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Synthesis of Novel Kojic Acid Derivatives and
Their Tyrosinase Inhibitory Activities

Jeeyeon Kim and Sejin Lim’
College of Pharmacy, Dongduk Women's University, Seoul 136-714, Korea

Abstract—Four derivatives of kojic acid were synthesized and their inhibitory activities against tyro-
sinase were evaluated. The C-2 hydroxymethyl and C-7 hydroxyl of kajic acid were replaced by car-
boxylate and amine, respectively. These derivatives were coupled to L-phenylalanine, producing two
amide compounds. The carboxylate derivative (3), its amide compound (5), and the amine derivative
(7) were weak inhibitors. The amide compound (9) where amine derivative (7) coupled to L-phenylalan-
ine showed strong inhibitory activity (ICx=24.6 UM) comparable to kojic acid.

Keywords [_| Kojic acid derivatives, tyrosinase inhibitory activity.
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FALE Attt 22 e DCM)S CaH,EA)
slol| S-Hale FE-& AASH L, dicyclohexylcarbo-
diimide(DCC)& AFFF3 FAFT AR
'H NMR# ®C NMR spectra¥® Bruker DPX400
spectrometerg AME-Ete] Aom, CDCLY 4% W
EEZEAZ tetramethylsilane(TMS)-& AHE3LE
deuterated dimethylsulfoxide(DMSO-dg) 9+
CD,0D9] 7% %53 = DMSO H&2-S int-
ernal reference® 3}$t}. Chemical shift= @92
e, Mass spectraX Finnigan Mat TSQ
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7008 AH8-8te] A1ttt TLCE Merck 60F 5, AEl7HA
plateZ AFH-stA o™, UV lamp(254 nm)& AH-&1A
1} 7% phosphomolybdic acid®] ollgh-2-8H4-8 AL8-3}
o] AlZtel 3l e azelEatys AEg A
(Merck, 230~400mesh)& AHEslHT). F3%&
UV/VIS Spectrophotometer(JASCO V-530)= &3
3t

5-Benzyloxy-2-hydroxymethyl-4-pyrone (1)2| A
- 724k 1.21 g(10 mmol)& 90°CollA} &g 25
miol =<21%, NaOH 0.48 g(12 mmol) 2} £94-& 713
% benzyl chloride 1.25 mi(1.08 mmo)& %31
90°Coll X A1zt BFslch o8 AAZ F Wl
7V8}han, o] % AAE TAE A3}st 1.692 g(73%) S
Aot

Tle(MeOH : DCM=1:9) R;0.67: 'H NMR(CDCl,)
8:4.44(, 2H, CH), 5.04 (s, 2H, benzyl H), 6.51
(s. IH, Cs+H), 7.34(m, 5H, C¢Hy), 7.52(s, 1H, C¢
H): “C NMR(CDCly) 8:60.19, 71.45, 112.05,
129.04, 137.04, 142.14, 147.48, 168.90, 174.09.;
MS(z/e) 232.1(M")

5-Benzyloxy-4-pyrone-2-carboxylic acid (2)2| &M
- CrO; 8.9 g(89 mmol)& & 20 miol %5UF c-Hy-
SOK97%) 76.7 mIE 7}skaL, A 5371 33 mI7} 5
EE B8 715+ Jones reagent® WERIH IRE
1 465 mg(2 mmol)& acetone 70 mlol =20F ice
bath(0°C)ellA] 303t W23l tt. Jones reagent=
30%-7F ice batholl ¥X|gHF 1.48 miZ 307 HA
7FkR ek, 0°ColA 2A17F 4583 Tukghy o] fx 2y
& 1.5 mlE 7Heta A2dA 142 o wybkelgot,
ATS NG Hopx BujE AAL xS, A7t
A 49 a=zoiE18)9 (10~50% gradient MeOH/
CHCly) 2 #3288} 380 mg(77%)& 4}t

Tlc(BuOH : AcOH : H,O=4:1:1) R; 041: 'H
NMR(DMSO-dg) 8:4.94 (s, 2H, benzyl H), 6.73
(s, 1H. Cs+H), 7.38(m, 5H, C¢Hs), 8.11 (s, 1H, Cs¢
H): *C NMR(DMSO-de) &:71.44, 115.32, 129.16,
137.12, 141.82, 148.24, 161.70, 175.21

