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2 9k Polyhydroxylated benzamide T]’-I—Z'“‘/] TS| wE v aye]l AAAAE TFEIACH
Adamantyl benzamide =494 B ring F22] X|$7]7} catechol (3,4—dihydroxyphenyl) 9l 3% $-3t
dald A A4S R oy, mono— hydroxyphenyl (3—OH =& 4-0H)°]AY 3,4—dimethox—
yphenylQl 7ol 1 &A4o] ZAstAY glol At mebA catechol unite] Hehd A Ao a3 1A
< ¢ F U 2T A-ringFE9 2-0He EAlAFE A & IS FA+ &%, A-ring
B-ringg AZ@sl= BAARES Zo] A "HEld A 2 FFe F= 4= oYUtk

Abstract: The structure activity relationship of polyhydroxylated benzamide derivatives for whitening effects was
examined. The adamantyl benzamide derivatives with catechol (3,4-dihydroxyphenyl) of B-ring part showed good an-
ti-melanogenesis activity, but the inhibitory activity of mono-hydroxyphenyl (3-OH or 4-OH) or 3,4-dimethoxyphenyl
substituted derivatives was decreased or lost. Therefore the catechol unit was appeared to be the crucial factor for the
inhibition of melanogenesis. And the existence of 2-OH of A-ring part had minor influence on the activity, the length
of carbon chain between A-ring and B-ring was also not the major factor for the anti-melanogenesis activity.
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)58 Elo] AU o] Z(tyrosinase) 2] H3E =
v 33E 2dste] depd PAPES 24T F A A
o= 4R dom, 53 kst 2HgS 2= poly-
hydroxylated phenolic compound”} o] ¥&&# Ut
[5,6].

B AFAEL N-benzylbenzamide =42 Hahd
A AAEI ATl adamantyl X7 o7 &
g AsadE FEI vk A7) weEbA B ATl A
= o] AFEAE o]&st A=A BHE=
1,3-diphenylpropane T%& =¥35te] Rt} thekst pol-
yhydroxylated benzamide =450l e 2243
AE ATtk

A7 Tt vy ggtao] dEiA et
2

>

21, Aot

Algel AREE Al9F Mhydroxysuccinimide (HOSu),
N,N'-dicyclohexyl-carbodiimide (DCC), dopamine hydro-
chloride, tyramine, 1-adamantanol, 2,4-dihydroxybenzoic
acid, 4-hydroxybenzoic acid, 3,4-dihydroxybenzyl-amine
hydrobromide= Sigma-Aldrich Co.2] #|&F& Al&3}
At

22, N==d ! 2t dgg YUY

221, MZHHY

Melan-a A= C57BL/6] (black, a/a) FF-220ll A
&3k immortalized cell line2-Z A (Bennett DC, Cooper
PJ, Hart IR. A line of non-tumorigenic mouse melano-
cyte, syngeneic with the B16 melanoma and requiring a
tumor promoter for growth. Int J Cancer 1987; 39:
414-418) Dr. Dorothy C Benette (St George’s Hospital,
London, UK)ZH-E] A|g1to} AR89t AlZ+= RPMI
1640 medium®l| fetal bovine serum 10%, 50 U/mL pen-
icillin, 50 ug/mL streptomycin, 200 nM phobol 12-myristate
13-acetate (PMA)E 71 HAIZ 37 C, 10% CO, &
st A wjFeiet
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2.2.2. Cell Cytotoxicity & (Premixed WST—1 Cell Prolife—
ration Assay)

THAE ZHg-o] A7 Aokl Al mEZ =}
9] A G A (respiratory chain) IS F3f] A=
of a3t olJAE A43TE WST-1 A3 A=
4 R AEeYS S8 AdlA ol &HL A=
el 3 VA =, AR EA N EASE AR
Z~(dehydrogenase)?]  succinate-tetrazolium  reductase”F
714 ol dd3}= tetrazolium salts (WST-1)ZS 3] 3}
formazano|2h= WA E2& At deE 2835t
I o] Holfls MEAAMRE E3E YEeRdt w2}

