creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86t AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok ELIChH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aeles 212 LWS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

B =B G S

ool A HEEE i U

gl Aol As] BPPE AT

TA PN 2 i NE 7
b5 R

Fh B AE

20114 2H



—Z

e, DS

Seo AR Y ars o

gl Aol s BT AT

R i
o] i S HEE RHALEMY Gy o® fEHNS
20114F 21

FhECfE o] BRES fH-LEMY G GRUES

mt
4
il
il

@

\
il

®

R O

\
i

®

PR B KB

20119 2/

Collection @ jeju



Identification of Compounds with
Anti—Oxidative and Anti—tyrosinase Activites

from Ficus erecta var. sieboldii King

Sung-Hwan Park
(Supervised by professor Nam Ho Lee)

A thesis submitted in partial fulfillment of the
requirement for the degree of Master of Science

B 102,

This thesis has been examined and approved.

Commitee Chairman,

Dissertation Committee,

Dissertation Committee,

DEPARTMENT OF CHEMISTRY
GRADUATE SCHOOL
JEJU NATIONAL UNIVERSITY

@ jeju



LISt Of SHEIMES  +++eeeeeseseseseseseesesssssssussssssssssessssssssssssssssssssssssasssasssssesasesassssssssssssssssssns iii
LISt Of TADLES  swrererererersrsssssssesssssassisisistsessisiiii ittt bbbt iii
List Of FUGUIES reeerreessersermeesssmnetsiinstsit sttt s iv
LISt Of ADDFEVIALIONS  weeesrerrrerersssssssssemsestststsisisnssststssssssesssssssssessssssssesessssssssssses vii
ADSEFaCt  eeeeeseersesesesesenenensgggreres B eveeeeeee ol Bl B L e viii
TS EEET 0. T TR ROOORR. SR . SO 1
O, AT MWl e e T Bl T 9
AL T I T . —— o 9
I ONCRRORTIORIORRON (O N RPN PRTORONTRo 10
3. 22 B3 o B AR S ... ennnes 11
3=1. 22 AMT 7FR Y 22 W EE] s 11
3-2. BtOAC FEE9] VLC T e 12
3-3. Compound 1] FEE]TFA] e ™
S pound 20 BT cweevveereerrriiseereeiiorscer. S ... S 13
3-4. Compound 3%} compound 48] F-o] T v 13
3-5. Compound 52} compound 62 F-g] T}A ceeveereeini 14
3-6. Compound 7% compound 8] BB TA] oo, 14
4, 222 BB B EA] e 17
4-1. %’8‘%—1 3}1\_3//} Cg_lg] __%% Dx] ,E‘?;‘»_:] .............................................................. 17
4-2. BtOAc BEEE 9] VLC THA st 18
4-3. Compound 98] F-@]TJA] e, 18
4-4. Compound 107 Compound 119 B TFA e, 18
4-5. Compound 12} Compound 13%] E-] TFA] e, 18
5. BEA] A1 B] et 20
5-1. DPPH radical SCavenging test s weeeeemsmimiissiisisssisss i 20

Collection @ jeju



53, HES 25T Z1A AL B] e 23
I Z T D TEE e 24
1. ZoQAAT FA oA Balm SR T AA s, 24
1-1. Compound 13} compound 28] T-Z A corrrmrmermrrinisineiie, 24
1-2. Compound 38] F-2 BA] ceermerrimermmiirisisisttis i 29
1-3. Compound 48] F-Z FAT coreemerrmmermiirmie ittt 33
1-4. Compound 53 compound 6 TEFe BJA] weerreermmmiermisstinesiiieennenne 36
1-5. Compound 73 compound 8] T-Z BA] erremerrriersimeiiestieitinnees 40
1-6. Compound 93} compound 108] F-3 AT crerreermeermemeineniiierissssiinaee. 44
1-7. Compound 118] F-3 BA] crereeermmeriinnriinesieiiie i 48
1-8. Compound 128] F-Z A crerveeemmeeeiiiriinieie i 51
1-9. Compound 138] FEZ BJAT ereereemmeeriserrissees st s 54
2. DPPH radical SCAVENZING ACHVIty - wsswresseeessssmsssesmssserssereississsnssesiennns 57
0-1. LN MT} 7pA] FHZE O] FALBF TA] e 57
9-2. ool ANT} FFA oA Ha]® IO FFALBE BHA e 58
98 =001 M3} 9 HZT o] FALE THA] o S ................. ... 59
9-4, ool AT} oA HajE BEEC FALSE BA] e, 60
3. Tyrosinase iNhibition ACHIVIty - ertsssmereeessstissmsstsnessremsisrsissessissssssssssenesnns 62
3-1. LA AT} 7}A] 2ZE 9] Tyrosinase A TA] e 62
3-2. FAJAF THA el Eeld 8§22l Tyrosinase A& - 63
4. Compound 2% compound 8¢ FEA A3 ZFHE S v 65
5. Compound 29} compound 8] TEFBEA THT| wreereerermsmeeremeressenisesssissesneeens 67
IV, ©OF T ZLE ittt 67
V. ZE TG coerveeecrieesesessesessesss e ssss s ssss e ssss s sess s 69
— i -

Collection @ jeju



LIST OF SCHEMES

Scheme 1. Procedure of first solvent fractionation from F. erecta
branCh ....................................................................................................................... 11

Scheme 2. Procedure of second solvent fractionation from F. erecta

DEAIICR, e 12
Scheme 3. Isolation of gormBounds B AR lhd g 15
Scheme 4. Tsolatiaa % Beodtd 2 L Ll . 15
Scheme 5. KNS of COMpOUnds 3=6 o T gl 16

5
Scheme 6. Procedure of solvent fractionation from F. erecta leaves -+ 17
e

SCheme ; ISOlatiOn Of COmpOundS 9_13 ......................................................... 19

LIST OF TABLES

Table 1. The antioXidant agents - eweseressechussssssssiscceessrssssesssessesssessissses 3
Table 2. The whitnig agents currently being USed s e 6
Table 3. NMR spectral assignments for compounds 1 and 2 - 26
Table 4. NMR spectral assignments for compound 3 e 30
Table 5. NMR spectral assignments for compound 4 oo 34
Table 6. NMR spectral assignments for compounds 5 and 6 = 37
Table 7. NMR spectral assignments for compounds 7 and 8 ««-weeeeeeee 41
Table 8. NMR spectral assignments for compounds 9 and 10 =-eeeeeeeee 45
Table 9. NMR spectral assignments for compound 11 «eeeeeemeememee. 49
Table 10. NMR spectral assignments for compound 12 «eeeeereeeeeeniieen 52
Table 11. NMR spectral assignments for compound 13 -eeeeeeremeeeemeeens 55

Table 12. Results of Compound 2 and compound 8 for k, and Viax

Collection @ jeju



LIST OF FIGURES

Figure 1. The antioxidant defense mechanism against oxidative damage

caused DY free radiCal « - w eerrmemmemisesisseistisss s 2
Figure 2. Structures of ANtioXidants agents - e ersrrmsrmisrisserieriiseisseees 4
Figure 3. Structures of Whitening ingredients s eserrmermsereesiineeees 7
Figure 4. Photograph of Ficus erecta var. sieboldil King «eeereeeeesneeeenns 10
Figure 5. Scavenging of the DPPH radical by phenol s«eeereeeeeeeeemnnen. 21
Figure 6. 'H-NMR spectrum of compound 1 in CDCly s 27
Figure 7. ¥'C-NMR & 135° DEPT-NMR spectra of compound 1 in CDCly
.......................................................................................................................................... 97
Figure 8. 'H-NMR spectrum of compound 2 in CDgOD «eeeesessesesessunsunnen. 28
Figure 9. *C-NMR spectrum of compound 2 in CD30D + CDCly weeeeeee 28
Figure 10. 'H-NMR spectrum of compound 3 in CD3QD -wseerseesessessennns. 31
Figure 11. C-NMR spectrum of compound 3 in CDgOD weeeeeeeesssesseneenn. 31
Figure 12. 135° DEPT-NMR spectrum of compound 3 in CDClg weeeeeeeee 32
Figure 13. 'H-NMR spectrum of compound 4 in CDClg s ereesssssmsssennes o0

Figure 14. C-NMR & 135° DEPT-NMR spectra of compound 4 in

CDClg sweerremserrmsersecrssees et imsncrsecrs o B L S .......concrnennenaenniee 35
Figure 15. "H-NMR spectrum of compound 5 in CDzOD «weseeesseemeenesseness 38
Figure 16. BC-NMR spectrum of compound 5 in CD3gOD «:eeeeeerrrreeerenneee 38
Figure 17. 'H-NMR spectrum of compound 6 in CD3OD seersreresmnisnines 39
Figure 18. C-NMR spectrum of compound 6 in CD30D+ CDClg w+eeeseees 39
Figure 19. 'H-NMR spectrum of compound 7 in DMSO=dg weeeseeseesseess 42
Figure 20. C-NMR spectrum of compound 7 in DMSO=dg = eeeersesesens 42
Figure 21. 'H-NMR spectrum of compound 8 in CDCly «wseeeesseressereeseenens 43
Figure 22. »C-NMR spectrum of compound 8 in CDCly wwessseeessereeseeeens 43
Figure 23. 'H-NMR spectrum of compound 9 in CD30D sweeeesessssssssesnens 46
Figure 24. BC-NMR spectrum of compound 9 in CD3OD -eeeeeereemseeneenenee 46
v -

Collection @ jeju



Figure 25. '"H-NMR spectrum of compound 10 in CDgOD seeesemrsesessinnn. 47

Figure 26. "C-NMR spectrum of compound 10 in CDzOD «swweseesseeeeseees 47
Figure 27. '"H-NMR spectrum of compound 11 in CDCly wweeeeeeerseeeneees 50
Figure 28. C-NMR spectrum of compound 11 in CDCly seeseeseesensessenenes 50
Figure 29. 'H-NMR spectrum of compound 12 in CDClg weeerersessusenseenn. 53

