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A B S T R A C T

Literature reports that chalcones inhibit the monoamine oxidase (MAO) enzymes, mostly with specificity for the
MAO-B isoform, while nitrocatechol compounds are established inhibitors of catechol–O-methyltransferase
(COMT). Based on this, nitrocatechol derivatives of chalcone have been proposed to represent dual-target-di-
rected compounds that may inhibit both MAO-B and COMT. Both these enzymes play key roles in the meta-
bolism of dopamine and levodopa, and inhibitors are thus relevant to the treatment of Parkinson’s disease. The
present study expands on the discovery of dual MAO-B/COMT inhibitors by synthesising additional nitrocatechol
derivatives of chalcones which include heterocyclic derivatives, and converting them to the corresponding
pyrazoline derivatives. The newly synthesised chalcone and pyrazoline compounds were evaluated as inhibitors
of human MAO and rat COMT, and the inhibition potencies were expressed as IC50 values. A pyrazoline deri-
vative, compound 8b, was the most potent COMT inhibitor with an IC50 value of 0.048 μM. This is more potent
than the reference COMT inhibitor, entacapone, which has an IC50 value of 0.23 μM. The results indicated that
the pyrazoline derivatives (IC50 = 0.048–0.21 µM) are more potent COMT inhibitors than the chalcones
(IC50 = 0.14–0.29 µM). Unfortunately, the chalcone and pyrazoline derivatives were weak MAO inhibitors with
IC50 values > 41.4 µM. This study concludes that the nitrocatechol derivatives investigated here are promising
COMT inhibitors, while not being suitable as MAO inhibitors. Using molecular docking, potential binding modes
and interactions of selected inhibitors with COMT are proposed.

Monoamine oxidase (MAO) metabolises biogenic amines in the
central and peripheral tissues, and thus plays an important role in the
inactivation of neurotransmitters.1–3 Two isoenzymes of MAO have
been identified, MAO-A and MAO-B, and inhibitors of these enzymes
have found application in the treatment of neuropsychiatric and neu-
rodegenerative disorders. In this regard, MAO-A degrades serotonin and
noradrenaline in the central nervous system (CNS), and MAO-A in-
hibitors have been useful for the treatment of psychiatric illnesses such
as depression.1,4,5 In the CNS, MAO-B is a major metabolic enzyme for
dopamine and β–phenylethylamine, and MAO-B inhibitors have thus
been used for the treatment of neurodegenerative disorders, particu-
larly Parkinson’s disease.2 The rationale for the use of specific MAO-B
inhibitors in Parkinson’s disease is based on the inhibition of dopamine
metabolism which results in the enhancement of striatal dopaminergic
activity.6 MAO-B inhibitors are often co-administered with levodopa in
an attempt to further enhance dopamine levels following levodopa
treatment.7,8 A more theoretical rationale for the use of MAO-B in-
hibitors in patients with Parkinson’s disease originates from the ob-
servation that hydrogen peroxide is produced as by-product of MAO

catalysis. Since hydrogen peroxide may lead to oxidative damage, it has
been postulated that hydrogen peroxide produced by MAO-B in the
brain may contribute to neurodegeneration in Parkinson’s disease.
MAO-B inhibitors have thus been advocated as potential neuroprotec-
tive agents.2

The enzyme, aromatic L-amino acid decarboxylase (AADC), dec-
arboxylates levodopa in the gastrointestinal tract and liver to yield
dopamine, and subsequently only a fraction a levodopa dose reaches
the systemic circulation.9 The combination of levodopa with an AADC
inhibitor such as carbidopa or benserazide, increases the fraction of
levodopa that reaches the systemic circulation, thus improving the
bioavailability of levodopa to the brain.10,11 Dopamine as well as le-
vodopa is also metabolised by catechol–O–methyltransferase (COMT)
in the central and peripheral tissues. In the periphery, COMT inhibitors
such as tolcapone and entacapone reduce the O–methylation of levo-
dopa, and thus enhance the fraction of levodopa that is available for
uptake into the brain.12–15 Central inhibitors of COMT (e.g. tolcapone)
may also reduce levodopa and dopamine metabolism in the brain,
which further may improve the therapeutic efficacy of levodopa.16
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COMT inhibitors are usually administered in conjunction with a com-
bination of carbidopa/levodopa. The inhibition of levodopa metabolism
by AADC and COMT inhibitors allows for a reduction in the levodopa
dose, which greatly reduces the potential of levodopa-associated ad-
verse effects.17,18 Levodopa continues to be the gold standard drug for
the symptomatic treatment of Parkinson’s disease, and because of this
much interest in the development of inhibitors of the COMT enzyme
exists.16,19

