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Six diphenolic compounds containing adamantane moiety were synthesized and evaluated as potent
inhibitors on tyrosinase activity and melanin formation in melan-a cells. The inhibitory activity of 4-ada-
mantyl resorcinol 1 was similar to that of 4-n-butyl resorcinol in both assays. However, dihydroxyl benz-
amide derivatives 6a–e showed different inhibitory patterns. All derivatives significantly suppressed the
cellular melanin formation without tyrosinase inhibitory activities. These behaviors indicated that the
introduction of amide bond changes the binding mode of dihydroxyl groups to tyrosinase. Among deriv-
atives, 6d (3,4-dihydroxyl compound) and 6e (2,3-dihydroxyl compound) showed stronger inhibitory
activities (IC50 = 1.25 lM and 0.73 lM, respectively) as compared to 4-n-butyl resorcinol
(IC50 = 21.64 lM) and hydroquinone (IC50 = 3.97 lM). This study showed that the position of dihydroxyl
substituent at aromatic ring is important for the intercellular inhibition of melanin formation, and also
amide linkage and adamantane moiety enhance the inhibition.

� 2008 Elsevier Ltd. All rights reserved.
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Figure 1. Structure of 4-n-butyl resorcinol and diphenolic compounds containing
adamantane moiety 1 and 6a–e.
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Melanogenesis is the process by which the synthesis and distri-
bution of melanin within skin and hair follicles.1 Melanin has
important role in protecting the skin against the harmful effect
of UV-irradiation. However, increase in the levels of epidermal
melanin synthesis and uneven distribution can cause esthetic
problems such as freckles, melasma and aged spot. In melanocyte,
melanin are synthesized by the action of tyrosinase which cata-
lyzes the hydroxylation of tyrosine to DOPA and the oxidation of
DOPA to dopaquinone.2 Therefore, the inhibition of tyrosinase to
treat the pigmentation disorders has been a recent subject of many
studies. Certain polyphenolic compounds, containing resorcinol
moiety, showed potent depigmenting activities and their inhibi-
tory mechanisms were well investigated.3 Recently, the effects
and mechanism of 4-n-butyl resorcinol has been clearly eluci-
dated.4 The hypopigmentary effect of 4-n-butyl resorcinol results
from its direct inhibition of tyrosinase. The structure of 4-n-butyl
resorcinol consists of main two parts such as resorcinol moiety
and n-butyl group. n-Butyl group was introduced as a hydrophobic
moiety to increase the depigmenting activity of resorcinol. The
present work was designed to develop more potent depigmenting
agent containing diphenolic moiety such as catechol and resorcinol
(Fig. 1).

Considering cell permeability, we introduced adamantane moi-
ety5 expecting an increase in tyrosinase inhibitory activity and
enhancing cell penetration. 4-Adamantyl resorcinol 16 was synthe-
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o).
sized in one step through the reaction of adamantylation of resor-
cinol 2 using 1-adamantanol in CF3COOH at reflux condition
(Scheme 1).7

The synthetic pathways of dihydroxyl benzamide derivatives
containing adamantane moiety are shown in Scheme 2.

The starting materials, dihydroxy benzoic acids (3a–e) were re-
acted with acetic anhydride in the presence of Et3N and catalytic
amount of dimethylaminopyridine (DMAP) in THF to afford diacet-
oxy benzoic acids. Diacetoxy benzoic acids (4a–e) were treated
with ethylchloroformate and N-methyl morpholine in THF to con-
vert the carboxylic acids to an anhydrides. The anhydrides were re-
OH OH
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Scheme 1. Reaction conditions; (a) 1-adamantanol, CF3COOH, reflux.
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4a = 2,4-OAc
4b = 3,5-OAc
4c = 2,5-OAc
4d = 3,4-OAc
4e = 2,3-OAc

