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Abstract 
Chitosan is obtained by the deacetylation of a naturally occurring biopolymer called chitin which is one 

of the key constituents of the shells of crustaceans. Chitosan has been exploited as a “green” catalyst in 

its native form as well as a solid support for carrying out various reactions. It offers several advantages 

like biodegradability, non-toxicity, biocompatibility, low cost, reusability etc. Advances in the 

exploitation of chitosan and its derivatives in various organic transformations are reported in this review. 
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Introduction 

Even though the history of the development and applications of catalysis can be outlined as far 

back as the eighteenth century, then too catalyst research continues to be the most preferred 

fields in chemical research. In an effort to move towards ‘sustainable development’, organic 

synthesis is at the forefront of the development of energy efficient clean processes as well as 

products, making eco-efficiency and green chemistry as the new guiding principles of 

synthesis oriented research. Since catalysis is one of the most valuable principles out of twelve 

principles of Green Chemistry, a remarkable upsurge of interest has been observed in carrying 

out reactions using nontoxic, green and environmentally friendly catalysts in recent years. One 

of the emerging candidates, in this regard has been the use of natural biopolymers. The major 

advantages of employing such catalysts are that they are environmentally friendly, nontoxic, 

green and chiefly heterogeneous. One of the most promising catalyst in this category is 

chitosan that has gained considerable attention due to its exclusive features including 

biodegradability, non-toxicity, biocompatibility, low allergen city, low cost, reusability and its 

mucoadhesive properties [1]. 

Chitosan is a natural polycationic linear polysaccharide, obtained by extensive deacetylation of 

isolated chitin under alkaline conditions and thus, is composed of β-(1-4)-linked d-

glucosamine and N-acetyl-D-glucosamine units randomly distributed throughout the polymeric 

structure (Fig. 1). The composition of chitosan polymer is 44.11% carbon, 6.84%, hydrogen 

and 7.97% nitrogen. The amino groups present in the main backbone of chitosan impart 

positive charge to its surface in the acidic environment, in contrast to majority of 

polysaccharides which are generally neutral or negatively charged. This unique property of 

chitosan allows it to form electrostatic complexes and multi-layered structures with the other 

negatively charged polymers [2]. Chitosan has emerged to be a useful drug delivery carrier[3] 

and advantageous for various other biomedical applications [4] such as tissue engineering [5], 

wound-healing [6] and obesity treatment [7] due to its polycationic nature, non-toxicity and 

biocompatibility. In addition, chitosan possess several biological properties, such as antitumor 
[8], antioxidant [9] and antimicrobial [10] activities.  

 

 
 

Fig 1: Structure of Chitosan 
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Chitosan is derived from naturally occurring chitin, therefore, 

many of its physicochemical parameters such as degree of 

deacetylation, molar mass, crystallinity and viscosity depend 

upon the origin of the isolated chitin, the method for 

processing the biomass, and the extraction procedure [11,12]. 

These parameters greatly affect the various factors such as the 

processability, chemical reactivity, accessible surface area, 

surface polarity, and stability of chitosan [13]. Owing to its 

intrinsic properties such as hydrogen bonding, gel formation 

and self-assembly [1] chitosan provides a wide spectrum of 

opportunities for the preparation of chitosan-based 

nanomaterials such as nano and biomaterials [14, 15], 

microreactors [16], monoliths [17] and membranes [18]. Chitosan 

has been widely explored as a catalyst supporter to promote 

the efficiency of chemical reactions [19]. The presence of 

readily functionalizable hydroxyl and amino groups on the 

chitosan and its insolubility in organic solvents make it very 

attractive in the application [20].The presence of various 

functional groups (e.g., amino and acetamido groups, 

hydroxylic groups, and chiral centers) makes chitosan a 

versatile tool for the coordination of transition metals[21], the 

stabilization of nanoparticles [22,23], encapsulation of chemical 

drugs,[24] and for supporting living organisms and enzymes[25]. 

