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Polyprenylated coumarins exhibit anticancer,1,3 anti-
inflammatory,4,5 antiviral (including anti-HIV),4–6 phospho-
diesterase-4 inhibitory,7 antioxidant8 and other biological 
activities.9–13 Of particular note are conjugates of mono-
terpenoids and hydroxycoumarins possessing antiviral or 
anticancer activity.14–20 Specifically, phenylcoumarin 1 
containing geranyloxy fragment showed high inhibitory activity 
against TDP1, an important target for complex anticancer 
therapy.19,21 In silico molecular docking against TDP1 catalytic 
pocket suggested that introducing into compound 1 a linker 
fragment between coumarin and monoterpene parts capable of 
acting as a hydrogen bond acceptor may enhance inhibitory 
activity against TDP1. Additionally, this fragment could reduce 
the lipophilicity level inherent to conjugates of type 1. From a 
biological activity viewpoint, the combination of mono- 
terpenoid and heterocyclic fragments is particularly promising.22 
In this context, a heterocyclic isoxazole fragment may be 
considered as a suitable linker.

Previous studies demonstrated that isoxazoles containing 
a chloromethyl group were convenient building blocks for 
synthesizing biologically active compounds by introducing an 
isoxazolylmethyl fragment into various molecules.23,24 The most 
efficient method for synthesizing 5-(chloromethyl)isoxazoles is 
a recently developed one-pot procedure involving the reaction of 

in situ generated nitrile oxides with an excess of 2,3-dichloro-
propene. The latter served both as the reactant, the synthetic 
equivalent for propargyl chloride, and the solvent.25,26 This 
approach avoids the side reaction of nitrile oxide dimerization 
into furazans and significantly increases the yield of target 
products, particularly in the case of unstable aliphatic nitrile 
oxides.27 The resulting isoxazoles bearing active chloromethyl 
fragments can be used to synthesize conjugates in reactions with 
phenols.

In this work, starting 7-hydroxycoumarins which can be used 
as O-nucleophiles were obtained by the Pechmann condensation 
of resorcinol 2 with substituted b-keto esters 3–5 (Scheme 1).28

It was found that the reaction of geranial oxime with 
2,3-dichloropropene under described conditions25,26 resulted in 
intense resinification making isolation of the target product 
impossible. Therefore, we replaced geranial with its saturated 
analogue, 3,7-dimethyloctanal (Scheme 2). In the first step, 
3,7-dimethyloctanol 9 was oxidized to aldehyde 10,29 which was 
then reacted with hydroxylamine hydrochloride to form the 
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Scheme  1  Reagents and conditions: i, EtOH, H2SO4, room temperature.
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corresponding oxime 11.30 Oxime 11 was subjected to cyclization 
with 2,3-dichloropropene thus yielding chloromethylisoxazole 
derivative 12.25

The reaction of compound 12 with herein synthesized 
7-hydroxycoumarins 6–8 and commercially available 4-methyl-
7-hydroxycoumarin 13 in the presence of potassium carbonate in 
acetone was performed in an Anton Paar Monowave 50 reactor 
at 125 °C (Scheme 3). The pressure in the reactor rose to 6 atm, 
and the processing for 4 h31 afforded the target compounds 14–17 
with yields ranging from 33 to 45%.

The inhibitory activity of these compounds against TDP1 was 
determined following the described32 methodology. Furamidine, 
the only commercially available TDP1 inhibitor,32 was used as 
a positive control. As shown in Table 1, the half-maximal 
inhibitory concentration (IC50) values were in the low micromolar 
and submicromolar ranges. Compound 14 was the most active 
one with an IC50 of 0.8 µm, making it the most promising 
candidate for further evaluation.

In general, the synthetic way to new monoterpene–coumarin 
conjugates linked through isoxazole fragment was developed. The 
compounds obtained demonstrated high inhibitory activity against 
enzyme TDP1, important target for complex antitumor therapy.
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Table  1  IC50 values of compounds 14–17.

Compound IC50 /µm

14 0.8 ± 0.5
15 1.6 ± 0.4
16 2.1 ± 0.2
17 3.1 ± 0.7
Furamidine 1.2 ± 0.3
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