Based on the roles of MAO-B and COMT in the metabolism of do-
pamine and levodopa, dual inhibitors of these enzymes may synergise
to enhance dopaminergic neurotransmission and provide an improved
therapeutic outcome in Parkinson’s disease. Chalcones are known to
inhibit the MAOs, mostly with specificity for the MAO-B isoform.20 For
example, chalcone 1 is a high potency MAO-B inhibitor with an IC50

value 0.0044 µM, while no inhibition of MAO–A is observed at con-
centrations of 50 µM (Fig. 1).20 Heterocyclic chalcone derivatives such
as 2 and 3 are also known to inhibit MAO-B. These compounds inhibit
MAO-B with IC50 values of 0.174 µM and 0.067 µM, respectively.21,22

The nitrocatechol moiety, in turn, is present in the clinically used
COMT inhibitors such as tolcapone and entacapone, and is considered
privileged for the inhibition of COMT. Based on this, it has been pro-
posed that nitrocatechol derivatives of chalcone may exhibit dual in-
hibition of COMT and MAO-B.23 A recent study thus showed that ni-
trocatechol derivatives of chalcone are high potency inhibitors of
COMT, although only moderate MAO-B inhibition was observed. For
example, chalcone 4 is a potent COMT inhibitor (IC50 = 0.29 µM) while
also acting as a moderately potent MAO-B inhibitor (IC50 = 13.9 µM).23

Chalcone 5 was the most potent COMT inhibitor reported in the lit-
erature study (IC50 = 0.07 µM).23

To expand on the structure–activity relationships (SARs) for dual
MAO/COMT inhibition, this study investigated additional nitrocatechol
derivatives. This study included three nitrocatechol derivatives of
chalcone (6a–c) bearing polar functional groups on ring B since these
are expected to increase inhibition of MAO-B (Table 1). In particular,
the nitrile functional group was considered as polar substituent since
benzo- and phthalonitriles are well-known to potently inhibit MAO-B.24

Hydroxy substitution also is known to enhance MAO-B inhibition.25

This effect of polar substitution on MAO B inhibition is due to the in-
teraction of the polar groups with the polar region of the MAO-B active
site in proximity to the FAD. For the first time, heterocyclic chalcone
derivatives (7a–f) that incorporate the nitrocatechol moiety will be
investigated as potential dual MAO/COMT inhibitors. As mentioned
above, heterocyclic chalcone derivatives have been reported to act as
good potency MAO-B inhibitors. This study will also convert some of
the chalcone compounds to the corresponding pyrazoline derivatives

(8a–c; 9a–d) since this class of compounds have been reported to be
good potency MAO-B inhibitors.26,27 The possibility that pyrazolines
may inhibit COMT has not been investigated before.

The nitrocatechol derivatives of chalcone (6a–c; 7a–f) were syn-
thesised according to the reaction scheme given in Fig. 2. The synthetic
route consisted of three steps. Firstly, nitration of 4-hydroxy-3-meth-
oxyacetophenone (apocynin; 10) was carried out with nitric acid in the

Fig. 1. The structures of chalcone compounds discussed in the text.

Table 1
The IC50 values for the inhibition of human MAO-A and MAO-B, and the IC50

values for the inhibition of rat liver COMT by the chalcone and pyrazoline
compounds and reference inhibitors.