This review attempts to highlight the progress achieved so far 

in the application of chitosan and its derivatives as catalyst in 

organic synthesis. 

 

Various Organic Transformations Catalyzed by Chitosan 

and its Derivatives 

 

Solvent free Strecker synthesis of α-aminonitriles has been 

described by reaction of amines, trimethyl silyl cyanide and 

aldehydes in presence of chitosan as catalyst at room 

temperature (eq. 1) by Dekamin et al. [26] They have also 

reported the chitosan catalysed synthesis of various imines via 

reaction of aldehydes and amines in ethanol at room 

temperature (eq. 2). 

 

 
 

Zhalen et al. have described chitosan catalysed solvent free 

synthesis of 1,4-dihydropyridine derivatives via one-pot four-

component reaction of aldehydes, dimedone, β-ketoesters or 

acetoacetanilide and ammonium acetate at 60oC (eq. 3) [27]. 

 

 
 

The condensation of reaction of aldehydes, amines, 1,3-

dicarbonyl compounds, and nitromethane afforded highly 

substituted pyrroles in presence of chitosan as catalyst under 

microwave irradiation (eq. 4) as reported by Hassani et al.[28]. 

 

 
 

Al-Matar and co-workers [29] have reported chitosan catalysed 

synthesis of 6-amino-5-cyano-2-methyl-4-phenyl-4H-pyran-

3-carboxylic acid ethyl ester, 2-amino-4-phenyl-4a,5,6,7-

tetrahydro-4H-naphthalene-1,3,3-tricarbonitrile, 2-amino-7-

hydroxy-4-phenyl-4H-chromene-3-carbonitrile, 6-amino-3-

methyl-4-phenyl-1,4-dihydro-pyrano[2,3-c]pyrazole-5- 

carbonitrile, 5-amino-2-(Z)-benzylidene-3-oxo-7-phenyl-2,3-

dihydro-7H-thiazolo[3,2-a]pyridine-6,8-dicarbonitrile,2-

amino-4,6-diphenyl-benzene-1,3-dicarbonitrile, 2-amino-4-

phenyl-4H-benzo[h]chromene-3-carbonitrile, 3-amino-1-

phenyl-1H-benzo[f]chromene-2-carbonitrile via reaction of 

benzylidene-malononitrile with various active methylene 

compounds like ethyl acetoacetate, cyclohexanone, resorcinol, 

methylpyrazolone, 2-(1-phenylethylidene) malononitrile, 

thiazolylacetonitrile, 1-napthol, 2-naphthol respectively in 

ethanol under reflux conditions (eqs. 5-12). 
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Solvent free synthesis of benzopyranopyridine derivatives by 

Friedlander reaction of 4-amino-3-formylcoumarin with 

various active methylene compounds like ethyl acetoacetate, 

acetyl acetone, 1,3-dimethyl barbituric acid, 1,3-dimethyl 

thiobarbituric acid, malononitrile, Meldrum’s acid, 3,3-

dimethyl cyclohexane-1,3-dione, 4-hydroxycoumarin, indane-

1,3-dione etc. in the presence of chitosan at 80oC (eq.13) [30]. 

 

 
 

Chitosan catalysed efficient synthesis of curcumin 3,4-

dihydropyrimidinone derivatives has been described by Lal 

and co-workers via Biginelli condensation which involves 

one-pot condensation reaction of curcumin, aldehydes and 

urea/thiourea in 2% acetic acid in water as reaction media at 

60 °C (eq. 14) [31]. 

 

 
 

Sulfonic acid functionalized chitosan (CS-SO3H) was 

employed as a catalyst in the synthesis of 1,4-

dihydropyridines (1,4DHPs) via the condensation reaction of 

aldehydes, ethyl acetoacetate and ammonium acetate (eq. 15) 
[32]. 
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Chitosan-doped calcium hydroxyapatites (CS/CaHAps) 

catalysed synthesis of 2,6-diamino-4-substituted phenyl-4H-

pyran-3,5-dicarbonitrile derivatives has been reportedly by 

three component condensation reaction of aldehyde, 

malononitrile and cyanoacetamide at room temperature in 

ethanol as solvent (eq. 16) [33]. 

