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Study on prenylflavonoids isolated from Epimedii Herba having the
inhibition activity of Advanced Glycation End-products.
Keisuke Nakashima

Epimedii Herba (EH), also known as “Yin Yang Huo” or Horny Goat Weed, has been used
in traditional Chinese medicine to treat erectile dysfunction, dysuria, waist and knee pain,
infertility, and angina pectoris. EH extract is included in energy drinks for the purpose of
tonicity in Japan. Prenylflavonoids are major EH constituents with diverse biological
activities, including suppressing nerve degeneration and improving cognitive function in
neurological disorders, attenuating hypoxia-induced oxidative stress and apoptosis in
osteoblasts, preserving the osteogenic differentiation potential of osteoblasts, inhibiting
PDES activity, and increasing cellular cGMP by enhancing nitric oxide synthase (NOS) in
corpus cavernosum tissue from diabetic rats with erectile dysfunction (ED).

Early protein glycation results in the formation of Schiff bases and Amadri products.
Further protein glycation causes molecular rearrangements leading to AGE generation. N°-
(Carboxymethyl)lysine (CML), a major antigenic AGE structure, accumulates in several
human and animal tissues during aging and in patients with various diseases, including
diabetic nephropathy. N“-(Carboxymethyl)arginine (CMA) is an acid-labile AGE structure
that was discovered in the enzymic hydrolysate of glycated collagen. CMA accumulation in
tissue proteins may contribute to the pathophysiology of aging and age-related diseases.

We developed specific monoclonal antibodies against CML and CMA and demonstrated
that a specific antibody is a powerful tool for analyzing the efficacy of AGE inhibitors. A
previous study showed that astragalosides significantly inhibited the formation of CML and
pentosidine, with astragaloside V having the strongest inhibitory effect among all compounds
isolated from Astragali Radix. However, there are no reports of the inhibitory activity of
plants from the genus Epimedium against AGE accumulation. A preliminary bioassay
showed that the MeOH extract of EH had significant inhibitory effects on CML and CMA
formation, which prompted further study of the active constituents of this plant. A bioassay-
guided investigation of MeOH EH extract fractions resulted in the isolation of twenty new
prenylflavonoids and thirty known compounds. This study reports the isolation and structural
determination of new compounds, as well as the inhibitory activities of the isolates against
formation of CML and CMA.

The aerial parts of Epimedium spp. (3.0 kg) were purchased from Uchida Wakan-yaku and
extracted with MeOH. The MeOH extract suppressed both CML and CMA formation at a
concentration of 1 mg/mL. The extract was partitioned between n-hexane and 80% MeOH,

after which the 80% MeOH layer was concentrated under reduced pressure to obtain a



residue. The residue suppressed both CML and CMA formation while the n-hexane fraction
did not show activity at a concentration of 1 mg/mL. The residue was subjected to column
chromatography on an MCI-gel CHP-20P column and eluted with a stepwise gradient system
of MeOH (0%, 50%, and 100%) to obtain 1% fraction, 2" fraction, and 3™ fraction,
respectively. The inhibitory activity of the 3 fractions was tested at a concentration of 1
mg/mL. The 2™ and the 3™ fractions almost completely suppressed CML formation. In
contrast, the 1% fraction did not show activity. The 2™ and 3™ fractions had potent activity
and were rich in prenylflavonoids; therefore, we decided to further separate these fractions
using a Sephadex LH-20 column and silica gel chromatography followed by preparative
high-performance liquid chromatography (HPLC) purification to get fifty compounds
including twenty new ones. The new compounds were determined their chemical structure
by spectroscopic data mainly using NMR and MS. Furthermore, comparing with authentic
literatures identified the thirty known compounds.

Isolates compounds were evaluated for their inhibitory activities against CML and CMA
formation. Epimedokoreanin B (EK-B), epimedonins E, G, and H almost completely
suppressed CML formation at a concentration of 1 uM, while pyridoxamine showed weak
suppressive activity. EK-B, epimedonins E, G, and H also significantly suppressed CMA
formation at a concentration of 10 pM. EK-B exhibited markedly more effective inhibition
of CML and CMA formation in comparison with that of epimedonins E, G, and H. Structure-
activity analysis suggested that the oxygen group attached at C-3 position decreased the
activity of prenylflavonoid glycosides. The catechol group in the B ring in compounds might
be crucial for inhibition of CML and CMA formation. Furthermore, the prenyl groups
attached at C-8 on A ring and at C-5’ on B ring in compounds might be crucial for inhibition
of CML and CMA formation. A detailed structure-activity relationship study is ongoing.
Because the yield of EK-B was higher than that of compounds of all isolated from EH is as
a representative compound of EH with potent activity against CML and CMA formation.

Herein, the inhibitory effect of EH was measured with an assay system that estimated the
formation of CML and CMA using antibodies. Under the assay conditions employed, the EH
extract significantly inhibited CML and CMA formation at a concentration of 1 mg/mL.
Furthermore, the inhibitory effects of prenylflavonoids isolated from EH on CML and CMA
formation were evaluated. EK-B significantly inhibited CML and CMA formation relative
to that observed in the positive control groups (pyridoxamine and luteolin). These results
suggest that EK-B could be used as a therapeutic compound because it prevents the
development of diabetes complications such as diabetic nephropathy, retinopathy, and

neuropathy by inhibiting AGE formation.
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Fig. 1. Maillard reaction. Reducing sugars such as glucose and ribose react with amino

residues of proteins and free amino acid, and reaction that occurs between reducing sugars

and generate AGEs through formation of Shiff base and Amadori products.
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Fig. 2. AGEs accumulation promoted by a lifestyle-related diseases. AGEs accumulate in
the body in accordance with age, with such accumulation being enhanced by lifestyle-related

diseases such as diabetic complications that result in the denaturation of proteins.
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Fig. 3. AGE Structures.
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Fig. 4. Preparation of natural medicines extracts for AGEs inhibition activety test.



Table 1. Crude drugs used for this study.
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1-2 AT X 2D AGEs &GS M8

AGEs OHiEIR (Fig.3) 1E, ZOMEEOE N LD | ARICEHET 2 0E K
TN D, Flo, dOMECAUENE AR 27 AGEs b IEET D, LT2io
T, K VRAZREELR O MR BYEZ H 35 AGEs [HERIOBRRET 5720
(21X, fHl %2 O AGEs #iEk % 2 —7 v M LT ERI OB PN METH 5, AiF5E
TEa 77— CERET L2 05N TW5 AGEs #iEKD CML & CMA ©
AREAET S Z EICL Y, 5% E 2B NMEORFEBO T, GBI
ORIREILEMOBERET HZ L BME LT\ D, & 2 CRITE TR L 7= KA




WX ZADRA T ) == T 2HHRMITIICHT 0, T CMA HiiEz Huvi-
HBA%%L%#%*&’Lkoﬁﬁ@%%ﬁ&iﬁb(%3$)féﬁ\&yﬂ

BLLTCEIF U2 BELE LT/ Aa—20fbYIc s B Y R—2 % A
T%ﬁ%ﬁotoi#\)$—X(mmM)bt7%/amym3®ﬁé%ﬁmf
SR 2 (10 mgmL) ZMx, 37 C T7HMA v Fax—T a3 Lz,
B FUHICAERK LT CML, CMA O&%, £/ 7 v—F ik %z vz ELISA
BICEVERE L, Z LT VU7 AVERINO & X I(24RKT 5 CML,CMA O (=
v ha— W) \ZHT B IEERZRHME Lz, ZOFERO D CMA AL EFR
DFEFIZOWT Fig. 5 1ITR-7,
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Fig. 5. Effect of crude drugs extracts on CMA formation. Gelatin (2 mg/mL) and ribose (30

mM) were incubated with crude drugs extracts (10 mg/mL) in 100 mM sodium phosphate buffer
at 37°C for 7 days. The CMA content was determined by noncompetitive ELISA. *p < 0.003,
*¥p < 0.001, ***p < 0.0001 compared to control.

MY, = br—1 D CMA AEREZ100% & LT- & & O KRWHhH — % %
Wy 7o CMA AkEDEE (%) 2T, FORER. 7404, 70, A
B YIRS L THWEEY RE3 2 0 k0 AR EEE 2R LT,




1-3

/N

AREETIL, YAFFEE TR L 72 R =% X DAGEs ARPLEFEMEAR 7 Y —
=T EToTe, TORR. AV YD T, A TA D3 SDORKFHY)
FANKIEE L THWZEY R34 0 X0 BOCMALE L EE . (BLEE
80%LL ) Z7RLT7- (Fig. 5, 6), Fex DWW NV —T TITo72% 7 I DR IFE X
D, 7R A NEOLVT AV AACHEE R CMA AR EEES R Sz, 74
TAE, VY BO—FEEATHEIME Y 22 < Gieh, TEERTICOWTIIRBKETT
b, —FH. ABVITITT V=N T TR A ReFOIZESERRRONEEND 2
LS BICAEAT S e R =X ZAD A7 J —= U 7128V T R BV CMA
ARRBLEEEABIRI SN2 &b, A B Y Y DIZEENDHCMA AR EREAR
EOMAEZEK Lz, SBIZ, AWV YT R0ELNALILEWIZEL T, CML 4
P ETE MR D H W TITH Z LI L,

Fig. 6. Natural medicines having strong inhibition activety against CMA formation.

a: Schizonepetae Spica. b: Chrysanthemi Flos. ¢: Epimedii Herba.



B2E A4V YUDCML, CMA £RRBEER DEREHE
2-1 £ 7Y YU (Epimedii Herba) (Z-OYNT

AF Y Y TIEAFE (Berberidaceae) DEHELFR T, AL ITA I v h 7 (IF
7, yin yan huo) . #3E4 1 horny goat weed & FE(EIL D (Fig. 7)., F7z. —FJLiE
ELAToNb LB, EERFF 7220 LIZIEDN 3 AN, &2 DX 3 KD
ENRONTWND (Fig. 7a), A0V YV 73 EI P EERICBWTER S L, )
BRI, PERIES LD A, NE, PRIER SR 1IH L & S
T2 ¥, ARTOHLERBHLOAMTHRE NI 72X RAL LTEERLTV D,
Flo, B TEIAG E WD FRIOIEERD—2L LTHWSLND, T A Y 7z L
AT, =X ART Y A AL LCHitE LTV 5 (Fig. 7b), A AV Y DIZIE5E
AR & IR MR L, e N RIEFESKM CIX 5 #E (Epimedium brevicornum, E.
sagittatum, E. pubescens, E. wushanense, E. koreanum) 7F3EJFREY) & L CRedEi ST
5, AARIERFHFIZIE, FNHIC 2 (E. grandiflorum, E. sepervirens) % Nz, 7 FEH
HFHEY & L CTE SN TWD, b0 ) BLERREIIYTF~Z2 A4 Y VY (E
grandiflorum) T, /NA 714 71V Vv (E. diphyllum) . 734 73U 7 (E. setosum) .
XNFA BV YT (E koreanum), Sx T A T3V YT (E sempervirens) 78 EXFEN
HARICAZET S Y, PEFEOHRE LT, >3 vA 3 v a2 (E brevicornum)
ERYX AV YT (E sagittatum) D3Z5TF Hid 9, REBRIZIZ, BAERTO
HICHEG LicA 1Y Y & AKEGEEE O D F X EEN LA LT (Fig. 7o),
BATCDHETH L Z EIFHLNTH LD, FELWEADOREIZRETCH -T2, L
U, TG ~OFEOFGCHHE L7k DML D . EIZFAAFA BV VT (E
koreanum) (Fig. 7d) Cd» 5 EH#ELL L T 5,

A F Y VT ORGIAZEE . B L ERR A ERPESER (B [ 1L K7 e A)
DFRHID, A BV YU OEERSD—D>ThD jcariin 7 7¥rA B Yy (E
macranthum Morr et Decne) 7> b FRfGimiEIZ & 0 B, BEERE L7z 1935 036 F
DTHDY, Flo, MEERRZEOFTLZOIT, ANV Y TOEDENILLT TR
) A NEBOLBGEEZ . HPLC 2V TIT> T %, ZOWEICLD &, BIEH
AHGHOA ) VY ODOREyEEODDLEZZONDIXANTA Y VY (E
koreanum) O, 2 < OFEZFNT icariin & TRy E LTWHAY, HARDIRHEICHE
DWW THOWOLNDIEFEDOEGRNDORYX ) A4 BV Vv (E sagittatum) 1%
icariin Tl&72 < epimedoside A & £y &T5 2 & ZH BT L TWD “(Fig. 8),
Elo. X TABY VT (E sempervirens) 7287 TR ) A4 NEAEZD S OB ME
ThoOMbMER SN TND,



AHYYTHKOT TR A Rk, 2HE Tk R EMIEERTIRLN TN S,
B 21X, icariin (ZIFMIREMEZINZ 5 2 LIC K DMEEFEOUEIER 9, BIEMRo
IKEEEFHEMR(EA R L AL TR b=V AZREESE, 216 OB L%
Fr4 5 /EM %, icariin, icariside I (ICA-II) (Z1ZHR AR Y= A5 7 —+¥ 5 (PDE V) Fi
FERICL D EDUEDR PR EOMENRH D,

Horny Goa!

xird
e
“

Weed E

it

Fig. 7. a: “Nine leaves on three stem” as characteristic Epimedium spp. b: Supplements of
Honey goat weed. c: Epimedii Herba purchased from Uchida Wakanyaku.

d: Flower of E. koreanum.

Icariin Epimedoside A

Fig. 8. Representative consutituents from Epimedii Herba.
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22 A48V YU DRI

ZIVE TIT Epimedium JBHEY D 16 FELL ETROIED TN TE Y . £ OHE
R BHRELTT Ve R, AT e—, TR A R, V7F A
FI v BAXT AN T )=V BEOT ==Y A R E 260
FELL EDLE s BB - #EETRE STV D T, FERSr S dcariin ZHLE LT L
=T ITRIA R THLHN, MIZE>TEHERENBELL, vravAravihs (E
brevicornum) 7>H1E, A 51U Y U ORERI 725 T 5 icariin 3 LT epimedin A,
B. C Z&RMINTHEET 2 HIENHE SN TWD %, FL=VvT7 TR A ROEE
ROKBEIEDO BT B F ML I TS epimedin LK, L 72 £ F7=, FERHEICZ X
v — A& & TEE{R D epimedoside E, ikarisoside F 72 ENF NF A Y V7 (E
koreanum) >0 HEE, EERE IHTWD Y7, F O, icariside II, baohuoside 11, 2"-
O-rhamnosyl icariside II 7¢ & OBELFEARSS, 7 27U =2 2@ caritin, desmethylicaritin,
epimedokoreanin B 73 2 VE U A AU J 7 (E. pubescens) 75 HEESILTND
B XBZ, BYX ANV VY (E sagittatum) D>51X, sagittatosides A, B,C 23
B, MEERE STV S # (Fig. 9),

HO O HO O HO O
H H Ac

Epimedin | Epimedin K Epimedin L

Fig. 9. Known prenylflavonoids isolated from E. Herba.
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Epimedoside E Ikarisoside F

o
0 HO OH HO OH
Icariside Il Baohuoside Il 2"-O-rhamnosyl-icarisid Il

o
Icaritin Desmethylticaritin Epimedokoreanin B

HO AcO
OHo o OHo o
HO% HO OH
HO HO
Sagittatoside A Sagittatoside B Sagittatoside C

Fig. 9. (Continued)



2-3 #hi - OBk
2-3-1 £ 4V Y 7D CML, CMA 4 fR L ZEE M 4y DR

UF AR DA LA Y Y '7 (EpimediiHerba) \Z2WTC, 7. CML,
CMA AR ETENEE ) 2 REt T 2 72 DI TR E(T o 7o, EIO TR O 1k
e, AV YT (10g) ZAX ) —Mﬁm L. MeOH filitH=* % (14¢g) %15
72 MeOH =% A I % HAY & LT, n-Hexane & 80% MeOH T4yl L7z, WRIT
80% MeOH 47 [ LA U AF L 5L (MCI gel CHP20P) (Zff L. H,O, 50% MeOH
BB L V100% MeOH TIARIEH SH7= (Chart 1), MeOH filiti# & Z 1 543 EjlZo
W, CML, CMA ARBEERER (o 7 ViRE: 1.0 mg/mL) #17-7- (Fig. 10),

Epimedii Herba
(109)
Ultrasonic Extraction with MeOH

MeOH extract
(1.49)
Partition between n-Hexane and 80% MeOH

n-Hexane layer 80% MeOH layer
(156 mg) (1.19)

| M1 gel cHP20P

H,O 50% MeOH MeOH
(524 mg) (204 mg) (335 mg)
Sephadex LH-20

MeOH-1 MeOH-2 MeOH-3
(65 mg) (216 mg) (37 mg)
Chart 1.
ZDFEF, CML, CMA 3£{Z MCI gel CHP20P @ 50% MeOH, MeOH ¥4 Hi 43 B | Z 58\ VA Ak

PTG MR O B (Fig. 10 a,b), S 51T, 50% MeOH & HH[ 5y L 0 Myg@%;m
MeOH{%FEd THZDUNTIX, Sephadex LH-20 | otéft/\%‘m) TRfEZ TV, TLC 1T X
THERER AR L7223 5, 3 D (Frs. 1~3) (Z43E L7, 5 LA E43 220V T CML,
CMA A RRBHFTE MR (Y2 7 VIR EE: 100 pg/mL) #1772 (Fig. 10¢,d), & DfEE,
CML, CMA #£{Z MeOH-3 T4y %ﬁb@ﬁwﬁf—ﬁ.ﬁ PEDNERSD B AL, Fig. 10 (28T, 8
b\/ﬁfﬁ@%&%hhﬁf\ ZOWT, TLCIZ X 20 &E T o7z, ZDRER. 77K /A4 R
BIZEENTNDZ LML, %_T\ CML, CMA ApafRET L7 TR /A
MJZ TOFEMAE I ST D72, BB R 3kg (CHE & L, A7 - 2082 B4G
L7,
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a CML b CMA
_180.0 _ 120
£ 1600 2 100
S 140.0 5
o o
5 120.0 Hé 80
w 100.0 ]
5 80.0 g 60
S 60.0 =
40
£ 400 £
£ 200 £ 20
S 00 g .
b N ke & o o
Q S () ) Q \2‘ ‘2‘ N
L TN L LS A S S o
SR TR T & ‘Z‘s\lzﬁ @ %q’o QQQ\ e,OQ\ &
RS S N N S 4 N
°\‘§\ ° @e ‘2‘@@?9 Q°\° he
e S
®
¢ CML d CMA
140 120
3 120 10 |
@ €
S 100 | — 8
- B 5 80
£ 80 &
5 5 60
= 60 =}
© 1+
£ E 40
5 40 S
—_ <
20
g 2 l 2
0 0 [
> N v S > '\/ v <«
<& XY XY XY o $ Ny o
~ ?JO @O @0 X < O Q/ <
AR\ N » RN NS

Fig. 10. Effect of divided fractions on CML (a, b) & CMA (¢, d) formation. Gelatin (2.0
mg/mL) and ribose (30 mM) were incubated with fractions (a, b: 1.0 mg/mL, ¢, d: 100 ug/mL)
at 37°C for 7 days. The CML and CMA content was determined using noncompetitive ELISA.
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232 AHYVYVUHEKRTSR ) A RO « 558k

A 71U YYD (E.Herba) @ CML,CMA AIHFENEN 2 BT DIEHEAREKE BN D 7
FR A FMEAEMEFECRTTT 572012, BE, A 7Y V7 (3.0 kg) O - o
Z1To7z, £ 5072 MeOH =% AL, mifi (2-3-1) EAERO DA — A TEET TR
J A Riligy 2, 3 (Frs.2and3) #4572, 25 OEi5y L, I MCIgel CHP20P [ZfF L,
HOmEIT> 12, BN/ DE O 7 ZR ) A4 RERESICOWT, TRENAED Z
Lra<x 7T 74— MW TERD IR LHE - R 2TV (LB 1~46 & APRT 2 46
o & % HEfE L 7= (Chart 2),

Epimedii Herba
(3.0 kg)
Ultrasonic Extraction with MeOH
MeOH extract

(485 g)
| Partition between n-Hexane and 80% MeOH

n-Hexane layer 80% MeOH layer
| MCI gel CHP20P
| 2 | |
Fr.1 Fr.2 Fr.3
(H,O Fr.) |(50% MeOH Fr.) (MeOH Fr.)
MCI gel CHP20P MCI gel CHP20P
20%~ 60%|70% 80% 90%~ 100% |H,O~ 70% 80% 90% 100%
MeOH MeOH MeOH MeOH 60% MeOH | MeOH MeOH MeOH MeOH
Fr.2-1~2-5 Fr. 2-6 Fr.2-7  Fr.2-8~2-9 Fr.3-1~3-3 Fr. 3-4 Fr. 3-5 Fr. 3-6 Fr. 3-7
1) Sephadex LH-20
2) Waters p-Bondapak
3) Si0,
4) HPLC (ODS, etc.)
A N N A N
Known Known Known Known Known
1 3 31 11 || 34 39 23 || 45 29
2 4 32 12 || 35 40 24 || 46 30
5 33 13 || 36 41 25
6 14 || 37 42 26
7 15 || 38 43 27
8 16 44 28
-/ |
9 17
10 18
— L J
Chart 2.

Honibamo > b, ALEW 1~30 XY Tho7-. — . LAWY 31~46
D 16 MIFSTERERH O BRI AW Th - 1=, REITIILEY 1~46 DILFREE 2D
W, FTHEAE & ROICEE L T 5,
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2-4

R ERAT

AIEI CMEEZ R L L DS, BN T L7 n~ M ERISHAE DO TR
EATV AWV Y UG 46 BHOLEMEHEE L2, Gonifba®mo s 5, 1k
B 1~-30 [ZEERLEW & FE S, ALED 31~46 ITHTRULED L IRE ST,

2-4-1 A BV UHERKRTTIR A FOBEALEMDEEIZOWT

Foil e D 5 6 BEEEEY (1~ 30) DALFHEEIZ DV TUE, I 'H-NMR,
BC-NMR Z#E L, SCikE & i35 2 & CTREZIT> 72 (Fig. 1),

LaW 3~5 1&. A7V Y v ORENLRBER TH S icariin (12) 126 9 1 mol
FEDHER LTALA M TH D, BlD, icatiin @ C BE3NLDT A/ —AD 2HLIZER
PRIV a—R TA)—A Fra—ARMEE L 3 BEEHEA T, 2
epimedinA (3), B (4), C (5) L[RIE L7, LAWY 6 1% icariin O C B 3 L
DT L) —AD 3T N a—ARFEE LTz epimedin I & [FE L2 92, {LEY
7~ 10 X epimedin I (6) % . L& 19 1L epimedin I (6) D A Bz 7 iDL a—A
DAREE U7 2 BERCHE R 2 FEACE RS & L, Rl 7L 2 — A O KEEEE D —EnS T & F v
EENTVLORRHETH L, BIH, Rim7Va—2AD 2,6 (L7 F/LED
epimedinK (7)., 3,6 {\.7 & F /LAKD epimedin L (8), 4,6 (\.7 & F /LILD caohuoside
B(9).6 .7 & T /LIKD epimedokoreanoside I (10) & % D 2 BEELHE{A korepimedoside
A19) E[RE L2, {bAEW 2, 12~14 133 iKkERIL, 8 N7 L=tz dhgd
% 2 BERCKE(R T, ZXZ 4 cuhuoside (2)%, icariin (12)%, sagittatoside A (13)*, 2”-O-
rhamnosyl icarisid Il (14)* & Rl L7z, (L& 1, 15~18, 211X CER 3 (L2 T A/ —
Z b LAZ AR TALZ 7 Vv a—AEE LTc 1V BERCHEIA C. Z 241 epimedoside
C (1)*, pherodendroside (15)*, caohuoside C (16), icariside I (17)%, icarisoside A (18)%,
icariside 1(21)® & [RIE L=, LAY 11,20,22~30 (37 L=V T7 TR ) A ROT 7Y
2T, ENEI epimedokoreanin C (11)*7, 8-prenyl kaempferol (20), 8-prenyl luteolin
(22)%8, gaocaonin E (23)*°, euchresta flavanone A (24)*, epimedonin C (25)%°, 8,5 -diprenyl
apigenin (26)°!, broussonol D (27)°!, epimedokoreanin B (28)°’, 4’-O-methyl limonianin
(29)%, limonianin (30)** & [FE L 7,
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20
22
26
27
28

23
24

1"

25

29
30

Epimedin A glc
Epimedin B xyl
Epimedin C rha
R, R, R; R,
Epimedin | H H H H
Epimedin K Ac H H Ac
Epimedin L H Ac H Ac
Caohuoside B H H Ac Ac
Epimedokoreanoside | H H H Ac
Korepimedoside A H H H Ac
R, R, R, R,
Cuhuoside H Me H glc*-glc
Icariin H Me rha glc
Sagitattoside A H H rha®’-glc H
2"-0-Rhamnosyl-icarisid Il H Me  rha?rha H
Epimedoside C H H H glc
Pherodendrozide H H glc H
Caohuoside C OH Me rha H
Icariside Il H Me rha H
Icarisoside A H H rha H
Icariside | H Me H glc
R R, Rs
8-Prenyl kaemferol H H OH
8-Prenyl luteolin H OH H
8,5'-Diprenyl apigenin CH,CH=C(CHy;), H H
Broussonol D CH,CH=C(CH,), OH OH
Epimedokoreanin B CH,CH=C(CH;), OH H
Ry
Gancaonin E OH
Euchrestaflavanon A H
Epimedokoreanin C
Epimedonin C
R, R, R,
4'-0-Methyl limonianin H Me H
Limonianin H H H

Fig. 11. Known compounds isolated from Epimedii Herba.
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2-42 A A Y Y UHERSHFILEY OEERE
2-4-2-1 Icarinoside A (31), B (32), C (39) DREEHRE

(1) Icarinoside A (31)

L& 31 1% [alp -71.9° (c= 0.20) DT AR E LT H4, HR-ESI-MS @
R XV m/z903.2896 [M+Na]* (Caled for 903.2899) THLKZUFCaHs0, & HEE S
2. 'H-NMR O7 —% (Table2) £V, {b&W 31 17 V=L T7 TR A NELKE
REHE SN, AL, 7IR 7 —/LEOB BNBAAXX BITEUL L7 BRI R %
Wera~s 42778 o CThd §8.11(2H,d,J=8.6 Hz), 7.18 (2H, d,J = 8.6 Hz),
F 72, y,y-dimethylallyl #%i& (7L =/V3) ICRS0R > 7 TH D 1AL, 1207,
1407, 15020> 3 7518 3.82, 3.68 (each 1H, m), 5.50 (1H, t, J=7.4 Hz), 1.75 (3H, s), 1.58
(BH, s) NENFNERSNT=, SHIZ, A RICHKT I 7 e~T v 7 7v b
75 86.88 (1H, s) (2. A MFUHEITHRT D 7T VH34K §3.79 (3H, s), 3.74 (3H,
s),3.75 3H, s) B Sz, £7/2. §6.10 (IH,brs) ICa-L-F L) —ADT /A
w77k, 8571 (1H,d,J=7.5Hz) ([Zf-D-Z /L a—ADT ) AU v 77 a k)i
FnENBl Sz, UEDOART b —2 X0 Ab&W 31 134 H ) VU Bk
® epimedin C (5) D7 — & L¥EARIT 25 Z L VHBH L7z, 7272 L. epimedinC (5) D&
W I —ADY T FIOVRHEE L, Hoic, §5.78 (1H, d, J=29 Hz) IZ~IT7 k¥
—/L7m k. §5.16 (1H, d, J=2.9 Hz), 5.02 (1H, q, J= 6.8 Hz) (R ICBEE L
7AF T b, §1.51(3H,d,J=68Hz) (X T Ly b AF LD 7 F LBl
SNz, TN Ta b TNV EFERNDIS, S DIZFEMIR AT N VIR &
AT 72012, &% 2D-NMR ZHE L7z, £7, HMQC OfER LY, ik L7=7m
N 7P CHIET A BC-NMR OF — X XEZ4 §105.0, 73.5, 71.9, 18.8 I
J#B SN, £7-. '"HNMR O v 7Y 7% —> L'H-'H COSY DOFEFR LY,
§578 £ §516 7 ki, §502 & §15107 v bIBEET D 2 EVHIBL
72o HMBC (2T, §5.78 /»°5 §80.2,73.5,71.9,, §5.16 75 §172.0, 85.02 75
8 105.0, 8 1.51 72°5H 8 105.0 (ZHHEBIAIENT-, EHIZ, HMBC OFHEE XY §
172.0, 173.4 OB RF I NHEIIAF AT AT LI TNAEZ E HHB L7, X
512 8802 IXT7 TRUVEKRDC3 MICHALEZT L —AD 2 (fLIZREEN5
b, A HEE A Methyl 2-hydroxy-3-[(1-methoxy-1-oxopropan-2-yl) oxy]
propanoate [£7 A/ — A 2 LKA L TWDH Z &P LT (Fig.12 (a))
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(a)

Rhamnose H

A] I ?ﬂn

18.8

6"CH,5" OH o
\ 5..|71_9 | 105.0 ,L73.5 37,

51.9 LC—C——O—C—C—C :
CH,0” 1734 | | 172.0°0CH;,
3.75 H H_/H 516

5.02 578 5.16
1mc HMBC
cosy

Fig. 12. (a) Partial structure A of 31, (b) Full structure of 31.