R IC50 (μM) ± SD IC50 (μM) ± SD

MAO-A MAO-B COMT

6a 3-CN-C6H4- 58.9 ± 2.45 60.6 ± 5.17 0.24 ± 0.07
6b 4-CN-C6H4- 45.3 ± 2.52 56.6 ± 7.36 0.18 ± 0.06
6c 3-OH-

C6H4-
43.9 ± 4.69 55.8 ± 5.00 0.14 ± 0.04

7a 2-thienyl 49.9 ± 4.53 62.9 ± 7.58 0.19 ± 0.05
7b 3-thienyl 41.4 ± 3.09 42.1 ± 4.14 0.23 ± 0.05
7c 2-thiazolyl 69.6 ± 5.27 59.2 ± 9.75 0.24 ± 0.03
7d 3-furyl 52.9 ± 2.34 71.4 ± 2.99 0.29 ± 0.03
7e 2-furyl 60.5 ± 2.99 68.2 ± 12.49 0.23 ± 0.03
7f 1-methyl-

1H-
pyrazol-4-
yl

51.5 ± 4.89 66.2 ± 3.57 0.29 ± 0.03

8a 3-CN-C6H4- 70.6 ± 7.47 55.4 ± 3.21 0.079 ± 0.009
8b 4-CN-C6H4- 76. 6 ± 7.43 83.2 ± 14.5 0.048 ± 0.03
8c 3-OH-

C6H4-
87.0 ± 2.98 85.2 ± 7.48 0.075 ± 0.03

9a 2-thiazolyl 84.6 ± 4.90 68.2 ± 12.64 0.16 ± 0.05
9b 3-furyl 90.9 ± 3.22 126 ± 3.06 0.18 ± 0.05
9c 2-furyl 98.0 ± 6.62 77.4 ± 17.16 0.18 ± 0.05
9d 2-thienyl 86.3 ± 11.26 69.2 ± 2.82 0.21 ± 0.05
Entacapone – – 0.23 ± 0.05
Curcumin 5.02 ± 0.45 2.56 ± 0.21 –

R. Hitge, et al. Bioorganic & Medicinal Chemistry Letters xxx (xxxx) xxxx

2



presence of acetic acid to yield the nitro derivative 11 (5–ni-
troapocynin). In the second step, demethylation of 11 was carried out
with AlCl3/pyridine to yield the 5-acetyl-3-nitrocatechol 12.23,28 The
target chalcones (6a–c; 7a–f) were obtained via the Claisen-Schmidt
condensation reaction between 12 and an appropriately substituted
aldehyde in ethanol. Potassium hydroxide served as the base.29 The
nitrocatechol derivatives of chalcone were purified by crystallisation
from an appropriate solvent (yields: 12–35%). The pyrazoline deriva-
tives (8a–c; 9a–d) were synthesised by reacting the corresponding
chalcones with hydrazine hydrate in the presence of acetic acid.26,30

The yields for these reactions ranged from 38 to 96%. The chalcone and
pyrazoline derivatives were characterised by NMR and MS, while the
purity was assessed by HPLC (see supplementary material).

The MAO inhibitory properties of the nitrocatechol derivatives of
chalcone and the pyrazoline derivatives were investigated with the
recombinant human MAO enzymes. The MAO activity measurements
were carried out with kynuramine as substrate, which is converted by
MAO to yield the fluorescent compound, 4-hydroxyquinoline.31,32 After
measuring the catalytic activities of MAO-A and MAO-B in the absence
and presence (0.003–100 µM) of the test inhibitors, IC50 values were
estimated in triplicate and are reported here as the means ± standard
deviation (SD). These IC50 values are given in Table 1 and show that the
nitrocatechol derivatives of chalcone (6a–c; 7a–f) and the pyrazoline
derivatives (8a–c; 9a–d) are relatively weak inhibitors of MAO-A and
MAO-B, with IC50 values > 41.4 μM. These values are significantly
higher than those of the reference inhibitor, curcumin, which inhibit
MAO-A and MAO-B with IC50 values of 5.02 µM and 2.56 µM, respec-
tively. It is well-known that benzo- and phthalonitriles inhibits MAO-B
potently, and hydroxy substitution is also known to enhance MAO-B
inhibition of chalcones.24,25 Since chalcones are in general good po-
tency inhibitors of MAO-B, particularly compounds containing polar
groups on the A-ring (e.g. OH), it may be concluded that nitro sub-
stitution on the A-ring greatly diminishes MAO-B inhibition.20 It is in-
teresting to note that the pyrazoline derivatives are in general weaker
MAO inhibitors than the corresponding chalcones. The only exception
is MAO-B inhibition by 8a versus 6a.