R =
A formazan® €3 WA AT F7Fe Aolgl= Al

A28 formazan?] %S FHsl ME 54S A5}

E 96-well platell well
HEZ 1 x 10V12 Yol& F, 81F 5 Al Zuje)d
x8t) o8 AE BEE AFEFo] 4o =
o= Al HIAIZE wellF 100 mLE A &, 484175
oF wjFAIZITE AlEujfulA]o] WST-1 £94-S well
10 mLA H71ekal 2417 9t Alzujgrlel Y
S-S A7l 3 platex] 2 450 nmol|A] formazan®] A}

A},

= =
A Zé—:—e =

o2

2.2.3. Azl Mo XSHAIE

Melan-a AlEZ 3 x 10* cells/wello] HE2 24 well
plateo] 7+ %, 24413t B¢k M E7} plated] F BEZ
Alzad71o] A H, 7F welld Thg T2 3
2E NP EHo] B0l WA E Yol=T) AF A
S Y3le FEUE 5o ARSSh 99 22 WU
OS2 A3 AEE 39l 3 1A, 6d < At
M=z el depde 33 dAr| 7 (bright-field micro-
scope) 2.2 13t} o]F M E= cell lysis buffer=

30l F YYREE 53 43 Relstel wua

< Aesla FAehd& 1 N NaOHE AH71sk] 405 nm
A FHEE A5t FAT g oigk 4
Zhd ooz 3htslytt

2.3. Adamantylated alkanoids SEX|2| &M
Adamantylated alkanoids -fr =452 Figure 13 22

W o2 A3 ATE 94 hydroxybenzoic acid 1
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Figure 1. Synthesis of adamantyl benzamide 3.

7343 27490 4 adamantylationd}] adamantylated hy-
droxybenzoic acid 2€ £ TE€2 42 ts, I E
£ HOSu / DCC 21X AFAIA T4 e
o]ojA -3t benzylamine (XE+i= phenethylamine)3}
HESAIA 323832 adamantyl N-benzyl-benzamide
(=% adamantyl N-phenethylbenzamide) 32 343}t

Y E3}3HE 3a, 3¢, 3e, 302 AR h3F A
&5 ofgfol YehA

2.3.1. 5—Adamantan—1-yl-N—(3,4—dihydroxy—benzyl)—2,
4—dihydroxy—benzamide(3a)2| &M

2.3.1.1. 2,4-Dihydroxybenzoic acid (9.24 g)3} 1-ada-
mantanol (9.14 g)= dichloromethane (200 mL)ol| 9]
3 wHFSH A ZAK17.1 mL)ol] FE32H3.3 mL)yS
Egste] H7ke & Aol A 12412 B kSR
o} wHkeE &89l E(200 mL)S Wil 842 pH
7t 60l HEs FEEFES 718k, 489 1AE
oJ3}ste] 3 e] S-adamantan-1-yl-2,4-dihydroxybenzoic
acid 8.82 g& F53IATH

'H NMR (300MHz, DMSO-ds) § 12.40 (brs, 1H),
10.17 (s, 1H), 7.47 (s, 1H), 6.27 (s, 1H), 2.00 (s, 9H),
1.70 (s, 6H).

2.3.1.2. 5-Adamantan-1-yl-2,4-dihydroxybenzoic acid
(0.606 g), HOSu (0.24 g), DCC (0.43 g)& dioxane (10
mL)ell o] 12413F sttt AAE A E o3}
st o 7H-S 3 4-dihydroxybenzylamine hydrobromide
(046 ), ZEHNIEE(0.18 g), (2 mL)o &8
of 27FekaL 50 ~ 60 TollA 2413F F<F w Rkt
HEgo] ik & gollo] 255 202 Y H 10%
A g o7 Z33ta o dolAH 0| E(50 mL)E
Mol Foith. 7] 8AFL T I Fo

Aring B ring
Ry O ”
HOSu/DCC 2 R
N 3
Amine / NaHCO3/H,0 4 H " 4
50~60°C RJ R4
Ad 3
n=1,2

Ad = 1-adamantyl
R1,R2,R3,R4 =H, OH,OCH3

Azxstal o st 7}t 5% &, dA=ErE Y
Jo A Egste] A ua)4e] 5-adamantan-1-yl-N-
(3,4-dihydroxy-benzyl)-2,4-dihydroxybenzamide (3a) 0.09 g
< TS

"H NMR (300 MHz, DMSO-ds) § 12.74 (s, 1H), 9.95
(s, 1H), 8.98 (m, 1H), 8.85 (s, 1H), 8.71 (s, 1H), 7.44
(s, 1H), 6.67 (m, 2H), 6.56 (d, 1H, J = 7.8 Hz), 6.26
(s, 1H), 4.28 (d, 2H, J = 5.4 Hz), 2.03 (s, 9H), 1.71 (s, 6H).