ERoHETE A 1X. epimedinC DRIET L — A C-37, 4RI TREL-Z &2k D
AR LTbDEHREIND, LI2di-> T, epimedin C DRIED o-L-T LS —AD
BLEDREE SN TWD ERET D L, C-17, 27, SO ERIZENZER S, S, R
KThrLPHEIND, £/, C3°,C4” OHIVKR=JIVENAF IV AT VI8
TWDHKIE, fIHREED 2 % ) — L OR[REMERH 5, U EoTF—2 &AL, 1k
AW 31 OREEIE Fig12(b) (R END X5 ICHEE LT-, TSR OFESR., AMed
WXia SR OFHILE TH D Z )5 icarinoside A &4 L7,

(2) Icarinoside B (32)

{EE 32 1% [a]p-99.17° (c=0.51) OIEELHAKE LTHEGIL, HR-ESI-MS D
AR m/z903.2896 [M+Na]" (Calcd for 903.2899) THLALAFCyHs202 & HEE S 4072,
F7-. '"H-NMR, BC-NMR ®OF—# (Table 2) L V. {t&# 31 %D epimedin C
BE(L A Th D & HEE S 47z, Icarinoside A (31) & 32 DAY fLTF—H &Gf
ACHEST D &, 7 TR BIRC3 MDD T L —AD 2 (KA LT R ED
31 OFHEE A LR HUIMNIELS —E Lz, bEW 32 ORIER/HEE B (1T
BIL T, 'H-NMR (28T, §5.94(1H,s),2.63 (1H, dd, J=6.8, 15.4 Hz), 2.89 (1H, dd,
J=6.8, 13.2 Hz), 4.60 (1H, ddd, J= 13.2, 15.4, 6.3 Hz), 1.50 (3H, d, J= 6.3 Hz) |ZF5 &)
R TFUNERENT, b7 e hraisE LT, £ 2D-NMR ZHIE L
=& Z A, Fig. 13 (a) [ZRT & 9 2B &=, BB, §5.94 O~I T kX
=7 bbb §79.4,168.3,71.8 DR, §2.64,2.89 DATF LT hUhb
§171.3,71.8,22.0 DRFIZHMBC OFHBENRAHILDH Z LD, C-17(8 100.6) D~
T BH —IIUEEOBRIC VR =L (§168.3), X7 Ly b ATFILE (522.0) D
WALIEAXFVAFLURFE B71.8) ICAFLUIRFE (541.7) DAL, TD X
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F U UIRBIZHINVR=IVERFE (8171.3) BREALTWDHZ ENHIH L, £/2, C-
27,3 DHNLRZNVIEFIAF LT AT LI >TNSZ & HMBC OFHES TH
SNERST, UEXED T A —2D 2 MTHES LTV D E0H#ERE B 1T Fig. 13
(a) DEHTIREENTZ, AMEEWIT epimedin C DKRIHT /) —AD C-27,3” [#]
TERLHIIC C-C FEADBANEZ /-2 Licky, BIBREEE L~ 7%, C-4” D
WICEC27, 37 DHNVEKR RS DAF N AT AR Z D AR LTS O L HE
ELTWD, ZhbDT7T—Faia L, ke 32 OfbFfEiEiE, Fig 13 (b) 1R
IND X DITHEE LT, STRIRR ORER ., AMEEWITam SUREH OB HULEH TH
5 Z LMD, icarinoside B &4 L7,

(a)
Rhamnose H
_ A~T794

!
22.0 |
o 264| IH31.5o Cl) o
e AT S A T
CHz0 1713 4"\ /] |j" OCH;
: N
289 4.60 5.94
1ﬂc HMBC
—— cosy

Fig. 13. (a) Partial structure B of 32, (b) Full structure of 32.
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(3) Icarinoside C (39)

L&Y 39 1% [a]p -64.7° (c= 0.31) DO FE AR E L TH HILHR-ESI-MS D
B m/z702.2539 [M+Na]* (Calcd for 702.2524) THRIAIE CisHaO1s & HEE S 072,
ZDOZ ENBALEY 39 (Xicarinoside A(31), B(32) &Lh#EZL T, ~F Y —A Imol
53 S TR NSWEEY EHIBT LT-, TH-NMR, BC-NMR O —# (Table 2-1) %,
icarinoside B (32) &t 5 & 7 MLICHEART D7 v a—AHKRD T T HHEL
ool Z EUNELS —F LTz, LEEB->T, {bEW 39 1%, 27-O-thamnosyl-icarisid
Il (14) ORI T L) —AD C-27, C-3” (L TEALHIICEAZ L7z Fig. 14 TR 7H#
EThDEHE Lz, MEAaITHHILEm TH D Z L5, icarinoside C &4
L7,

1ﬂc HMBC

- —— cosy
MeO3

Fig. 14. Key HMBC & 'H-"H COSY correlations of 39.
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Table 2. 'H- and 3C-NMR data for icarinoside A (31), B (32), and C (39) in pyridine-ds.

Icarinoside A (31) Icarinoside B (32) Icarinoside C (39)
position Sc &y (J inHz) S¢ Sy (JinHz) Sc Sy (J in Hz)
2 157.5 157.4 156.9
3 135.0 135.0 135.0
4 179.0 178.8 178.7
5 160.0 159.8 159.9
6 99.1 7.22,1H,s 98.9 7.19,1H,s 98.9 6.88, 1H, s
7 161.7 161.4 161.8
8 109.4 109.2 106.8
9 153.8 153.5 154.6
10 106.7 106.5 105.0
11 223 3.82,3.68, 1H, m 225 3.82,3.68, 1H, m 219 3.77,1H,m
12 123.6 5.50, 1H, 1, (7.4) 122.8 5.51,1H, 1, (7.4) 123.1 5.51,1H, 1, (7.4)
13 1315 131.3 1315
14 255 1.75,3H, s 253 1.75,3H, s 254 1.79,3H, s
15 17.9 1.58,3H, s 17.7 1.58, 3H, s 17.7 1.63,3H, s
1" 123.6 123.0 123.0
2 1315 8.11, 1H, d, (8.6) 130.8 8.11, 1H,d, (8.5) 130.8 8.10, 1H, d, (8.6)
3 114.2 7.18, 1H, d, (8.6) 114.2 7.18, 1H, d, (8.6) 114.2 7.16, 1H, d, (8.6)
4 162.5 161.9 163.0
5' 114.2 7.18, 1H, d, (8.6) 114.2 7.18, 1H, d, (8.6) 114.2 7.16, 1H, d, (8.6)
6' 1315 8.11, 1H, d, (8.6) 130.8 8.11, 1H, d, (8.5) 130.8 8.10, 2H, d, (8.6)
4'-OMe 55.4 3.76,3H, s 55.2 3.75,3H, s 55.2 3.76,3H, s
1" 105.0 5.78, 1H, d, (2.9) 100.6 594, 1H, s 101.7 592, 1H,s
2’ 73.5 5.16, 1H, d, (2.9) 168.3 79.6
3" 172.0 171.3 71.8
4"-1 1734 417 2.63, 1H, dd, (6.8, 15.4) 724 2.59, 1H, dd, (5.7, 15.5)
4"-2 2.89, 1H, dd, (6.8, 13.2) 2.86, 1H, dd, (6.9, 15.5)
5" 71.9 5.02, 1H, q, (6.3, 13.2) 71.8 4.60, 1H, m 71.5 4.62,1H, m
6" 18.8 1.51, 3H, d, (6.8) 220 1.50, 1H, d, (6.3) 17.8 1.41,1H, d, (6.3)
2"-OMe 51.5 3.66, 3H, s 51.5 3.62,3H,s
3"-OMe 51.6 3.74,3H, s 51.2 3.64,3H, s 51.2 3.61,3H,s
4"-OMe 51.9 3.75,3H, s
rha
1 101.8 6.10, 1H, br s 101.6 6.11, 1H, brs 101.7 6.09, 1H, br s
2 80.0 5.07,1H, brs 79.4 5.03, 1H, brs 79.6 5.03, 1H, brs
3 71.5 4.55, 1H, dd, (3.5, 9.5) 7.7 4.57,1H, dd, (3.5, 9.2) 71.8 4.57, 1H, dd, (3.4, 9.7)
4 72.8 4.17,1H, 1, (9.5) 723 4.22,1H, t, (9.2) 724 4.20, 1H, 1, (9.7)
5 721 4.00, 1H, m 71.4 4.00, 1H, m 71.5 4.07, 1H, m
6 17.9 1.36, 3H, d, (6.3) 17.7 1.36, 3H, d, (5.7) 17.8 1.32, 3H, d, (6.3)
glc
1 102.3 5.71,1H,d, (7.5) 102 5.70, 1H, d, (7.5)
2 74.6 4.36, 1H, dd, (7.5, 9.7) 74.3 4.36, 1H, br d, (8.6)
3 78.2 4.38, 1H, 1, (9.7) 77.9 4.38, 1H, 1, (8.6)
4 70.8 4.30, 1H, dd, (9.7, 9.2) 70.6 4.30, 1H, dd, (8.0, 8.6)
5 78.7 4.12,1H, m 78.4 4.12,1H, m
6 61.9 443, 1H, m 61.7 4.33,1H, m

4.49, 1H, br d, (9.7)

4.49, 1H, br d, (9.7)
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2-4-2-2 Koreanoside F (34), G (37), H (38), I (33) D&&EE

(4) Koreanoside F (34)

L& 34 13 [a]p -203.7° (c= 0.16) OIEELAHAKE L TH G, HR-ESI-MS O
FESE. m/z 551.1508 [M+ Na]" (Caled for 551.1529) THIA UL CoHasOn EHEE S 1L
72 "H-NMR {28 T (Table 3), 7 774K/ —/VBO B BB ANXXHUZENL L
B e T e ~T 4 v 7 7 a b THDH §8.17 (2H, d, J= 8.6 Hz), 7.15 (2H,
d,J=8.6Hz), & A RHkOTv~7T 1> 77w b §7.11(1H, s) HEHI Sz,
XI5, A RRUHEIZHEED T T TN §373BH,s) ETL S —ADT I AV v
7a by FI §625(1H, d, J=1.8 Hz) bBIHIEH., A BV Y 7 ORERAE
47D icariside I1 (17) D X 9 72 ¥ 72 ©— 7 DR ST, B DAY fLT
—Z L0 LAY 34 1% icariside I (17) D 8 i 7 L = /LA b S U= ififk &
WESNZ, ZZC 7V EBHED Y 7PN EHTHD E THNMR IZBW T,
87.19(1H,s) ICA V7 4 =v 77 b, §1.87(6H,s) I 7 Ly b AFLEL 2
KEy DT 7 F i, BC-NMR IZBWT §97.3,165.0 ICA L7 4 = 7 [k#E, §68.1
ICEREERERL DOV 4 #RfRFE §29.1 IZ A FVILICH KT B IRFENBIHIS iz,
TV 7 4= I REDI DB, —I7N §165.0 LIEESICBHISND Z b, L
SNAVEITIT IR A ROBEBIRTL 77 VBREER L TND Z ERHEINT, &
7L EE MR 272012, K8 2D-NMR OF — X Zfifffi+5 &, §7.19 @
FLT7 4= 7Ta bbb T7 IR A RERO C-7 (3 157.9), C-9 (8 149.0) Dfx
F. 187 DAF NIV C-12 (8 165.0), C-14, 15 (5 29.1) D RFB AN BRI S+
oo LTEMRoT, LoV IITT7 TR ) A RO SNLITHER L. TALOKERR & 12 {7
TT7 7 UVBRER L, 1I3MLORFITIT AT IVHE 2 R E KR 1 RBFEAS LT 2-
(furan-2-yl) propan-2-ol #i&z & 2 Z LAV LTz, UL EDTF—2 4G LT, bH
¥ 34 I Fig. 15 R ITHEE L E LT, AMEEMITHHLEMTH DL Z Enb,
koreanoside F & 4, L7-,

5
6 O/ rha-1
4
HO HO 3 2 1ﬂc HMBC

OH
COSsY

Fig. 15. Key HMBC & 'H-"H COSY correlations of 34.

23



(5) Koreanoside I (33)

&% 33 1% [alp -202.3° (c= 0.15) OEHEAKHRE L TH LI, £7- HR-ESI-
MS DOFER. m/z 683.1945 [M+ Na]* (Caled for 683.1945) THIA=UIE CiHs60i5 &
EZINTZ, MS OFT—%16, {bA% 33 IX koreanoside F (34) & Lh#g L TR K
—2Z 1mol 4y (m/z132), Wy FEPREVEAMEHA L, L&Y 33 2k
OyfRE L £ DT BEE Sy & FE Y EE R N SR8 L7 HPLC Tl Lz 2 A, L-7
L) —=ALLEHIZ D-FvE—RADOE—7 ZBHIT L2 LN TE, BC-NMR OF
—# (Table 3) % koreanoside F (34) &L tik4 25 &, Fvm—xfhko> 7

(8 107.5,75.0,77.8,70.4,68.1) X TWADHZ LLAN L —F L=, £ZTxFnm
— ADFEONBEERET D02, K 2D-NMR Offfi 217>/ 2 A, Fm
—ADT /) AV v 7Fua by §513 (1H,d, J=74 Hz) & T L —A 2 NiDjRFE

(8 81.6) IZ HMBC OAHBIA BRI < dv7-, L ED Z £t ALEY 33 1 koreanoside
F 34) OT L/ —RA 2 flZxFvu—ANFES L7z Fig. 16 DX O EETHD &
RE LT, KMEEMIFHIULAEMTH D Z &5, koreanoside I & 4 L7,

HO 37O rha-1
HO
o xyl-1
OH 'y 13¢cHMBC
HO o —— cosy
H

Fig. 16. Key HMBC & 'H-'H COSY correlations of 33.

(6) Koreanoside G (37)

A 37 1T [alp -204.1° (c= 0.17) OHEEMKE L TH L, £7- HR-ESI-
MS DOFER. m/z 565.1743 [M+ Na]* (Caled for 565.1686) THLAIT CusHioOn & HE
E STz, {bA¥ 37 IX koreanosideF (34) L LG L T 14 v~ A=y My &N
K& <, '"HINMR, *C-NMR OF—# (Tabled) 73, k< —EHT B 0D, L&Y 37
[T A PR VIEICHERT D 7L §3.18(BH,s). BLO §50.5 MBI STz, &
ZT, ZOA MKRVEOHANEZIEST D720, £F 2D-NMR ZHIE L7z,
ZOREFR, A M TIHEOT B R (83.18) & 13 fDfRFE §73.1 | HMBC OAH
BENRAH LN, Ko T, {bEW 37 1L koreanoside F (34) @ 13 (\LIT A hF v HEN
fie L7z Fig. 17 O X 5 et Th b LIE L. koreanoside G &4 L7,
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O/ rha-1
HO
HO 1gq§cHMBC
H

o
— COSY

Fig. 17. Key HMBC & 'H-'H COSY correlations of 37.

(7) Koreanoside H (38)

{EEY 38 1X [alp 204.1° (c= 0.15) DB A KL L TH S, HR-ESI-MS @
FEH. m/z 533.1461 [M+ Na]" (Calcd for: 533.1448) THLAIUIT CorHasO10 & HEE S0
72, 'H-NMR, BC-NMR ®7 —# (Table4) (233 T, koreanoside F (34),G (37) &4
LT V=T IR A RDT T VRFBEREHBA LT, ATFAEE D> 7
TR TR S -, BB LAY 38 @ 'H-NMR (280 T8 5.29,5.89 (each
IH,s) =% Y AF L7 b, §217(GH,s) ICE=/LAF LT b7
JL73, BC-NMR 128\ T §113.7,132.7 12 2 @A L7 1>, §19.1 ICE =)L AF
NEDT T FNURHB LT, 2 CrbfifEZ2 iET 572124 2D-NMR %
WELIEEZA, =X VAT LT b §529,589 6 C-12 (§156.9), C-15
(819.1) DIRFIZ, E=AAF LT a Fr §2.17 1D C-12(8 156.9), C-14(5 113.7)
DIRFEIC HMBC FHEANBHI SN D Z L k0| (LAWY 38 OF L =)Ly o
I%. 2-(prop-1-en-2-yl) furan ToH 2D L fIH LTz, UL EOT—XIZX 0 (LAY 3813,
koreanoside F (34), G (37) O/KEAFED K L HFEAER L7c Fig. 18 1277 X9
TefEiE ERE LT, (bEY 38 13HEILEW CTH D 7=, koreanoside H &4 L
77

OH O

(0] rha-1
HO HO 1ﬂc HMBC

OH
COosY

Fig. 18. Key HMBC & 'H-'H COSY correlations of 38.
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Table 3. 'H- and 3 C-NMR data for koreanoside I (33) and F (34) in pyridine-ds.

Koreanoside | (33)

Koreanoside F (34)

position dc Oy (J in Hz) d¢ oy (J inHz)
2 157 1 1571
3 133.0 133.7
4 179.5 179.5
5 160.2 160.2
6 94.8 711,1H, s 947 711,1H, s
7 158.9 157.9
8 106.2 106.2
9 149.0 149.0
10 109.7 109.7
11 97.3 718, 1H, s 97.3 719, 1H,s
12 165.0 165.0
13 67.1 68.1
14 29.1 1.86, 3H, s 29.1 1.87,3H, s
15 29.1 1.86, 3H, s 29.1 1.87,3H, s
1 122.9 122.9
2' 131.0 8.14, 1H, d, (9.2) 130.5 8.17, 1H, d (8.6)
3 114.4 7.17,1H, d, (9.2) 114.3 7.15, 1H, d, (8.6)
4 162.1 162.0
5 114.4 7.17,1H, d, (9.2) 114.3 7.15, 1H, d, (8.6)
6' 131.0 8.14, 1H, d, (9.2) 130.5 8.17, 1H, d (8.6)
4'-OMe 55.3 3.73,3H, s 55.2 3.73,3H, s
13-OMe
rha
1 102.4 6.28, 1H, brs 103.5 6.25, 1H, d, (1.8)
2 81.6 498, 1H, brs 714 5.07, 1H, t, (1.8)
3 71.8 4.61, 1H, dd, (3.5, 9.2) 71.9 4.59, 1H, dd, (3.5, 9.7)
4 73.0 419, 1H, 1, (9.2) 72.6 4.28, 1H, t, (9.7)
5 71.5 424, 1H, m 71.8 4.05, 1H, m
6 17.8 1.37, 3H, d, (6.3) 17.9 1.38, 3H, d, (6.3)
xyl
1 107.5 5.13, 1H, d, (7.4)
2 75.0 4.02, 1H, dd, (7.4, 7.5)
3 77.8 412, 1H, m
4 70.4 3.62, 1H, t, (6.5)
5 68.1 4.21,4.12, each 1H, m
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Table 4. 'H- and *C-NMR data for koreanoside G (37) and H (38) in pyridine-ds.

Koreanoside G (37)

Koreanoside H (38)

position d¢ Oy (J in Hz) d¢ ox(J inHz)
2 157.2 157.7
3 133.7 136.6
4 179.4 179.7
5 160.2 159.1
6 94.7 7.07,1H, s 94.9 6.84, 1H, s
7 158.9 159.1
8 107.8 110.7
9 158.3 156.9
10 109.1 108.1
11 1011 716, 1H, s 100.5 7.27,1H, s
12 159.8 156.9
13 73.1 132.7
14 25.0 1.71,3H, s 113.7 5.29, 5.89, each 1H, s
15 25.0 1.71,3H, s 19.1 2.17,3H, s
1 122.9 122.9
2' 131.0 8.22, 1H, d, (8.6) 131.4 8.29, 1H, d, (8.6)
3 114.3 7.15, 1H, d, (8.6) 114.8 7.27,1H, d, (8.6)
4 162.0 162.0
5 114.3 7.15, 1H, d, (8.6) 114.8 7.27, 1H, d, (8.6)
6' 131.0 8.22, 1H, d, (8.6) 131.4 8.29, 1H, d, (8.6)
4'-OMe 55.2 3.73,3H, s 55.7 3.82,3H, s
13-OMe 50.5 3.18,3H, s
rha
1 103.5 6.24,1H, brs 103.8 6.23, 1H, d, (1.8)
2 72.5 5.06, 1H, br s 721 5.12, 1H, t, (1.8)
3 71.8 4,57, 1H, dd, (3.5, 9.8) 72.1 4.63, 1H, dd, (3.5, 9.7)
4 71.3 4.26, 1H, 1, (9.8) 72.8 4.32,1H, t, (9.7)
5 71.9 4.03,1H, m 71.7 4.09, 1H, m
6 17.9 1.36, 3H, d, (6.3) 18.2 1.41, 3H, d, (6.3)
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2-4-2-3 Korepimedoside D (40), E (41), F (42) DOEERE

®

Korepimedoside D (40)

LEY 40 13 [alp-72.9° (c=0.56) DEFEEHRLE LTHR O, £7- HR-ESI-
MS DfEF. m/z 825.2606 [M+ Na]* (Calcd for 825.2582) T T CaoHasOrs & HE
E ST, ALEY 40 ZWMKRE L 15 O AVTRE 43 2 BE G EE R s (2Rt L
7~ HPLC THM L&A, L-FL /) —RE L BT D-VLa—ADE— 7 2@
THIENMTEZ, 'HNMR IZEBWT (Table5), A BV Y v O#AIR27 TR
A R TH% icariin HRDO T 7 FABH LT, BIH, B B AAXX 71 k
> TH5 §8.16 (2H, d, J= 6.8 Hz), 8.25 (2H, d, J= 6.8 Hz). 7,y-dimethylallyl £ (7L
=)VH) DT F I §4.19,4.08 (each 1H, m), 5.54 (1H, t, J= 6.9 Hz), 1.79 (3H, s).
1.63(3H,s). A BREED 71 h §688(1H,s), A hF D7 h §3.79
(BH,s) WA BNT=, F/=. §6.00(1H,brs) (Z a-L-T L) —ADT ) AV w77
o k. §5.09(1H,d,J=8.0Hz) (2 f-D-Z/La—ADT ) AV w7 7o hrREN
ZHBIAI S 7z, BC-NMR (23T % (Table 5). icariin (2L L7z & — 27 2381
Sz, 77U a i EREHOMEAIEIZ OV T, & FE 2D-NMR O 217 - 7=
LA (Fig 19, L5/ —AD7T /AUy 7 7a bk (§6.00) 1XC B 3 /L (8
1352) 12, £l nNa—2D7 ) Ay 77 by (8509 (&, 7457 —RAD3
A7 (§79.2) IZHMBC OFHBINBIZE SN, ZOZ &b, (LAWY 40 11, C BB
3NLIZT L =AM, BT, FDOT L) —ADINATT VT —ARFES LTz
korepimedoside A (19) Z A= K & T 5 2HERPHATHS Z EVHBI Lz, &
SIZ. LA 40 X7 FAEO T 7T 3 A (52.18,2.15,2.03) BlEND
LMD, TOREANBEEMEET D=0, £ 2D-NMR OfEHT 217 -7~ (Fig.
19), ZTO/ER, T —AD 4 fif §571), Za—AD 200 (§543). 6 if

(54.60,4.86) N7 L—a 7 MLV KIEIEES ICBEISND Z &
WS, FRH7a hrind §170.7,170.5,170.6 O B VAR =)L iR FEIZ HMBC O
FIEAR B OND Z LD, 3 KOT R FAIEIIT L) —AD 4 i, FLa—AD
2, 6 MLICHEE L CWAERELT, BLEOTFT—2I12L 0 (L&YW 40 X Fig. 19
(RIS LIRE S, T I VEDOREAALE OBV RHE B b G & L
T. korepimedoside D &4 L7,
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®

OH
N enmec

cosy

Fig. 19. Key HMBC & 'H-'H COSY correlations of 40.

Korepimedoside E (41)

L&Y 41 1% [alp-71.9° (¢=0.23) DEE LR E L TH G, £72 HR-ESI-
MS DFER. m/z 825.2606 [M+ Na]* (Calcd for 825.2582) THLAIE CioHagO1s & HE
FEENTZ, £72. 'H-NMR, BC-NMR OF—# (Table5) L V. L&YW 41 1%,
§2.03,2.07,2.15 ([Z7 v FVEEKD T 7 F VBB S, korepimedoside D

(40) & [FIERIC, korepimedoside A (19) BH# 7' L =/ 7 TR A ROPERIZ 3 K
DT B FNVENESG LG L HE SN, T2 FALEORAIEICE L TiL,
AFE 2D-NMR #HE L7ZfER, 7457 —2D 4 fif (§581), W}z, Z/va—
AD 3 AL (85.71), 6 L (54.67,4.86) MDEEHIZT v L— a7 FLTW
HZE, EbiIZENALT B RUD §170.5,170.6,170.7 O H VR = )VERFEID
HMBC OB SN D Z & bkE LT, Y bhor—2I12Xk0 | (ba 41
OREERIL Fig. 20 127”73 X 9 7etfiiE L E L. korepimedoside E & s L7z,

HO O Q 1ﬂc HMBC
cosy

Fig. 20. Key HMBC & 'H-'H COSY correlations of 41.
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(10) Korepimedoside F (42)

{bEY 42 1% [alp-73.1° (c=0.22) OELOHKE LTHGI, £7- HR-ESI-
MS DOFER. m/z 825.2606 [M+ Na]* (Calcd for 825.2582) THLAAIL CioHasO1s & HE
EENTz, £7-. 'HNMR, BC-NMR OF —# (Table5) L V. AMLEWH.
korepimedoside D (40), E (41) & [Al£kIZ korepimedoside A (19) BEiEHD 7 & T /L #%5E
REHEE SN7Z, '"HAINMR IZEBWT, §2.03,2.11,2.24 123 KAEbND T BF L EE
OFEGAIEICE L CiE, &f 2D-NMR ZHIE L-fER, 74/ —204 /i (8
584), BLO T va—2d4 fif (§531) &6 L (84.35,456) OF v ho iy
Vl—va 7 MCEVERRIGICBIE NS Z L, EhI, Enb 7 e huh
5 §170.7,170.5,170.6 D F1/VR=/ViRFEIZ HMBC OFEBENEHI S NS Z & &

D, FL)—AD4 i, BEOZLa—2AD 41 e 6 fTlTfHEA LTS ERES
iz, LEDOF =212k, {bEW 42 ORERIT Fig. 21 IR T X O ITRIE L,
FHLAEmTH 5D Z &) korepimedoside F & s L7z,

1:ADCHMBC

COSsY

Fig. 21. Key HMBC & 'H-'H COSY correlations of 42.
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Table. 5. '"H- and C-NMR data for korepimedoside D (40), E (41), and F (42)

in pyridine-ds.

Korepimedoside D (40)

Korepimedoside E (41)

Korepimedoside F (42)

position J¢ Sy (JinHz) Sc Sy (J in Hz) d¢ Ju(JinHz)
2 157.9 157.9 157.9
3 135.2 135.2 135.2
4 178.7 178.7 178.7
5 160.2 160.2 160.2
6 98.9 6.88, 1H, s 98.9 6.87, 1H, s 98.9 6.88, 1H, s
7 161.7 161.7 161.7
8 105.0 105.0 105.0
9 153.9 153.9 153.9
10 106.9 106.9 106.9
11 21.9 4.08,4.19, 1H, m 21.9 4.08,4.19, 1H, m 219 4.08,4.19, 1H, m
12 122.8 5.54,1H, 1, (7.4) 122.8 5.54,1H, 1, (7.4) 122.8 5.54, 1H, 1, (7.4)
13 131.2 131.2 131.2
14 254 1.79,3H, s 254 1.80,3H, s 254 1.79,3H, s
15 17.9 1.63,3H, s 17.9 1.64,3H, s 17.9 1.63,3H, s
1 122.9 122.9 122.9
2 130.8 8.16, 1H, d, (6.8) 130.8 8.16, 1H, d, (6.8) 130.8 8.16, 1H, d, (6.8)
3 114.3 7.25,1H, d, (6.8) 114.3 7.25,1H, d, (6.8) 114.3 7.25,1H, d, (6.8)
4' 162.4 162.4 162.4
5' 114.3 7.25,1H, d, (6.8) 114.3 7.25,1H, d, (6.8) 114.3 7.25,1H, d, (6.8)
6' 130.8 8.16, 1H, d, (6.8) 130.8 8.16, 1H, d, (6.8) 130.8 8.16, 1H, d, (6.8)
4'-OMe 55.3 3.79,3H,s 55.3 3.79,3H, s 55.3 3.79,3H,s
rha
1 102.9 6.00, 1H, br s 102.9 6.1, 1H, br s 102.9 6.09, 1H, br s
2 69.2 5.01,1H, brs 69.2 5.03,1H, brs 69.2 5.03, 1H, br s
3 79.2 4.59, 1H, dd, (2.9, 9.2) 79.2 4.57, 1H, dd, (3.5,9.2) 79.2 4.57,1H, dd, (3.4, 9.7)
4 71.8 5.71, 1H, 1, (9.5) 71.8 5.81,1H,t, (9.2) 71.8 5.84, 1H, 1, (9.7)
5 74.4 3.73,1H,m 74.4 4.00, 1H, m 74.4 4.07, 1H, m
6 17.2 1.12, 3H, d, (6.3) 17.2 1.36, 3H, d, (5.7) 17.2 1.32,3H, d, (6.3)
4-Ac  170.7,20.8 2.03,3H, s 170.7, 20.8 2.15,3H, s 170.7, 20.8 2.03,3H, s
glc
1 105.9 5.09, 1H, d, (8.0) 105.9 5.08, 1H, d, (8.0) 105.9 5.06, 1H, d, (8.1)
2 75.3 5.43,1H, br d, (9.1) 714 3.85, 1H, m 72.8 3.85, 1H, m
3 73.0 4.19, 1H, t, (9.1) 78.4 5.71, 1H, t, (8.6) 73.0 4.18, 1H, t, (9.2)
4 70.9 3.89, 1H, 1, (9.1) 70.9 3.94, 1H, m 745 5.31,1H,d, (9.2)
5 70.9 3.73,1H,m 70.9 4.11,1H, 1, (8.6) 70.9 4.04,1H, m
6 64.1 4.60, 1H, m 64.1 4.67, 1H, dd, (6.3, 12.0) 64.1 4.56, 1H, dd, (1.7, 11.2)
4.86, 1H, dd, (1.7, 11.2) 4.86, 1H, d, (12.0) 4.35, 1H, d, (12.0)
2-Ac  170.5,20.8 2.18,3H,s
3-Ac 170.5,20.8 2.07,3H,s
4-Ac 170.5, 20.8 2.24,3H, s
6-Ac  170.6,20.8 2.15,3H, s 170.6,20.8 2.15,3H, s 170.6,20.8 211,3H,s
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2-4-2-4 Koreanoside E1 (35), E2 (36) DEEHRE

(11 Koreanoside E1 (35)

It&® 35 1% [alp-92.1° (¢=0.27) OEHELAHKE LTHLIL, 72 HR-
ESI-MS D%, m/z 529.1726 [M-H] (Calcd for 529.1726) THLA T CarH3001 &
HEE &7z, '"H-NMR (28T (Table 6), A AU Y UHROMBE 727 1L =17
TR A RO icariside 1 (17) EFLI LT — 2G040, F7o. y,y-dimethylallyl
# (=) 12> T, §3.43 (2H, m), 4.92 (1H, dd, J= 5.6, 12.3 Hz), 5.24,
4.89 (each 1H, s), 2.00 (3H, s) (Z 3-methyl-but-3-en-2-ol FEDFFLENIH S L 2o
oo EBIT, @L-T L —ADT /AU w7 7a h §6.16(1H, brs) DELHI S
72, BC-NMR 2B\ T (Table 6), 7 TR/ —/LiEk &7 L=V (3-
methyl-but-3-en-2-0l) & 7 A —ADFIEPHER TE o, ZNENDFREGNLE 2R
ET DO, £ 2D-NMR OHIEEZIT -T2, TORER, TLH ) —ADT ) A
Uy r7a by (86.16) &3 fLDR#E (5130.5), FL=LMEDAF LT o b
(83.79) 75 7. 9 NLDIRFE (5164.0,155.2), T EREILICHE L= AF 7 b
Y (84.92) /58 fLDKE (5§105.1) ICTHMBC OHENALLND Z L, b
¥ 35 OFmEEEE Fig 22 1R T X 2 ICRE LTz,

1y 15¢c HMBC
—— COSsY

Fig. 22. Key HMBC & 'H-'H COSY Correlations of 35.