Figure 30. “C-NMR & 135° DEPT-NMR spectra of compound 12 in

Figure 31. 'H-NMR spectrum of compound 13 in CDClg weeeeseesessusessusnnn. 56
Figure 32. »C-NMR & DEPT-NMR spectra of compound 18 in CDCl;

Figure 34. Cso value of DPPH radical scavenging activities of EtOAc fr
from F erecta branch ........................................................................................ 58

Figure 35. RCsp value of DPPH radical scavenging activities for compound 6

Figure 36. DPPH radical scavenging activities for extracts from F. erecta
LeaVeS ....................................................................................................................... 59
Figure 37. RCsy value of DPPH radical scavenging activities for EtOAc fr

from F erecta LeaVeS .................................................................................. 59
Figure 38. DPPH radical scavenging activities of compounds 9-12 «---- 60
Figure 39. RCsyp wvalue of DPPH radical scavenging activities for

CompoundS 9_10 ................................................................................................... 61
Figure 40. Tyrosinase inhibition activities for extracts from F. erecta

branch ....................................................................................................................... 62
Figure 41. ICso value of tyrosinase inhibition activities for EtOAc fr

fr«om F erecta branch .......................................................................................... 63
Figure 42. Tyrosinase inhibition activities for compounds 1—8 :--eeeeeeeeeees 63

Figure 43. ICsp value of tyrosinase inhibition activities for compounds

Collection @ jeju



Figure 44. Lineweaver—-Burk plots of mushroom tyrosinase and L-tyrosine
from Compound 2 ................................................................................................. 66
Figure 45. Lineweaver—-Burk plots of mushroom tyrosinase and L-tyrosine
from Compound 8 .................................................................................................. 66

Figure 46. Structure activity relationship of compounds 2 and 8 - 67

_Vi_

Collection @ jeju



List of Abbreviations

F. erecta Ficus erecta var. sieboldii King
MeOH Methanol
EtOH Ethanol
Hex n—hexane
EtOAc Ethyl acetate
BuOH n—butanol
DMSO Dimethyl sulfoxide
\4 VLC subfraction
Vit. C Vitamin C
Fr. Fraction
CC Column chromatography
Cpd Compound
TLC Thin layer chromatography
RGCso Reduction concentration of 50%
[Cs0 Inhibition concentration of 50%
NMR Nuclear magnetic resonance
DEPT Distortionless enhancement by polarization transfer
J Coupling constant (Hz)
S Singlet
d Doublet
t Triplet
dd Doublet of doublet
m Multiplet
int Integration
- Vil -

Collection @ jeju



Abstract

Ficus erecta var. sieboldii KING (Moraceae) is a deciduous tree
distributed in the southern region of Korea. This plant has been used as
a folk medicine for the treatment of arthritis. In our continuing efforts to
find biologically active compounds from plants in Jeju Island, we became
interested in the extract of F. erecta branch and leaves. Repeated column
chromatography of ethyl acetate soluble fractions in the extract led to
the isolation  thirteen  compounds such as  B-sitosterol (1),
p—hydroxybenzoic acid (2), ethyl linoleate (3), a-amyrin acetate (4),
vanillic acid (5), syringic acid (6), methyl vanillate (7), methyl
p-hydroxybenzoate (8), catechin (9), afzelechin (10), monoolein (11), oleic
acid (12), lutein (13). All of these compounds were isolated for the first
time from F. erecta. In addition, the extract and isolated compounds to
anti—oxidative and anti-tyrosinase activity test were conducted.

For the anti—oxidation activity test, the three compounds syringic acid
(6), catechin (9), afzelechin (10) showed DPPH radical scavenging activity
with RCso of 8.22, 10.3, 39.4 ng/mL respectively (vitamin C, RCso : 7.24 n
g/mL).

On the tyrosinase inhibition activity test, p~hydroxybenzoic acid (2) and
methyl p-hydroxybenzoate (8) showed inhibition activites with IC50 135.4
pg/mL and 99.9 pg/mL respectively (arbutin, ICs¢ : 87.4 ng/mlL).

The inhibition kinetics, analyzed by Lineweaver-Burk plots, indicated
p-hydroxybenzoic acid (2) and methyl p-hydroxybenzoate (8) to be
competitive inhibitors of tyrosinase when L-tyrosine was used as a
substrate. These structures were elucidated on the basis spectroscopic
data from 1D and/or 2D NMR studies as well as by comparison of the

data with the literature values.

- viii -
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active oxygens, LOOH, metal,
smoking, radiation, drug, etc.

Preventive . .
suppress radical formation
..ﬂntiuxidants DDQDEDD (zupp 3

free radicals

D@DD [ suppress chain initiation )

target molecules :
lipids, proteins, sugars,
™. DNA, etc.

k-
\\D[@DD (break chain propagation)

chain oxidation
/DD@DD
damage
\H@Dn

diseases, cancer, aging

radical scavenging
antioxidants

Figure 1. The antioxidant defense mechanism against oxidative damage

caused by free radical.
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HEA FAsAl T 7P Bol ol&He 3MgES vitamin C =A%
BHA(butylated hydroxy anisol)?} BHT(butylated hydroxy tolyene) &3 #
< =, datstAe] &5 4E& Table 13 25 Figure 2 o YE
ydth ditx o= HmA §4d dbsA = I AMEE 1 9= BHAS BHT+=
2 mIel AAAY 2ela bR wiitel wWol ARREo] kAnh H 9 AE
A7HE] ARkl 719 AR opyet A=k A A A, W, A, &%

A ol AR 54 B8-S dovls Aer dHAEA, o]E0] zte oy 7t

Table 1. The antioxidant agents.

Compounds SHAk 328

Tocopherol, Sesamol, Quercetin,
Garlic acid, BHA, BHT, TBHQ

Free radical inhibitor

Amino acid, Hydroxy acid Metal inactivator

Citric acid, L-ascorbic acid Synergist
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CH3

HO
CH,4
HsC
CHs CHs CHs CHs
CHs
a—Tocopherol
OH
OH
HO o
HO. o)
(e}
OH
OH 0
Sesamol Quercetin
oH OH
HO. OH C(CH3)s
HO o] OCH,
Gallic acid BHA
OH HO.
(H3C)3C C(CH3)3
HO
o)
(o)
H\\\\““
CHs HO OH
BHT Vitamin C
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CHs3

(0]
OH
HaN OH
HO
(@]
Amino acid a-Hydroxy acid

HO OH

HO o}

Citric acid

Figure 2. Structures of Antioxidants agents.
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HEg AadAs Ajdet] fls) eeFE o =M, hydroquinone, sulfure,

1o, hydroquinonec]¢lol= 33 g4 A=

_,d
of
o)

azelaic acid &°] A al
s H7|A F=3 wWo]l 9tl. Hydroquinones tyrosinase enzyme
inhibition ICs0(75xg/mL) %4 melanocytecl] =AJo] A&}ttt

Z719] A= dehd Aol A Al HEAGAC o3 HEa
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Table 2. The whitnig agents currently being used.”

Compounds 28 714

Tretinoin Enhance Epodermal Cell turnover

1 . . o Interfere with pigment production at
Vitamin C & its derivatives ) o
various oxidative steps

Linoleic acid Tyrosinase degradation

Arbutin, Kojic acid, . e
Tyrosinase inhibition

Hydroquinone, Azelaic acid
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CHj, CHj,

H,C CHs
N N N X _~COOCH
CH,3

Tretinoin
HO,
(0]
HO
o HO
o
H\\\\\“‘ ‘ ‘
— OH
(@)
HO OH
Vitamin C Kojic acid
(6]
HO CHs
Linoleic acid
OH
HO OH
Arbutin Hydroquinone
O O
HO OH

Azelaic acid

Figure 3. Structures of Whitnig ingredients.
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Fo A H}(Ficus erecta var. sieboldii King)¥ 21y} (Moraceae)o] £

A3t 5o olHE 7, diAE AFE 2
ol¢t SO Jtao|AE T et

V= BEet Jix e Mo o
27

do] 1-3 cmolHy. EF dvje 239 =

9-10€el FAder A dhdo] At dviz H ojow A gt

2o Jist7) 7 5-69 2 2713}o|H,

Aol 1709 sHd ol Apetar &el 3749

E7F glem 1 ffell T dhdol vk Bd2 AFol 156 mmi el EA L <t

tyrosinase inhibition activiy test& 4

e B4 iHstng sk
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I.As %2 94

Alge F=, vlEd 2 F2d AHEE &vE2> Merck Co. 2 Jusei Co.9
AFS  AHEsISlTh Vacuum  liquid  chromatography®l = silica
gel(0.0020-0.025 mm, Sigma Co.), normal-phase silica gel column
chromatographyell = silica gel 60(0.040-0.063 mm, Merck Co.)°] AF&-5 3]
oh. w8 HAolA ARE®E TLC(Thin layer chromatography)© precoated
silica gel aluminium sheet(Silicagel 60 F2s4, 2.0 mm, Merck Co.)E& A}-&-3}
Attt TLC ArollA spote] &ele UV lamp(254 nm)ES AFE3F7 Y, visualizing
agento] FAAZl & heat gune ©|&3le] AZ A|F T Visualizing agent® &
3% KMnOs, 20 % KoCOs % 0.25 % NaOHE £33 F8&05 AL&al3ith.
skst g4, me g gAY Algw UV/Vis  spectrophotometert
Thermo Electron CorporationAFe] Multiskan Ex(ELISA reader)E A3}
o},

TZEAo]  o]g&%l NMR(Nuclear Magnetic Resonance)< JNM-LA
400(FT-NMR system, JEOL Co.)3} INM-ECX 400(FT-NMR system, JEOL
Co)s, NMR A &ul= CIL, Inc.®) NMR #& &vl2 CDs;OD, CDCls,
DMSO-d: & AH&-3F3itt.

ot
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Aol AFL3E Foodd I EHT @ 224) o, 7FAE= 20099 293 2010
W 6do Ao Age 542 AR AY AT sEtEdo A o] Fof
Ak A Fo9 HAF 2 VA= Bysle] AL A ARAZ F OB

Hskod Abgsklth(Figure 4).

