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I 7+%&%E 4 -methoxy-5-hydroxy-8-3,3-
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rhamnopyranoside]-7-O-B-D-gluco-



pyranoside (1), 4’-methoxy-5-hydroxy-8-3,3-dimethylallylflavone 3-O-[2-O-2-((4-
methoxy-4-oxobutan-2-yl)oxy) acetic acid-a-L-rhamnopyranoside]-7-O-p-D-gluco-
pyranoside (2), 4’-methoxy-5-hydroxy-8-3,3-dimethylallylflavone 3-O-[2-O-2-((4-
oxopropan-2-yl)oxy)acetic acid methyl ester-a-L-rhamnopyranoside]-7-O-3-D-
gluco-pyranoside (3), 4’-methoxy-5-hydroxy-8-3,3-dimethylallylflavone 3-O-[2-O-
2-((4-methoxy-4-oxobutan-2-yl)oxy)acetic = acid  butyl  ester-a-L-rhamno-
pyranoside]-7-O-B-D-glucopyranoside (4), koreanoside E (5), icariside 1 (6),
ikarisoside A (7), icariside II (8), epimedoside A (9), icariin (10), epimedin A (11),
korepimedoside C (12), epimedin B (13), epimedin C (14), anhydroicaritin 3-O-p-
D-fuco-pyranosyl(1—2)-a-L-rhamnopyranoside-7-O-B-D-gluco-pyranoside  (15),
icarisid I (16), korepimedoside A (17), epimedokoreanoside I (18), korepimeoside C

(19), epimedin L (20), caohuoside B (21), epimedoicarisoside A (22) =
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1.1 Epimedii Herba
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Table 1. Pharmacological studies reported in the genus Epimedium.

Therapeutic target Extracts/compounds References

Sextual dysfuction Water extract (Chen 2009)
Water extract (Chen and Chiu 2006)
Icariin (Tian et al. 2004)

Osteoporosis Icariin (Wang et al. 2002)
EtOH extract (Meng et al. 2005)
Icariin (Chen et al. 2005)
Icariin (Zhang et al. 2007)
Flavonoids (Zhang et al. 2008)

Immunologic Epimedin C (Liang et al. 1997)
Water extract (Kim et al. 2002)
Icariin (Rhew and Han 2012)
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Antitumor Icariside II (Lin, LT et al. 1999)

EtOH extract (Cheng, Wang et al. 2007)
Icariside 11 (Choi, Eun et al. 2008)
Icariside II (Lee, Lee et al. 2009)
Antihypoxia Flavonoids (Zhang, Jia et al. 2009)
Antihepatotoxic Icariside 11 (Cho, Sung et al. 1995)
Icariin (Lee, Choi et al. 1995)
Melaogenesis Ikarisoside A (Jeon, Jeong et al. 2001)
Angiogenesis Icariin (Chung, Kim et al. 2008)
Antiinflammatory Ikarisoside A (Choi, Eun et al. 2008)
Antioxidant Flavonoids (Kim, Kim et al. 2008)
Antiviral Water extract (Cho, Kim et al. 2012)

12 S 4EAAH AT

1.2.1. Flavonoid

S A=dhetd A e Wol JdAFHUH. duAd de=

| -2 flavonoid 2} lignano] 2t} Flavonoid?} 71 FEA&EL S99

},ﬂ
ke

)

T2 AW S = flavonol, flavone, chalcone, flavanone, flavonol glycosides©]
ZotE o] glom C-8 fIA| ) pentenyl groupe] E=Ast= A-F-7F Bt} 3-0-
7-0-, &2 3,7-di-O-glycoside”’} T2 A4S 71X 3pgrEolth. wjdA] 2
T2 F= glucose, rhamnose, xylose©] ™ 1-2712] acetyl”] 7} @ol =4 3}+=
AEE Q. &4 AES YyERlE T2 flavonoidol & icariin, icaritin,
desmethylicaritin, desmethylanhydroicaritin, icariside II, ikarisoside A, icariside II,

ikarisoside A, epimedokoreanin B, breviflavone B, luteolin, hyperoside, epimedin B,

epimedin C5°] Qom FFF, MAXRE, itst, F95, Har

b



59 Aol Baxo] Qlt} (Fukai and Nomura 1988, Ito et al. 1988, Chin et al.

1990, Pachaly et al. 1990, Kang et al. 1991, Mizuno et al. 1991, Li et al. 1995, Li et
al. 1995, Sun et al. 1998).

OR,

R, R, Ry Epimedokoreanin B
Icariin Rha Gle-Gle Me
Epimedin B Rha-Xyl Gle Me
Epimedin C Rha-Rha  Gle Me
Diphylloside A Rha-Gle Gle H
Desmethylicaritin Rha Gle
Desmethylanhydro- H H H
1caritin
Icariside 1T H Gle Me
Ikarisoside A Rha H H

Luteolin Rha-Glc H OH

Breviflavone B

Hyperoside Gle OH H

Fig 1. Structrue of flavonoids reported in the genus Epimedium
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1.2.2. Lignan

Lignan < Z2|¥&=7 3t5t=%2 57012 phenyl-propanoid & A}7) 8-8” B4~
Ao 7 AdE FZ5 71Z o)z} YARAFE oIt} E. koreanum A= (-)-
lovil, lariresinol, (+)-cycloolivil, 3-[4-[2-hydroxy-2-(4-hydroxy-3-methoxy-
phenyl)-1-(hydroxymethyl)ethoxy]-3-methoxyphenyl]propyl 6-deoxy-a-l-manno-
pyranoside 5-°] &8 X I1L% STt (Suetal. 2018).

OCH;

R=0H (-)-olivil
R = OAc lariresinol

3-[4-[2-hydroxy-2-(4-hydroxy-3-methoxy-phenyl)-
1-(hydroxymethyl)ethoxy]-3-methoxyphenyl]propyl
6-deoxy-o-l-mannopyranoside

Fig 2. Structure of lignans reported in E. koreanum.

1 9e® #HeA $FgHE<Ql 4-hydroxybenzoic acid, protocatechuic acid,

naringeninic acid, cafteic acid, methyl chlorogenate ol By Hiuxglor (Su
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et al. 2018), 9,10-dihyrophenanthrene

X AQ1  epimedoicarisoside A 7}

B G=d o= Ekoreanum AT -2l $3E°|th (Lietal. 1995).

R=H  4-hydroxybenzoic acid
R=0H Protocatechuic acid

R=H  Naringeninic acid
R=0H Caffeic acid

' 0
HO™ 0"~
OH on
OH

Methyl chlorogenate

OCH;  OH

HCO On -
H,CO E.m 0
HsCO Ii ll

Epimedoicarisoside A

Fig 3. Structure of miscellaneous compounds reported in E. koreanum.
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2. Proprotein convertase subtisilin/kexin type 9 (PCSK9)

Low-density lipoprotein (LDL) receptor = LDL-cholesterol = 3l 3} EALO] E 2
FTAA % FUlAHES £E T LDL receptor = & FFEAFO] E o A
AgdgEo] Al ME THOZ HUAH A£52% 272 LDL-cholesterol =
&3ty PCSK9 > LDL receptor & A&E¢S ZHTO=FHA LDL-
cholesterol 9] F%of P& 7]Fth PCSK9 = FHA|Z EHelA LDL

receptor ¢} HHAOF A3 internalization < FZ13}3il LDL/LDL

B
!
=)

receptor & &A= =3 ¥|©] LDL receptor Al &&= Hhol A3 °] LDL
receptor 5 HAAl#A dF LDL cholesterol 555 S 7FAZIth 53] statin
A oFE AWA] negative-feedback = &3l PCSK9 o & o] Hojut
Az avE FFAAIZIT} (Sabatine 2019).

HAA FFF monoclonal antibody X = A7} AFEE I glom o]
PCSK9 ] #dx oz Ags] PCSK9 ©] LDL receptor °] A= A
Zbekstt), o] 2 Q13 LDL receptor o] #A|&&o] Tl = &5 LDL-
cholesterol %= #F4~3}A] ©t}. Statin @} PCSK9 inhibitor & 3% &
A9 statin =02 288 u] R} LDL-cholesterol 2] %= 50-60%

o FaA7lE Aol ERIE 1T (Gallego-Colon et al. 2020).

LDL-cholesterol

B PCSKY

% LDL-receptor

I

() A
: \°4_
a@
@

Lysosome

Hepatocyte

EN|



@ PCSKY inhibitor
% LDL-cholesterol

@r (C. ? H PCSKY

R LDL-rcceptor

Lysosome

Hepatocyte

Fig 4. LDL-cholesterol metabolism in the presence or absence of PCSKO9.

121} antibody drug 9] FZE0 =2 <l HAEo|A PCSK9 inhibitor =

gad s A7k APFeld 58 AT Felrh s Aom
AzEE A fuel ARA BAgel FHum gt Ad fed
AR} EHELS PCSK9 ¥ LDL receptor 2 27291 Ash A ¢Jox

PCSK9 ] transcription, translation, secretion s ol% ¥oIst= ZOo=E

Berberine = PCSK9 inhibitor &S 7Fd HAspstE = 78 @&

A7} o]Fojx  FHIEZ LDLR mRNA ¢ AL Z7HAA

o

sdo=24 LDL g4H9 2dE F7HA71a PCSK9 9

N

4710
transcription T & ST} Statin o] F-2ES ¢sA| 7| = AES S
ol statin Al $3E2 combination therapy WA S ®E LAY E

X8 =] 9l th(Kong et al. 2004, Cameron et al. 2008). Berberine <& -2 245

HAXE Holu glom olZ ZAd3s7] 23] non-natural

=
L)
fol
ofr
o
riu

FEAE FA3AY drug delivery nanotechnology &= #-&3h= A7}
%1 & Zo] TH(Ochin and Garelnabi 2018, Wu et al. 2019).
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Quercetin, epigallocatechin gallate, resveratrol, curcumin, silibinin A, naringin,
pinostrobin, eugenol &+ polyphenol 7] 3}%== t]4-+& LDL receptor &
=7t @45 7FA1 2L QAT Polyphenol Al 33t tff-Fo] &7t @
AT o] won, Ay njAEel o8 ohekst gxg S AXER
in vitro £} in vivo 9] &AJo] dElx|E= 97} EWrH(Durazzo et al. 2019, Poti
et al. 2019).

Quercetin, epigallocatechin gallate & transcription A}t ]| % secretion =
sk 713-dS 7FAAL Q) o™ (Mbikay et al. 2018) resveratrol 2} eugenol,
lycopnene = PCSK9 ¥} Ao =z A3tsle] S Adsts 7S

Z7FA] 3L S1TH(Alvi et al. 2017, Li et al. 2018, Zia et al. 2020).
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Fig 5. The PCSK9 inhibitor agents from natural products
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Table 2. The PCSK9 inhibitor agents from natural products

Natural . . . . . .
Bioavail. Mechanism of Action Level of Evidence on PCSK9 Counteracts Statins
Compound
Berberine 0.37% Inhibits trnascription In vitro, in vivo and clinical Yes
. Inhibits secretion . L
0,
Quercetin 0.31% and transcription In vitro and in vivo Not known
Epigallocatechin 0 Inhibits secretion .
gallate 0.1% and transcription In vitro Yes
Inhibits transcription . L
0,

Resveratrol <1% and interaction PCSK9-LDLR In vitro and in vivo Not known
Curcumin <1% Inhibits trnascription In vitro and in vivo Yes
Silibin A <1% Inhibits transcription In vitro Yes
Naringin <1% Inhibits transcription In vivo Not known
. . 1.8% (S); Inhibits transcription .

Pinostrobin 13.8% (R) and catalytic activity In vitro Not known

Eugenol <1% Direct |_nte_ra_ct|on W'th. PF:SKQ In vitro Not known
and inhibits transcription

kaempferol 2.5% Inhibits transcription In vitro Yes

p-Coumaric acid 24% Inhibits transcription In vitro Yes
o nhibits transcription . .
Lycopene 33.9% and interaction POSK9-L DLR In vitro and in vivo Not known

Protodioscin 0.2% Inhibits transcription In vitro and in vivo Not known

Emodin low Inhibits transcription In vitro Not known
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3. A9 =4

PCSK9 inhibitor + statin & HZALS ol XE ayds A

Fy

of
>,

71+ Aol FTWHEHSIYt (Dadu and Ballantyne, 2014). wapa] =

r2

?_

rir

HAE| A PCSK9 inhibitor &S 7}Z small molecule = 2o}
A ZF PCSK9 inhibitor & 7stazt 3Fgith o] A AIeA
prenylated flavonoid 7} PCSK9 A &/Jo] IS = (Ahnetal. 2019)

olE Fo =R T S¢FAM MER BE=HAS A
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2. 438 As 9 %A
1 A=
Epimedium koreanum (%~ 79 %)

MA A% (Epimedium koreanum Nakai)x= UWHSFHAK T, =)ol A

Fulstlon Agdstn okstst NAE wpRrE

o,
T
T

Ao ALgEATE. FE (CYWSNUKP-00019)S A &tistw oFx¢
Hykso} gt

>
12

b
el

AZRulE T AR {718l

rlr

A gl WA st (F715%,

Fayoll A FFullskity. HPLC 53 acetonitrilex> SK  chemical (4],

ro

et

2yl st or,  AASFE Millipore Milli-Q  AFAAES
ol &otgltt. AxEwETH I o AFE-3St diaion HP20-> Mitsubishi chemical
(Tokyo, Japan) ol| A, silica gel < Zeochem (Riiti, Switzerland) of| A, silica gel RP-
182 YMC-GEL (Kyoto, Japan)oll 4] A =¥ Z-& AFE-3}31 0™ TLC 4]
AF--% platei= Merck (Darmstadt, Germanay)oll Xl A% 7S AFE-5}SI T}
L-cycsteine methyl ester hydrochloride 2} O-tolylisothiocyanate™= Tokyo chemical

industry (Tokyo, Japan)©l| A -1 &} A T},

3]

Optical ratations: P-2000 digital polarimeter (Jasco, Tokyo, Japan).
NMR: Jeol 400, 600 (JEOL, Tokyo, Japan), AVANCE 500, 800 (Bruker, MA, USA).
UV spectrometer: Lamda 25 (Perkin Elmer, MA, USA)

HPLC: Gilson HPLC 805 module equid with 306 pump and 151 UV/Vis detector
13



(Gilson, USA)

MPLC: Isolera One (biotage, Cardiff, UK).

