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Abstract. Benzimidazole compounds were prepared from the condensation reaction between 

1,2-phenylenediamine and citronellal. In all cases, the condensation reaction is very selective 

and simple method under microwave conditions. The reaction takes place efficiently in 

ambient conditions with good results. Citronellal was used as the starting material for the 

synthesis of benzimidazoles because of their antibacterial activity. The strength of 

benzimidazole activity not only influenced by its main ring but also by the presence of 

substituents that bound to imidazole or aromatic ring. In this work, the purification of 

citronellal from kaffir lime oil was conducted by using salt reaction with NaHSO3 saturated 

solution and hydrolysis by NaOH saturated solution. The synthesis reaction proceeds using 

CuSO4 catalyst in dichloromethane as a solvent with mole ratio variation of 1,2-

phenylenediamine to citronellal, 1:2, 1:3, 1:4, and 1:5, respectively. The optimum reaction was 

obtained at 1:2 and 1:3 mole ratio of citronellal. The yield of the product is 5.76 % and 5.097 

% (m.p 140-143
o
C). FTIR analysis showed spectrum bands for C=N at 1671 cm

-1
 and C-N 

1269 cm
-1

. Characterization was carried out using MS and showed that the synthesized product 

had a molecular weight m/z: 243, 381 and 453. Analysis result from FTIR, mass spectrometry 

and melting point indicated the product of benzimidazole derivatives was successfully obtained 

in this study. 

 

Keyword: benzimidazole, citronellal, microwave, kaffir lime. 

 

1.  Introduction 

The essential oil or volatile oil is one of the chemical compounds of plants that have a flavor. One of 

the essential oils that can be produced from Indonesian plants is kaffir lime [1]. Citronellal is the main 

compound contained in kaffir lime oil [2]. Kaffir lime oil also contains small amounts of other 

compounds such as linalool, citronellyl acetate, citronellol and geraniol [2,3]. Citronellal can be 

classified as a compound that has relatively high antibacterial activity. Based on the number of 

components in kaffir lime oil, this oil has the potential to be used as medicinal ingredients [4]. 

A structural modification was carried out by the addition of benzimidazole compounds which also 

have the potential as antibacterial substances. [5] Benzimidazole compounds are heterocyclic organic 

compounds that have an important role in medicinal. This compound consists of benzene rings 



9th Annual Basic Science International Conference 2019 (BaSIC 2019)

IOP Conf. Series: Materials Science and Engineering 546 (2019) 062022

IOP Publishing

doi:10.1088/1757-899X/546/6/062022

2

 

 

 

 

 

 

attached to imidazole [6]. In general, the molecular skeleton of benzimidazole can be produced by a 

condensation reaction of 1,2-phenylenediamine compounds and carboxylic acids or aldehydes. Under 

certain conditions, the aldehyde group can react with 1,2-phenylenediamine to form 2-substituent 

benzimidazole. The reaction can be carried out by the Weidenhagen method, which is a reaction 

between aromatic diamines and aldehydes in a solution of water or alcohol with copper salts [7]. 

According to the previous research, various derivatives of benzimidazole with 2-substitution can be 

synthesized by one-step reaction process using a condensation reaction of 1,2-phenylenediamine with 

various aromatic acids using a molar ratio of 1:1[8]. This method produced high yield product. 

Moreover, the synthesis of 2-benzimidazole substitutions by reacting o-phenylenediamine with 

aromatic, aliphatic and heterocyclic carboxylates using a microwave aid without using solvents with 

alumina catalyst, silica gel or HY zeolite is possible [9]. Furthermore, the synthesis of 1,2-substituted 

benzimidazole can be achieved by catalysis of SiO2/ZnCl2 under solvent-free conditions at room 

temperature and under microwave (MW) irradiation [10]. 

From the explanation described above, most of the basic ingredients used are derived from 

petroleum and the chemical industry, especially non-renewable materials, toxic, flammable substances 

that are harmful to health and the environment [11]. Another approach that has been developed is the 

synthesis of drugs using natural ingredients. There are several reasons to use natural ingredients, 

which are quite abundant in nature, renewable, does not produce dangerous by-products, and the 

availability of structural diversity. One natural ingredient that can be used and available is very 

abundant is kaffir lime essential oil [12]. In addition, the use of microwaves is currently being 

developed in the method of benzimidazole synthesis. Microwave technology can help to reduce hours 

to minutes with high yield results, so the reaction becomes more efficient and economical [10]. 

Microwave-assisted synthesis of benzimidazole derivative from citronellal in Kaffir lime oil (Citrus 

hystrixDC.) increased 157.81 times compared by conventional heating using methanol solvent, 

however the  percentage  of  yield  only  0.77  times  of  synthesis using  dichloromethane solvent [13]. 