KIEEMO T V= VIR 12 (LD ZROKBBIRIIAFIKRBIRFTHDLHZ &b, &6
I, WRE Y vy —iE ST DM RSO EZ T o T2, £7 . (LB 35
DTN —AEHNLTT 7Y arz/i(520l2, TV X F—EE2 TSR
KR ETT -T2 (Fig. 23), MOMRIZE Uit B 2 mle L, U 4 7L Cril4
HZ LT, TV ar35a% 3% OICRTHE, —FH, RIEOKER O
57) VERER R R AR A N 2 HPLC 04T L 0 . MR L-T7 &/ — R L[]
E &= (Fig 23),
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o Naringinase

40°C,24 h
HO 73% yield

L-Rhamnose

HPLC analysis
RSpak DC-613 ($6.0 x 150 mm)
CH3;CN:H,0 = 3:1, 70°C
JASCO OR-2090 Plus
tr : 4.5 min. (-) = L-Rhamnose

Fig. 23. Emzymatic hydrolysis of 35 and analysis of sugar moiety.

WIZ, AbE35a D7 = ) — WK EZ T I A X TAF ML, YU BT
Jv. HPLC Z W TR L7255, A T K 35b % 87%D IR TE7- (Fig. 24),
%I, {LAY 35b 1 (R)-(-)-MTPA-CI [(R)-(-)-a-Methoxy-alpha-(trifluoromethyl)
phenylacetyl Chloride] 3 XY (§)-(+)-MTPA-Cl i3 % ZNENSIE S/, G T 5
T OO MTPA = A7 /L 35b-S, 35b-R ZZILE4 53%, 38%DULER Tz,

TMS-CH,;N R)-(-)-MTPA-CI
352 Na ap (R)-(-) .

Et,0 - MeOH 53% yield

0°C—r.t

87% yield

(S)-(+)-MTPA-CI
38% yield

Fig. 24. Synthesis of (R)- and (S)-MTPA ester from 35 a.

BFONTmEEYO 'HNMR Z2HEL, AREYy Iy —ELZHISLTE A,
Fig. 25 \TR"T KO I N7 FosgmnBlillanizZ b, ba#% 35 O
12 PLDMERNIAAEE X SIKTH D EIRE LT, MMeawIsiiibtamch o7z
. koreanoside E1 & fiy4 L7-,
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Fig.

HO oj

25. Modified Mosher’s method results of 35b (a), and the chemical structure of

koreanoside E1 (35) (b). Difference of the 'H-NMR chemical shifts of 35 b-S and 35 b-R. [Ad

(in ppm) = &5 - Or].

12)

Koreanoside E2 (36)

{bE% 36 X, [a]p-48.5" (¢=0.36) DGR LE LTHROIL, £7- HR-ESI-MS
DFER. m/z529.1726 [M-H] (Calcd for 529.1726) THLAKAUT CosH300n & HEE S 7=,
Z #UlE koreanoside E1 (35) & —%79° %, F£72. 'H-NMR, *C-NMR D7 — ¥ % FT
K% & (Table6) . {LA# 36 &koreanoside E1 (35) 1ZIFIE—FK L=, LL7ARb,
BC-NMR [ZBWT, C-3, C-4, C-15 (\iDRFE 7 F L) koreanoside E1 (35) &Lt
W5 L. FREL 37,06, 1.8 ppm KBS 7 N L TCEIHIS Tz, FU XS —
BRERIAKSEORER (Fig.27). 3 (AL TWD T L —AX, L-T L/ —A
EYE & HL, koreanoside E1 (35) S[RILTHDZ &b, /LAY 36 Tkoreanoside
El (35) @ 12 (iKBREDNAKD R 2 0T AT LA~— L g S 7z (Fig. 26),
2T BENKGRTEONEZT 7 2y 36a ZHNWT, WRE Y Uy —EIC K
D 12 (ORISR IE DWRIE EZ1T - 72 (Fig. 27).

OH O rha-1q
Ho Z2 W 1ic HMBC

HO

OH — COSY

Fig. 26. Key HMBC & 'H-'H COSY correlations of 36.
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Naringinase HO MeO
at40°C, 24 h TMS-CH,N,
T . OH i A m-nuL
75% yield OH O %tgg - h:le:OH

64% yield

MTPA-(S)-O
MeO

OMeO
36 b-S 35 b-R

Fig. 27. Synthesis of (5)-MTPA ester (36 b-S) from 36.

{bEY 35a OIS EFRERIC, /LG 36a ZMTPAT AT /L 36b-S (ZZ5H#L L
72o AELEWITHTR L 7zkoreanoside E1 (35) OiFEfA, 35b-R & HifgHIEIKRDR
RIZHDZ 0D, 'THNMR OF —ZRNERIZ—8 L7z, [AEEIC, BEIC 'TH-NMR
T =2 %R E L THDEEY 35b-S 1. (LB 36 b 12 (S)-(+)-MTPA-Cl i3E%
AWTHELS % 36b-R L[F—® 'HNMRAXY L ERd, LoT, L&Y 36
b-S & 35b-S(=36b-R) ® 'H.NMR DO#*=%H Lz, KEE Y v —¥EEHEA
L. k&% 36 @ 12 fiDRFEDONAKIFIEL R IRE LT (Fig. 28), b&# 35
a,36 a |TEGEMARORBRRIZH D, LAY 35,36 (FHEBL T 3 (L2 L-T A5/ —
ANFEE LT ET, T AT VA~ —ORERY | BT 5 Z L3k,
(L& 36 LFHILAEYm THDH Z L )25, koreanoside E2 & fv4 L7-,

Fig. 28. Modified Mosher’s method results of 36b. Difference of the 'H-NMR chemical
shifts between 36 b-S and 35 b-S (the enantiomer of 36 b-R) [AS (in ppm) = 85 - OR].
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Table. 6. '"H- and *C-NMR data for koreanoside E1 (35) and E2 (36) in pyridine-ds.

Koreanoside E1 (35)

Koreanoside E2 (36)

position dc Oy (J in Hz) d¢ on(J inHz)
2 156.5 156.8
3 130.5 133.7
4 178.8 179.4
5 160.3 160.3
6 99.5 6.81,1H, s 99.1 6.84, 1H, s
7 164.0 164.0
8 105.1 105.1
9 155.2 155.3
10 105.2 105.2
11 30.3 3.43,2H, m 30.3 3.44,2H, m
12 751 492, 1H, dd, (5.7, 12.3) 74.9 492, 1H, t, (4.3)
13 104.8 105.0
14 109.9 5.24,4.89, each 1H, s 109.9 5.21,4.87,each 1H, s
15 18.1 2.00,3H, s 19.9 2.00, 3H, s
1 122.3 122.3
2' 130.8 8.20, 1H, d, (8.6) 131.6 8.28, 1H, d, (8.6)
3 114.2 7.07, 1H, d, (8.6) 114.2 7.11,1H, d, (8.6)
4 161.8 161.8
5 114.2 7.07, 1H, d, (8.6) 114.2 7.11, 1H, d, (8.6)
6' 130.8 8.20, 1H, d, (8.6) 131.6 8.28, 1H, d, (8.6)
4'-OMe 55.1 3.67,3H, s 55.1 3.67,3H, s
13-OMe
rha
1 103.6 6.16, 1H, br s 103.1 6.25, 1H, br s
2 71.5 5.04, 1H, d, (2.9) 71.4 5.06, 1H, d, (1.8)
3 71.7 4.56, 1H, dd, (3.5, 9.8) 71.6 4.55, 1H, dd, (3.2, 9.2)
4 72.0 4.26, 1H, t, (9.8) 72.0 4.23,1H, t, (9.2)
5 72.7 416, 1H, m 72.6 3.95,1H, m
6 18.0 1.39, 3H, d, (6.3) 17.8 1.30, 3H, d, (6.3)
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2-4-2-5 Epimedonin G (43), G1 (43-1), G2 (43-2) DHEERE

13)

Epimedonin G (43)

ItEW 43 1%, [a]p +0.6° (c= 0.54) OFEKRE L TH LI, £7- HR-ESI-MS
DFEFRE m/z 461.1585 [M+Na] (Caled for 461.1576) THLLZUT CosHasO7 & HEE &
7z, 'TH-NMR (23T (Table 7). 774K /A R'EHKO B EHEKD §7.83, 7.73
(each 1H,d, J=1.7Hz) C Bg & A BRICH KT 5 §6.90, 6.85 (each 1H,s) D7 F /L
MBI &7z, F72. 3-methyl-but-3-en-2-ol #5730 73 § 3.39 (2H, d, J=6.8
Hz), 4.92 (1H, br s), 5.29, 4.93 (each 1H, s), 2.00 (3H, s) (2. 7=, 7y,y-dimethylallyl %k

(FL=3) o7 F s §5.58(1H,brs), 3.72 (2H, br d, J= 6.3 Hz), 1.63 (3H, s).
1.88 (3H, s) (2Bl X417z, C-NMR (28 C(Table 7). 7 7R H#H B BT 17,3,
4,5 D4 BHTHD L, yy-dimethylallyl 1, 3-methyl-but-3-en-2-ol D EB/ 1
NHER STz, Z22 T, V=V & 7 TR B OFESNLEEZRET D720
(2, AFE2D-NMR ZHIE L7z, £OFER, §3.72 DAF LT brinb, e
M C-7,8,9 ORFEY 7TV §162.5,107.0, 158.3 |2 HMBC OFHEEN A LD Z &
226 yy-dimethylallyl 2503 8 (LKA L TWD LB LT, £z, §339 O'm
oMb, ZNEI C4, 5,6 DRFEY 7T/ §162.5, 107.0, 158.3 (Z HMBC
BN A B D Z & 55| 3-methyl-but-3-en-2-ol #4731% B BRD 5 [LiZfEA LT
LT ENHILEE, kT —2 X0 {bE 43 OFimtEERIL Fig. 29 1SR T
EOCRE LTz, RILEMTIFHHILEM ThH S 729, epimedonin G &4 L7=,

OH O 1ﬂc HMBC
Fig. 29. Key HMBC correlations of 43.

T, MWL 2 (I KB AR ORFRBIRTE2AT 5, LonLaen
5. HBESEE DEMN [alp+0.6° L 1T EAE 0ITE LW, 27 NIRFICET D85
BEME RIK, SR O 1:1 OYEIREY, TRDOLIEIRTHD, T TES
L. ¥ TNV T LN 82T oo, BHEX TNV T LE iz s rE
SYBT ORGSR, ZBEFHEIRD Daicel Chiralpak IA 7 T A% W TRIFIZHBEL -, &
T LTHY IR U ZEAT ) 2 & TG EERLE LTER Y 43-1,43-2 ZmEfELL
1:1 DY) O ETHEET 2 Z &2k (Chart 3),
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Chart 3.

L&Y 43-1,43-2 @ 'HNMR ZHI7EL7-& Z A, epimedoninG (43) & [FkED T
Y— "GN b, FEENTNDLIEREN +14.2,-12.8 THo7=7=d, =
D2 ODALEW TG BMEAROBRICH D Z LR Sz, £ 2T, LAY 43-1,
43-2 DI NARREE ZET DD, WRT v U Y —IEIC K DR 2 A T,

bat 43-1,2 1%, 68, 7=/ = MKBEE DT Y A X U TAFMEL, v
U777 v, HPLCE AW TR L, ZNENT3%DIEETILEY) 43-1a, 43-2a 515
720 WIZ. (R)-(-)-MTPA-Cl iRH % AT MTPA = AT /L&A LT, SO % I
JERC[E R, U #1570, HPLC TR ZIT > 7ok, 2 83%, 86% DILHET
L&Y 43-1a-S, 43-2a-S %157 (Fig. 30),

43-1a-S

Epimedonin G A 431 43-1a

(43)

43-2a-S
86% yield

43-2 43-2a

A: Optical resolution by Chiral HPLC on Daicel Chiralpak IA (Hexane : EtOH =9 : 1)

B: TMS-CH;N, in Hexane, MeOH, 0 °C to r.t, each 73% yield.

C: (R)-(-}-MTPA-CI, WSC, DMAP, CH,Cl,, r.t.

Fig. 30. Synthetic route of compounds 43-1a-S and 43-2a-S.
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EEWA3-1 LA Y4A3-2 ITEWVITLFEREERTH D Z Lnb, LAY 43-2a-SD
2°(L & MTPA BRIED [ O AKZ RIRFICKEIZSE 5 & (LEW43-1a & (5)-(+)-
MTPA-Cl % Il &E7-{bA%43-1a-R O'H-NMR & [F U AT MLz b, fiE-o
T.®WBE YUY —1EL D LAY 43-1027°001FS (KL P Lz (Fig.31), £7=,
[FEED FEIZ LD . LAY 43-2 O2WLIER KERE LT, RFHE L CTHELNT
{bEMITZENZEH, epimedonin G1 (43-1), epimedonin G2 (43-2) &4 L7z,

H +0.11

OMeO

Fig. 31. Modified Mosher’s method applied to compound 43-1a. Difference of 'H-NMR
chemical shifts of compound 43-1a-S and 43-2a-S (=43-1a-R). [AS (in ppm) = Os - Or].
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2-4-2-6 Epimedonin H (44), H1 (44-1), H2 (44-2) D& ERE

(14)

Epimedonin H (44)

{bEY 441X, [alp +0.9° (c= 0.38) DHEMAKRE L TR LI, 72 HR-ESI-MS
DFER S m/z 437.1631 [M-H] (Caled for 437.1600) THLAE T CosHasOr & HEE &
. epimedonin G (43) E[Al—TH -7, 'H-NMR, B°C-NMR OF—4% 10 (Table
7). KALEWIE epimedonin G (43) IZFEA LTV D 2 KD L =L EDFEALIED
BB UbAEmTh D EHESNT, 2T, 2 DOT L= VDT TR E
NOFEGNEEZRET D720, K 2D-NMR 2 HE Lz, ZORE, v.y-
dimethylallyl £k AF L 7v b §3.73(2H,d,J=7.5Hz) 7»6H, EiLEiL C-
4,5, 6 DRFVT T §149.9, 147.0, 111.9 |2 HMBC OFHBENRA BN Z &
F 72 3-methyl-but-3-en-2-ol #ICHKT L AF L 71 b §3.73 2H, d, J=17.5
Hz) 7»HZNE4 C-7,8,9 (LORFE T 7 F 18 163.4,105.0,155.9 (2 HMBC DOFHES
DROOLNTZZ L LV, bEY 44 OFimiEERIT Fig. 32 DX ICRELT, K
{LEDTHRILEMTH D=0, epimedonin H & i L7=,

3
OH O 1ﬂCHMBC

Fig. 32. Key HMBC correlations of 44.

B AMEEWIE 12 (LI KB FFOARFIRER T2 AT 508, et
DIEN [alp+0.9° L IFEALE0IZE LW, 72 {LEMTH D, D=8,
epimedonin G (43) E[AIFRICFX TN T D L DHRFNENEIT o7, T DOREE,
Epimedonin H (44) % Daicel Chiralpak IA % 77 7 AIZHVWN 2% Z /L HPLC (2 X 5 6%
DERNEATHTE ZTARIITHBEL . SRR E L TG 44-1,44-2 2 1:1 D
IR CHEET 2 = L33k T- (Chart4), 7. LEW) 44-1,44-2 OFENE I
Zh +15.5,-13.0 THHZ LD, 202 OOAWITEES BEKROBRICH 5 =
EINHER S T,
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Chart 4.

BoNTALEY 44-1,2 1XMLEW 43-1,2 LRkE. 7 =/ —AMEKBEZ DT Y
AH L TAF L, (R)-(-)-MTPA-Cl RIEE W TMTPA= AT L& &R L, 1k
A 44-1a-S, 44-2a-S % 15%7- (Fig. 33),

44-1a 44-1a-S

EpimedoninH A 44-1
(44)

44-2a 44-2a-S
44-2 72% yield 78% yield

A: Optical resolution by Chiral HPLC on Daicel Chiralpak IA (Hexane : EtOH = 95 :5)
B: TMS-CH;N, in Hexane, MeOH, 0 °C to r.t.
C: (R)-(-)-MTPA-CI, WSC, DMAP, CH,ClI,, r.t.

Fig. 33. Synthetic route of compounds 44-1a-S and 44-2a-S.

Bon-bEY 44-1a-S LAY 44-2a-S OHF DO THREET v ¥ v —1E%T#H
ML, {LEY 44-1,44-2 D 12 (LERFE DO NBEE T ZNE S K, R KL
iE L7-(Fig. 34), JtFHEILTHELNTALEME ., <1 epimedonin H1 (44-1),
epimedonin H2 (44-2) &4 L7,
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30



OMeO
Fig. 34. Modified Mosher’s method applied to compound 44-1a. Difference of 'H-NMR
chemical shifts of compounds 44-1a-S and 44-2a-§ (=44-1a-R). [Ad (in ppm) = Js - Or].

Table.7. 'H- and *C-NMR data for epimedonin G (43) and H (44) in pyridine-ds.

Epimedonin G (43)

Epimedonin H (44)

position dc Ou(J inHz) dc Ou(J inHz)
2 164.8 164.8
3 103.3 6.94, 1H, s 103.1 6.86, 1H, s
4 182.7 182.8
5 160.2 160.2
6 98.8 6.90, 1H, s 98.8 6.82, 1H, s
7 162.5 163.4
8 107.0 105.0
9 155.9 155.9
10 104.5 104.5
11 22.0 3.72, 2H, br d (6.3) 30.1 3.49, 2H, br d (6.3)
12 123.0 5.58, 1H, br s 74.9 4.96, 1H, t, (6.9)
13 131.3 129.7
14 17.9 1.63,3H, s 110.3 5.14,4.83, each 1H, s
15 254 1.88,3H, s 17.6 2.04,3H, s
1 122.1 122.1
2' 112.1 7.83,1H,d (1.7) 111.6 7.91,1H, d, (2.3)
3 146.2 146.4
4' 148.4 148.4
5' 129.6 129.6
6' 121.5 7.73,1H,d (1.7) 119.8 7.70, 1H, d (2.3)
1" 38.0 3.38, 2H, d (6.8) 22.0 3.73,2H,d, (7.5)
2" 75.3 493, 1H, brs 123.0 5.66, 1H, t, (7.5)
3" 127.7 132.1
4" 110.4 5.25,4.92, each 1H, s 17.7 1.70,3H, s
5" 17.8 2.00, 3H, s 25.4 1.78,3H, s
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s)

2-4-2-7 Epimedonin E (45), F (46) DO&&EHE

Epimedonin E (45)

b 45 1 T|EMmEKE LTHE G, £72 HR-ESIMS OFEEMND m/z 417.1303
[M+Na]* (Caled for 417.1338) THLA UL CasHuOs & HETE &H72, H-NMR (20
T2 O0ODAF TV T LieTu~Tr sy 77 b0y 7 §7.99, 7.76
(each 1H, d, /=23 Hz), M . L7=—oD7ua~7 v 77 oy 7L §7.09,
7.13 (each 1H, s) X 0. {LA% 45 IL epimedonin G (43), H (44) & FELD luteolin Y
D7 FHR)ARNEHT, ARE B RBRICENENLT L=AVERFEAELTWDSZ LN
Wi, L=V Eov 7l LT, yy-dimethylallyl 25002 271 § 5.70
(1H, t, J= 7.4 Hz), 3.81 (2H, d, J= 7.4 Hz), 1.79 (1H, s), 1.96 (3H, s) Ml 7=, F
72, koreanoside H (38) |24 54172 2-(prop-len-2yl) furan #i&EH DT 7 FLH §
5.86, 5.26 (each 1H, s), 2.09 3H, s) I[Z@HI 7z, —F, BC-NMR ¥ 7 F /120
T (Table8). C-9 DKFEN §149.0 L K& @MHICBHlsNT-Z Lrn, 7T
BRIL A RICHAGLTWD Z EBHREINT, 7L = Vi OfE AL IE & R
ET DI, 4FE 2D-NMR ZHIE Lz, TOfER, v,y-dimethylallyl J&H kD 2
FLrikora b (83.81) »HLENENC4,5,6 DKFEIZ HMBC OFEREH 7
b2 &b, yy-dimethylallyl EOFSAAIEILB B 5 (L& RE LT, £/, 8
695 DALV 7 4= Tabhrnb 7 IR A4 REKO CT,8, 9 IZxIT 5
§159.2,110.6,149.0 DIRFIZFHEENA LT Z L2 5| 2-(prop-1-en-2-yl) furan 57
IE. A BR T AL 8 MICHEAG LTS ZERHLMNE 2oz, B EDT —X2RE
THE, ALEW 45 1 Fig. 35 (TR L 9 et L IE S, BiHLEmTHDH =
L7/ 5. epimedonin E & L7z,

Fig. 35. Key HMBC correlations of 45.
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(16) Epimedonin F (46)

L&Y 46 1THEAMAKE LTH LI, £72 HR-ESI-MS OFERN 5 m/z 419.1511
[M-H] (Calcd for 419.1495) CTHLELUIE CasHa306 & epimedoninE (45) & [R—Toh o
72. '"H-NMR, *C-NMR ® 7 —#4 (Table 8) % epimedoninE (45) & b+ 5 &, A BR
A LTV T L= v 77V PSME L < —8 L7z, "H-NMR 2B\ T §
6.78 (1H, d, J= 10.3 Hz), 5.61 (1H, d, /=103 Hz) T cis BLiED “E#A L 7 4 71
k. 81.49 (6H,s) (KA FNID T T Fum2 KlEShizZ s, 7L =
VI A BR & 2-2 dimethylpyran BRA B L TW 5 &HELZ SNz, £Z2 T, L=
NVEEDOREE LAEAALEZIET D720, & 2D-NMR ZHIE L7z, ZORER, §
678 DALVT 4=y 7 T7u hmbT7 IR A NEKO CT,8, 9 (xS T 5
§164.6,103.2,152.0 DRFEIZ, £72.85.61 DALV 7 4 =v 7 7a b C-8 IZ
IS5 81032 DRFEIZ HMBC OMHBERBIIS N, b7 =210 22
dimethylpyran B2 701X A 88 @ C-7,8 (L[l TR L TW D EkE LT, Lo T, 1k
BW) 46 % Fig. 36 R IHELIRE LT, FiB{btEWTH S Z &5 epimedonin
F L LTz,

OH O 1mc HMBC
Fig. 36. Key HMBC correlations of 46.
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2-4-2-8 Epimedokoreanin C1 (EK-C-1), C2 (EK-C-2) DOEEHRE

Epimedokoreanin C (EK-C (11)) [XC-17 £C-2” @ 2 » FHIARFRBIR - DMFAE
THHEMT L=V T TR ) A RTHD, LnL, TOMKIZE L TIERBFTH -
=12, EFHILC-1” BLOC2” OIMARIZHOWTHE L7, EK-C(11) AT & Ik
ThHbHI LMD, C-17 £C2° DAEGDLEIE (5,8, (RR) 721X (S,R) (R,S)
D2 WY ThHDH, T T, PC-17 LC27 OMMBELEICOWTHE L7-, EK-C
(11) ®'H-NMR (28T, H-17 LH-2" OJ % 45Hz LHBHA L7z, 22T,
77 AN & B OB 21T (Fig.37) &2 A, BT ILKFED AL
1200, HIE, C-17,2” (I OFERELE LY o FH & HEE Sz,

karplus's rule

(11) 0° 40" 90° 120°  180°

R1,= Rs= H, R;= OH, R3= (CH;),COH
3J=Acos?9+Bcos 9+C  R,=R,=H, Ry= OH, Rs= (CH5),COH

Ri R» Rs
EK-C-1 H OH
EK-C-2 OH H H A

>
=i

Fig.37. Relative structures of EK-C (11) proposed by Karplus’s rule.

F7-. NOESY HIEE LV, H-1",2" 0 HZ 240, HA4”,5” (DA FNITa ko~
® NOE FHBHITBILZE 723, H-17,27[H]C NOE OFHEIIFBIN =720 7= (Fig.
38), ZOOFERIX, H-17,2” o7 N AT VFRETHLZ 2L WD,

Fig. 38. Key NOESY correlations of EK-C (11).

Flo. X TNNH T ALK D NFESEEITo72 L 2 A, EK-C (11) 1L, Daicel Chiralpak
IA %757 LMZHWEFZVHPLCIZ L 0, Hifg BEAR L LT EK-C-1, EK-C-2 %
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[mV]

-200

1:1 OUWETHFEEL CHEES % 2 & 23 H3k7- (Chart5), 723, EK-C-1, EK-C-
2 DHEXREIZZNZEN -29.1, 1213 THLZ bbb 202 >DIbAEWITEE%
BMIRTHD Z LR ST,

1800

1600
14001 EK-C-1

1200% EK-C-2
1000
800}
600t

4001

2001 ]\\‘_ﬁ
L o —— . )

Chart 5.

{LE® 43-1,2 L RO HET, (LAY EK-C-1,EK-C-2 OMTPA T AT V& &
% L7= (Fig.39), 55N 7={bA Y EK-C-1a-S, EK-C-2a-S Itk BT v ¥ ¥ —iE4 i
ML, {b&Y EK-C-1,EK-C-2 DO 1"(fR5E DML G 1T ZNENR K, S k&
PE L7z (Fig. 40),

EK-C-1a EK-C-1a-S
E(1K1;': A EK-C-1 84% yield 65% yield

MTPA-(S)-0,

EK-C-2a EK-C-2a-S
82% yield 58% yield

EK-C-2

A: Optical resolution by Chiral HPLC on Daicel Chiralpak IA (Hexane : EtOH =9 :1)
B: TMS-CH,N, in Hexane, MeOH, 0 °C to r.t.
C: (R)-(-)-MTPA-CI, WSC, DMAP, CH,Cl,, r.t.

Fig. 39. Synthetic route of EK-C-1a-S and EK-C-2a-§.
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-0.02

Fig. 40. Modified Mosher’s method applied to compound EK-C-1a. Difference of "H-NMR
chemical shifts of EK-C-1a-S and EK-C-2a-S (=EK-C-1a-R). [Ad (in ppm) = s - Oz].

EK-C-1,2 OC-17,2” MOMREELT > FRTHDH Z &b, EK-C-1, EK-C-2
D2 NLIRFEDHERIEEE T ZNENR K, S IKERETE D, EDT—X X
V. EK-C-1 LEK-C-2 OC-17,2” O EFIT, £ (RO R) & (8. 8) &
RE L7, EK-C-1, X EK-C-2 |[Z £ 1 epimedokoreanin C1 (EK-C-1),
epimedokoreanin C2 (EK-C-2) &% L7-,
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Table. 8. '"H- and 3C-NMR data for epimedonin E (45) and F (46) in pyridine-ds.

Epimedonin E (45)

Epimedonin F (46)

position d¢ Oy (J in Hz) d¢ oy (J inHz)
2 165.2 159.5
3 104.7 7.09, 1H, s 103.8 6.52, 1H, s
4 183.4 182.8
5 159.4 161.2
6 94.7 713,1H, s 100.2 6.27,1H, s
7 159.2 64.6
8 110.6 103.2
9 149.0 152.0
10 107.6 101.5
11 100.1 6.95, 1H, s 114.8 6.78, 2H,d (10.3)
12 156.6 127.5 5.61, 1H, d (10.3)
13 132.5 77.1
14 113.7 5.86,5.26, 1H, s 27.5 149, 3H, s
15 19.2 2.09, 1H, s 28.2 149, 3H, s
1 121.6 122.0
2' 111.9 7.99, 1H, d (2.3) 110.2 7.33,1H,d (1.8)
3 147.0 146.7
4 149.9 147.0
5 130.2 128.3
6' 120.2 7.76, 1H, d (2.3) 119.5 7.29,1H,d (1.7)
1" 29.2 3.81,2H,d (7.4) 28.0 3.41,2H, m
2" 123.5 5.70, 1H, t (7.4) 121.5 5.38, 1H, t, (7.5)
3" 132.6 134.0
4" 17.9 1.79,3H, s 17.8 1.77,3H, s
5" 25.9 1.96, 3H, s 25.8 1.82,3H, s
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A 7YY TDCML, CMA ARIHEEEE S L VGO T V=17 TR ) A K
DAL FHEER A £ & T Fig. 41 1277,

o0 40 21 le I:f HO— L2 Ho /2
AcO Cc c HO OH HO OH
R or, 41 H Ac H

Ry 42 H H Ac 35 26

Fig. 41. New prenylflavonoids isolated from Epimedii Herba.
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7 IERA N E L THERELE 2 IR E L IOt s PE R O 1E & £ & TFig. 42 12
Y,

EK-C-1 EK-C-2
Fig. 42. Optical active compounds isolated by chiral HPLC on Daicel Chiralpak IA.
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2-5

/N

UF AT OEA LA DY Y a2 X ) — /L L. CML, CMA A RkBE
RSN T L0~ NI T 7 4 —ZHE L CTHBBRER L, S0~ L
ZNVT IR A REBBELT-, o bawix, A7 hLT—% (NMR,
ESI-MS. [a]p 72 E) ZHNALFREEDRE ZAT -T2, ZOFER, B L =1
TIRA ROELFET D EEBITFHRTL=LT TR A R20MEDO(bF A E
ERALMNCTHZENTE, SI6IZ, RERFEEZAT HILAMITELTIiX, BERE
DK RN EN D%, MTPAT AT /LICFHEE L, R E v v —EZHOTHE
KIS E DR EZ AT o To, RETHIERELZITSILHB T L=LT7 TR /4 K
(31~ 46) IZOW\WT, {LFRYRFFEA LI FITRT,

Icarinoside A (31), B (32), C (39) L. epimedin C (5) O K7 L/ —AMNC-3"LC-
4” (a), £700% C27&C-3" (b) ORI TR L 2B bW & e L7 (Fig
43), Icarinoside A (31) DIGE. FA{LAIBHEA (a) THRK LI LRI KN AT
IMEENTHRR LIALEMTH S, —J7. icarinoside B (32), C (39) DA, EE{LHH
ZL(b) ITHix, C-A"DETERR T, DIVERFUNERAF UL ENTALEMTH D
(Fig. 43), & 5H1{Z, icarinoside C (39) (. icarinoside B (32) @ 7 iz 7 /L =2 — A )34}
NWTAERLILEMTH S,

HO °
HO
6" . 0
5" 1
O MeO
MeO®"
Icarinoside B (32) Icarinoside C (39)

MeO

HO °
HO
6" o 9
. (0]
oo
o}
MeO

Fig. 43. Presumable biosynthesis pathway for icarinoside A (31), B (32), and C (39)

from epimedin C (5).
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—WRIZ, BOHE RO RSB L T2 {bEmiimb ch b, To—HFlL LT,
T %A (Beta vulgaris L) 7>HLHBEES L7 b U T UBUHEAD betavulgarosides
I~ IVOBERH 55, ZOHA, K778/ —AD3 frta fMORCTRHILEIZL
TPRERREEIR (0L, IV) &. & BIC dioxolane BEZ UL L7-#E A (I I) 2" 5,
Icarinoside A~C DX 927 K /A FEFERTRIGT &/ —ANLBRAE L 721k
BT, ZRETIHOENFT LWVEE TH D, 205G, AAROBRICAER LT
VR F AT, BTCAFAVZRATIERE LTHLRTWS, Zid, HicH
W7o MeOH HIREHEZR SN D, —F, BUBRR L TH VR VB CTIE(E L T2 8 E .
DEERRNEECH T E TSI ND,

Koreanoside E1 (35), E2 (36) (3 icariside I (17) HISRDELFHEMAT, HUMI 12 T
DIKIEFNC BT DR EMER L PRE LT, BRI EZ B3 5 & icariside I @
7= VIR s = AR S B & 4UT2 neoicariin (SZAR LA 0 RS 22D |
TARFVEROBMZICE Y | 12,13 (LIZKEBEENE LS (Fig.44), DL &, KO
ISR ISR IR ME N o 72 EHEER S D, IRIC, B LT 2 flofbEmixEhn
i, C-13 (\LOKEEIEDOWKBEZ LD =%V AF L o DOAE#E T, koreanoside El

(35). E2 (36) MERLIZ EHEEL TS,

Koreanoside E1 (35), E2 (36) @ 12 f\.DRFE DM NAREIIH RE v v —1E%
WAL, TN, S KE R KERE LT, —%ic, 7 KDL EET ODS 1
L% e HPLC TIERNEETH 5728, Mk EIZiTIt@ LT 3 7l L-F L — X
BREALTWAI NS, VT AT LAY—0OBBRTHHOT, T 52 L H
Ki=.

