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Abstract. Synthetic indolizines have attracted special attention in the past years mainly due to their manifold 
practical utilities. An improved preparation of bis-indolizines using microwave-assisted synthesis is 
described. The microwave-mediated three component reaction of acyl bromide, bipyridine and dipolarophyl 
is catalyzed by basic alumina to give corresponding bis-indolizines in excellent yields in a one –pot reaction. 
This strategy would provide access to fast synthesis of bis-indolizines which otherwise are accessible only 
through multistep synthesis.  
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Introduction 

The conception of molecules with biologic properties is very interesting and opens a field of research 
important for molecular biology and pharmacology. Microwave irradiation is known to accelerate organic 
reactions and is a powerful tool in organic synthesis and in biocatalysis. The microwave-promoted solid phase 
heterogenous reaction is well-known as an environmentally benign reaction methodology that usually provides 
improved selectivity, enhanced reaction rates, cleaner products and manipulative simplicity [1-10].  
The objective of the present study was to establish the viability of a three-component reaction (3-CR) involving 
a 1,3-dipolar cycloaddition reaction between an in situ generated dipole (from ω-bromacetophenones and  
4,4’-bipyridine) and ethyl propiolate, using a fast and facile reaction strategies that involve microwave energy 
as unconventional energy source. This strategy would provide access to fast one-pot synthesis of bis-indolizines 
which otherwise are accessible only through multistep synthesis [14-16]. 1,3-Dipolar cycloaddition has been 
widely used for the synthesis of heterocyclic compounds because of its utility for creating two sets of bonds 
in a single operation and because stereoselectivity and regioselectivity are easily predictable [11]. Among  
a number of 1,3-dipoles, azomethine ylides are useful intermediates for the synthesis of various five-
membered nitrogen-containing heterocycles. They belong to the class of 1,3-dipoles of the allyl type with a 
cationic nitrogen atom and react with several dipolarophiles to give pyrrolidine derivatives, respectively [12-
13]. 
 
Results and discussion 

We report here the synthesis of novel nitrogen heterocycles, with fluorescent properties. These 
compounds are easy prepared using microwave-assisted synthesis. The microwave-mediated three component 
reaction of phenacyl bromide, bipyridine and dipolarophyl is catalyzed by basic alumina to give corresponding 
bis-indolizines in excellent yields in a one–pot reaction. 

Previously, we have studied the synthesis of this type of compounds using multistep reactions. 
Substituted indolizines are very attractive heterocyclic units, as a number of representatives of this class and, 
especially their partially or completely reduced analogues, indolizidine alkaloids and related natural 
compounds which exhibit important biological properties. As a part of our program on developing efficient 
methods for differently substituted indolizines, we were particularly interested in elaborating efficient 
approaches toward three-component reaction of these compounds which are very interested from the point of 
view fluorescent properties, certain of them being useful for securely marking articles, such as documents 
and security paper.  

If successful, such a strategy would provide access to fast one-pot synthesis of cycloadducts which 
otherwise are accessible only through multistep synthesis. The first successful examples of the application of 
this approach are described here in (Scheme 1). 

 



Rodica Dinica et al./Chem. J. Mold. 2009, 4 (2),  82-85 

 83

microwave
KF/aluminaR2

N N

R1 R1

2 2C
O

H2C R

Br
+

2 3
4R: C6H5, C6H4(p)NO2 C6H4(p)OCH3,C6H4(m)OCH3, 

     C6H4(p)Cl, C6H4(p)Br,C6H3(OH)2(o,p)
 R1:COOEt

N

N

1

+

R R

O O

 

Scheme 1. One-pot synthesis of bis-indolizines 

 
The design of multicomponent reactions (MCR) is an important field of research from the point of 

view of combinatorial chemistry. Being a one-pot reaction, generally multicomponent reactions afford good 
yields.  

The indolizines constitute the core structure of many naturally occurring alkaloids (-)slaframine,  
(-)dendroprimine, indalozin and coniceine. The synthesis of biologically active indolizines continues to attract 
the attention of organic chemists.  

