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2-(Naphthalen-1-ylmethylene)hydrazinecarbothioamide (14, ICso = 1.1 uM) was discovered as a highly
potent inhibitor of melanogenesis. To define the role of hydrogens (at N1 and N3) and sulfur in 14, a ser-
ies of analogs 15a-p were synthesized and evaluated for anti-melanogenic activity using melanoma B16
cells under the stimulus of a-MSH. It was observed that replacement of either of these hydrogens at N1 or

N3 by substituents increases the activity significantly. Conversely, concomitant substitutions decrease
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the inhibitory potency. In addition, the presence of sulfur in thiosemicarbazone is essential for the
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Eumelanin and pheomelanin are the two basic types of melanin
pigments in human skin and hair. Although melanin has a major
role to protect the human skin from sun-related injuries, excess
accumulation of melanin in skin can causes diverse hyperpigmen-
tary disorders such as melasma, freckles and age spot.!?> Melanin is
synthesized by a series of enzymatic catalyzed and chemical reac-
tions.>* Mainly, three melanocyte-specific enzymes such as tyros-
inase, tyrosine related protein-1 (TYRP-1) and TYRP-2 are involved
in the transformation of tyrosine to melanin pigments.® It has been
reported that several factors affect the activity of these enzymes
and related proteins, which includes melanocyte stimulating hor-
mone (MSH), endothelin-1, basis fibroblast growth factor, and
UV-irradiation.®

Tyrosinase, a copper bearing multifunctional enzyme, is involved
in two rate limiting steps of melanin synthesis, that is, the hydrox-
ylation of tyrosine and oxidation of 2,4-dihydroxyphenylalanine
(1-DOPA).” Many of the presently known inhibitors act directly or
indirectly on this enzyme.®® Chemical agents including natural
products (Fig. 1A) such as hydroquinones 1,'° kojic acid 2,'! tropo-
lone 3,' L-minosine 4,'> hydroxylated stilbine derivatives 5,'4!°
flavonols derivatives 6,'® methyl ester of gentisic acid 7,'”"'® and
synthetic agents (Fig. 1B) such as N-phenylthiourea derivatives
8,190 kojic acid derivatives 9,%! oxadiazole 10,2 oxazolones 11,2
tetraketone derivative 1224 and 4,4'-dihydroxybiphenyl compound
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13%° have been reported for the treatment of hyperpigmentation
disorders. However, due to adverse effects such as depigmenta-
tion,2! cytotoxicity,2® paradoxical hyperpigmentation'® dermatitis
and erythema,?’ their use as cosmetic agents is being compromised.
Therefore, there is a need to find ideal hypopigmenting agents with
fewer or no side effects.

In the course of our studies to discover new hypopigmenting
agents, we have previously demonstrated the structural require-
ments of a series of phenylthiourea (PTU) and thiosemicarbazone
analogs?829 as the subclass of synthetic melanogenesis inhibitors.
Accordingly, m-planar connection to thiourea unit without steric
hindrance was identified as a main structural requirement in PTU
derivatives.?® Conversely, in case of thiosemicarbazones the aro-
matic group of thiosemicarbazones can be replaced with sterically
bulky carbocycles. Unlike PTU derivatives, steric bulkiness does
not hamper the activity of these thiosemicarbazones. Thus,
hydrophobicity of the benzylidene or cyclohexylmethylene group
on hydrazine of thiosemicarbazones is determinant factor for their
inhibitory activity in melanogenesis rather than planarity.?°
However, the role of hydrogens at N1 and N3, and sulfur in
thiosemicarbazone has not been studied yet. In the present study,
we selected the compound 2-(naphthalen-1-ylmethylene)hydra-
zinecarbothioamide (14, ICso = 1.1 puM, Fig. 2)*° as a lead, and inves-
tigated the structure-activity relationship by preparing a series of
analogs (15a-p) by replacing either of hydrogens or sulfur (Fig. 2)
and evaluating their anti-melanogenesis activity in melanoma B16
cells under the stimulus of o-melanocyte stimulating hormone
(o-MSH).
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Figure 1. Known natural (A) and synthetic (B) tyrosinase inhibitors.
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Figure 2. The structures of lead 14 and their newly designed melanogenesis
inhibitors 15a-p.