HPLC Z#: Luna 5pu C18 column 250 x 21.20 mm (Phenomenex, CA, USA),
Synergi 4p hydro-RP column 250 x 21.20 mm (Phenomenex, CA, USA)
ESI-QTOF-HRMS: Agilent 6530 ESI-QTOF mass spectrometer (Agilent
Technologies, Santa Clara, CA, USA)

Evaporator: EYELANE (Japan)
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AABEA I ZF2E 15.4,31.5,94.2 g0 )5S sHH ST

Aerial parts of E. koreanum (2.0 kg)

Extracted in sonicator with MeOH
Lvaporation in vacuo

Crude extract (238 g)

Suspended in distilled water
Fractionated with n-hexane

| Fractionated with CHCl,

n-Hexane Fr. (15.4 g) |

Fractionated with n-BuOH
Chloroform Fr. (31.5 g) racHonateE R IR

n-BuOH Fr. (94.2 g) Aqueous residue

Schemel. Extraction and fractionation of E. koreanum
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22. g 2 A

BuOH #3535 HP-20 (20% — 100% MeOH) AYHAZnE1HIE
AAste] 5719 AEEo® UFlth (Bu20, 40, 60, 80, 100). Buso (21.1 g)
23S silica gel ZHAZvIE 1Y (CH,ClyMeOH/H,0, 50:5:1-7:5:1)&
Fal 10708 AwEow FElskitt (Bu80.1~10). Bu80.9 AE oA
IR o] 5 AAA ] 3 10 (2.5 g)= skl

Bu80.3 (275 mg)& MPLC (Cis 25g, 40% — 100% MeOH)Z 2l A| 3}

=
Ol

Az Ay
3)
-

5712 A3 (Bu80.3.1~5) 0= Fglon o] F A3 Bu80.3.3 (89.9
mg)< HPLC (41% aqueous MeCN)Z 2] 5lo] 3}3E 5 (12 mg, tr = 34.83
min), 2 (18.7 mg, tr =37.21 min)9} A2 Bug0.3.3.2(15.7 mg)> 533 Th
%3 Bug80.3.3.2% THA] HPLC (37% aqueous MeCN) FAS E3) 3}eE
3 (3.4 mg, tr = 57.69 min)= 2| 3} T}

22 Bu80.6 (475.1 mg)= MPLC (Cis 50g, 30% — 100% MeOH)E &3l

3709 AE (Bu80.6.1~3)2.E UFglom o] F Bu80.6.2 (149.3 mg)

b

35 HPLC (41% aqueous MeCN,)E #2]3lo] 3135 21 (5.5 mg, tr =

(98]

0.27 min), 7 (8.4 mg, r = 4221 min))¥} A2 Bu80.6.2.2 (49.3 mg)=

Bic)
I

SFATE A8 Bu80.6.2.2°14 HPLC (37% aqueous MeCN) A&

cf
ol

3}3HE 20 (29.7 mg, tr = 48.4 min))= 2] 5 T

[P
iz

3] Bu80.8 (475.1 mg)= MPLC (C;5 50g, 30 — 100 MeOH)E 53l 4712

[

% (Bug0.8.1~4)C. = 2|33l th ©] 5 A% Bu80.8.2 (322.8 mg)=
HPLC (39% aqueous MeCN)E #2|sto] 473 Bu80.8.2.2 (33.2 mg)¥
Bug80.8.2.3 (27.5 mg)= 533 o™, 77 HPLC (35% aqueous MeCN)Z
A3k 31eHE 18 (28.3 mg, fr = 32.84 min)¥} 19 (17.4 mg, fr = 39.35 min)=
skt

212 Bu80.10 (8.5 g)<= MPLC (Cis 120g, 30% — 100% MeOH)E &3l

16



87hel AF3E (Bug0.10.1~8)0.F %o, 4£% 3 Bug0.10.3 (405.5
mg)E HPLC (25% aqueous MeCN)ZE 2|5t 3}3HE 9 (14.7 mg, tr = 32.62
min)E & 53T AE Bu80.10.4 (5.8 g)ollA4= HPLC (29% aqueous
MeCN) ¥2 Z3} 313HE 11 (19.4 mg, fr = 37.65 min), 13 (32.8 mg, fr = 42.29
min), 14 (29.5 mg, tr = 45.61 min), 15 (7.1 mg, fr = 49.59 min), 16 (3.6 mg, r =
51.08 min), 12 (7.6 mg, tr = 66.50 min)E & 53} T}
Bul00 4% 16.9g< silica gel ZHAZPIE T3] [CHCl/MeOH/HO
(50:5:1-7:5:1)1% =3 10712 AEF o7 Ut (Bul00.1~10).
Bul00.4 (1.1 g) 2% 3-S5 MPLC (Cis 50g, 40% — 100% MeOH)Z 2] 3}¢]
4719l AFE Bul004.1~4%E WFQUTE ©] F Bul004.1 (463 mg)
A8 ol 4] HPLC (28% aqueous MeCN) 2|5 &3l 33 = 22 (44 mg =
25.77 min)E & 53}t Bul00.4.3 (402.3mg) 228 HPLC (42% aqueous
MeCN)Z A A3 A3} 335 6 (16.5 mg, tr = 28.69 min), 8 (66.7 mg, fr =
39.30 min), 4 (8.2 mg, fr = 48.42 min), 17 (21.3 mg, tr = 56.22 min)7} 2] % A
= Aot
Bul00.7 (1.4 g)A+ 3 MPLC (Cis 50g, 40% — 100% MeOH= <28}
Bul00.7.1~4 AFg& 553Ut °]F Bul00.7.2 (5529 mg)e= HPLC
(aqueous 22% MeCN)E -#lsto] #3tE 1 (12.5 mg, fr = 70.69 min)=

sl =819l
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BuS0fr. (21.1g) RP-C18 MPLC

SEaL=FS

A . Recrystallization

Silicagel column chromatography with CH,Cl,/MeOH/H,O (50:5:1-7:5:1)

RP-C18 preparative HPLC (0.1% formic acid included in H;O)

Bu80.3 (275 mg) Bu80.6 (342.1 mg) Bu80.8 (475.1 mg) BuS0.9 (4.1¢g) Bu80.10 (8.5 g)
B B | B D (MeOH) B
(MeOH 40—100) (MeOH 40—100) (MeOH 40—100) (MeOH 40— 100)
Bu80.3.3 (89.9 mg) Bu80.6.2 (148.3 mg) Bu80.8.2 (322.8 mg) 1025g) |
C C
(MeCN 41%) MeCN 39% Bu80.10.3 (405.5 mg) Bu80.10.4 (5.8 g)
C C
(MeCN 25%) (MeCN 29%)
2(18.7mg) BuB0.33.2(15.7mg) 7(8.4mg) Bu80.6.2.2 (49.3 mg) Bu80.8.2.2 (33.2 mg) Bu80.8.2.3 (27.5 mg) 9 (14.7 mg) 11 (19.4 mg)
5 (12.0mg) Is 21 (5.5mg) c C C 12 (7.6 mg)
(MeCN 37%) (MeCN 37%) (MeCN 35%) (MeCN 35%) 13 (32.8 Iﬂg)
3 (3.4 mg) 20 (29.7 mg) 18 (28.3 mg) 19 (17.4 mg) 14 (29.5mg)
15 (7.1 mg)
Bul00 fr. (16.9 g) 16 (3.6 mg)
|
| |
Bul00.4 (1.1 g) Bul00.7 (14 g)
B
(MeOH 40—100) (MeOH 40—+100)
| | Bul00.7.2 (552.9 mg)
C
Bul00.4.1 (463 mg) Bul00.4.3 (402.3 mg) (MeCN 22%)
c c 1(12.5mg)
(MeCN 28%) (MeCN 42%)
22 (4.4 mg) 4 (8.2mg)
6 (16.5mg)
8 (66.7 mg)
17 (21.3mg)

Scheme?. Isolation of compounds from the #-BuOH soluble extract of E.koreanum
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N

3. Fol Ad) Fx 4%

}3tE 1~45 IN H2SOs (200 pL)oll 501 90°Cell Al 2A13F 7hpsl st +,

L

3} Na,COs &40z Fstato] 5533l th ©]E pyridine (200 pL)ol

kel

A

©]31 L-cytein methyl ester hydrochloride (Img)= F7Fsto] 1|7kt
60°Col A WHESA|FTE o] &N O-tolylisothiocyanate 2 uLEs 373t ¥
ThA] 1A1ZHERE 60°Coll A HE-S-A]Z1 £ o] §-ol-& RP-HPLC (Phenomenex
Gemini 5p C18 column, 250 x 4.60 mm, 25% aq. MeCN, 0.8 ml/min) = 43}

H 1 A3}E D-glucsoe, L-thamnose ¥ =32 W4 Aol o x3s)o]
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e 1

Yellow amorphous powder

C3sH42016

[a]3® -137.2 (¢ 0.1, MeOH)

UV (MeOH) Amax 268 (1.17), 312 (0.64), 352 (0.51) nm

IR (KBr) vimax 3409, 2923, 1647, 1597, 1261 cm’!

HRMS (ESI-TOF) m/z 719.2529 [M+H]" (calcd. for C3sH43016, 719.2551).
'H-NMR (400 MHz), *C-NMR (100 MHz): see Table 1.

3= 2

Yellow amorphous powder

Ca0Hs0020

[a]3° -79.3 (¢ 0.1, MeOH)

UV (MeOH) Amax (log €) 267 (1.25), 313 (0.70), 344 (0.56) nm

IR (KBr) vmax 3383, 2931, 1738, 1654, 1596, 1511, 1437, 1376, 1342, 1303, 1259,
1220, 1181, 1143 ¢cm’!

HRMS (ESI-TOF) m/z 849.2815 [M-H] (calcd. for C40H49020, 849.2817).
"H-NMR (400 MHz), *C-NMR (100 MHz): see Table 1.

gteh= 3

Yellow amorphous powder

C39H43020

[a]3 -56.1 (¢ 0.1, MeOH)

UV (MeOH) Amax (log €) 267 (1.01), 313 (0.57), 342 (0.47) nm

IR (KBr) vimax 2924, 1748, 1595, 1508, 1489, 1339, 1259, 1181 cm™!
HRMS (ESI-TOF) m/z 835.2620 [M-H]" (calcd. for C39H47020, 835.2661).

"H-NMR (400 MHz), *C-NMR (100 MHz): see Table 1.
20



3= 4

Yellow amorphous powder

C14Hs55020

[a]3 -65.2 (¢ 0.1, MeOH)

UV (MeOH) Amax (log €) 267 (1.15), 313 (0.64), 345 (0.53) nm

IR (KBr) vmax 3414, 2932, 1739, 1653, 1597, 1511, 1438, 1375, 1304, 1259, 1219,
1181 cm™

HRMS (ESI-TOF) m/z 951.3529 [M+HCOQOY] (calcd. for C4sHs9O2, 951.3498).
'H-NMR (400 MHz), *C-NMR (100 MHz): see Table 1.

e 5

Yellow amorphous powder

C27H30011

[a]3° -77.9 (¢ 0.14, MeOH)

UV (MeOH) Amax (log €) 270 (0.76), 303 (0.42), 340 (0.34) nm

HRMS (ESI-TOF) m/z 513.1756 [M-H] (calcd. for C27H29010, 513.1761).

'H NMR (MeOH-d4, 400 MHz): 6 7.93 (2H, d, J = 8.8Hz, H-2’, 6°), 7.08 (2H, d, J
= 8.8Hz), 6.26 (1H, s, H-6), 5.45 (1H, brs, H-17), 4.75 (1H, s, H-14a), 4.68 (1H, s,
H-14b), 4.37 (1H, t, J = 6.8 Hz, H-12), 3.89 (3H, s, 4’-OMe), 1.72 (3H, s, H-15),
0.87 (3H,d,J=6 Hz)

BC NMR (MeOH-d,, 100 MHz): § 179.9 (C-4), 164.1 (C-7), 163.4 (C-4°), 161.2 (C-
5), 158.7 (C-2), 156.3 (C-9), 148.8 (C-13), 136.1 (C-3), 131.9 (C-2’, 6°), 124.1 (C-
1’), 115.1 (C-3°, 5°) 111.2 (C-14), 105.3 (C-10) 103.3 (C-17), 99.6 (C-6), 76.3 (C-
12), 73.2 (C-37), 72.1 (C-4”), 72.0 (C-2”), 71.9 (C-57), 56.0 (4’-OMe), 30.2 (C-
11), 17.7 (C-15), 17.6 (C-6)
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3= 6

Yellow amorphous powder

C27H30011

[a]Z® -57.5 (c 0.14, MeOH)

UV (MeOH) Amax (log €) 270 (1.39), 302 (0.74), 343 (0.59)

HRMS (ESI-TOF) m/z 531.1852 [M+H]" (calcd. for C»7H3,011, 531.1866).