Figure 4. Photograph of Ficus erecta var. sieboldii King.
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H 2
ate] Ao oANLE 40T F&74lA rotary vacuum
evaporator2 &%3k 70% ethanol &% 100 g& AUl
Aolx 70 % ethanol FEES H,O 1 L o S A 7|1 FAEA Y we &
24 o 2 B335l p-hexane, ethyl acetate, n-butanol, H:O fractione &

U(scheme 1). B3+ 22t= AR F2AHAAH 7F4] 527.0 g& & WHe=

F=ole] #32 AAeAt(scheme 2).

‘ F erecta var. sieboldii King (branch) 1.0 kg

l 70% EtOH 20L x 3

Extract 100.0 g

n- Hexane H,O
16g l

EtOAc H,0

3lg l

v v

n- BuOH H,O
102¢g 5409

Scheme 1. Procedure of first solvent fractionation from F. erecta

branch

_11_
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E erecta var. sieboldii King (branch) 527.0 g

l 70% EtOH 20L x 3

Extract45.2 g

v v
n- Hexane H,O

279 l

v v

EtOAc H.,O
23¢g l
v v
n- BuOH H.O
529 2529

Scheme 2. Procedure of first solvent fractionation from F.

branch.

_12_
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3-2. VLCE ol &3 &4

o,
A
i
&

|t § dojxl 7 FYS5E T EtOAcE(1.6 g)= 1% VLC(10x5
cm, silica gel, 20~40 mash)ol4] Hex—EtOAc—>MeOHE& A}-&-3le], 7} &ujjg
HeHIE 5, 1028 S8t SA4S wole o= §45 AxF H stepwise
|SUHS ARSI o] 23R 24719 85 AU

Tk 2%k, 3% VLC(10x 5 cm, silica-gel, 20~40 mash)ol*] Hex—EtOAc—
MeOHS AM&3te], 7 gule] wistu|E F7bste] vizzbx] W o= 7+2 167)
o] #8& AT

T =2 © A

3-3. Compound 19 &34

12k VLColA] F.5 8 &S &3% zkolof] 93] 2709 fractionoZ UF3lo
o, olu] MeOHel %% ¢ F-EolA compound 1(14.6mg)E AUt L3 3

0

ZF VLCol A £33 & F.4(158.0 mg)S normal phase silicagel® =7 % 3 &
< glass columnd] AZN&w](Hex/EtOAc=2:1)% AMAIA 9712 fractions A
Qo 1 F F.4-Fr.29l4 9.8 mg F71H o2 AJAT} (Scheme 3).

3-4. Compound 29 &#]#A
22F VLColA #38E F.5(56.3 mg)<S normal phase silicagel® &% #3

55 glass column®] A 7)-&m(CHCls/MeOH=8:1)% Z/WAl# 5709 fractions
dom, 1 F F.5-Fr.59] 4 compound 2(9.7 mg)S A2ATHScheme 4).

ii‘,

3-5. Compound 3% compound 49| 2] 3}A

3z} VLCoA &3 & F.2004 compound 3(23.1 mg)S don, HIIE
F.3(94.4 mg)& &% Aol 98] 2709 fractiono.® Flom, oluj
MeOHol| %] &+ HEo|A compound 4(9.6 mg)E UATHScheme 5).

_13_
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3-6. Compound 53 compound 62| & 3}+4

32} VLCollAq #&8E F.6(85.5 mg)S normal silica gel CCE 3lo] Z7]-&j
(Hex/EtOAc=2:1D)2 A/NAA F 6719 fractions AL, I T F.6-Fr.4o]A]
compound 5(13.6 mg)S At}

A 2 22 VLCAlA #3&E F.8(68.8mg)< normal silica gel CCE 3
o A/NEi(CHCls/MeOH=5:1)2 HA7HAIA 7709 fractions L, 1 <
F.8-Fr.6°14 compound 6(4.8 mg)& AATHScheme 5).

ol
20

3-7. Compound 7% compound 8¢ &&]3}H

AL

12} VLColAq H3&E F.11(40.2mg)S normal phase silica gel®Z =723
glass column®] A7]-&v(CHCI;/MeOH=15:1)% HAZlA|#AH 5709 fractionS &
dom, 1 F F.11-Fr.2¢l4 compound 7(4.0 mg¥} F.11-Fr.3¢A

compound 8(2.3 mg)S 7t 7 AAtHScheme 3).

_14_
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F. erecta var. sieboldii King (branch) 70% EtOH extract 100.0 g

l Fractionation

EtOAc Fraction 3.1 g

VLC-1(1.6¢9)
Hex: EtOAc (0 % ~ 100 %, each 5 %)
EtoAc:MeOH(0 % ~ 30 %, each 10 %)

each 500mL
F-V-1-F1 F-V-1-F5 F-V-1-Fl11 F-V-1-F.16 F-V-1-F.24
-mg 39.4mg 36.6 mg
l Insoluble(MeQH)

40.2mg,
N. Phase Silicagel CC

Compound 1 CHCl3 : MeOH=15 : 1

14.6 mg
F-V-1-F11-Fr.2 F-V-3-Fl1l1-Fr3
Compound 7 Compound 8

4.0 mg 2.3mg

Scheme 3. Isolation of compounds 1 and 7-8.

EtOAc Fraction 3.1 g

VLC-2(149)
Hex: EtOAc (0 % ~ 100 %, each 10 %)
EtoAc:MeOH (0 % ~ 100 %, each 20 %)

each 500 mL
F-V-2-F1 F-V-2-F5 F-V-2-F11 F-V-1-F16
-mg 104.2mg 74.6mg
53.6 mg,
Silica gel CC

CHCl; :MeOH = 8:1

F-V-2-F5-fr5
Compound 2
9.7mg

Scheme 4. Isolation of compound 2.
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F. erecta var. sieboldii King (branch) 70% EtOH extract 45.2 g

l Fractionation

‘ EtOAc Fraction 2.3 g

VLC- 3
Hex : EtOAc (0 % ~ 100 %, each 10 %)
EtOAc : MeOH( 0 % ~ 100 %, each 20 %)

each 500 mL
(Y T N vl F-V-3-F4 F-V-3-F6 F-V-3-F8 F-V-3-F16
29.4mg
158mg, - 85.5mg, 68.4mg,
Mormal Phase Silicagel CC | Normal Phase Silica gel €C | Normal phase Silica gel CC
jsoible(uarT Hex: EtOAc = 2:1 CHCI3:MeOH = 8:1 CHCI3:MeOH = 5:1
Compound 3 Compound 4 F-V-3-F4-fr2 F-V-3-F6-fr4 F-V-3-F8-fr6
23.1mg 9.6 mg Compound 1 Compound 5 Compound 6
9.8 mg 13.6mg 4.8mg

Scheme 5. Isolation of compounds 3-6.
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2 %3t 70% ethanol &% 100 g& AUt
dojxl 70% ethanol FE&< H:0 1 L o ¥ Al7]aL SAcAd w2t &
24 o2 R3] 3te] p-hexane, ethyl acetate, n-butanol, H2O fractionS ¥

CHscheme 6).

‘ F. erecta var. sieboldii King (leaves) 90.0 g ‘

l 70% EtOH 2L x 3

Extract18.0 g
n - Hexane H,O
l6g l

EtOAc H,0

279 l

v v

n- BuOH H,0O
329 869

Scheme 6. Procedure of solvent fractionation from F. erecta leaves.
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SujEE & Aol EtOAcHES(2.7 2905 F2YHAAI 71X} e whHo
5 cm, silica gel, 20~40 mash)°l4] Hex—EtOAc—>MeOHZ A}-&
sted, 7+ &uje] viFH|E 10%% S48t S4E Eolv T2 &S Az

7 stepwise €FWHS AFESIGIE o] A= 17719 #8& AT
4-3. Compound 99| &2 ¥#

VLColA £33 E F.5(123.1 mg)S normal phase silica gel® 3% HEI &
glass columneol] Z7J-&vj(CHCI3/MeOH=40:1)= ZH7/WA|A 7719 fraction=

o
AQom 1 F F.5-Fr.6°04 15.6 mg F714 o2 A (Scheme 7).
4-4. Compound 107} compound 11°] #2]%A

T3k VLColA #3E F.7(38.3 mg)S normal phase silica gel® 2 ¥ &
8= glass columne] A& (CHCls/MeOH=14:1)& H/MAA 5749
fractionS ¥yom, 1 F F.7-Fr.2% F.7-Fr.4olA Z Z+ compound 10(4.8

mg), compound 11(8.8 mg)S A A} (Scheme 7).

o

4-5. Compound 12¢} compound 139} &2 #A

VLColA #8E F.8(124.1 mg)S normal phase silica gel®2 %% 35
S glass columnell A7 (CHCls/MeOH=3.5:1)2 A7/NA|A 7709 fractions
dom, 1 F F.8-Fr.2¥ F.7-Fr.6914 7z} Z+ compound 12(8.0 mg),

compound 13(12.6 mg)< AAHScheme 7).

_18_
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F. erecta var. sieboldii King (leaves) 70% EtOH extract 18.0 g

l Fractionation

| EtOAc Fraction 2.7 g

v

FL-V -F7

v

FL-V-F1 FL-V-F5

1231 mg,
Normal Phase Silicagel CC

CHCl3: MeOH =40:1

- mg

383 mg,
Normal Phase Silicagel CC

CHC:: MeOH =14: 1

VLC
Hex : EtOAc (0 % ~ 100 %, each 10 %)
EtoAc : MeOH( 0 % ~ 50%, each 10 %, 60% MeOH eluent)
each 300 mL
FL-V-FB8 FL
1241 mg,

Mormal Phase Silica gel CC
CHCl3: MeOH =35:1

v

!

