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With the aim to find out the structural features for the MAO inhibitory activity and selectivity, in the
present communication we report the synthesis and pharmacological evaluation of a new series of
bromo-6-methyl-3-phenylcoumarin derivatives (with bromo atom in both different benzene rings of
the skeleton) with and without different number of methoxy substituent at the 3-phenyl ring. The meth-
oxy substituents were introduced, in this new scaffold, in the meta and/or para positions of the 3-phenyl
ring. The synthesized compounds 3–7 were evaluated as MAO-A and B inhibitors using R-(�)-deprenyl
(selegiline) and iproniazide as reference inhibitors, showing, most of them, MAO-B inhibitory activities
in the low nanomolar range. Compounds 4 (IC50 = 11.05 nM), 5 (IC50 = 3.23 nM) and 6 (IC50 = 7.12 nM)
show higher activity than selegiline (IC50 = 19.60 nM) and higher MAO-B selectivity, with more than
9050-fold, 30,960-fold and 14,045-fold inhibition levels, with respect to the MAO-A isoform.

� 2010 Elsevier Ltd. All rights reserved.
Coumarins are a large family of compounds, of natural and syn-
thetic origin, that presents different pharmacological activities.1

Due to their structural variability, they occupy an important place
in the realm of natural products and synthetic organic chemistry.
Representatives of these groups of compounds are found to occur
in the vegetable kingdom, either in the free or in the combined
state.2 Recent studies pay special attention to their antioxidative,
anticancer, and enzymatic inhibition properties.3–6 Some couma-
rins proved to be monoamine oxidase (MAO) inhibitors (MAOI).7

Recent findings revealed that MAO-A and MAO-B affinity and
selectivity can be efficiently modulated by appropriate substitu-
tions in the coumarin moiety. The 3/4 and 6/7 positions are partic-
ularly suitable to these modifications.8–14

Resveratrol, 3,40,5-trihydroxystilbene, is a natural polyphenolic
compound present in grapes and red wine.15 In in vitro, ex vivo,
and in vivo experiments resveratrol has shown important biologi-
cal activities including antiinflammatory, antioxidant, anticancer,
and cardioprotective properties, besides inhibitory activity to-
wards several enzymes.15–20

Therefore this compound has been attracting a huge interest
since the last decade. Recently, it has been demonstrated that res-
veratrol also has MAO inhibitory activity.16,21 To date, most phar-
macological studies have considered the trans isomer to be more
effective than the cis.22
ll rights reserved.

tos).
MAOs are flavoenzymes (FAD-containing enzyme) bound to the
outer mitochondrial membrane of neuronal, glial, and other
cells.23,24 These enzymes are responsible for the oxidative deami-
nation of neurotransmitters and dietary amines.25,26 Two isoforms,
namely MAO-A and MAO-B, have been identified basis on their
amino acid sequences, three-dimensional structure, substrate pref-
erence and inhibitor selectivity.20,27 MAO-A has a higher affinity
for serotonin and noradrenaline, while MAO-B preferentially dea-
minates phenylethylamine and benzylamine.28 These properties
determine the clinical interest of MAOIs. Selective MAO-A inhibi-
tors, such as clorgyline (irreversible) and moclobemide (revers-
ible), are used for the treatment of neurological disorders, like
depression and anxiety,29,30 whilst selective and irreversible
MAO-B inhibitors, such as selegiline and rasagiline, are useful for
the treatment of Parkinson’s31,32 and Alzheimer’s diseases.33,34 As
the ideal drug candidate has not been attained, an intensive search
for new and innovative MAOIs is still needed. This effort has con-
siderably increased in recent years.11

In this context, and in an attempt to develop novel MAO-B
selective inhibitors, we had previously synthesized 3-arylcoumarin
derivatives in which both the coumarin and the resveratrol tem-
plates were present. These compounds proved to be potent and
selective MAO-B inhibitors.8,9 In this Letter, a subsequent project
was developed based on a 6-methyl-3-phenylcoumarin scaffold,
with a bromo pattern in both benzenic rings of the skeleton, and
with several methoxyl substituents located in the 3-phenyl ring
(Scheme 1).
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Scheme 1. Reagents and conditions: (a) NBS, AIBN, CCl4, reflux, 18 h; (b) phenylacetic acids, DCC, DMSO, 110 �C, 24 h.

Table 1
MAO-A and MAO-B inhibitory activity results for compounds 3–7 and reference compounds

Compounds MAO-A IC50 (nM) MAO-B IC50 (nM) Ratio

3 * 4.3 � 103 ± 0.29 � 103 >23b

4 * 11.05 ± 0.81 >9050b

5 * 3.23 ± 0.49 >30,960b

6 * 7.12 ± 0.01 >14,045b

7 31.20 � 103 ± 2.09 � 103 4.89 � 103 ± 0.22 � 103 6.4
R-(�)-Deprenyl 67.25 � 103 ± 1.02 � 103a 19.60 ± 0.86 3431
Iproniazide 6.56 � 103 ± 0.76 � 103 7.54 � 103 ± 0.36 � 103 0.87