"H NMR (DMSO-ds, 400 MHz): & 8.16 (2H, d, J = 8.4Hz, H-2’, 6°), 7.14 (2H, d, J
=9.2Hz), 6.62 (1H, s, H-6), 5.22 (1H, m, H-12), 5.02 (1H, d, /= 6.4Hz, H-1"), 3.86
(3H, s, 4’-OMe), 1.78 (3H, s, H-15), 1.64 (3H, s, H-14)

BCNMR (DMSO-ds, 100 MHz): § 176.4 (C-4), 160.5 (C-4), 160.0 (C-7), 158.5 (C-
5), 152.6 (C-9), 146.7 (C-2), 136.2 (C-3), 131.1 (C-13), 129.2 (C-27, 6°), 123.3 (C-
1’), 122.3 (C-12), 114.0 (C-37,5”), 108.0 (C-8), 104.4 (C-10), 100.3 (C-1"), 97.3 (C-
6),77.1(C-57),76.4 (C-37),73.2 (C-2"), 69.5 (C-4"), 60.5 (C-6), 55.3 (4’-OCH3>),
25.4 (15),21.4 (C-11), 17.9 (C-14)

gtet= 7

Yellow amorphous powder

C26H25010

[a]3 -76.1 (¢ 0.22, MeOH)

UV (MeOH) Amax (log €) 270 (2.52), 317 (1.44), 342 (1.25)

HRMS (ESI-TOF) m/z 499.1590 [M-H] (calcd. for C26H27010, 499.1604).

'"H NMR (MeOH-d,, 400 MHz): § 7.76 (2H, d, J= 8.0 Hz, H-2", 6°), 6.91 (2H, d, J
=8.4Hz, H-3",5’),6.23 (1H, s, H-6), 5.35 (1H, brs, H-1"), 5.16 (1H, m, H-12), 1.69
(3H, s, H-15), 1.64 (3H, s, H-14), 0.90 (1H, d, J = 5.6 Hz, H-6").

BC NMR (MeOH-d,, 100 MHz): § 179.8 (C-4), 163.1 (C-4"), 161.5 (C-7), 160.7 (C-
5), 159.2 (C-2), 155.7 (C-9), 136.0 (C-3), 132.4 (C-13), 131.9 (C-2°, 6°), 123.7 (C-
1’),122.9 (C-12), 116.5 (C-3, 5’), 107.9 (C-8), 105.9 (C-10), 103.5 (C-1""), 99.3 (C-
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6), 73.2 (C-4), 72.1 (C-5"), 72.0 (C-37), 71.9 (C-2"), 25.9 (C-14), 22.4 (C-11),
18.1 (C-15), 17.6 (C-6")

3t 8

Yellow amorphous powder

C27H30010

[a]3 14.5 (¢ 0.07, MeOH)

UV (MeOH) Amax (log €) 270 (2.70), 316 (1.54), 349 (1.34)

HRMS (ESI-TOF) m/z 513.1779 [M-H]" (calcd. for C27H20010, 513.1761).

'H NMR (MeOH-d,, 400 MHz): § 7.82 (2H, d, J = 8.4 Hz, H-2", 6°), 7.04 (2H, d, J
=8.8 Hz, H-3’, 5°), 6.22 (1H, s, H-6), 5.37 (1H, brs, H-1"), 5.14 (1H, m, H-12), 3.85
(3H, s, 4’-OCHs), 1.68 (3H, s, H-15), 1.62 (3H, s, H-14), 0.88 (1H, d, J= 5.6 Hz, H-
6”).

BC NMR (MeOH-d,, 100 MHz): § 179.8 (C-4), 163.3 (C-4"), 163.2 (C-7), 160.8 (C-
5), 158.7 (C-2), 155.7 (C-9), 136.2 (C-3), 132.4 (C-13), 131.8 (C-27, 6°), 124.1 (C-
17),123.7 (C-12),115.1 (C-3,57), 107.9 (C-8), 106.0 (C-10), 103.5 (C-1""), 99.3 (C-
6), 73.2 (C-4), 72.1 (C-57), 72.0 (C-3”), 71.9 (C-2”), 56.0 (4’-OMe), 25.9 (C-14),
22.4 (C-11), 18.1 (C-15), 17.7 (C-67)

e 9

Yellow amorphous powder

C3H3305

[a]° -46.2 (c 0.14, MeOH)

UV (MeOH) Amax (log €) 270 (0.79), 320 (0.44), 348 (0.42) nm

HRMS (ESI-TOF) m/z 661.2152 [M-H] (calcd. for C3:H37015, 661.2132).

"H NMR (MeOH-d,, 400 MHz): § 7.78 (2H, d, J = 8.4 Hz, H-2°, 6°), 6.94 (2H, d, J
=8.4Hz,H-3",5),6.63 (1H, s, H-6), 5.38 (1H, brs, H-1""), 5.19 (1H, m, H-12), 5.06

23



(1H, d, J= 6.8 Hz, H-1""), 1.72 (3H, s, H-15), 1.64 (3H, s, H-14), 0.92 (1H, d, J =
5.2 Hz, H-6”).

13C NMR (MeOH-d,, 100 MHz): § 180.1 (C-4), 162.0 (C-4"), 161.8 (C-7), 161.0 (C-
5), 159.7 (C-2), 155.0 (C-9), 136.3 (C-3), 132.6 (C-13), 132.0 (C-2’, 6°), 123.6 (C-
1°), 122.6 (C-12), 116.6 (C-3’, 5°), 110.5 (C-8), 107.5 (C-10), 103.5 (C-1"), 101.9
(C-17),99.3 (C-6), 78.3 (C-5°7), 78.2 (C-3""), 74.9 (C-2""), 73.2 (C-4™), 72.12 (C-
57),72.08 (C-3"), 71.9 (C-27), 71.2 (C-4""), 62.4 (C-6"), 25.9 (C-14), 22.7 (C-11),
18.3 (C-15), 17.7 (C-6™)

3tekE 10

Yellow amorphous powder

C33H40O15

[a]3° -74.9 (c 11.8, pyridine)

UV (MeOH) Amax (log €) 275 (2.12), 320 (1.22), 358 (1.02) nm

HRMS (ESI-TOF) m/z 675.2308 [M-H]" (calcd. for C33H39015, 675.2289)

"H NMR (DMSO-ds, 400 MHz): § 12.56 (1H, s, OH-5), 7.89 (2H, d, J = 8.4 Hz, H-

2°,6%),7.13 (2H, d, J= 8.4 Hz, H-3", 5°), 6.64 (1H, s, H-6), 5.35 (1H, d, /= 5.6 Hz,

2’-OH), 5.28 (1H, d, J=2 Hz, H-1""), 5.16 (1H, m, H-12), 5.11 (1H, d, J=4.4 Hz,

3”’-OH), 5.05 (1H, d, J = 4.8 Hz, 4’’-OH), 5.01 (1H, d, J = 7.6 Hz, H-1""), 4.98

(1H, d, J=4.4 Hz, 2”-OH), 4.72 (1H, d, /= 5.2 Hz, 4”-OH), 4.65 (1H, d, J = 6.0

Hz, 37-OH), 4.62 (1H, t, J =5.4 Hz, 6’’-OH), 4.00 (1H, m, H-2""), 3.86 (3H, s, 4’-

OCHs), 3.72 (1H, m, H-6’"), 3.57(1H, m, H-11), 1.68 (3H, s, H-15), 1.60 (3H, s, H-

14), 0.79 (1H, d, J= 6.0 Hz, H-6").

3C NMR (DMSO-ds, 100 MHz): § 178.3 (C-4), 161.4 (C-4"), 160.5 (C-7), 159.0 (C-

5), 157.3 (C-2), 153.0 (C-9), 134.6 (C-3), 131.1 (C-13), 130.5 (C-2’, 6°), 122.3 (C-

17), 122.1 (C-12), 114.1 (C-3°, 5”), 108.3 (C-8), 105.6 (C-10), 102.0 (C-1""), 100.5

(C-1"7), 98.1 (C-6), 77.2 (C-57), 76.6 (C-3), 73.3 (C-2"), 71.1 (C-4>), 70.7 (C-

57), 70.3 (C-37), 70.0 (C-27"), 69.6 (C-4""), 60.6 (C-6"), 55.5 (4’-OCHs), 25.4 (C-
24



14), 21.4 (C-11), 17.8 (C-15), 17.4 (C-6"")

3hehE 1

Yellow amorphous powder

C39H50020

[a]Z® -53.9 (¢ 0.15, MeOH)

UV (MeOH) Amax (log €) 270 (2.10), 318 (1.18), 349 (1.03) nm

HRMS (ESI-TOF) m/z 837.2819 [M-H] (calcd. for C39H49020, 837.2817)

'"H NMR (MeOH-d,, 400 MHz): 8 7.85 (2H, d, J=9.2 Hz, H-2’, 6°), 7.09 (2H, d, J
=9.2Hz, H-3",5), 6.66 (1H, s, H-6), 5.73 (1H, d, J= 1.2 Hz, H-1"), 5.17 (1H, m,
H-12), 5.07 (1H, d, J= 7.2 Hz, H-1""), 443 (1H, d, J = 8.0 Hz, H-1°"), 4.30 (1H,
m, H-2"), 3.89 (3H, s, 4’-OCH3), 1.71 (3H, s, H-15), 1.63 (3H, s, H-14), 0.91 (3H,
d,J=5.6 Hz, H-67)

BC NMR (MeOH-d,, 100 MHz): § 180.0 (C-4), 163.6 (C-4"), 162.1 (C-7), 161.0 (C-
5), 159.3 (C-2), 155.0 (C-9), 136.7 (C-3), 132.7 (C-13), 131.9 (C-2’, 6°), 123.8 (C-
17), 123.5 (C-12), 115.2 (C-3°, 5”), 110.6 (C-8), 107.6 (C-10), 107.1 (C-1""), 102.6
(C-17), 101.9 (C-1"), 99.5 (C-6), 82.6 (C-27), 78.3 (C-577), 78.2 (C-3"), 77.93
(C-5), 77.87 (C-37), 75.3 (C-2°7), 74.9 (C-27), 73.4 (C-4”), 72.0 (C-37), 71.8
(C-57), 71.2 (C-4), 70.9 (C-47), 62.4 (C-6"), 62.3 (C-6""), 56.1 (4’-OCH3),
25.9 (C-14),22.7 (C-11), 18.3 (C-15), 17.6 (C-6)

shetE 12

Yellow amorphous powder

C41Hs202;

[a]3 -53.6 (¢ 0.05, MeOH)

UV (MeOH) Amax (log €) 270 (2.46), 318 (1.40), 348 (1.22) nm

HRMS (ESI-TOF) m/z 879.2916 [M-H] (calcd. for C41Hs1021, 879.2923)
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'"H NMR (MeOH-d,, 400 MHz): § 7.90 (2H, d, J = 9.2 Hz, H-2’, 6°), 7.15 (2H, d, J
=9.2 Hz, H-3", 5), 6.66 (1H, s, H-6), 5.53 (1H, d, J = 2.0 Hz, H-1""), 5.20 (1H, m,
H-12), 5.07 (1H, d,J = 7.2 Hz, H-17""), 4.96 (1H, t, J= 9.6 Hz, H-3"), 4.43 (1H, m,
H-27), 4.39 (1H, d, J = 8.0 Hz, H-1""), 3.98 (1H, dd, J = 9.6, 3.0 Hz, H-3”), 3.92
(3H, s, 4-OCH;), 2.02 3H, s, 4”-OMe), 1.72 (3H, s, H-15), 1.64 (3H, s, H-14), 0.81
(3H, d, J = 6.0 Hz, H-6")

13C NMR (MeOH-d., 100 MHz): 5 180.0 (C-4), 172.3 (4”-OAc), 163.7 (C-4°), 162.2
(C-7), 161.1 (C-5), 159.4 (C-2), 155.0 (C-9), 135.6 (C-3), 132.7 (C-13), 132.0 (C-2’,
6), 123.8 (C-1), 123.5 (C-12), 115.3 (C-3’, 5°), 110.6 (C-8), 107.5 (C-10), 106.2
(C-17), 102.4 (C-17), 101.9 (C-17""), 99.4 (C-6), 79.1 (C-3"), 78.3 (C-5""), 78.2
(C-377), 77.9 (C-3"", C-5""), 74.9 (C-2""), 74.8 (C-2""), 73.2 (C-4), 71.4 (C-2"),
71.1 (C-57, C-47), 69.8 (C-4"), 62.4 (C-6"", C-6""), 56.2 (4-OCHs), 25.9 (C-
14), 22.7 (C-11), 21.1 (4”-OAc), 18.3 (C-15), 17.6 (C-6")

o= 13

Yellow amorphous powder

Ci3Has019

[a]® -23.2 (¢ 0.12, MeOH)

UV (MeOH) Amax (log €) 270 (0.79), 316 (0.44), 349 (0.36) nm

HRMS (ESI-TOF) m/z 807.2722 [M-H] (calcd. for C3sH47019, 807.2712)

'"H NMR (MeOH-d,, 400 MHz): § 7.84 (2H, d, J=9.2 Hz, H-2’, 6°), 7.07 (2H, d, J

=9.2 Hz, H-3’,5"), 6.63 (1H, s, H-6), 5.44 (1H, brs, H-1"), 5.19 (1H, m, H-12), 5.07

(1H, d, J= 6.8 Hz, H-1"), 4.30 (1H, d, J = 7.6 Hz, H-1"""), 4.21 (1H, brs, H-2"),

3.89 (3H, s, 4’-OCHzs), 1.78 (3H, s, H-15), 1.65 (3H, s, H-14), 0.98 (3H, d, /= 6.4

Hz, H-6"")

BC NMR (MeOH-d,, 100 MHz): § 180.1 (C-4), 163.5 (C-4"), 162.0 (C-7), 160.9 (C-

5), 159.0 (C-2), 154.9 (C-9), 136.9 (C-3), 132.6 (C-13), 131.8 (C-2’, 6°), 123.7 (C-

17), 123.6 (C-12), 115.2 (C-3’, 5°), 110.5 (C-8), 107.7 (C-10), 107.5 (C-1"""), 103.1
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(C-17), 101.9 (C-17"), 99.4 (C-6), 82.6 (C-2"), 78.3 (C-5"), 78.2 (C-3""), 77.7
(C-37), 75.2 (C-2""), 74.9 (C-2), 73.6 (C-47), 71.8 (C-37), 71.1 (C-4""), 70.9
(C-47), 67.1 (C-5""), 62.4 (C-6""), 56.1 (4°-OCHs), 25.9 (C-14), 22.7 (C-11), 18.3
(C-15), 17.7 (C-6")