FL-V-F5-1r6
Compound 9 FL-V-F8-Fr2 FL-V-F.8-Fr6
15.6 mg Compound 12 Compound 13
v 8.0mg 12.6mg
FL-V-F7-Fr2 FL-V-F7-Frd
Compound 10 Compound 11
4.8 mg 8.8mg

Scheme 7. Isolation of compounds 9-13.
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5. &4 A

5-1. DPPH radical scavenging test

1,1-Diphenyl-2-picrylhydrazy(DPPH) A28 FH¥H 981 A 22o]+= 1hosh
SrALsl HAHIH 0 &2 E3] phenol?} aromatic amines®] dAikst Aol Ao

o] AF83= "Whyolth, d=9] 95 ¢l diphenylpicrylhydrazined zpAilo

N
-
2

Qe E59 HAA wjEe] 515 ~ 517 nmollA e ¢

b phenols} Z& Fxk AAE A Fi AR oA} WS @

Sl A 25 E A} hydrogen radicald A4S Aot olu &4 wx= Al
el

Al ekdek ExF Aok ek Fol® HaE nrteA o

101'
_l
k)

it

f

o
o
L
K

vlelalol Muelale] DPPH Aol A4 Qo7 Hu, FFwuw 7Had

2 wgele so] wddom Wat AL FHEe AT ZATOEA

% 2 mg/mL ¢ ¥E& DMSO-d; =% DMSO-ds 9 50 % EtOH&
Atk DPPH AleF2 2 mMo] HEF HoF 5 ol& 74 3
Al e 402 F 50 mLE WE W 95 % EtOH 50 mLE ¥ol &%

E7F 0.94904 0.970] HEF wFo] AR&siith. @ DPPH €9 0.180

£ W
i

g/mL, 3.125 pg/mL °] HEZ A3 AJEE 0.02 mLE H7lslo] Aol A

10E7F Bk2 A7l & UV/Vis BFF A4S A}23510] 515 nmollA] SF ==

sto] Uz 2AZE (D) I AASA] WMESO 50% 4 W] AR &
(

RCs0)E AlAtetgitt. olw) Abg4 tl2s o2& vitamin CE A8}

||\
o,
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B -C
Scavenging effect (%) = 1 - < 100
A
A : DPPHY &3%=
B : DPPHS} Al @ihgdie] F3d=
AA Y FFE

A5

C

OH

O o
DPPH radical (violet, 525 nm)

Diphenylpicrylhydrazine
(yellow)

Phenoxy

(radical)

Figure 5. Scavenging of the DPPH radical by phenol

Collection @ jeju
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5-2. Tyrosinase inhibition test

Tyrosine< & A<l tyrosinase©l| 2]5to] #Heald A9 AFA7F 5= DOPA
9} dopaquinone®. & tjAlE T} welA tyrosinase?] AlE ¥R dapbd Al A
o] 24& Fol HF vy gyE 7o & )

Tyrosinase inhibition tests: DOPA chrome"S &83&}o] A&

Olr

FSA T
Buffert= 0.1 M postassium phosphate buffer(pH 6.8)2 AF&3l1aL, AM&%
FATH.

A HS buffer 0.106 mL(pH 6.8), sample 0.02 mL(2 mg/mL),

o

1A 24 L-tyrosine(L.-3[Hyroxyphenyllalanine)< AF&-

i

L-tyrosine(0.3 mg/mL) 0.07 mL, mushroom tyrosinase( 1250 units/mL) 0.1

mLE Y3, 37CoA 10%3F vESAIZ] 5, 492 nmolA] UV/Vis w33 A&
reg/mL, 50 pg/ml, 25 pg/mLe] &

00
He e 22 Aol g3 ax AXHA
a, 7 A3 [Cs & T8kt o) AFRH XS 2 arbutin (2 mg/mL)
o A)e 39
(A - BXC - D)
Tyrosinase inhibition (%) = < 100
(A - B
A @ sample WAl solventE Y1l §4E H7lsle] Hbg3l o) S34n
B : sample WAl solventE Y1l @45 FH7IeHA] &2 A= w3t 4=
C: axs #7tete] whe-3 $-9 sample® 4%
D: 348 ¥4 & JH=E g 39 sample®] 3%

_22_
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5-3. k3 £& A4 AH

Compound 29 compound 8% 2zt whs &2 =5 ZAASL7] 98t 7129 &
%= 2 compound 29} compound 8¢ HFEE W3IA7|WHA] tyrosinase Adf &
AP AT, 71492 tyrosine®] FEE 0.2 mM, 0.3 mM, 0.4

mM, 0.6 mM=Z W3tA|F 2, A3} #|¢] compound 23 compound 82

3
=
o

5
FEE 0 pg/ml, 25 pg/ml, 50 pg/mL, 100 pg/mLE WHIA7|HA =A 31

o 854 2 SEF8o0 A4S tyrosinase AMBA A WA LA A &)

_23_
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_ki_l,
WE
ky
)

BN

L F2dH143 7HA A 2ed e 2 24

1-1. Compound 13} compound 29 T34

Compound 12 'H-NMR spectrumo|A] § 5.35(1H, d, J= 5.27)& sp"EAS

i)

zt= olefin7%9] protone] &3, § 3.53(1H, m)e| signals A2} QI
& 91x1°] methine® proton¥ AR Fst. ES, § 2.28CH, m)% §
2.00(2H, m)2] signal< methylene? protonl = d|Z3lRom, 6712 wWE 7]
9] signal?l & 1.01(3H, s), 0.92(3H, d, J = 6.64), 0.88 ~ 0.77(9H, m),
0.68(3H, s)7} #ZH. ¥C3 DEPT-NMR spectrumol & 140.99} §
122.02 27} 4xpe2:9} CH signald<s & & AaL, 6 72.09] signal2 A4
of 1A% X9 methined] EATAZ oF & F AUTE o3 ARE u}
goz 23%3 nwsle B-sitosteolZ A3 (Figure 6, 7)

Compound 2% 'H-NMR spectrumell A ¥ 7§¢] 3291 § 7.84 (1H, d, J =
8.7) B 6 6.78 (1H, d, J = 8.9)°] ## Hlon, coupling constant F2=
Hol T+ ¥ 3+ benzen ringol 4] ortho-couplingS 8} protonl.Z o S% A
3, BC-NMR spectrum®l#] & 170.99] signalZ H.o} carbonyl?]9] 47} &
A Boje} o gt e, 2719 methine BAQl § 132.9, § 115.97F #2+
olth. wWelA Compound 28 #3893} wlalsle] p-hydroxybenzoic acid® %4

3+l o). (Figure 8, 9)

_24_
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29

27

Tl

HO
Compound 1

HO

Compound 2

- 25 -

Collection @ jeju



Table 3. NMR spectroscopic data® for compounds 1 and 2 (400 MHz
CDCls; and CDsOD, CDsOD + CDCly)

No. compound 1 compound 2
&n (int, multi, J Hz) 8 (ppm) &n (int, multi, J Hz) 8 (ppm)

1 37.4 123.7
2 32.1 7.84 (1H, d, 8.7) 132.9
3 3.53 (1H, m) 72.0 6.78 (1H, d, 8.9) 115.9
4 42.5 162.9
5 140.9 6.78 (1H, d, 8.9) 115.9
6 5.35 (1H, d, 5.27) 122.0 7.84 (1H, d, 8.7) 132.9
7 32.0 170.9
8 31.8

9 50.3

10 36.7

11 21.3

12 9.9

13 42.5

14 56.9

15 24.5

16 28.5

17 56.2

18 0.68 (3H, s) 2.

19 1.01 (3H, s) 20.1

20 368

21 0.92 (8H, d, 6.64) 19.0

22 34.1

23 26.1

24 46.0

25 28 %

26 0.87 ~ 0.78 (9H, m) 19.6

27 0.87 ~ 0.78 (9H, m) 19.2

28 23.2

29 0.87 ~ 0.78 (9H, m) 12.2

a1y BC NMR spectra were recorded in CDCl; and CDs0OD, CDsOD
+ CDCl3 solution at 400 and 100 MHz, respectively.
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1500

56,9499
56.2206
50.29%
160042
424860
309546
308640
374374
363505
M1
1A
320838
318549
203044 _
284606
262057
24.5085
232404
212763
0416
19,4125
192216
189832
88
120659

Figure 7. 'C-NMR & 135° DEPT-NMR spectra of compound 1 in CDCls
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1693699
161.9276
LTI
12754
149364

Figure 9. BC-NMR spectrum of compound 2 in CD30D + CDCls
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1-2. Compound 3¢] Fx3)4]

Compound 3<% "C-NMR spectrumollA 20709 €24 3=1¢F 'H-NMR
spectrumel Al § 4.12(2H, m)e] F|IAE zte= 1709 ethoxy?] Xgsle] 6
0.89(3H, 1), 0.90 ~ 1.64 (20H, m)°lAl multiplet®® e}z Ao & Mo}
methyl 7]¢} aliphatic hydrocarbond®l 1+ methylene 7|7} 9% <5 &
T ARew, 5§ 2.05 (4H, m)ollA 47019 proton®] multipleto = }E}L;
o2 Hol ghih-gA o|F AT Fol methylene’]7t &S ol &3kt w3t
2.29(2H, t, J = 7.56, 7.32)°l4 2719] proton®] triplet® & ER}E Ao
Hol R-CHy -CH. ¢ ¥Hj= ZAgHo] sv= A& d5 & + U
2.77(2H, m)ol A #&EE= 2709 proton® multiplete. & e} E
o} =CH-CH, -CH= ¢] ¥e|E zt:= olefin® 429 protonYd g =555 o,
§ 5.36(4H, myollA 2702 proton®] mutiplete® YEIYE= ZHo = Hof
a5 & 4 k. PC-NMR spectrumol A § 174.19]
signal< carboxylic acidgd< & F Aom, § 60.4% ethyl7]e] &@AUS
o= s 4 Adrt DEPT-NMR spectrum©l A olefin &42] 47§2] signalg!
& 130.1, 130.3, 128.2, 128.12 olT 2% 3x &4¢ CHYS ¢ 5 A3
om, §34.6 ~ 22.89 12709 A= 22 ©42 methylene”|7} A& &
Ql & 4 AT w3k § 14.59 § 14.39] JA = methyl”] 7t 271 o= &
Attt o] Fe] AnE FHE = VEw4 18:29 T x5 e AU

