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N-Benzylbenzamides: A new class of potent tyrosinase inhibitors
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Abstract—A series of potent inhibitors of tyrosinase and their structure–activity relationships are described. N-Benzylbenzamide
derivatives (1–21) with hydroxyl(s) were synthesized and tested for their tyrosinase inhibitory activity. With this series, compound
15 provided a potent tyrosinase inhibition: it effectively inhibited the oxidation of LL-DOPA catalyzed by mushroom tyrosinase with
an IC50 of 2.2 lM.
� 2006 Elsevier Ltd. All rights reserved.
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Tyrosinase (E.C. 1.14.18.1), also known as polyphenol
oxidase, is a multifunctional copper-containing enzyme
widely distributed in nature. It is the key enzyme in
the undesirable browning of fruits and vegetables, and
coloring of skin, hair, and eyes in animals.1,2 It catalyzes
two distinct reactions of melanin biosynthesis: the
hydroxylation of monophenols to o-phenols, and con-
version of the o-diphenols to the corresponding o-qui-
nones, which are the initial steps in the pathway.
These quinones are highly reactive and tend to polymer-
ize spontaneously to form brown pigments of high
molecular weight, namely melanin, which determine
the color of mammalian skin and hair.3 This enzymatic
oxidation of LL-tyrosine to melanin is of considerable
importance because melanin has many functions, and
alterations in melanin synthesis occur in many disease
states. Therefore, tyrosinase inhibitors have become
increasingly important in the food industry as well as
in medicinal and cosmetic products.4,5

Many tyrosinase inhibitors are polyphenol derivatives of
trans-stilbene or chalcone which have been investigated
intensively.3,6 They are constructed with one of two
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distinct substructures: a 4-substituted resorcinol or cate-
chol moiety. It was suggested that 4-substituted resor-
cinol-type inhibitors bind to the enzyme binuclear
active site.7 The catechol structure may behave as a che-
lator to the copper ions in the tyrosinase. These poly-
phenols generally compete in inhibition with
tyrosinase.6 Recently, a naturally occurring tyrosinase
inhibitor, N-(p-coumaroyl)serotonin, has been de-
scribed, which contains two aromatic rings connected
by an amide bond (Fig. 1).8

In our continuing search for tyrosinase inhibitor, a new
group of compounds, with a similar structure to the ref-
erenced inhibitors, was designed, synthesized, and test-
ed. N-Benzylbenzamides also consist of two aromatic
rings like stilbene separated by three atoms like chalcone
H
N

O NH
N-(p-coumaroyl)serotonin

Figure 1. Structure of tyrosinase inhibitors.
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Table 1. The inhibitory effect of N-benzylbenzamide (1) and its

derivatives (2–21) on mushroom tyrosinase activities

H
N

O

R1 R2A B

Compound R1 R2 IC50
a (lM)

1 H H 1990

2 3,4,5-OH H 780

3 3,4,5-OH 40-OH 1180

4 3,4,5-OH 30,40,5 0-OH 555

5 3,4,5-OH 20,40-OH 17

6 3,4,5-OH 30,40-OH ndb

7 3,4-OH H >2000

8 3,4-OH 40-OH >2000

9 3,4-OH 30,40,5 0-OH 280

10 3,4-OH 20,40-OH 11

11 3,4-OH 30,40-OH nd

12 3,5-OH H 700

13 3,5-OH 40-OH 710

14 3,5-OH 30,40,5 0-OH 705

15 3,5-OH 20,40-OH 2.2

16 3,5-OH 30,40-OH nd

17 2,4-OH H 1660

18 2,4-OH 40-OH 1820

19 2,4-OH 30,40,5 0-OH 550

20 2,4-OH 20,40-OH 29

21 2,4-OH 30,40-OH nd

Kojic acid 16.3

a Values were determined from logarithmic concentration–inhibition

curves (at least eight points) and are given as means of three

experiments.
b Means not determined because of promoting effect which could act as

cofactor like diphenol.
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and connected by an amide bond like N-(p-
coumaroyl)serotonin.

To evaluate this class of compounds further, a number
of analogues were constructed with various hydroxyl
substituents at both aromatic rings of the molecule.
Our hypothesis was that the position of the hydroxyl(s)
attached to the rings of N-benzylbenzamide must be of
major importance in that activity in the same manner
of stilbene and chalcone. Therefore, changing the posi-
tion of hydroxyl(s) would be very useful to find a potent
tyrosinase inhibitor.

