-Dalabuig J. Efficacy and safety of 

ivermectin and thiabendazole in the treatment of strongyloidiasis. Expert Opin. Pharmacother. 2004, 

5:2615–2619. 

26. Baraldi PG, Bovero A, Fruttarolo F, Preti D, Tabrizi MA, Pavani MG, Romagnoli R. DNA minor groove 

binders as potential antitumor and antimicrobial agents. Med. Res. Rev. 2004, 24:475–528. 

27. Singh AK. Lown JW. Design, synthesis and antitumor cytotoxicity of novel bis-benzimidazoles. 

Anticancer Drug Des. 2000, 15 (4): 265–275. 

28. Chaudhuri, P.; Ganguly, B.; Bhattacharya, S. An Experimental and Computational Analysis on the 

Differential Role of the Positional Isomers of Symmetric Bis-2-(pyridyl)-1H-benzimidazoles as DNA 

Binding Agents. J. Org. Chem. 2007, 72:1912–1923. 

https://www.ijfmr.com/

