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Green Chemistry allows the control of environmental hazards and pollution, reducing chemical waste 

and dangerous effects on workers’ health [1]. Recently, the use of continuous biocatalysis has become 

widespread in API synthesis, stimulating the application of immobilized enzymes in packed bed reactors, 

allowing the overcoming of some practical problems connected to batch procedures, such as product 

inhibition, low productivity, scalability, biocatalyst stability and product and/or intermediate degradation 

[2]. 

During my Thesis, I worked on the development of two novel continuous synthetic protocols exploiting 

the combination of the flow chemistry and biocatalysis for the obtainment of carbonate and carbamate 

derivatives of natural phenolic compounds, characterized by increased lipophilicity compared to the parent 

compounds (Figure 1). As natural phenolic compounds, I selected tyrosol and hydroxytyrosol, mainly 

present in olive oil, due to their broad range of biological activities and their potential health benefits in 

particular as natural antioxidants [3].  

 
Figure 1: Chemical structures of the synthetized compounds. 

 

It is noteworthy that phenols and catechols can transfer the hydrogen from the phenolic hydroxyl group 

to different reactive oxygen species, reducing the oxidative stress in cells (Figure 2) and, as reported in 

literature, several alkyl-carbonate derivatives of hydroxytyrosol possess an increased activity compared to 

the parent compound, heightening the molecule lipophilicity and dimensions [4]. In addition, different 

natural antimicrobial agents can be plant origin, such as tyrosol, whose mechanism is related to the ATP 

synthase inhibition, and hydroxytyrosol, whose activity depends on the bacterial strains [5]. 
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Figure 2: Catechol antioxidant action guaranteed by the hydrogen transfer and the electrons redistribution 

on the aromatic ring. 

 

During my Thesis, first, I synthesized tyrosol and hydroxytyrosol carbonate derivatives (Figure 1, 

compounds 1-3) exploiting an immobilized lipase from Candida antarctica (CaLB) as biocatalyst in an 

unconventional organic medium as dimethyl carbonate (DMC). The reaction was studied in batch and then 

moved to flow. The switch from a batch traditional set up to a continuous one allowed to reduce the reaction 

time, simplify the work-up and increase the yield: the former needed 6 h to bring the reaction to 

completeness, filtration under pressure and flash chromatography purification steps were necessary to 

isolate the pure product (1), and the best yield achieved was 93%; the latter needed only 10 min of residence 

time to bring the reaction to completeness, did not require manual downstream processes or purifications, 

giving a quantitative yield. The optimized conditions were then applied to the synthesis of compound 2. 

Considering the hydroxytyrosol low availability in nature and its considerable price, I employed the 

biocatalyzed flow procedure previously developed by the research group for the oxidation of tyrosol into 

hydroxytyrosol [6]. Subsequently, hydroxytyrosol was used as starting reagent for the synthesis of the 3,4-

dihydroxyphenetyl methyl carbonate (2). 

According to literature [7], the synthesis of compound 3 was difficult and far away from being 

environmentally friendly and sustainable. In fact, the first step of its synthesis is usually performed under 

inert atmosphere, adding triphosgene dropwise to the reactor vessel containing a tyrosol solution in 

anhydrous tetrahydrofuran. Secondly, tyrosol chloroformate was the substrate of tyrosol nucleophilic 

attack, obtaining bis(4-hydroxyphenetyl) carbonate (3). Considering the well-known triphosgene 

corrosivity and toxicity, non-phosgene strategies and catalytic carbonylation reactions could be highly 

attractive. Additionally, compound 3 has been recently described as monomer of a new class of 

biodegradable, aromatic polycarbonates deriving from tyrosol. Indeed, I exploited compound 1 as a starting 

material for the synthesis of compound 3 (Figure 3). Tert-amyl alcohol is an intermediate polar solvent that 

has been demonstrated to keep a high catalytic activity of lipase because of its large steric hindrance effect. 

Combined with its safety profile, low freezing point (in comparison to t-BuOH), and ability to solubilize 

polar compounds, it was chosen as unconventional medium for the biocatalyzed synthesis of the following 

compounds. The final flow protocol allowed the isolation of the desired compound 3 in two hours (vs 4 day 

in batch), maintaining the same isolated yield of 23% compared to batch. 
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Figure 3: Synthesis of Ty carbonate derivatives. 

