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Abstract 

 

Bismuth(III) bromide is an efficient catalyst for the one-pot multicomponent synthesis of 

polyhydroquinolines via the Hantzsch reaction.  The mild reaction conditions, short reaction 

times, high yields and the remarkably low toxicity of bismuth compounds make this method 

especially attractive.   
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Bismuth(III) bromide catalyzed synthesis of polyhydroquinoline derivatives via

The Hantzsch reaction. 

 

The synthesis of 1,4-dihydropyridine derivatives such as polyhydroquinolines (PHQ) is of 

considerable interest due to their biological properties.  Their derivatives such as nifedipine 

are calcium channel antagonists.
1
 Polyhydroquinolines bearing a tetraazole moiety have been 

shown to possess antimicrobial activity.
2
 2,4-disubstituted polyhydroquinolines also show 

promise as antihyperglycemic and lipid modulating agents.
3
 Polyhydroquinolines have also 

been shown to reduce cellular tau levels and therefore hold promise in the search for 

therapies for Alzheimer’s disease.
4
 Many PHQ derivatives also show activity against 

multidrug resistance proteins.
5
  Hence there has been considerable interest in methods for 

their synthesis. The most common route to polyhydroquinolines 5 involves a modified 

Hantzsch reaction
6
 involving the multi-component coupling of an aldehyde 1 with a -

ketoester (such as ethyl acetoacetate) 2, a diketone (such as dimedone) 3, and ammonium 

acetate 4 (Scheme 1).   

Scheme 1 

 

Some representative examples of catalysts used for this coupling include I2,
7
 metal triflates,

8
 

ceric ammonium nitrate,
9 

Baker’s yeast,
10 

organocatalysts,
11

 zeolites,
12

 Ph3P,
13 

GaCl3,
14

 

thiourea dioxide,
15 

thiazolium ion,
16 

sulphamic acid,
17 

Al2(SO4)3,
18

 La2O3,
19

 and 

nanoparticles.
20

 Syntheses of PHQs have also been carried out in various ionic liquids as 

solvents.
21

 Their syntheses have also been reported under catalyst-free conditions, but the 
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methods suffer from longer reaction times.
22

 Solvent and catalyst-free methods involving 

grinding the reaction mixtures have also been reported and are certainly attractive from a 

green chemistry perspective. But these methods require the use of solvent for product 

isolation and are not always amenable to scale-up.
23 

PHQs have also been synthesized under 

microwave irradiation conditions.
24

  The most elegant synthesis of PHQs to date is their 

enantioselective synthesis using a phosphoric acid derived organocatalyst.
25

 

Given our continued interest in bismuth(III) salts as catalysts due to their remarkably non 

toxic nature (many bismuth salts are even less toxic than NaCl) and ease of handling, we 

explored the utility of bismuth bromide, BiBr3 as a catalyst for the synthesis of PHQs.
26

 

Herein we report an efficient synthesis of a variety of polyhydroquinolines using bismuth(III) 

bromide as a catalyst in ethanol as the solvent (Table 1).  The reactions are fast, and product 

is isolated by filtration of the reaction mixture. Hence no aqueous waste stream is generated.  

In the absence of BiBr3, the reactions took a considerably longer time and lower yields were 

obtained.  For example, p-N,N-dimethylaminobenzaldehyde (Table 1, entry 2) yielded 61% 

product (t = 23 h), and p-chlorobenzaldehyde (Table 1, entry 4) yielded 65% product (t = 7 h) 

under catalyst free conditions. We found that the reaction was also efficiently catalyzed by 

bismuth triflate (2.0 mol%).  For example, p-tolualdehyde (Table 1, entry 1) yielded 86% 

product (t = 2 h), but owing to the higher cost of bismuth triflate ($225/25 g from Acros 

Organics) relative to bismuth bromide ($25/25 g) and its increased moisture sensitivity, we 

chose bismuth bromide.  Ytterbium triflate, Yb(OTf)3 (5.0 mol%) has been reported as a 

catalyst
8a

 for the formation of polyhydroquinolines but a higher catalyst loading (5 mol%) 

and its high cost detract from its utility ($395/25 g for the anhydrous salt, and $136/25 g for 

the monohydrate).  Although we used anhydrous ethanol as the reaction solvent, one cannot 

rule out hydrolysis of BiBr3 by adventitious water to generate HBr, which could act as a 

Bronsted acid catalyst.  In order to get some insight into the role of BiBr3 in the reaction, we 
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carried out the reaction (Scheme 2) of p-chlorobenzaldehyde in the presence of BiBr3 (2.0 

mol%) and solid potassium carbonate (10 mol%).  The pH of this reaction mixture was found 

to be ~ 6-7, and yet product was obtained in 86% yield suggesting that BiBr3 is acting as a 

Lewis acid and not just as a source of HBr.    

Scheme 2 

 

The mild reaction conditions with BiBr3 allow for easy scale-up as well.  In summary, a mild 

and efficient method for the multicomponent synthesis of polyhydroquinolines using a 

relatively nontoxic and noncorrosive catalyst is reported.  
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Table 1. Synthesis of polyhydroquinolines catalyzed by BiBr3 (2.0 mol%).
27

  
 

 

entry Ar 

 

R Time (h)
a
 Yield (%)

b,  c
 

1 p-CH3C6H4 

 

CH2CH3 1.5 86
28

 

2 p-NMe2C6H4 

 

CH2CH3 2.5 87
8a

 

3 p -CH3OC6H4 

 

CH2CH3 3 89
28

 

4 p -ClCC6H4 

 

CH2CH3 2.5 93
20f

 

5 p -NO2C6H4 

 

CH2CH3 1.5 87
20f

 

6 m-CH3OC6H4 

 

CH2CH3 1.5 89
29

 

7 m-NO2C6H4 

 

CH2CH3 1.5 79
20f

 

8 m-CH3C6H4 

 

CH2CH3 2 85
30

 

9 2-naphthyl 

 

CH2CH3 2.5 83
25

 

10 p-biphenyl CH2CH3 3 88
25

 

 

11 2-Furyl 

 

CH2CH3 1 87
28

 

12 p-CH3C6H4 CH3 1.5 90
20f

 
a
Reaction progress was monitored by TLC. 

 
b
Refers to yield of isolated, purified product. 

 
c
All products have been previously reported and were identified by comparison of melting 

point and their spectral data with those reported in the literature.  Superscript against yield 

refers to literature reference for product.
1
H and 

13
C-NMR are provided in the SI section.  
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