Epoxidation
HO HO

HO OH HO OH

Icariside Il (17) Neoicariin

R EEE—
Dyhydroxylation OH O
HO. o HO o
HO HO

OH OH
Koreanoside E2 (36)

Fig. 44. Presumable biosynthesis pathway for koreanoside E1 (35) and E2 (36)
from icariside II (17).



% 7-. koreanoside F (34), G (37), H (38), 1 (33) ® icariside I1 (17) HiZEDEL 7 E (A
T, 7R B MO T L= VN T MLOKEREE EHES LT, 77 VEREK
L7AbEWREEIRE LT, AENREAE29 5 & icariside I LY AT 5
neoicariin O TR F ERD 12 72 A B8 7L OKEEEEDS REZBEE L =R % VR BH
HU, C-11, 12 (i DOKBENEINC LV AKFIT H & TT T VRBP4,
koreanoside F (34) 23k L7 EHEE L7- (Fig. 45), 51 = #Hi=. korepimedoside F
(34) D 13 (iKEEHED A FAb, T b —ZD 2E~DF L a—ADFN, 13 fif
IKERFE DRSS 28T, £ H korepimedoside G (37), 1(33), H (38) 72345k L
TTbDEHREL TN D,

HO ﬂ Rha
Koreanoside | (33) Koreanoside H (38)

Fig. 45. Presumable biosynthesis pathway for koreanoside F (34), G (37), H (38),
and I (33) from icariside II (17).

Korepimedoside D (40), E (41), F (42) % korepimedoside A (19) Z#FA=L = [ &
T 5 2 BERCHEIR T, KD 7 v 23— ZADKBRIED 2 (L, 3 AL, 4(iBENENT &
F AL SN T-AEE L IE L7-, Epimedin A (3), B (4), C (5) < sagittatoside A (13),
2”-O-ramnosyl icarisid Il (14) 72 & D X S ITHEDOKERIER T B F /UL ST 720
By T L= AD2AUTKRIGOREDPFEET Do —J7. BEOKBRIENT £ F LS
NI=E. A ERE LT- korepimedoside D (40), E (41), F (42) <°. BEAMLA&W
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@ epimedin I (6), K (7), L (8), cachuoside (10), epimedokoreanoside I (19) © 4= Tz 3k
WLT, T —AD3IMITKIET N a—ZANRFEAET D2 EREMTHD (Fig.
46).

R, R, R; R, Rs
6 Epimedin | H H H H glc
7 Epimedin K Ac H H Ac glc
8 Epimedin L H Ac H Ac glc
9 Caohuoside B H H Ac Ac glc
10 Epimedokoreanosidel H H H Ac glc
19 Korepimedoside A H H H Ac H
o OH *40 Korepimedoside D Ac H H Ac H
R0 © OR *41  Korepimedoside E H Ac H A H
1 *42  Korepimedoside F H H A A H
R30R02 * Newcompound

Fig. 46. Characteristic structures of acethyl prenylflavonoid glycosides from E. Herba.

77 Y ari LTHE B epimedonin G (43), H (44) L, epimedokoreanin B (EK-B)
(28) HIR DIV FHER T, koreanoside E1 (35), E2 (36) L [ABkIC 7 L=/ &
FEADTZRXFAEERIGE LT, TR F VERORR L KBIEDOIEEZ & TEA
REND EHEEL T D (Fig. 47),

EK-B (28)

Epimedonin H (44)

a: Epoxidation; b: Hydroxylation; c: Dehylroxydation
Fig. 47. Presumable biosynthesis pathway for epimedonin G (43) and H (44) from EK-B
(28).

Epimedonin G (43), H (44) |, ZNE1 27, 12 ML ARFIRFIR %2 L 2LEW
T, 7EIRE U CTHEE - ERE SN, IEEERHMET 7202, ¥T 18T
LT KB EN ATV, HFTEMER epimedonin G1 (43-1), G2 (43-2) BL W
epimedonin H1 (44-1), H2 (44-2) % Hiffff, #&EE L7, Epimedonin G1 (43-1), G2

54



(43-2) @ 2”fif, epimedonin H1 (44-1), H2 (44-2) D 12 {if, ¥ J O epimedokoreanin
Cl (EK-C-1), C2 (EK-C-2) D 1", 2°(. D ARF IR FE DKL BT MTPA = AT /L %
AL, EREYy Uy —EEZEALIRET DI ENTE I, ok,
epimedokoreanin C (11) [T VAL AR CTHAE STV, AEL SFoE Ui
SRS 2R ECTE 722 &6, EK-C-1, EK-C-2 [IFHEMER T bam & L
THET L2 TETH D,

Epimedonin E (45), F (46) |X EK-B (28) HIKDBRLFFERT, L=/ HN A B
T NEOKEEIL LR ZR LTALAMEECTH D, BIZEOER, B a OXIIT AR
7 NEDKEEEEN AR F T ERD 12 fi~REEBKEE L7256 Jeilk L 72 koreanoside H (35)
ERIBEDA I = A LTT7 7 U B%Z4ARM L, epimedoninE (45) WK 5, —J7, &
b ORICERFVERDO 13 MG RELE LGS, €7 UBREERL
epimedonin F (46) AR I D EHELR L TV 5  (Fig. 48),

EK-B (28)

Epimedonin B (46)

Fig. 48. Presumable biosynthesis pathway for epimedonin E (45) and F (46) from EK-B
(28).
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BIE AHYYUHERIVL=ATTFIR) A RO CML, CMA 4 L FLEE MRS
31 A BV YUHEKTL=VT TR/ A KD CML, CMA FRFEEMEO R 7 V) —= 7
3-1-1 A B U Y U EROTEMEBRH Y~ 7o T
ARG CHLE - #ERTE LTeA WY Y OBKRT L=V T TR A RS0ED S B,
YU T NVENHERTE 2 35 EI2OV T, 1 mM @ DMSO &k % i L, CML, CMA

AERRBAEE MY > 7L & L= (Table 9),

Table 9. Prenylflavonoids from Epimedii Herba used for inhibiting activity test against

CML and CMA formation.
No. Compound name No. Compound name
1 Icariin (12) 19 *Koreanoside G (37)
2 Icariside I (21) 20 *Koreanoside H (38)
3 Icariside I1 (17) 21 *Epimedonin E (45)
4 Icarisoside A (18) 22 *Epimedonin G (43)
5 Epimedoside C (1) 23 Epimedokoreanin C (11)
6 Limonianin (30) 24 *Epimedonin H (44)
7 8, 5'-diprenylapigenin (26) 25 Epimedin C (5)
8 Epimedokoreanin B (28) 26 *Korepimedoside D (40)
9 8-prenyl luteolin (22) 27 *Korepimedoside E (41)
10 Broussonol D (27) 28 *Korepimedoside F (42)
11 Euchrestaflavanone A (24) 29 Epimedokoreanoside I (10)
12 Sagittatoside A (13) 30 Epimedin K (7)
13 Korepimedoside A (19) 31 Epimedin L (8)
14 *Koreanoside E1 (35) 32 Caohuoside B (9)
15 *Koreanoside E2 (36) 33 Epimedin I (6)
16 Epimedonin C (25) 34 Epimedin A (3)
17 *Epimedonin F (42) 35 Epimedin B (4)
18 *Koreanoside F (34) * New compound
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3-1-2 CML, CMA ZA KRR EEERER D 5

UR—A (RKEE30mMM) EEBT7F 2 (KB 20mgmL) %, pH74
FHEE L 7= 10 mM phosphate buffer (UL F PBS) (¥ fif S B 7= )& & CML AERRIC
AWz, —J ., [FERIZY AR—RA & ¥F F % 100 mM sodium phosphate buffer (LA
T Na-PB) (2, & & B2 %Z CMA AW, H > 7 VRIKRIZ, DMSO
BEZ 10% LATIC/A2 5 X ICRISRICNZ T2, £12. o FAREDRD Y
IZ. DMSO OA% FGNKIZM Az b b D&k 3 hra—)b, & OWIR % M T
RELIZbDE day0 & Lz, 9. TNENY U T NEIMNZ T ISIRIL, FIEIC
BV, 37 C TTHMA VF 2= Lz B3 RIS, BROGRE AR LT
CML, CMA @ &% ELISA £ THIE L7, Fig. 49 IR T X512, &K% PBS
T200 fEMRL, BEZF U REE 10 pg/mL IZHRFEE L=, WIZ, AR L7 SO
X, 96 N~A a7 L— MIpEL, R T2 Ri§FE L7-%. Washing buffer
(PBS in 0.05% Tween20) T3 FI¥EF L7=, WIZ, 0.5% I F U@k zERH\TY
N ETryx 7L, 1 FRERTHE L., ROBRETF o2k, 1
ik (£ 7 v—FHL CML, CMA HiUiK) %, Z£4LE41 0.1 pg/mL, 1 pg/mL IZ
72 % & 912 Washing buffer TARE, £ 7 =/VIZEIML, HE T 1 RFREFFHE L
2o WIS, K0 =LAV % . Washing buffer & VT 5000 (5778 L7- 2 $ilk
(IgG Fifk) ZHINL, IR T 1 REM#E L7, ®&%IC, £ 7 /L% OPD Yifh
L., v 7n07L— kU —%—7T492 nm OWINEZHE L CML, CMA DALk E
ZRE LT,

Z Ry BRERE

Ribose 30 mM (4.5 mg/ml) Incubation at 37°C /
Gelatin 2 mg/ml 7 days 10 pg/ml
Na-PB for CMA [BLISA <> Ev r&a—7 g o7 | (ZBYRLT]

Sample & Luteolin (positive control) 0.5% Gelatin in PBS

in DMSO (<10 % v/v) e ,
PLCMAFUE (£/) (1 pg/ml)
pd HRrp 1) lize FCMLELE (£/) (0.1 pg/ml)

2RAE

LR
J= " A
C

SOt

IgG HifE (5000f27% %K)

OPD tablet (1 T/10 ml)
BER AR

Celatin EE s
[ FL— b U=l TR % E |

2N Hikg

Fig. 49. Determination of CML & CMA content by ELISA method.

57



3-13 A BV VIERFVL=AT IR ) 4 KD CML, CMA £RFAEVERORE

AHY YT LOHEEEL7Z35OF L=/ 75K /A4 F (Table 9) 1%, TNFh
FAEIREES 100, 10, LOPM IZ72 D KO ICFREE L, BT F & U AR—RZ W3t
HRIZEIN L, CML ARPEEIER A, $t CML Hii& % v 72 ELISA {EIC TR L
7o XPHEK S LT, AGEs AERPAFETEEER A #HE ST 5 pyridoxamine

(PM)* & luteolin®? Z iV 7= (Fig. 50).

140

a

=
N
o

=
(=]
o

CML formation (% of control)
B @ =]
=] (=] (=]

N
o

(=]

Control

H100uM

120

HANM SN OO A ANMTNONN0O HNMS
o o o o H e e N NN NN

E10uM

PM

Luteolin

100 |r

80

60

a0

CML formation (% of control)

20

PM

Luteolin

Fig. 50. Effect of compounds from Epimedii Herba on CML formation. Gelatin (2.0 mg/mL)
and ribose (30 mM) were incubated with the compounds (a: 100, 10 uM, b: 1.0 uM) in 10 mM
phosphate buffer at 37°C for 7 days. The CML content was determined using noncompetitive

ELISA.

Z DOFER. 8, 5°-diprenyl apigenin (7). epimedokoreanin B (8). 8-prenyl luteolin (9).
broussonol D (10), epimedonin C (16), epimedonin E (21), F (17). G (22), H (24) (Z

10 uM T 80 % LL sy CML AR BHFETEMED

S i7e (Fig. 50a), CML BH

EIEMOBHER NS IHO T L=V T TR ) A4 Fodt@malx, 770 a2 Th
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Do SIHIT, FHMICHEEMEOFEA T 572012, U7 VREZ 1.0 uM (12
L CRF 21772 & 2 A, epimedokoreanin B (8), epimedonin E (21), G (22), H (24)
D4 FEOEWIT, RHRIE L L THW PM., luteolin £ ¥ H 3RV BEFEE 80 % LA
L OTEENBIHI S 7z (Fig. 50b),

F 72, CML OFHETEMRER & AR, CMA BB ETEEORGT 217> 72 (Fig.
51), & DfER, epimedokoreanin B (8), epimedonin E (21), G (22), H (24) @ 4 fED1L,
BT, 10 uM DIREEIZINT 80 % LA R iRV CMA AP EFETEME B S
7= (Fig. 51a), ARFEBRIZB W TH, CML FHEIEMEOME R & FEIC, BFEAE D b
77 Ay OB ERMERERIRNC LA L, —F . U VREE 1.0
UM (2P 5 LT CMA ARl E R 21T > 72 & 2 A, epimedokoreanin B (8),
epimedonin E (21). G (22) {255\ 723 GILETEHENBIHI S LD DD, Z Dok
AW L T, AL ETE IR TE 20 o7 (Fig. 51b),

a 120

100

80

60

40

CMA formation (% of control)

20

0

PM

Luteolin

H100uM ME10uM

b 120

100 |y

80

60

40

CMA formation (% of control)

20

ﬂNMQIﬂIﬂl‘\wmcv-lNMEm\DthQﬂNMQIﬂWhNOQﬂNMQMEE
a

Control

Fig. 51. Effect of compounds from Epimedii Herba on CMA formation. Gelatin (2.0 mg/mL)
and ribose (30 mM) were incubated with compounds (a: 100 and 10 uM, b: 1.0 uM) in 100 mM
sodium phosphate buffer at 37°C for 7 days. The CMA content was determined using
noncompetitive ELISA.
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B2, CML, CMA A RBEETE MR 2T, XFHREE D PM, luteolin L ¥ %
B 72 BLETEPYE OB < 7= epimedokoreanin B (8). epimedonin E (21), G (22), H
(24) (Fig. 52) ([Z2W T, n=3 THEEBREZ{T-7= (Fig. 53), T OFER, AL EENE
DOFBMEZERT 2 2 N TE L, £z, IO R b7 bEmoREIcItiE
THZEIE, ABRICENEN S L=V Ea o2 b BRICHT a—ViEE R
LTWbZ EThD,

Epimedokoreanin B Epimedonin E Epimedonin G Epimedonin H
(8) (21) (22) (24)

Fig. 52. The structures having strong inhibition activity of CML and CML formation.
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Fig. 53. Effect of strong inhibition activity compounds on CML (a) and CMA (b) formation.
Gelatin (2.0 mg/mL) and glyoxal (5 mM) were incubated with compounds (a: 1.0 uM, b: 10 uM)
in (a) 10 mM phosphate buffer; in (b) 100 mM sodium phosphate buffer at 37°C for 7 days. The
CML and CMA content was determined using noncompetitive ELISA. Data are presented as the

mean £ SD.
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322 7V FHHP—nic kB CML, CMA A R34 5 BLEE OB

—fRIZ. AGEs DAERGEEIL, BIThE L & L Y BNBUE L TART 57~ R Y
AR T DA EETH D05, PRIET LT B NICHET 216 b
AGEs 34T 5 Z & 230 H v Ty 5 (Fig. 54)%3067,

HC-0
HC=0

FutxH—n

HC=0
CH,OH
Hya—nL7ILTek

(BR{L 5 #8)

HO OH
\ o /
G o
(AL 532 /&ﬂ:ﬁm) cH, HaC
e NH HN
€37y N~ » HN Lys—ed
HC=0 HoN— P CH CH,
CHOH CHOH |:> -0 Biame e -
\ i \
(?HOH)a (CHOH); (CHOH);
CH,OH CH,OH CH,OH
Fna—=z yiRE FIEVEBY

Fig. 54. Alternative routes for the formation of CML and CMA in vitro and in vivo.

L >TCML, CMA ARKLEAIOEHAE LT, BIENLGAKT L7~ RV
N2 ST DR IE 2 i 9~ D i, CML, CMA EiCBb 2 EE ek T
NT e RTHDHT Y AFH— /VICH KT DR ZH 3 2 ATRetER#Z 2 bl b,
ZZ T, Hiffi (3-1) T CML. CMA AmEEEOHERMEAM TH D
epimedokoreanin B (LA T EK-B (8)) (Z2W T, 7 U A FH— UiEIKIC L 0 ERkT 5
CML. CMA A EEMEDOMRFTE1T > 72,

FHiEELTE, 7V A — BT T ORAWKIZ, EK-B(8)(100, 10, 1 uM)
Mz, 37°C T3 HREA »Fa~X—F L7, EK-B@®) #x2nar ha—/LZ
*9% CML, CMA A RBREIEMEZ . HL CML, CMA Hiik% v 7= ELISA J£I2 TR
fili L7= (Fig. 55)
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Fig. 55. Effect of EK-B (8) on CML (a) and CMA (b) formation. Gelatin (2.0 mg/mL) and
glyoxal (5 mM) were incubated with EK-B (100, 10, and 1 uM) in (a) 10 mM phosphate buffer;
in (b) 100 mM sodium phosphate buffer at 37°C for 7 days. The CML and CMA content was

determined using noncompetitive ELISA. (mean+SD, n=3)

ZORER ETF &7 A — L E AW FHIR TiE, EORE (100,10, 1 uM)
IZHBWTH EK-B(8) @ CML, CMA A HEMFERITRS bivehoTe, pRIT, A
Y Y THROT V=T TR A ik, FHAET VT RICHRT 5888 Tidk
<. EE72 AGEs £ CTh D18 TTHED T ~ K VAT k3 2 #1812 P
% Z & TCML,CMA DA AZRET 5 Z L3R ST,

3-:3 18ag—5 AR T S CML, CMA ORREE-EORRGT

BI7F OOV ERICERIHFET 2 127 —5 % T, CML, CMA
AR EREBR 21T o 7o, AREBRIZIX, BT F 12 L 5 3kl R TR 22 B ENE 23 22
5372, EK-B (8). epimedonin E (21), G (22). H (24) ® 4 FFHOLAEW & V=,

FHEELT, VA= 30mM) & 1827 -4 (1.5 mgmL) ORATARIZT
L=V T7 TR AR (8,21,22,24) #isHNL, 37 C T7 HElA v FaX— a3
L7, &/ 7 v—7F /151 CML, CMA ik % vz ELISAJEIZ KD 1H]l=2 5 —75
AR L7 CML, CMA &% & L7- (Fig. 56),
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Fig. 56. Effect of compounds from Epimedii Herba on CML (a) and CMA (b) formation.
Type I collagen (1.5 mg/mL) and ribose (30 mM) were incubated with the compounds (100, 10,
and 1 uM) in (a) 10 mM phosphate buffer; in (b) 100 mM sodium phosphate buffer at 37°C for
7 days. The CML and CMA content was determined using noncompetitive ELISA. (mean+SD,

n=3)

ZORER, A DV VUEEDOT L=V T TR A RO 4 FEOLAEYIL CML, CMA
D CRAE 72 L ETEE MBI S 4v7=, $FIZ. EK-B (8), epimedonin E (21), G (22)
T, 1uM OEETHITIEZERIC CML A& E L T\ 5 (Fig. 56a), £7-. =
NODOIEWIL. 10 uM DFEE T CMA 2552 ELTW5 (Fig. 56b), — 7.
epimedonin H (24) (%, *JRIE L L CTHW /= luteolin & [F1%: D CML, CMA ZE Rk BH
TEPEDBLI S T,

B F X a T = ENKRGR LT ELTeb D THY, a7 = &iX
7R BEESNEFE U CTH LN, EEEENR RIS TND, I 4 FEOA Y Y
UHE T L=V T TR ) A K (Fig. 52) @ CML, CMA ApPLEEMEIL, ST S
DiED 27 =7 BT HEERICBII SN, 2F 0, LEHOZ 7 g b
LTHWEEZFUZ2HWTH, @fize a7 —7 v L RO EEMEZ FE T
72 £o T, L=V 7 TR A RO CML,CMA AR LEIEEA 7 U —=2 712
BWTIE T F 258 AR T 72,
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3-4  JNE

AHYVURKTL=AT TR A KR35 EIHONT, TEITF L UR—2R
& FO T2 %R T CMA, CML O AR FTEPERABR 21T - 72, CML AR E 1E PR
Br ok R, 8, 5°-diprenyl apigenin (7), epimedokoreanin B (8), 8-prenyl luteolin (9),
broussonol D (10), epimedonin C (16), epimedonin E (21), F (17), G (22), H(24) (Z 10 uM
T 80 % LU EDOIRWARRLEIEMEN & B vz (Fig. 50), £72. CMA ARKFLEICE
W, CML AR EIS TN BRE LB & RO (LAmIZ, 100 uM THRV Y CMA
AR ETEME A MRS L7 (Fig. 51), TEMEZ RN LAk &M e lilbEik L 7 7 ) 2T
IEIT D E (Fig. 57). CML, CMA ARLEEEIZIE L 67 7Y 3 O 503580
A 5, BlH, CML AR ETEMEO R MEE WL, CMA AERLETEN: & Rk
2R < VR 3NLICEE R ERERL A R T2\ T T8 ) B O T 7)) 3 2RV CML,
CMA AP ETRIEN L S 7= (Fig. 58),

a 140 .
glycosides {mmmmm)  aglycones
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Fig. 57. Summary of the result of inhibition activity against CML and CMA formation.

Blue bar: prenylflavonid glycosides, red bar: prenylflavonoid aglycones.
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Positive control

OH O
Luteolin

Epimedokoreanin B 8-Prenyl luteolin Broussonol D Euchresta flavanone A  Epimedonin C

Epimedonin F Epimedonin E Epimedonin G Epimedonin H
17 21 22 24

Fig. 58. Structures of prenylflavonoids having inhibition activity against CML (at 10 pM)
and CMA (at 100 pM) formation.

LLRBE, BERTL T 7R = VB 7 ORIV a—2ARRE Lz
icariside I (2), epimedoside C (5) (ZIXIEMENBUAI =72 (Fig. 58), —FH. 727 U= Th
limonianin (6), epimedokoreanin C (EK-C, 23) (ZIZIEMEITRRS HivZeh> 7= (Fig. 59)
Icariside 1 (2) & limonianin (6) D&%, B,C BRIZILETH L5203, 2 D A BREID 1.y
dimethylallyl J£7>% 6 @ dimethylpyrane BRIZZ50 5 LIEMENEFE LK TFT 52 & 75>4:|J5ﬂ
L7, £72. 6 & epimedonin C (16) %Hﬁxﬁé L. 16 (£ B ER|Z dimethylpyran & % J&
L CHiEMEEZRT, —J5. 16 & A, C BR800 EK-C 23)THH A, B B
cyclopentane Bg & 72 % L IEMENBAFEITIR T 95 2 & BB S iz,

Inhibitory activity f Increase Inhibitory activity ‘ Reduce

OH O
Icariside | Epimedonin C Limonianin Epimedokoreanin C
2 16 6 23

Fig. 59. Comparison with inhibitory activity rate of icariside I (2), limonianin (6),
epimedonin C (16), and EK-C (23).
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S DI TARJREE CIEME & Lhife 3 5 & | epimedokoreanin B (8), epimedonin E (21), G (22),
H (24) (Fig. 60)i%. 1 pM I[ZBWTHxHRE S L THWZ PM, luteolin £ ¥ H5RW
CML FHEEMENBE SN, £, 20 4 BmOAWIE, 10 uM T 80% LA LD
FRVY CMA AR ETEMEBUAl S vz, LLEDOFER K Y . CML, CMA AR ETE M
MNELLLBHER T L=V T TR A RiZH@T 265 EIL, luteolin 7 7 3
JUEKOT 7) arThy, A8 AL, BER ST L= 5N B
RICHT a—NVEEeHT52 &L ThHD (Fig 60),

Epimedokoreanin B Epimedonin E Epimedonin G Epimedonin H
(8) (21) (22) (24)

Fig. 60. Structures of prenylflavonoids having strong inhibition activity against CML (at 1.0 pM)
and CMA (at 10 pM) formation.

RIZ, CML, CMA AR EERST 2 I 572012, 1EkOEIFF o & U R
— A% WG R IR 2 T, FRET AT e RIKAF AT ) X — L BT F
YOMABEDE, B NEEOER S THDL 1 MaT—7 b U R—2ADOMAAE Y
Z AW T, CML, CMA AR ETEMEORET 21T o 7c, TORER, AWV Y UHRD
FL=VT TR A RiE, PRET VT RERTAERT S CML, CMA O4Rq %
PRES 20 TIdZ < EHEZR AGEs AR TH 58 ITHEOT ~ R UM Hk
TOHRBEET D LN L, £/, BT F U2 AW R TIEEOMRO 4 Fi
DT V=)V T TR A R 3RTOEEEZERLL TND T Ma T =728 0 Th
FRVY CML, CMA AERBHETE M2 HERF 32 2 &3 L7z,
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W 4E CML,CMA £RMAEEE L=V T 5K ) 4 FOEEEERBORE

AETII3 BETHONTAMAELICIC, BERAEEELZ R LT EK-B@8) O XD
2= FH CML,CMA APHFEIEMEICEE RO, S HIZFEMICHRE Lo, 72,
A2 (2-4-3) 2B T, epimedonin G (22), H 24) Z XN E L TEHE LT
epimedonin G1, G2 & HI, H2 ® CML, CMA A B EIEVEISEW A S 5 0iat LTz,

4-1 BT a—NVEEOEREMN R

3 ETCML, CMA AL EFEEEOEERLEY (Fig. 60) 1X, T XTHT 2—
NEREEN T\, 22C, B TFa—AROEBEEZRFT H7-0O10, Kbk
FHETEMEZ A L, L&D 2\ epimedokoreanin B (EK-B) D /KEEEEA A TV fb L, &
® CML, CMA ARKPHETE®EZRIE Lz, &7, EK-BIZ4 2HDH 7 =/ —/LKEE
r T AL TG AT LT, RIS &E T Y 170 TLC TE=#—L., 58
BAFIVIR (49) DER LT & ZATRICZEIE L (Fig.61), 156725 A F
IR Z G TIREMIE, 2V ATV ToHlE - FRLL | FUBHEIR & & 612 3 FED AR
WZ HREL 7=,

TMS-CH,N,
—_————

MeOH
0°Ctor.t.

EK-B

11% yield 25% yield 19% yield

Fig. 61. Partial methylation of EK-B.

oy A TR 47,48 BLOGER A T IUER 49 ObafEiEIL, £ NMR 7— 4 L
DIRIE L=, SAEAHDOINRIL, 475 1%, 48 2% 25%., 49 2 19% TH -7,
BONIRBER (47~49) 1, TEMEY 70 & LT CML, CMA AR ETE MR
Bra 1T~ 7- (Fig. 62),
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Fig. 62. Effect of methylated compounds (47, 48, and 49) derived from EK-B on (a) CML
and (b) CMA formation. Gelatin (2.0 mg/mL) and ribose (30 mM) were incubated with the
compounds (10 uM and 1 uM) in (a) 10 mM phosphate buffer; in (b) 100 mM sodium
phosphate buffer at 37°C for 7 days. The CML and CMA content was determined using

noncompetitive ELISA. Data are presented as the mean + SD.