3= 14

Yellow amorphous powder

C39Hs0019

[a]Z° -79.5 (¢ 0.13, MeOH)

UV (MeOH) Amax (log €) 270 (1.92), 316 (1.07), 349 (0.89) nm

HRMS (ESI-TOF) m/z 821.2880 [M-H] (calcd. for C39H49O19, 821.2868)

'"H NMR (MeOH-d,, 400 MHz): 8 7.86 (2H, d, J=9.2 Hz, H-2’, 6°), 7.07 (2H, d, J
=9.2 Hz, H-3", 5°), 6.65 (1H, s, H-6), 5.53 (1H, brs, H-1"), 5.19 (1H, m, H-12), 5.07
(1H, d, J=7.2 Hz, H-1"), 5.00 (1H, brs, H-1"""), 4.29 (1H, brs, H-2"), 3.88 (3H, s,
4’-OCH3), 1.72 (3H, s, H-15), 1.64 (3H, s, H-14) 1.21 (3H, d, J = 6.4 Hz, H-6""),
0.91 (3H, d, J=4.8 Hz, H-6"")

BC NMR (MeOH-d,, 100 MHz): § 180.0 (C-4), 163.5 (C-4"), 162.0 (C-7), 161.0 (C-
5), 159.2 (C-2), 154.9 (C-9), 136.5 (C-3), 132.6 (C-13), 131.9 (C-2’, 6°), 123.8 (C-
17), 123.6 (C-12), 115.2 (C-3°, 5”), 110.5 (C-8), 107.5 (C-10), 103.7 (C-1"), 102.2
(C-17), 101.9 (C-1"), 99.4(C-6), 78.9 (C-27), 78.3 (C-57"), 78.2 (C-3""), 74.9
(C-277),73.9 (C-4), 73.5(C-4”), 72.2 (C-3"7), 72.1 (C-37), 71.93 (C-57), 71.87
(C-27), 71.1 (C-4), 70.3 (C-57), 62.4 (C-67), 56.0 (C-4°), 25.9 (C-14), 22.7
(C-11), 18.3 (C-15), 17.9 (C-6""), 17.8 (C-6”)

3 15
Yellow amorphous powder

C39Hs50019
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[a]2° -68.6 (¢ 0.12, MeOH)

UV (MeOH) Amay (log €) 270 (1.16), 316 (0.65), 348 (0.54) nm

HRMS (ESI-TOF) m/z 821.2864 [M-H]" (caled. for CssHsoO1o, 821.2868)

'H NMR (MeOH-d., 400 MHz): § 7.89 (2H, d, J=9.2 Hz, H-2’, 6’), 7.11 (2H, d, J
= 8.4 Hz), 6.66 (1H, s, H-6), 5.68 (1H, brs, H-1), 5.20 (1H, m, H-12), 5.07 (1H, d,
J=6.8Hz, H-1""), 433 (1H, d, J= 6.4 Hz, H-1""), 3.89 (3H, 5, 4’-OMe), 1.72 (3H,
s, H-15), 1.64 (3H, s, H-14), 1.14 3H, d, J= 6.0 Hz), 0.92 (3H, d, J = 6.4 Hz)

13C NMR (MeOH-d,, 100 MHz):  180.2 (C-4), 163.6 (C-4"), 162.2 (C-7), 161.1 (C-
5), 159.3 (C-2), 155.1 (C-9), 137.1 (C-3), 132.7 (C-13), 132.0 (C-2’, 6°), 124.0 (C-
1°), 123.6 (C-12), 115.3 (C-3, 5°), 110.7 (C-8), 107.8 (C-1>"), 107.6 (C-10), 103.2
(C-17), 102.0 (C-1"), 99.4 (C-6), 83.1 (C-2"), 78.4 (C-57), 78.3 (C-3""), 75.1
(C-47), 75.0 (C-27), 73.6 (C-4"), 73.0 (C-5), 72.7 (C-3""), 72.2 (C-3"), 71.9
(C-57,C-2), 71.2 (C-47"), 62.4 (C-67), 56.1 (4-OMe), 25.9 (C-14), 22.8 (C-11),
18.3 (C-15), 17.7 (C-67), 16.7 (C-6™)

gteh= 16

Yellow amorphous powder

C39Hs50019

[a]3’ -26.5 (¢ 0.11, MeOH)

UV (MeOH) Amax (log €) 270 (0.64), 316 (0.37), 347 (0.32) nm

HRMS (ESI-TOF) m/z 821.2878 [M-H] (calcd. for C39H49O19, 821.2868)

'"H NMR (MeOH-d,, 400 MHz): § 7.90 (2H, d, J=9.2 Hz, H-2°, 6"), 7.11 (2H, d, J
= 8.4 Hz), 6.66 (1H, s, H-6), 5.63 (1H, brs, H-1"), 5.20 (1H, m, H-12), 5.07 (1H, d,
J=72Hz, H-1""),437 (1H,d, J= 8.0 Hz, H-1""), 3.90 (3H, 5, 4’-OMe), 1.73 (3H,
s, H-15), 1.64 (3H, s, H-14), 1.15 (3H, d, /= 6.0 Hz), 0.94 (3H, d, /= 6.4 Hz)

BC NMR (MeOH-d,, 100 MHz): § 180.2 (C-4), 163.6 (C-4"), 162.1 (C-7), 161.0 (C-
5), 159.3 (C-2), 155.0 (C-9), 137.0 (C-3), 132.7 (C-13), 132.0 (C-2’, 6°), 123.9 (C-

1°), 123.5 (C-12), 115.3 (C-3’, 5°), 110.6 (C-8), 107.5 (C-10), 107.2 (C-1°"), 103.1
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(C-17), 101.9 (C-17"), 99.4 (C-6), 83.0 (C-2"), 78.3 (C-5"), 78.2 (C-3""), 77.6
(C-47), 76.8 (C-3"), 75.6 (C-27), 74.9 (C-2"), 73.5 (C-4”, 5°”), 71.9 (C-3"),
71.8 (C-5"), 71.2 (C-47"), 62.4 (C-6>), 56.1 (4°-OMe), 25.9 (C-14), 22.8 (C-11),
18.3 (C-15), 18.0 (C-6""), 17.6 (C-6"")

3= 17

Yellow amorphous powder

C37H44017

[a]Z® -65.3 (¢ 0.18, MeOH)

UV (MeOH) Amax (log €) 271 (2.45) nm

HRMS (ESI-TOF) m/z 759.2515 [M-H] (calcd. for C37H3017, 759.2500)

'"H NMR (MeOH-d,, 400 MHz): 8 7.88 (2H, d, J= 8.4 Hz, H-2’, 6°), 7.13 (2H, d, J
=8.0 Hz, H-3",5"), 6.27 (1H, s, H-6), 5.53 (1H, brs, H-1""), 5.19 (1H, m, H-12), 4.42
(1H, d, H-1"""), 3.91 (3H, s, 4’-OMe), 2.06 (3H, s, 6’’-OAc), 2.03 (3H, s, 4”-OAc),
1.71 (3H, s, H-15), 1.66 (3H, s, H-14), 0.81 (3H, d, /= 6.4 Hz, H-6")

B3C NMR (MeOH-d,, 100 MHz): 8 179.7 (C-4), 172.9 (6’-OAc), 172.3 (4”-OAc),
163.5 (C-7), 163.4 (C-4"), 160.9 (C-5), 158.6 (C-2), 155.8 (C-9), 135.4 (C-3), 132.5
(C-13), 131.9 (C-27, 6°), 124.1 (C-12), 123.7 (C-1"), 115.3 (C-3°, 5”), 108.0 (C-8),
106.4 (C-10), 106.0 (C-1"), 102.3 (C-17), 99.5 (C-6), 79.4 (C-3”), 77.8 (C-3""),
75.3 (C-5"),74.6 (C-2""),73.1 (C-4"),71.9 (C-4"),71.7 (C-27), 69.9 (C-5), 65.1
(C-6"), 56.2 (4-OMe), 26.0 (C-14), 22.5 (C-11), 21.1 (6’-OAc), 20.9 (4”-OAc),
18.2 (C-15),17.6 (C-67)

3het= 18
Yellow amorphous powder
Cs3Hs4022

[a]2° -150.2 (c 0.1, MeOH)
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UV (MeOH) Amay (log €) 269 (1.84), 316 (0.89), 348 (0.75) nm

HRMS (ESI-TOF) m/z 921.3024 [M-H]" (caled. for CasHs3022, 921.3028)

'H NMR (DMSO-ds, 400 MHz): § 7.91 (2H, d, J = 8.4 Hz, H-2", 6°), 7.17 (2H, d, J
=9.2 Hz), 6.65 (1H, s, H-6), 5.37 (1H, brs, H-1""), 5.18 (1H, m), 5.01 (1H, d, /= 6.8
Hz, H-1""),3.89 (3H, s, 4°-OMe), 1.99 (3H, 5, 6-OAc), 1.96 (3H, s, 4”-OAc), 1.69
(3H, s, H-15), 1.61 (3H, s, H-14), 0.72 3H, d, J = 6.0 Hz)

13C NMR (DMSO-ds, 100 MHz): & 178.1 (C-4), 170.4 (4”-Ac), 169.7 (6””-Ac),
161.7 (C-7), 160.6 (C-5), 159.1 (C-4"), 157.3 (C-2), 153.1 (C-9), 133.8 (C-3), 131.1
(C-13), 130.5 (C-2’, 6°), 122.1 (C-1°), 122.0 (C-12), 114.1 (C-3’, 5°), 108.4 (C-8),
105.6 (C-10), 104.9 (C-1°"), 101.1 (C-17), 100.6 (C-1), 98.3 (C-6), 77.2 (C-3"),
76.8 (C-57), 76.6 (C-3"", C-37"), 73.7 (C-5""), 73.4 (C-2"), 72.9 (C-2""), 71.1
(C-47),70.3 (C-4"7), 69.7 (C-2"), 69.6 (C-47"), 68.4 (C-57), 64.0 (C-6"), 60.6 (C-
67), 55.6 (4’-OCHs), 25.5 (C-14), 21.4 (C-11), 20.7 (4”-OAc), 20.6 (6””-OAc),
17.8 (C-15), 17.0 (C-6™)

3= 19

Yellow amorphous powder

C43Hs402,

[a]3° -64.5 (¢ 0.17, MeOH)

UV (MeOH) Amax (log €) 270 (1.50), 315 (0.80), 349 (0.65) nm

HRMS (ESI-TOF) m/z 921.3066 [M-H] (calcd. for C43Hs3022, 921.3028)

'"H NMR (MeOH-d,, 400 MHz): § 7.89 (2H, d, J= 8.8 Hz, H-2", 6°), 7.15 (2H, d, J

=8.8 Hz, H-3", 5), 6.66 (1H, s, H-6), 5.51 (1H, brs, H-1""), 5.19 (1H, m, H-12), 5.07

(1H, d, J=7.6 Hz, H-1"") 4.48 (1H, d, J = 8.0 Hz, H-1°"), 3.92 (3H, s, 4’-OCH3),

2.11 (3H, s, 3"’-OAc), 2.02 (3H, s, 47-OAc), 1.72 (3H, s, H-15), 1.63 (3H, s, H-14),

0.81 (3H, d,J=6.0 Hz, H-6")

3C NMR (MeOH-dy, 100 MHz): § 179.9 (C-4), 172.7 (3°-OAc), 172.4 (4”-OAc),

163.7 (C-4’), 162.1 (C-7), 161.0 (C-5), 159.4 (C-2), 155.0 (C-9), 135.7 (C-3), 132.7
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(C-13), 132.0 (C-2°, 6°), 123.8 (C-1"), 123.5 (C-12), 115.3 (C-3’, 5°), 110.6 (C-8),
107.5 (C-10), 106.1 (C-1°"), 102.4 (C-17""), 101.9 (C-1""), 99.4 (C-6), 79.7 (C-3),
79.0 (C-3"7, C-5), 78.3 (C-5""), 78.2 (C-5"), 77.6 (C-3""), 74.9 (C-2""), 73.0
(C-47, 4, 71.3 (C-47), 71.2 (C-27), 69.8 (C-27), 69.2 (C-5"), 62.4 (C-6"),
62.0 (C-6"), 56.2 (C-4’), 25.9 (C-14), 22.7 (C-11), 21.1 (4”-OAc), 21.07 (37
OAc), 18.3 (C-15), 17.6 (C-6")

3hekE 20

Yellow amorphous powder

C4sHs6023

[a]Z® -74.9 (c 11.8, pyridine)

UV (MeOH) Amax (log €) 270 (1.84), 315 (0.99), 349 (0.79) nm

HRMS (ESI-TOF) m/z 963.3145 [M-H] (calcd. for C4sHs5023, 963.3134)

"H NMR (MeOH-d,, 400 MHz): § 7.90 (2H, d, J= 8.8 Hz, H-2", 6°), 7.15 (2H, d, J
=8.8 Hz, H-3",5°), 6.66 (1H, s, H-6), 5.53 (1H, brs, H-1""), 5.19 (1H, m, H-12), 5.07
(1H, d, J=7.2 Hz, H-1"") 4.47 (1H, d, J = 8.0 Hz, H-1"""), 3.93 (3H, s, 4’-OCH3),
2.11 (3H, s, 3°-0Ac), 2.06 (3H, s, 6’-OAc), 2.02 (3H, s, 4°-OAc), 1.72 (3H, s, H-
15), 1.64 (3H, s, H-14), 0.81 (3H, d, /= 6.0 Hz, H-6"")