5-Hydroxy-4-pyrone-2-carboxylic acid (3)2| &M
- 315HE 2 380 mg# 10% Pd/C 120 mge MeOH
7 miell 5AF F271FIA 2,547 wkst Tt
AREHEF AAg SR AA}E AT
5 Ag7td Zy Z2=2eEa89(0~10% MeOH/
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CHCly 2 #2]3l 73 mg(65%)< AAUtt.
Tle(MeOH : CHCl;=1:5) R; 0.5: '"H NMR
(DMSO-dy) 8:6.88(s. 1H, C+H), 8.13(s, 1H, Cs
H): ®C NMR(DMSO-de) 8:17.66, 21.79, 117.11,
144.66, 148.70, 179.87
N-(5-Benzyloxy-4-pyrone-2-carboxyl)-L-phenylalan-
ine benzyl ester (92| &4 ~ 3¥E 2 441 mg(1.176
mmob)$} N-hydroxybenzotriazole(HOBT) 206.88
mg(1.53 mmol)€ DMF 10 miol =o]x of7]el
DCM 20 mI¢}, DCC 403 mg(1.954 mmol) & 7}3+3-
0°CellM 30%-7t uwkeisrt. o] EFEl H-Phe
OBzl 499 mg(1.954 mmol)¥} N-methylmorpholine
(NMM) 0.22 mI(1.95 mmol)< 713t 0°CollA] 1AI17H
WRkskar, A2eA 36A17F o mREEIch Aty
DCM3} 5% citric acid&9& 713l F&3ta 771%
£ 10% NaHCO, £, brine.2 A3 % ¥ MgSO,2
A3 3 AskEele §ulE AAS T A5 2
F A2rteE 1389 (0~40% EtOAc/toluene)E F&3}
o 295 mg(52%)& ATt
Tle(E2F49 : EtOAc=1:1) R, 0.60: 'H NMR(CD-
Cly) &:3.19(d, 2H, J=5.8 Hz, B-H). 5.10(m, 5H,
o-H), 7.05 (m, 1H, C+H), 7.29(m, 15H, aromatic
H, 2x benzyl H), 7.49(s, 1H, C¢H)
N-(5-Hydroxy-4-pyrone-2-carboxyl)-L-phenylalan-
ine (5)2| B ~ 3IFLE 4 295 mg¥ 10% Pd/C 170
mgS methanol 7 miol o)1, T47]1F310 4] 4.54]
ZF aEkstet. Asln AtERste Suls AAS)
1 AFAA Az F HG-E7 EtOAcE A3t )
AA3IS 37 meg(21%)S AUt
Tle(MeOH : CHCl,=3:7) R; 0.5: '"H NMR(CDs-
OD) &8:3.31(m. 2H, B-H), 4.89(s, 1H, o-H), 548
(s, 1H, C+H), 7.19(s, 5H, aromatic H), 7.91(s, 1H,
CeH): “C NMR(CD,OD) 8:10.79, 17.20, 35.32,
45.33, 57.88, 123.79, 125.90, 126.97, 135.38, 196.085;
MS (z/e) 390.08(M™)
2-Aminomethyl-5-benzyloxy-4-pyrone (6)2} Bt —
3HHE 1 232 mg(l mmol)S DMF 1 midl %90%
29% aq. NH,OH 2.68 mIE 7}k A-200 A 54413
et F2ZEE 100 miS TFF 30 mIE 7}
s} 2E3% 520 10% HCIE A7betd pHE
100 3to] wWAe} AAHE At o|§ o3} AZ3)
o] 53 mg(30%)< A

k
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Tle(BuOH : AcOH : H;0=4:1:1) R, 049: 'H
NMR(DMSO-de) &:4.30(s, 2H, C7-H), 4.97(s, 2H,
benzyl H), 6.06(s, 1H, C+H), 7.27~7.38(m, TH,
NH, Cdy: C NMR 8:60.17, 71.20, 112.96,
122.96, 128.73, 138.18, 148.00, 148.81, 173.19: MS
(z/e) 231.2 (M™)

2-Aminomethyl-5-hydroxy-4-pyrone (7)2] &4 -
3l3HE 6 490 mg¥} 10% P4/C 120 mgs MeOH 7
miell 5% Fa7)FE A 2,581 wrksict. o
AT &g AAS L, JFolA Axd &, AelFHA
Z a2vtE 2 9(0~10% MeOH/CHCL) 2 #g
3t 73 mg(21%)S AATY.

