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1. Introduction – The utilization of in-vitro biocatalysis as synthetic route for oligomers and polymers 

emerged in the last decades, providing new perspectives for the development of the polymeric materials 

field, in addition to the well-known polymer synthesis by microbial biotransformation or chemical 

catalysis [1]. The advancement in this topic was enhanced by the possibility to use renewable monomers 

and to exploit the high catalytic power, specificity, and selectivity of the enzymes, resulting in specialty 

polymers with new functionalities and increased biodegradability. A wide range of copolymers were 

synthesized from biobased raw materials using enzymes in both native and immobilized form, 

emphasizing the green and environment friendly character of the whole process [2].  

 

2. Experimental – The experiments have been carried out in reaction vials, using an Eppendorf 

Thermomixer Heating Shaker, with temperature and mixing speed control (typically at 80°C and 1200 

rpm). Different organic solvents (including green solvents) were investigated as reaction media, but 

solvent-free systems were also considered. The monomer conversions and average molecular weights of 

the linear and cyclic reaction products were determined by GPC/SEC liquid chromatography, while the 

mass distribution and composition of the product were assessed through MALDI-TOF MS spectrometry, 

as previously reported [3].  

 

3. Results and Discussion – This work reports the utilization of lipases for the synthesis of biobased 

polyesteramides and polyesters. The ability of lipases to catalyse ester- and amide-bond forming reactions 

is well known, and synthesis of polymers of these types can be carried out by ring-opening 

polymerization or condensation polymerization. Several biobased compounds were investigated as 

starting materials for the biocatalytic synthesis of novel copolymers, specifically ε-caprolactam, ε-

caprolactone, hydroxy fatty acids, and 5-hydroxymethyl-2-furoic acid (Figure 1). Native and immobilized 

lipases have been used as biocatalysts, including lipase TL from Pseudomonas stutzeri, lipase B from 

Candida antarctica, Novozyme 435 and GF-CalB-IM (commercially available immobilized lipases from 

Candida antarctica B), as well as lipases immobilized by sol-gel entrapment in our laboratory. Typically, 

the synthesis of linear and cyclic oligomeric 

esteramides and esters has been achieved at average 

molecular weights between 1000-5000 Da. The 

structures of the synthesized compounds were 

demonstrated by NMR analysis, while thermal analysis 

gave useful information concerning their stability. 

Biodegradability was studied using both a hydrolytic 

enzyme and in natural aqueous environment. Multiple 

utilization of the immobilized lipases was successfully 

achieved and can be an important reason for the 

possible scaling-up. 

 

4. Conclusions - Although the enzymatic synthesis is usually limited to oligomeric compounds, the lower 

molecular weight can be an advantage for specific applications, like as nanocarriers for drug release. 

Biodegradability and biocompatibility also represent important advantages sustaining the development of 

novel green oligomeric materials, with improved functionalities for cosmetic and biomedical applications.  
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Figure 1. Reaction scheme of lipase-catalysed synthesis  

of a linear polyesteramide from ε-caprolactam and 

16-hydroxyhexanoic acid  


