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Abstract: 

Microwave-induced cycloaddition of N-aromatic carboxy silylated aromatic imines produces 

N-aromatic carboxy silylated -lactams. This reaction produces a mixture of cis and trans N-

aromatic carboxy silylated -lactams depending upon the nature of the acid chlorides. The silyl 

group is removed by a reaction in the presence of methanol to afford unique acids.  
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Introduction: 

Stereocontrolled synthesis of -lactams is a major research goal. In general, cycloaddition of 

imines with acid chloride in the presence of a tertiary base produces -lactams1. The 

stereochemistry of the -lactams may vary from cis to trans or a mixture of both2. Direct 

synthesis of -lactams with a free carboxy group at any part is difficult because imines are not 

possible to prepare from carbonyl compounds and primary amino acids. In this paper, 

microwave-induced facile synthesis of both cis and trans -lactams is described with protected 

N-aromatic carboxy silyl -lactams3. These are then transformed to their acids following 

standard method.  

 

Results and Discussions: 

Chemistry contributes significantly to the economic development of humans. Despite it faces 

significant societal and environmental challenges that need reexamination of traditional 

methods. To replace traditional method partly, microwave-induced chemical reactions are 

developed.  

Higher activation energy organic reactions that are difficult or impossible to conduct with 

conventional heating (oil bath, steam bath, and mantle) are conducted successfully with 

microwave due to the facile energy transfer method. Heat goes from external source externally 

and passes through the reaction container and solvent when thermally-assisted reactions are 

performed. Due to the inefficient heat transfer process, many reactions prove inefficient. In 
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contrast, microwave-assisted reactions have a few advantages. Microwave heating consists of 

coupling, irradiation, and molecular heating. Microwave coupling indicates the propagation of 

microwave energy to a substance and this it gets instantaneous heating. Microwave heating is 

an energy propagation method to the reactants and solvents. This method increases the kinetic 

movement of the molecules.  This is measured by quick energy transfer. Microwave irradiation 

is a non-ionizing radiation that exchanges energy of the system doing interaction with polar 

substrates. Moreover, the quick energy exchange from microwave to the reactants enhance the 

reaction rate.  

4-Amino benzoic acid 1 was attempted to react with benzaldehyde 2a first by refluxing in 

benzene solution. However no desired imine was formed. The carboxy group in 1 was protected 

with trimethyl silyl chloride in the presence of triethyl amine to afford 2. The reaction of 2 with 

various aromatic aldehydes 3a-d underwent smoothly at room temperature in the presence of 

molecular sieves to produce imines 4a-d.  CEM automated microwave-induced reaction of the 

imines 4a-d with acetoxy acetyl chloride was performed using N-methylmorpholine as the 

tertiary base and dichloroethane as the solvent at 400C. Acetoxy acetylchloride produced higher 

percentage of the trans -lactams 6a-d than cis isomer 7a-d (4:1). Interestingly, the same 

reaction with cooled reagents and at ice-cold conditions afforded the cis isomer 7a. The silyl 

protecting group in 6a and 7a was removed by aqueous methanol/TBAF in THF to afford the 

trans and cis-N-arylcarboxy -lactams 8 and 9 in excellent yield (Scheme 1 and Table 1).  

 

Scheme 1:  
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Table 1. Synthesis of β-lactams trans (6a-d) and cis (7a-d) 

-lactams 

6 and 7 

Aldehydea Acid 

Chloride 

Ratio of 

6 and 7b 

Yield 

(%)c 

Mp of 6 

(˚C)d 

Mp of 7 

(˚C)d 

a -Ph -OMe 78:22 90 231-232 82-83 

b -PMP -OMe 80:20 87 111-112 72-73 

c -4-Cl-Ph -OMe 83:17 86 247-248 191-192 

d -4-Me-Ph -OMe 81:19 93 158-159 209-210 

       
a PMP = p-Methoxyphenyl; 4-Cl-Ph = 4-Chlorophenyl; 4-Me-Ph = 4-Methylphenyl 
b The ratio of the diastereomers 6 and 7 was determined by 1H NMR. 
c Isolated yields of the diastereomeric mixture of 6 and 7. 
d Pure diastereomers were obtained by flash column chromatography.    

 

A typical experimental procedure is as follows. To a mixture of imine 4a (1 mmol) in 

dichloroethane (2 mL) was added N-methylmorpholine (3 mmol) and acetoxyacetyl chloride 5 

(1.3 mmol) in a small microwave reaction test tube. It was then irradiated at 700C for 3 min. 

After the reaction, water was added to the reaction mixture (5 mL) and it was then transferred 

to a separatory funnel. Lower layer was collected and it was then washed with dilute 

hydrochloric acid (10%, 5 mL), saturated aqueous sodium carbonate solution (5 mL), brine (5 

mL) and then the organic part was dried with anhydrous sodium sulfate (3 gm). The crude 

product was filtered and solvent was evaporated in a rotavapor under reduced pressure. The    
1H NMR data of the crude materials indicates two products 6a and 7a were formed in a ratio 

of 78: 22.  These compounds 6a and 7a can be crystallized from ethylacetate-hexane and Flash 

column chromatography.   

 

Conclusions: 

Despite the progress in -lactams research, direct synthesis of carboxy-substituted molecules 

was not possible. These compounds are extremely versatile because of the presence of aromatic 

acid group in the -lactam ring system. Due to the presence of the aromatic acid group, a 

number of chemical modifications can be performed and therefore, novel -lactams can be 

created.  
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