 

 
 

Tetrahydrobenzo [a]xanthene-11-ones were reported to be 

synthesized via one pot three component condensation of 2-

naphthol with cyclohexane-1,3-dione derivatives and 

aldehydes using chitosan-coated magnetic nanoparticles 

(Fe3O4/CS NPs) in water at 80oC (eq. 17) [34]. 

 

 
 

Chitosan functionalised by citric acid (CS@CA) has been 

employed as a catalyst for the synthesis of 2,4-diamino-5H-

[l]benzopyrano[2,3b]pyridine-3-carbonitriles-5-(arylthio) or 

5-[(arylmethyl)thio] substituted pyridines by one pot 

multicomponent reaction of salicylaldehydes, thiols and 

malononitrile in ethanol under reflux conditions (eq. 18) [35]. 

 

 
 

Synthesis of 2-aminothiazoles has been achieved by Safari et 

al. by one-pot reaction of ketone and thiourea in presence of 

iodine and chitosan nanoparticle using ethanol as solvent 

under reflux conditions (eq. 19) [36]. 

 

 
 

Maleki and co-workers [37] have reportedly synthesised 

1,4dihydropyridines by one pot four component reaction of 

several aldehyde, 1,3-cyclohexandione derivative, ethyl 

acetoacetate or methyl acetoacetate and ammonium acetate 

catalyzed by magnetite/chitosan at room temperature (eq. 20). 

 

 
 

Chitosan supported copper catalyst (chit@CuI) has been 

reportedly used by Kaur and co-workers for the three 

component coupling (A3-coupling) of aldehyde, amine and 

alkyne under solvent free conditions at 140oC (eq. 21) [38]. 
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Synthesis of 5-substituted hydantoins can be accomplished by 

reaction of aldehydes, ammonium carbonate, zinc cyanide in 

presence of magnetic Fe3O4-Chitosan nanoparticles as in 

ethanol:acetic acid: water system (1:1:1) (eq. 22) as reported 

by Safari et al. [39]. 

 

 
 

Sahu and co-workers [40] have described an efficient chitosan 

catalysed synthesis of 4H-Pyrimido [2,1-b] benzothiazole 

derivatives by reaction of ethtyl acetoacetate, aldehydes and 

2-aminobenzothiazole in acetic acid (2%) in aqueous media at 

60−65 °C (eq. 23). They have also reported synthesis of 1,2,4-

triazoloquinazolines, octahydroquinazolinones, and fused 

thiazolo [2,3-b] quinazolinones by reaction of dimedone, 

aldehyde and 3-amino-1,2,4-triazole/ urea/thiourea 

respectively, under the same reaction conditions (eq. 24-26). 

 

 

Chitosan as well as chitosan-grafted-poly(4-vinylpyridine) 

(Cs-PVP) copolymers were utilised as catalysts for the 

synthesis of thiopyran via one-pot condensation of 

benzaldehyde, 2-cyanothioacetamide and malononitrile in 

ethanol under reflux conditions (eq. 27) [41]. 

 

 
 

Chitosan hydrogel-catalyzed aldol reaction between acetone 

and aromatic aldehydes as well as Knoevenagel reactions 

between aromatic aldehydes and active methylene compounds 

in DMSO (eq. 28-29) has been reported by Reddy et al. [42].  
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Chitosan supported magnetic ionic liquid nanoparticles 

(CSMIL) (which was prepared by reaction of chitosan and 

methyl imidazole with FeCl3) has been employed as catalyst 

for the efficient synthesis of 1- and 5-substituted 1H-

tetrazoles from nitriles and amines at 70oC under solvent-free 

conditions (eq. 30-31) [43]. 