Compounds 15a-p were prepared as depicted in Scheme 1.
Briefly, a hot solution of aldehyde 16 in ethanol was added to the
pre-hot solution of appropriate thiosemicarbazide 173°-34 in water
(equal volume of ethanol) and this mixture was allowed to stir for
nearly 50 min at 50-60 °C. The reaction mixture was then cooled to
5-10 °C to precipitate and the resulting thiosemicarbazone com-
pounds 15a-n were filtered.>>~*° Compound 150 was synthesized
by the treatment of 15m with methyl iodide in presence of KOH
and tetra-butyl ammonium bromide in tetrahydrofuran at room
temperature for overnight.#! All thiosemicarbazones 15a-0 were
then purified by column chromatography to give the pure
compounds. Semicarbazone 15p was prepared using the same

15m 150

Scheme 1. Synthesis of melanogenesis inhibitors 15a-p. Regents and condition: (i)
ethanol/water (1:1), reflux, 50 min; (ii)CHsI/KOH, rt. Note: Substituents (R!, R?, R3
and X) are indicated in Table 1.

procedure used for the preparation of 15a with semicarbazide in-
stead of thiosemicarbazide.

As described previously,*?4* biological assay was performed to
determine the ability of compounds 15a-p to inhibit the formation
of melanin in melanoma B16 cells under the stimulus of o-MSH
(100 nM) for 3 day incubation. Melanoma B16 cells (CRL6323)
were obtained from ATCC (Manassas, USA). Amounts of melanin
released into the culture media were determined by measuring
absorbance values at 405 nm with synthetic melanin as the stan-
dard. Data for % inhibition at 10 pM and ICsq values are shown in
Table 1.
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Table 1
Melanogenesis inhibitory activity of 15a-p in melonama B16 cell line

s A
1
O N NJ\N R
R’ R?
15a-p
Compound No: N-R! N-R? N-R® X % of Inhibition at 10 (uM)? ICs0 (UM)
15a%’ -CH; -H -H S >100 2.00
15b -CH,CH3 -H -H S >100 1.10
15¢>8 -Ph -H -H S >100 0.50
15d _Ph (4-CH5) “H -H s >100 058
15e —Ph(4-Cl) -H -H S >100 1.90
1563 —Ph(4-OCHs) “H “H s >100 0.86
15¢ _Ph(3-CH) “H _H s >100 0.45
15h -Ph(3-0OCH3) -H -H S >100 0.83
15i _Ph(2-CHs) -H -H S >100 0.49
15§ —Ph(2-OCHs) _H “H s >100 0.92
15k -CH,Ph -H -H S >100 0.27
151 —CeHy; _H “H s >100 0.29
15m —CH; —CH, “H s >100 028
15n -H -H -CHs S >100 1.60
150 —CHs —CH; _CH; s 76 8.60
15p*° -H -H -H 0 <10 >100
14%° -H -H -H S 100 1.10
Kojic acid 70
Arbutin 180

Note: Substituent.
@ ICsp values are taken as a mean from 3-5 independent experiments.

As shown in the Table 1, both kojic acid and arbutin were eval-
uated in our assay as control. The initial objective of our study was
to investigate the role of hydrogens at N1 of 14. Accordingly,
replacement of one of the hydrogens by a methyl group as indi-
cated in the analog 15a (>100% inhibition at 10 uM, ICso = 2.0 M)
exhibited comparable activity to 14. Further, we introduced some
more substituents like ethyl (15b, >100% inhibition at 10 pM,
[Cso=1.1 uM) or phenyl (15c, >100% inhibition at 10 pM,
IC50 = 0.5 uM) and observed that phenyl analog 15¢ had the most
potent activity, among them. Therefore, replacement of N1-hydro-
gen by bulkier phenyl moiety is more appreciable for the activity
enhancement.