ZORER, AF ML LTALEY 47,48,49 DT X T TEK-B LV iEMENMET L
7= AbAY 47,48 LI T, ALEGW 49 DX DI ABE 5 MLICHEA T DIKEREED
AF b ED &, CML AL EIEME (Fig. 62a, 10 uM) 2SEAFITIK T L7z,

WIZ, BT a—VEEROHMREEmE LT, BT E LTHAARER
FE (gallicacid) . ZEoAl& LT, ks L Tfibhs e o —1L
(pyrogallol) . FUFERILEENEWZ & THIHN S 7 v 7 U (chlorogenic acid)
(Fig. 63) Z# MW\ T EK-B & OIEMEDO 21T > 7= (Fig. 64),

HQ COOH
OH OH @ o)
HO OH HO OH .
\ij HO" Yy Y0 >~
OH oH
COOH OH
Gallic acid Pyrogaliol Chlorogenic acid

Fig. 63. Chmical structures of gallic acid, pyrogallol, and chlorogenic acid.
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Fig. 64. Effect of compounds having cathecol group on (a) CML and (b) CMA formation.
Gelatin (2.0 mg/mL) and ribose (30 mM) were incubated with the compounds (10 uM and 1
uM) in (a) 10 mM phosphate buffer; in (b) 100 mM sodium phosphate buffer at 37°C for 7
days. The CML and CMA content was determined using noncompetitive ELISA. Data are

presented as the mean & SD.

ZOFER, CML EAEREBRIZB VT, 10uM TIiE, ER 7, valo—
oo raa Ul HIZ EK-B & [RIERIC 80% LU E AR EME R ABLI S v
(Fig. 64a), £7-. 1uM TlX, F{LEW S EK-B KV IEMERTFNH DD, 7 1
a7 U ERIE, RPRREE L L CH O luteolin & [AIFRE O CML A RBLEEMEEZ AT 5
ZEDHIFI LT, —J7, CMA AERRFHERERIC ISV T, 10uM T, EK-B &
luteolin 73 80%LL EDMLEMEM Z R4 DIZK LT, HEFRE, Yulo—L, 7o
27 U WEIE 30~ 50 % FREEDFIWVERBAEFEEM A B 7z (Fig. 64b), L L7278
5. 1 uM THET R TOEY THEFIEMEIZA bR Do T,

CML, CMA £RMEERICRIT 5 7V =V EDOBEHDORE

WIZ, BWHEEZ AT 5 EK-B O 7 a2 — VDA OH S EETH L7 L
=NVHEICHER L, £ CML, CMA AR PEETEEA~ DT 52 BT Lc, AFEBRICE
W, P L= Bl EAE LT, FuRl AHEOTER S THHT AT
U > C (artepillin C), /N 77 U > (baccharin), R /L/X= (drupanin) (Fig.
65) D3 ODT V= AbIER ISR A W CIREIRERBR 21T > 7= (Fig. 66),
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Fig. 65. Chmical structures of artepillin C, baccharin, and drupanin.
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Fig. 66. Effect of prenylated cinnamic acid derivatives on (a) CML and (b) CMA

formation. Gelatin (2.0 mg/mL) and ribose (30 mM) were incubated with the compounds (100,
10, and 1 uM) in (a) 10 mM phosphate buffer; in (b) 100 mM sodium phosphate buffer at 37°C
for 7 days. The CML and CMA content was determined using noncompetitive ELISA. Data are

presented as the mean = SD.

T ORER, Fig. 65 [T & 912, AEEEH L7 7 b = AR RS ERIZ 134 <
CML, CMA AERMEIZBE SN R 2T, ZOZENnD, FL=b NI
feahE R (artepillin C (X7 L =/L%L 2 A&, drupanin |% 1 K) LCELOBEEHRTZ AT
)L (baccharin) HARIZIEMERNH DD TIT R, 7= /) — W EKEBEBELZ AT S 7 TR
J A REKICT L=V ERFEEGT5 2 LT, CML, CMA ARBLEER A L 0 5#k<
0D T NIRRT,
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4-3  NFREMED CML, CMA 4RZFRLEMER O Lk

Epimedonin G (22), H (24) 17 Ik LTH LN, L=V T7TFHK /A4 KD
H1C CML, CMA A HEFEEEVEEm EHA Lz, 2 ETIE, 2hb Z»>0
EEWIZHONT, CML, CMA AR EFEHAZ KR TE L L9112, FEIKEXT
VH T BT E D RFLHEIL BT Y vy —IETENENO N FEIEROME R TR
WiEEZRE LT, €2 T, BN FEIEMIR epimedonin G1, G2, 72 5 WNZ
epimedonin H1, H2 (Fig. 67) % FiV > C CML, CMA = al L ETEME 2 #ist L 7= (Fig. 68)

Epimedonin G1 Epimedonin G2 Epimedonin H1 Epimedonin H2

Fig. 67. Chemical structures of epimedonins G1, G2 and H1, H2.

a 120 b __120
S °
E 100 | -g- 100 |~
..g 80 ..g 80
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¥ > O RHSD @& S OO OO &
& ¢°\¢()'6‘6 {\6‘\‘3\\(“2~ & © ° .5\“-@(’-90 é\“-\c‘z?@% &
&© & b°¢b°<\ bobooboo \,&" ® ¢6°60°50° e°°b°¢b°<\ \&
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Fig. 68. Effect of optical active compounds from epimdonin G (23) and H (25) on (a) CML
and (b) CMA formation. Gelatin (2.0 mg/mL) and ribose (30 mM) were incubated with the
compounds (a : 1 uM; b: 10 uM) in (a) 10 mM phosphate buffer; in (b) 100 mM sodium
phosphate buffer at 37°C for 7 days. The CML and CMA content was determined using

noncompetitive ELISA. Data are presented as the mean + SD.

N BMERDOBURIZH D epimedonin G1 (S 1A) & G2 (R 1K), I NZ epimedonin
H1(S &) & H2(R 1K) &. 7& KD epimedoninG (22) & H (24) ® CML,CMA
AR ERBRZ1T o 72 (Fig. 68), ZDfEF. CML, CMA &6 6 O 4B ETE R
BRICEBWT, ERLEEER E D OO FEMILAEMICmS Z L7, 7%=
RERRECTH- T2,
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4-4 /NFE

CML, CMA R HEEMENRWN T L =L 7 TR ) A FIIZT_XThHT a—L ik
WEENTWDHZD, KETIIH T a— VIO EEMZBET 572012, %87 EK-
BEHWT, V7Y AXNCKD T = ) —NWMEKEREED A F AL ZEIT, A FLH
DENBEIRD 3 ODT V=V T TR A NiFEIR 47~49) %157, {LEWY 47~49
® CML, CMA ERHEEMEZ T o TofE R, BRTOT L=V T TR A RFFEILT
EK-B £ Y CML, CMA AP EEEME T Lc, FRZ, 778/ A4 REHB & 5
REDIKEREEN A F AL SNTALEW 49 1%, TEPENTEE AT L7- (Fig. 69),

T, B B 5 (LOKBRIENEGF L CWDILAY 48 LA F ALK 49 %3
Y 717 /v TLC (Hexan: acetone= 2:1 (wv)) i &{To7c& 2 A, {bEWY 48 O Rf {8
£ 0.75 THEHDIZH L, LAY 49 TiX 020 /&, & 52, HPLC 2ot (7
Z 2 YMC Cis(¢ 10X 250 mm); 53 : 2.0 mL/min; {&% 40°C; Bt : RI) (28T,
{bE W) 48 DLRFFRER] 19.9 min (2% L TLEH 49 13 14.5 min L 25TV 5,
ZOEHT AR S NMOKBIEB AT MLEND &, C R 4 (fLOT VA= )VlRGE
L DKRFREGNR KDDL Z LT, ALFIEE (W) ICBEERZE(ERAE T TV D,

EK-B D& A F/LEZ A L. CML, CMA AL EEVE & bl L=, 7 5
RIA R BEBEOITa—VEOBEBEENHERIND L EBIC, 77K /A NE
DA B 5 NLOKEEREL C BB 4 (MO BIVR =L EEE OKEREA . CML, CMA
AERPETEEICEE TH DH T E N R I,

Dimethoxy EK-B Trimethoxy EK-B Tetramethoxy EK-B
(47) (48) (49)

Fig. 69. Comparison with inhibitory activity rate of EK-B and that of the methylated

derivatives.

SIHIT, AT a—VEEFOHEML 3 DOE Y (gallic acid, pyrogallol,
chlorogenic acid) & EK-B (2D T CML, CMA AERPLEEHZ B L= & Z A,
EK-B 23 & BLETEED IRV ENB Dt 7eo7, Lo T, B BROI T a— L&
MERCTHFEEZ > TV DO TIEAe < MOMaEED T L =13 C B
Oy OREE BIEERBUITEE CTH L Z N Lz, 22 C, 7L =Ko ETMHE
ERaTT <, 7R Y ZAHED artepillin C, drupanin, baccharin % T CML,
CMA ARPAEFEEZ MG LTz, LirL, EDEEMIT S CML, CMA A RBHETE
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TR TE edvolz, ZOZENDL, 7R /A4 REKRICT L= /VENEET D Z
& T, CML, CMA AR EERN L ViR 70 b 2 L HELE Iz (Fig. 70).
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Chlorogenic acid Gallic acid Pyrogallol Artepillin C Drupanin Baccharin C

7 CML, CMA £ PR EEHEDEE g5

Fig. 70. Comparison with inhibitory activity rate of EK-B and that phenolic compounds
(gallic acid, pyrogallol, chlorogenic acid), prenylated compounds (artepillin C, drupanin,

baccharin).

RBIC, B ERMEER O CML, CMA AR EEEEOF L, 2 mTHLAL
wmmMmQGLsz;UHJmﬂz%%wfﬁﬂbto%@ﬁ%\%&@@@
DT H BN DD, JF BRI 7 CML, CMA A R E O 721380 S g,
ELLDONARIZIESENME S Z L 72 < . I CML, CMA QAR EZRET 5 Z &2
B 5L 72 o7 (Fig. 68),

U EDOREREF DD &

& TIRIAREKICHD T = ) —NAMEKEEEE, FRCH T 3 — NV IRITTR TR
BUZMHATH D,

® TTIRI/ARBHOABRSMOKBIEEC B A4MOINVE=LIEED
IKBEREADTEVEEMERFT 212 DICEETH D,

® T a—NVEEROTIR) A NEKOABRS LB R S L=
NVEEDTES T 2 LIGMENEINT 5,

o SEREAMKOBRICH LT L =LT TR A RO CML, CMA Ak FRER M
137" L = VRS DO STAR L ERITRAE L 72,
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BIE

R TO N D O &I b3 E LValrE, MERTRAZTD] &0 ) NEHDRPE O
BoRZIBLT D BT, [RIF) OMEFFE BIE 32 TRHE M 25 R 3 7 E 441
WD TE TN D, FEHLOMEETIE, ThE TIERRFEOBA LY | Hix 22
R DN DYREAF TR Z (T - TE TV D, ARBFRICE N T, FHIE. FEIRFADHE
K7 71— MEBREELAE 22 & AETREER ., WS, BHERIEST LY oA v —ie
DEACHELR B OFIECHE R (T BB 2 AR BE(L AR Advanced glycation end products
(AGEs) OARAMLET 5 RIAKILEWZ AL, PHEFICEIRT S 2 HIEL
W5,

a7 = UIERE, A M R, B R AT SRR I ED— DT
b, AT =7 D AGEs {LITEEZ B HBRIEDORIELERD Y R 7 72 EIlTo7
MBEVWIHEDHD, £ T, AFRTIL, 27 =7 UEMEWpiE L ORENI LT
STV D AGEs #§1E{KTdH 5 Ne-(carboxymethyl) lysine (CML), W NZ, =27 —74 L 4F
HAZAERT % AGEs #1& 1K Td 5 N°-(carboxymethyl) arginine (CMA) D 2 DD =27 —
7B AGEs fiEIAIZEH L7, £ LT, CML, CMA DA ER ET 5 = L T,
AE BB OB AMERIN DRIERCHE R 2 1) - ST 2 RIRFEM & & OTEVER Y 21 &
MWD L HARE LTHIEAIT o 72, B THIOIC. ERRJEOBLA LV E#Kk L7 K
R — % 2 42 FRIZOW T, CMA EREEEEONEZ, Ht CMA £/ 7 m—7
UK % W2 ELISA £ TIT 272, ZOREF. A U V'Y (Epimedii Herba) =% AT
B IRV CMA AERBAEEES B SNz, £2 T A B Y Y UIZEEN5H CML, CMA
AR 2 BE T 2 RIRAAILEM OBRR X Lz,

TP, UFARBERL VA LA DY Y o E AL =i L, CML, CMA 4
R ETGPE 2 SIS R T L a~ N 7T 7 ¢ —Z Wl L COBEERLL, 50 Eo
V=V T IR A RERBELT., ol bWt FfA~7 L7 —4% (NMR 72
&) HHROIUEFEEDWRE LT Te, TORR, BT L=V T TR/ A N30 iz
FET D& EbIT, HPREERE GO, FHTL=LT7 TR A F 20 HO
(Fig. 71) ZBHOMNIT D ENTE T,
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OH O OH O
O O
HO
HO

HO
HO
oor” °
MeO

o o

o© 0

MeO O MeO
OH MeO
Icarinoside A Icarinoside B Icarinoside C

rha rha

Koreanoside H Koreanoside G Koreanoside F Koreanoside |

o OH
AcO AcO OH
HO § AcO Q)
Korepimedoside D Korepimedoside E Korepimedoside F

Koreanoside E1 Koreanoside E2 Epimedokoreanin C1 Epimedokoreanin C2

Epimedonin G Epimedonin G1 Epimedonin G2
(22)
racemate

Fig. 71. New prenylflavonoids from Epimedii Herba.
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Epimedonin H Epimedonin H1 Epimedonin H2
(24)
racemate

Epimedonin E Epimedonin F
(22)

Fig. 71. (Continued)

W, Vo TLEDNHRETE - 35 HicoWT, '/ 7 v —7 /L CML, CMA Hifk%
FH 72 ELISA {512 XKD . CML, CMA R FETE M2 HIE LTc, £ ORER, BEEED
UMb EIE, BER LD T 7Y arThotz, £/, 77V aofTh C B8R 3
MICREBREEZHTH7 IR —/VERKLID 3 (ICRBERENIENT T3 Fi
TIEMENRWNZ L2V L7z, RIS, EK-B, epimedonin E (21), G (22), H (24) @ 4 fiD
TVL=VT TR A RICHEE R CML, CMA ARBLETE N BIER Sz,
ARBREIGTEDOIR 4 FO/LEMIL, B LT T a— LT L= EEfF LT
WhHTD, TNOLOFRREOEEMNZME Lz, &7, EK-B O 7 =/ — /KR %
T AR TAT MU LT, EORER, A T /ULHERIL EK-B X D ISHEMET Lz
N, FRZT7 TR A KB A B S ALOKBERIEN A F AL ST AL W IXIEPE D B3
IR F L7z, 202 &0, A B S5 MOKBRIEE C BRANOAIVR=VEELEDKFE
FEA A CML, CMA ZAERMHETEMEICEE CH D Z AR S, £i2, h 7 a—nkk
RO 3 DDA Y) (gallic acid, pyrogallol, chlorogenic acid) & EK-B {22V T
CML, CMA AR FEEMEZ g LT, EORER, 3 2OEW & HI1Z EK-B LV 55 FH
FEEEZ R T ORTH o7, WIC, TV VEOEEEARFT 572012, 7TrR X
H1 2k @ artepillin C, drupanin, baccharin % H\ T CML, CMA Bk PR ETEME 2 Mgt L7z,
LU G, EDEEWICE CML, CMA AL ETEMEITMR TE o T2, —H.
7 & {K epimedonin G (22), H (24) # X7 0EI L& 547, epimedonin G1 (S 1£), G2 (R
1K), W TNZ epimedonin H1 (S 14), H2 (R 1K) (22T, CML, CMA A% E R 217 -
7oo ZDFEF, CML,CMA &6 6 ORRETEMRBRICIH W THIEEN &6 50O
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IEEMmD Z & 72K, T IKRERRETH- T,

U DT —% %A LT, CML, CMA ARPREIEPEIZIZ, B BREBZIC A T 22— L3k,
8,5 M T L= VAT HZENMETHY . SHIT, SMOKBIENKZEHRET D
Tl 3NICEEEREAA VI ENEETHL AL, AL, A B Y YU
DUYLE (0.084 %) 73% <, CML, CMA AR HFTEMED & & 7RV EK-B 231 71 U Y Ul
H % 2 DIEEARKTH 5 &I L7 (Fig. 72).

Inhibitory activity f

Inhibitory activety
against CML,CMA

Fig. 72. Characteristic structure of prenylflavonoid having strong inhibitory activity against
CML and CMA formation.

Pl AWFRIZED . A B Y Y IHES L =17 53R A4 RO CML, CMA ZER%FHE
TEMEDOREETE B ON T, WS ODOMAZHA LT 2 LN TE -, ZOWHE#H
I%. EK-B £V S 512587)72 CML, CMA A RKBREAIOBRFE O Fa#t<. #i7-72 CML, CMA
AR ETEEZ G T 2 RIREILEWORE OB T2 LN TE D,

—J, AEFFRIZE Y, Wk, mHEoBMTHEA S TE A B Y Y oIz, Fib /e
DOFEEM AR T 2 L AR, T4, S LIER ZAERE L7770 2 > ROAAL [kt
TR TV DT, [k B ) Y U ERMELOBBEIFIND, Fiz,
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AHY Y TDOTFENEMETH LS L =T TR ) A FEHERIL, & OERT 5 BN
ME TR SN TT 7Y 2 (caritin %) &2 VRIS LD, 5%, AL ERT 2
BRI B FEERIZ BT, EK-B EHC, A BV Y =2 eROEh+52 L
ZRREL, L= T TR A FEFHESCKIST 27 7' 2 o OIEHORE b LE Th
Do

%212, AGEs &¥RBOBLEIZEIT 21501, RURICHE L TW5H, VR, F8
5 DIFFER SR TH D AGEs #E R CML, CMA DOJFHE & ORI R BIHRCF OB O FRIES
MR 9 2 mEMENRIA XD & & B2, CML,CMA OERBEFFOFEM & | EK-B 2
RESNDTVL=VT7 TR A FED CML, CMA AL EEREF 231 502725 2
ENREEND, ELTC ADY Y TIHKRO T L=V T TR ) A REESCA Y Y 8O
EEME SR HAMESEE D 2 EE2UICEYRETH D,
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P

ABFFRICEE L, RAATHFRE, MEEZ B0 . AROERIC S K D H#0r,
ZIHE F L2 KR A e B A R 7E . s iR HciR
T LAY O3

ARBFFERAT O ICBR L. A2 2HFEE, HBhE 2 THE £ LI AER AR A 4
YA = ZER R MARFE SR OFER MEEIRICR IEH W L ET,

ARWFFEZAT DICER L, MIRA IR 72 28, IS 2 THE £ LS8R
ASETIIIEE EA BIRAR OO H RS GEANCE W LET,

AWPZEIZER L, RS, IS 2 THE £ LCBARE R A B 2t 7T M p
B ME PRREAE SERDICIR BV Z LETS

AFRSVERRIZ S 720 . A7 E LB 27K 0 £ Lz, BffnsE #e oW
(o R BIRICIRS ST L ETS

V2843 A I B
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KEROE

SYBE - REERRENT (B 1. 2 E) [T A3EROK

AETHA L7cBas, R

JEUsh
TR FH = % 2R o A 3K

A 71V V7 (Epimedii Herba)
TLC

Precoated silica gel 60 Fas4

Handy UV Lamp SLUV-6

F (oA
BTbIuT T TT4—

Diaion HP-20

MCI gel CHP20P

Sephadex LH-20

u-Bondapak Cis

Silica gel 60 (230-400 mesh)
HPLC ¥V AT A

LC-20AT pump

JASCO 830-RI detector

Sugeai U-620 column heater

HITACHI L-6200 Inteligent pump

HITACHI L-4000 UV detector
HPLC W7 A

Cosmosil 5Cis AR-II

Cosmosil m-nap

(5 pm, ¢ 10.0 X250 mm, respectively)

Cosmosil SPYE

(5 um, ¢ 4.6 X250 mm)

X-Bridge Prep Cis,

Sunfire Prep Cis

(5 um, ¢ 10.0 X250 mm, respectively)

80

v F K R
PN
v F K RN

Merck
TAT
10% H,SO4 in MeOH

=2

=

GE Heaithcare Bioscience
Waters

Merck

e HE R ERT

H AR5

A TAF T
HYNAT 7 Jay—X
HYNAT 7 Jay—X

FTHIAT AT

Waters



Triart PFP, and Triart Phenyl
(5 um, ¢ 4.6 or 10.0 X250 mm, respectively)
Chiralpak IA (5 pm, ¢ 4.6 X250 mm)

SRR
HR-ESI-MS

JEOL JMS-T100LP spectrometer

'H and ¥C-NMR

JEOL ECA 500 NMR spectrometer

'H-NMR at 500 MHz

BC-NMR at 125 MHz

YMC

Daicel

JEOL

JEOL

'H, *C-NMR % pyridine-ds Z &gt L L CHIE L7=, Chemical shift |3 & (ppm)
THRILL., WEEREYE & LT, pyridine-ds @ 'H-NMR (7.20 ppm) & . C-
NMR (123.5 ppm) Z 72, £/, FEEEHR (J) 1L Hz TRiLL., ¥ 7KL

TR OWEEE % V=,

s : Singlet, d: Doublet, t : Triplet, dd : Double doublet, m : Multiplet, q : quartet, br : Broad

BESEE
JASCO P-1020 polarimeter H A

BEEB DT
JASCO OR-2090 Plus Chiral Detector H A
Shodex RS-Pak DC-613 (¢ 6.0 X 150 mm) AN T

MR SLARAERE DR E
Dichloromethane SIGMA
WSsC Ft
TEA Tt
DMAP Tt
Naringinase SIGMA
(-)-a-Methoxy-a-(trifluoromethyl)phenylacetyl Chloride " e (57

(+)-a-Methoxy-a-(trifluoromethyl)phenylacetyl Chloride
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1-1-2. 48 Y YV UDOHEEFIE EERD)

A 71U Y7 (Lotnumber: C1S1504, 7 F X Fni#EdK)3.0kg # A ¥ / —/ViZiz L, HE
BeHhti 2 6 FFE (30 min X 12) X2 [EATWV, &S /c ik A2 B E L, 485g @
MeOH fHHi#) % 137 (Chart 6), 1% 54172 MeOH fhiti#) % n-Hexane & 80% MeOH T
Bl L7z, 80% MeOH & A JUEHzE L, 5547z 80% MeOH J& (405 g) % MCI gel
CHP20P 77 7 A (¢ 4.0 x 30 cm) 12T L, H20, 50% MeOH, 100% MeOH Z B @)t & L
T, A 1LSL A7 A0, 3 DIT4E Lz (Fr. 1~3),

Epimedii Harba
(3.0 kg)
Ultrasonic Extraction

MeOH extract
(485 g)

| Partition between n-Hexane and 80% MeOH

n-Hexane layer 80% MeOH layer
| MCI gel cHP20P

fr.1. fr.2. fr.3.

Chart 6.

MCI gel 50% MeOH ¥ HI 53 Cd 5 Fr.2 (46.5 g) 1, FFOXMCI gel CHP20P # 7 A
(¢ 4.0 x30 cm) (Zff L7=(Chart 7), B#EifH & LT, 4EE 20 % MeOH~ 100% MeOH %
10% RO AL ) —N% THZ LI L, 8 DD HZ15F7- (fr. 2-1~ 2-8) (Chart. 7),
Fr.2-6 (5.3 g) % Sephadex LH-20 (¢ 2.0 X100 cm) (Zff L. B#EE L LT MeOH % >
THBEL. 3 DOl %1372 (Fr. 2-6-1~ 2-6-3), Fr. 2-6-3 (190 mg) %V & pyridine 1=
g S, Waters fHBUNEEY = —v (BLF, HEA 7 L) [Waters p—Bondapak, ¢ 25X
200 mm, 60%-~ 90% MeOH (v/), 10% [EIf@ T 135mL 3212 HW - THBEZ1 TV, 6 DD
YW %457 (Fr. 2-6-3-1~ 2-6-3-6), Fr. 2-6-3-5 (10.3 mg), 6 (1.1 mg) X, <4 HPLC
[Cosmosil 5Cis AR-II(¢ 10X 250 mm, 70% MeOH)] TH55 L. caohuoside C (16: 0.6
mg). epimedoside C (1: 4.5 mg), 3 L O cuhuoside (2: 0.5 mg) % Hiff L7=, &IZ, Fr.2-
7(1.1g) IZDOWT, fr.2-6 LI[AEEIZ Sephadex LH-20 (Fr.2-7-1~2-7-4), HEH T A
[Waters p—Bondapak, ¢ 25 X 200 mm, 60%~ 90% MeOH (v/v), 10% & T 135 ml 9°-2] (Fr.
2-7-2-1~2-7-2-6) Z H\WTHrHfE L7= (Chart 7), = ®%%, Fr.2-7-22(34.1mg) %, >V
71477V Si0, [¢ 10X 100 mm, CHCl::MeOH:H,0O (L4 T C/M/W)= 8:2:0.2 (v4»)] . HPLC
[Cosmosil AR-II ODS (¢ 10 X250 mm, 70% MeOH)] % W THE#RL L, epimedin A (3: 1.0
mg), epimedin B (4: 0.5 mg), epimedin C (5: 2.2 mg) Z it L7-, F£7=. Fr.2-7-2-4 (14.5
mg) NHlx, ¥ U B 5L Si0; [¢ 10X 50 mm, C/M/W= 8:2:0.2 (v/)]. HPLC [Cosmosil
5Cis AR-II (¢ 10X 250 mm, 65% MeOH)] % Ty A 4TV, epimedin K (7: 2.0 mg),
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epimedin L (8: 6.2 mg), cachuoside B (9: 14.9 mg), epimedokoreanoside I (10: 12.1 mg) %

HAREL 7=,
Fr.2 1) Sephadex LH-20
(46.59) 2) Waters p-Bondapak
| mci gel cHP20P 3)Si0,
| | | | 4) HPLC Cosmosil AR-Il
Fr.2-1~2-5 Fr.2-6 Fr. 27 Fr. 2-8

1) MeOH 1) MeOH

2) 60%~90% MeOH | 3) 60%~90% MeOH

4) 70% MeOH —|

fr.2-7-22  fr.2-7-2-4
Epimedoside C Cuhuoside
(4.5 mg) (0.5 mg)
3) C/M/W=8:2:0.2 3) C/M/W=8:2:0.2
4) 65% MeOH 4) 65% MeOH

Epimedin A Epimedin B Epimedin C  Epimedin K Epimedin L Caohuoside B Epimedo-

(1.0 mg) (0.5 mg) (2.2 mg) (2.0 mg) (6.2 mg) (149 mg)  koreanoside |
(12.1 mg)

Chart 7.

Fr. 3 (65.0 g) L7 MCI gel CHP20P 7 7 A [¢ 4.0x30 cm, 40 % MeOH~ 100% MeOH,
10% MBTHT HMIZISLT2] Zu~x 7T 7 4 —%{T0, 8 DO & (fr. 3-
1~ 3-8) (Chart 8), Z D%, Fr.3-4(9.0g) ®—#5 (4.0g) (-2 T, Sephadex LH-20
(¢ 2.0X100 cm, 100% MeOH) (ZCHrlEL., 5 DD Hi %157 (Fr. 3-4-1~ 3-4-5), Fr. 3-4-
2 (286 mg) ZHE 7 . [Waters u—Bondapak (¢ 25 X200 mm, 50%~ 80% MeOH (v/v),
10% flE T 135ml §°2)] 2 W CTHEEEZ V., X 51T 8 DD S7 )72 (firs. 3-4-2-
1~ 3-4-2-8), Fr.3-4-2-2 (55.6 mg) % HPLC [X-Bridge Prep Cis (¢ 10 X250 mm, 65%
MeOH(vA))] ZHWTHHL L . epimedokoreanin C (11; 6.3 mg) Z HMfid 5 Z L AT
72, Fr.3-4-3 (1.5g) ®—# (500 mg) (2 DWW T, HIEA T A [Waters p—Bondapak, ¢ 25 X
200 mm, 50%-~ 90% MeOH (vA), 10% & T 135ml §°2] ZHW\THBEZ TV, 6 DD
YN FF7= (Fr. 3-4-3-1~3-4-3-6), Fr. 3-4-3-5 (160 mg) X, > U H 7L Si02[¢ 10 X
100 mm, C/M/W=9:1:0.1 (v»)] {23 L. 9 DD4 I L7~ (Fr. 3-4-3-5-1~ 3-4-3-5-9), Fr.
3-4-3-5-7 (31.5 mg) % HPLC [Sunfire Prep Cis (¢ 10 X250 mm, 80% MeOH)] % FH\TH
WLk, 4BV YUDOEMSE L THREDD D icariin (12: 28.9 mg) % HHfE
952 LN TETZ, £z, Fr.3-4-3-5-9 (71.5 mg) % HPLC [Sunfire Prep Cis, (¢ 10 X250
mm, 70% MeOH(vA))] % VTR 2 & | sagittatoside A (13: 47.3 mg), 35 X% 27-
rhamnosylicarisid II (14: 9.8 mg) % B4 25 = & 75%;{%7’:0 Fr. 3-4-4 (660 mg) |
Sephadex LH-20 (¢ 2.0 X 100 cm, MeOH) (2L, 5 -DIZ43MH L7z (Fr. 3-4-4-1~3-4-4-

5) ED%, Fr.3-4-4-2 (2859 mg) 2O\ T, HFEHLT A [Waters u—Bondapak , ¢ 25 X
200 mm, 60%-~ 90% MeOH (v/v), 10% [If@ T 135 ml 9°2] (@9 Z & T9 DD WiZsy
B U7 (Fr. 3-4-4-2-1~ 3-4-4-2-9), Fr. 3-4-4-2-2 (285.9 mg) % HPLC [PFP (¢ 10 X250 mm,
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65% MeOH(v/v))] Z7EXt L. pherodendrozide (15: 8.0 mg) % Hiff L7-, B9 545 C
& 5 Fr. 3-4-4-2-3 (77.1 mg) (XU 547 Si0; [¢ 15X 90 mm, C/M/W= 8:2:0.2 (v/»)] (T3
L. 4 ODO4EIZSEEL 72 (Fr. 3-4-4-2-3-1~ 3-4-4-2-3-4),  RIZ. Fr.3-4-4-2-32 %
HPLC [X-Bridge Prep Cis (¢ 10 X250 mm, 70% MeOH(v/))] & W\ C Y — 7 %43 B L 7=k
R, caohuoside C (16: 6.0 mg) % HLEfE L7c, BEEd 240 (fr. 3-4-4-2-5 (59.1 mg)) %
HPLC [X-Bridge Prep Cis (¢ 10 X 250 mm, 70% MeOH(vA))] & W THRIL- & 2 A,
icariside II (17: 55.1 mg) ZH#fEd 25 = LN CT& /=, F£72. fr. 3-4-4-3 (184 mg) (T2 T
% 7 2 [Waters u—Bondapak, ¢ 25 X200 mm, 50%~ 90% MeOH (v/v), 10% [#F& T 135
ml 9°2°] ZHV., 9 SD4y i 24572 (Fr. 3-4-4-2-3-1~ 3-4-4-2-3-9), Fr. 3-4-4-3-6 (40.1
mg) %=V BN Si0 T A [¢p 10X 100 mm, C/M/W=8:2:02 (vv)] THRLL7= & Z
%, icarisoside A (18:27.2 mg) # Hiff4 25 = LN TE 7,

Fr.3
(65.0 g)

MCI gel CHP20P

1) Sephadex LH-20
2) Waters p-Bondapak

3) SiO,
| | | | | 4) HPLC Waters X-Bridge
Fr.3-1~3-3 Fr.3-4 Fr. 3-5 Fr.3-6 Fr. 3-7~ 3-8 5) HPLC Waters Sunfire
| 1) MeOH 6) HPLC YMC Triart PFP

Fr. 3-4-2 Fr. 3-4-3 Fr. 3-4-4
2) 50%~ 90% MeOH ‘;; O 09 MeOH

2) 50%~80%MeOH  |3) (C/M/W=9:1:0.1) > s

4) 65% MeOH

3) (CIM/W=8:2:0.2)| 4) 70% MeOH | 3) (C/M/W=8:2:0.2)
4) 70% MeOH

6) 65% MeOH

Pherodendrozide Caohuoside C Icariside Il Icarisoside A

Fr.3-4-3-5-7  Fr.3-4-3-5-9 (8.0 mg) (6.0 mg) (55.1 mg) (27.2 mg)
5) 80% MeOH | 5) 70% MeOH
Epimedokoreanin C Icariin Sagittatoside A 2"-O-rhamnosyl icariside Il
(6.3 mg) (28.9 mg) (47.3 mg) (9.8 mg)
Chart 8.

