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PURPOSE OF THE ABSTRACT

Terpenes are the most abundant and diverse family of natural compounds with over 64000 structures identified to
date. Plants rich in terpenes have been used for medicinal purposes by various human cultures around the world,
and many terpenes and terpenoids are now recognized for their biological activities, such as antimicrobial,
anti-inflammatory, and antitumor properties.

The chicory plant has a long medicinal history, as it was used as a herbal remedy by ancient civilizations for the
treatment of various pathologies. Its root is rich in secondary metabolites with biological activities, mainly
polyphenolic compounds and sesquiterpene lactones (STL). The functionalization of these compounds is a
promising approach for pharmaceutical applications, as well as in the agri-food sector.

Out of the thousands of terpenoids compounds that have been characterized, it is notable that a primary allyl
alcohol moiety is highly frequent among the terpene family, serving as a promising starting point for the addition of
side chains or various linkers. Our global strategy was then to use the anchor points to substitute them with various
chains and chemical functions, converting the STL into versatile building blocks bearing different physicochemical
properties. Our approach is based on the use of enzymes to maximize the selectivity of the reactions, as terpenes
often exhibit more than one accessible hydroxyl group on their structure. As an example, we present here one of
our most promising achievements, based on the use of an immobilized lipase to introduce aliphatic esters onto STL,
with the primary goal of modulating their lipophilicity. This precise reaction was selected in the perspective to later
evaluate their antibiotic activity, as some terpenes already shown to exhibit interesting actions onto bacterial
membranes.

For this study, the rather classical Novozyme 435 (immobilized CAL-B), well known for its successful application in
ester synthesis, was selected among a lipase panel based on preliminary tests on several monoterpenes, but also
for its high availability, stability and ease of use, for further industrial development. Following our first screening, the
enzymatic reaction conditions were first optimized (1ImL of a mixture of MTBE and ACN (3:1) at 37 °C with 5 angstrom



molecular sieves) using (S)-perillyl alcohol, a cheap cyclic monoterpenoid carrying an allyl alcohol moiety.
Afterward, we applied our synthesis to the transformation of the very expensive main four STL found in chicory root
(lactucin, dihydrolactucin, lactucopicrin and dihydrolactucopicrin), which were never functionalized enzymatically by
any means until then.

We started with the simplest ester derivative, a methyl ester, for which we compared the reactivity of two common
types of acetyl donors, acetic acid and vinyl acetate. While 76 % yield could be achieved with the first in our
conditions, a complete transformation could be observed with the latter, as we could expect from its higher
reactivity. In both cases, acyl donors were introduced in 10:1 equivalent to maximize the consumption of the
expensive STL. Then, we continued with dihydrolactucin, varying the length of the aliphatic chain in order to study
both the selectivity of the lipase, but also to target a range of different properties for the synthesized products.
Chloroacetate (92 % yield), propanoate (100 % yield), hexanoate (74 % vyield) and octanoate (69 % vyield) ester
derivatives could be obtained after 48h hours of reaction. In addition to these high yields, very high selectivity was
observed with no substitution on the secondary alcohol of our 4 STL, and the naturally present ester groups of
lactucopicrin and dihydrolactucopicrin were not hydrolyzed during the reaction.

In conclusion, we report here the first example of enzymatic synthesis methodology to functionalize STLs from
chicory with very high selectivity and a range of aliphatic esters.
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FIGURE 1

Representation of the selective transesterification of
DHLc

Selective transesterification of DHLc, a sesquiterpene
lactone from chicory, using Novozyme 435. 100%
conversion was obtained within 24h
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