5a = 2,4-OAc
5b = 3,5-OAc
5c = 2,5-OAc
5d = 3,4-OAc
5e = 2,3-OAc

6a = 2,4-OH
6b = 3,5-OH
6c = 2,5-OH
6d = 3,4-OH
6e = 2,3-OH

Scheme 2. Reaction conditions: (a) acetic anhydride, Et3N, DMAP (cat), THF; (b)
ethylchloroformate, N-methylmorpholine, THF; (c) adamantamine.HCl, Et3N, DMF
(d) (d) KOH, H2O.
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acted immediately adamantamine.HCl to produce the correspond-
ing amide derivatives (5a–e). The hydrolysis of compounds (5a–e)
afforded desired final products, dihydroxyl benzamides (6a–e).8

Above six synthesized compounds were evaluated for mush-
room tyrosinase activity9 and their ability to inhibit melanin for-
mation by a murine melanocytes cell line (Melan-a).10 Their
activities were compared with 4-n-butyl resorcinol and hydroqui-
none (Table 1).

Consistent with previous reports, 4-n-butyl resorcinol induced a
strong inhibition of the tyrosianse activity (IC50 = 0.15 lM). Its
strong activity was also detected in melan-a cells
(IC50 = 21.64 lM). When the n-butyl group was replaced by ada-
mantane moiety, the resulting compound 1 showed slightly lower
tyrosinase inhibitory activity (IC50 = 0.90 lM) but more potent
depigmenting activity (IC50 = 8.82 lM) in cell based assay. These
results indicate that adamantane group enhances the tyrosinase
inhibitory activity and cell penetration of resorcinol like n-butyl
group. Encouraged by this result, we synthesized five dihydroxyl
benzamide derivatives containing adamantane moiety and evalu-
ated their activities. Dihydroxy benzoic acids were conjugated with
adamantamine. Surprisingly, in tyrosinase assay, N-adamantyl-2,4-
dihydroxy benzamide 6a showed no inhibitory activity
(IC50 > 200 lM). All other derivatives (6b, 6c, 6d and 6e), having
different dihydroxyl positions, also showed no inhibitory activities.
Introduction of amide linkage caused a negative influence on the
binding to tyrosinase. However, unexpected results were obtained
in melan-a cells. Compound 6a exhibited potent depigmenting
activity (IC50 = 34.15 lM). When 3,5-dihydroxyl, and 2,5-dihydr-
oxyl derivatives (6b and 6c) were tested, increased activities were
Table 1
Depigmenting activities of 4-n-butyl resorcinol and diphenolic compounds containing
adamantane moiety 1 and 6a–6e

Compound Tyrosinase IC50
a

(lM)
Pigmentation IC50

a

(lM)
% Survival of melan-
a cell

4-n-Butyl
resorcinol

0.15 21.64 98.21 (80 lM)

Compound 1 0.90 8.82 91.73 (20 lM)
6a (2,4-OH) >200 34.15 99.24 (50 lM)
6b (3,5-OH) >200 12.47 91.33 (30 lM)
6c (2,5-OH) >200 9.82 99.10 (20 lM)
6d (3,4-OH) >200 1.25 95.23 (30 lM)
6e (2,3-OH) >200 0.73 96.17 (20 lM)
Hydroquinone 9.81 3.97 87.27 (10 lM)

a Values were determined from logarithmic concentration-inhibition curves and
are given as means of three experiments.
detected (respectively, IC50 = 12.47 lM and IC50 = 9.82 lM). N-
Adamantyl-3,4-dihydroxy benzamide 6d showed a better inhibi-
tory activity (IC50 = 1.25 lM). Among all the derivatives tested,
compound 6e containing 2,3-dihydroxyl groups exhibited stronger
inhibitory activity (IC50 = 0.73 lM). Its activity was about five
times more potent than that of hydroquinone (IC50 = 3.97 lM).
Although five dihydroxyl benzamide derivatives (6a–e) had no
tyrosinase inhibitory activities, there were potent depigmenting
activities in cell based assay. Inhibition pathways of 6a–e may be
different from those of compound 1 and 4-n-butyl resorcinol. From
these result, compound 6d and 6e can be considered as a good can-
didate for depigmenting agent because their activities were more
potent than that of hydroquinone known to be the most powerful
depigmenting agent. Further studies on their depigmenting mech-
anism are underway in our laboratory.
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