Fr. 3-5 (10.4 g) {225\ TClL, Sephadex LH-20 77 7 A (¢ 2.0X100 cm, MeOH) (Zff L., 5
DD4y B &7 (Fr. 3-5-1~ 3-5-5) (Chart 9), Z D%, fr.3-5-3 (1.23 g) ZHEH T A
[Waters p—Bondapak , ¢ 25 X200 mm, 60%~ 90% MeOH (vAv), 10% & T 135ml 2] %
FV 5 SO0y &7 (fr. 3-5-3-1~ 3-5-3-5), Fr. 3-5-3-4 (206.6 mg) % > U 717 /L Si0,
[6 20 X130 mm, C/M/W=9:1:0.1 (vv)] THHEEL T, 6 DO E %137 (fr. 3-5-3-4-1~ 3-
5-3-4-6), Fr.3-5-3-4-6 (37.3 mg) X, HPLC [Cosmosil wnap (¢ 10 X 250 mm, 80%
MeOH(vv))] Z W CTRRL L 7255 . korepimedoside A (19: 17.1 mg) % Hiff L7=, Fr.
3-5-5 (200 mg) (T DWW T, ¥ U B 5L Si0; [¢ 20 X 130 mm, C/M/W= 8:2:0.2 (vv)] T 7
OVZHY M L7z (fr. 3-5-5-1~3-5-5-7), £ D fr. 3-5-5-4~3-5-5-6 D 3 DD 4y [lj|%X HPLC
[Cosmosil CisAR-II (¢ 10 X250 mm, 70% MeOH(vV))] & W= 8Eic kv . hEho
77> 5 8-prenyl kaempherol (20: 1.9 mg), icariside I (21: 3.3 mg), 8-prenyl luteolin (22:
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4.0 mg) % HHEL 7=,

Fr. 3-5 1) Sephadex LH-20
(10.4 g) 2) Waters p-Bondapak
| 1) meoH 3) S0,
| 4) HPLC Cosmosil = Nap
5) HPLC Cosmosil AR-I|
Fr. 3-5-3 Fr. 3-5-5

2) 60%~ 90% MeOH
3) (C/M/W=9:1:0.1)
4) 80% MeOH |

3) (C/M/W=9:1:0.1)
5) 70% MeOH

Korepimedoside A 8-Prenyl kaempherol Icariside | 8-Prenyl luteolin
(17.1 mg) (1.9 mg) (3.3 mg) (4.0 mg)
Chart 9.

Fr. 3-6 (12.2 g) {22\ ClE Sephadex LH-20 77 2 (¢ 2.0 X100 cm, 100% MeOH) (Z7)>
F. 5 DO &4 (fr. 3-6-1~ 3-6-5) (Chart 10), KIZ. fr. 3-6-4 (188 mg) & HEL T
2\ [Waters p—Bondapak , ¢ 25 X200 mm, 70%-~ 90% MeOH (v/v), 10% @ T 135 ml 3°7]
ERWTHEEL., 8 DONWmaE#5 2 &N (fr. 3-6-4-1~ 3-6-4-8), Fr. 3-6-4-4
(15.6 mg) % HPLC [Cosmosil Cis AR-II (¢ 10X 250 mm, 80%MeOH(v/A))] % H VTl
L. gancaonin B (23: 2.8 mg) % Hifff L7, Fr.3-6-4-5(37.2 mg) % HPLC [Cosmosil Cs
AR-II (¢ 10X 250 mm, 85% MeOH (vA))], ¥\ > HPLC [YMC PEP (¢ 4.6 X250 mm, 75%
MeOH (vv))] Z#HW T L7-#E . euchrestaflavanon A (24: 2.5 mg) % HEET 25 2
E N T&E Tz, Fr.3-6-4-6 (23.4 mg) % HPLC [Cosmosil Cis AR-II (¢ 10X 250 mm, 85%
MeOH (vv))] % W ToBfE %17\, epimedonin C (25: 5.9 mg) % Hiffff 7=, Fr.3-6-4-7
(8.0 mg) % HPLC [Cosmosil Cig AR-II (¢ 10X 250 mm, 80% MeOH (v/))] % FIVNTHHfE L
7o#t 5. 8,5°-diprenyl apigenin (26: 4.6 mg) Z Hififf 35 Z &3 T& 72, Fr.3-6-5 (123 mg)
% HE A 7 2[Waters p—Bondapak , ¢ 25 X 200 mm, 75%~ 90% MeOH (v/Av), 5% [El& T 135
ml 2] ZHWTHEEL, 5 2O I Z1G72 (fr. 3-6-5-1~ 3-6-5-5), RIZ. fr. 3-6-5-3
(124 mg) % ¥KIZ HPLC [Cosmosil Cig AR-II (¢ 10X 250 mm, 85% MeOH (v/))] % AT
F5%L L. broussonol D (27: 3.7 mg), epimedokoreanin B (28: 33.7 mg) % Hiff L 7=,

Fr. 3-6 1) Sephadex LH-20
(2.09) 2) Waters p-Bondapak
1) MeOH 3) HPLC Cosmosil AR-II
| | 4) HPLC YMC Triart PFP
Fr. 3-6-4 Fr. 3-6-5
‘ 2) 70%~ 90% MeOH ‘2) 75%~ 90% MeOH
| Fr. 3-6-5-3
Fr. 3-6-4-4 Fr. 3-6-4-5 Fr. 3-6-4-6 Fr. 3-6-4-7 3) 85% MeOH
3) 80% MeOH ‘4) 75% MeOH ‘3) 85% MeOH ’3) 80% MeOH
Gancaonin B Euchrestaflavonone A Epimedonin C 8,5'-diprenyl apigenin Broussonol D Epimedokoreanin B
(2.8 mg) (2.5 mg) (4.0 mg) (4.6 mg) (3.7 mg) (33.7 mg)
Chart 10.
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Fr. 3-7 (15.6 g) {Z-DW\TlL, Sephadex LH-20 7 7 A (¢ 2.0X100 cm, MeOH) (Zff L., 5
DO4yH % 1F7- (Fr. 3-7-1~ 3-7-5) (Chart 11), &XIZ., fr. 3-7-5 (200 mg) % HJEHN T A
[Waters p—Bondapak , ¢ 25 X200 mm, 80%~ 100% MeOH (v/v), 10% [E& T 135ml ¥ 2]
ERWCHEET D L. 3 DSOS B (Fr. 3-7-5-1~ 3-7-5-3), Fr. 3-7-5-1 (26.9 mg)
[ZOWTIE, U B4V Si0; [¢ 20 X 130 mm, C/M/W=9:1:0.1 (W»)] THEEL., &6

|2, HPLC [Cosmosil Cis AR-II (¢p 10 X250 mm, 80% MeOH (vA»))] Z W THBEL . 4-0-
methyl limonianin (29: 0.9 mg) # BB 52 &N TX7=, 72, fr. 3-7-5-2 (135.6 mg)
(ZOWTIE, HJED T A [Waters p—Bondapak , ¢ 25 X200 mm, 80%, 90% MeOH (v/v), 5%
M T 135ml 972 ZHWTHBEEL, 5 DOl %137 (Fr. 3-7-5-2-1~ 3-7-5-2-5), Fr.
3-7-5-2-1 (42.2 mg) (X, & 5T HPLC [X-Bridge Prep. Cis (¢ 10 X 250 mm, 80% MeOH
)] ZEHWTHR L7 & Z A, limonianin (30: 28.0 mg) 7345 Hiu7z,

(Fzrf03<:;,7) 1) Sephadex LH-20
2) Waters p-Bondapak
|1) MeOH 3)Si0,
Fr.3-7-5 4) HPLC Cosmosil AR-II

|2) 80%~ 100% MeOH  5) HPLC Waters X-Bridge

Fr. 3-7-5-1 Fr. 3-7-5-2
3) (C/M/W=9:1:0.1) 2) 80%~ 90% MeOH
4) 80%MeOH 5) 80% MeOH
4'-O-Methyl limonianin Limonianin
(0.9 mg) (28.0 mg)

Chart 11.
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1-1-3. A8 Y Y UDOHBEEFIE BED)

Fr. 2-7 (1.1 g) 1% Sephadex LH-20 (MeOH) %z HW\T 4 D25 L7z (fr. 2-7-1~ 2-7-4)
(Chart 12), Fr.2-7-2 ZH+7 7 L [Waters p—Bondapak (¢ 25 X 200 mm, 60%-~ 90% MeOH
(V/v), 10% MIFET 135ml §°2)]. U 4L Si0, [¢10 X 175 mm, C/M/W=9:1:0.1 (v»)].
HPLC [Cosmosil Cis AR-II (¢ 10X 250 mm, 60% MeOH)] % W THEEZ1TV., (LAY 31
(icarinoside A: 2.0 mg), {L&# 32 (icarinoside B: 1.3 mg) % Hiff L7, Fr.2-7-3 % HE
717 2 [Waters p—Bondapak (¢ 25 X200 mm, 50%~ 100% MeOH (v/»), 10% [FFE T 135 ml
Fo)] . U B HIL S0, [$10X 150 mm, C/M/W=8:2:0.2 (v»)]. HPLC [Cosmosil Cis AR-
11 (¢ 10 X250 mm, 70% MeOH)] Z MW Tz TV, {EE&# 33 (koreanoside I: 0.8 mg)
Ze A L7z,

Fr. 2-7
(1.19)
1) MeOH
1) Sephadex LH-20 Fr. 2-7-2 Fr.2-7-3
2) Waters p-Bondapak
3) SiO, 2) 60~ 90% MeOH 2) 50~100% MeOH
4) HPLC Cosmosil AR-II 3) C/M/W=9:1:0.1 3) C/M/W=8:2:0.2
4) 60% MeOH 4) 70% MeOH
A 32 33
(2.0 mg) (1.3 mg) (0.8 mg)
Chart. 12.

Fr.3-4-3(1.5g) (DWW TiL, HEA T L[Waters ui—Bondapak (¢ 25 X200 mm, 50%~ 90%
MeOH (v/v), 10% [EFET 135 ml 9°2)] ZHW\THBEZ TV (Frs. 3-4-3-1~ 3-4-3-7), %
D, > U B 7L Si0, [¢10 X 130 mm, C/M/W=20:1:0~8:2:02 (v»)] LV /pE L, D fr.
3-4-3-3-2 (132 mg) % . HPLC [X-Bridge Prep. Cis (¢ 10 X 250 mm, 65% MeOH)] CHil L
7-#. P HPLC [YMC Triart PEP (¢ 4.6 X250 mm, 60% MeOH) | C/r#fE 179 &, L&
¥ 34 (koreanoside F: 23 mg) Z Hiffi4 52 LN TE 72, S OIS 50 ( Fr. 3-4-
3-3-3(16.3 mg)) % HPLC [Sunfire Prep. Cis(¢ 10 X250 mm, 70% MeOH )] THH 45 = &
12k v, {kE# 35 (koreanoside E1: 5.1 mg). 36 (koreanoside E2: 5.5 mg) % Hifff L7-,
Fr. 3-4-3-4 (199.7 mg) % VU 541 Si0, [$20 X 120 mm, C/M/W (9:1:0.1) (vA)] & 0 43 iE
L. HPLC [X-Bridge Prep. Cis (¢ 10X250 mm, 60% MeOH) ] {2 X 5558 #1T\ . {LEW
37 (koreanoside G: 6.2 mg) % Hififf L 7=, Fr. 3-4-4 (659 mg) (%, Sephadex LH-20 (Zff L.
5 DI U724 (frs. 3-4-4-1~ 3-4-4-5), Fr. 3-4-4-2 (285 mg)lX. =Dk, HED N T A
[Waters p—Bondapak (¢ 25200 mm, 50%~ 80% MeOH (v/v); 10% @ T 135 ml 3°2)],
HPLC [X-Bridge Prep. Cis (¢ 10 X 250 mm, 80% MeOH)] \Z CH® L. k&% 38
(koreanoside H: 2.5 mg) % HLEf L 7=(Chart 13),
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Fr. 3-4

1) Waters u-Bondapak (9.09)
2) Si0, 6) MeOH
3) HPLC Waters X-Bridge |
4) HPLC YMC Triart PFP
5) HPLC Waters Sunfire Fr. 3-4-3 Fr. 3-4-4
6) Sephadex LH-20 (1.59) (660 mg)
| 1) 50%~ 90% MeOH
Fr. 3-4-3-3 Fr. 3-4-3-4 6) MeOH
2) C/M/W=8:2:0.2 1) 50%~ 90% MeOH
3) 65% MeOH 3) 80% MeOH
| | 2) CIM/W=9:1:0.1
Fr. 3-4-3-3-2 Fr. 3-5-3-4-5 3) 65% MeOH
4) 60% MeOH 5) 70% MeOH
34 35 36 37 38
(2.3 mg) (5.1 mg) (5.5 mg) (6.2 mg) (2.5 mg)
Chart 13.

Fr.3-5(10.4 g) {225\ TlE, Sephadex LH-20 (¢ 2.0 X100 cm, MeOH) (21} L, MeOH %
FAWTHBEL., 5 DO E % 15%7- (frs. 3-5-1~ 3-5-5) (Chart 14), Fr.3-5-3(1.23 g) 2/ &
@ pyridine (ZEME S, HHEA T A [Waters p—Bondapak, ¢ 25 X200 mm, 60%~ 90%
MeOH (vv), 10% [BFET 135mL 9°°] ZHWTHBEEZITV., S HIZ5 DD HE %157
(frs. 3-5-3-1~ 3-5-3-5), KIZ. fr. 3-5-3-4 (206 mg) 1L, > VU B # /L SiO; [¢20 X 120 mm,
C/M/W 9:1:0.1; (wv)] ZH\NT 8 DDA 43EE L 7= (frs. 3-5-3-4-1~ 3-5-3-4-8), Fr. 3-5-
3-4-2 (4.3 mg) 1L, Dk, HPLC [Cosmosil AR-II Cis (¢ 10 X250 mm, 70% MeOH)] % H]
WTRRLL . {LA® 39 (icarinoside C: 3.1 mg) %457~ Fr.3-5-3-4-4 (11.5mg) (. T D
#. HPLC [Cosmosil AR-II Cjs (¢ 10X250 mm, 70% MeOH)] ZHW\WToBix T2 =
A, {LEY 40 (korepimedoside D: 5.9 mg) & &%) 41 (korepimedoside E: 4.5 mg) % Hi
B9 5 Z &3 TE 7o, Fr.3-5-3-4-5(19.7 mg) X, HPLC [Cosmosil & Nap (¢ 4.6 X250 mm,
60% MeOH)] (ZT72& 2 A, 3 DOHEIZHTH T ENTE T (frs. 3-5-3-4-5-1~ 3-5-
3-4-5-3), Fr.3-5-3-4-5-2 %, HPLC [Triart PFP (¢ 4.6 X250 mm, 70% MeOH)] Tk L 7=
EZ A, LAY 42 (korepimedoside F: 4.6 mg) Z B4 5 = L3 CT& 7=, Fr. 3-5-5(200
mg) 1. U AL Si0; [¢10X 130 mm, C/M/W= 9:1:0.1 (v»)] & W 7=38E %170, 6
DD4y B & fHT (frs. 3-5-5-1~ 3-5-5-6), Fr. 3-5-5-6 (%, HPLC [X-Bridge Prep. Cis (¢ 10X
250 mm, 65% MeOH)] % W CooBft & 1T - 7=fE%. /L% 43 (epimedonin G: 14.5 mg),
44 (epimedonin H: 6.3 mg) % Hi#f L 7=,
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Fr. 3-5
(10.4 g)

1)

1) Sephadex LH-20
2) Waters p-Bondapak
3) SiO,
4) HPLC Cosmosil AR-II |
5) HPLC Cosmosil = Nap Fr. 3-5-3 Fr. 3-5-5
6) HPLC YMC Triart PFP 2) 60%~ 90% MeOH
7) HPLC Waters X-Bﬂdge 3) (C/M/W=91 01)
| | | 3) C/M/W=9:1:0.1
7) 65% MeOH

Fr. 3-5-3-4-2 Fr. 3-5-3-4-4 Fr. 3-5-3-4-5
4) 80% MeOH 4) 70% MeOH 5) 60% MeOH
6) 70% MeOH
39 40 4“1 42 43 44
(3.1 mg) (5.9 mg) (4.5 mg) (4.6 mg) (14.5 mg) (6.3 mg)
Chart 14.

Fr. 3-6 (12.2 g, eluted by 90% MeOH) (%, Sephadex LH-20 (¢ 2.0 X 100 cm, MeOH) Z >
THBEZITVN, 6 DDSENIAT T2 (frs. 3-6-1~3-6-6), Fr.3-6-5 1%, FEH T L [Waters
u-Bondapak (¢ 25 X200 mm, 70% ~100% MeOH; 10%[HFE T 135 ml 3°2)], > U 5L
SiOz [¢ 8 X 50 mm, C/M/W (9:1:0.1; v/v)] (ZNEKE L, L& 45 (epimedonin E: 4.0mg) %
#47= (Chart 10), Fr. 3-7 (2.0 g) % Sephadex LH-20 (¢ 2.0 X 100 cm, MeOH), H/EH 7 L
[Waters u—Bondapak (¢ 25 X 200 mm, 80%~100% MeOH; 10%[H& T 135ml §°-2)], ¥ U &
77V Si0; [¢p12 X 80 mm, C/M/W (9:1:0.1; v/v)]. HPLC [YMC Triart Phenyl (¢ 4.6 X250 mm,
85% MeOH)] % W TArlE L, {LE% 46 (epimedonin F: 1.9 mg) % Hifff L 7= (Chart 15),

Fr.3

1) Sephadex LH-20 (65.0 g)
2) Waters p-Bondapak | MCI gel CHP20P
3) SiO,
4) HPLC Cosmosil AR-II
5) HPLC YMC Triart Phenyl Fr. 3-6 Fr. 3-7
1) MeOH 1) MeOH
2) 70%~ 100%MeOH 2) 70%~ 100%MeOH
3) C/M/W=9:1:0.1 3) C/M/W=9:1:0.1
4) 90% MeOH 5) 85% MeOH
45 46
(4.0 mg) (1.9 mg)
Chart 15.

&9



2-4-2. 4 AV Y UHRFHRILEY OEERYT

2-4-2-1 Icarinoside A (31), B (32), C (39) DREEHRE

Icarinoside A (31)

Rf value : 0.49 (solv. CHCl3:MeOH:H,0=8:2:0.2), [ &]p -99.2° (¢=0.20, MeOH), Positive FAB-
MS : m/z 903 [M+Na]*, HR-ESI-MS : m/z 903.2896 [M+Na]" (Calcd for CsHs:Na;Oa; :
903.2899), 'H-NMR (in pyridine-ds) [ou : 8.11 (2H, d, J=8.6, H-2', 6"), 7.22 (1H, s, H-6), 7.18
(2H, d, J=9.2, H-3", 5"), 5.50 (1H, t, J/=7.4, H-12), 3.82,3.68 (1H, m, H-11), 3.76 (3H, s, 4'-OMe),
1.75 (3H, s, H-14), 1.58 (3H, s, H-15), 5.78 (1H, d, J=2.9, H-1"), 5.16 (1H, d, J=3.5, H-2"), 5.02
(1H, q, J=6.9, H-5"), 3.75 (3H, s, H-4"-OMe), 3.74 (3H, s, H-3"-OMe), 1.51 (3H, d, J/=6.8 H-6"),
5.71 (1H, d, J=7.5, glc-1), 4.38 (1H, t, J=9.7, glc-3), 4.36 (1H, dd, J=7.5, 9.7, glc-2), 4.30 (1H,
dd, J=9.7,9.2, glc-4), 4.12 (1H, m, glc-5), 4.49 (1H, br d, J=9.7, glc-6), 4.31 (1H, m, glc-6), 6.10
(1H, br s, rha-1), 5.07 (1H, br s, rha-2), 4.55 (1H, dd, J=3.5, 9.5, rha-3), 4.17 (1H, t, J=9.5, rha-
4), 4.00 (1H, m, rha-5), 1.36 (3H, d, J=6.3, tha-6)], *C-NMR (125 MHz, Pyridine-ds) [&c 157.5
(C-2), 135.0 (C-3), 179.0 (C-4), 160.0 (C-5), 99.1 (C-6), 161.7 (C-7), 109.4 (C-8), 153.8 (C-9),
106.7 (C-10), 22.3 (C-11), 123.6 (C-12), 131.5 (C-13), 25.5 (C-14), 17.9 (C-15), 123.6 (C-1°),
131.5(C-2%), 114.2 (C-3’), 162.5 (C-4"), 114.2 (C-5"), 130.5 (C-6"), 55.4 (4’-OMe), 105.0 (C-17),
73.5(C-27),172.0(C-37),173.4 (C-4"),71.9 (C-5”), 18.8 (C-6"), 51.6 (37°-OMe), 51.9 (4”-OMe),
101.8 (rha-1), 80.0 (rha-2), 71.5 (rha-3), 72.8 (rha-4), 72.1 (rha-5), 17.9 (rha-6), 102.3 (glc-1),
74.6 (glc-2), 78.2 (glc-3), 70.8 (glc-4), 78.7 (glc-5), 61.9 (glc-6) |

Icarinoside B (32)

Rf value : 0.49 (solv. CHCl3:MeOH:H,0=8:2:0.2), []p -71.9° (¢=0.13, MeOH), Positive FAB-
MS : m/z 903 [M+Na]", HR-ESI-MS : m/z 903.2896 [M+Na]" (Calcd for CsHs:Na O :
903.2899), '"H-NMR (in pyridine-ds) [8u : 8.11 (2H, d, J= 8.6, H-2', 6"), 7.19 (1H, s, H-6), 7.18
(2H,d,J=9.2,H-3", 5", 5.51 (1H, t,J=7.4,H-12),3.82, 3.68 (1H, m, H-11), 3.75 (3H, s, 4'-OMe),
1.75 (3H, s, H-14), 1.58 (3H, s, H-15), 5.94 (1H, s, H-1"), 2.63 (1H, dd, J= 6.8, 15.4, H-4”-1),
2.89 (1H, dd, J= 6.8, 13.2, H-4”-2), 4.60 (1H, q, J= 6.3, 13.2, H-5"), 3.66 (3H, s, H-2"-OMe),
3.64 (3H, s, H-3"-OMe), 1.50 (1H, d, /= 6.3 H-6"), 5.70 (1H, d, J=17.5, glc-1), 4.38 (1H, t, J= 8.6,
glc-3), 4.36 (1H, br d, J= 8.6, glc-2), 4.30 (1H, dd, J= 8.0, 8.6, glc-4), 4.12 (1H, m, glc-5), 4.49
(1H, br d, J=9.7, glc-6), 4.33 (1H, m, glc-6), 6.11 (1H, br s, rha-1), 5.03 (1H, br s, rha-2), 4.57
(1H, dd, J=3.5, 9.2, tha-3), 4.22 (1H, t, J= 9.2, rha-4), 4.00 (1H, m, rha-5), 1.36 (3H, d, J= 5.7,
rha-6)], >*C-NMR (125 MHz, Pyridine-ds) [&c 157.4 (C-2), 135.0 (C-3), 178.8 (C-4), 159.8 (C-5),
98.9 (C-6), 161.4 (C-7), 109.2 (C-8), 153.5 (C-9), 106.5 (C-10), 22.5 (C-11), 122.8 (C-12), 131.3
(C-13), 25.3 (C-14), 17.7 (C-15), 123.0 (C-17), 130.8 (C-27), 114.2 (C-3"), 161.9 (C-4’), 114.2
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(C-5%), 130.8 (C-6"), 55.2 (4’-OMe), 100.6 (C-17), 168.3 (C-27), 171.3 (C-3”), 41.7 (C-4”), 71.8
(C-5),22.0(C-6),51.5 (27-OMe), 51.2 (3”-OMe), 101.6 (rha-1), 79.4 (rha-2), 71.7 (rha-3), 72.3
(rha-4), 71.4 (rha-5), 17.7 (rha-6), 102.0 (glc-1), 74.3 (glc-2), 77.9 (glc-3), 70.6 (glc-4), 78.4 (glc-
5), 61.7 (glc-6) ]

Icarinoside C (39)

Rf value : 0.89 (solv. CHCl3:MeOH:H,0=8:2:0.2), [&]p -64.7° (c=0.31, MeOH), Positive FAB-
MS : m/z 702 [M+Na]", HR-ESI-MS : m/z 702.2539 [M+Na]" (Calcd for C3sH42NaO;s : 702.2524),
"H-NMR (in pyridine-ds) [8n : 8.10 (2H, d, J= 8.6, H-2', 6", 6.88 (1H, s, H-6), 7.16 (2H, d, J=
8.6, H-3", 5", 5.51 (1H, t, J= 7.4, H-12), 3.77 (1H, m, H-11), 3.76 (3H, s, 4-OMe), 1.79 (3H, s,
H-14), 1.63 (3H, s, H-15), 5.92 (1H, s, H-1"), 2.59 (1H, dd, J= 6.8, 15.4, H-4"-1), 2.86 (1H, dd,
J=6.8, 13.2, H-47-2), 4.62 (1H, q, J= 6.3, 13.2, H-5"), 3.62 (3H, s, H-2"-OMe), 3.61 (3H, s, H-
3"-OMe), 1.41 (1H, d, J= 6.3 H-6"), 6.09 (1H, br s, rha-1), 5.03 (1H, br s, tha-2), 4.57 (1H, dd,
J=3.4,9.7, tha-3), 4.20 (1H, t, J= 9.7, tha-4), 4.07 (1H, m, rha-5), 1.32 (3H, d, J= 6.3, rtha-6)],
BC-NMR (125 MHz, Pyridine-ds) [ 156.9 (C-2), 135.0 (C-3), 178.7 (C-4), 159.9 (C-5), 98.9
(C-6), 161.8 (C-7), 106.8 (C-8), 154.6 (C-9), 105.0 (C-10), 21.9 (C-11), 123.1 (C-12), 131.5 (C-
13), 25.4 (C-14), 17.7 (C-15), 123.0 (C-1"), 130.8 (C-27), 114.2 (C-37), 163.0 (C4"), 114.2 (C-
5%), 130.8 (C-6’), 55.2 (4’-OMe), 101.7 (C-17), 79.6 (C-27), 71.8 (C-37), 72.4 (C-4), 71.5 (C-
57), 17.8 (C-6), 51.5 (27-OMe), 51.2 (3”-OMe), 101.7 (rha-1), 79.6 (rha-2), 71.8 (rha-3), 72.4
(rha-4), 71.5 (rha-5), 17.8 (rha-6) ]

2-4-2-2 Koreanoside F (34), G (37), H (38), I (33) DH#EERE

Korepimedoside I (33)

Rf valure: 0.36 (solv. CHCl3: MeOH: H,O= 8:2:0.2), [a]p -202.3° (c¢= 0.15), Positive ESI-MS:
m/z 683 [M+Na]"; HR-ESI-MS: m/z 683.1945 [M+Na]" (Calcd. for C3,H3sNaOs: 683.1952), 'H-
NMR (500 MHz, Pyridine-ds) [6u 8.14 (2H, d, J=6.9, H-2°,6"), 7.18 (1H, s, H-11), 7.17 (2H, d,
J=18.6,H-3",5%),7.11 (1H, s, H-6), 3.73 (3H, s, 4-OMe), 1.86 (6H, s, H-14, 15), 6.28 (1H, br s,
rha-1), 4.98 (1H, br d, J = 3.5, tha-2), 4.61 (1H, dd, /= 3.5, 9.2, rha-3), 4.19 (1H, t, J = 9.2, rha-
4), 4.24 (1H, m, rha-5), 1.37 (3H, d, J = 6.3, rha-6), 5.13 (1H, d, J= 7.4, xyl-1), 4.02 (1H, dd, J =
7.4,7.5, xyl-2), 4.12 (1H, m, xyl-3), 3.62 (1H, t, /= 6.5, xyl-4), 4.21, 4.12 (each 1H, m, xyl-5)],
BC-NMR (125 MHz, Pyridine-ds) [&c 157.1 (C-2), 133.0 (C-3), 179.5 (C-4), 160.2 (C-5), 94.8
(C-6), 158.9 (C-7), 106.2 (C-8), 149.0 (C-9), 109.7 (C-10), 97.3 (C-11), 165.0 (C-12), 67.1 (C-
13), 29.1 (C-14), 29.1 (C-15), 122.9 (C-17), 131.0 (C-2’), 114.4 (C-3’), 162.1 (C-4’), 114.4 (C-
57),131.0 (C-67), 55.3 (4’-OMe), 103.5 (rha-1), 72.5 (rha-2), 71.8 (rha-3), 71.3 (rha-4), 71.9 (rha-
5), 17.9 (rha-6), 107.5 (xyl-1), 75.0 (xyl-2), 77.8 (xyl-3), 70.4 (xyl-4), 68.1 (xyl-5)]
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Korepimedoside I (33) DAN/K 5y fif