BC NMR (MeOH-d,, 100 MHz): § 179.9 (C-4), 172.7 (6>-OAc), 172.6 (3°’-OAc),
172.3 (4”-OAc), 163.7 (C-4’), 162.1 (C-7), 161.0 (C-5), 159.3 (C-2), 155.0 (C-9),
135.6 (C-3), 132.7 (C-13), 132.0 (C-2’, 6°), 123.8 (C-1"), 123.5 (C-12), 115.3 (C-3’,
57, 110.6 (C-8), 107.5 (C-10), 106.2 (C-1"""), 102.3 (C-17), 101.9 (C-1""), 99.5 (C-
6), 79.8 (C-3"), 78.7 (C-37), 78.32 (C-5""), 78.25 (C-37), 75.1 (C-5°"), 74.9 (C-
277), 72.9 (C-47), 72.8 (C-2"), 71.6 (C-4>"), 71.2 (C-2”), 70.1 (C-5”), 69.9 (C-
4’), 64.8 (C-6’), 62.4 (C-67), 56.2 (C-4°), 25.9 (C-14), 22.7 (C-11), 21.1 (3°-
OAc), 21.0 (6°’-OAc), 20.8 (4”-OAc), 18.3 (C-15), 17.6 (C-6)

3hehE 21
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Yellow amorphous powder

C4s5Hs6023

[a]Z° -54.6 (c 0.25, MeOH)

UV (MeOH) Amax (log €) 270 (1.04), 315 (0.56), 349 (0.45) nm

HRMS (ESI-TOF) m/z 963.3124 [M-H] (calcd. for C4sHs5023, 963.3134)

"H NMR (MeOH-d,, 400 MHz): § 7.90 (2H, d, J= 8.8 Hz, H-2’, 6°), 7.14 (2H, d, J
=8.8 Hz, H-3, 5°), 6.67 (1H, s, H-6), 5.48 (1H, d, /= 1.6 Hz, H-1"), 5.20 (1H, m,
H-12),5.07 (1H, d, J= 6.8 Hz, H-1""") 4.44 (1H, d, J= 7.6 Hz, H-1°""), 3.92 (3H, s,
4’-OCHs), 2.10 (3H, s, 6”’-OAc), 2.04 (3H, s, 4’-OAc), 2.03 (3H, 5, 4’-OAc), 1.72
(3H, s, H-15), 1.64 (3H, s, H-14), 0.82 (3H, d, /= 6.4 Hz, H-6’")

BC NMR (MeOH-d,, 100 MHz): 5 180.0 (C-4), 172.6 (6°-OAc), 172.3 (4’-OAc),
172.0 (4”-OAc), 163.7 (C-4’), 162.2 (C-7), 161.1 (C-5), 159.3 (C-2), 155.0 (C-9),
135.8 (C-3), 132.7 (C-13), 131.9 (C-2’, 6°), 123.9 (C-17), 123.5 (C-12), 115.3 (C-3’,
5%), 110.6 (C-8), 107.5 (C-10), 106.4 (C-1"), 102.5 (C-1""), 101.9 (C-1"""), 99.5 (C-
6), 79.6 (C-37), 78.3 (C-5"), 78.3 (C-377), 75.5 (C-2"), 74.9 (C-2"), 74.7 (C-
47), 73.1 (C-4), 73.0 (C-57), 72.4 (C-3"), 71.6 (C-4"), 71.2 (C-2""), 69.9 (C-
5), 64.1 (C-6’"), 62.4 (C-6"), 56.2 (C-4’), 25.9 (C-14), 22.7 (C-11), 21.0 (6™’-
OAc), 20.9 (4’-OAc), 20.8 (4-OAc), 18.3 (C-15), 17.6 (C-6)

shetE 22

Yellow amorphous powder

C24H30010

[a]3? -27.5 (¢ 0.11, MeOH)

UV (MeOH) Amax (log €) 216 (1.95), 280 (0.93), 302 (0.71) nm

HRMS (ESI-TOF) m/z 523.1799 [M+HCOO] (calcd. for C,sH31012, 523.1816)

'"H NMR (MeOH-d,, 400 MHz): § 7.96 (1H, s, H-16), 6.91 (1H, s, H-8), 6.84(1H, s,
H-13),4.96 (1H, d, J= 7.2 Hz, H-1), 3.92 (3H, s, H-21), 3.85 (6H, s, H-23, 24), 3.73

(3H, s, H-22), 2.69 (4H, m, H-10, H-11)
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13C NMR (MeOH-dy, 100 MHz): 8 152.6 (C-19), 150.7 (C-7), 149.2 (C-14), 148.6
(C-15), 143.4 (C-20), 136.0 (C-9), 132.7 (C-12), 126.3 (C-17), 123.6 (C-18), 113.3
(C-8), 112.9 (C-13), 112.5 (C-16), 102.7 (C-1), 78.3 (C-5), 78.1 (C-3), 75.0 (C-2),
71.4 (C-4), 62.6 (C-6), 62.1 (C-21), 61.1 (C-22), 56.7 (C-23), 56.4 (C-24), 31.4 (C-
10), 30.3 (C-11)
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Table 3. 'H and *C-NMR Data of compounds 1-4 (CD;OD)

Position 1 2 3 4
ou (J in Hz) dc ou (J in Hz) dc ou (J in Hz) dc ou (J in Hz) dc
2 159.4 159.2 159.4 159.3
3 135.9 136.8 136.6 136.9
4 180.0 180.0 180.0 180.1
5 161.0 161.0 160.9 161.1
6 6.65,s 99.4 6.65,s 994 6.67,s 99.9 6.67,s 99.4
7 162.1 162.1 162.1 162.2
8 110.5 110.6 110.7 110.6
9 155.0 155.0 155.0 155.1
10 107.5 107.5 107.5 107.5
3.52,m, 3.58,
11 3.52,m,3.57, m 227 3.51,m,3.57, m 22.7 m 22.7 3.53,m,3.57, m 22.8
12 5.19,1(6.8) 123.5 5.18,m 123.6 5.20,m 1234 5.19,m 123.6
13 132.6 132.7 132.8 132.7
14 1.64,s 259 1.64,s 259 1.64,s 259 1.64,s 25.9
15 1.73, s 183 1.72,s 183 1.75,s 183 1.72,s 18.3
1’ 123.9 123.8 123.7 123.9
2°,6’ 7.85,d (8.8) 131.9 7.86,d (8.8) 131.9 7.90,d (8.4) 131.9 7.89,d (8.8) 132.0
3,5 7.10,d (8.8) 115.2 7.08,d(8.8) 115.2 7.10,d (8.4) 1152 7.10,d (8.8) 115.3
4 163.6 163.5 163.6 163.6
4'-OMe 3.89,s 56.1 3.89,s 56.1 3.90,s 56.1 3.89,s 56.1
Glucose
1 5.07,d(7.2) 101.9 5.07,d (6.8) 101.9 5.07,d(7.2) 101.8 5.07,d(7.2) 101.9
2 3.53,m 749 3.53,m 749 354, m 749 3.53,m 74.9
3 3.51,m 782 3.51,m 783 3.52,m 783 3.51,m 78.4
4 343, m 71.1 3.43,m 71.1 3.43,m 71.1 3.42,m 71.2
5 348, m 783 3.48 m 782 3.48 m 782 3.49,m 78.3
392, m 392, m 3.92, m 392, m
6 3.74, m 624 374, m 624 3.74, m 62.3 3.74, m 634
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Rhamnose

. 5.50, brs lon7 345.4(1.6) lopn 345.4(2.0) 102.0 5.45, brs 102.2
) 4.21, brs 71'7 4.33, brs 80.0 4.36, brs 80.0 4.34, brs 79.9
; 3.85,dd (9.8, J00 380,dd (92, 719 392.m 15, 380,dd(96, 19
X 3.0) 4o 32 733 3.2)
) 4.82,t(10.0) g 338m 25 341,m 71.7 3.39,m 73.4
. 323, m 7 333m 175 334m 72.9 3.29,m 72.2
0.77, d (6.0) = 0.95,d (6.0) 1 0.94,d (6.4) 17.6  0.95,d (5.2) 17.7
4-0-Ac 172.3
2.01,s 20.9
Terminal
17 521, s 101.1 5.5, 1004 521, 101.3
27 170.0 169.4 169.7
2”-OMe 3.78, s 52.9
I 173.1 174.4 173.1
o gggﬁ 425 4.53,q(6.8) 73.2 gggﬁ 42.6
3 4.18, sextet (6.0) 733 1.39,d(6.8) 188 4.18,m 73.4
4 1.21,d (6.4) 21.6 1.21,d (6.0) 21.7
1"-OMe 3.65,s 522 3.66, s 522
1 4.16, m 66.4
om 1.66, m 317
3m 1.42,m 20.2
4m 0.95,t(7.2) 14.1

'H and *C-NMR spectra were obtained from 400 and 100 MHz, respectively.
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1. 33tE FF=E

1.1 setE 19 %
IRsly 12> SAEAY Fug FEgon AL CisHpOsl =

=
A= AT} [m/z 719.2529 [M+H]" (caled. for C3sH43016, 719.2551)]. 'H-NMR

Jﬁ‘l

spectrum®l A 54 6.65 (1H, s), 81 7.85 (2H, d, /= 8.8 Hz), 7.10 (2H, d, /= 8.8 Hz) =
=3 flavonol =7 291819 0™ §y3.52 (1H, m), 3.57 (1H, m), 5.19 (1H, t,
J=6.8Hz), 1.64 (3H, s, H-14), 1.73 (3H, s)= &3l prenyl group= 2213} T}
du 3.89 (3H, s)°l A methoxyE &<13}% 3L F71¢] anomeric protons 8y 5.07
(IH, d, J = 7.2 Hz), &u 5.50 (1H, brs)ell Xl Z}Z} B-glucose®} a-rhamnoses
gRlstdnt. oS A#= cariin®] A} AR Ao® FRIEF O

(Omnia et al., 2020) &x 2.01 (3H, s), 8¢ 172.3, 8¢ 20.95 E3l F7}4 21 acetyl

N

group®] A 13t HMBCOIA of 8y 4.82 (Rha H-4)/5¢ 172.3, 8u
2.01/8c 172.39] correlation= &1} acetyl group] A& 5743 0
du 5.07 (Gle H-1)/5c 161.0 (C-7), du 5.50 (Rha H-1)/5c 1359 (C-3)¢]
correlation®. = T2 YXT= AAI}PT ZFe] AHuF-FE  anomeric
proton®] coupling constant?} LC 415 &3 D-glucose?} L-rhamnose®=
A7 33t (Tanaka et al., 2007). ©]74e] 35 EdE 3= 15 4-
methoxy-5-hydroxy-8-3,3-dimethylallylflavone 3-0-[4-O-acetyl-a-L-

rhamnopyranoisde]-7-O-B-D-glucopyranoside = &7 3} % t}.
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=

313HE 25 FAFEAHE B2 7259 o ™ ESIHRMS m/z 849.2815 [M-

H] (caled. for C4HaO00) 5 3l FAFA 2 CaoHso020s E213FSITE 'H NMR
spectrum©l| 4] 8y 7.86 (2H, d, J = 8.8 Hz), 6x 7.08 (2H, d, J = 8.4 Hz), 81 6.65 (1H,
s)= &3l 40] X¥¥ B-ring¥} 5, 7, 8¢] X3¥ A-ring= EQISSAT) Sy
1.64 (3H, s), 1.72 (3H, s)2} 84 5.18 (1H, m), 22132 T4 70 ] carbon &t (8¢
132.7, 123.6, 25.9, 22.7, 183)E &3l prenyl7| & <15t 2™ HMBC
correlations F3l 8 ®rAe] AAH S USS STt Sy 3.65, 3.86
(3H, s), & & 522, 56.1% E3] F/19 methoxy’] S At om §y
3.86/C-4 (8¢ 163.6), du 3.65/C-1"" (8¢ 173.1) correlations 3] $X=

5732t} Anomeric proton 8y 5.45 (1H, d, J = 1.6 Hz)= %3l 3-O-o-L-

rhamnopyranoside7} =18 Z1 02 373} 9™ methyl protone 8y 0.95 (3H,

d, J = 6 Hz)¥} carbon signal 102.2, 80.0, 71.9, 73.3, 72.2, 17.75 &3l

gy 513ty ®TFE anomeric proton 8y 5.07 (1H, d, J= 6.8 Hz)¥} 8¢ 101.9, 78.3,

78.2, 74.9, 71.1, 62.4= &3l 7-O-p-D-glucopranoside 3t Q13T oy
5.21 (1H, s), 8¢ 101.1, 170.0, 12| 3L &y 5.21/8¢ 170.02] HMBC (optimized at
3

long range J = 2 Hz) correlation=

3l 2,2-dihydroxyacetic acid -7 %25
S5kt =g 'H-"H COSY spectrum®l|A] H-2"" (8n 2.60 and 2.46)/H-3""(3n
4.18, sextet, J = 6.0 Hz)/H-4" (dy 1.21, d, J = 6.4 Hz)2] <=%}%] <] correlation
gkQlsl3l il HMBCOI Al H-3"/C-17 (8¢ 101.1)%] correlatione HQ1s}o] 2-
hydroxy-2-((4-methoxy-4-oxobutan-2-yl)oxy)acetic acid FETEE
E4 3}t H-2"/6¢ 80.0 (Rha C-2) HMBC correlations &3l F2739
AAE AdAser ol nEgor seE 29 TEE 4-methoxy-5-
hydroxy-8-3,3-dimethylallylflavone  3-O-[2-O-2-hydroxy-2-oxo- 1-(4-methoxy-4-

oxobutan-2-yl)oxy-a-L-rhamnopyranoisde]-7-O-f-D-glucopyranoside =
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Fig 9. 'H NMR spectrum of compound 2
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Fig 12. HMBC spectrum of compound 2
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shgtE 32 ST Y FEE FYEHJdom A2 CHasOx ©lTth
[m/z 835.2620 [M-H] (calcd. for CssHuO, 835.2661)]. 3HE-E 32 1D NMR
spectrar=  3}3E 29} FAFSHY 3FSHE 29 methyl 3-hydroxybutanoate