In an attempt to further improve the potency, we then examined
the effect of substituents on phenyl ring of 15c¢. Accordingly, analog
associate with p-substituent methyl (15d, >100% inhibition at
10 uM, ICs0 = 0.58 M) or chloro (15e, >100% inhibition at 10 puM,
IC50=1.90 uM) or methoxy (15f, >100% inhibition at 10 uM,
ICs0 = 0.86 uM) exhibited equipotent activity to 15¢. This similar
fashion was also observed in the case of m- and o-substituted ana-
logs as m-methyl (15g, >100% inhibition at 10 pM, ICso = 0.45 pM),
m-methoxy (15h, >100% inhibition at 10 pM, ICso=0.83 uM),
o-methyl (15i, >100% inhibition at 10 uM, ICsq = 0.49 uM), and
o-methoxy (15§, >100% inhibition at 10 pM, ICs = 0.92 pM). From
these studies, it was clearly visualized that the substituent on phe-
nyl ring of 15¢ does not have any impact on the activity. On the

other hand, replacement of planar phenyl ring with more bulky
benzyl or cyclohexyl group resulted in 2-5-fold activity improve-
ment as shown in the analogs 15k (>100% inhibition at 10 puM,
IC50 = 0.27 pM) and 151 (>100% inhibition at 10 puM, ICsg = 0.29 pM).
This enhancement of the activity might be originated from the
increment of bulkiness or basicity at terminal nitrogen (N1) of 14.

In the next experiment, we demonstrated the inhibitory activity
by replacing both hydrogens of 14 at N1. The resulting N,N-di-
methyl analog 15m (>100% inhibition at 10 uM, ICso = 0.28 uM)
showed nearly 5 and 10 fold more potent activity than 14 and
mono-methyl-substituted 15a, respectively. This outcome is again
emphasizing the fact that the increment of hydrophobicity is
important for the activity. Further, the necessity of N3-hydrogen
in 14 was also explored by replacing with methyl substituent as
shown in the analog 15n (>100% inhibition at 10 pM,
ICs0=1.60 uM). This equipotent activity to 14 indicated that
N3-hydrogen can also be replaced with substituent.

We then investigated the substituents for all hydrogens at a same
time. As a result, the activity was dropped to low level as indicated in
the analog 150 (76% inhibition at 10 puM, ICso = 8.60 pM). This low
level of activity may occur from the steric congestion of the substit-
uents at both the nitrogens N1 and N3, which block the binding abil-
ity of thiosemicarbazide moiety. On the other hand, the activity was
totally mediated by the thiosemicarbazide moiety in 14. As shown
in the Table 1, an analog associated with semicarbazide unit in

Effective hydrophobic
binding

14

&» ¢~ Essential
S
O N H
3NN
H H

Substitutions at N1 or N3: Favorable
Concurrent substitutions at Nland N3: Unfavorable

Figure 3. Structure-activity relationships of lead 14.
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15p (<10 inhibition at 10 pM, ICsp = >100 pM) exhibited complete
loss of activity. Thus, the thiosemicarbazide unit in 14 is critical for
the melanogenesis inhibitory activity.

In conclusion, a series of semicarbazides 15a-p were designed,
synthesized, and evaluated in for their anti-melanogenesis activity
melanoma B16 cells under the stimulus of o-MSH. Systematic
structural modifications provided many potent inhibitors with
maximum fivefold improvement of activity compared to the lead
14. The SAR studies indicated that either of these hydrogens at
N1 or N3 can be replaced by a substituent. However, the concur-
rent substituents for all hydrogens are not appreciable. In addition,
the thiosemicarbazide unit at 14 mainly mediates the activity. The
summary of SARs of 14 has been depicted in Figure 3. A recent
mechanistic study shows that these thiosemicarbazones are inhib-
iting melanogenesis without inhibiting the tyrosinase (data not
shown). The detailed mechanism of action directed toward the
identification of molecular target of these thiosemicarbazones as
hypopigmenting agents are currently ongoing in our lab and will
be reported in due course.