N
Jgstglon, EH'9%  wlawste] compound  3&  ethyl

rir
N

=

RN

o

oo H o

2

o

methine”| 7} A&

o

cis,cis—9,12-octadecadienoate. =, ethyl linoleate® & 438}t

(Figure 10, 11, 12)

1N 3 5 7 15 17 N18

2' 11

Compound 3
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Table 4. NMR spectroscopic data® for compound 3 (400 MHz CD3;0OD and

CDCls)
No. compound 3
&u (int, multi, J Hz) 8¢ (ppm)
1 174.1
2 2.29 (2H, t, 7.56, 7.32) 34.6
3 1.64 (2H, m) 25.2
4 1.28 ~ 1.19 (14H, m) 274
5 1.28 ~ 1.19 (14H, m) 298
6 1.28 ~ 1.19 (14H, m) 29.8
7 1.28 ~ 1.19 (14H, m) 29.9
8 2.05 (4H, m) 27.4
9 5.36 (4H, m) 130.3
10 5.36 (4H, m) 128.1
13 2.77 (2H, m) 25.8
= 5.36 (4H, m) 128.2
|8} 5.36 (4H, m) 130.1
14 2.05 (4H, m) 41.5
15 1.28 ~ 1.19 (14H, m) 29.6
16 1.28 s plalS (14H S 31.7
17 1.28 ~ 1.1 (") 22.8
18 0.80 (3H, m) 14.3
1 4.12 (2H, m) 60.4
2' 14.4

a 14, ¥C NMR spectra were recorded in CDsOD and CDCl; solution at
400 and 100 MHz, respectively.
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Figure 10. 'H-NMR spectrum of compound 3 in CDs;0D

)0 170.0 160.0 150.0 140.0 1300 1200 110.0 100.0 90.0 80.0 T0.0

Figure 11. BC-NMR spectrum of compound 3 in CD30D
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1-3. Compound 4°] FZ34]

Compound 4& “C-NMR spectrumollA] 307019 24 3 3¢ 'H-NMR
spectrumd A W2 <99<9] aliphatic signalS HY OS2 triterpenelZ &5
at3ith. "C-NMR¥} DEPT-NMR spectrumel| Al § 171.3¢] 3] =i carbonyl
719& & dew, § 13983 § 124.5 & 9] ol AT E©AYES &
I Ak =3 § 81.18 triterpenec Al C-3WH X o] YEe}E HE Al

g2 A7 A53 YAl 9ol deshielding @ ZAOE o= 4= Y
2123, 135° DEPT-NMR spectrumel A 9702 ®€l7] 770¢] 42} &4, 97)

9] methylene B2, 77019 methine 47} 9SS < 4 Aot 'H-NMR

spectrumo A § 5.13(1H, m)< tripletS YERE Ao E Hol o]F A
AZ2"E ©29 protondES =& £ U, 451(1H, m9 3=

desheilding®l 2 &2 Ko} 47k QIFF 91A) Qi protono 2 FT 5
JATh T3 § 2.05(3H, s)2 A= 3709 proton®] singleto @ UERL}E
RAo® Hol A7t <lA3ste] deshielding® #WeE7]el Aoz o 4stqitt. o
23 ARZ  =338le]  compound 42 EIPEYa wlwae (3
B)-Urs-12-en-3-ol acetate <, a—amyrin acetate= <}<13}3I T},

(Figure 13, 14)

S

] 2

29

28

N [T
N Iim

Compound 4
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Table 5. NMR spectroscopic data® for compound 4 (400 MHz CDCl3)

compound 4

No.
6u (int, multi, J Hz)  &. (ppm)

1 38.6
2 23.8
3 4.51 (1H, m) 81.1
4 37.9
5 55.4
6 18.4
A 33.0
8 40.2
9 47.8
10 37.0
11 23.6
12 5.13 (1H, m) 124.5
13 139.8
14 42.2
15 26.8
16 29.9
¥ 34.0
18 59.2
19 39.8
20 39.8
21 31.4
22 41.7
23 0.80 (3H, s) 28.3
24 10du SR, ) 17.0
25 0.98 (3H, s) 15.9
26 0.90 ~ 0.84 (12H, m) 17.1
27 1.07 (3H, s) 2828
28 0.90 ~ 0.84 (12H, m) 29.0
29 0.90 ~ 0.84 (12H, m) 178
30 21.6
1' 171.3
2' 2.06 (3H, s) 21.5

a1, BC NMR spectra were recorded in CDCls solution at 400 and 100

MHz, respectively.
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Figure 13. 'H-NMR spectrum of compound 4 in CDCls
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Figure 14. C-NMR & 135° DEPT-NMR spectra of
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1-4. Compound 53} compound 69| TZ&]4

Compound 59 T7%Z #9287 ¢l 'H-NMR % "C-NMR<S =A3a}3it).
'H-NMR spectrumelldl  § 7.47 (1H, d, J = 1.60), 7.47 (1H, dd, J = 2.06,
7.33), 6.76 (1H, d, J = 8.70)¢] ¥ A+ ortho, meta—coupling 3= FHOoZE H
o} M2 AH&A+= proton®Z benzen rings e TERE dFHAoH, §
3.81 (BH, s)9 I == 3709 proton°] singlets YERE Zoz Mol
methoxy7] & <]438t9th. C-NMR spectrumel| A § 170.69] %= & carbonyl

719l B4R dSFHAL, 5 147.4 2§ 152.39] I F7} deshielding ¥ Ao =
Hol 247k QHsle] Agd w©ARE AAHAT. oo A8E FgE 2 u
'H,"C-NMR dataZ 337} v|ad 23} compound 5% vanillic acid® %4

kel (Figure 15, 16)

Compound 6 3 'H-NMR spectrum® "C-NMR spectrum< Ao 5
"H-NMR spectrumel 4] & 7.28 (1H, s)7} #Z = o] benzen rings 2t F+x=
d =5, § 3.85(3H, )9 signale 6719 proton®] singlete. 2 YE}E= A
o2 RBo}l methoxy?|7} 270 9l AeE dZHdtk. C-NMR spectrumol A
§ 172.89] carboxyl7]9] ®A signale] #EFASH, methoxy”]9] B4
signal?®l & 55.07} #ZH AT}, T3 methine ©4Q § 106.10] #2EIT. o]
23 ARE wgor EAPIOV3 wwd A compound 6% syringic acid

2 A%t} (Figure 17, 18)

0 QH o OH
1 1
5 3 5 3
OCHj HsCO OCH;
HO HO
Compound 5 Compound 6
— 36 —
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Table 6. NMR spectroscopic data® for compounds 5 and 6 (400 MHz
CD3sOD and CDsOD+CDCls )

compound 5 compound 6

Mo &n (int, multi, J Hz) & (ppm) 6u (int, multi, J Hz) & (ppm)
1 125.1 122.9
2 7.47(1H, d, 1.60) 115.6 7.28 (1H, s) 106.1
3 152.3 146.6
4 148.5 138.6
5 6.76 (1H, d, 8.70) 113.6 146.6
6 7.47(1H, dd, 7.33, 2.06) 123.8 7.28 (1H, s) 106.1
7 170.6 172.8

OCH3 3.81(3H, s) 56.2 3.78 (3H, s) 55.0

@ I BC NMR spectra were recorded in CDs;OD and CDsOD +CDCls

solution at 400 and 100 MHz, respectively.
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Figure 15. 'H-NMR spectrum of compound 5 in CDs;0D
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Figure 16. BC-NMR spectrum of compound 5 in CD30D
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13152
49578
49166
48839

Figure 17. 'H-NMR spectrum of compound 6 in CDs;0D
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Figure 18. BC-NMR spectrum of compound 6 in CD3OD+ CDCls
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1-5. Compound 7% compound 89| TZ&l4]

Compound 7¢] ®3d 'H-NMR spectrumS 2B, § 3.80 (3H,s),
3.78(3H,s)°ll A 2702l methoxy”]7} #&E=EF o 3 ®B4 FAOSZ ortho,
meta-coupling® °]=Ad I3 § 7.45(1H, d, J = 1.83), 7.41(1H, dd, J =
1.83, 8.24), 6.84(1H, d, J = 8.24)7} ¥# = o] benzen ringE Z& FET%
Z d S5tk PC-NMR spectrumdl] A 270¢] methoxy7]1¢l § 55.6, 51.7 &4
77} #FEEQ e, § 166.1% carbonyl”] 9] carbon signalZ o 5= AT &
&t 3719 methine B4l § 119.8, 115.3, 112.47} 2 =Y}, o] Ax=
25¥3 mwd A7 compound 7 methyl vanillate® 574 ¥ T},

(Figure 19, 20)

Compound 8] th3+ 'H-NMR spectrum® "C-NMR spectrum< % uj
benzenizlo] #4717} A¢% FE|Z compound 22 'H-NMR & '"C-NMR]
signal  gtol SA}8Fgl oy, 'H-NMR spectrumelAl & 3.89 (3H. )9
methoxy”7] 9] protono] #&= o], T893 ulwst A3 compound 8< Methyl

p-hydroxybenzoate® &4}l (Figure 21, 22)

