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Abstract

Novel qucoconjugates containing phenolic moiety, 3-(methoxycarbonyl)-4-(hydroxyphenyl)-
B-D-glucopyranoside(4), 3-(methoxyacetyl)-4-(hydroxyphenyl)-B-D-glucopyranoside(7), 4-
(hydroxyphenyl)-B-D-ribofuranoside(11), were synthesized. In order to investigate their
depigmentation effect, inhibitory activity against mushroom tyrosinase and inhibitory activity
of melanin synthesis in B16 melanoma cell were evaluated in vitro. Compound 11 showed
92.0ug/ml of tyrosinase inhibitory activity whereas compound 4 and 7 showed very low
activity not less than 300pg/ml. Inhibitory activities of melanin synthesis in B16 melanoma
cell of compound 4, 7, and 11 were 8.7, 18.1, and 36.0%, respectively, at the concentration of
100pg/ml. Inhibitory activity of compound 11 was much higher than that of arbutin at the

same concentration.

A&

oM v, FoAet 22 qaPdFe Aejda 22 At osfa] depd
Ao A T2 datitolEo] Al oA ofr|EthD) | RoMe A
2332 Aahd FAgel delA TaT £ tyrosinase o oM T ofrjEn P
o] 2AIZ tyrosinase 7| AFAMAE AHEH oA AsfEs Uk Eok dabd A
A s Aeldel o7 AFArsukgol £FHO glol ol g vhg& AAws)

S ouE MREALIAL e gl B4 Utk Aol RANEY ol

=

b

)

o
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1. Al %

D-glucose, D-ribose, boron trifluoride etherate, triethyl amine, Sodium methoxide S
Sigma-Aldrich A}2] &3 A k8 AL4-3F3th acetic anhydride &= &E5F & 8ho] A}
F3tg o, acetic acid = =& A ASH?] A8l acetic anhydride & A&

WA & Cr0; EASANA BEFEFE ot AME3%ATh Hydroquinone <
acetone oA AAA dATE FWHELS AMEAH TRt ALEEen 19 Al
22 AAglol ALYt Nmr €= Sigma-Aldrich AF2] DMSO-ds, CDCl;, D,0O
& AMgEler URZIEE4AEE TMS & AHESIIT. 9l A2 B 5
o7 Agsigion FAdF AMEEH A[GELS iAol AEL Sigma-
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NMR =732 Varian-Gemini 200 spectrometer & A}8-3}%131 chemical shift & TMS
2 NFEEARsld § appm2E YERAD. UV FFEE Hewlett Packard
HP-8453 & AL-&3to S48t

3. 4
3-(methoxycarbonyl)-4-hydroxyphenyl-2’,3’,4°,5’-tetra-O-acetyl-p-D-glucopyranoside(3)
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Z1ZE dichloromethane 30mt o} methyl 2,5-dihydroxy benzoate(1.68g, 0.01mol)# B-D-
glucopyranose  pentaacetate(3.9g, 0.0lmo)E FHo| ALoA 10 Eluws
trietylamine( 2g, 0.02mol)Z} boron trifloride etherate(5.62g, 0.04moD)S HA A3 H 718t
o Aol 48 AP mHEAFHT Wg FA¥ E@omD3}  methylene
chloride(20mDE #7138l FE2TF {7]5 & anhydrous MgS04 2 A5 o33 v
S T4FE Al¥]5L ethanol 15ml 2 A ZAA SR H(mp: 94-96°C, +& : 55%) ('H-
NMR in CDCl; ; 2.1ppm(q, 12H), 3.80-4.00(m, 1H), 3.90(s, 3H), 4.10-4.40(m, 2H), 6.90(d,
1H), 7.17(m, 1H), 7.42(s, 1H), 10.5(s, 1H))

3-(methoxycarbonyl)-4-hydroxyphenyl-3-D-glucopyranoside(4)

