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With the aim to find out structural features for the tyrosinase inhibitory activity, in the present commu-
nication we report the synthesis and pharmacological evaluation of a new series of phenylcoumarin
derivatives with different number of hydroxyl or ether groups and bromo substituent in the scaffold.
The synthesized compounds 5–12 were evaluated as mushroom tyrosinase inhibitors showing, two of
them, lower IC50 than the umbelliferone. Compound 12 (IC50 = 215 lM) is the best tyrosinase inhibitor
of this series.

� 2011 Elsevier Ltd. All rights reserved.
Tyrosinase (EC 1.14.18.1) is a multifunctional dinuclear copper
centre enzyme widely distributed in nature and mainly involved
in the formation of pigments such as melanins and other polyphe-
nolic compounds.1 Tyrosinase oxidizes phenols and diphenols
using a catalytic mechanism that depends on the presence of cop-
per at its active site.1 In fungi and vertebrates, tyrosinase catalyzes
the two initial steps for the formation of the melanin pigments
(melanogenesis), starting from the tyrosine.2 This enzyme cataly-
ses the conversion of tyrosine to DOPA and the oxidation of the
resultant DOPA.2 So, this enzyme is responsible for the pigmenta-
tion of the skin, eyes and hair.3 In fact, tyrosinase inhibitors have
been used as depigmenting agents for the treatment or prevention
of hyperpigmentation disorders.4 Also, tyrosinase is involved in the
process to maintain the appearance, flavour, texture and nutri-
tional value of many fresh-cut products.5 The enzyme extracted
from the mushroom A. bisporus has high homology with the mam-
malian one. So, it is suited as a model for melanogenesis and tyros-
inase bio-pathways studies.

Coumarins are a large family of compounds, of natural and syn-
thetic origin, which presents different pharmacological activities.6

Structurally they are lactones of the cinnamic acid. Due to their
structural variability, they occupy an important place in the realm
of natural products and synthetic organic chemistry.7 Recent stud-
ies pay special attention to their antioxidative, antiinflamatory,
anticancer and enzymatic inhibition properties.8–14
All rights reserved.

tos).
Resveratrol –3,40,5-trihydroxystilbene—is a natural polypheno-
lic compound present in grapes and red wine.15 It is a phytoalexin
produced by some species in response to an external or internal
damage (such as a fungal infection).15,16 In in vitro, ex vivo and
in vivo experiments, resveratrol has shown important pharmaco-
logical activities including antiinflammatory, antioxidant, antican-
cer and cardioprotective properties, besides inhibitory activity
towards several enzymes.15–19 Therefore, this compound has been
attracting a huge pharmacological interest since the last decade.

In recent studies, some coumarins proved to be mushroom
tyrosinase inhibitors.20,21 In these studies, esculetin and umbellif-
erone exhibited some of the strongest inhibitory activities of the
tested series. Masamoto et al. investigated the structure–activity
relationship of 18 coumarins for their inhibitory activity against
mushroom tyrosinase. They found that esculetin exhibited the
strongest inhibitory activity of those series.20 Recently, and in con-
trast with the Masamoto’s findings, Sollai et al. have shown that
esculetin is considered to be a tyrosinase substrate rather than
an inhibitor, whereas umbelliferone seems to be an inhibitor of
the mentioned oxidase.22 These recent findings revealed that
tyrosinase affinity can be efficiently modulated by appropriate
substitutions in the coumarin moiety. The introduction of hydroxyl
groups in different positions is particularly suitable to these
modifications.20,21 Recently, it has been demonstrated that also
resveratrol and other stilbenes23 have inhibitory effects against
mushroom tyrosinase activity.24 Resveratrol showed stronger
DOPA oxidase inhibitory activity than kojic acid (reference inhibi-
tor).25 In fact, until the last years, polyphenols are the largest
scaffold in tyrosinase inhibition.23,26 Their activity depends on
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the presence and position of additional substituents whether a pol-
yphenol may act as an inhibitor.26 So, it was proved that both stil-
bene and coumarin derivatives show interesting inhibitory effects
against tyrosinase.

Tyrosinase inhibitors could have broad applications. As the
ideal drug candidate has not been attained, an intensive search
for new and innovative tyrosinase inhibitors is still needed. This ef-
fort has considerably increased in recent years. In this context, and
in an attempt to develop novel tyrosinase inhibitors, we had previ-
ously synthesized and described 3-arylcoumarin derivatives in
which both the coumarin and the resveratrol templates were
present.21

Resveratrol ( Fig. 1, A) and umbelliferone (B) are very good
tyrosinase inhibitors.2,20 Umbelliferone-resveratrol hybrid (C) and
3-phenylumbelliferone (D) are less active than the mentioned
compounds (IC50 3.68 mM and >10, respectively). Although, the pre-
viously derivative described by us 6,8,30,40,50-pentahydroxy proved
to be the most active compound of the evaluated 3-arylcoumarin
series, with an IC50 of 0.27 mM.21 This molecule have two hydroxyl
groups under the coumarin ring, being like the coumarin-resveratrol
hybrid (E).

Based on these results,21 in the present work we proposed to
continue the 3-phenylcoumarin scaffold study, with different sub-
stitutions like methoxyl, ethoxyl, hydroxyl and/or bromo under the
6, 8 and 40 positions (Scheme 1). We decided to explore the impor-
tance of the number and position of ether and hydroxyl groups lo-
cated in the 3-phenyl ring or in the aromatic ring of the coumarin
and, at the same time, the bromination of the coumarin moiety.