© K 0 OCH,
1 1
5 3 5 3
OCHs
HO HO
Compound 7 Compound 8
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Table 7. NMR spectroscopic data® for compounds 7 and 8 (400 MHz
DMSO-d¢ and CDClz )

No. compound 7 compound 8
Sy (int, multi, J Hz) 8. (ppm) Su (int, multi, J Hz) 8. (ppm)

1 123.5 122.8
2 7.45 (1H, d, 1.83) 115.3 7.96(2H, d, 8.47) 132.1
3 147.5 7.96(2H, d, 8.47) 1154
4 152.3 160.1
5 6.84 (1H, d, 8.24) 1124 6.87(2H, d, 8.70) 1154
6 7.41 (1H, dd, 8.24, 1.83) 119.8 6.87(2H, d, 8.70) 132.1
7 166.1 167.1

OCH3 3.80 (3H, s) 55.6 3.90 (3H, s) 52.1

OCHj3 3.78 (3H, s) 51.7

a I, BC NMR spectra were recorded in DMSO-ds; and CDCl; solution at
400 and 100 MHz, respectively.
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Figure 19. 'H
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Figure 20. BC-NMR spectrum of compound 7 in DMSO-ds
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Figure 21. 'H-NMR spectrum of compound 8 in CDCls
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Figure 22. C-NMR spectrum of compound 8 in CDCls
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1-6. Compound 93} compound 109] GZ&l4]

Compound 99 F+%& &9ls}7] 98] 'H-NMR 2 “C-NMRS =A3}9it}
BC-NMR spectrumdl A & 100~160 <<¢1¢] carbon signal® 'H-NMR

ﬂll

spectrume| A § 5.81~ 6.809149] signaldll 93] aromatic ring®] A= <&
I Ao (Figure. 8, 9), 1709 methylene 47} #=5HA. &= 270+
ortho coupling, 371 meta couplingS 3t Aoz #=H 9 oun PC-NMR
spectrum© 2H5-H 15719 ®AS THAa Sl Ae® Hol ol: HyH<l
flavonoid® =¥l olys (82 wgozm EFVa wuws A
compound 9% (+)-catechin®.2 &332 thH(Figure 23, 24).

Compound 10914 'H-NMR spectrum® ""C-NMR spectrum< compound
99 signal®} FAFSHAl #AFE o1}, 'H-NMR spectrumol| 4] compound 9% &
5.81~ 6.80¢] aromatic ring signal®] ##% = Zol H]3] compound 1094 &
§ 7.21(2H, d, J = 8.74)3% & 6.79(2H, d, J= 8.72)¢ ortho-coupling® 6§
5.92(1H, d, J = 2.28)3 5.84(1H, d, J = 2.28)9] meta-coupling= 3} A O]
## 2}t Compound 9 F HU3HA PC-NMR spectrumol A & 15719
BhA signale] #EEAOU, § 157.1 ~ 15859014 4719 ¥ signal® §
131.6, 129.89] ©4 signale] #AHT oleld ARE FFsto] £V w)
w3 A3} (+)-afzelechin® 2 =48} tH(Figure 25, 26).

Compound 9 Compound 10
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Table 8 NMR spectroscopic data® for compounds 9 and 10 (400 MHz

CD3s0D)

compound 9 compound 10
No. &u (int, multi, J Hz) & (ppm) &u (int, multi, J Hz) 8¢ (ppm)
2 4.52 (1H, d, 7.3) 83.0 4.58 (1H, d, 7.8) 83.0
3 3.94 (1H, m) 69.0 3.97 (1H, m) 69.0
4 2.85 (1H, dd, 16.1, 5.3) 28.7 2.87 (1H, dd, 16.1, 5.5) 29.1

2.50 (1H, dd, 16.1, 8.2) 2.50 (1H, dd, 16.0, 8.5)
5} 157.7 157.7
6 5.82 (1H, d, 2.3) 96.4 5.84 (1H, d, 2.3) 95.6
7 157.1 158.0
8 5.89 (1H, d, 2.3) 95.6 5.92 (1H, d, 2.3) 96.4
9 158.0 157.1
10 101.0 101.0
1' 132.4 131.6
2 6.80 (1H, d, 2.0) 115.4 7.22 (2H, d, 8.7) 129.8
By 146.4 6.79 (2H, d, 8.7) 116.2
4' 146.4 158.5
o 6.72 (1H, d, 8.0) 116.2 6.79 (2H, d, 8.7) 116.2
6' 6.67 (1H, dd, 8.0, 2.0) 120.2 7.22 (2H, d, 8.2) 129.8

@y C NMR spectra were recorded in CDsOD solution at 400 and 100

MHz, respectively.
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Figure 23. 'H-NMR spectrum of compound 9 in CDs;0D
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Figure 24. BC-NMR spectrum of compound 9 in CD30D
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Figure 25. 'H-NMR spectrum of compound 10 in CDs0OD
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Figure 26. C-NMR spectrum of compound 10 in CD;0D
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1-7. Compound 119] FZ3&}4]

Compound 11 'H-NMR spectrumol 270¢] methylene® = & 3.61(1H,
dd) , 3.71(1H, dd) 3.94(1H, m), 4.18(2H, m)7} ¥#& =YL, § 5.37(4H, m)
9] signalollA 470¢] proton¥} multiplet® 2 YE 4= olefin®] proton signal©|
#ZE et PC-NMR spectrumell 4] & 21709 €4 signale] #H&EQAL, §
174.6°14 carbonyl”] €] &47} #5530t 6 130.5, 130.3, 128.5, 128.1°1A4
A9 gd¥ TA7 #EE oM, § 70.5014 methine @7t ##EH AT 1
23, § 65.4, 63.5°1A4 deshielding ® Ho=z Hol ALYyt Add
methylene EFAYALZE oS ATE o]2lst A5 & vlE S =2 compound 11E& i+

#2293 wwst Ax 2 3-dihydroxypropyl 97,127-octadecadienoate =,

monoolein®. 2 &4 3 tH(Figure 27, 28).

Compound 11
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Table 9. NMR spectroscopic data® for

compound

CDCls)
compound 11
No.
6n (int, multi, J Hz) 8 (ppm)
1 4.19 (2H, m) 65.4
2 3.94 (1H, m) 70.5
3.67 (1H, dd, J= 13.4, 3.9)
3 63.5
3.58 (1H, dd, J= 11.5, 5.7)

L 174.6
2 2.36 (2H, t, 7.6) 34.4
3' 1.63 (2H, m) 25.1
4' 1.35 ~ 1.24 (14H, m) 29.3
5' 1.35 ~ 1.24 (14H, m) 29.6
6' 1.35 ~ 1.24 (14H, m) 29.9
7' 1.35 ~ 1.24 (14H, m) 29.8
8' 2.06 (4H, m) 27.4
9' 5.37 (4H, m) 130.5
10 5.37 (4H, m) 130.2
11 2.80 (2H, m) 25.8
12 5.37 (4H, m) 128.3
13' 5.37 (4H, m) 128.1
14 2.06 (4H, m) 27.4
15 1.35 ~dl 24, ClMRldm) 29.3
16 135 ~ 1.24)@4H, m) 32.1
17 1.35 ~ 1.24 (14H 0. 22.9
18' 0.89 (3H, m) 14.3

11

(400 MHz

a1, BC NMR spectra were recorded in CDCls solution at 400 and 100

MHz, respectively.
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Figure 27. 'H-NMR spectrum of compound 11 in CDCl;
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Figure 28. C-NMR spectrum of compound 11 in CDCls
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1-8. Compound 12¢] F-z34

Compound 12 'H-NMR 2 “C 2 DEPT-NMR spectrum& =43t A7},
'"H-NMR spectrometerel Al & 5.37(2H, m)< 2709 proton¥ multiplet 2.2
olefin%¢] protono] #ZE 3L, § 2.35(2H, t, J = 7.33, 14.88)04 allylic
e o] protono] #WEAHATH C 2 DEPT-NMR spectrumol A o] 28 7] o A
carbonyl”7] 2] § 179.99] ¥4 signale] #HSF5HSAaL, § 130.3, 130.1 olefin Tt
%z 32 B4R CHYS & & Arh olgd xag vpgroz w3 u)

W A3} oleic acidZ A3 tHFigure 29, 30).

LS 11 13 15 17

Compound 12
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Table 10. NMR spectroscopic data® for compound 12 (400 MHz

CDCl3)
No. compound 12
&u (int, multi, J Hz) 8c (ppm)

1 179.9
2 2.35 (2H, t, 7.4) 34.3
3 1.62 (2H, m) 24.9
4 1.31%20H, jm) 29.3
5 1.31 (20H, m) 29.4
6 1.31 (20H, m) 20.5
7 1.31 (20H, m) 29.9
8 2.07 (2H, m) 27.4
9 5.38 (2H, m) 130.1
10 5.38 (2H, m) 130.3
11 2.07 (2H, m) 27.4
12 1.31 (20H, m) 29.9
13 1.31 (20H, m) 29.7
14 1.31 (20H, m) 29.8
15 1.31 (20H, m) 29.6
16 1.31 (20H, m) 32.1
17 1.31 (20H, m) 22.8
18 0.87 (3H, m) 14.2

a1, BC NMR spectra were recorded in CDCls solution at 400 and 100

MHz, respectively.
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Figure 29. H-NMR spectrum of compound 12 in CDCls
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Figure 30. C-NMR & 135° DEPT-NMR spectra of compound 12 in CDCls

_53_

Collection @ jeju



1-9. Compound 13¢] F-z34

Compound 132 'H-NMR spectrum® =43 A3} § 6.65 ~ 5.4540]¢]
olefin groupl & |5 += signal¥} & 4.26(brs), 4.01(m)2] signal> A7}
o1 sle] Ag% methinedl A protonC @ 53R, § 1.97 ~ 0.86AF0] A
singlet?l 1070¢] W€l 7] proton signale] & th. “C-NMR spectrumdl] A
Z 40709 e #REQIAL, § 138.7 ~ 124.7 Ake]elA] double bondT-3%E
Zt= ®tA signale] 2270 #ZEE QAT £33 § 66.29F § 65.39] siganlS AFA7)
214 3te] deshielding® methine ¥4 signal® o] 5% 913, § 830.56 ~ 13.0A}0]
o yax HE7]9 B4 signal®2 dSeRgith old AEE WPoE 31
2262031 mlw g A7} compound 132 (all-trans)-lutein®. & =4 35it}.