3138 3 ol methanol 50g ¥} sodium methoxide 0.01g & 2a1 6 A 7HE<t SFA AT
g FZ% 00IN HC1 2 53 MZIE Z¢h F$E53L cthanol 15ml 2 A A A 3R
tl(mp : 148-150°C , & 65%)'H-NMR in D,0; 3.30-3.50 ppm (m, 4H), 3.65( s, 3H),
3.60-3.90(m, 2H), 4.60-4.80(d, 1H), 6.55(d, 1H), 7.00(q, 1H), 7.13(d, 1H))

3-acetic y-lactone -4-hydoxyphenyl -2°,3°,4°,5’-tetra-O-acetyl-B-D-glucopyranoside(6)
73Z& ¥ dichloro methane 30ml ©|  2,5-dihydroxy phenylacetic y-lactone(1.5g, 0.01mol) 3
B-D-glucopyranose pentaacetate(3.9g, 0.0lmol)E Hojxm A2A 10 EuHtE
trietylamine( 2g, 0.02mol)3} boron trifloride diethyl ether(5.62g, 0.04mo)E X35 A7}
3to]  ALoA 48 Al mREAIZ S EAZ B@Ooml)I}  methylene
chlorideQOmNE 718l FE3FE {71352 anhydrous MgS04 2 AF o35 o}
2 #A¢H5 Al7] a1 hexane/ethanol 20mt 2 A2 AE G (mp: 182-184°C, F&
45%) ("H-NMR in CDCl; ; 2.10ppm(q, 12H), 3.70(s, 2H), 3.70-3.90(m, 1H), 4.10-4.40(m,
2H), 5.00(d, 1H), 5.10-5.40(m, 3H))

3-(methoxyacetyl)-4-hydroxyphenyl-B-D-glucopyranoside(7)

A2l BAET methanol 50g 7 sodium methoxide 0.0lg = {1l 6 A|7+E < FFHA
AT Wb FHZ 00IN HCl 2 53 A71% 7QF Z28151 ethyl acetate/ethanol
25ml 2 AAA3A ) (mp :154-156°C , T& 50%)'H-NMR in D,0O; 3.40-3.70ppm(m,
3H), 3.70(s, 4H), 3.70-4.00(m, 2H), 6.80-7.10(m, 3H))
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4-(acetoxyphenyl)-2,3’,5’-tri-O-acetyl-3-D-ribofuranoside(10)
AZ9 dichloro methane 30ml ©| monoacetyhydroquione(1.54g, 0.01moh3} B-D-

ribofuranose 1,2,3,5-tetraacetate S o] H-2A 10 Bty trietylamine( 2g,
0.02mol)#} boron trifloride diethy! ether(5.62g, 0.04mol)E HH3] AJ}ste] A2 A
48 A7+ wdkA e S FAF E40m)F methylene chloride(20ml)E 3 7}5} ¢
Z23FE F7]1%F L anhydrous MgSO, & #Ax oFA3 g #AEET Al7|xn
ethyacetate/hexane  35ml 2 A4S ATH(mp: 64-66°C , & : 35%)('H-NMR in
CDCl; ; 1.95ppm(s, 3H), 2.10(s, 3H), 2.15(s, 3H), 2.30(s, 3H), 4.00-4.10(m, 1H), 4.35-4.50(m,
2H), 5.45-5.55(m, 2H), 5.60(s, 1H), 7.00(s, 4H))

4-hydroxyphenyl-3-D-ribofuranoside(11)

o] AAEo] methanol 50g 3} sodium methoxide 0.01g & @3l 6 A 7HE BFA
Aok g FAZ 0.0IN HCI 2 53 A71%F 39 S48+ isopropyl alcohol 25ml
2 ARG} (mp :155-156 °C , & 75%)('H-NMR in D,0; 3.50-3.60ppm(m, 2H),
3.70-4.10(m, 3H), 4.70(t, 1H), 5.00(d, 1H), 5.25(s, 2H), 6.60-6.90(q, 4H))