N-Benzylbenzamides were synthesized according to the
details in Scheme 1. Thus, commercially available benzyl
amine, with hydroxyl(s) or methoxy group(s), was first
reacted with an acyl chloride, with methoxy group(s),
to give the hydroxy or methoxy substituted N-benzylb-
enzamide. The methoxy group(s) was then demethylated
with boron tribromide to give the desired final com-
pound in good yields.9

The two aromatic rings in N-benzylbenzamides are not
symmetric, thus the inhibitory effects on tyrosinase were
tested and compared according to the position of hydro-
xy group(s) on both rings A and B.10 The in vitro results
for compounds 1–21 are given in Table 1. Compounds 5,
10, 15, and 20 with resorcinol on ring B (2 0,4 0-OH) dem-
onstrated high tyrosinase inhibitory activity. However,
compounds 17–19 and 21 with resorcinol on ring A
(2,4-OH) remarkably decreased inhibitory activity.
Especially, compound 5 exhibited 30 times the activity
than compound 19 which has opposite positions of
hydroxyls on its rings to compound 5. These observa-
tions suggests that 2 0,4 0-substituted resorcinol substruc-
ture on ring B plays an important role in determining
their activity. Among compounds 5, 10, 15, and 20,
compound 15 with resorcinols on both rings A and B
(3,5,2 0,4 0,-OH) exerted the most potent inhibitory activ-
ity with an IC50 of 2.2 lM.

In compounds 6, 11, 16, and 21, the catechol subunit on
ring B (3 0,4 0-OH) was oxidized by tyrosinase to its o-qui-
none derivatives in addition to the oxidization of origi-
nal substrate, LL-DOPA. Tyrosinase inhibitory activity
of those compounds thus could not be determined being
tested because the absorbance at 475 nm in the test was
abnormally increased by those o-quinone derivatives.
Interestingly, tyrosinase inhibitory activity was not so
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Scheme 1. Reagents and conditions: (i) TEA, THF, rt, 80–93%; (ii)

BBr3, CH2Cl2, �20 �C, 65–78%.
much affected by the catechol subunit on ring A in com-
pounds 9 and 10. It is likely that 3,4-OH of ring A is not
oxidized by tyrosinase as cofactor like another diphenol.

The kinetic behavior of the oxidation of LL-DOPA cata-
lyzed by tyrosinase at different concentrations of com-
pound 15 was studied. The inhibition data were
further analyzed by a Dixon plot, which showed that,
the plot of 1/V versus [I] was characterized by straight
lines at different fixed substrate concentrations intersect-
ing in the second quadrant (Fig. 2A). The replot of
slopes represented a straight line not going through
the origin reflecting the linear mixed-type inhibition
(Fig. 2B). In the Lineweaver–Burk plot, straight lines
at different fixed inhibitor concentrations intersected
with a common intersection point in the second quad-
rant (data not shown). The KI value estimated from this
Dixon plot was 1.3 lM as shown in Figure 2A.

In similar experiment testing, the tyrosinase effect of
chalcone derivatives substituted with hydroxyl(s), the
inhibitory potency was determined by the position rath-
er than the number of hydroxyl(s).11 In this study as
well, the position of hydroxyl(s) was the major factor
affecting potency. Besides, removal of the hydroxyl or
its substitution with another small group (OMe, NO2,
Cl, and F) significantly reduced the activity toward
mushroom tyrosinase (data not shown). Therefore, the



Figure 2. (A) Dixon plot for the inhibitory effect of compound 15 on

LL-DOPA oxidation catalyzed by mushroom tyrosinase. The inhibitor

concentrations used were 0, 1.1, and 2.2 lM. The LL-DOPA concen-

trations used were 1 mM (s), 0.5 mM (j), 0.25 mM (m), and

0.125 mM (d). (B) Secondary replot of slopes from Dixon plot versus

l/[LL-DOPA]. Values are means of three separate experiments.
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presence and the position of hydroxyl(s) proved to be
important for their activity in this class of compounds.

In summary, a series of N-benzylbenzamides has been
established as a new class of tyrosinase inhibitors. Struc-
tural feature of resorcinol on aromatic ring B (2 0,4 0-OH)
was most important for potent inhibitory activity. Com-
pound 15, N-(2,4-dihydroxybenzyl)-3,5-dihydroxyben-
zamide,12 was found to be eight times more potent
than the positive control, kojic acid.
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