 

 
 

Hardy and co-workers have utilised Chitosan-based Pd 

catalysts for Suzuki reaction, wherein reaction of substituted 

halobenzenes with phenyl boronic acid was carried out in 

presence potassium carbonate and Chitosan-based Pd 

catalysts in xylene at 143oC [44]. 

 

 
 

Conclusions 

The present article intends to review the catalytic application 

of chitosan as an organocatalyst in its native form as well as 

modified chitosan in the field of organic synthesis. Chitosan, 

a biomaterial derived from the shells of crabs, lobsters, 

crayfish etc.. It offers the benefits of being renewable, 

biodegradable, non-toxicity, operational simplicity as well as 

low cost. 

 

References: 

1. Kadib AE, Chitosan as a Sustainable Organocatalyst: A 

Concise Overview. Chem Sus Chem. 2015; 8(2):217-244. 

2. Venkatesan J, Kim SK, Chitosan composites for bone 

tissue engineering-An overview. Mar. Drugs. 2010; 

8:2252-2266.  

3. Felt O, Buri P, Gurny, Chitosan: A unique polysaccharide 

for drug delivery. Drug Dev. Ind. Pharm. 1998; 24:979-

993.  

4. Kumar MN, Muzzarelli RA, Muzzarelli C, Sashiwa H, 

Domb AJ, Chitosan chemistry and pharmaceutical 

perspectives. Chem. Rev. 2004; 104:6017-6084. 

5. Zhang Y, Zhang M, Three-dimensional macroporous 

calcium phosphate bioceramics with nested chitosan 

sponges for load-bearing bone implants. J Biomed. 

Mater. Res. 2002; 61:1-8.  

6. Chandy T, Sharma CP, Chitosan-as a biomaterial. 

Biomater. Artif. Cells Artif. Organs 1990; 18:1-24. 

7. Han LK, Kimura Y, Okuda H, Reduction in fat storage 

during chitin-chitosan treatment in mice fed a high-fat 

diet. Int. J. Obes. Relat. Metab. Disord. 1999; 23:174-

179. 

8. Karagozlu MZ, Kim S-K, Advances in Food and 

Nutrition Research. Volume 72. Academic Press; 

Waltham, MA, USA, 2014, 215-225.  

9. Ngo DH, Kim SK, Advances in Food and Nutrition 

Research. 73. Academic Press; Waltham, MA, USA, 

2014, 15-31.  

10. Martins AF, Facchi SP, Follmann HD, Pereira AG, 



 

~ 317 ~ 

The Pharma Innovation Journal 

Rubira AF, Muniz EC, Antimicrobial activity of chitosan 

derivatives containing N-quaternized moieties in its 

backbone: a review. Int. J. Mol. Sci. 2014; 15:20800-

20832.  

11. Lamarque G, Viton C, Domard A, Comparative study of 

the first heterogeneous deacetylation of alpha- and beta-

chitins in a multistep process. Biomacromolecules. 2004, 

5:992-1001.  

12. Lamarque G, Lucas JM, Viton C, Domard A, 

Physicochemical behavior of homogeneous series of 

acetylated chitosans in aqueous solution: role of various 

structural parameters. Biomacromolecules. 2005; 6:131-

142.  

13. Saito Y, Putaux JL, Okano T, Gaill F, Chanzy H, 

Structural Aspects of the Swelling of β Chitin in HCl and 

its Conversion into α Chitin. Macromolecules. 1997; 

30:3867-3873. 

14. Rinaudo M, Chitin and chitosan: Properties and 

applications. Prog. Polym. Sci. 2006; 31:603-632. 

15. Mourya VK, Inamdar NN, Chitosan-modifications and 

applications: Opportunities galore. React. Funct. Polym. 

2008; 68:1013-1051.  

16. Basavaraju KC, Sharma S, Singh AK, Im DJ, Kim D-P, 

Chitosan-microreactor: A versatile approach for 

heterogeneous organic synthesis in microfluidics. Chem 

Sus Chem. 2014; 7:1864-1869. 