Tle(MeOH : CHCL,=1:5) R 0.5: 'H NMR(DM-
SO-d¢) 8:4.32(m, 2H, C+H), 6.08(s, 1H, C+H),
7.21(s, 1H, CeH): ®C NMR(DMSO-de) 8: 2255,
38.46, 58.69, 107.76, 145.36, 146.618. MS(z/e) 158.0
W)

2-(tert-Butyloxycarbonyl-L-phenylalany)aminome-
thyl-5-benzyloxy-4-pyrone (82| B — Boc-Phe-OH
855 mg(3.22 mmol)¥ HOBT 565.7 mg(4.19 mmol)
o] DMF 20 mI®} DCM 30 mi& 7}8t9 =<21% DCC
730 mg(3.54 mmol)-& 7131 0°CellA 307t wwkst
g}, o] = 3IRME 6 820 mg(3.54 mmol)}
NMM 0.39 mi(3.54 mmol)& 7}5}a 0°CollA] 147 L
ghata, A-eolA 36A1RE B Rtstgct 7% DCM
7} 5% citric acid® F#&3}1, §71%S% 10% NaHCO;
€4, brinee.Z AAHg F MgSO,2 Axd1 AUSF
3] BmiE AASAY. AFA dxEF AeFA
23 azvlETY(0~10% MeOH/CHClL)Z £l
3l 1.306 g(63%)S Gt

Tle(MeOH : CHCl,=15:85) R; 0.7 '‘H NMR
(CDCly 8:1.27(s, 9H, Boc), 3.07(m, 2H, B-H), 4.49
(m, 1H, o-H), 5.04(m, 5H, Cs+H, Csbenzyl H, Cr
H,), 7.18(m, 10H, aromatic H), 7.33(s, 1H, CsH)

5-Hydroxy-2-(L-phenylalanyl)aminomethyl-4-pyrone
92| &M - 313HE 8 490 mg¥ 10% Pd/C 120 mgs
MeOH 7 miofl 3% 247173004 2417 mita} s
th o3ka AN g ERSl &g AAsE,
FollA Az F Hegbd 2y I=ekEads 0~
10% MeOH/CHCl)Z £l 73 mg(30%)9] 2-
(tert-Butyloxycarbonyl-L-phenylalanyl) amino-
methyl-5-hydroxy-4-pyrones €%t} TLC(MeOH :

CHCL=1:5) R, 0.5. 2-(tert-Butyloxycarbonyl-L
phenylalanyl)aminomethyl-5-hydroxy-4-pyrone 73
mgE DCM 1 miell 503 TFA 1 mi& 718k 447
ayratn, ZRFERet 8uiE AlAS R, AF A
Z3ld TFAY 2.2 99 mg(100%)-& ATt

Tle(MeOH : CHClL,=1:5) R, 0.15: 'H NMR(DM-
SO-dg 8: 3.07(2H, B-H), 3.34(1H, o-H), 4.03(2H,
CrH), 7.20~7.35(TH, Cs+H, C¢H. aromatic
H): “C NMR(DMSO-ds) 8:32.95, 38.43, 52.50,
126.06, 127.50, 134.10, 155.49, 156.83. 157.47,
169.42, 177.74, 199.93: MS(z/e) 480.0(M™)

EIZAILA Naigtd &3 - 82444l (mu-
shroom)¥ Sigma Chemical Co.ol4 798t A&
3Tt 30°CellA 108zt vl 2Xedt 2A4E8
A(pH 6.8) 1.05 mI% 0.3 mg/ml E]Z-E4(1.66
mM) 1ml, Z8l2 AS&R(FEed T 10%
DMSO/¢H5-8-dol| £-3) 0.9 mIE 9ol ¥ 33}
At &d7]el 480 units/mie] EJZAIGA] &9 0.05
mlE 7183 mlolagsdor Z EF3F 30°Cel|A
1087 Wk 475 nmolA E3x=E s
Controloll X A8 il A5-HS A3
o, oh3-4] 0 93] ICx7kS AXtalE

% 874 =100/(1+ (1)/ICs)

% BRL AR Y AHAE 7Hted de &
2844 gkE controle] Aol it WE-8= FAIRH
grold, (D2 AsAle] F=olt}t ICx3S Marqu-
ardt algorithm$ ©]83k non-linear least squ-
ares regression® 2 et

43 ¥ D@

A 49 A AE7I 5W 93] HEA 4
FE&3 uke3 o) W43 S e g o) F WA
E|ZA1UA] A 8Ae 44 2& S Ao} AR