The indolizines are most commonly synthesized by sequential N-quarternization and intramolecular 
cyclocondensation reactions or the cycloaddition reaction of N-acyl/alkyl bipyridinium salts. These strategies, 
however, involved multistep synthesis employing two-component reactions and do not represent the goal of an 
ideal synthesis.  

Bis-indolizinic compounds were prepared, by classical reaction, according the retrosynthetic strategy 
based on cicloaddition reaction (Scheme 2) [14-15]. 
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Scheme 2. Retrosynthetic strategy for obtaining of bis-indolizines 
 

It was reasoned that basic alumina can be used as a basic catalyst under microwave energy for in situ 
dipole generation from the N,N’-biphenacyl bipyridinium salt, which could participate in a [3+2] 
intramolecular cycloaddition reaction with acetylene dienophiles. Thus, when a three-component mixture of 
phenacyl bromide, 4,4’- bipyridine, and ethyl propiolate was thoroughly mixed in basic alumina and 
irradiated in a domestic oven for 10 min, the reaction products was obtained in very good yields In the 
following table there are the results obtained in synthesis of bis-indolizines by classical reactions, in 
multistep way and one-pot synthesis.  
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Table 1  
Bis-indolizine’s yields by classical reactions, in multistep and one-pot synthesis 

 
Reaction type Solvent Activation 

mode 
Time 
(min) 

T 
(°C) 

η 
(%) 

N-methylpirolidone MW 
Δ 

15 
300 

95 
50 

70-75 
60-65 

Multistep reaction 
(second step) 

No solvent MW 
Δ 

15 
300 

95 
50 

67-70 
65-70 

N-methylpirolidone MW 
Δ 

15 
300 

95 
95 

72-75 
65-70 

One-pot reaction 

No solvent MW 
Δ 

15 
300 

95 
95 

70-75 
70-75 

 
The usefulness of this methodology lies in the fact that the three-component reactions are carried out rapidly 
under microwave-promoted environmentally benign, solvent-less conditions to give substituted indolizines in 
excellent yields. The catalytic effect of basic alumina was found more prominent in solid-phase 3-CRs than 
liquid-phase 3-CRs (Table 1 ). The reaction is compatible with substitutents such as aroyl groups and 
bipyridines. In conclusion, the methodology reported herein denotes a new class of 3-CR, which is expected to 
be a general route for the facile, one-pot combinatorial synthesis of a wide range of bis-indolizines. 
 
Experimental 

General Synthetic Procedure. 4,4’-bipyridine, 1, (1 mmole), phenacylbromide derivative, 2, (3 mmole), 
dipolarophyle,3, (3 mmole), and basic alumina (2 g) were added in a 50 mL beaker. The mixture was stirred  
to obtain a free flowing powder, which was irradiated in a microwave oven at 300 W for an appropriate  
time (monitored by TLC). After cooling to room temperature, the product was extracted with chloroform  
(3 x15 mL). The product obtained after removal of solvent under reduced pressure was crystallized from a 
suitable solvent (EtOAc-petroleum; ether; MeOH). The structure of the bis-indolizinic products, 4, was 
confirmed by spectral data and comparison with authentic samples prepared according to literature methods 
[14-16]. All reactions were carried out in a commercially available BPL BMO 800T multimode microwave 
reactor having a maximum power output of 800 W operating at 2450 MHz. Mass spectra were recorded using 
MSQ-Plus spectrometer. Melting points were recorded on a Metler Toledo melting point apparatus and are 
uncorrected. 
 
Conclusion 

A rapid, economic and environmentally friendly method has been developed for bis-indolizine synthesis 
using KF/basic alumina. The reagent system described here may be a good alternative to well known methods 
since the cycloaddition proceeds expeditiously with high yields under solvent-free conditions. These 
procedures are clearly dependent on the reaction medium and mechanisms involved. 

Solvent-free organic synthesis offers a lot of advantages connected to safety, enhancement in reactivity 
and selectivity, cost saving, and energy and pollution prevention. When coupled with microwave irradiation, no 
thermal effects can be developed, thus allowing considerable improvements over classic procedures. 

By this way, it can be improved the selectivity, enhanced the reaction rate and it can be obtained the 
cleaner products. 
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