Supplementary data

Supplementary data (experimental procedure) associated with
this article can be found, in the online version.

Acknowledgment

This work was supported by a Priority Research Centers Pro-
gram (2009-0093815) through the National Research Foundation
of Korea (NRF) funded by the Ministry of Education, Science and
Technology.

References and notes

1. Beradesca, E.; Cameli, N.; Primavera, G.; Carrera, M. Dermatol. Surg. 2006, 32,
526.

2. Yoshimura, K.; Sato, K.; Aiba-Kojima, E.; Matsumoto, D.; Machino, C.; Nagase,
T.; Gonda, K.; Koshima, I. Dermatol. Surg. 2006, 32, 365.

3. Prota, G. Med. Res. Rev. 1988, 8, 525.

4, Kuzumaki, T.; Matsuda, A.; Wakamatsu, K.; Ito, S.; Ishikawa, K. Exp. Cell Res.
1993, 207, 33.

5. Park, S. H.; Kim, D. S.; Kim, W. G.; Ryoo, L. ].; Lee, D. H.; Huh, C. H.; Youn, S. W.;
Yoo, 1.-D.; Park, K. C. Cell. Mol. Life Sci. 2004, 61, 2878.

6. Martinez-Liarte, J. H.; Solano, F.; Garcia-Borrén, J. C.; Jara, J. R.; Lozano, ]. A. J.
Invest. Dermatol. 1992, 99, 435.

7. Halaban, R.; Patton, R. S.; Cheng, E.; Svedine, S.; Trombetta, E. S.; Wahl, M. L.;
Ariyan, S.; Hebert, D. N. J. Biol. Chem. 2002, 277, 14821.

8.

Briganti, S.; Camera, E.; Picardo, M. Pigment Cell Res. 2003, 16, 101.

9. Parvez, S.; Kang, M.; Chung, H.-S.; Cho, C.; Hong, M.-C.; Shin, M.-K.; Bae, H.

10.
. Battaini, G.; Monzani, E.; Casella, L.; Santagostini, L.; Pagliarin, R. J. Biol. Inorg.

12.
13.

14.
15.

16.

29.
30.
31.
32.

33.

Phytother. Res. 2006, 20, 921.
Maeda, K.; Fukuda, M. J. Pharmacol. Exp. Ther. 1996, 276, 765.

Chem. 2000, 5, 262.

Kahn, V.; Andrawis, A. Phytochemistry 1985, 24, 905.

Cabanes, J.; Garcia-Canovas, F.; Tudela, ].; Lozano, ]. A.; Garcia-Carmona, F.
Phytochemistry 1987, 26, 917.

Ohguchi, K.; Tanaka, T.; Ito, T.; linuma, M.; Matsumoto, K.; Akao, Y.; Nozawa, Y.
Biosci. Biotechnol. Biochem. 2003, 67, 1587.

Shin, N. H.; Ryu, S. Y.; Choi, E. J.; Kang, S. H.; Chang, I. M.; Min, K. R.; Kim, Y.
Biochem. Biophys. Res. Commun. 1998, 243, 801.

Xie, L. P.; Chen, Q. X.; Huang, H.; Wang, H. Z.; Zhang, R. Q. Biochemistry 2003, 68,
487.

. Kim, Y. M.; Yun, ].; Lee, C. K.; Lee, H.; Min, K. R.; Kim, Y. J. Biol. Chem. 2002, 277,

6340.

. Passi, S.; Nazzaro-Porro, M. Br. J. Dermatol. 1981, 104, 659.

. Dubois, K. P.; Erway, W. F. J. Biol. Chem. 1946, 165, 711.

. Criton, M.; Le Mellay-Hamon, V. Bioorg. Med. Chem. Lett. 2008, 18, 3607.

. Kang, S. S.; Kim, H. J.; Jin, C.; Lee, Y. S. Bioorg. Med. Chem. Lett. 2009, 19, 188.
. Khan, M. T.; Choudhary, M. I.; Khan, K. M.; Rani, M. Bioorg. Med. Chem. 2005, 13,

3385.