7% WAl 2-hydroxypropanoic acid F-737F A+ Aol =t} !

r

NMR spectrum®| A &y 7.90 (2H, d, J= 8.4 Hz), x 7.10 (2H, d, J= 8.4 Hz), 51 6.65
(1H, s)& &3l flavonol =2 &1l o™ §y 3.52 (1H, m), 3.58 (1H, m),
520 (1H, m), 1.64 (3H, s), 1.75 (3H, s)Z 53| prenyl group= <1331
HMBCE 3l C-8 1A3hS EISFAATE. 8y 3,78 (3H, s), 3.90 (3H, s), ¢
52.9,56.1e &3l F70C methoxys €1k Ow Z}Zt 5y 3.78/8¢169.4 (C-
2”), 8 3.90/8¢ 163.6 (C-4’) HMBC correlations 3 2 xE E4 3} Th oy
4.53 (1H, quintet, J = 6.8 Hz H-2"""), 1.39 (3H, d, J = 6.8 Hz H-3""), 6c 174.4 (C-
1”), 73.2 (C-2"), 18.8 (C-3")= &3l 2-hydroxy-propanoic acid F--T 325
gkQlallal, du 4.53(H-2)/6¢ 100.4 (C-17), 8u 5.25(H-17)/8c 80.0 (Rha C-2)
HMBC correlation®} 8y 3.78/8n 5.25(H-1)2] long-range COSY correlation ©. %
Z¥zrel S1AE gdlsiditt. o] AnE EUR 3eE 39 7XE 4-
methoxy-5-hydroxy-8-3,3-dimethylallylflavone 3-0-[2-0-2-((4-oxopropan-2-
yl)oxy) acetic acid methyl ester-a-L-rhamnopyranoside]-7-O-3-D-

glucopyranoside ® &7 3} % t}.
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Fig 14. "H NMR spectrum of compound 3
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Fig 18. The long-range COSY spectrum of compound 3
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p=4
=
3t 4= FNEAHE B g ESIHRMSE £ 2212 CyuHssOxn <

ZA &= Ao] gl ¥ Qltl. 'H NMR spectrum®l| A 84 7.89 (2H, d, J = 8.8 Hz),
du 7.10 (2H, d, J = 8.8 Hz), & 6.67 (IH, s)= %3l flavonol =4S
013+ 0™ §43.53 (1H, m), 3.57 (1H, m), 5.19 (1H, m), 1.64 (3H, s), 1.72 (3H,
s)& &3l prenyl group= &R13t%131 HMBCE 3l C-8° A&
218kt 8y 3,66 (3H, s), 3.89 (3H, s), &¢c 52.2, 56.1% E3] F7H9
methoxyS 218+ 0™ Z+Z} 8y 3.66/8¢ 173.1 (C-177), &u 3.89/8¢ 163.6 (C-4”)
HMBC correlations %3l $1*x&5 574 3}5 ) 'H-'H COSY spectrum®l| 4] &y
4.16 (2H, m, H-1"")/1.66 (2H, m, H-2"")/1.42 (2H, m, H-3"")/0.95 (3H, t, J=7.2 Hz,
H-4")2] +2F4R1 correlations €1% 4 glom o]E F3l butyl
group= 1381 HMBC spectrum® Al H-17" (8y 4.16)/C-2” (3¢ 169.7)
correaltione &3l butyl groupd HAE FAFsATH ol AyE
EUE 33dE 49 X E 4 -methoxy-5-hydroxy-8-3,3-dimethylallylflavone
3-0-[2-0-2-((4-methoxy-4-oxobutan-2-yl)oxy)acetic ~ acid butyl ester-o-L-

rhamnopyranoside]-7-O-p-D-glucopyranoside = 573 3} %1 t}.
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Fig 19. '"H NMR spectrum of compound 4
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io
-
IN

1.5 IR

e 5= AR Rug ESIHRMSES E3 #2424 CyHO0n<
TSR T [m/z 513.1756 [M-H] (caled. for Ca7H290m0, 513.1761)]. 81 7.93 (2H, d,
J=8.8 Hz), 6u 7.08 (2H, d, J = 8.8 Hz), &y 6.26 (1H, s)= &3 4°¢] 3% B-
ring?} 5, 7, 80] X gE A-ringS RIS 5y 3.89 3H, s)9 3 56.0
23 methoxyS ZQI3tR 0™ 4 4.75 (1H, s)&F 4.68 (1H, s)olA 2t
C=CA3Z, 6n 1.72 (3H, s)°ll Al methyl”] & A3} T} 65 4.37 (1H, t,J = 6.8
Hz) S 25 B hydroxy’} =A1%-& #2138 4 SQlth. Anomeric proton Sy 5.45
(1H, brs)¥} 84 0.87 (3H, d, J = 6.0 Hz), 3¢ 103.3, 73.2, 72.1, 72.0, 71.9, 17.6°1 A
3-0-a-L-rhamnopyranoside® 57 3I3lt}h. o]de] A¥sE a3 ox3sho]
3-[(6-deoxy-a-L-mannopyranosyl)oxy]-5,7-dihydroxy-8-(2-hydroxy-3-methylbut-
3-en-1-yl)-2-(4-methoxyphenyl)-4H-1-benzopyran-4-one, U5  koreanoside

EZ SA39} (Lietal 2015).
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Fig 23. 'H and '*C spectra of compound 5
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e 62 FAFAY FEPER E2=HSlth. ESI-HRMSE  E3
A CyH3001 s Lot LAl [m/z 531.1852 [M+H]" (caled. for C27H3,011,
531.1866)], 'H NMR spectrum®l| 4] 84 8.16 (2H, d, J = 8.4 Hz), 5u 7.14 (2H, d, J =
9.2 Hz), oy 6.62 (1H, s)= &3l 4°°] 2% B-ring?} 5, 7, 80| *|3¥ A-
ringS 91831t} 85 1.78 (3H, s), 1.64 3H, s)&} 815.12 (1H, m), 123 thAl
708l carbon @ (8¢ 131.1, 1223, 254, 214, 17.9)% &3l prenyl’] &

o down-field shift ¥ C-8 (5c 108.0) &3l ¥l AZAH ]

_l (
.

ol
L
38,
o

NS gelstdom &y 3.86 (3H, s)¥ 8¢ 553F E3] methoxy”’] =

$+213}31 a1 Anomeric proton 8y 5.02 (1H, d, J = 6.4 Hz)¥} §¢ 100.3, 77.1, 76.4,

73.2, 69.5, 60.52 E3] 7-O-p-D-glucopranosides <15ttt 33}

s w3 3gE 69 TXE  3-hydroxy-7-O-B-glucose-8-prenyl-4'-
3

methoxychrysin, & WY icariside [©. 2 33} T (Mei et al. 2015).
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=

sotE 7+ SAFAY SUYHE FEEH S ESIHRMS ion peak [M-
H] 499.1590% E3] A2 CoHusO10S <18+ 3 (caled. for CagHarOno,
499.1604) 8y 7.76 (2H, d, J = 8.0 Hz), 61 6.91 (2H, d, J = 8.4 Hz), 81 6.23 (1H, s)=

&3l flavonol =7 TX2F &It 8u 1.69 (3H, s), 1.64 (3H, s)$} 8u5.16
(1H, m), 2232 oA 702 carbon (8¢ 132.4, 122.9, 25.9, 22.4, 18.1)5 =3
prenyl7] = Q1319 © ™ down-field shift ¥ C-8 (8¢ 107.9)> %3 8o
AAE o] &S 135S th Anomeric proton 8y 5.35 (1H, brs) 85 0.90 (3H,
d, 5.6Hz), 8¢ 103.5,73.2,72.1,72.0,71.9, 17.6° 4] 3-O-a-L-rhamno-pyranoside &
A4t w8 He] vuE T3 FFE 78 FF2E 5,7-dihydroxy-2-(4-
hydroxyphenyl)-8-(3-methylbut-2-enyl)-3-[(2S,3R,4R,5R,65)-3,4,5-trihydroxy-6-
methyloxan-2-ylJoxychromen-4-one, WY ikarisoside A = 7d3ATt
(Fukai and Nomura 1988).
e 8 A SAFAY EEEHE Ed¥der ESIHRMSE 53l

Tl]f]_‘xl')—\} C27H29010’% i—,’f?_ﬁ}&’iﬁ} [m/z 513.1779 [M-H]_ (calcd. for C27H290]0,

K‘l

513.1761)]. ID NMR Hlo|E]= sttt 73 -9 FAFSERIC ™ &y 3.93 (3H,
$)2F 8¢ 5625 T3l F71HA < methoxyll EAE FAsTh O
HoEs E3 3gdE  Bug0.3.5-22] FXE  5,7-dihydroxy-2-(4-
methoxyphenyl)-8-(3-methylbut-2-enyl)-3-[(2S,3R,4R,5R,65)-3,4,5-trihydroxy-6-

methyloxan-2-ylJoxychromen-4-one, &5t icariside II = 37333t} (Liu et

al. 2005).

62



S

X parts o il Proton

Toaniie)

oo 0o oo

Fig 25. 'H and *C spectra of compound 7

: R kxe Log



01

S

ey L

TTRE TR TR TT TR TS TA TS5 T

38
. ponts e it - rton

T ES 68 67 55 £ 64 5 67 81 60 53 53 57 SE 5 84 53 83 5150 45 48 47 45 45 44 43 13 4 A0 36 36 37 38 95 34 3335 31 90 76 74 37 26 T5 7 35 25 31 70 19 T8 17 TE T8 T4 13 13 15 15 G5 GF 07 08 05 04 03 53 01§ B1B7E5

A i N i

=)

oo W5

Fig 26. 'H and *C spectra of compound 8

64

¥ ,H -.;

[
1

R

.]] '@} W



POz 2EE o ESIHRMSE 53
A4 CpHi0155 B89 [m/z 661.2152 [M-H] (caled. for CsHisOis,
661.2132)]. 8y 7.78 (2H, d, J = 8.4 Hz), 8 6.94 (2H, d, J = 8.4 Hz), 8y 6.63 (1H,
s)S &3l flavonol =2-& 2138 Th 8y 1.72 3H, s), 1.64 (3H, )&} 1 5.19
(1H, m), 83 oA 782l carbon (8¢ 132.6, 122.6, 25.9, 22.7, 18.3)& 3l
prenyl7] & #1339 2™ down-field shift ¥ C-8 (8¢ 110.5)= F3l 8o
AAE &S &<2138FS th Anomeric proton &y 5.38 (1H, brs)= %3l 3-0-
o-L-rhamnopyranoside7} =48 Z1 02 F74 =™ methyl protone du 1.68 (3H,
s)@} carbon signal 103.5, 73.2, 72.12, 72.08, 71.9, 17.7% 53] &3t}

Tt} anomeric proton 8y 5.06 (1H, d, J = 6.8 Hz)¥} ¢ 101.9, 78.3, 78.2, 74.9,

71.2, 6245 &3l 7-O-B-D-glucopyranoside =3t &lsgitt. =339
s F3 3stE 99 % 5-hydroxy-2-(4-hydroxyphenyl)-8-(3-

methylbut-2-enyl)-7-[(2S,3R,4S,55,6R)-3,4,5-trihydroxy-6-(hydroxymethyl)oxan-
2-ylloxy-3-[(2S,3R,4R,5R,65)-3,4,5-trihydroxy-6-methyloxan-2-ylJoxychromen-4-

one, YHFY epimedoside AZ 573} TF (Mizuno et al. 1991, Su et al. 2018).

3ot E 102 3

=
oX

g BaE FeE%on ESIHRMSE &3 A+

_‘ilL
C33HyO0155 &3t} [m/z 675.2308 [M-H] (caled. for C33H39015, 675.2289)].

ol-m ‘E

ID NMR spectrume &3l 33&E 99 F-AFSHAl flavonol + 72, 8-prenyl

group, 3-O-a-L-rhamnopyranoside, ~ 7-O-B-D-glucopyranoside”} =A<

gelslslal F7F2 6u 3.86 BH, s)& §¢ 5555 &3l methoxy’} =A<
shlstaitt. @A) PluE F3l 3= 108 7 XE 5-Hydroxy-2-(4-

methoxyphenyl)-8-(3-methylbut-2-enyl)-7-[(2S,3R,4S,5S,6R)-3.,4,5-trihydroxy-6-
(hydroxymethyl)oxan-2-ylJoxy-3-[(2S,3R,4R,5R,6S)-3,4,5-trihydroxy-6-
methyloxan-2-yl] oxychromen-4-one, URFE icariin® 2 &3} t}h (Kim et

65



al. 2008).
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1.9 e 1o 72
313HE 112 Ao FAE HEuUE ESIHRMS m/z 837.2819 [M-H] (caled. for

C39Ha9On0, 837.2817), FAF21& CHso00 ©]TF. 84 7.85 (2H, d, J=9.2 Hz), 7.09

(2H, d, J = 9.2 Hz)E &3l 4] X% B-rings <213} 3L, 8y 6.66 (1H,

0

s)olAl 5,7, 80] X &H A-rings &1 7712 methyl proton &y 1.71

O]

(3H, s), 1.63 (3H, s)¥} &4 5.17 (1H, m)S F3l prenyl”] 5 2l om §¢
110.6 (C-8)7} down-field shift ¥ 0 == gl 9xg-s Rlst3ltt. &y
3.89 3H, 5) 2} 8¢ 56.1ZFE methoxy2] =AE £H<13}3 T Anomeric proton
8 5.73 (1H, d,J=1.2Hz)¥} 84 0.91 (3H, d, J=5.6 Hz), 3¢ 102.6, 82.6, 73.4, 72.0,
71.8,17.6°1 4 3-O-a-L-rhamno-pyranosideE 57335 11, 8u5.07 (1H,d,J=7.2
Hz), 8¢ 101.9, 78.3, 78.2, 74.9, 70.9, 62.4% &3l 7-O-B-D-glucopranoside =
g2l sk STt 8 4.43 (1H, d, J= 8.0 Hz), 8¢ 107.1, 77.93, 77.87,75.3, 71.2, 62.3%

&3l ErhE B-D-glucopranosides #1810 w & 82.6 (C-2)7} down-

field shift ¥ © 2 2 rhamnoside®] 2¥ Qx| o] X3t Z o7 &Ql3}Sic),

ool Axns Fdy  dixd 43 4-methoxy-5-hydroxy-8-3,3-
dimethylallylflavone 3-O-B-D-gucopyranosyl (1—2)- a-L-rhamnopyranoside-7-O-
B-D-glucopyranoside, &R epimedin A= &°d3FSITF (Ito et al. 1988).