BC NMR (125 MHz, DMSO-ds) & 169.4, 161.0,
160.1, 145.0, 144.1, 130.3, 127.7, 125.4, 118.2, 115.3,
114.8, 105.9, 103.7, 41.7, 40.2, 36.6, 35.9, 28.3.

2.3.2, 3—Adamantan—1—yl-N~(3,4—dihydroxy—benzyl)—4—
hydroxy—benzamide(3c)

3718 W} AR o 2 9HA 3 3-adamantan-
1-yl-4-hydroxy-benzoic acid (0.286 g)°ll HOSu (0.12 g),
DCC (0.22 g)Z dioxane (5 mL)ol| o 12417+ wwtka}
1 ARE AE AFste] AL 34-dihydrox-
ybenzylamine hydrobromide (0.25 g), S EHHIEF(0.09 g),
=(1 mL)o] & &l A7lstar 50 CTollA 2413 &
QF wRFsATE Whgo] B & 8o 25 Ao
2 WY 5 10% Fargd oz Falstal o oA
Bl EGO mL)Z AolFUt 7] §45& 75 3
Ao s st ofdste] At w53
HazrtE ol A skl A 1147442 3-ada-
mantan-1-yl-N-(3,4-dihydroxy-benzyl)-4-hydroxy-benzamide
(3¢) 0.03 g& TS5

'H NMR (300 MHz, DMSO-ds) & 9.82 (s, 1H), 8.75
(m, 2H), 8.62 (m, 1H), 7.63 (s, 1H), 7.56 (m, 1H), 6.77
(d, 1H, J = 84 Hz), 6.69 (s, 1H), 6.64 (d, 1H, J = 8.1 Hz),
6.53 (m, 1H), 4.26 (d, 2H, J = 6.0 Hz), 2.07 (s, 9H),
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Table 1. The Melanogenesis Inhibitory Activity
Compounds Ry R, R; R4 n ICso (M)
3a OH OH OH OH 1 2.50 £ 0.23
3b OH OH OH H 1 12.50 £ 1.19
3c H OH OH OH 1 2.57 + 0.68
3d H OH OCH; OCH; 1 3.86 = 0.34
3e OH OH OH OH 2 433 £ 0.12
3f OH OH H OH 2 -
3g OH OH OH H 2 -
3h OH OH OH 2 2.09 £ 0.07
3i H OH H OH 2 -
3j OH OCH; OCH; 2 -
Kojic Acid 1,469 + 238.89
1.72 (s, 6H). BC NMR (125 MHz, DMSO-ds) 6 166.2, 158.7,

BC NMR (125 MHz, DMSO-ds) § 166.1, 158.8, 144.9,
143.9, 134.9, 131.0, 126.1, 125.9, 1249, 118.1, 115.7,
115.1, 114.8, 42.0, 39.6, 36.5, 36.2, 28.3.

335 3e, IFE 30T A7) FAMSE Wb o ®

55

E.?{_'.

2.3.3. 5—Adamantan—1—yl-AM-[2—(3,4—dihydroxy—phenyl)—
ethyl]—2,4—dihydroxy—benzamide(3e)

'H NMR (300 MHz, DMSO-ds) 6 12.63 (s, 1H), 9.90
(s, 1H), 8.74 (s, 1H), 8.63 (s, 1H), 8.58 (m, 1H), 7.38
(m, 1H), 6.63 (m, 2H), 6.47 (d, 1H, J = 7.5 Hz), 6.25
(s, 1H), 3.32 (m, 2H), 2.63 (t, 2H, J = 7.2 Hz), 2.03 (s,
9H), 1.72 (s, 6H).

