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Abstract:  

Our research group has studied bismuth salts-mediated reactions extensively for the synthesis 

of diverse organic molecules of medicinal significance. These reactions performed with 

bismuth salts are environmentally benign. Bismuth salts are capable of releasing acids during 

the course of the reactions.  Nitrate salt generates cationic nitronium ion as an electrophile.  

These salts are suitable to act as Lewis acids in these reactions too.  These properties are 

exploited in the synthesis of versatile organic molecules in chiral and achiral forms in our 

research laboratory.  
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Introduction: 

Our bismuth salts-mediated reactions have started more than 25 years ago. These methods have 

proved to be extremely rewarding and challenging since then. Bismuth salts produce products 

through acid-induced process. They generate mineral acids in the reaction media and or co-

ordinate with electronegative atoms. Because of the bigger size, bismuth is not bound to anions 

very tightly. Thus, in the present of solvents or under forcing conditions, acids are generated 

from most of the available bismuth salts. The vacant 6p-orbital present in bismuth is used by 

electronegative elements through coordination, if necessary. Bismuth salts-induced chemical 

reactions are reviewed [1a-c]. The principal aim of this perspective is to highlight bismuth 

salts-induced reactions that our laboratory has conducted for the 22 years.  
Nitration of Aromatic Compounds:  

Aromatic nitration is a crucial reaction in chemistry.  Therefore, many methods are known for 

this purpose.  A facile and simple method of aromatic nitration with bismuth nitrate 

impregnated with clay was developed [2a-2f]. This reaction proceeded well at high temperature 

or under microwave. The regioselectivity of bismuth nitrate-mediated nitration was identical 

with the other known methods. The nitration was then extended to nitrate the aromatic rings 

present in β-lactams.  Nitration of the aromatic group present at the N- of the β-lactam ring 

proceeded well using bismuth nitrate-impregnated with clay under the influence of microwave. 

In some examples, a dinitro compound was also obtained. An extension of this method was 

performed with eugenol and the reaction gave a nitro compound [3a-3b]. No isomerization of 
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the alkene group was observed in this reaction. The nitration was conducted with estrone and 

estradiol. The reaction of estrone produced 2-nitro and 2, 4-dinitro estrone. Oxidation of the 

aromatic ring was not noted. Dinitroestradiol was not formed. This method avoids the use of 

corrosive nitric acid.  
Indoles and Azaindoles:  

A reaction of indole with carbonyl compounds using bismuth nitrate produced bisindoles [4a]. 

The reaction proceeded well with activated ester containing compound [4b]. Using this method, 

bis-azaindole was prepared in god yield [5].  The reaction followed an electrophilic mechanism. 
Protection of Carbonyl Compounds:  

The carbonyl compounds were protected easily as acetal, ketal, thio ketal and mixed ketals 

following microwave-mediated reaction using bismuth nitrate as the catalyst [6]. It was 

demonstrated that protection of aldehyde groups was faster than that of the ketones.  Acetal 

group protection was faster than other groups of protection.  
Deprotection of Oximes and Hydrazones:  

Oximes and hydrazones were deprotected to their carbonyl compounds using bismuth nitrate-

induced microwave-mediated reactions. However, oxime and hydrazone deprotection reactions 

took longer time then acetal and ketal deproection. These reactions demonstrated excellent 

intramolecular chemoselectivity [7].  
Enamination:  

Reaction of amines with β-dicarbonyl compounds in the presence of catalytic amounts of 

bismuth nitrate without solvent under microwave irradiation afforded the products in good 

yield [8].   
Oxidation:   

Oxidation of various alcohols, for example, primary, allylic and benzylic alcohols were 

performed with bismuth nitrate as the catalyst under mild condition. This method was applied 

for the oxidation of baccatin to 13-keto baccatin which is the core of Taxol. Oxidation of 

benzylic methylene group to benzylic ketone connected to multiple aromatic rings was 

performed by sodium bismuthate and bismuth nitrate. These reactions proceeded well in the 

presence of microwave irradiation. Many polyaromatic ketones were synthesized using this 

reagent combination. Bismuth nitrate-mediated microwave-induced synthesis of vanillin from 

curcumin was developed [9].  