4, Tyrosinase 2} A3l &3}

Tyrosinase 2] AT durH oz FaotAQ oz FAHHAAH

B AgdAEe vami 9 wid o¥ SAHHHO AT © . 0.IM  phosphate
buffer(pH6.8) 1.0mi, 0.3mg/ml L-tyrosine -8 < 1.0ml, 1250U/ml mushroom tyrosinase
0.lml & £33 8% o7)o] AE4AS F=dd o2} 27 02ml § FH7bste 37C
AN B BAWSE AW A7tk WBA FHEE a7samold A5 A
g9 aiAHBAHE oA wet FEar ZAEAFY 50%E AME: @S

Inhibition % = [(A-B)/A] x 100
A; AEE A7MEHA &2 P38 99 475im oA FF
B; A8 H71g 9-g449 475mm AAM FFE

b

—102—



5. B-16 melanoma A X o] X melanin A A 73} &7,

B16 melanoma 4|3} *] melanogenesis A3l .7 Maeda 9 Fukuda” ¢ 3PS ©

s

ol
ZF Agste £33tk ¢, B16 melanoma Al ¥ (ATCC CRL 6323)S& T-25
#}2: v 32 mm petridish ol 5 x 10° AXE 59 3}3L, 5% fetal bovine serum (FBS)o}
1% antibiotics-antimycotic A 2Fo] A 2}H Dulbecco’ s modified Eagle’ s uj4]
(DMEM)I A CO, #1%7] (5% CO2, 37 T)llA] 10 AAAE wjoFar). Q&4 3
A AMESE Y3 vE2 2t S8tA0 AHeEsta, 49 $d9§ A4 2
A7+ AIXES i) 22 ¥, melanin ©] W& (secretion)® WA E FAS L, Al
XEE trypsin &2 Ae]dla] 73 ¥, haemacytometer £ A XTE =3A 5T}, 1
2] A9 vixe HEES AAEE (16,000 g, 30 min)dlo} FF AL B, AE
9} melanin & # ¥t} o]E2 5% trichloroacetic acid (TCA)¥} ether:ethanol (3:1) &
oz 74zt HolFEr) L F, o]EL ether & Ho|E &, 10% DMSO & T3 : |
NNaQOH €802 melanin & £3A1# 475 m oA FHEE st AZHdt

43 2 nF
1. 34
£ AFNAN EFEZES 249 &AL Schemel o el Zafx o] o)

Scheme 1

3-(methoxycarbonyl)-4-hydroxyphenyl-2°,3’,4°,5’-tetra-O-acetyl-p-D-

glucopyranoside(3) ¢} 3-(methoxycarbonyl)-4-hydroxyphenyl-3-D-glucopyranoside(4),
methyl gentisate ©l| glucose pentaacetate & FOlAZF|E ALE3lo] vk A)A 3 §E
3 & /48T methyl gentisate & A= Faelo] e 25 HERHAE A
glojg oo ol gl 2 MR acetyl 717} neighboring group .2 HH-gof
FaAdl7] wjFolty. T3k methyl gentisate 2 hydroxyl 715 5 ¥ €1X 9] hydroxyl
7ot AgdAder FYdso] gHow o[z 2 ¥ X9 hydroxyl 7t
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carboxymethyl €] steric hindrance 2 electron withdrawing 432 <l3} Jdng7t A
&t7] ol AoZ MEs Ak FAFRE 4 ¢ HEE 3 2 E/SY sodium
methoxide & AHE3td JlrEdstd €& 5 dder NMR #4474 +x29 o
AgE geldds A