Gf FARFEAEL T2 T4 94X FA7NE o=
HE22 A% SFEQdd, o1 7284 AT A

ojsid AutH o2 A5Yo) B4E ANV E TS

o} 2o T8 )R] A0l Z-obr)eAhE: o 2|

22 E3ld 4o F71R=d Z-Ala-OHE =4

89 5u) 2718449k Z-Phe-OHE =3t 828 %

74ger® @2 ate) T8 91x] 42417)6l urethan® 02
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Scheme I— Synthesis of kojic acid carboxylate deri-
vative and its amide compound.

o Abe AFIEE A YEhdg T3 23
A3 gadol BEdh Hddeld s =EhE 4]
30} F7130” B Ao e A SR Ry ZFat
3ET g 2499 I =ENME|E F12EA
719} olu w72 22 AEsa, A7l Hdde
g ol Ao g w3t

TR 29 $1X|9 B=EA|WE 7|} FtEEAT]
£ =9l3l7] 3t 4 59 iR HEAd FWE
g oz WA BHEeYtHScheme I). SHE 12
ke TH X0 e 13 4718 THPE B3
5 59 xle] Aol WAV|E Edsly aF
THPE ¥H.33le d7|% g ot BAo] A vhA|
ok gy T4 ] o] T1%E Rol o] b diAl 59
91x19] 44F71& AH benzyl chloride® AHE-3l X
FEATHT3% &), 28 §X9] 3| =EA HErE
Jones reagent®= (&3l SIFE 28 7% FE=
Ax, Eof] £23pkgoz R Fsie] 3E 38 o
Act. FH3E 29) 7128475 HOBTS DCCE A
8to] ZA3A71 & H-Phe-OBzls} BHg-A1A 52%<]
FE2 3FE 45 A8, F0) FAshgoz Wl
A7)1E AAS 3FE 55 P

A TH X9 FANE olul7| 2 X 83 Y3l
o FE 1o gRYFE HeAA 30%9 FE=
RE 63 s, v phshigoR WAYE
AAs 3FE 78 LAk (Scheme 1I). Boc-Phe~
OH#$} 313HE 63 DCCe HOBTE A3l A&
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Scheme I — Synthesis of kojic acid amine derivative
and its amide compound.

Table I —Inhibitory activities of kojic acid derivatives
against tyrosinase

Compound ICs (pM)
3 1,300
5 3.100
7 206.4
9 24.6
Kojic acid 229

8l 63%9] &= 3ARHE 88 A3ty PdEUE A}
B8 FA3NEgol oF WAVIE AASE, trifluo-
roacetic acid(TFA)Z Boc7|& AAslA 338 9=
st

e 2N FEAEY EEAUA AHEAHS
ZA% 43 71284 FEA() ) oI F=R(T) 9
ICs= 242} 1,3005% 206.4 pMEA] F24ke] 21 £1x
o F40] & FIZHAA o opu| e HEE 9]
s &40 2A AstES & 5 UH(Table 1). 712
B4 frAlel dddside =i s dG@GHeE
5) ICsx7t 3,100 pMEA EAdo] ol A=, 3
FE 5t SFE 38 2A0] Fol AR ¢ A
o2 ggEAoy 238 Agted ol IAFE 59
Bagzrt A Qi RARHRY el v
2 7198k Aoz FAdh ALY TH 9] &
2710 HdgdEd S urethane® 0.2 A IYE
T QA 2 EAVIE et 8L IAMTE =
&d” o] AL AYE 59 vlal LA FANE o
A, 2HE FREA 9 F4310. S3PE 5+ 512
Ea4te] A pyronedtel AgtE o] glar 7)o wd
debdo] oful=Agtoz == vwd FY T
ZE At ZF4te] opglfEA o FdgEide A
e o Ao ZA I, AjE 9=
ICs7} 24.6 pMEA] EAJo] oIl R =BT} of 8u) =
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on @A FEIAGL. ST 9 2ALFE
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FALES] 28R Gl S ESAIMES 2R
712 2tgste] 7t 54 FEA(3)E sk, 7
AR FA7NE of7| 2 A fste] ot FEA(TE
ettt sjHE 39 FtEEA7] o a5 opv At
d Adgehde AELs BgE 58 s, 3
T 79 opHlyle HddHdE AELs SYE
98 s R = EA FA(3)9) ofR)
FEA(DE ICs7t 1,300 pMH 206.4 pMEA HZ
AlUAlel diste] v AsiEAdS el Fide
ghdat AELE 239 op|=dRtET BetE 5o
ICs7t 3,100 pMoIRioyt, gt 9= ICw7t 24.6
EMEA B15HE TR &4 o] 8 4 F3kow A1k
Aol T3
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