69



H t. Jl } L_JJUl J L L JL.J
B B P N R O B P Y P P VR Y R EE R
| N A A ) N~ Il |
] B H £ 2agg 1 ] EEE ER] H
g2
1
£
o e ey T Ths o & 3 o W 3

Fig 29. 'H and '*C spectra of compound 11

70

¥ ,H _

.]] '@} W



110  3IFE 129 7%
313HE 128 Ao By R R ESIHRMS m/z 879.2916 [M-H] (calcd.

for C41Hs1021, 879.2923), F-AF2]2 CyHs:021 ©] T} 'H NMR spectrum A 8y
7.90 (2H, d,J=9.2 Hz, H-2’, 6"), 7.15 (2H, d, J=9.2 Hz, H-3", 5°), 6.66 (1H, s, H-
6)= &3l flavonol =245 QI8N0 ™ 8y 5.20 (1H, m, H-12), 1.72 3H, s,
H-15), 1.64 (3H, s, H-14)5 &3l prenyl group=, &y 3.92 (3H, s, 4-OCH;)&
=3l methoxy group, 81 2.02 (3H, s, 4”-OMe) 2} 8¢ 172.3 (47-OAc), 21.1 (47-
OAc)°ll 4] acetyl group= 2H2Q13}31 T} Anomeric proton 8y 5.53 (1H, d, J = 2.0
Hz)?} 64 0.81 (3H, d, J= 6.0 Hz), 8¢ 102.4, 79.1, 73.2, 71.4, 71.1, 17.6°| 4] 3-O-
o-L-rhamno-pyranoside S 57 3191 17, 61 5.07 (1H, d, J=7.2 Hz), 8¢ 101.9, 78.3,
78.2, 74.8, 69.8, 62.45 T3 7-O-B-D-glucopranosides 213131 Th. oy 4.39
(1H, d, J = 8.0 Hz), 8¢ 106.2, 77.9, 77.9, 749, 71.1, 62.45 3l Ht}& B-D-
glucopranosideS 2?1313 © ™ HMBC spectrum®| 4] 8y 3.92/8¢ 163.7 (C-4),
On 5.53/8¢ 135.6 (C-3), 0u 5.07/8¢ 162.2 (C-7), 61 4.39/5¢ 79.1 (C-3”), &u 4.97 (H-
47)/8c 17239 correlations &3l 27+ 9IAE SASATE o]49]
A3E £dH dxste] gE 128 FXE  anhydroicaritin 3-O-B-D-
gucopyranosyl (1-3)-0-L-(4-O-acetyl) rhamnopyranoside-7-O-f-D-
glucopyranoside, &t korepimedoside CZ &7 3T} (Sun et al. 1998).
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111 3FFE 139 7%
31HE 132 A Ao B R ESIHRMS m/z 807.2722 [M-H] (calcd.

for C3sH47019, 807.2712)0]1™ A2 C35Has010 ©] T}, 61 7.84 (2H, d, J=9.2
Hz, H-2’, 6°), 7.07 (2H, d, J = 9.2 Hz, H-3’, 5)& %3] 4°0] X% B-ring&
golslAal Su 6.63 (1H, s, H-6) S ZFE| A-ing 5, 7,8°] A 3EHA5S
stol & vt 8y 5.19 (1H, m, H-12), 1.78 (3H, s, H-15), 1.65 (3H, s, H-14) 2 3 E
prenyl7] 7} EAES QI 5 110.5 (C-8)°] down-field shift

Hojglom® 8¥ flAlo X gEo] Hs FJASFAIL 5y 3.89 (3H, )9t

3¢ 56.1 25 methoxy? =5 <2133t} 65 0.98 (3H, d,J=6.4 Hz, H-6),

EHE] deoxy-sugar’} EAE Zloje} F5eF3 L Sn 5.44 (1H, brs, H-17)2}k
5c 103.1, 82.6, 73.6, 71.8, 17.7& &3l 3-O-o-L-rhamnopyranosides
15ttt 6n 4.30 (1H, d, J = 7.6 Hz, H-1"")¥} §¢ 107.5, 77.7, 75.2, 70.9,

67.125F B-D-xylopyranoses &3} 0™ §c 82.6 (C-27)¢ down-field

shifts &3l o7]o X&s &8kt 84 5.07 (1H, d,J= 6.8 Hz), 8¢ 101.9,

78.3,78.2,74.9,71.1,62.4Z ] 7-O-p-D-glucopyranoside =5 &<13}9 T}

opgel  AvE  Eaz
dimethylallylflavone 3-O-B-D-xylopyranosyl (1—2)- a-L-rhamnopyranoside-7-O-
g epimedin B2 5733 th (Ito et al. 1988).

tfx3s A3} 4’-methoxy-5-hydroxy-8-3,3-

B-D-glucopyranoside, Rk
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1.12 3}SHE 149 %
O I

821.2868), H-2H2412 CyHsOr0 ©|Th. 8y 7.86 (2H, d, J = 9.2 Hz), 7.07 (2H, d, J

Ful2 HRESIMS m/z 821.2880 [M-H] (caled. for C3oHs9O1o,

=92 Hz)= &3l 4°] X% B-ringe 21383, 84 6.65 (1H, s)°ll Al 5,7,
go] A|3t¥ A-rings A3 T F718] methyl proton 8y 1.72 (3H, s), 1.64
(3H, s)¥} 85 5.19 (1H, m)S 53l prenyl”] S <153 2 §¢ 110.5 (C-8)7F
down-field shift ¥ 0.2 & 8ol 92§ FAat Tt 813.88 (3H,s)9 8¢
56.02F-E methoxyd] =AE &R13}3Th. Anomeric proton 8y 5.53 (1H,
brs)Z} &4 0.91 (3H, d, 4.8Hz), ¢ 102.2, 78.9, 73.5, 72.1, 71.93, 17.8°I A 3-O-a-
L-rhamnopyranosideS 573+ 12, 8u 5.07 (1H, d, J = 7.2 Hz), §¢c 101.9, 78.3,
78.2, 74.9, 71.1, 62.4% &3l 7-O-B-D-glucopyranosides <3t} i 5.00
(1H, brs), 6¢c 103.7, 73.9, 72.2, 71.87, 70.3, 17.9<> a-L-rhamnopyranoside®| ™ &c¢
78.9 (C-2)7} down-field shift ¥ 31 © = F rhamnoside®] 2% ¢ Aol ] 3k¥
oz Rl o]de AnEsE T3 dxs ZAI 4-methoxy-5-
hydroxy-8-3,3-dimethylallylflavone ~ 3-O-a-L-rthamnopyranosyl  (1—2)-0-L-
rhamnopyranoside-7-O-B-D-gluco-pyranoside, Ak epimedin C=

573t} (Ito et al. 1988).
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113 3EHE 159 7%

Aol BAE Rulg BIFAL CyHs50010 ©| U [m/z 821.2864 [M-H] (caled.
for C39HasO19, 821.2868)]. 81 7.90 (2H, d, J = 9.2 Hz), 7.11 (2H, d, J = 8.4 Hz)S
3 40] 2gH BringS E13FA 1, 85 6.66 (1H, s)el A1 5,7, 8¢] X gks
A-ringS 213t 71 2] methyl proton du 1.72 (3H, s), 1.64 (3H, )3} dx
520 (1H, m)& &3l prenyl”] & 13t 2 HMBCE F3ll 8y 5.20 (1H,
m)/8¢c 110.7 (C-8) correlation= ZR13FATE. dn 3.90 (3H, s)2 8¢ 56.1ZFH

methoxy2] <=5 <1311 HMBCE 53 §c 163.6 (C-47)°] %3t

S

S &2135}9 T} Anomeric proton 8y 5.68 (1H, brs)¥} 8y 0.92 (3H, d, J = 6.4

Hz), ¢ 103.2, 83.1, 73.6, 72.2, 71.9, 17.7°l4 3-0-0-L-rhamnopyranoside =

Jm

J3FA AL, 8y 5.07 (1H, d, J = 6.8 Hz), 8¢ 102.0, 78.4, 78.3, 75.0, 71.2, 62.4%
&3l 7-0O-B-D-glucopyranoside s <13+t 61 4.33 (1H,d,J=6.4Hz), &c
107.8, 75.1, 73.0, 72.7, 71.9, 16.7& &3l B-fucopyranosyl= 2r13}3] 0™
HMBC®| 4| 8y 4.33 (1H, d, J = 6.4Hz, H-1")/8¢c 83.1 (C-2”) correlatione
31013l 0 2 2 rhamnosidel] 2¥ 9 X]o Xst®l oz Flsth

ol  AnE A ojxs Ay} anhydroicaritin - 3-O-B-D-

a

fucopyranosyl(1—2)-a-L-rhamnopyranoside-7-O-B-D-glucopyranoside =

5743tk (Chin et al. 1990).
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1.14 k= 169 7%

s}ano] e Rulolm ESIHRMS m/z 821.2878 [M-H] (caled. for C3oHaoOo,
821.2868)ZH-E] Ak CyoHsoO05 EH13FSITE i 7.90 (2H, d, J = 9.2 Hz),
7.11 (2H,d,J=8.4Hz)= &3l 4’©] A &¥ Brings =A3FA L, 81 6.66 (1H,
s)ellA 5,7, 801 A 2+H A-rings E<2183th. F71¢ methyl proton du 1.73
(3H, s), 1.64 (3H, s)¥} 84 5.20 (1H, m)S F3l prenyl”] 5 2l o §¢
110.6 (C-8)7} down-field shift ¥ 0 == gl 9x]g-s Rlst3ltt. &y
3.90 (3H, s)2} 8¢ 56.1ZF-E methoxy?] =A|E <213} T} Anomeric proton
du 5.63 (1H, brs)@} &y 0.94 (3H, d, J = 6.4 Hz), 5c 103.1, 83.0, 73.5, 71.9, 71.8,
17.691 4] 3-0-0-L-rthamnopyranoside S 574 3} 37, 85 5.07 (1H, d, J= 7.2 Hz),
8¢ 101.9, 78.34, 78.26, 74.9, 71.2, 6245 &3l 7-O-B-D-glucopyranoside=
13T 6u 4.37 (1H, d, J = 8 Hz), ¢ 107.2, 77.6, 76.8, 75.6, 73.5, 18.0=
&3l B-quinovopyranosyl= 2135151 © ™ HMBCOA] 85 4.37 (1H, d, J=8 Hz,
H-1"")3 §¢ 83.0 (C-2")¢] correlations 213} © 2 2 rhamnoside®] 2
Ao A Aow st o4t AdE EdA tixd Ax
4’-methoxy-5-hydroxyl-8-prenyl-3-O-B-d-quinovopyranosyl-(1 — 2)-a-I-
rhamnopyranosyl-flavonol-7-O-B-d-glucopyranoside 2 5743} TF (Ye et al

2020).
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3 E 172 FAe] £A48 oz wElHdrh A4S CyHuOr 01
[m/z 759.2515 [M-H] (calcd. for C37H3017, 759.2500)] 61 7.88 (2H, d, J = 8.4 Hz),
7.13(2H,d,J=8.0Hz)= &3l 4] X|&% B-rings &<213}3 1L, 61 6.27 (1H,
s)ol A 5,7, 80] 28+E A-ringS A th F70S] methyl proton 8y 1.71
(3H, s), 1.66 (3H, s)Z} 84 5.19 (1H, m)= &3l prenyl”] & &A™ 3¢
108.0 (C-8)°] down-field shift ¥ 0= = gl 9xg-S I3t &y
3.91 BH, s)2} 8¢ 56. 2= F-F methoxy2] =AE 2F<13}31Th Anomeric proton
du 5.53 (1H, brs)@} 8y 0.81 (3H, d, J = 6.4 Hz), 5¢c 102.3, 79.4, 73.1, 71.7, 69.9,
17.691 4] 3-O-o-L-rhamnopyranoside S 57 5117, 8y 4.42 (1H, d), 8¢ 106.0,
77.8, 75.3, 74.6, 71.9, 65.1<> B-D-glucopranoside®|™ ¢ 79.4 (C-3")°] down-
field shift ¥l © X 2 rhamnoside®] 3W {1 x| X|&¥ Z S AT
w3 2709 acetyl”] (8¢ 172.9/21.1, 172.3/20.9)7} <% 2™  chemical
shifts A= 242 8¢ 65.1 (C-6), 73.1 (C-47)° AT Zo=
Faed. oY AdE ZEA dxdEe] 3-0-4-D-(6-0-
acetyl)glucopyranosyl-(1—3)-a-L-(4-O-acetyl)rhamnopyranoside, Ak

korepimedoside A = &7 33T} (Sun et al. 1995).
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116  3ITE 189 =%
313HE 18 Aol FYE R R ESIHRMS m/z 921.3024 [M-H] (calcd.