3-acetic y-lactone -4-hydoxyphenyl -2°,3’,4°,5’-tetra-O-acetyl-B-D-glucopyran-oside(6)
¢} 3-(methoxyacetyl)-4-hydroxy-phenyl--D-glucopyranoside(7),
2,5-dihydroxyphenyl acetic y-lactone ©l| glucose pentaacetate & F-°|2~Z v}l BF; & A}
43lo] WS AlA FHITE 62 AR 2,5-dihydroxyphenyl acetic y-lactone 9] ¢
A Fage] disty 25 HEAXE AF@dHo|Fen ojAE SFE 4 9o AN
oo} =5k A 84l s o] At} 2,5-dihydroxyphenyl acetic y-lactone 2] 7%+ hydroxyl
717} 1 7Etol)] glem s Pof AAEE hydroxyl 719 HAE 4 wloz A& QL
th. e 6 & E713 Y sodium methoxide & AF&ste] 7l Rdlsld S3E 7
S d2doB NMR 2423 33E 79 F=9 dAFTE FATF Uy

4-(acetoxyphenyl)-2°,3’,5’-tri-O-acetyl-B-D-ribofuranoside(10) <t
4-hydroxyphenyl-B-D-ribofuranoside(11)

monoacetylhydroquinone ©| glucose pentaacetate & F0|2FwjE ALEsto] HEG-AlA
3FE 10 & TFAI5L9 v} monoacetythydroquinone & 9 A= Al&d ¥ FZA 3}
Ae dagd dste 27 HE A2 xEHo|FoH o]Ax FFE 4 o FF
ote} Z=dstAl A ojA}l. Hydroquinone & AFEEHS 2 719 glucose
pentaacetate 717} A@=E  ZlsAdol A7l wWEed olE  #jAsky] A
monoacetoxyhydroquinone & AM8&4th. NMR 4123} odd 729 dAFS
o= Qloitt FHEE 10 & F71F 0 sodium methoxide & AM&std 7h& & st
o 52 11 & 4o NMR 2447 S5 11 9 FE¢ dAFE STy
AA

—

2. dad g4 #AE= &%
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712 &z oty Fel A Wby Aol #olals g9l T wAd) w
g e 7tx7t g4 910} tyrosinase, TRP-1, TRP-2 2 peroxidase 5©] o3}t
o debde] AdET: HAYZo /g dvrx oz dalyg QoY B o7
M3z tyrosinase o AHANES 74A VB aE Jehd) arbutin T §AM TR
R EE Bop 950 SgES FAS DA AXF 279 A7 Axelr)
hydroquinone 2] F5-ol& m|NFE D7} ¢80 S0l AA e s xpgd
7 1ot o719 glicose 7 A HoN arbutin-& FAL Y1 AWE H@
A wol 71 gl AlEHE 989 A4ato] arbutin o Hs71E e S
2 AFAA 2 aHE FAE 0 Hydroquinone tl4lo] Aelg flzglagnas
578 A3 v gt sittn ¢2)x lE methyl gentisate 1) 4l Edoli}

Wetd 2 HAE FHE oA homogentisic acid &) methyl ester 2 4 3519l o

o arbutin 2] glucose THA1ON ribose & Al&3le] §A4E B nwans =3
3o}
HEHoR FAH NN SFE 4,7,11 9 Bahd A4S maE Golny] s

$HAZ SFEE Wahd PAA S ahE vmgs Qs FFERAE o]
vl &7t ¢4 Q& arbutin & AFE-SHETE  mushroom tyrosinase A & @A A 3}
T # 19 YERAAOP arbutin o A9} W wate] 2] 3R 49 79 4
ol Mg F2S B Ak = 4004 gentisic acid methyl ester 7]5+9] 7.3}
T arbutin B0t £ & vehle Aoz g3 JouY gues) Agson
A A &AL Yol ol BTz AR A tyrosinase 2] &K 9o A3ls}
71 @ 7] WZolAY Fol AEE S W hydroxyl 77 B R ZLstE o
2 FF5TT Uk

= 59 49 homogentisic acid methyl ester 1= AT EA 0] Q1= Aoz e}
ou? gue7t AREOeRM 54 QoIHoY  tyrosinase A FHL e
e Yelils Aoz Hol SHE 49 22 2392 @4TS Qv SR 11 9