Korepimedoside (33, 0.5 mg) #¥&#% (2 M HCl/dioxiane=1:1, | mL)\Z#f# L, 10mL F 3
7 AaN 95 CT 1.5 Bk iR E1T - 7o, T ORKISEEIZ H0 2 mL) ZI1X.,
dioxane ®HEDZ O T NKR—L — M EITo 70, ZORIBKRK%Z Amberlite MB-3 [¢
15mm X 40 mm column] (T THFIL, 156 7KEKZ MCI gel CHP20P [¢ 15mm X 40
mm column] [Zi# L. FEE %y [H,O(8mL) TIEH] &7 7 U 2[4y [MeOH (8 mL) T
TEH] 21570, 18O bEE 5 /KR 2 MR [E LU, 78 % 20 uL, CH;CN/H,0=3: 1 |
AR L. FESCERHI S (JASCO OR-2090 Plus Chiral Detector) % FV 7= HPLC [Shodex
RS-Pak DC-613 (¢ 6.0 X 150 mm, CH;CN/H,0=3 : 1), flow rate, 1.0 ml/min, 70 °C] 2341 % 33
Tipotn, £ LT, ERLOEEBRIE &M [L-T A 2 — A =4.5 min (-), D-F ¥ 12— A:
tx=5.8 min (+)] % i+ 2 Z & T korepimedoside I (33) DOIERLIHIL L-T L/ — A [1=4.5
min (-)] & D-F 17 —R [£=5.8 min (+)] MNEE Sz,

Korepimedoside F (34)

Rf valure: 0.67 (solv. CHCl3: MeOH: H,O= 8:2:0.2), [a]p -203.7° (c= 0.16), Positive ESI-MS:
m/z 551 [M+Na]*; HR-ESI-MS: m/z 551.1508 [M+Na]" (Calcd. for C2;H,sNaOy;: 551.1529), 'H-
NMR (500 MHz, Pyridine-ds) [6u 8.17 (2H, d, J=8.6, H-2°,6’), 7.19 (1H, s, H-11), 7.15 (2H, d,
J=28.6,H-3",5%), 7.11 (1H, s, H-6), 3.73 (3H, s, 4’-OMe), 1.87 (6H, s, H-14), 6.25 (1H, d, J =
1.8, Rha-1), 5.07 (1H, br d, J = 1.8, Rha-2), 4.59 (1H, dd, J = 3.5, 9.7, Rha-3), 4.28 (1H, t, J =
9.4, Rha-4), 4.05 (1H, m, Rha-5), 1.38 (3H, d, J = 6.3, rha-6)], *C-NMR (125 MHz, Pyridine-ds)
[6c 157.1 (C-2),133.7 (C-3),179.5 (C-4), 160.2 (C-5),94.7 (C-6), 157.9 (C-7), 106.2 (C-8), 149.0
(C-9), 109.7 (C-10), 97.3 (C-11), 165.0 (C-12), 68.1 (C-13), 29.1 (C-14), 29.1 (C-15), 122.9 (C-
17), 130.5 (C-27), 114.3 (C-3°), 162.0 (C-4"), 114.3 (C-57), 130.5 (C-6"), 55.2 (4’-OMe), 103.5
(rha-1), 71.4 (rha-2), 71.9 (rha-3), 72.6 (rha-4), 71.8 (rha-5), 17.9 (rha-6)]

Korepimedoside G (37)

Rf valure: 0.33 (solv. CHCl3: MeOH: H,O= 9:1:0.1), [a]p -204.1° (c= 0.17), Positive ESI MS:
m/z 565 [M+Na]"; HR-ESI-MS: m/z 565.1743 [M+Na]" (Calcd. for C2sH30NaOy; : 565.1686), 'H-
NMR (500 MHz, Pyridine-ds) [u 8.22 2H, d,J=9.1, H-2°,6"), 7.16 (1H, s, H-11), 7.15 (2H, d,
J=8.6,H-3",5%),7.07 (1H, s, H-6), 3.73 (3H, s, 4’-OMe), 3.18 (3H, s, 13-OMe), 1.71 (6H, s, H-
14, 15), 6.24 (1H, br s, tha-1), 5.06 (1H, br s, rha-2), 4.57 (1H, dd, J = 3.5, 9.8, rha-3), 4.26 (1H,
t,J=9.8, tha-4), 4.03 (1H, m, rha-5), 1.36 (3H, d, J = 6.3, rha-6)], *C-NMR (125 MHz, Pyridine-
ds) [oc 157.2 (C-2), 133.7 (C-3), 179.4 (C-4), 160.2 (C-5), 94.7 (C-6), 158.9 (C-7), 107.8 (C-8),
158.3 (C-9), 109.1 (C-10), 101.1 (C-11), 159.8 (C-12), 73.1 (C-13), 25.0 (C-14), 25.0 (C-15),
122.9 (C-1°), 131.0 (C-2"), 114.3 (C-3"), 162.0 (C-4"), 114.3 (C-5"), 131.0 (C-6’), 55.2 (4’-OMe),
50.5 (13-OMe), 103.5 (rha-1), 72.5 (rha-2), 71.8 (rha-3), 71.3 (rha-4), 71.9 (rha-5), 17.9 (rha-6)]

92



Korepimedoside H (38)

Rf valure: 0.33 (solv. CHCl3: MeOH: H,O= 9:1:0.1), [a]p -204.1° (c= 0.15), Positive ESI-MS:
533 m/z [M+Na]"; HR-ESI-MS: m/z 533.1461 [M+Na]" (Calcd. for C27H2sNaOq :533.1448), 'H-
NMR (500 MHz, Pyridine-ds) [Ju 8.29 (2H, d, J=8.6, H-2', 6"), 7.27 (1H, s, H-11), 7.27 (2H, d,
J=9.1, H-3", 5"), 6.84 (1H, s, H-6), 5.29, 5.89 (each 1H, s, H-14), 3.82 (3H, s, 4'-OMe), 2.17 (3H,
s, H-15), 6.23 (1H, d, J=1.8, Rha-1), 5.12 (1H, t, J=1.8, Rha-2), 4.63 (1H, dd, J=3.4, 9.7, Rha-3),
4.32 (14, t,J=9.4, Rha-4), 4.09 (1H, m, Rha-5), 1.41 (3H, d, J=6.3, Rha-6)], *C NMR (125 MHz,
Pyridine-ds) [oc 157.7 (C-2), 136.2 (C-3), 179.7 (C-4), 159.1 (C-5), 94.9 (C-6), 159.1 (C-7), 110.7
(C-8), 156.9 (C-9), 108.1 (C-10), 100.5 (C-11), 156.9 (C-12), 132.7 (C-13), 113.7 (C-14), 19.1
(C-15), 122.9 (C-17), 131.4 (C-27), 114.8 (C-37), 162.0 (C-4’), 114.8 (C-57), 131.4 (C-6"), 55.7
(4’-OMe), 103.8 (rha-1), 72.1 (rtha-2), 72.1 (rha-3), 72.8 (tha-4), 71.7 (rha-5), 18.2 (rha-6)]

2-4-2-3 Korepimedoside D (40), E (41), F (42) DOEEHRE

Korepimedoside D (40)

Rfvalure: 0.67 (solv. CHCl3: MeOH: H,O= 8:2:0.2), []p -72.9° (c= 0.56), Positive ESI-MS: m/z
825 [M+Na]*; HR-ESI-MS: m/z 825.2606 [M+Na]" (Calcd. for C3oHssNaOjs: 825.2582), 'H-
NMR (500 MHz, Pyridine-ds) [6u8.16 (2H, d, J= 8.6, H-2", 6°), 7.25 (2H, d, /= 8.6, H-3", 5°),
6.88 (1H, s, H-6), 5.54 (1H, t, J=17.4, H-12), 4.08, 4.19 (each 1H, m, H-11), 3.79 (3H, s, 4’-OMe),
1.79 (3H, s, H-14), 1.63 (3H, s, H-15), 6.00 (1H, br s, rha-1), 5.71 (1H, t, J = 9.5, rha-4), 5.01
(1H, br s, rha-2), 4.59 (1H, dd, /=2.9, 9.2, rha-3), 3.73 (1H, m, rha-5), 2.03 (3H, s, rha-4-Acetyl
Methyl), 1.12 (3H, d, J = 6.3, rha-6), 5.43 (1H, t, J=9.2, glc-2), 5.09 (1H, d, J= 8.0, glc-1), 4.86
(1H, dd, J= 1.7, 11.2, glc-6), 4.60 (1H, m, glc-6), 4.18 (1H, m, glc-3), 3.89 (1H, t, J = 8.6, glc-
4), 3.73 (3H, m, glc-5), 2.18 (3H, s, glc-2-Acetyl Methyl), 2.15 (3H, s, glc 6 Acetyl Methyl),],
BC-NMR (125 MHz, Pyridine-ds) [&c 157.9 (C-2), 135.2 (C-3), 178.7 (C-4), 160.2 (C-5), 98.9
(C-6), 161.7 (C-7), 105.0 (C-8), 153.9 (C-9), 106.9 (C-10), 21.9 (C-11), 122.8 (C-12), 131.2 (C-
13), 25.4 (C-14), 17.9 (C-15), 122.9 (C-1"), 130.8 (C-2’), 114.3 (C-3’), 162.4 (C-4’), 114.3 (C-
5%), 130.8 (C-6"), 55.3 (4’-OMe), 102.9 (rha-1), 69.2 (rha-2), 79.2 (rha-3), 71.8 (rha-4), 74.4 (rha-
5), 17.2 (rha-6), 20.8, 170.7 (rha-4 Ac), 105.9 (glc-1), 75.3 (glc-2), 73.0 (glc-3), 70.9 (glc-4), 70.9
(gle-5), 64.1 (glc-6), 20.8, 170.5 (gle-2 Ac), 20.8, 170.8 (glc-6 Ac)]

Korepimedoside D (40) DEENIK 57

Korepimedoside D (40,2.0 mg) % Ak L 7= korepimedoside 1 (33) &[R4k D 5L THENNK 5y
i L. BRI s 2 2 HPLC 0t & 36 27 o 7, ARAh DER e & A [L-
7 L) — A tz=4.5min (-),D-7 /L 32— A: tz=7.4min (+)] % LLi#Z L7=FE S, korepimedoside
D (40) ORERFHIL L-7 & ) — A [tz=4.5 min (-)]. D-Z /b 32— [tz=7.4 min (+)] & [FE
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iz,

Korepimedoside E (41)

Rfvalure: 0.67 (solv. CHCl3: MeOH: H,O= 8:2:0.2), [a]p -71.9° (¢=0.23), Positive ESI-MS: m/z
825 [M+Na]"; HR-ESI-MS: m/z 825.2606 [M+Na]* (Calcd. for C3oHNaOs : 825.2582), 'H-
NMR (500 MHz, Pyridine-ds) [on 8.16 (2H, d, J = 8.6, H2’, 6°), 7.25 (2H, d, J = 8.6, H3’, 5°),
6.87 (1H, s, H6), 5.54 (1H, t, J= 7.4, H12), 4.08, 4.19 (1H, m, H11), 3.79 (3H, s, 4’-OMe), 1.80
(3H, s, H14), 1.64 (3H, s, H15), 5.71 (1H, t, J = 8.6, glc H3), 5.08 (1H, d, J = 8.0, glc H1), 4.86
(1H, d, J=12.0, glc H6), 4.67 (1H, dd, J = 6.3, 12.0, glc H6), 6.11 (1H, br s, tha H1), 5.81 (1H,
t,J=9.2, rha H4), 5.03 (1H, br s, rha H2), 4.57 (1H, dd, J = 3.5, 9.2, rha H3), 4.00 (1H, m, rha
HS5), 2.15 (3H, s, rha 4 Acetyl Methyl), 1.36 (3H, d, /= 5.7, rha H6), 4.11 (1H, t, J = 8.6, glc HS),
3.94 (1H, m, glc H4), 3.85 (3H, m, glc H2), 2.15 (3H, s, glc 6 Acetyl Methyl), 2.07 (3H, s, glc 3
Acetyl Methyl)], C-NMR (125 MHz, Pyridine-ds) [ 157.9 (C-2), 135.2 (C-3), 178.7 (C-4),
160.2 (C-5), 98.9 (C-6), 161.7 (C-7), 105.0 (C-8), 153.9 (C-9), 106.9 (C-10), 21.9 (C-11), 122.8
(C-12), 131.2 (C-13), 17.9 (C-14), 25.3 (C-15), 122.9 (C-1"), 130.8 (C-2"), 144.3 (C-3°), 162.4
(C-4%), 114.3 (C-5"), 130.8 (C-67), 55.3 (4’-OMe), 102.9 (rha-1), 69.2 (rha-2), 79.2 (rha-3), 71.8
(rha-4), 74.4 (rha-5), 17.2 (rha-6), 170.7, 20.8 (rha-4 Ac), 105.9 (glc-1), 71.4 (glc-2), 78.4 (glc-
3), 70.9 (glc-4), 70.9 (glc-5), 64.1 (gle-6), 170.5, 20.8 (glc-3 Ac), 170.8, 20.8 (glc-6 Ac)]

Korepimedoside F (42)

Rf valure: 0.67 (solv. CHCl3: MeOH: H,O= 8:2:0.2), [a]p -73.1° (¢=0.22), Positive ESI-MS: m/z
825 [M+Na]*; HR-ESI-MS: m/z 825.2606 [M+Na]" (Calcd. for CsoHssNaOjs: 825.2582), 'H-
NMR (500 MHz, Pyridine-ds) [ou 8.16 (2H, d, J = 8.6, H-2°, 6°), 7.25 (2H, d, J = 8.6, H-3", 5°),
6.88 (1H, s, H-6), 5.54 (1H, t, J = 7.4, H-12), 4.19, 4.08 (1H, m, H-11), 3.79 (3H, s, 4’-OMe),
1.79 (3H, s, H-14), 1.63 (3H, s, H-15), 5.31 (1H, t, J = 9.2, glc-4), 5.06 (1H, d, J = 8.0, glc-1),
4.56 (1H, d, J=12.0, glc-6), 4.35 (1H, dd, /= 6.3, 12.0, glc-6"), 4.18 (1H, t, J = 8.6, glc-3), 4.04
(1H, m, glc-5), 3.84 (3H, m, glc-2), 2.24 (3H, s, glc-4-Acetyl Methyl), 2.11 (3H, s, glc-6-Acetyl
Methyl), 6.09 (1H, br s, rha-1), 5.84 (1H, t, /= 9.7, rha-4), 5.03 (1H, br s, rha-2), 4.57 (1H, dd, J
=34, 9.7, tha-3), 4.07 (1H, m, rha-5), 2.03 (3H, s, rha-4-Acetyl Methyl), 1.32 (3H, d, J = 6.3,
rha-6)], “C-NMR (125 MHz, Pyridine-ds) [&c 157.9 (C-2), 135.2 (C-3), 178.7 (C-4), 160.2 (C-
5), 98.9 (C-6), 161.7 (C-7), 105.0 (C-8), 153.9 (C-9), 106.9 (C-10), 21.9 (C-11), 122.8 (C-12),
131.2 (C-13), 17.9 (C-14), 25.3 (C-15), 122.9 (C-17), 130.8 (C-2"), 144.3 (C-3"), 162.4 (C-4’),
114.3 (C-5), 130.8 (C-6), 55.3 (4’-OMe), 102.9 (rha-1), 69.2 (rha-2), 79.2 (rha-3), 71.8 (rha-4),
74.4 (rha-5), 17.2 (rha-6), 170.7, 20.8 (rha-4 Ac), 105.9 (glc-1), 72.8 (glc-2), 73.0 (glc-3), 74.5
(glc-4), 70.9 (glc-5), 64.1 (glc-6), 170.5, 20.8 (glc-4 Ac), 170.8, 20.8 (glc-6 Ac)]
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2-4-2-4 Koreanoside E1 (35), E2 (36) DEEHRE

Koreanoside E1 (35)

Rfvalure: 0.56 (solv. CHCl3: MeOH: H,O= 8:2:0.2), [¢]p -92.1° (¢= 0.27), Positive ESI-MS: m/z
529 [M-H]; HR-ESI-MS: m/z 529.1726 [M-H] (Calcd. for C27H30NaOy; : 529.1710), 'H-NMR
(500 MHz, Pyridine-ds) [éu 8.20 (2H, d, J = 8.6, H-2", 6°), 7.07 (1H, d, /= 6.9, H-3", 5°), 6.81
(1H, s, H-6), 5.24, 4.89 (each 1H, s, H-14), 4.92 (1H, dd, J= 5.7, 12.3, H-12), 3.67 (3H, s, 4’-
OMe), 3.43 (2H, m, H-11), 2.00 (3H, s, H-15), 6.16 (1H, br s, rha-1), 5.04 (1H, d, J= 2.9, rha-2),
4.56 (1H, dd, J = 3.5, 6.3, rha-3), 4.26 (1H, t, J = 9.7, tha-4), 4.16 (1H, m, rha-5), 1.39 (3H, d, J
=6.3, rha-6)], C-NMR (125 MHz, Pyridine-ds) [&c 156.5 (C-2), 130.5 (C-3), 178.8 (C-4), 160.3
(C-5), 99.5 (C-6), 164.0 (C-7), 105.1 (C-8), 155.2 (C-9), 105.2 (C-10), 30.3 (C-11), 75.1 (C-12),
104.8 (C-13), 109.9 (C-14), 18.1 (C-15), 122.3 (C-1"), 130.8 (C-2"), 114.2 (C-37), 161.8 (C-4’),
114.2 (C-5), 130.8 (C-6"), 55.1 (4’-OMe), 103.6 (tha-1), 71.5 (rha-2), 71.7 (rha-3), 72.0 (rha-4),
72.7 (rha-5), 18.0 (rha-6)]

1) Koreanoside E1 (35) DE#EIN/K 55 i

Koreanoside E1 (35) 2.5 mg % DMSO (40 uL) (2% 7>L. PBS (pH 6.2, 360 uL) (Zi&F0
L7z, 2212, 7V UFF—F (10mg) Z¥RML., 40°C, 120 rpm T 24 FEfEiEE 5 L
oo ISR ZZE L LT EEEZ LD, WEWEZ Y 1770 Si0, [¢p10 X 130 mm, C/M/W=
9:1:0.1 (v»v)] TH7BfE L. koreanoside E1 (35) @7 7'V =2 (35a) % 1.9mg (IXZ:73%) 15
Too BIEITRERZE L, 55 EE T HOWT, FELEFHAHES (JASCO OR-2090
Plus Chiral Detector) % M \» 72 HPLC [Shodex RS-Pak DC-613 (¢ 6.0 X 150 mm,
CH;CN/H,0=3 : 1), flow rate, 1.0 ml/min, 70 °C] g#&x 22>, LT, L-T AL/ —
A (tg=4.5 min (-)) & [RE N7z,

L&) 35a

Rf valure: 0.78 (solv. CHCl3: MeOH: H,0= 9:1:0.1), [«]p -60.2° (c¢= 0.19), 'TH-NMR (500 MHz,
CDClh) [u 8.12 (2H, d, /=9.1, H-2’, 6°), 7.02 2H, d, /= 9.1, H-3", 5°), 6.44 (1H, s, H-6), 5.09,
4.95 (each 1H, br s, H-14a,b), 4.47 (1H, br d, J= 8.6, H-12), 3.89 (3H, s, 4’-OMe), 3.34 (1H, br
d, /=154, H-11a), 3.02 (1H, dd, J= 8.6, 15.4, H-11b), 1.87 (3H, s, H-15)]

2) {bAY 352 O MTPA = AT )L ~DFHi

LAY 35a(1.5mg) 2T 7 F AaNIZA L, MeOH (200 uL) (Z¥EfiEL ., KN T2M
D TMS-TT Y A K % 800 uL (67 eq) AWML, FIRICKE L 1 RIS S 72, Rk
Wy ) J1 470 Si02[¢10 X 70 mm, C/M =50:1 (v/v)] THELL . 35b % 1.0 mg (UX%:60%)
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572, 35b (1.0 mg, 2.34 umol) ZF 7 T AT ANEFEH L= . CH.CL (200 pl)
ZRWTEME L. (R)-(-)-MTPA-Cl1 3% 70 ul (70 pmol, 30eq). DMPA, WSC, TEA % %
NENFEMA T KRS S ¥, BURKZ > U 717/ Si0; [¢10X 70 mm, C/M =
50:1 (v/v)]. HPLC [Triart PFP (¢ 4.6 X250 mm, 85% MeOH)] % HWTHHEL L, 35b D(S)-
(H)-MTPA = A7 /LT 5 35b-S % 0.8 mg (ILZK: 53%) 137-, F7=. 35a(l.6mg) I, 35
b-S DAL & FED S5 T(S)-(+)-MTPA-Cl 3% S &8, 35 b- R % 0.5 mg (IXR:
38%) 1572, 1554172 35b-S, 35b-R I[ZHEE v ¥ v —iL% M L. Koreanoside E1 (35)
D 12 MLDRFEDONAALFIT S R ERTE LT,

{t&% 35b-S

Rf valure: 0.78 (solv. CHCls: MeOH = 100:1), '"H-NMR (500 MHz, CDCls) [& 8.02 (2H, d, J=
9.1,H-2’,6),6.97 (2H, d, J=9.1, H-3", 5°), 6.28 (1H, s, H-6), 5.79 (1H, br d, J= 6.3, H-12), 5.11,
5.01 (each 1H, br s, H-14a,b), 4.00, 3.89, 3.88, 3.86 (each 3H, s, 4°, 3, 5, 7-OMe), 3.40 (1H, dd,
J=10.3, 15.3, H-11a), 3.01 (1H, dd, J= 4.0, 15.3, H-11b), 1.89 (3H, s, H-15)]

{t&% 35b-R

Rf valure: 0.78 (solv. CHCl3: MeOH: H,O= 9:1:0.1), 'TH-NMR (500 MHz, CDCl;) [ 8.01 (2H,
d,J=74,H-2",6),6.88 (2H, d, J= 7.4, H-3, 5°), 6.37 (1H, s, H-6), 5.79 (1H, dd, J= 4.0, 9.7, H-
12), 4.99, 4.96 (each 1H, br s, H-14a,b), 4.02, 3.92, 3.89, 3.88 (each 3H, 5, 4’, 3, 5, 7-OMe), 3.43
(1H, dd, J=10.3, 13.8, H-11a), 3.03 (1H, dd, J= 4.0, 14.3, H-11b), 1.74 (3H, s, H-15)]
Koreanoside E2 (36)

Rfvalure: 0.56 (solv. CHCl3: MeOH: H,O= 8:2:0.2), []p -48.5° (¢= 0.36), Positive ESI-MS: m/z
529 [M-H]; HR-ESI-MS: m/z 529.1726 [M-H]" (Calcd. for C27H30NaOy; : 529.1710), 'H-NMR
(500 MHz, Pyridine-ds) [Su 8.28 (2H, d, J = 8.6, H-2", 6°), 7.11 (1H, d, J = 6.9, H-3", 5°), 6.84
(1H, s, H-6), 5.21, 4.87 (1H, s, H-14), 4.92 (1H, t, J= 4.3, H-12), 3.67 (3H, 5, 4’-OMe), 3.44 (2H,
m, H-11), 2.00 (3H, s, H-15), 6.25 (1H, br s, rha-1), 5.06 (1H, d, J = 1.8, rha-2), 4.55 (1H, dd, J
=3.2, 6.0, tha-3), 4.23 (1H, t, J= 9.1, tha-4), 3.95 (1H, m, rha-5), 1.30 (3H, d, J = 6.3, rha H6)],
3C NMR (125 MHz, Pyridine-ds) [& 156.8 (C-2), 133.7 (C-3), 179.4 (C-4), 160.3 (C-5), 99.1
(C-6), 164.0 (C-7), 105.1 (C-8), 155.3 (C-9), 105.1 (C-10), 30.3 (C-11), 74.9 (C-12), 105.0 (C-
13), 109.9 (C-14), 19.9 (C-15), 122.3 (C-1°), 131.6 (C-2°), 114.2 (C-3"), 161.8 (C-4"), 114.2 (C-
5%),131.6 (C-6), 55.1 (4’-OMe), 103.1 (rha-1), 71.4 (tha-2), 71.6 (tha-3), 72.0 (rtha-4), 72.6 (rha-
5), 17.8 (rha-6)]

1) & 36 DOEEFINK iR
Koreanoside E2 (36) 2.5 mg % . koreanoside E1 (35) & [AARD 515 CRERNIKI3fE L |
77U a3 (36a) & 2.0 mg (IFK: 75%) 5=,

96



2) {bA¥ 36a O MTPA = AT )L ~DikiE

&% 36a X, LAWY 35a LRIERD H1ETAF AL, (R-(-)-MTPA-Cl i3 % S
S, 36b-S & 1.5 mg (UL=R: 47 %) #5372, AILEWIIANR L 72 koreanoside E1 (35) @
PHER, 35 b-R LB BENMEROBURICH D Z 0D, 'THNMR OF — ¥ NERIT—
L72, [FERIZ, BEIC TH-NMR 7 —# Z £ T H1LEY 35b-S 13L& 36b 12 (S)-
() MTPA-Cl R¥ZHWCTHES S 36b-R L[F—D 'HNMR A~X7 hLERd, Ko
T, {LE% 36b-S & 35b-S(=36b-R) ® 'HNMR D% H L2, BTy v ¥ —ik
Z 3 ] L. koreanoside E2 (36) @ 12 (LD RFEDNMB(LFIT R LRE LT

L&Y 36a

Rf valure: 0.78 (solv. CHCl3: MeOH: H,0= 9:1:0.1), [a]p -52.0° (c= 0.22), "H-NMR (500 MHz,
CDCl:) [61 8.17 (2H, d, J= 6.9, H-2’, 6°), 7.03 (2H, d, J= 6.9, H-3", 5°), 5.04, 4.88 (each 1H, br
s, H-14), 4.39 (1H, br d, J= 8.6, H-12), 3.90 (3H, s, 4’-OMe), 3.24 (1H, dd, J=2.9, 14.9, H-11a),
3.04 (1H, dd, J=9.1, 14.9, H-11b), 1.85 (3H, s, H-15)]

{t&% 36 b-S

Rf valure: 0.78 (solv. CHCl3: MeOH: H,O= 9:1:0.1), 'H-NMR (500 MHz, CDCls) [ 8.01 (2H,
d,J=7.4,H-2",6),6.88 (2H, d, J=7.4,H-3", 5°), 6.37 (1H, s, H-6), 5.79 (1H, dd, J= 4.0, 9.7, H-
12), 4.99, 4.96 (each 1H, br s, H-14a,b), 4.02, 3.92, 3.89, 3.88 (each 3H, s, 4’, 3, 5, 7-OMe), 3.43
(1H, dd, J=10.3, 13.8, H-11a), 3.03 (1H, dd, J= 4.0, 14.3, H-11b), 1.74 (3H, s, H-15)]

2-4-2-5 Epimedonin G (43), H (44) DREERE

Epimedonin G (43)

Rfvalure: 0.45 (solv. CHCl3: MeOH: H,O=9:1:0.1), [a]p +0.6° (c= 0.54), Positive ESI-MS: m/z
461 [M+Na]"; HR-ESI-MS: m/z 461.1585 [M+Na]" (Calcd. for C2sH»607: 461.1576), 'H-NMR
(500 MHz, Pyridine-ds) [ou 7.83 (1H, d, J= 1.7, H-2"), 7.73 (1H, d, J = 2.3, H-6"), 6.94 (1H, s,
H-3), 6.90 (1H, s, H-6), 5.58 (1H, br s, H-12), 3.72 (2H, br d, J= 6.3, H-11), 1.88 (3H, s, H-15),
1.63 (3H, s, H-14), 5.25, 4.92 (each 1H, s, H-4"), 4.93 (1H, br s, H-2”), 3.38 (1H, d, J = 6.8, H-
1), 2.00 (1H, s, H-5")], *C-NMR (125 MHz, Pyridine-ds) [&c 164.8 (C-2), 103.3 (C-3), 182.7
(C-4), 160.2 (C-5), 98.8 (C-6), 162.5 (C-7), 107.0 (C-8), 155.9 (C-9), 104.5 (C-10), 22.0 (C-11),
123.0 (C-12), 131.3 (C-13), 17.9 (C-14), 25.4 (C-15), 122.1 (C-17), 112.1 (C-2), 146.2 (C-3°),
148.4 (C-4), 129.6 (C-5"), 121.5 (C-6"), 38.0 (C-17), 75.3 (C-2"), 127.7 (C-37), 110.4 (C-4"),
17.8 (C-57)]

Epimedonin H (44)
Rfvalure: 0.56 (solv. CHCl3: MeOH: H,O=9:1:0.1), [a]p +0.9° (c= 0.38), Negative ESI-MS: m/z

437 [M-HJ; HR-ESI-MS: m/z 437.1631 [M-H]" (Calcd. for C2sHasO7: 437.1600), "H-NMR (500
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MHz, Pyridine-ds) [1 7.91 (1H, d, J = 2.3, H-2), 7.70 (1H, d, J = 2.3, H-6"), 6.86 (1H, s, H-3),
6.82 (1H, s, H-6), 5.58 (1H, br s, H-12), 3.72 (2H, br d, J= 6.3, H-11), 2.04 (3H, s, H-15), 5.14,
4.83 (each 1H, s, H-14), 1.70 3H, s, H-4”), 1.78 (3H, s, H-5"), 3.73 (2H, d, J = 7.5, H-17), 5.66
(1H, t, J= 7.5, H-2")], *C-NMR (125 MHz, Pyridine-ds) [& 164.8 (C-2), 103.1 (C-3), 182.8 (C-
4), 160.2 (C-5), 98.8 (C-6), 163.4 (C-7), 105.0 (C-8), 155.9 (C-9), 104.5 (C-10), 30.1 (C-11), 74.9
(C-12), 129.7 (C-13), 110.3 (C-14), 17.6 (C-15), 122.1 (C-1°), 111.6 (C-2), 146.4 (C-3*), 148.4
(C-4%), 129.6 (C-5), 119.8 (C-6), 22.0 (C-17), 123.0 (C-2”), 132.1 (C-3”), 17.7(C-4), 25.4 (C-
57)]