BC NMR (125 MHz, DMSO-ds) & 169.8, 161.3,
160.3, 145.5, 144.0, 130.5, 128.0, 125.8, 119.6, 116.3,
115.9, 106.5, 104.1, 41.3, 40.7, 37.1, 36.3, 35.2, 28.8.

2.3.4, 3—Adamantan—1—yl-N-[2—(3,4—dihydroxy—phenyl)—
ethyl]—4—hydroxy—benzamide(3h)

'H NMR (300 MHz, DMSO-ds) & 9.78 (s, 1H), 8.71
(brs, 1H), 8.64 (brs, 1H), 8.21 (m, 1H), 7.56 (m, 1H),
7.50 (m, 1H), 6.76 (m, 1H), 6.62 (m, 2H), 6.45 (m, 1H),
3.34 (m, 2H), 2.62 (m, 2H), 2.07 (s, 9H), 1.73 (s, 6H).

oigksla-E8ks] %], #3949 A 2 F, 2013

145.0, 143.4, 134.9, 130.4, 126.0, 125.9, 125.1, 119.1,
115.9, 115.7, 115.4, 41.2, 39.7, 36.6, 36.2, 34.9, 28.3.

M Kozt

EA 8= polyhydroxypropanoid 24 Tl

kazinol®]Y} broussonin®] ol <A 3}

theFek F29] polyhydroxy benzamide -

sk, olE stEel digh Hepd A4
Aottt ol =2 Fausld=E

Ql A4k Hl3] 5% Hepd A4 AsjadsE B

Qo I AFE Table 19 AelstAch

3.2, i MM Moz otol chgt o&

Polyhydroxy benzamide3}3H& | 4] adamantyl”]7}
ghd A Aol mxl& Gl A= ol A+
Q1 adamantyl N-benzylbenzamide +=4|2] wju]&A]
Aol A A RPTHT]. o] AFollA adamantyl”] o
o3 7k sgES] o= s, Hepd A4
A BT} MAEE AAE DS 5 AT ol o
3t AT ZA] polyhydroxy-benzamide2] hydroxy |
31719] Q1A % A ring¥} B ringg Z3I= chain?)



Adamantyl Benzamide

do|7} &4l mA= Y A B et o
E SHo 2+ /oA SEEE <] 2,4-dihydroxy-
benzoic acidE ©]&sh= Al ©7F HolA gt
4-hydroxybenzoic acid F=A& HARISIIA} 3R T
4 b Ao A= adamantyl N-benzylbenzamide
F=A o] FZ(Figure 1 F=)7}F A ring?} B ringl Z}
7} 2,4-0H, 2,4-OHQ! AIHH] 725 21 AN
, o|& Hgs 3= 3a9t 2ol B ring®l catechol
unit (3,4-dihydroxyphenyl”])& Zt= 79 ICs) = 2.5 uM
2 FA4KKojic acid)thB] 5008 o]/de] =g vy
S BAA, BaAEo] s sold 3HehE 3el)
A9E ICs = 433 uMe] S FA A skAIRE
catechol 7725 Hlold 3}HE 3bHt ©AAbE0] skt
Sold 313 3f, 3= 3ge2 A4S HolA ¥
Ao F Ko} o] FKEo] pharmacophore 24 F 23k
&g 3t e AR AT
A ring®l A hydroxy”7]7} s} Zo]E 33HE 3h9)
A= ICs = 2.09 uME A A TiH] 700818 $-<=3F
vagd s Bt 0]7101 B ring®l catechol %7}
FAEE S3HE 3he 2 S BP0 cat-
echol T+Z7} o} ALY free OH7} OMeZ protection®
3IEH= 30, 3jo] A9 A4S HolA FUth E7F cat-
echol TZE Zt= SIHE 3¢ ICs) = 2.57 uMEA] £
& AL BYPo} dimethoxy 3HFHE 3de] H9E=
ICsp = 3.86 uMZA] S o] Az oz ekl R]= Ao
2 YERFA catechol 7271 ol a3 A4S 3t
I U= B FUATh
b gaAbso] 11 3EHE 3e9) 3h, ©AANSO| B
< 3= 3a9 3¢5 A7 BlwEtRS o, A ring?
2-hydroxy”7]¢] EAoFe Friz o=z depd 44
Asfoll mx)= ko]l A9 gle A= YERTh 1
2ol AAH SR o] FEES Eo|EAY o] 2 i
g Az o] gl Ao ®E Uehgtet 1 o)+ ©l
%@EO] catechol unitS Zt1 JLol= B3 &
250232 4| (metal chelator)Z 283131 YA 7]
d Zo = A FHIATE o] A= o|HY AT
A ring?} B ring®l|l Z}7} 2,4-OH, 2'4-0H] +&&
= adamantyl N-benzylbenzamide §=4]E°] Elo|=2
Aldlol= A&l EAS Kol A txy= Aol
. S catechol unit2 Zt= 33HE 3a, 3¢, 3e, 3he
MEFA SHAANE ZFZFe] MTT assay ICso = 29.6