Carbohydrates:  

Glucose was converted to glucose per-O-acetate using acetic anhydride and catalytic amounts 

of bismuth nitrate under microwave irradiation [10a]. This peracetylation of glucose proceeded 

through a coordination of bismuth nitrate with acetic anhydride [10b]. Following this method, 

glycosyl chloride using a combination of bismuth chloride and bismuth nitrate was synthesized 

[11].  
Hydrolysis of amide: 

Oxidation of polyaromatic compounds was conducted with sodium bismuthate under 

microwave-mediated irradiation method.  In contrast, reaction of the same compound with 

bismuth nitrate produced amine [12].  
Pyrrole-Susbtituted Dihydroindole:   

The keto-group of isatins was reactive and it was used to make pyrrole-substituted 

dihydroindole using bismuth nitrate-catalyzed microwave-induced method. Reaction of isatin 

and its derivatives with hydroxy proline in presence of bismuth nitrate produced pyrrole-

substituted dihydroindole as the only product [13].  
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Paal Knorr Reaction: Synthesis of β-Lactams:  

A simple method for the synthesis of N-substituted pyrroles by reacting 2, 5-

dimethoxytetrhydrofuran and amines (Clauson-Kaas reaction [14], a modified Paal-Knorr 

method) in the presence of bismuth nitrate under microwave irradiation was developed. 

Reaction of 3-keto-β-lactam with trans-hydroxy proline with bismuth nitrate under microwave 

irradiation produced two optically active pyrrole-substituted β-lactams [15a]. This method was 

extended for the chiral synthesis of novel pyrrole-susbtituted β-lactams [15b-c].   
Octahydroxanthenes:  

Octahydroxanthenes were prepared by reacting 1,3-cyclohexanedione with different aldehydes 

using several bismuth (III) salts as a catalyst. Bismuth iodide was proved to be the best catalyst 

for this method [16].  
Michael Reaction:  

Bismuth nitrate was used for a facile Michael reaction with indoles, pyrroles, carbamates, and 

heterocyclic amines [17a]. The reaction occurred at the 3-position of indole system. Pyrroles 

produced 2-substituted compounds in good yield. Importantly, this reaction proceeded with 

electron deficient carbamates. Attempted reaction of carbamates with various Lewis acids 

either failed or produced products in low yield. The success of this reaction helped to 

understand the coordinating role of bismuth with the oxygen. This reaction was conducted in 

aqueous media and in the presence of ultrasound [17b-17d].   
Hantzsch Reaction:  

Numerous dihydropyridines were synthesized following microwave-induced bismuth nitrate-

mediated reaction of amines, aldehydes and dicarbonyl compound under solventless 

conditions. The oxidation to pyridines was not observed [18].  
Biginelli Reaction:  

Microwave-mediated bismuth nitrate-induced synthesis of dihydropyrimidones following 

Biginelli reaction was developed [19]. Reaction of aldehyde, urea and dicarbonyl compound 

with bismuth nitrate under microwave irradiation produced dihydropyrimidines in excellent 

yield.  
Ferrier Rearrangement: 

Bismuth triflate-catalyzed microwave-mediated process for the preparation of both 

enantiomers of thienamycin side chain was developed. The reaction of hydroxyethyl group 

present in racemic thienamycin side chain was performed with sugar derivative using bismuth 

triflate.  Two glycosides were formed and these on separation and acid-induced process 

produced chiral isomers of thienamycin side chain [20].  
Peachman Condensation:   

Pechman condensation reaction is an important method for the synthesis of coumarin [21]. 

Bismuth nitrate-catalyzed reactions and microwave-induced method was used for a facile 

Pechmann condensation toward a few coumarin compounds.  
Diels-Alder Reaction:  

 Diels-Alder reaction is used for the preparation of polycyclic systems starting from dienes and 

dienophiles. Tricyclic molecules were prepared using imines derived from citranellal and 

aromatic amines in the presence of bismuth nitrate under microwave-induced reactions [22].  
Quinoxalines, Quinolines, Polyhydroquinolines, Benzimidazoles and Amino Phosphonates:  

An excellent and environmentally friendly method for the preparation of quinoxalines and bis-

quinoxalines was realized by reacting o-phenylene diamines with 1,2-dicarbonyl compounds 

using 5 mol% of bismuth nitrate under microwave irradiation. A number of bismuth salts  

(bismuth chloride, bismuth triflate, bismuth iodide, bismuth subnitrate, bismuth bromide, and 

bismuth nitrate pentahydrate) were used in cataylyic amounts for this purpose. 