. Khan, K. M.; Mughal, U. R.; Khan, M. T.; Zia, U.; Perveen, S.; Choudhary, M. I.

Bioorg. Med. Chem. 2006, 14, 6027.

. Khan, K. M.; Maharvi, G. M.; Khan, M. T.; Jabbar, S. A.; Perveen, S.; Begum, S.;

Choudhary, M. 1. Bioorg. Med. Chem. 2006, 14, 344.

. Kim, Y. J.; No, J. K.; Lee, J. H.; Chung, H. Y. Biol. Pharm. Bull. 2005, 28, 323.

. Grimes, P. E. Arch Dermatol. 1995, 131, 1453.

. Kang, H. H.; Rho, H. S.; Hwang, ]. S.; Oh, S. G. Chem. Pharm. Bull. 2003, 51, 1085.
. Thanigaimalai, P.; Tuan Anh, L. H.; Lee, K. C.; Bang, S. C.; Sharma, V. K.; Yun, C.

Y.; Roh, E.; Hwang, B. Y.; Kim, Y.; Jung, S. H. Bioorg. Med. Chem. Lett. 2010, 20,
2991.

Lee, K. C.; Thanigaimalai, P.; Sharma, V. K.; Kim, M. S.; Roh, E.; Hwang, B. Y.;
Kim, Y.; Jung, S. H. Bioorg. Med. Chem. Lett. 2010, 20, 6794.

El-Metwally; Nashwa, M.; Gabr, I. M.; Shallay, A. M.; El-Asmy, A. A. J. Coord.
Chem. 2005, 58, 1145.

Huang, H.; Chen, Q.; Ku, X.; Meng, L.; Lin, L.; Wang, X.; Zhu, C.; Wang, Y.; Chen,
Z.; Li, M.; Jiang, H.; Chen, K.; Ding, J.; Liu, H. J. Med. Chem. 2010, 53, 3048.
Zheng; L, J.-P.; Zhu, P.-Z.; Liu, J.-G.; Qu, R.-].; Gui, R. Chin. J. Chem. 2006, 24,
1773.

Hu, B. X;; Shen, Z. L,; Ly, J.; Hu, X. Q.; Mo, W. M.; Sun, N. X. D. Phosphorus, Sulfur
Silicon Relat. Elem. 2009, 184, 523.

. Mylonas, S.; Mamalis, A. J. Heterocycl. Chem. 2005, 42, 1273.
. Dharmarajan, S.; Perumal, Y.; Rathinasababathy, T.; Roheet Kumar, P. J. Med.

Chem. 2006, 49, 3448.

. Chattopadhyay, D.; Mazumdar, S. K.; Banerjee, T. T.C.W. J. Crys. Spectrosc. Res.

1988, 18, 701.

. Xue, Y.; Bi, C.; Ma, S.; Hua, Z. Jingxi Huagong Zhongjianti 2006, 36, 34.

. Shah, . D.; Trivedi, J. P. J. Indian Chem. Soc. 1963, 40, 889.

. Shah, L. D.; Trivedi, J. P. J. Indian Chem. Soc. 1964, 41, 704.

. Giurg, M.; Syper, L.; Mlochowski, ]. Pol. J. Chem. 2004, 78, 231.

. Takahata, H.; Tomiguchi, A.; Hagiwara, A.; Yamazaki, T. Chem. Pharm. Bull.

1982, 30, 3959.

. Kim, Y.; Jung, S. H.; Min, K.; Park, ].; Lee, ]. Korean Patent KR747042, 2007.
. Thanigaimalai, P.; Lee, K. C.; Bang, S. C.; Lee, ]. H.; Yun, C. Y.; Roh, E.; Hwang, B.

Y.; Kim, Y.; Jung, S. H. Bioorg. Med. Chem. 2010, 18, 1135.



	Structure–activity relationship of naphthaldehydethiosemicarbazones  in melanogenesis inhibition
	Supplementary data
	Acknowledgment
	References and notes