(Figure 31, 32)

Compound 13
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Table 11. NMR spectroscopic data® for compound 13 (400 MHz

CDCl3)
Compound 13
No. &y (int, multi, J Hz) 8. (ppm) No. &u (int, multi, J Hz) 8 (ppm)
1 37.3 1 34.3
1.48 (1H, m) , 1.36 (1H, m)
2 1.78 (1H, m) 48.6 2 1.84 (1H ,m) 4.9
3 4.02 (1H, m) 65.3 3! 4.02 (1H, m) 66.2
4 2.05 (1H, ) 42.8 4 5.55(1H, s) 124.7
2.36 (1H, m)

5 126.4 5' 138.2
6 138.0 6' 2.42 (1H, d, 8.5) 55.2
7 6.15 (3H, m) 125.8 7' 5.43 (1H, m) 128.9
8 6.15 (3H, m) 138.7 8' 6.15 (3H, m) 137.9
9 135.9 9' 135.3
10 6.15 (3H, m) 131.5 10" 6.15 (3H, m) 131.0
11 6.63 (3H, m) 125.1 N ' 6.63 (3H, m) 125.0
12 6.36 (1H, d, 14.9) 137.8 i 6.36 (1H, d, 14.9) 137.8
13 136.6 13' 136.7
14 6.26 (1H, d, 9.8) 132.8 14 6.26 (1H, d, 9.8) 132.8
15 6.63 (3H, m) 130.3 15' 6.63 (3H, m) 130.3
16 1.08 (3H, s) 30.4 16' 1.00 (3H, s) 24.5
17 1.08 (3H, s) 28.9 1% 0.85 (3H, s) 29.7
18 1.74 (3H, s) 21.8 18' 1.65 (3H, s) 23.1
19 1.97 (3H, s) 13.0 19' 1.92 (3H, s) 13.3
20 1.97 (3H, s) 13.0 20" 1.97 (3H, s) 13.0

a1, BC NMR spectra were recorded in CDCls solution at 400 and 100

MHz, respectively.
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Figure 31. 'H-NMR spectrum of compound 13 in CDCls
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Figure 32. "»C-NMR & 135° DEPT-spectra of compound 13 in CDCl;
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2. DPPH radical scavenging test

DPPH+ #HA4E F
A&l skl gdElo] Brjdo] 2AHY 5ol Hepdo] oA 515 ~
517 nmollX Koldl Faupgo] AlAA dnt. & A= X8 =2 DPPH

o] &% oviet

F2A@AT 7HA 9] 70% ethanolFEE 2 #8ES 21 DPPH radical
A2A BAS AASE Y. A5 %) 100 ng/mLY W 70% EtOH F&&2
8.9%, Hex fr. 13.9%, EtOAc fr. 91.0%, BuOH fr. 23.5%, H>O fr. 8.0%2 %
AGAAS HAom RCs50S SASH] 98 50 pg/mL, 25 pg/mL, 12.5 pg/mlL,
6.25 ug/mL, 3.13 upg/mL, 1.56 pg/mLe HEH=Z A2AIAHES HAASIH
(Figure 33). 2 Z¥ EtOAc fr. oIA%F 27.6 pg/mLE ozl HEM] Co
RC50%1 7.24 pg/mLell 7PAA|= AT £ radical 2155 RS g9

AA G (Figure 34).

]

100
80
B 100{ug/mL)
60 B 50 0(ug/mL)
B 35 0(ug/mL)

B 17 5{ug/mL)
a0 |
B 5.25(ug/mL)

B 3 13(ug/mL)

20 - ¥ 1 56(ug/mL)

DPPH radical scavenging activity (%)

Vit.C 70% EtOH Extract n-Hex Fr. EtOAC Fr. BUuOH Fr. H20 Fr.

Concetraion (pg/mL)

Figure 33. DPPH radical scavenging activities of extracts from F. erecta

branch.
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RCsq(pg/mL)
30 276

0 -

e T 7.24

o -

Vit-C EtOAC fr.

Figure 34. RCso value of DPPH radical scavenging activities of EtOAc fr.

from F. erecta branch.

2-2. F24HAY T REE EYd = 24 Ay

EtOAc fr. oA #2]%¥ compounds 1-82 DPPH radical &7 &4& #AA
3} th. Compound 85 A Yz 1-72 A4S 7MX| 1 A & Ho=z
sE, £L HJuZd 2ASHEE Hol= compound 89 RC;0& =437 9
3 25 pg/mL, 12.5 pg/mL, 6.25 ug/mL, 3.13 pg/mL & 3=H=Z 2AEAS
AANBFAY. 1 A3 compound 8% RCso#ko] 8.22 pg/mLE thx¢l HE
Ce A RCso#ks 7HAIH, 9973 radical 2AZAS 7H3S <l 38t

(Figure 35).

RCsq (pg/mL)

168 -
8.22
7.24

Vit-C Compound 6

Figure 35. RCso value of DPPH radical scavenging activities for compound 6.
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2-3. F2UHAAMT} o] FEE]

34 A3

m (

F2Ad A Q1o 70% EtOH F&& % #3855 M3l DPPH radical 4

A B34S AMETE A Ee ¥%7F 100 pg/mLY W Hex fr. & HO fr. &
2ASYE HolA &dor, YA 70% EtOHFZEEA 64.7%, EtOAc fr.
90.3%, BuOH fr. 44.1%° 2A&A4S HSth RCs & Tate] Hast A
(Figure 36), EtOAc fr. ol4 26.1 pg/mL& thzx<] Bl Co] RCs0%) 7.48
pg/mLoll 7MgA = Ak g2 BESHT £ radical 24T HYS 9

st 4= A A H(Figure 37).

100.0 -

g
.g 80.0 -
-
<
a0 W 100{ug/mL}
L 600
% m50(ug/mL)
E W 25{ug/mL)
400
k] 12.5(ug/mL)
e W 6.25(ug/mL)
o
200 -
ro = 3.13(ug/mL)
o
(=]

0.0

Vit.C 70% EtOH Extract Hexfr. EtOAcfr. BuOH fr. H20 fr.

Concentration (ug/mL)

Figure 36. DPPH radical scavenging activities for extracts from F., erecta

Leaves.
RCsg (ug/mL)
30 r
26.1
20 |
108 TAB
o] .
wit.C EtOAC fr.

Figure 37. RCso value of DPPH radical scavenging activities for EtOAc fr.

from F. erecta Leaves.
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2-4.

i\

o o1 5
= 3

HO
M

ozny Rod el 34 A

EtOAc fr. oA 8% compounds 9-13¢] DPPH radical &4 A& HAA

gt A89 FE7F 100 pg/mLY wW compound 99 compound 10&
92.7%% 69.6%°] 4~A2HE Bler, UMA compound 11, 12, 132 47
e 7L A w2 AL AHAL, FL2 UL A7THS Hols
compound 9%} compound 109 RCs0s 54371 913 100 pg/mL, 50 pg/mlL,
25 pg/mL, 12.5 pg/mL, 6.25 pg/mL, 3.13 pg/mL & TEHZ AAEAHS A

=2 =

Al3FE T Figure 38). 2 A3} compound 99} compound 102 RCspakte] 2+ Z+

_]

10.3 pg/mL, 39.4 pg/mL=E compound 9¢1 7% vE}Y C¢ FAFSH RCsofk
(7.23 pg/mL)S 7FAY, compound 10& thA W& radical 2AFAE 7HAS
kA tHFigure 39).

B 100(ug/mL)
B 50 0(ugymL)
B 25 Ofug/mL)
B 12 5(ug/mL)
B ¢ 25(ug/mL)
B3 13(ug/mL)

DPPH Radical scavenging activity (%)

| i Y | B

Wit.C Cpd @ Cpd 10 cpd 11 Cpd 12 Cpd 13
Concetraion (pg/mL)

Figure 38. DPPH radical scavenging activities for compounds 9-12.
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3. Tyrosinase inhibition test

FeE 4 FIEEEY Fod sFgEEe U tyrosinase As| €4

rlo

mushroom tyrosinase& ©¢]83t¢] DOPA chromeWH < &-&35fo] A3

AFuH S phuffer 0.106 mL(pH 6.8), sample 0.02 mL(2 mg/mL),
L-tyrosine(0.3 mg/mL) 0.07 mL, mushroom tyrosinase(1250 units/mL) 0.1
mLES ¥3i, 37CAdA 1023k A1 $, 492 nmolA UV/Vis +33E=AE

w
'L
iy
flo
42,
P
r>~
:‘_l‘
N
N
ol
e
i
Lo
il

d A7

= % E3IES 7MA A Tyrosinase A
3 FA AdS AAEn 100 pg/mLe] FXolA EtOAc fr. oMW 57.2%
A&S BIow, thFTQl arbutin 54.5% B £ AfES 2= AL
A&k tH(Figure 40). EtOAc fr. 9 ICsoaks =4sk7] $18] 100 pg/mlL, 50
ng/mL, 25 pg/mL o FEEE AfZAHS SAHIUTE EtOAc fr. ©  ICsoak
o] 75.5 pg/mLE thEFQ arbutin®] ICs0%t¢) 87.3 ng/mL Bt} £& A& &
IE BHAdES & F A} (Figure. 41).

FodHd A7 kA9 70% EtOH 5%

o

X

Tyrosinase inhibition activity {%)

0.0

Arbutin 70% EtOH Extract Hex fr. EtDAC fr. BuOHfr. H20 fr.

