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Abstract: Synthesis of a few 3, 4-disubstitued β-lactams derived from polycyclic aromatic 

conjugated imines has been achieved following Staudinger reaction under classical conditions 

and Microwave-induced reaction. Unprecedented formation of trans β-lactams has been 

observed under microwave-induced reaction conditions and high temperature.  
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Introduction: The impact of β-lactams has been very significant because of their medicinal 

applications.
1
 For this reason, the research on useful β-lactams is one of the most attractive 

areas.
2
 Our research has culminated in the synthesis of β-lactams

3,4,5
 as anticancer agents.

6,7,8 

Following our own method, we describe stereoselective synthesis of a few trans 3, 4-

disubstituted β-lactams using polycyclic conjugated imines by cycloaddition chemistry.  

 

Results and Discussion: The cycloaddition reaction has been extensively investigated for the 

preparation of β-lactams. It is established that the stereochemistry of β-lactams depends on the 

substituents present in the imine and acid chloride and the conditions of the reactions.
9
 For 

example, the reaction of acyloxy, alkoxy, and nitrogen-containing acid chloride with diaryl imine 

produces cis-β-lactams. However, the reaction of polyaromatic imines
6,7,8

 with acid chloride 

produces trans-β-lactams. Importantly imines derived from conjugate carbonyl compounds 

always produce cis-β-lactams as the only products. Some of the trans acetoxy β-lactams have 

demonstrated anticancer activity in vitro.
6,7,8 

Therefore, further synthetic and biological studies of 

these types of compounds are necessary. 

Reaction of diarylimine 2 with acid chloride 1 was performed at 0°C-room temperature and a 

single β-lactam 3 was obtained in 70% yield.
10

 But, microwave-induced method produced a 

mixture of two β-lactams 3 and 4 in a ratio of 1:9 (70% yield).
11,12,13,14

 High temperature reaction 

also produced an identical mixture of products 3 and 4 in comparable yield (Scheme 1). 
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When irradiated in a microwave oven using chlorobenzene and triethylamine, cis β-lactam 3 and 

6 did not isomerize to trans β-lactams 4 and 7. Isomerization could not be detected when cis β-

lactams were heated at thigh temperature (80 ۫C) using chlorobnezene at triethylamine. These 

experiments confirmed that there was no isomerization of the cis β-lactams during reaction at a 

high temperature and / or under microwave irradiation. 

 

The results observed in this present study are new and support our hypothesis.
6,7,8

 It has been 

demonstrated that cycloaddition of the imine occurs from the least hindered side of the ketene 

and generates zwitterionic intermediates. Conrotatory cyclization of these intermediates is 

responsible for the formation of β-lactams (Scheme 2).  
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The formation of compounds trans compounds can be explained through an isomerization of the 

enolate (Scheme 2, A to B).
6,7,8,15 

The electron-withdrawing polyaromatic group at the nitrogen 

stabilizes the iminium ion.  This stabilization allows a rotation of the bond (A to B) and an 

intermediate C can be formed.  The significant electron withdrawing effects of the polyaromatic 

system at nitrogen is the predomination force at high temperature and under microwave-induced 

conditions.  This results in the formation of a trans β-lactam even with conjugated imines 

derived from polyaromatic systems. The classical condition using imine follows the usual 

cycloaddition route as reported in the literature and this gives cis-type of compounds
. 
In this case, 

stabilization of the iminium by the conjugated system present in imine appears to be more 

significant and this results in cis β-lactam formation. Microwave radiation and high temperature 

proves to be responsible to alter the structure of the intermediate presumably through a rotation 

of the bond and these results in the formation of trans β-lactams with conjugate polyaromatic 

systems.
16-19 

Structurally, these β-lactams are similar to our anticancer compounds.
6,7,8 

The presence of the 

conjugated system in these β-lactams can be used to prepare a variety of other compounds 

through oxidative cleavage. An availability of these compounds may therefore, prove to be 

useful for our structure-activity study.
6,20 

 

Conclusion: The unprecedented stereochemical results along with the mechanism of the 

Staudinger reaction with polyaromatic conjugated imines will offer additional opportunities to 

use β-lactams in the synthesis of new compounds having anticancer properties.  
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