 

Finally, the synthesis of the carbamate derivatives has been investigated. A novel protocol in tert-amyl  

alcohol has been designed to perform the CaLB-catalyzed carbonate aminolysis forming the carbamate 

derivatives 4 and 5 (Figure 4), exploiting amines with antioxidant and antifungal properties, i.e., tyramine 

and 1-(3-aminopropyl) imidazole as nucleophiles [8]. The reaction gave the maximum conversion after 1 

hour of residence time and I was able to isolate the desired product 4 and 5 in 19% and 26% yield, 

respectively. 

In conclusion, thanks to the use of a commercially available immobilized biocatalyst in a packed bed 

reactor, reaction time, work-up efficiency and productivity were increased compared to the traditional batch 

synthesis. Five compounds were synthesized with biocatalyzed phosgene-free procedures, and, according 

to the biological results, the antimicrobial and antiradical activities of the parent compounds were left 

unchanged, improving at the same time their lipophilicity. As a result, it is reasonable to say that flow 

chemistry and biocatalysis are ideal partners for the design of novel, sustainable, efficient, scalable, and 

automated processes.  

 

 

Figure 4: Flow set-up exploited for the carbamate derivative continuous biocatalyzed synthesis. 

 

 

 

 

 

 

 

HO

OH

HO

O OMe

O
O O

HO OHODMC
tyrosol

tert-amyl alcohol

1
2

1 3
CaLB CaLB

waste

valvecolumn

Syringe pump

1 eq.

CaLB
V = 1.72 mL

T = 80 °C
R. Time = 1h

HO

O O

OH
O3

+

NH2

HO
OR

N

N
H2N

1 eq. 1 eq.

HO

O
H
N

O
OH

HO

O
H
N

O

N N

OR

4

5

+ tyrosol



 4 

REFERENCES: 

[1] S. Kar, H. Sanderson, K. Roy, E. Benfenati, J. Leszczynski, Green Chemistry in the Synthesis of 

Pharmaceuticals, Chemical Reviews, 2022, 122(3), 3637-3710. 

[2] L. Tamborini. P. Fernandes, F. Paradisi, F. Molinari, Trends in Biotechnology, January 2018, V 36, n° 

1. 

[3] D. Loru, A. Incani, M. Deiana, et al., Protective effect of hydroxytyrosol and tyrosol against oxidative 

stress in kidney cells, Toxicology and Industrial Health, 2009, 25(5), 301-310.  

[4] I. Fernandez-Pastor, A. Fernandez-Hernandez, F. Rivas, A. Martinez, A. Garcia-Granados, A. Parra, 

Synthesis and Antioxidant Activity of Hydroxytyrosol Alkyl-Carbonate Derivatives, Journal of Natural 

Products, 2016, 79, 1737-1745.  

[5] M.S. Medina-Martínez, P. Truchado, I. Castro-Ibáñez, A. Allende, Antimicrobial activity of 

hydroxytyrosol: A current controversy, Bioscience, Biotechnology and Biochemistry, 2016, 80(4), 801-

810.  

[6] F. Annunziata, ML Contente, C. Pinna, L. Tamborini, A. Pinto, Biocatalyzed flow oxidation 

of tyrosol to hydroxytyrosol and efficient production of their acetate esters, Antioxidants, 2021, 

10(7). 

[7] S. D. Sommerfeld, N. S. Murthy, J. Cohen, Z. Zhang, J. A. Kaduk, and J. Kohn, “Structural 

Investigations of Polycarbonates whose Mechanical and Erosion Behaviour Can Be Controlled by Their 

Isomer Sequence,” Macromolecules, 2020, vol. 53, no. 22, pp. 9878–9889.  

[8] S. Slassi, A. Fix-Tailler, G. Larcher, A. Amine, and A. El-Ghayoury, “Imidazole and Azo-Based 

Schiff Bases Ligands as Highly Active Antifungal and Antioxidant Components,” Heteroat. Chem., 2019, 

vol. 2019, pp. 1–8. 

 