2.  Materials and Method 

2.1.  Materials 

Kaffir lime (C. hystrix DC.) oil, 1,2-phenylenediamine was obtained from Sigma-Aldrich. 

Dichloromethane solvent, sodium bisulfite (NaHSO3), NaOH, and ethanol were provided from Merck 

Chemical Company. 

2.2.  Method 

2.2.1.  Purification of citronellal compounds in kaffir lime oil. One mole (30 mL) of citronellal 

contained in kaffir lime oil was placed in Erlenmeyer and added with 1.5 mol (23 mL) of saturated 

sodium bisulfite (NaHSO3), then stirred with a magnetic stirrer for 15 minutes. After a few minutes, it 

was then filtered with a Buchner funnel and washed with ethanol. 

Each sediment obtained from the isolation process was placed in a beaker glass and hydrolyzed by 

the addition of 10% NaOH until the precipitate was completely dissolved, during the addition of 10% 

NaOH, the sediment was stirred for 15 minutes with a magnetic stirrer. After that, each solution was 

placed in a separatory funnel and allowed to stand for 5-10 minutes. The oil phase and the solvent 

phase is separated, then the oil phase was stored for analysis. This treatment was repeated to obtain as 

many isolates as used for the synthesis process. 

2.2.2.  Synthesis of Benzimidazole Derivatives. The synthesis of benzimidazole derivative compounds 

was adopted from the procedure used by Jacob et al. (2009) [10] which has been modified by variation 

of the citronellal and 1,2-phenylenediamine moles, using CuSO4 catalysts and using citronellal 

compounds as a result of isolation from kaffir lime oil. The synthesis process was started by mixing 

1,2-phenylenediamineand citronellal isolates with variations in the mole ratio of 1:2, 1:3, 1:4 and 1:5 
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into a flat round bottom. Each mixture was added by 5 mL dichloromethane and 0.01 g CuSO4 

catalyst. The reaction was carried out in a microwave oven (LG 1200W 245 MHz) for 40 minutes. The 

mixture was then cooled for 3 days at cold temperatures to form crystals. The crystals formed were 

filtered and washed with cold dichloromethane solvents until white precipitate obtained. Crystals were 

then dried and stored at room temperature. 

2.2.3.  Analysis of chemical composition and product synthesis. The analysis of the essential oil was 

performed on Gas Chromatography-Mass Spectrophotometry (GC-MS) on Agilent 7890B (GC) and 

5977B (MS). The GC peak areas were used to determine the percentage of product, and MS spectra to 

determine m/z. The IR spectra of the compounds were recorded on Perkin Elmer FT-IR spectrometer 

with KBr pellets. The inlet temperature was 200
o
C. Melting points of the synthesized compounds were 

determined on Electrothermal MEL-TEMP and MS characterization. 

3.  Results and Discussion 

3.1.  Purification of citronellal compounds in kaffir lime oil 

Purification of citronellal compounds was carried out by salting reaction using sodium bisulfite 

(NaHSO3) according to Figure 1. The reaction produced citronellyl bisulfite salts in the form of 

yellowish-white solid. 

 

 

 

 

 

 

Figure 1. Citronellal reaction with sodium bisulfite 

It can be appeared that in the reaction of Figure 1, the polar aldehyde group from citronellal acts as 

an electrophile and NaHSO3 salts as nucleophiles, thus producing water-soluble salts. Other 

components of unreacted kaffir lime oil were separated from sodium-citronellyl-bisulfite salts by 

filtration using a Buchner funnel. The other components that still mixed with salt were washed with 

ethanol, so that the white salt of citronellyl bisulfite can be obtained. 

The citronellyl bisulfite salt that obtained was hydrolyzed using 10% NaOH to obtain citronellal 

again. The hydrolysis of sodium citronellyl bisulfite salt occurs because alkaline hydroxy ions attacked 

the proton from the hydroxy salt group which resulted in anion resonance followed by the released of 

sulfide ions, resulting in citronellal production (Figure 2). 

 

 

 

 

 

 

Figure 2. Hydrolysis reaction with sodium hydroxide 

Based on the chromatogram in Figure 3, kaffir lime oil was composed of 15 components (Figure 

3a) and according to the mass spectral analysis (Table 1) the highest peak with tR 15.909 minutes 

(m/z 154) is citronellal in 28.27% purity. 
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Figure 3. Chromatogram Results (a) Kaffir lime oil (b) Citronellal isolates 

Table 1. Tabulation of the results of GC-MS analysis from kaffir lime oil and salting isolates. 