17. Barroso T, Roque ACA, Aguiar-Ricardo A, Bioinspired 

and sustainable chitosan-based monoliths for antibody 

capture and release RSC Adv. 2012: 2:11285-11294.  

18. Kumar M, Mc Glade D, Lawler J, Functionalized 

chitosan derived novel positively charged organic–

inorganic hybrid ultrafiltration membranes for protein 

separation RSC Adv. 2014; 4:21699-21711. 

19. Brunel D, Blanc AC, Galareau A, Fajula F, New trends in 

the design of supported catalysts on mesoporous silicas 

and their applications in fine chemicals. Catal. Today. 

2002; 73:139-152.  

20. Chtchigrovsky M, Primo A, Gonzalez P, Molvinger K, 

Robitzer M, Quignard F, Taran F, Functionalized 

chitosan as a green, recyclable, biopolymer-supported 

catalyst for the [3+2] huisgen cycloaddition. Angew. 

Chem. Int. Ed. 2009; 48:5916-5920.  

21. Patwardhan A, Cowan JA, Influence of charge and 

structure on the coordination chemistry of copper 

aminoglycosides. Dalton Trans. 2011; 40: 1795-1801.  

22. Wei D, Qian W, Facile synthesis of Ag and Au 

nanoparticles utilizing chitosan as a mediator agent. 

Colloids Surf. B. 2008; 62: 136-142.  

23. Hall SR, Collins AM, Wood NJ, Ogasawara W, Morad 

M, Miedziak PJ, Sankar M, Kni ght DW, Hutching GJ. 

Biotemplated synthesis of catalytic Au-Pd nanoparticles, 

RSC Adv. 2012; 2:2217-2220.  

24. Yang Y, Wang S, Wang Y, Wang X, Wang Q, Chen M, 

Advances in self-assembled chitosan nanomaterials for 

drug delivery. Biotech. Adv. 2014; 32:1301-1316.  

25. Krajewska B, Application of chitin- and chitosan-based 

materials for enzyme immobilizations: a review. Enzyme 

Microb. Technol. 2004; 35:126-139. 

26. Dekamin MG, Azimoshan M, Ramezani L, Chitosan: a 

highly efficient renewable and recoverable bio-polymer 

catalyst for the expeditious synthesis of α-amino nitriles 

and imines under mild conditions. Green Chem. 2013; 

15:811-820. 

27. Zhaleh S, Hazeri S, Faghihi MR, Maghsoodlou MT, 

Chitosan: a sustainable, reusable and biodegradable 

organocatalyst for green synthesis of 1,4-dihydropyridine 

derivatives under solvent-free condition. Res. Chem. 

Intermed. 2016; 42:8069-808. 

28. Hassani M, Naimi-Jamal MR, Panahi, L, One-Pot 

Multicomponent Synthesis of Substituted Pyrroles by 

using Chitosan as an Organocatalyst. Chemistry Select 

2018; 3:666-672. 

29. Al-Matar HM, Khalil KD, Meier H, Kolshorn H, Elnagdi 

MH, Chitosan as heterogeneous catalyst in Michael 

additions: the reaction of cinnamonitriles with active 

methylene moieties and phenols. ARKIVOC. 2008; 

16:288-301. 

30. Siddiqui ZN, Khan K, Friedlander synthesis of novel 

benzopyranopyridines in the presence of chitosan as 

heterogeneous, efficient and biodegradable catalyst under 

solvent-free conditions. New J. Chem. 2013; 37:1595-

1602. 

31. Lal J, Gupta, SK, Agarwal DD. Chitosan: An efficient 

biodegradable and recyclable green catalyst for one-pot 

synthesis of 3,4-dihydropyrimidinones of curcumin in 

aqueous media. Catal. Commun. 2012; 27(5):38-43. 