2-4-2-1 Epimedonin E (45), F (46) DEERE

Epimedonin E (45)

Rfvalure: 0.56 (solv. CHCl3;: MeOH: H.O=9:1:0.1), Negative ESI-MS: m/z 417 [M-H]; HR-ESI-
MS: m/z 417.1303 [M-H]" (Calcd. for CsH2106: 437.1338), 'H-NMR (500 MHz, Pyridine-ds)
[6u7.99 (1H, d, J=2.3,H-2"),7.76 (1H, d, /= 2.3, H-6"), 7.09 (1H, s, H-3), 7.13 (1H, s, H-6),
6.95 (1H, s, H-11), 5.26, 5.86 (each 1H, s, H-14), 2.09 (3H, s, H-15), 1.79 (3H, s, H-4”), 1.96 (3H,
s, H-57),3.81 (2H, brd, J=7.4,H-17), 5.70 (1H, t, J= 7.4, H-2")], 3*C-NMR (125 MHz, Pyridine-
ds) [6c 165.2 (C-2), 104.7 (C-3), 183.4 (C-4), 159.4 (C-5), 94.7 (C-6), 159.2 (C-7), 110.6 (C-8),
149.0 (C-9), 107.6 (C-10), 100.1 (C-11), 156.6 (C-12), 132.5 (C-13), 113.7 (C-14), 19.2 (C-15),
121.6 (C-1°), 111.9 (C-2’), 147.0 (C-3”), 149.9 (C-4’), 130.2 (C-57), 120.2 (C-6"), 29.2 (C-17),
123.5 (C-27), 132.6 (C-37), 17.9 (C-47), 25.9 (C-57)]

Epimedonin F (46)

Rfvalure: 0.56 (solv. CHCl3;: MeOH: H.O=9:1:0.1), Negative ESI-MS: m/z 417 [M-H]; HR-ESI-
MS: m/z 419.1552 [M-H]" (Calcd. for C2sH2306: 419.1495), 'H-NMR (500 MHz, Pyridine-ds)
[6u7.33 (1H, d, J=1.8, H-2), 7.29 (1H, d, /= 1.8, H-6"), 6.52 (1H, s, H-3), 6.27 (1H, s, H-6),
6.78 (1H, d, J= 10.3, H-11), 5.61 (1H, d, J= 10.3, H-12), 1.49 (6H, s, H-14, 15), 1.77 (3H, s, H-
4”), 1.82 (3H, s, H-5"), 3.41 (2H, m, H-1"), 5.38 (1H, t, J= 7.5, H-2")], 3C-NMR (125 MHz,
Pyridine-ds) [oc 159.5 (C-2), 103.8 (C-3), 182.8 (C-4), 161.2 (C-5), 100.2 (C-6), 164.6 (C-7),
103.2 (C-8), 152.0 (C-9), 101.5 (C-10), 114.8 (C-11), 127.5 (C-12), 77.1 (C-13),27.5 (C-14), 28.2
(C-15), 122.0 (C-17), 110.2 (C-2°), 146.7 (C-3°), 147.0 (C-4"), 128.3 (C-5"), 119.5 (C-6"), 28.0
(C-17), 121.5 (C-27), 134.0 (C-37), 17.8 (C-4"), 25.8 (C-57)]

2-4-3 T IO E] & M SLAREE DR E

2-4-3-1 Epimedonin G (43) DYt225E] & #ast SLEAEE ORE
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1) Epimedonin G (43) D324 E]
Epimedonin G (43) 6.0 mg % HPLC [Daicel Chiralpak IA (¢ 4.6 X 250 mm, Hexane:
EtOH=9:1)] T47Hf L. epimedonin G1 (3.0 mg), G2 (3.0 mg) % 1%7=,

Epimedonin G1 (43-1)

Rf valure: 0.45 (solv. CHCI3: MeOH: H,O=9:1:0.1), [a]p +14.2° (¢= 0.15, MeOH:DMSO=9:1),
"H-NMR (500 MHz, Pyridine-ds) [u 7.83 (1H, d, J=1.7,H-2"), 7.73 (1H, d, J= 2.3, H-6), 6.94
(1H, s, H-3), 6.90 (1H, s, H-6), 5.58 (1H, br s, H-12), 3.72 (2H, br d, J= 6.3, H-11), 1.88 (3H, s,
H-15), 1.63 (3H, s, H-14), 5.25, 4.92 (each 1H, s, H-4"), 4.93 (1H, br s, H-2”), 3.38 (1H, d, J =
6.8, H-17), 2.00 (1H, s, H-57)]

Epimedonin G2 (43-2)

Rf valure: 0.45 (solv. CHClz: MeOH: H,O= 9:1:0.1), [¢]p -12.8° (c= 0.22, MeOH:DMSO=9:1),
'H-NMR (500 MHz, Pyridine-ds) [6u 7.83 (1H, d, J=1.7,H-2),7.73 (1H, d, J=2.3, H-6"), 6.94
(1H, s, H-3), 6.90 (1H, s, H-6), 5.58 (1H, br s, H-12), 3.72 (2H, br d, J= 6.3, H-11), 1.88 (3H, s,
H-15), 1.63 (3H, s, H-14), 5.25, 4.92 (each 1H, s, H-4"), 4.93 (1H, br s, H-2”), 3.38 (1H, d, J =
6.8, H-17), 2.00 (1H, s, H-57)]

2) Epimedonin G1 (43-1), G2 (43-2) ® MTPA = AT /L ~DikiE

Epimedonin G1 (43-1, 1.0 mg), G2 (43-2, 1.0mg) % 2-4-2-4 L [RAEROFIETENENA T
e L. B % > U 5470 Si0x [¢10 X 70 mm, C/M = 50:1 (v/v)], HPLC [X-Bridge Prep.
Cis (¢ 10X250 mm, 85% MeOH)] Z W\ THRLL ., (LAWY 43-1a, 43-2a ZZ1F1 0.8
mg (R 73 %) F37c, D%, 2-4-2-4 L[FEEROFIET 43-1a,43-2a D MTPA = X7 )L
HEREGR L. b E >V #1470 Si0, [¢10 X 70 mm, H: A= 1:1 (v/»)], HPLC [Triart
PFP (¢ 4.6 X250 mm, 80% MeOH)] % VTR L, 43-1a D(S)-(+)-MTPA = A7 /L TH
% 43-1a-S 7% 1.0 mg (JL=R: 83%). 43-2a D(S)-(+)-MTPA = AT /LT 5 43-2a-S % 1.1
mg (ILR: 86%) 7=, LEW 43-1 LALEW 43-2 [ ZHEWVIEFREERTH L Z &b,
{bEY) 43-2-a-S D 2°(\i & MTPA SRIED WL DR Z [FIRFICKIR S E 5 & | (LB 43-
la |Z(S)-(+)-MTPA-Cl %Il S H7-1b59) 43-1a-R D 'H-NMR & [7] U AT M LT
Do o T, UEE YUY —1EL Y, {LEW 43-1 O 2(0IE S 1K, BEGEMEAEDBIFRIC
D 432D 2L R IKRERE LT,

&% 43-1a-S
Rfvalure: 0.45 (solv. CHCl3: MeOH = 20:1), '"H-NMR (500 MHz, CDCls) [8u 7.26 (1H, s, H-2"),

7.15 (1H, s, H-6"), 6.52 (1H, s, H-3), 6.45 (1H, s, H-6), 5.73 (1H, dd, J= 4.8, 8.8 Hz, H-2"), 5.26
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(1H, br s, H-12), 5.09, 5.00 (each 1H, s, H-4"), 4.02, 3.98, 3.92, 3.90 (each 3H, s, 3°, 4, 5, 7-
OMe), 3.55 (2H, br d, J= 5.7, H-11), 3.04 (1H, dd, J = 5.1, 13.7, H-1"a), 2.96 (1H, dd, J = 9.2,
11.7, H-17b), 1.86 (3H, s, H-14), 1.81 (1H, s, H-15) 1.69 (3H, s, H-5"),]

&% 43-2a-S

Rfvalure: 0.45 (solv. CHCL;: MeOH = 20:1), "H-NMR (500 MHz, CDCl3) [6« 7.31 (1H, s, H-2"),
7.20 (1H, s, H-6"), 6.57 (1H, s, H-3), 6.43 (1H, s, H-6), 5.73 (1H, dd, J= 4.6, 9.1 Hz, H-2"), 5.25
(1H, br s, H-12), 4.98, 4.95 (cach 1H, s, H-4"), 4.00, 3.97, 3.93, 3.93 (cach 3H, s, 3°, 4, 5, 7-
OMe), 3.55 (2H, br d, J= 6.3, H-11), 3.01 (1H, dd, J = 5.1, 13.7, H-17a), 3.01 (1H, dd, = 9.1,
13.7, H-1"b), 1.79 (3H, s, H-14), 1.75 (1H, s, H-15) 1.67 (3H, s, H-5").]

2-4-3-2 Epimedonin H (44) DY&22558] & it SLEAEE OPRE
1) Epimedonin H (44) DYt545 &

Epimedonin H (44) 2.0 mg % HPLC [Daicel Chiralpak IA (¢ 4.6 X 250 mm, Hexane:
EtOH=95:5)] T47Hff L. epimedonin H1 (1.0 mg), H2 (1.0 mg) % 15%7-,

Epimedonin H1 (44-1)

Rf valure: 0.45 (solv. CHCl5: MeOH: HO=9:1:0.1), [a]p +15.5° (¢= 0.10), 'TH-NMR (500 MHz,
Pyridine-ds) [on 7.91 (1H, d, J = 2.3, H-2"), 7.70 (1H, d, J = 2.3, H-6"), 6.86 (1H, s, H-3), 6.82
(1H, s, H-6), 5.58 (1H, br s, H-12), 3.72 (2H, br d, J= 6.3, H-11), 2.04 (3H, s, H-15), 5.14, 4.83
(each 1H, s, H-14), 1.70 (3H, s, H-4”), 1.78 (3H, s, H-5"), 3.73 (2H, d, J = 7.5, H-1"), 5.66 (1H,
t,J=17.5, H-2")]

Epimedonin H2 (44-2)

Rf valure: 0.45 (solv. CHCls: MeOH: HoO= 9:1:0.1), [a]p -13.0° (¢= 0.10), "H-NMR (500 MHz,
Pyridine-ds) [ 7.91 (1H, d, J = 2.3, H-2"), 7.70 (1H, d, J = 2.3, H-6"), 6.86 (1H, s, H-3), 6.82
(1H, s, H-6), 5.58 (1H, br s, H-12), 3.72 (2H, br d, J= 6.3, H-11), 2.04 (3H, s, H-15), 5.14, 4.83
(each 1H, s, H-14), 1.70 (3H, s, H-4”), 1.78 (3H, s, H-5"), 3.73 (2H, d, J = 7.5, H-1"), 5.66 (1H,
t,J=17.5, H-2")]

2) Epimedonin H1 (44-1), H2 (44-2) ® MTPA = A7 /L ~Di5iE

Epimedonin G1 (44-1, 1.0 mg), G2 (44-2, 1.0mg) % 2-4-3-1 & [FEED FIETENZENA T
e L. SIS % >V 71470 Si0; [¢10 X 70 mm, Hexane: Acetone = 1:1 (v/v)], HPLC [X-
Bridge Prep. Cis (¢ 10X250 mm, 85% MeOH)] #HW\THE L, /LAY 44-1a % 0.7 mg
(IER: 62 %), 44-2a % 0.7 mg (WUH:72%) 5z, £ D%, 2-4-3-1 & [FERD 55T 44-1a,
44-2a O MTPA = AT NViFHEKRELGHKR L, KIS E ) 71474 Si0; [¢10 X 70 mm,
Hexane: Acetone= 1:1 (v/v)]. HPLC [Triart PFP (¢ 4.6 X250 mm, 80% MeOH)] % VN Tkg
L, 44-1a O(S)-(+)-MTPA = AT /L Th 5 44-1a-S % 1.0 mg (ILFE: 80%). 44-2a D
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(S)-(H)-MTPA = AT /L Tdh % 44-2a-S % 1.0 mg (ILE: 78%) 7=, (LAY 44-1 LibE
) 44-2 1A WVIZHEFREERTH D Z b, (LAY 44-2-a-S D 12 it & MTPA KD
W7 DOSARZ RIFFC s S5 & (LAY 44-1a (Z(S)-(+)-MTPA-Cl Z NS H7-LE
) 44-1a-R @ 'H-NMR &R U AT ML, > T, WREY Yy —ELY ., fb
B 44-1 D 12 60E S 1K, BEGEEMEIRDOBIMRIZH D 44-2 D 12 (\LIT R R ERE LT,

&% 44-1a-S

Rfvalure: 0.45 (solv. CHCI: MeOH = 20:1), 'H-NMR (500 MHz, CDCLs) [ 7.17 (1H, s, H-2"),
7.15 (1H, s, H-6"), 6.49 (1H, s, H-3), 6.33 (1H, s, H-6), 5.86 (1H, dd, J= 4.0, 9.3 Hz, H-12), 5.25
(1H, br s, H-2"), 5.12, 5.00 (cach 1H, s, H-14), 4.00, 3.93, 3.89, 3.87 (cach 3H, s, 3°, 4, 5, 7-
OMe), 3.38 (2H, br d, J= 6.8, H-17), 3.45 (1H, dd, J = 9.3, 14.3, H-11a), 3.05 (1H, dd, J = 4.0,
143, H-11b), 1.90 (3H, s, H-4”), 1.74 (1H, s, H-5") 1.73 (3H, 5, H-15),]

L&Y 44-2a-S

Rfvalure: 0.45 (solv. CHCls: MeOH = 20:1), "H-NMR (500 MHz, CDCL) [&: 7.16 (1H, s, H-2"),
7.10 (1H, s, H-6"), 6.59 (1H, s, H-3), 6.41 (1H, s, H-6), 5.86 (1H, dd, J= 4.0, 9.3 Hz, H-12), 5.22
(1H, br s, H-2"), 4.98, 4.94 (cach 1H, s, H-14), 4.02, 3.95, 3.87, 3.77 (cach 3H, s, 3°, 4, 5, 7-
OMe), 3.47 (2H, br d, J= 6.8, H-17), 3.47 (1, dd, J = 9.3, 14.3, H-11a), 3.08 (1H, dd, J = 4.0,
143, H-11b), 1.90 (3H, s, H-4"), 1.74 (1H, s, H-5") 1.73 (3H, s, H-15),]

2-4-3-3 Epimedokoreanin C (11) D tZ45E| & LAEEDORE
1) Epimedokoreanin C (EK-C (11)) D J:555E]

EK-C (11) 4.0 mg % HPLC [Daicel Chiralpak IA (¢ 4.6 X250 mm, Hexane: EtOH=9:1)] T
7B L . EK-C-1 (2.0 mg), EK-C-2 (2.0 mg) % 157=,

Epimedokoreanin C1 (EK-C-1)

Rf valure: 0.40 (solv. CHCls: MeOH: H,O= 9:1:0.1), [@]p -29.1° (c= 0.10, MeOH:DMSO=9:1),
'H-NMR (500 MHz, Pyridine-ds) [u 8.00 (1H, s, H-2"), 7.90 (1H, s, H-6"), 6.95 (1H, s, H-3),
6.90 (1H, s, H-6), 6.21 (1H, d, /=4.5, H-1"), 5.60 (1H, t, J/= 6.8, 13.7, H-12), 5.07 (1H, d, J/=4.5,
H-2"),3.77 (3H, d, J= 6.3, H-12), 1.96 (3H, s, H-15), 1.67 (3H, s, H-14), 1.63 (3H, s, H-4"), 1.57
(3H, s, H-5")]

Epimedokoreanin C2 (EK-C-2)

Rf valure: 0.40 (solv. CHCI3: MeOH: H,O=9:1:0.1), [a]p +21.3° (¢= 0.10, MeOH:DMSO=9:1),
'H-NMR (500 MHz, Pyridine-ds) [u 8.00 (1H, s, H-2"), 7.90 (1H, s, H-6"), 6.95 (1H, s, H-3),
6.90 (1H, s, H-6), 6.21 (1H, d, /=4.5, H-1"), 5.60 (1H, t, J/= 6.8, 13.7, H-12), 5.07 (1H, d, J/=4.5,
H-2"),3.77 (3H, d, J= 6.3, H-12), 1.96 (3H, s, H-15), 1.67 (3H, s, H-14), 1.63 (3H, s, H-4"), 1.57
(3H, s, H-5”)]
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2) EK-C-1, EK-C-2 ® MTPA = AT )L~k

EK-C1 (1.7 mg), EK-C-2 (2.0 mg) % 2-4-3-2 &L RO HETENTRATFILL, K
IG5 %2V F1 70 Si02[910 X 70 mm, C/M/W = 9:1:0.1 (vA)], HPLC [X-Bridge Prep. Cis (¢ 10
X250 mm, 85% MeOH)] & W THIH L, b &Y EK-C-1a,EK-C-2a #Z £} 1.6 mg
(IXH#: 1a=84 %, 1b=82%) 137z, D%, 2-4-3-2 L[AEED S LT EK-C-1a,2a @ MTPA
T AT IVEEERE SR L, K% U 51470 Si02[¢10X 70 mm, H: A= 1:1 (vA)]. HPLC
[Triart PFP (¢ 4.6 X 250 mm, 85% MeOH)] Z AW\ TR L, 43-1a D(S)-(+)-MTPA =R 7
VT % EK-C-1a-S % 1.5 mg (UX3: 65 %), EK-C-2a D(S)-(+)-MTPA = A7 /L Th 5
EK-C-2a-S % 1.4 mg (ILF: 58 %) 1572, (LAY EK-C-1 LAY EK-C-2 [ZA WK
FHRMRTH D Z LD LAY EK-C-2a-S ® 277 & MTPA FRIED [ J7 0D SEAK % [F]
RS ®E S &, LAY EK-C-1a 12(S)-(+)-MTPA-Cl Z N & w7-{tE&% EK-C-1a-R
®D 'H-NMR L[ CARY U2 s, - T, BEy YLD, (LEY EK-C-
1D 2°(LIX R K, EK-C-2 D 2"(7i% S KL e Lz,

{t&¥ EK-C-1a-S

Rf valure: 0.40 (solv. CHCl5: MeOH = 20:1), '"H-NMR (500 MHz, CDCls) [6a 7.42 (1H, br s, H-
2%), 7.59 (1H, br s, H-6"), 6.71 (1H, d, J= 4.0, H-17), 6.55 (1H, s, H-3), 6.43 (1H, s, H-6), 5.23
(1H, br s, H-12), 4.51 (1H, d, J=3.4, H-2"), 4.00, 3.96, 3.94 (each 3H, s, 3°, 5, 7-OMe), 3.55 (2H,
brs, H-11), 1.77 (3H, s, H-15), 1.65 (1H, s, H-14) 1.35 (3H, s, H-4”), 1.23 (3H, s, H-5")]
&% EK-C-2a-S

Rf valure: 0.40 (solv. CHCl5: MeOH = 20:1), '"H-NMR (500 MHz, CDCls) [4 7.41 (1H, br s, H-
2%),7.37 (1H, br s, H-6"), 6.71 (1H, d, J= 4.0, H-17), 6.52 (1H, s, H-3), 6.43 (1H, s, H-6), 5.25
(1H, br s, H-12), 4.65 (1H, d, J=3.4, H-2"), 3.99, 3.95, 3.95 (each 3H, s, 3°, 5, 7-OMe), 3.52 (2H,
brs, H-11), 1.77 (3H, s, H-15), 1.67 (1H, s, H-14) 1.37 (3H, s, H-4”), 1.33 (3H, s, H-5")]
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CML, CMA ARPAEFEERBR (GF 3,

AETHA L7oBa, RAE

4 ) |[TET HEROE

AR S AT L RFD250NB (ADVANYEC)

7Y R F MCV-710ATS (SANYO)

Ny TOMY MX-300 ( b = —¥5T)

WG it ) 7 A U-2000 Spectorophotometer (HITACHI)
Microplate washer Immuno wash 1575 (/XA F4 + 7 v K)
PIRTEY Cassette thermo (=2 A E /31 4)

Ao H o R — T =N A ¥ aX—H— (ZZEEH)
VA — BR-43FL * MR 3 (TAITEC)

~Afr7aF L —hY—F—
(Thermo)

PH A—X#—

[ELISA for detection of CML and CMA]

D-(+)-Ribose 99.5+% (132360250)

Horseradish peroxidase (HRP)-conjugated anti-mouse

IgG antibody

OPD (o-Phenylendiamine) tablet

H>0»

Gelatin from porcine skin, Type A (G2500-100G)

Gelatin hydrolysate Enzymatic

Mouse monoclonal anti-CMA antibody (3F5)

Mouse monoclonal anti-CML antibody (6D12)

cellnest & h I a7 —4F kY a2 hX7
TR SRR

40% Glyoxal Solution

Gallic acid

Pyrogallol

Chlorogenic acid

Artepillin C

Baccharin

Drupanin
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Docu-PH (Sartorius)

LabSystems Multiskan MS Microplate Reader

HORABRY
Kirkegaad & Perry
Laboratories
Faytiige
Faytiige

SIGMA

SIGMA
ERINRY;-

B an R EI AT e
(2 THERK
BLE7A LA

IRATZE

IHEY; - 77 VL
FEZRARY ALY H
B, REETE



3N AAYVYUHKSLV=VT TR A FO CML, CMA EEEDARA I ) —=7

JJT@ (a)N(C) {g{fﬁf%\? 37 OCT 7 Elﬁéﬁ/]) :/ﬂ‘r:L/\\\b—f/a ybf:%@c:/)b\—fc‘
CML, CMA D/ER % ELISA #AIZ THIGE L7c, BUTIZ, Aok &L O ELISA
EOTFIRIZ DN TRT,

(@) = br—/LIRIR : U U EEREMEE (CML: 10 mM, CMA: 100
mM) CEMEL7-EZF > (2.0 mgmL) &
UAR—2Z (30 mM) DIREHEHKIZ. DMSO
(10%) Z#snLiz,

(b) RIAREINES UL D (@) LRIBEOETZ T - VAR —RREGTEK
IZ. DMSO (10%) T{EfE L 7= RRILEW
100, 10, 1 pM), AERERhH = 9 2 F 72 1345
T X A4y EVARR (100, 10 pg/mL) Z ¥ L

770
() XHT 47 avru—AE U UBBESEK (CML: 10 mM, CMA: 100
53 mM) CTEMEL7-EZF > (2.0 mg/mL) &
#RIZ, DMSO (10%) Z¥n L7z,
d) ROT 47 arvbe—WE () LREKOET T - VAR—RREER
53 IZ.DMSO ICIAfR L7 U 43 > (100
uM)Z I L7z,
[RREED TR
Coating solution  : IR DAEHL % PBS T 10 ug protein/mL (2 A7 L 7=,
Blocking buffer ~ : 0.5%%¥ 7 F . -PBS &%
Washing beffer ~ :  0.05%Tween20-PBS &%
Substrate buffer : 7 T g (2.1 g) ZZRK/K (100 mL) ([ZFfiEsE, 7
BRI HE 2 VERL U 7=, YRIC Na,HPOW/12H,0 (7.16 g) %
REKICEREE, U UBBAKE T N U LKEEIR A AE
BTz, ERLLT-7 = UBRKIAIE (36.4 mM) &V VR
KFE T b U 7 LKRIE (66.7mM) ZIERE L. pH % 5
WAL L 7=,
Detection :  o-Phenylendiamine tablet (—#£) % substrate buffer (10mL)
solution VMR S, 30% PR b KSE KR (6 ul) 2 CTE
L7,
Stop solution : B HSOs (30mL) #7884 7/K (500 mL) (20 %2 2M H,SOy4
R T2,
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— kPR : washing buffer % ] \» T Mouse monoclonal anti-CML
antibody (6D12) % 0.1 ug/mL (Z, % 7=, Mouse monoclonal
anti-CMA antibody (3F5) % 1.0 pg/mL (Z#7fR L CTH 7=,

R/ € 7INLN :  Hoseradish peroxidase (HRP) —conjugated anti-mouse IgG
antibody % washing buffer < 5000 AR L CHW =,

[ELISA @ FH]

1) 96well £ 2/ 7 L— KT, Coating solution Z A4l (100 puL/well), =& T
2RFH#E L Ca—T 0 7 LT,

2) Washing buffer C 3 [EI{/c4 L. Blocking buffer % AU (200 uL/well), 2@ T
1 E#FHE L T ayd 7 LT,

3) Washing buffer T 2 &4 L 72, —RHLAZ AL (100 uL/well), =R T
1 RF[AEE L7,

4)  Washing buffer T 3 [V L7212, —RPUAZ AL (100 pLiwell), =i T
1 RF[EEE L7,

5) Washing buffer C 3 [BIJE{# L 721%. Detection solution Z AZL (100 pL/well),
3~8 RGO Iz, Dk, Stop solution Z AL (100 pL/well), ELISA plate
reader & FHUNT 492 nm DWW A HIE LT,

32 UV FHP—ic kB CML, CMA AR5t 5 BLEE OB

LLF®D (a) ~ (¢c) % 37 CT3 HMA v FaX—v a3 LIzbDIZ DN T,
CML, CMA O &% 3-1 & [EHED ELISA 12 CTHIE L=,

(@ =¥ he—/VEK - U CERFEETR (CML: 10mM, CMA: 100 mM) TfiF
L7eEBT7F > 2QmgmL) &7V 4FH—/1(5 mM)
DIRBEIIT, DMSO (10%) Z L 7=,

(b) RIREIEEHR (@) LEEDOETF L - U AR — LRSI,
DMSO (10%) Ti&fi# L7= EK-B (100, 10, 1 uM) % ¥R
miiz,

() X HT 47 ar bt o U EEEERK (CML: 10mM, CMA: 100 mM) TIEfE

7 — /LR L7287 F > 2mgmL) ERIZ, DMSO (10%) % i
miiz,

(d AT 7arh (@ LREFEOETTF - 7 U I ESTRIRIC,

7 — VSR DMSO (2 i L 7= PM, % 721 Luteolin (100, 10, 1 uM)
Lz,
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3-3 18 aF—5 AR T S CML, CMA ORRETEEORG

UUTFD (a)~(d) W%z 37 CT 7 HEA v FaX—v a3 LbDizonT,
CMA DA RLE % 3-1 & [AAED ELISA I THIE L7z,

(e) =¥ b —/LIEIR

() RIRWIRINE R

(g RAT 47 ar hr—)b

itk

(h R¥T 4 7arbu—
TR

4-1 I T a—EEOERENORR

(1) EK-B @ 2 F L4k,

[ =aZ—/27 0 (1.5mg/ml) WiRE ., UR—2A
% V) VR (CML: 10mM, CMA: 100 mM)
IC T L TR L 72 U AR — A¥EIE (30 mM)
ZIRA L. % 212 DMSO (10%) &Lz,
(a) ERED T =47 - UR—ARERK
(2. DMSO (10%) & Ty L 7= RIRESRAL &
¥ (30 uM) ZUSh L7z,

27—/ (1.5 mg/mL) & U B2 KE E ik
(CML: 10mM, CMA: 100 mM) DIEATAIRIZ.
DMSO (10%) Z#L 7z,

(a) ERED T =472 - UR—ARERK
(2. DMSO (Z¥fi# L 7= Luteolin (100, 10, 1 pM)
Lz,

EK-B (8) 20 mg (47.4 umol) % )37 7 A aNIZ AiL, MeOH (200 uL) (Z¥#fE L. KN
T20M O TMS-U7 YV AKX % 500uL(Seq) WML, |IRIZRE L 1 KOS S 72,

Bz > U 7747 1 Si0x[910X 70 mm, H:A=3:1 (vA4)]. HPLC [Triart PFP (¢ 4.6 X250 mm,
100 % MeOH)] THRLL ., LAY 47, 48, 49 T NLH 1.6 mg (ILZR: 11%), 2.6 mg (IX
F:25%), 5.5 mg (ULF:19%) 572, HF ol L& E DMSO IZEM L, IRV 7

L7,

{t&% 47 (Dimetoxy EK-B)

Rf valure: 0.60 (solv. H:A= 2:1), 'H-NMR (500 MHz,CDCls) [&1 7.41 (1H, s, H-2"), 7.34 (1H, s,
H-6), 6.60 (1H, s, H-3), 6.42 (1H, s, H-6), 5.27 (1H, t, J= 6.4, H-12), 4.90 (1H, t, J= 6.3, H-2"),
3.94, 3.90 (each 3H, s, 4’, 7-OMe), 3.52 (2H, d, J= 8.3, H-11), 4.92 (2H, d, J= 7.5, H-1"), 1.84
(3H, s, H-15), 1.80 (3H, s, H-57), 1.71 (3H, s, H-4”), 1.69 (3H, s, H-14)]
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{t&% 48 (Trimethoxy EK-B)

Rfvalure: 0.75 (solv. H:A=2:1), 'H-NMR (500 MHz, CDCls) [ 7.41 (1H, s, H-2"), 7.34 (1H, s,
H-6%), 6.60 (1H, s, H-3), 6.42 (1H, s, H-6), 5.27 (1H, t, J= 6.4, H-12), 4.90 (1H, t, J= 6.3, H-2"),
3.94,3.91, 3.90 (each 3H, s, 3, 4>, 7-OMe), 3.52 (2H, d, J= 8.3, H-11), 4.92 (2H, d, J= 7.5, H-
1), 1.84 (3H, s, H-15), 1.80 (3H, s, H-5"), 1.71 (3H, s, H-4”), 1.69 (3H, s, H-14)]

{b-&%) 49 (Tetramethoxy EK-B)

Rfvalure: 0.20 (solv. H:A=2:1), 'H-NMR (500 MHz, CDCl3) [ 7.41 (1H, s, H-2"), 7.34 (1H, s,
H-6%), 6.60 (1H, s, H-3), 6.42 (1H, s, H-6), 5.27 (1H, t, J= 6.4, H-12), 4.90 (1H, t, J= 6.3, H-2"),
3.94,3.91, 3.90, 3.90 (each 3H, s, 3°, 4°, 5, 7-OMe), 3.52 (2H, d, J= 8.3, H-11), 4.92 (2H, d, J=
7.5,H-17), 1.84 (3H, s, H-15), 1.80 (3H, s, H-5”), 1.71 (3H, s, H-4"), 1.69 (3H, s, H-14)]
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