® 100ug/mL ®m50.0ug/mL = 25.0ug/mL

Concentration {pg/mL)

Figure 40. Tyrosinase inhibition activities for extracts from F. erecta

branch.
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ICso(ng/mL)
100

87.3
g0 | 75.5
50 |

40 L

20

Arbutin EtOAC fr.

Figure 41. ICso value of Tyrosinase inhibition activities for EtOAc fr.

from F. erecta branch.

3-2. F=UHAA A EEY ZHE e 24 2

m (

EtOAc fr. oA E2]¥ compounds 1-89] tyrosinase A& &4 23S 24

= =

39 th. Compound 23 8% Al9)d UYWA= A3 azpzt A9 =

Ao=w 8
o1 ¥9°om, compound 13 3 2831 49 A As) a7 99 (Figure
42). Compound 29 A% ICs0%te 5%7} 135.4 pg/mLE ZF+¢l arbutink.
o= e A4S B9 om Compound 89 A% 99.9 ng/mLE arbutin® ICso

Q1 87.4 pg/mLe}t FAFS A AL 7HHS 4 = AR (Figure 43).

80.0 -

200 -

Tyrosinase Inhibition activity (%)

0.0

0.0 250 50.0 75.0 1000 1250
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| —e—Arbutin —m—Cpd2 —4—Cpd5 —><Cpd6 —*—Cpd7 —-—cmsa|

Figure 42. Tyrosinase inhibition activities for compounds 1-8.
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Figure 43. ICso value of Tyrosinase inhibition activities for compounds

2 and 8.
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Compound 2% Compound 8% &%% 7|ZQl L-tyrosine? %5 W3}A|
1WA FHEE SAHSINL, AR AHE o] &3t ATt dlgk FFE Sl

xFOR2 otil, g yHOR 5t

rulm

SL(v)E Al L-tyrosine®] &%
Aol Y xE 7} 7} Figure 44, 459 YEH o™, L-tyrosine?d 5%7} &
7beel w2} compound 29} compound 8¢ H£EXE Tk oEHoR FUIEE

T . &3 compound 29} compound 89 wE7} S7MESE %7t 7
A ol UES g & F U o= VHEI mae AR Sl HR7F =7
Ae 9vskal 1 B4 compound 29 compound 8¢] &8l ASS oAA
s 2= 9T},

Compound 29+ Compound 8°] 7|3} &27}F wWhgah= HAelA dAH o=
Asfjst=x F18t7] 943te] Lineweaver-Burk © g agzs 2 74
T-8FAaL, Table 129 x53 y59 #= 24 24 A58 Fotdd @& 5t A
AL A}t 18]2 compound 29 A9 7]&el L-tyrosineAlololA M= 7
AR o2 At Ao] ¥hE X uf g

A hee B, 7] A S(tyrosin)@t A@A] [(Compound 2, 8)&
np 7R 2 g4 o] 22 2 79 A (reversibly) &2 At} weka], S-4

of\
e e
:L ‘W

gt -4 M2 el BA4A Aotk o] 2O RRE So h a9
2o Ao AgstnR, o]F Sof F B2 i FERAU fFAMS M RS
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Table 12. Results of compound 2 and compound 8 for ky and Vimax.

Compound 2 Compound 8
Concetraion(ug/mL) K Vmax Concetraion(ug/mL) K V max
100 0.90 100 0.71
50 0.58 50 0.44
0.048 0.050
25 0.51 25 0.35
0 0.38 0 0.29

1200 -
10000
800 -
600 -

400 -

-3.00 -2.00 -1.00 0.00 100 2.00 3.00 4.00 2.00 6.00

Figure 44. Lineweaver—Burk plots of mushroom tyrosinase and L-tyrosin
withoout(@) and with Compound 2(A) 25 pg/mL, () 50 pg/mL, () 100
ng/mL.

100.00

8
8

60.00

1/V,(A492/ min)?

4000

-4.00 -3.00 -2.00 -1.00 0.00 100 2.00 3.00 4.00 5.00 6.00

1/[L-tyrosine]l,mh-t

Figure 45. Lineweaver-Burk plots of mushroom tyrosinase and L-tyrosine
withoout(@) and with Compound 8(a) 25 pg/mL, () 50 pg/mL, (@) 100
ng/mL.
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5. Compound 22} compound 8¢ FZ&A T4

Tyrosinase A& A& oA  compound 29 compound 82 WZEZo = A}
&%k arbutin? Hl W PSw] AR S-S Btk olgjd Ade depde] A
o] leJA] compound 2%} compound 8¢] 7]& <%l L-tyrosine¥} F-x2A o= <
#uo] S Aow F5HH aiA e AE AFolA 714 L-tyrosined 44
Hom Aegth= s & F AU TE Aolm Qg &4 BACNA
compound 29} compound 8 ® L-tyrosine® %, phenolic 732 *|g7]7} 7}
7t d24S B 4 gl2en, compound 2WolA FFEH 7] ~OH7|7} A FE o
A= FHolth compound 82 compound 23 PFHIIAR Fl2R UV E ZF
—OCHy717F 2&= o] ot old Atel= ddste] ICs #h2 2 7+ 135.4 ng/ml,
99.9 png/mLel Z3E Bel= As & 5 dMew, -OCHy7|17F -OH”] Bt
tyrosinase &3 JA a7t Atk AS & 7 Avk 2Ela f oyt ghst

Bo ps} vjw Evbe] Sweld @puEojo & Atgolga oiAI,

OH
OQ‘;‘C
\ OH
OH NH2
Compound 2
C
OH HOO
L-Tyrosine
O:':““"-"C
OCHs
Compound 8

Figure 46. Structure activity relationship of compounds 2 and 8.
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V. 29 & A&

F2ddAY Ui A 7HA = 70% EtOH FE&ujollA] Aol FE2ES &
o] SA4E& 7= AE 89 weEk n-hexane, ethyl acetate,
tel EE25 AT ol T F293A
3} 7} "lste] DPPH radical 24843 tyrosinase A3 &4 &

+ EtOAc fr. ¥} F2UH 3 <o tjsle] DPPH radical 2AAEA S Hole

Oft

n-butanol, H,O <25 i3S

11}(e3
i
I
I
©

EtOAC fr. & 7t 7} vacuum liquid chromatography(VLC), normal silica gel
column chromatographys AAldte] Z8j¥ #+85= 1D, 2D NMR7]7]E &
sto] Fletial = Blud 23 F20HA9 A= F 871 I
=¢1  p-sitosterol, p-hydroxybenzoic acid, ethyl linoleate, a—-amyrin
acetate, wvanillic acid, syringic acid, methyl vanillate, methyl
p-hydroxybenzoateS ®g st tE T FoAdHdAF} QoalE=  catechin,
g siglaL, T 57 eSS A
t}. olgA FHH IFFEES FUHAHAHCA AHZ FEEHIAoH,
triterpenes 2%+, unsaturated fatty acids 3%, phenols 5%, flavonoids
2%, carotenoid 1E7F=E F 13719 SFES 238
g, o AEe AYddS dolr iz DPPH radical 4~AEdA3H 7}
Tyrosinase A3 ST S FAHAG ¢, 7HA ¢ F=53 292 2 &9
=l tiete] 77 As AAESITh
G2 FL2di M 7EXe] gk DPPH radical 242449 A3s R
E A EtOAc fr. (RCso = 27.6 ng/mL)VF &tz &A S48 Bl &84

afzelechin, monoolein, oleic acid, lutein=-

813FE 9l A9 syringic acid(RCso = 8.22 png/mL)olA o) 2AZFAHS )
Eliglon, gz oZ 29 vitamin C(RCso = 7.24 pg/mL)e} FARSE AAE

4= YER AT
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Food My o] g DPPH radical 2A&A4 9 A%E B EtOAc fr.
(RCs0 = 26.1 pg/mL)ellA 7} &/do] E3kom, 70% EtOH FE=(RCs =
73.8 pg/mL)¥} n-BuOH(RCsp = 111.6 pg/mL)olA & =2tHZd LA o] -
stAl= FAINE 24 YEAT. F2E shEel 4T catechin(RCso = 10.3
ng/mL)¥} afzelechin(RCso = 39.4 pg/mL)olA 2oz AAEA o] 43814
bt o, catechin®] 7% wHx¢l BIEIRW C(RCso = 7.23 pg/mL)et H|23h
S 7= A & F IS
Tyrosinase A3 &4 A@Y ZAApeA F2AdHAH} 7149 ¢

EtOAc fr. (ICso = 75.5 pg/mL)olA tixzLo® 222l arbutin(ICsp = 87.3 1

mﬂ

p

i
ol

g/mbET 53 A3l A4S Heles AS & F den, FH
p—hydroxybenzoic acid(ICso = 135.4 ng/mL)%}f methyl
p—hydroxybenzoate(ICso = 99.9 pg/mD)olA A& S HT. Methyl

p—hydroxybenzoate® 749 thZw+<l arbutin(ICso = 87.3 png/mL)3} H]=3l A

Tyrosinase A3 &AS H<S  p-hydroxybenzoic acid®} methyl
p-hydroxybenzoateZ Linweaver—-burk plotZS o] &3} &4 A3 &S =
A A3 2709 gE BT 7|Ed = AREE L-tyrosine? BAH o= A3 &
e Hol&= o= LERT.

ol A AA Ay F2UHHY 7HA| A EEl$ syringic acideF €

1, tyrosinase Adl SAAFHA FL2LAHAAT 7] FEEQ EtOAc fr. °]
ZAEs AfERS e o= gl HAx, EHIFED B
p-hydroxybenzoic acid®} methyl p-hydroxybenzoate’} A3 ZAHS Ho|=
As & AT wepA 2 dA5Me ARAAE nP R F2AAA A
THAE o] &5 FakskAl B owA A E VheAde Id & 5 s Aol

aL ol g
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