An efficient microwave-induced bismuth nitrate-catalyzed method for the preparation of 

quinolones was developed. The amino ketone was mixed with ketone in the presence of 
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bismuth nitrate and then the reaction mixture was irradiated in a domestic microwave oven. A 

green method for the synthesis of substituted polyhydroquinolines using bismuth nitrate, in 

aqueous medium under sonochemical irradiation was developed. A coupling reaction of a 

diamine with aldehyde using bismuth nitrate and oxidation of the carbon-nitrogen bond to 

benzimidazole derivatives was performed. Bismuth halides, bismuth triflate, bismuth subnitrate, 

and bismuth nitrate pentahydrate were used in automated CEM microwave irradiation 

conditions and bismuth nitrate pentahydrate was found to be the best. Using this method, amino 

phosphonates were prepared [23]. 
 

Conclusions: 

Bismuth salts-induced reactions have become a powerful method for the synthesis of diverse 

compounds of medicinal significances. Many bismuth nitrate-induced processes can be highly 

accelerated using domestic and automated microwave irradiation under solventless reaction 

conditions. Mechanistically, bismuth nitrate or bismuth triflate released nitric acid or triflic 

acid in the media during the reaction. A direct coordination of bismuth to the electronegative 

atom was observed in NMR study. Synthesis of intermediates for biologically active molecules 

is presented here. Many products as described herein can be used to prepare other molecules 

of complex structures.   

 

Acknowledgements:  

BKB is grateful to NIH and NCI and the Kleberg Foundation of Texas for financial support.  

 

References: 

[1a]  Condon, S.; Pichon, C.; Davi, M. Preparation and Synthetic Applications of Trivalent 

Arylbismuth Compounds as Arylating Reagents. A Review. Org. Prep. Proc. Int., 

2014, 46, 89-131; [1b] Lee, C.-F.; Liu, Y.-C.; Badsara, S. S. Transition-Metal-

Catalyzed C-S Bond Coupling Reaction. Chem-Asian J., 2014, 9, 706-722; [1c] Luan, 

J.; Zhang, L.; Hu, Z. Synthesis, properties characterization and applications of various 

organobismuth compounds. Molecules, 2011, 16, 4191-4230. 

[2a]  Samajdar, S.; Becker, F. F.; Banik, B. K. Surface-mediated highly efficient 

regioselective nitration of aromatic compounds by bismuth nitrate. Tetrahedron Lett., 

2000, 41, 8017-8020; [2b] Samajdar, S.; Becker, F. F.; Banik, B. K. Montmorillonite 

impregnated with bismuth nitrate: a versatile reagent for the synthesis of nitro 

compounds of biological significance. ARKIVOC, 2001, 2, 27-33; [2c] 

Bandyopadhyay, D.; Mukherjee, S.; Granados, J. C.; Short, J. D.; Banik, B. K. 

Ultrasound-assisted bismuth nitrate-induced green synthesis of novel pyrrole 

derivatives and their biological evaluation as anticancer agents. Eur. J. Med. Chem., 

2012, 50, 209–215; [2d] Bandyopadhyay, D.; Sanchez, J. L.; Guerrero, A. M.; Chang, 

F.-M.; Granados, J. C.; Short, J. D.; Banik, B. K. Design, synthesis and biological 

evaluation of novel pyrenyl derivatives as anticancer agents. Eur. J. Med. Chem., 2015, 

89, 851–862; [2e] Bandyopadhyay, D.; Granados, J. C.; Short, J. D.; Banik, B. K. 

Polycyclic aromatic compounds as anticancer agents: evaluation of synthesis and in 

vitro cytotoxicity. Oncol. Lett., 2012, 3, 45–49; [2f] Canales, L.; Bandyopadhyay, D.; 

Banik, B. K. Bismuth nitrate pentahydrate-induced novel nitration of Eugenol. Org. 

Med. Chem. Lett., 2011, 1: 9. 