Peak 

Number 

Kaffir Lime Oil 

Peak 

Number 

Salting Isolates 

Retention 

time 

(minutes) 

SI Composition 

Retention 

Time 

(minutes) 

SI Composition 

1 10.917 98 n-decane 1 14.078 98 Linalool  

2 11.553 87 2-butyl-1-octanol 

2 

15.532 97 

5-methyl-2-(1-

methylethenyl)-

cyclohexanol  

3 11.637 93 4-methyldecane 3 15.909 97 Citronellal  

4 11.908 92 n-butylcyclohexane 

4 

16.302 95 

5-methyl-2-(1-

methylethenyl)-

cyclohexanol  

5 12.017 91 3-methyldecane 5 16.535 94 Isopulegol  

6 12.148 90 3,7-dimethylnonane 6 18.016 99 β-Citronellol 

7 12.633 90 
trans-

decahydrophthalene 

7 
21.564 96 Citronellyl acetate 

8 12.747 97 2,5-dimethylnonane 
8 

21.770 98 
2-methoxy-3-(2-

propenyl)-phenol 

9 12.959 94 2-methyldecane     

10 13.165 93 3-methyldecane     

11 14.105 91 n-dodecane     

12 15.576 97 

5-methyl-2-(1-

methylethenyl)-

cyclohexanol 

 

   

13 15.807 98 Citronellal     

14 15.915 96 Isopulegol     

15 29.532 85 
hexadecamethyl-

cyclooctacycloxane 
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Based on the chromatogram in Figure 3b, it can be seen that the results of citronellal isolation by 

salting method resulted in an increasing in purity which reached 87.95%. Some components that are 

still mixed with the citronellal component included linalool, 5-methyl-2-(1-methylethenyl)-

cyclohexanol, 5-methyl-2-(1-methylethenyl)-cyclohexanol, isopulegol, β-Citronellol, Citronellyl 

acetate, 2-methoxy-3-(2-propenyl)-phenol (Table 1). These components are possible to have similar 

characteristics with citronellal compounds and get trapped in salt so that they are still detected even 

though they have very small levels. Based on these results, citronellal isolates were then used as the 

main ingredient in the synthesis process of benzimidazole derivatives to determine the effect of 

reactions that occured on product formation. 

3.2.  Citronellal Condensation Reaction with 1,2-phenylenediamine 

Benzimidazole derivatives were formed by citronellal condensation reaction using 1,2-

phenylenediamine. The reaction was carried out using dichloromethane and CuSO4 catalysts for 40 

minutes and cooled in the refrigerator for 24 hours to obtain the solid. The solids were purified by 

washing using cold dichloromethane which is non-polar solvent, so it could dissolve the reactants. The 

product was already obtained when the solid turned into a whiter color. This indicates that other 

compounds that are still present in the product dissolve in dichloromethane while the benzimidazole 

derivative of a more polar is insoluble and produces a purer product, the results are shown in Table 2. 

Table 2. Results of Benzimidazole Synthesis. 

 

Mole Ratio 

1,2-Phenylenediamine: 

Citronella 

%yield 
melting point 

(
o
C) 

 

1 : 2 5.76 140 – 143 

 

1 : 3 5.097 139 – 143 

 

Based on the variation of mole ratio, the reaction that produced benzimidazole was in moles 

variations 1: 2 and 1: 3, whereas in moles variation 1: 4 and 1: 5, the solids did not form. It might be 

occured because there were still other components contained in citronellal isolates which interfere the 

product formation because of its impurity. By increasing the number of citronellal moles added to the 

reaction, the impurities can block the collision process between citronellal and 1,2-phenylenediamine 

to form the product. 



9th Annual Basic Science International Conference 2019 (BaSIC 2019)

IOP Conf. Series: Materials Science and Engineering 546 (2019) 062022

IOP Publishing

doi:10.1088/1757-899X/546/6/062022

6

 

 

 

 

 

 

The product was characterized by FTIR which showed the appearance of C=N at 1671 cm
-1

 and C-

N at 1269 cm
-1 

which
 
is indicated the formation of an imidazole group. Furthermore, the absorption at 

1622 cm
-1

 and 1427 cm
-1

 indicated the presence of benzene groups. The disappearance of aldehyde (-

CHO) peak and the loss of secondary and primary amines due to the substitution of citronellyl group. 

Mass Spectrometry (MS) was used for qualitative tests through identification of ion fragmentation of 

compounds and identified the mass ratio of the charge. 

 

 

Figure 4. FTIR Spectra of Product Synthesis  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. MS Spectra of Product Synthesis  
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Figure 5 showed the fragmentation of the product with (m/z) 241, 381 and 453, respectively. 