Xii[‘-{ﬂ.{

2§ >

FEAG v g 131

UM, 46.9 uM, 24.9 uM, 34.6 yMO.Z ZAH 9 WollA
FHE Ao = Jehith

4. 82 E

Adamantyl”] & Z+= polyhydroxy-benzamide }3H&
o] Wehd A4 Aslel vX= FFE hydroxy”] A
5l &4 chain Ao] Wstel| g T}t SHA
A Bt} 313HE2] B ringoll Al catechol unit-> 7]
Ao F23F 9T 3% 2™ mono-hydroxyphenyl
QA= @0l ZasEAY §lol Rt =3 o] 319
=52 catechol unit®] EA| % B33l Efo] EA|Y]
o|= A3 A& Ho|A| oFola] FLro| 2B A ZA]
2H-851A] g2 7hsAd ol ddE AT 18] al A ring¥
B ring Ato]e] ©rAAlEe] Hole vl X4 &
S FA= kI, A ringoll A 2-0HS] &A1= %W
of a3 FIFES 7| A= FUTh ol A=
Foote] oJoF e SPE MRS HlA 5]—@'? 3h

= candidate® A A3te] mRA L obHA S9o] F7}

Reference

1. A. K. Gupta, M. D. Gover, K. N. Nouri, and S.
Taylor, The treatment of melasma: a review of clin-
ical trials, J Am. Acad. Dermatol, 55(6), 1048
(2006).

2. S. R. Dalton, T. L. Gardner, L. F. Libow, and D. M.
Elston. Contiguous lesions in lentigo maligna , J.
Am. Acad. Dermatol., 52(5), 859 (2005).

3. S. -Y. Seo, V. K. Sharma, and N. Sharma, Mushroom
Tyrosinase: Recent Prospects, J. Agric. Food Chem.,
51(10), 2837 (2003).

4. S. Briganti, E. Camera, and M. Picardo, Chemical
and Instrumental Approaches to Treat Hyperpigmen-
tation, Pigment Cell Res., 16(2), 101 (2003).

5. S. J. Cho, J. S. Roh, W. S. Sun, S. H. Kim, and K.
D. Park, N-Benzylbenzamides: A new class of potent
tyrosinase inhibitors, Bioorg. Med. Chem. Lett.,
16(10), 2682 (2006).

6. Y. Fang, Y. Chen, G. Feng, and L. Ma, Benzyl ben-

J. Soc. Cosmet. Scientists Korea, Vol. 39, No. 2, 2013



132 MES - Qkgn] - P - £G - HEY - e

zoates: New phlorizin analogs as mushroom ty-
rosinase inhibitors, Bioorg. Med. Chem., 19(3), 1167
(2011).

7. H. S. Baek, Y. D. Hong, C. S. Lee, H. S. Rho, S.

ekslaEsta) =), A 3949 A 2 &, 2013

- WHAF] - AEA . kY

799

fot

o =

S. Shin, Y. H. Park, and Y. H. Joo, Adamantyl
N-benzylbenzamide: New series of depigmentation
agents with tyrosinase inhibitory activity, Bioorg.
Med. Chem. Lett., 22(5), 2110 (2012).