[3a]  Bose, A.; Sanjoto, P.;  Villarreal, S.;  Aguilar, H.; Banik, B. K.; Novel nitration of 

estrone by metal nitrate, Tetrahedron Lett., 2007, 48, 3943–3946; [3b] Bandyopadhyay, 

D.; Rivera, G.; Sanchez, J. L.; Rivera, J.; Granados, J. C.; Guerrero, A. M.; Chang, F.-

M.; Dearth, R. K.; Short, J. D.; Banik, B. K. Bismuth nitrate-induced novel nitration of 

estradiol: An entry to new anticancer agents. Eur. J. Med. Chem., 2014, 82, 574–583. 



 

 

B.K.Banik et al. / Heterocyclic Letters Vol. 13| No.2|403-408|February-April|2023 

 

407 
 

[4a]  Iglesias, L.; Aguilar, C.; Bandyopadhyay, D.; Banik, B. K. Bismuth nitrate-catalyzed 

synthesis of bis-indoloylmethane under solventless conditions. Synth. Commun., 2010, 

40, 3678–3682; [4b] Rivera, S.; Iglesias, L.; Bandyopadhyay, D.; Banik, B. K. 

Microwave-induced bismuth nitrate-catalyzed electrophilic substitution of indole with 

keto ester under solvent-free conditions. Heterocycl. Lett., 2011, 1, 73–74. 

[5]  Rivera, S.; Bandyopadhyay, D.; Banik, B. K. Microwave-induced bismuth nitrate-

catalyzed electrophilic substitution of 7-aza indole with activated carbonyl compound 

under solvent-free conditions. Heterocycl. Lett., 2011, 1, 43–46. 

[6]  Srivastava, N.; Dasgupta, S. K.; Banik, B. K. A remarkable bismuth nitrate-catalyzed 

protection of carbonyl compounds. Tetrahedron Lett., 2003, 44, 1191–1193.  

[7]  Samajdar, S.; Basu, M. K.; Becker, F. F.; Banik, B. K. Bismuth nitrate-mediated 

deprotection of oximes. Synth. Commun., 2002, 32, 1917–1921. 

[8]  Bandyopadhyay, D.; Banik, B. K., Microwave-induced bismuth nitrate-catalyzed 

expeditious enamination of β-dicarbonyl compounds under solvent-free conditions, 

Heterocycl. Lett., 2011, 1, 17–21. 

[9]  Bandyopadhyay, D.; Banik, B. K. Bismuth nitrate-induced microwave-assisted 

expeditious synthesis of vanillin from curcumin. Org. Med. Chem. Lett., 2012, 2: 15, 4 

pp. 

[10a]  Lerma, J; Banik, B. K. Synthesis of glucose peracetate via bismuth nitrate-induced 

reaction. Heterocycl. Lett., 2011, 1, 35–36; [10b] Adler, D.; Nguyen, P.; Srivastava, N.; 

Banik, B. K. A new bismuth nitrate-induced stereospecific glycosylation of alcohols. 

Heterocycles, 2003, 61, 101–104.  

[11a]  Alvarez, D; Banik, B. K. Stereospecific synthesis of glycosyl chloride using a 

combination of bismuth nitrate and bismuth chloride. Heterocycl. Lett., 2011, 1, 37–39; 

[11b] Alvarez, D.; Banik, B. K., Stereospecific synthesis of glycosyl chloride using a 

combination of bismuth nitrate and bismuth chloride, Heterocyclic Letters, 2011, 37-

39; [11c] Lerma, J.; Banik, B. K., Synthesis of glucose peracetate via bismuth nitrate-

induced reaction”, Heterocyclic Letters, 2011, 35-36. 

[12]  Bandyopadhyay, D.; Fonseca, R. S.; Banik, B. K. Microwave-induced bismuth nitrate-

mediated selective hydrolysis of amides. Heterocycl. Lett., 2011, 1, 75–77. 

[13]  Banik, B. K.; Cardona, M.; Bismuth nitrate-catalyzed novel synthesis of pyrrole-

substituted indolinones; Tetrahedron Lett., 2006, 47, 7385–7387.  

[14]  Rivera, S.; Bandyopadhyay, D.; Banik, B. K. Facile synthesis of N-substituted pyrroles 

via microwave-induced bismuth nitrate-catalyzed reaction under solventless conditions. 

Tetrahedron Lett., 2009, 50, 5445–5448. 