To determine whether the synthesised compounds are inhibitors of
COMT, soluble fractions obtained from homogenates of rat liver tissue
were used as enzyme source.23,33,34 Ethical approval for the collection
and use of animal tissue was obtained from the Research Ethics Com-
mittee of the North-West University (ethics approval numbers: NWU-
00561-19-S5 and NWU-00562-19-S5). Esculetin (6,7–dihydrox-
ycoumarin) served as substrate and is methylated by COMT to yield
scopoletin, a reaction that may be monitored by fluorescence spectro-
photometry.35 COMT catalytic activity was thus measured in the ab-
sence and presence (0.003–80 µM) of the test inhibitors, and IC50 values
were estimated in triplicate and are given as the means ± SD (Fig. 3).
The IC50 values that were recorded are given in table 1, and show that

the nitrocatechol derivatives of chalcone (6a–c; 7a–f) and the pyrazo-
line derivatives (8a–c; 9a–d) are good potency inhibitors of COMT with
IC50 values < 0.29 μM. The pyrazoline derivatives are more potent
inhibitors than the chalcones, with 8b being the most potent inhibitor
with an IC50 value of 0.048 μM. COMT inhibitors containing the 3-ni-
trocatechol moiety that have been developed and introduced into the
market include entacapone (IC50 = 0.23 µM) that display similar po-
tency under these experimental conditions. Among the heterocyclic
derivatives, pyrazoline 9a was found to be the most potent inhibitor
with an IC50 value of 0.16 µM.

It is noteworthy that all nitrocatechol derivatives of chalcone and
the pyrazoline derivatives are good potency COMT inhibitors. This
shows that the B-ring does not have a significant effect on COMT in-
hibition. The B-ring can thus be explored to improve MAO-B inhibition
as it is unlikely to affect COMT inhibition to a large extent.
Nitrocatechol derivatives of chalcone and the corresponding pyrazoline
derivatives may serve as leads for the future design of potent COMT
inhibitors. This study is the first report of COMT inhibition by pyr-
azoline compounds and thus proposes the further development of these
nitrocatechol derivatives as potentially clinically useful COMT in-
hibitors. It should be kept in mind that the pyrazoline derivatives are
chiral and represent the racemates of two enantiomers. It is not clear if
both enantiomers contribute equally to COMT inhibition, but future
studies should separate the enantiomers of a representative inhibitor
(e.g. 8b) to determine the stereochemistry of the eutomer and distomer.

As mentioned, nitrocatechol derivatives of chalcone have previously
been investigated as COMT inhibitors.23 In accordance with the find-
ings of this study, the pyrazoline compounds are significantly more
potent COMT inhibitors than the chalcones investigated previously. The
most potent pyrazoline compound (8b, IC50 = 0.048 µM) is approxi-
mately 1.46-fold more potent that the most potent chalcone (5,
IC50 = 0.07 µM) reported in literature.23

To obtain insight into potential binding orientations and interac-
tions of pyrazoline compound 8b with the COMT active site, molecular
docking was carried out. For comparison, the corresponding chalcone,
6b, was also investigated. For this study, rat COMT complexed with 3,5-
dinitrocatechol was used as protein model (PDB code: 1VID).36 Pre-
paration of the protein models and ligands were carried out according
to the previously reported protocol with Discovery Studio, while
docking was done with AutoDock Vina.31,37 The accuracy of the
docking procedure was assessed by redocking the co-crystallized ligand
into the COMT active site, which yielded a root mean square deviation
(RMSD) of 0.684 Å between the docked orientation and the position of
the co-crystallised ligand (Fig. 4). In the crystal structure, the Mg2+ co-
factor is octahedrally coordinated to the side chains of Asp141 and
Asp169, Asn170, the two hydroxy groups of the catechol substrate, and

Fig. 2. The synthetic route for the synthesis of nitrocatechol derivatives of
chalcone and the pyrazoline derivatives. Reagents and conditions: (a) HNO3,
acetic acid, rt; (b) AlCl3, pyridine, ethyl acetate, 77 °C; (c) ethanol, KOH, RCHO,
rt; (d) acetic acid, hydrazine hydrate, 120 °C.

