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Introduction 

The enzymes AKR1C1 AKR1C4, members of the aldo-
keto reductase superfamily, catalyse the interconversions
of 3-, 17- and 20-ketosteroids with the corresponding
3�/β�-, 17β�-, 20�α-hydroxysteroids to varying extents, using
NADPH as a cofactor1). In this way they can control the
ligand occupancy and trans-activation of androgen,
estrogen and progesterone receptors by modulating the
concentrations of the active steroids. The AKR1C
enzymes are also involved in the prostaglandin and
neurosteroid production and inactivation, and in the
metabolism of xenobiotics. Among them, AKR1C3
preferentially acts as a 17β-ketosteroid reductase and
converts a weak androgen 4-androstene-3,17-dione to
a potent androgen testosterone, and estrone to a potent
estrogen 17�β-estradiol. AKR1C3 also catalyses the
reduction of prostaglandin H2 (PGH2) into PGF2α�, and
PGD2 into 11β�-PGF2, thereby diverting the biosynthesis
of prostanoids away from the antiproliferative J-series.
Catalysing these reactions, AKR1C3 represents an
important target enzyme for the development of potential
drugs for a treatment of the hormone dependent and
hormone independent forms of cancer.

Experimental methods 

General procedure for the synthesis of acids: Potassium
acetate (982 mg, 10 mmol) or triethylamine (1.5 mL,
10.75 mmol) was added to a stirred mixture of the
appropriate arylacetic acid (7.5 mmol), aromatic aldehyde
(7.5 mmol) and acetic anhydride (3 mL, 32 mmol). The
reaction mixture was stirred at 100–140 °C for 3.5�–70 h.
Then, it was cooled to rt, water was added (40 mL) and
the mixture was treated with a solution of 10 M NaOH

until pH 12 was reached, followed by conc. HCl (to pH 1).
The resulting mixture was extracted with dichloromethane
(3 . 80 mL). Organic phases were extracted with 2 M
NaOH (3 . 80 mL) and water (80 mL). The combined
aqueous solutions were washed with dichloromethane
(100 mL) to remove the impurities and traces of starting
materials, then acidified with conc. HCl (until pH was 1),
and finally extracted with dichloromethane (4 . 50 mL).
The organic phase was washed with brine (100 mL), dried
over anhydrous sodium sulphate, evaporated to dryness
and the residue was crystallized from a suitable solvent.

Cinnamic acids were assayed for their inhibition of the
enzymes AKR1C1�AKR1C3 at the Institute of
Biochemistry, Faculty of Medicine, University of
Ljubljana. 

Results and discussion 

Recently, �α-methylcinnamic acid was reported as
a promising inhibitor of AKR1C3 enzyme3). This
prompted us to design the synthesis of a series
of cinnamic acids with bulky aryl substituents on the
�α-position (α�-arylcinnamic acids) (Fig. 1) and to evaluate
their AKR1C1�AKR1C3 inhibitory activities4).

Acids were available with the Perkin reaction between
substituted benzaldehydes and properly functionalized
arylacetic acids in acetic anhydride using either potassium
acetate or triethylamine as a base that led to the desired
α�-arylcinnamic acids (2,3-diarylpropenoic acids) as the
final products (Fig. 2)4).

Following the above procedure, 42 acids were
synthesized, and their activities against AKR1C
enzymes were evaluated, for details see4). Some of the
most active and selective AKR1C3 inhibitors are
presented on Figure 3. 

Synthesis and biological activity of selected cinnamic acid derivatives

MARTIN GAZVODA, SLOVENKO POLANC
Faculty of Chemistry and Chemical Technology, University of Ljubljana, Slovenia

dr. Martin Gazvoda (�)
Faculty of Chemistry and Chemical Technology, University of
Ljubljana
Veãna pot 113, SI-1000 Ljubljana, Slovenia
e-mail: martin.gazvoda@fkkt.uni-lj.si

Fig. 1. Design of �α-arylcinnamic acids Conclusions 

Several �α-arylcinnamic acids were synthesized by the
Perkin reaction between the substituted benzaldehydes
and the properly functionalized arylacetic acids. They
were evaluated as inhibitors of AKR1C1� AKR1C3.
A modification of the structure revealed that the
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and may serve as a good starting point for the
development of new antitumor agents for the treatment of
the hormone-dependent and hormone-independent forms
of prostate and breast cancers. 
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Fig. 3. Most active and selective AKR1C3 inhibitor

inhibitor of AKR1C3, and also shows very good
selectivity. Its 4-methylphenyl and 4-ethylphenyl
analogues, which exhibit a slightly lower activity against
AKR1C3, are the most selective ones. Our data suggest
that α�-arylcinnamic acids (2,3-diarylpropenoic acids)
represent a new class of selective inhibitors of AKR1C3

Fig. 2. Synthesis of �α-arylcinnamic acids

4-methylsulfonylphenyl substituent at the position 2 of
the 2,3-diarylpropenoic acid is an appropriate one to
obtain a selective inhibition of AKR1C3. We found that
the compound with 4-Br substituent (Fig. 2) is the best
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