32. Safari J, Zarnegar Z, Sadeghi M, Azizi F, Chitosan-

SO3H: An Efficient and Biodegradable Catalyst for the 

Green Syntheses of 1,4-dihydropyridines. Cur. Org. 

Chem. 2016; 20(27):2926-2932. 

33. Maddila S, Gangu KK, Maddila SN, Jonnalagadda SB, A 

facile, efficient, and sustainable chitosan/CaHAp catalyst 

and one-pot synthesis of novel 2,6-diamino-pyran-3,5-

dicarbonitriles. Mol. Divers. 2017; 21(1):247-255. 

34. Mohammadi R, Eidi E, Ghavami M, Kassaee MZ, 

Chitosan synergistically enhanced by successive Fe3O4 

and silver nanoparticles as a novel green catalyst in one-

pot, three-component synthesis of 

tetrahydrobenzoxanthene-11-ones. J Mol. Catal. A: 

Chem. 2014; 393: 309-316. 

35. Safaei-Ghomi J, Tavazo M, Vakili MR, Shahbazi-Alavi 

H, Chitosan functionalized by citric acid:an efficient 

catalyst for one-pot synthesis of 2,4-diamino-5H-

[1]benzopyrano[2,3b]pyridine-3-carbonitriles5-(arylthio) 

or 5-[(arylmethyl)thio] substituted. J Sulfur Chem. 2017; 

38(3):236-248. 

36. Safari J, Abedi-Jazini Z, Zarnegar Z, Sadeghi M, 

Nanochitosan: A biopolymer catalytic system for the 

synthesis of 2-aminothiazoles. Catal. Commun. 2016; 

77:108-112. 

37. Maleki A, Kamalzare M, Aghaei M, Efficient one-pot 

four-component synthesis of 1,4-dihydropyridines 

promoted by magnetite/chitosan as a magnetically 

recyclable heterogeneous nanocatalyst. J Nanostruct. 

Chem. 2015; 5:95-105. 

38. Kaur P, Kumar B, Kumar V, Kumar R, Chitosan-

supported copper as an efficient and recyclable 

heterogeneous catalyst for A3/decarboxylative A3-

coupling reaction. Tetrahedron Lett. 2018; 59:1986-1991. 

39. Safari J, Javadian L, Fe3O4-chitosan nanoparticles as a 

robust magnetic catalyst for efficient synthesis of 5-

substituted hydantoins using zinc cyanide. Iran. J Catal. 

2016; 6(1):57-64. 

40. Sahu PK, Sahu PK, Gupta SK, Agarwal DD, Chitosan: 

An Efficient, Reusable, and Biodegradable Catalyst for 

Green Synthesis of Heterocycles. Ind. Eng. Chem. Res. 

2014; 53:2085-2091. 

41. Khalil KD, Al-Matar HM, Chitosan Based 



 

~ 318 ~ 

The Pharma Innovation Journal 

Heterogeneous Catalyses: Chitosan-Grafted-Poly (4-

Vinylpyridne) as an Efficient Catalyst for Michael 

Additions and Alkylpyridazinyl Carbonitrile Oxidation. 

Molecules. 2013; 18:5288-5305. 

42. Reddy KR, Rajgopal K, Maheswari CU, Kantam MK, 

Chitosan hydrogel: A green and recyclable biopolymer 

catalyst for aldol and Knoevenagel reactions. New J 

Chem. 2006; 30:1549-1552. 

43. Khalafi-Nezhad A, Mohammadi, Highly efficient 

synthesis of 1- and 5-substituted 1H-tetrazoles using 

chitosan derived magnetic ionic liquid as a recyclable 

biopolymer-supported catalyst. RSC Adv. 2013; 3:4362-

4371. 

44. Hardy JFE, Hubert S, Macquarrie DJ, Wilson AJ, 

Chitosan-based heterogeneous catalysts for Suzuki and 

Heck reactions. Green Chem. 2004; 6:53-56. 