B tyrosinase A B4 0] arbutin # H| @ ZHe Holw 9loo o Tz}

>N

e N
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B16 melanoma 2 ©] €3t 94L& FEE ANEILY A4S & 2] vend

It} Arbutin 3} Bladte] B w) HEE 49 72 vwH ¥ E4& Rolx gl
o1} FFE 119 ALE arbutin BT 1.8 8] ¥ AEEE Holx UFE ¢
2 ot} ol g ol BARYA HIste Fel AA % FE£7} arbutin 7
s} Bxiar)e] Faz s ZAR) o] Aol AR A4HY
g FaE] v} glucose oA ribose 2w whet el 9] hydroxyl 717 HAH
3wl A4 AA iz AXHz Filo] B §olahr] dEd
202 #Adr.

vl E7t 27T A0 FEAY MR vuHEdY Adsty] HMs v
Mol Ze] o SR ojsit FAR 2 BAFFEAA o]FojFok gL
QzbE} B dfe A sgE B vjREdAged vAs dFE FE2HY
A ol mA gt mASLERA Fo dgd F2E A= 22E §4
sta) AAAQ A7vt Yook dln EAFA FAHANL FHET A=
119 N3 invivo 28 2 XA AP A A Fol I AFdE ©F

o H3atstar g}

AN
)

=1l
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F 2. Inhibitory activity of compound 4, 7 and 11 against mushroom tyrosinase

Compounds 1Cso(pg/mi)
Arbutin 95
4 >300
7 >300
11 92

F 3. inhibitory activity of melanin synthesis on melanoma cell

. Melanin Melanin/cel Inhibition of

Compoun  Concentrati synthesized Celli 1 melanogenesis
& onemd  Timy  *' e %)
Control 0 0.451 1.15 392 0.00
10 0.437 1.18 370 5.61
Arbutin 50 0.375 1.14 329 16.10
100 0.351 1.12 313 20,20
10 0.418 1.10 380 4.00
4 50 0.348 1.12 311 20.70
100 0.363 1.13 321 18.10
10 0.440 1.14 386 1.50
7 50 0.419 1.16 361 7.70
100 0.405 1.13 358 8.70
10 0.407 1.10 370 5.60
11 50 0.335 1.14 294 25.00
100 0.284 1.13 251 36.06

— 107 -



Faed

1} M. Kubo and H. Matsuda, Fragrance Journal, 8, 48(1995)
2) M. Seji, K. Shimao, M. S. C. Birbeck and T. B. Fitzpatrick, Ann. N. X. Acad. Sci. 100,
497 (1963)
3) A.J. Winder, A. Wittbjer, G. Odh, E. Rosengren and H. Rosman, Pigment Cell Research,
7, 305, (1994)

4) V. Marmol, del, S. Ito, L. J. Jackson, J. Vachtenheim, P. Berr, G. Ghanem, R. Morandini,
K. Wakamatsu and G. Heuz, FEBS Letter, 327, 307(1993)

5) Y. Mishima, S. Hatae, and H. Kondoh, FragranceJ. 1, 13(1996)

6) A. Vanni et el, Annali di Chimica, 80, 35(1990)

7) K. Maeda and M. Fukuda, J. Soc. Cosmetic. Chem., 42, 361(1991)

8) E. V. Curto, C. Kwong, H. Hermersdorfer, H. Glatt, C. Santis, V. Virador, V. 1. Jr.
Hearing, and T. P. Dooley, Biochem. Pharmacol., 57, 663(1999)

9) K. H. Kim, unpublished data

- 108 —



OH

OH

OAc

OH

-]

AcO

0, OAc BF3ITEA

OA Cl-lzClz
OAc

([ ]

AcO
0, OAc BstTEA

+ OAc
OA CH Cly

QAc
2

o

@@jm

AcO 8] OAc BF3/TEA
———-

CHCly
OAc OAc

9

Scheme 1

AcO

QAc

—109-

COOCH;

=

OH
@CH,COOCH3
o

0
OH
I
OH
HOA :0: P
OH OH

o
v