for C43Hs3022, 921.3028), A2 Cy3Hsi02 ©]TF 'H NMR spectrum A 8y
791 (2H, d,J=8.4 Hz, H-2’, 6"), 7.17 (2H, d, J=9.2 Hz, H-3", 5°), 6.65 (1H, s, H-
6)= &3l flavonol =245 QI8N 0™ &y 5.18 (1H, m, H-12), 1.69 3H, s,
H-15), 1.61 (3H, s, H-14)5 &3}l prenyl group=, &y 3.89 (3H, s, 4-OCH;)&
=3l methoxy group=, du 1.96 (3H, s, 4”-0OAc) 2} 8¢ 170.4 (47-OAc), 20.7 (47-
OAc) 183l 8u 1.99 (BH, s, 6°-OAc)8t 8¢ 169.7 (67°-OAc), 20.6 (67-
OAc)°ll Al 271 9] acetyl group= F<13}F3 . Anomeric proton 8y 5.53 (1H, d, J
=2.0 Hz)¥} 84 0.81 (3H, d, J= 6.0 Hz), 8¢ 102.4, 79.1, 73.2, 71.4, 71.1, 17.6°]| 4]
3-0-0-L-rhamno-pyranoside s 5731 3L, 8y 5.07 (1H, d, J = 7.2 Hz), 8¢ 101.9,
78.3, 782, 74.8, 69.8, 62.4= F 3l 7-O-p-D-glucopranosides <1t T. ou
4.39 (1H, d, J = 8.0 Hz), 8¢ 106.2, 77.9, 77.9, 74.9, 71.1, 62.45 =3 LU} B-
D-glucopranosides 213131 © ™ HMBC spectrum®| 4] &y 3.92/8¢ 163.7 (C-
4%), oy 5.53/8¢ 135.6 (C-3), 61 5.07/6¢ 162.2 (C-7), du 4.39/6¢ 79.1 (C-3"), 6y 4.83
(H-4"/5c 170.4, du 4.14, 4.18 (H-6"")/8¢c 169.7°9] correlations E3f 2tz
9% SRAA. oldel A3 EAA thzsto] HPE 189 T2E
anhydroicaritin ~ 3-O-B-D-(6-O-acetyl)gucopyranosyl  (1—3)-a-L-(4-O-acetyl)
rhamnopyranoside-7-O-B-D-glucopyranoside, & RFE epimedokoreanoside 1.°. =

5438t (Suetal. 2018).
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84



117 3FFE 199 7%
313HE 19 Ao By R R ESIHRMS m/z 921.3066 [M-H] (calcd.

for C43Hs3022, 921.3028), A2 Cy3Hsi02 ©]TF 'H NMR spectrum A 8y
7.89 (2H, d, J=8.8 Hz, H-2’, 6°), 7.15 (2H, d, J= 8.8 Hz, H-3", 5°), 6.66 (1H, s, H-
6)= &3l flavonol =245 I8N 0™ 8y 5.19 (1H, m, H-12), 1.72 G3H, s,
H-15), 1.63 (3H, s, H-14)5 &3}l prenyl group=, &y 3.92 (3H, s, 4-OCH;)&
=3l methoxy group=, 8 2.02 (3H, s, 4”-0OAc) 2} 8¢ 172.4 (47-OAc), 21.1 (47-
OAc) 183l &y 2.02 (3H, s, 3"7-0Ac)%} ¢ 172.7 (3"-OAc), 21.07 (37-
OAc)°ll Al 2702 acetyl group= <13+ TE Anomeric proton 8y 5.51 (1H,
brs)¥ 8y 0.81 (3H, d, J = 6.0 Hz), 8¢ 101.9, 79.7, 73.0, 69.8, 69.2, 17.6°I1 4 3-0-

o-L-rhamnopyranoside s 57 531 3L, 6y 5.07 (1H, d, J = 7.2 Hz), 8¢ 102.4, 78.3,

o

77.6, 73.0, 71.2, 62.0= &3l 7-O-p-D-glucopyranosideE 213} T, oy 4.48

(1H, d, J = 8.0 Hz), 8¢ 106.1, 79.0, 79.0, 74.9, 71.3, 62.45 &3l Et}& B-D-
glucopyranoside S €213} 0™ HMBC spectrum®l| A 8y 3.92/5¢ 163.7 (C-4),
On 5.51/8¢ 135.7 (C-3), 01 5.07/8¢ 162.1 (C-7), 6u 4.48/5¢ 79.0 (C-3”"), du 4.93 (H-
4”/5c 172.4, du 4.96 (H-3"")/dc 172.72] correlation= 3 22 A&
sgstgich. ool AwE Bad oxste] HEE 199 P2E
anhydroicaritin ~ 3-O-B-D-(3-O-acetyl)glucopyranosyl  (1—3)-a-L-(4-O-acetyl)

rhamnopyranoside-7-O-p-D-glucopyranoside, ~JRFH  korepimeoside C=

E=2 3T} (Lietal. 2016).
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118  3IITE 209 7%
3}3HE 202 Ao Yy R R HRESIMS m/z 963.3145 [M-H] (calcd.

for CasHssO23, 963.3134), A1 CysHseOns 1T} 81 7.90 (2H, d, J = 8.8 Hz),
7.15(2H,d,J=8.8 Hz)= &3l 4] %8+l B-ringe &<13F3 1L, 81 6.66 (1H,
s)ellAl 5,7, 80] X &H A-rings &1 TE 7712 methyl proton &y 1.72
(3H, s), 1.64 GH, s)@ &u 5.19 (1H, m)> =3 prenyl”] = 2213} o
HMBC correlatione &3l 8Hol 91X|3HS &A3FATE 8y 3.93 (3H, s)9} d¢
5622 FE] methoxy?] =415 #2191 HMBCE F3l 163.7 (C-4%)°l
2 X 3+S g+ol 5431 th. Anomeric proton &y 5.53 (1H, brs)¥} 8y 0.81 (3H, d, J =
6.0 Hz), 8¢ 102.3, 78.7, 72.9, 71.2, 70.1, 17.6° 4] 3-O-a-L-rhamnopyranoside &

5431, 8u 5.07 (1H, d, J = 7.2Hz), 8¢ 101.9, 78.32, 78.25, 74.9, 71.6, 62.4=

_1

&3l 7-O-B-D-glucopyranoside= 13} T} 8y 4.47 (1H, d, J = 8.0 Hz), 8¢
106.2, 79.8, 75.1, 72.8, 69.9, 64.8 pB-D-glucopyranoside®|™ HMBC
correlations ‘&3l rhamnoside®] 3W fIXJo] X3 AS st
ok 3709 acetyl”](8c 172.7/21.1, 172.6/21.0, 172.3/20.8)7} 1%l o
2+t 3¢ 64.8 (C-6"), 79.8 (C-3"7), 729 (C-47)°] AT HMBC
correlation &3l Attt o]Ae A#nE £d ¥ thxste] 3-0--D-
(3,6-O-diacetyl)glucopyranosyl-(1—3)-a-L-(4”’-O-acetylrhamnopyranoside)-7-O-

B-D-glucopyranoside, &R epimedin L 2 374331t} (Lietal. 1995).
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119 3FFE 219 7%
3}3HE 212 Ao Yy HuE HRESIMS m/z 963.3124 [M-H] (calcd.

for CasHssO23, 963.3134), A1 CysHseOns 1T} 81 7.90 (2H, d, J = 8.8 Hz),
7.14(2H,d,J=8.8 Hz)= &3l 4] %8+l B-ringe &13F3 1L, 814 6.67 (1H,
s)ellAl 5,7, 80] X &H A-rings &1 TE 7712 methyl proton &y 1.72
(3H, s), 1.64 (3H, s)¥ &y 520 (1H, m)S =38 prenyl7] S <15} o

HMBC correlation® % C-8¢] 91X|3HS ghlatlch u 3.92 (3H, )2 &c¢

56.2Z % E methoxy?] EAE 2918313 HMBCE %3] 163.7 (C-4))°l

$1218kS 221313 th. Anomeric proton 8y 5.48 (1H, d, J=1.6 Hz) ¥} 65 0.82 (3H,

d, J = 64 Hz), & 1025, 79.6, 74.7, 712, 69.9, 17.6°1* 3-O-0-L-
rhamnopyranoside S 573} 3L, 8 5.07 (1H, d, J= 6.8 Hz), 8¢ 101.9, 78.3, 78.3,
74.9,71.6,62.45 &3l 7-0-p-D-glucopyranosides <2135t} 8y 4.44 (1H, d,

= 7.6 Hz), 5c 106.4, 75.5, 73.1, 73.0, 72.4, 64.1> B-D-glucopyranoside®] ™
HMBC A4S =3 rhamnoside® 3 ¢ F]ol xsd RS A3
w3t 3709 acetyl”](8c 172.6/21.0, 172.3/20.8, 172.0/20.8)7} 1= ) O
ZYzZb ¢ 64.1 (C-6"), 73.1 (C-4), 747 (C-47)°] YA HMBC
correlations &3 A3 Th ol AyE Y tFsto] 3-0-B-D-
(4,6-O-diacetyl)glucopyranosyl-(1—3)-a-L-(4”’-O-acetylrhamnopyranoside)-7-O-

B-D-glucopyranoside, &R caohuoside B = &7 3} TF (Li et al. 1995).

89



541516171810202122232425 262720203031

0304050607080910111213

N -

0 o jen o

tl
Xt pr Miln : Garbonts

T

e

o 23 TED o £ )

Fig 39. 'H and "*C spectra of compound 21

90



g9 FAY wEE FE3len  ESIHRMSE  Fd WA

C24H30010% ;;—']'?_—6_]'93\]:]' [m/z 523.1799 [M+HCOO] (calcd. for C25H31012,

K

523.1816)]. du 2.69 (4H, brs)°llA] Yl 7§ 2] benzylic methylenes <13}
du 3.73 (3H, s), 3.92 (3H, s), 3.85 (6H, s)°IA 4l 7S methyl group=
S5k TE on 6.84, 691, 7.96 (1H, s)°llA] aromatic proton A 7I&
gFQlslsl o™ 8y 4.96 (1H, d, J = 7.2Hz)°l| 4] anomeric protons <213} T}
ol’gel HolH=Z 4= TEE 4709 methoxyZ] et 1742 Fol Q=
9,10-dihydrophenanthrene ©. 2 F=3}%1t}. 61 4.969} &¢ 102.7, 78.3, 78.1, 75.0,
71.4,62.6 .25 H o] glucosed = &ASFN L, HMBCE &3l 814.96 (H-
DEF 8¢ 150.7 (C-7)8] A4S gAsk3th Methoxy protons<> HSQCE
&3l 8n 3.92/8¢ 62.1 (C-21), 84 3.73/3¢ 61.1(C-22), dn 3.85/8¢ 56.7 (C-23), 56.4
(C-24)2] AL T35l o HMBCE 23l oy 3.92/5¢ 143.4 (C-20), du
3.73/5¢ 152.6 (C-19), &u 3.85/5c 148.6 (C-15), 1492 (C-14)°] AZdS
gelstgity. ol AxE  wd¥} glFxske]  2-hydroxy-3.4,6,7-
tetramethoxy-9,10-dihydrophenanthrene-2-O-B-dglucopyranoside, kg

epimedoicarisoside A= 5733t (Tanaka et al. 2007).
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Fig 42. Effects of compounds 1-22 and berberine-HCl (BER) on PCSK9 and LDLR
regulation in the HepG2 human hepatocellular liver carcinoma cell line. The mRNA
expressions of PCSK9 (A) and LDLR (B) were assayed by qRT-PCR in cells treated with
compounds 1-22 for 24 h.
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Abstract

Chemical constituents of Epimedium
koreanum and their inhibitory activity
against PCSK9 expression

Epimedium (Berberidaceae) is a genus of about 52 species of herbaceous planats and
mainly distributed in East, South, Central Asia and Europe. The dried aerial parts of
Epimedium koreanum Nakai, Herba Epimedii, have been used as a tonic or for the
treatment of dementia, hypertension, impotence, rheumatic and paralytic diseases.
Previous phytochemical studies reported that lignans, phenol glycosides, and
prenylated flavonoids are present as chemical constituents of this plant. Individual
constituents including icariin and extracts of . koreanum demonstrated a variety of
biological activities such as anti-hepatotoxic, anti-inflammatory, anti-osteoporosis,
anti-tumor and immunoadjuvant activities as well as improvement of sexual function.
Proprotein convertase subtisilin/kexin type 9 (PCSK9) is involved in degrading
LDLR via clathrin-dependent endocytosis and preventing LDLR recycling, and
resultantly decreasing the capacity of LDL uptake into cells. Thus, high expression
of PCSK9 is often associated with the incidence of hypercholesterolemia and
inhibition of PCSK9 expression or activity has been suggested as a tool to treat
patients with familial hypercholesterolemia. Currently, two antibody drugs are
prescribed clinically since 2015.

As part of our ongoing project to discover PCSK9 expression inhibitory compounds
from medicinal plants, n-BuOH-soluble fraction of the aerial parts of E. koreanum
was selected for further investigation due to its initial PCSK9 mRNA expression
inhibitory activity. Four new acylated flavonoids (1-4) and 18 known compounds (5-
22) were isolated from n-BuOH soluble fraction of E. koreanum. The structures of

new compounds were elucidated by NMR, MS, and chemical method. All isolated
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compounds were tested for their inhibitory activities against PCSK9 mRNA
expression in the HepG2 cells. Of the isolates, compounds 6, 7 and 16 were found
to inhibit PCSK9 mRNA expression. In addition, compound 7 showed to increase
LDLR mRNA expression. Thus, this compound 7 may merit potential to increase

LDL uptake and lower cholesterol level in blood.

Keywords : Herba Epimedii; Epimedium koreanum; prenylated flavonoid;
PCSK9; LDLR; cholesterol
Student Number : 2010-21671
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