* Inactive at 100 lM (highest concentration tested). At higher concentrations the compounds precipitate.
a P <0.01 versus the corresponding IC50 values obtained against MAO-B, as determined by ANOVA/Dunnett’s.
b Values obtained under the assumption that the corresponding IC50 against MAO-A is the highest concentration tested (100 lM).
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The coumarin derivatives 3–7 were efficiently synthesized
according to the synthetic protocol outlined in Scheme 1. The
experimental details are given in Ref. 35. The treatment of the pre-
cursor 1 with N-bromosuccinimide (NBS) in carbon tetrachloride
(CCl4) under reflux, using 2,20-azo-bis-iso-butyronitrile (AIBN) as
catalyst, afforded the bromo derivative 236 in a yield of 44%. The
preparation of the 8-bromo-6-methyl-3-phenylcoumarins (4–7)
was performed via the classical Perkin reaction.8,9,37–39 This reac-
tion occurs by condensation of the 3-bromo-5-methylsalicylalde-
hyde (2) and the conveniently substituted phenylacetic acids,
with N,N0-dicyclohexylcarbodiimide (DCC) as dehydrating agent,
in dimethyl sulfoxide (DMSO), at 110 �C and during 24 h (Scheme
1).8,9 The reaction is efficient and the compounds 4–7 were ob-
tained with yields between 45% and 50%. Compound 3 was pre-
pared in the same conditions described for compounds 4–7, but
starting from the 5-methylsalicylaldehyde 1 and the o-bromo-
phenylacetic acid.

The inhibitory MAO activity of compounds 3–7 was evaluated
in vitro by the measurement of the enzymatic activity of human
recombinant MAO isoforms in BTI insect cells infected with bacu-
lovirus.8,9,40 Then, the IC50 values and MAO-B selectivity ratios [IC50

(MAO-A)]/[IC50 (MAO-B)] for inhibitory effects of both new com-
pounds and reference inhibitors were calculated (Table 1).40–42

In the present communication, the effect of the introduction of a
halogen substituent into the 3-phenylcoumarin was studied. In
fact a superior MAOI activity, regarding the non-halogenated
compounds, was observed.7,8 It was shown that the introduction
of a bromo substituent enhance the MAO-B inhibitory properties
(potency and selectivity) of the recently described 6-methyl-3-
phenylcoumarin (IC50 = 284 nM).7

As it is shown in the Table 1, compound 3, with the halogen
atom in the 3-phenyl ring, has an IC50 in the micromolar range
(IC50 = 4.3 lM). When compared with the 6-methyl-3-phenyl-
coumarin, compound 3 lost at least 15 times the MAO-B inhibitory
activity. The structural change obtained with compound 4, with
the halogen atom in the coumarin nucleus, leads to a significant in-
crease of the MAO-B activity (IC50 = 11.0 nM). In fact it was greater
than the IC50 found for 6-methyl-3-phenylcoumarin and com-
pound 3. So, as consequence, the MAO-B selectivity had increased
too (see Table 1). A change of the bromo atom position in the 3-
phenylcoumarin nucleus, from 20 to 8, was the other strategy per-
formed to improve the activity (compounds 5–7). Compound 5,
with a p-methoxy substituent in the 3-phenyl ring, was the most
potent and selective molecule, against MAO-B isoenzyme, of this
series, with an IC50 in the low nanomolar range (IC50 = 3.2 nM).
This compound is six times more active and to a great extent more
selective than the R-(�)-deprenyl (IC50 = 19.6 nM, reference MAO-
B inhibitor). Compound 6, with two methoxyl groups in the 30 and
50 positions, reveal also to be a potent MAOI-B. Its activity
(IC50 = 7.1 nM) is still better than the non-phenylsubstituted com-
pound 4. Compound 7, with three methoxyl groups, present a loss
of activity (activity in the micromolar range) and selectivity in re-
gard to the mono and dimethoxyl derivatives (compounds 5 and 6,
respectively). Compounds 3–6 do not exhibit MAO-A inhibitory
activity for the highest tested concentration (100 lM). The MAO
selectivity is an important factor to discriminate the potential
therapeutic application of this kind of molecules. In summary
one can say that the presence of a bromo atom in 8-position and
a restricted number of methoxyl substituents (one or two) in the
3-phenyl ring seems to be important chemical features to
modulate and improve the inhibitory enzymatic activity of the
6-methyl-3-phenylcoumarins.

In conclusion, in the present study it was shown that the
synthesized resveratrol–coumarin hybrid compounds have high



M. J. Matos et al. / Bioorg. Med. Chem. Lett. 20 (2010) 5157–5160 5159
selectivity for the MAO-B isoenzyme. Most of them present MAO-B
inhibitory activity is in the low nanomolar range. The presence of a
bromo atom in position 8 of the coumarin improves the activity re-
spect to the presence of a bromo atom linked to the 3-phenyl ring.
The introduction of one para-methoxy group in the 3-phenyl ring
of the 8-bromo-6-methyl-3-phenylcoumarin improve to a great
extent the MAO-B inhibitory activity respect to the other prepared
derivatives. In fact, the introduction of a bromo atom improves the
pharmacologic potential of the 6-methyl-3-phenylcoumarins con-
firming that this lead could be effectively optimized in a candidate
for the treatment of neurodegenerative diseases. These finds have
encouraged us to continue the efforts towards the optimization of
the pharmacologic profile of 6-methyl-3-phenylcoumarin.
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