Fig. 3. Sigmoidal plots for the inhibition of COMT by 7f (open circles) and 9c
(filled circles).
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a water molecule.36,38 The 1-hydroxy group of 3,5-dinitrocatechol is
hydrogen bonded to Glu199 and Asn170, and the 2-hydroxy and 3-nitro
groups are hydrogen bonded to Lys144. It may be concluded that the
formation of a hydrogen bond network is crucial for the binding of
nitrocatechol compounds to COMT.

Both enantiomers of 8b as well as 6b were docked into COMT, and
among the solutions generated only those where the catechol hydroxyl

groups of the initrocatechol moiety undergoes similar coordination
with the Mg2+ as 3,5-dinitrocatechol above, are presented here as these
are most probable. The crystal structure of tolcapone in complex with
rat COMT also exhibit this orientation and interaction pattern.39 As
expected, chalcone 6b adopts a similar binding orientation to 3,5-di-
nitrocatechol and forms a similar interaction network (Fig. 5). In this
respect, the catechol OH groups coordinates with the magnesium ion,

Fig. 4. The co-crystallised (teal) and docked (magenta) orientations of 3,5-dinitrocatechol in the active site of rat COMT (PDB code: 1VID). The orientation of
tolcapone (green) in the active site of rat COMT (PDB code: 3S68).

Fig. 5. The docked orientations of 6b (purple) and the R- (yellow) and S-enantiomers (orange) of 8b in the active site of rat COMT.
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while hydrogen bonding occurs with Lys144, Asn170 and Glu199. The
B-ring of the chalcone projects out of the active site and undergoes very
limited interactions, mainly a pi-alkyl interaction with Pro174, while
the nitrocatechol ring forms a pi-alkyl interaction with Met40.

The results of the docking study further show that 3,5-dini-
trocatechol of 8b is correctly placed for coordination with the Mg2+

and the two enantiomers bind similar with respect to the 3,5-dini-
trocatechol moieties. The two enantiomers exhibit very similar binding
orientations and interactions. The catechol OH groups coordinates with
the magnesium ion, while hydrogen bonding occurs with Lys144,
Asn170 and Glu199. The nitrocatechol rings of both enantiomers form
pi-alkyl interactions with Pro174 and Met40, while the pyrazoline rings
form pi-alkyl interactions with Pro174. Interestingly, for the S-en-
antiomer, a hydrogen bond exists between the nitrile and Lys5.
Compared to chalcone 6b, the side chain of the S-enantiomer of 8b
undergoes more extensive interactions which may explain the better
inhibition potencies observed for the pyrazolines. However, the
AutoDock Vina binding affinity values (kcal/mol) for 6b and 8b are
very similar, which underscores the observation that the polar inter-
actions of the nitrocatechol moieties of these compounds are virtually
identical.

In this study, series of novel nitrocatechol derivatives of chalcone
and pyrazoline derivatives were investigated with the aim of dis-
covering compounds that exhibit dual inhibition of MAO-B and COMT.
The results show that the study compounds are weak MAO inhibitors. In
contrast to their MAO inhibition potencies, the nitrocatechol chalcone
and pyrazoline derivatives are potent inhibitors of COMT with IC50

values < 0.29 μM. The pyrazoline derivatives were found to be more
potent inhibitors than the chalcones. Chalcones contain the α,β-usatu-
rated carbonyl system which may be considered to be a Michael ac-
ceptor. Such compounds may act as electrophiles and could therefore
be a liability from a medicinal chemistry point of view.40,41 In this re-
gard, the pyrazolines are more desirable for the future development of
COMT inhibitors, and they are expected to be less reactive than the
corresponding chalcone compounds. A further point of interest is that
all nitrocatechol derivatives of chalcone and pyrazoline derivatives are
good potency COMT inhibitors, which may be attributed to the 3-ni-
trocatechol moiety (A-ring). The B-ring therefore does not affect COMT
inhibition to a large degree, and thus represents a site for future
structural modification to improve MAO-B inhibition potency. Even in
the absence of good potency MAO-B inhibition, nitrocatechol-con-
taining pyrazoline derivatives may represent useful leads for the future
design of COMT inhibitors.
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