Based on these results benzimidazole derivative compounds have been formed, with the presumed 

compound 2-dicitronellylbenzimidazole (241 m/z), 1,2-dicitronellylbenzimidazole (381 m/z) and 3- 

(2-buten-1-ol) -1,2-dicitronelylbenzimidazole (453 m/z) (Figure 6). 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Alleged Benzimidazole Derivative Structure. (a) 2-sitronelilbenzimidazole (b) 1,2-

disitronelil benzimidazole (c) 3-(2-buten-1-ol)-1,2-disitronelil benzimidazole 

4.  Conclusion 

An improvement of benzimidazole derivative was successfully synthesized by the condensation 

between 1,2-phenylenediamine and citronellal from kaffir lime oil. This study showed the purity of 

citronellal isolates affects the formation of benzimidazole derivative products. In addition, the reaction 

time could be reduced from hours to minutes by using microwave. 

References 

[1] M. Hyldgaard, T. Mygind, and R. L. Meyer, “Essential Oils in Food Preservation: Mode of 

Action, Synergies, and Interactions with Food Matrix Components,” Front. Microbiol., vol. 

3, 2012. 

[2] W. Warsito, M. H. Palungan, and E. P. Utomo, “Profiling study of the major and minor 

components of lime oil (Citrus hystrix DC.) in the fractional distillation process,” Pan Afr. 

Med. J., vol. 27, 2017. 

[3] W. Automatik and A. K. H. Minyak, “Extraction of Citrus hystrix DC (Kaffir Lime) essential 

oil using automated steam distillation process: Analysis of volatile compounds,” Malays. J. 

Anal. Sci., vol. 17, no. 3, pp. 359–369, 2013. 

[4] Fan Siew Loh, Rita Muhamad Awang, Dzolkhifli Omar, and Mawardi Rahmani, “Isecticidal 

properties of Citrus hystrix DC leaves essential oil against Spodoptera litura fabricius,” Med. 

Plants Res., vol. 5, no. 16, pp. 3739–3744, Aug. 2011. 

[5] Uthumporn Kankeaw, “The Study of Antibacterial Activity of Benzimidazole of 

Citronellal.pdf,” Int. J. Biosci. Biochem. Bioinforma., vol. 5, no. 5, pp. 280–287, 2015. 

[6] Naga Prashant and K. Ravi Kumar, “Green Synthesis of Benzimidazole Derivatives: An 

Overview of Bulk Drug Synthesis,” Int. J. Pharm Tech Res., vol. 8, no. 9, pp. 60–68, 2015. 

[7] C. P. Rathod, R. M. Rajurkar, and S. S. Thonte, “Benzimidazole synthesis and biological 

evaluation: A review,” Indo Am J Pharm Res, pp. 2323–2329, 2013. 

[8] S. R. Rithe, R. S. Jagtap, and S. S. Ubarhande, “One pot synthesis of substituted benzimidazole 

derivatives and their characterization,” Rasayan J Chem, vol. 8, pp. 213–217, 2015. 

[9] A. Saberi, “Efficient synthesis of Benzimidazoles using zeolite, alumina and silica gel under 

microwave irradiation,” Iran. J. Sci. Technol. Sci., vol. 39, no. 1, pp. 7–10, 2015. 



9th Annual Basic Science International Conference 2019 (BaSIC 2019)

IOP Conf. Series: Materials Science and Engineering 546 (2019) 062022

IOP Publishing

doi:10.1088/1757-899X/546/6/062022

8

 

 

 

 

 

 

[10] R. G. Jacob, L. G. Dutra, C. S. Radatz, S. R. Mendes, G. Perin, and E. J. Lenardão, “Synthesis 

of 1,2-disubstitued benzimidazoles using SiO2/ZnCl2,” Tetrahedron Lett., vol. 50, no. 13, pp. 

1495–1497, Apr. 2009. 

[11] E. J. Lenardão, W. P. Silva, R. G. Jacob, D. S. M. Volcan, J. C. S. Goldbeck, and S. F. Fonseca, 

“Semi-synthetic compounds as antimicrobial agents in food preservation,” Battle Microb. 

Pathog. Basic Sci. Technol. Adv. Educ. Programs Méndez-Vilas Ed, pp. 576–583, 2015. 

[12] D. S. Ramadhan, Warsito, and E. D. Iftitah, “Microwave-assisted Synthesis of Benzimidazole 

Derivatives from Citronellal in Kaffir Lime ( Citrus hystrix DC.) Oil,” IOP Conf. Ser. Mater. 

Sci. Eng., vol. 299, p. 012076, Jan. 2018. 

[13] W. Warsito, A. . Noorhamdani, Suratmo, R. D. Sapri, D. Alkaroma, and A. Z. Azhar, 

“Comparison of Conventional and Microwave-assisted Synthesis of Benzimidazole 

Derivative from Citronellal in Kaffir lime oil ( Citrus hystrix DC.),” IOP Conf. Ser. Mater. 

Sci. Eng., vol. 349, p. 012069, Apr. 2018. 

 

 

 

 

 

 