[15a]  Bandyopadhyay, D.; Rhodes, E.; Banik, B. K. A green, chemoselective, and practical 

approach toward N-(2-azetidinonyl) 2,5-disubstituted pyrroles. RSC Adv., 2013, 3, 

16756–16764; [15b] Shaikh, A.; Banik, B. K. A novel asymmetric synthesis of 3-

pyrrole substituted β-lactams via bismuth nitrate-catalyzed reaction. Helv. Chim. Acta, 

2012, 95, 839–844; [15c] Bandyopadhyay, D.; Cruz, J.; Banik, B. K.; Microwave-

induced synthesis of 3-pyrrole substituted β-lactams via bismuth nitrate-catalyzed 

reaction. Tetrahedron, 2012, 68, 10686−10695. 

[16]  Chavez, A.; Cruz, J.; Munoz, A.; Yadav, R. N.; Bandyopadhyay, D.; Banik, B. K., Microwave-

induced bismuth iodide-catalyzed synthesis of octahydroxanthenes”, Heterocyclic Letters, 

2017, 7, 507−511. 

[17a]  Srivastava, N.; Banik, B. K.; Bismuth nitrate-catalyzed versatile Michael reactions. J. 

Org. Chem., 2003, 68, 2109-2114; [17b] Banik, B. K.; Garcia, I.; Morales, F. Michael 

reaction of indoles under environmentally benign conditions. Heterocycles, 2007, 71, 

919−924; [17c] Bandyopadhyay, D.; Mukherjee, S.; Turrubiartes, L. C.; Banik, B. K. 



 

 

B.K.Banik et al. / Heterocyclic Letters Vol. 13| No.2|403-408|February-April|2023 

 

408 
 

Ultrasound-assisted aza-Michael reaction in water: A green procedure. Ultrason. 

Sonochem., 2012, 19, 969–973; [17d] Kall, A.; Bandyopadhyay, D.; Banik, B. K.; 

Microwave-induced aza-Michael reaction in water: a remarkable simple procedure. 

Synth. Commun., 2010, 40, 1730–1735.  

[18]  Bandyopadhyay, D.; Maldonado, S.; Banik, B. K. A microwave-assisted bismuth 

nitrate-catalyzed unique route toward 1,4-dihydropyridines. Molecules, 2012, 17, 

2643–2662. 

[19]  Banik, B. K.; Reddy, A. T.; Datta, A.; Mukhopadhyay, C. Microwave-induced bismuth 

nitrate-catalyzed synthesis of dihydropyrimidones via Biginelli condensation under 

solventless conditions. Tetrahedron Lett., 2007, 48, 7392–7394.  

[20]  Banik, B. K.; Zegrocka, O.; Manhas, M. S.; Bose, A. K. Studies on lactams.  

Enantiomerically pure β-lactams with the thienamycin side chain via glycosylation. 

Heterocycles, 1997, 46, 173–176.  

[21]  Bandyopadhyay, D.; Cruz, J.; Morales, L. D.; Arman, H. D.; Cuate, E.; Lee, Y. S.; 

Banik, B. K.; Kim, D. J. A green approach toward quinoxalines and bis-quinoxalines 

and their biological evaluation against A431, human skin cancer cell lines. Future Med. 

Chem., 2013, 5, 1377–1390. 

[22]  Mukherjee, S.; Solano Fonseca, R.; Danso, R., Banik, B. K.  Microwave-induced 

bismuth nitrate-catalyzed intramolecular Diels-Alder reaction”, Heterocyclic Letters, 

2011, 87–88. 

[23a]  Bandyopadhyay, D.; Smith, L.;  Yadav, R. N.; Banik, B. K., An Expeditious Green 

Route Toward 2-Aryl-4-phenyl-1H-imidazoles, Organic & Medicinal Chemistry 

Letters, 2014, 4:9; [23b] Parvatkar, P.; Prameswaran, P. S.; Bandyopadhyay, D.; 

Mukherjee, S.; Banik, B. K., Bismuth nitrate-catalyzed microwave-induced novel 

synthesis of isoquinoline derivatives”, Tetrahedron Lett., 2017, 58, 2948-2951; [23c] 

Banik, A.; Batta, S.;  Bandyopadhyay, D.; Banik, B. K., A highly efficient bismuth 

salts-aatalyzed route for the effective synthesis of amino phosphonates”, Molecules, 

2010, 15, 8205-8213. 
 

Received on February 9, 2023. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

http://www.informaworld.com/smpp/title~db=all~content=t713597304~tab=issueslist~branches=40#v40