The coumarin derivatives 5–1227 were efficiently synthesized
according to the synthetic protocol outlined in Scheme 1. The 3-
phenylcoumarins 5–8 were prepared starting from the conve-
niently substituted phenylacetic acid 1 or 2 and the appropriate
salicylaldehyde 3 or 4, using dicyclohexylcarbodiimide (DCC) as
dehydrating agent, by Perkin reaction,28–31 in dimethylsulfoxide
(DMSO). These reactions gave 55%, 59%, 61% and 60% yield, respec-
tively. Hydrolysis of the methoxyl/ethoxyl groups, by treatment
with hydriodic acid 57% in acetic acid/acetic anhydride (1:1),32

gave the hydroxyl derivatives 9, 10, 11 and 12 in 64%, 60%, 61%
and 53% yield, respectively. The obtained products were easy to
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Figure 1. Tyrosinase inhibitors with coumarin/resveratrol derivative structures.
purify by flash chromatography, using a mixture of hexane/ethyl
acetate, in a proportion 9:1, as eluent.

The tyrosinase inhibitory activity of compounds 5–12 was eval-
uated in vitro by the measurement of the enzymatic activity of
mushroom tyrosinase enzyme extracted from the mushroom spe-
cie A. bisporus.33 Then, the IC50 values for inhibitory effects of the
new compounds were calculated (Table 1).

In the present communication, the effect of the introduction of a
halogen substituent into different hydroxy-3-phenylcoumarins
was proposed. In fact, a higher tyrosinase inhibitory activity,
regarding the non-halogenated compounds, was observed. The
structural change obtained from compound 9 to compound 10
and from 11 to 12, with the bromo atom in the coumarin nucleus,
leads to a significant increase of the tyrosinase activity (from mil-
imolar to micromolar range).

As it is shown in the Table 1, compound 12 is the most active
compound of this series. This compound, with a bromo atom and
two hydroxyl groups in the 3-phenylcoumarin moiety, has an
IC50 in the micromolar range (IC50 = 215 lM). As expected, the
more hydroxyl groups in the coumarin moiety, the better activity
the compounds have. When compared with compound 10, the
introduction of one hydroxyl group more in compound 12 in-
creases at least 1.5 times the tyrosinase inhibitory activity. Com-
pound 12 shows, in fact, a lightly higher inhibitory activity than
the 6,8-dihydroxy-3-(30,40,50-trihydroxyphenyl)coumarin (IC50 =
270 lM), previously described by us.21 The presence in 6 and 40
Table 1
Inhibitory effect of compounds 5–12 and umbelliferone on mushroom
tyrosinase activity

Compounds IC50 (mM) (L-DOPA 0.5 mM)

5 2.07 ± 0.07
6 >5.0
7 >5.0
8 1.36 ± 0.12
9 >5.0
10 0.302 ± 0.002
11 1.30 ± 0.08
12 0.215 ± 0.085
Umbelliferone 0.42a

a Obtained from data in Ref.21
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Figure 2. Lineweaver–Burk plots for inhibition of compound 12 on mushroom
tyrosinase for catalysis of L-DOPA. Inhibitor concentrations were 0 (�), 0.050 mM
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versus concentration of compound 12, to determine the inhibition constant (Ki).
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positions, at the same time, of a bromo and a hydroxyl substituent,
respectively, contributed to an increase of the inhibitory activity.
The experimental results show that the methoxyl and ethoxyl
derivatives (compounds 5–8) do not present any significant activ-
ity against the tested enzyme. These results suggest that the bro-
mination of the hydroxycoumarins, in spite of the bromination of
methoxycoumarins, could be an important step in the synthesis
of novel tyrosinase inhibitors.

The inhibitory mechanism of the compound 12 was determined
using a Lineweaver–Burk double reciprocal plot (Figure ure2). The
data, displayed as a plot of 1/V versus 1/[S], gave three straight lines
with different slopes and a horizontal line that intersected at the
same point. With an increase in compound concentration, the Vmax

value decreased, whereas the Km value was unchanged, suggesting
that this compound is a non-competitive tyrosinase inhibitor. The
inhibition constant of this compound (KI = 0.189 mM) was deter-
mined by plotting the intercept values versus the concentration of
the corresponding compound, as shown in Figure 2.

In conclusion, in the present study it was shown that the syn-
thesized coumarin-resveratrol hybrid compounds have inhibitory
activity against mushroom tyrosinase. Some of them present tyros-
inase inhibitory activity in the micromolar range. The presence of a
bromo atom in position 6 of the hydroxycoumarins improves the
inhibitory activity respect to the other synthesized derivatives.
So, the introduction of a bromo atom improves the pharmacologi-
cal potential of these 3-phenylcoumarins, confirming that this lead
could be effectively optimized in a candidate for the treatment of
some hyperpigmentation skin diseases. These finds have encour-
aged us to continue the efforts towards the optimization of the
pharmacological profile of these 3-phenylcoumarins.
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was monitored at 475 nm, for 5 min. The percent of tyrosinase activity inhibition
was calculated as: inhibition (%) = (A�B)/A � 100, where A represents the
difference in the absorbance of control sample between 0.5 and 1.0 min, and B
represents the difference in absorbance of the test sample between 0.5 and
1.0 min. The IC50 value, a concentration giving 50% inhibition of tyrosinase
activity, was determinate by interpolation of dose–response curves. The
mushroom tyrosinase activity was determinate by spectrophotometric assays
(Varian Cary 50). Umbelliferone was used as a reference tyrosinase inhibitor.
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