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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 
PDE5 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. Nε-
(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. Nω-(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 1st fraction, 2nd fraction, and 3rd fraction, 
respectively. The inhibitory activity of the 3 fractions was tested at a concentration of 1 
mg/mL. The 2nd and the 3rd fractions almost completely suppressed CML formation. In 
contrast, the 1st fraction did not show activity. The 2nd and 3rd 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 M, while pyridoxamine showed weak 
suppressive activity. EK-B, epimedonins E, G, and H also significantly suppressed CMA 
formation at a concentration of 10 M. 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  

 

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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AGEs

Fig. 2  

 

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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1-1  
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42  (Table 1)
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Table 1
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Fig. 4. Preparation of natural medicines extracts for AGEs inhibition activety test. 
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Table 1. Crude drugs used for this study. 
 (30 ) 

 ( )   ( )  

 ( ) 

   ( ) 

   (  

   ( ) 

   ( ) 

   ( ) 

   ( ) 

 ( ) 

   ( ) 

   ( ) 

 ( ) 

   ( ) 

   ( ) 

 ( ) 

 ( ) 

Limonitum 

Coptidis Rhizoma 

Polygalae Radix 

Pogostemi Herba 

Testudinis Plastrum 

Notopterygii Rhizoma 

Chrysanthemi Flos 

Licii Chinense 

Sesami Semen 

Achyranthis Radix 

Schisandrae Fructus 

Bupleuri Radix 

Asiasari Radix 

Zizyphi Semen 

Tribuli Fructus 

   ( ) 

   ( ) 

   ( ) 

   ( ) 

   ( ) 

 ( ) 

   ( ) 

   ( ) 

   ( ) 

   ( ) 

   ( ) 

   ( ) 

 ( ) 

 ( ) 

   ( ) 

Zingiberis Rhizoma 

Cimicifugae Rhizoma 

Magnoliae Flos  

Cnidii Rhizoma 

Atractylodis Lanceae Rhizoma 

Ophiopogonis Tuber 

Hoelen 

Saposhinikoviar Radix 

Zizyphi Fructus 

Alismatis Rhizoma 

Aurantii Nobilis Pericarpium 

Angelicae tuhou radix 

Cuscutae Semen 

Coicis Semen 

Acractylodis Rhizoma 

 (12 ) 
 ( )   ( )  

  ( ) 

    ( ) 

    ( ) 

    ( ) 

    ( ) 

    ( ) 

Epimedii Herba 

Foeniculi Fructus 

Phellodendri Cortex 

Puerariae Radix 

Zingiberis Siccatum Rhizoma 

Aurantii Fructus 

   ( ) 

   ( ) 

   ( ) 

   ( ) 

 ( ) 

 ( ) 

Aurantii Fructus Immaturus 

Sophorae Radix 

Schizonepetae Spica 

Scrophularia Ningpoensis 

Cnidii Monnieris Fructus 

Albizziae Cortex 

 
1-2 AGEs  

 
AGEs Fig. 3

AGEs 
AGEs 

AGEs 
AGEs  CML  CMA 
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 CMA  
ELISA 3

5
 (30 mM)  (2 mg/mL) 

10 mg/mL 37  7
 CML, CMA  ELISA

 CML, CMA 
 CMA 

 Fig. 5  

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  for 7 days. The CMA content was determined by noncompetitive ELISA. *p < 0.005, 
**p < 0.001, ***p < 0.0001 compared to control. 
  

 CMA 100
 CMA %
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1-3  
 

AGEs 
3 

CMA
80%  (Fig. 5, 6)

 CMA 

 CMA 
CMA 

CML 
 

 

 

Fig. 6. Natural medicines having strong inhibition activety against CMA formation.  
a: Schizonepetae Spica. b: Chrysanthemi Flos. c: Epimedii Herba. 
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2   CML CMA  
 

2-1  (Epimedii Herba)  
 

Berberidaceae
, yin yan huo horny goat weed Fig. 7

3 3
 (Fig. 7a)37

38

 (Fig. 7b)
5 Epimedium brevicornum, E. 

sagittatum, E. pubescens, E. wushanense, E. koreanum

2 E. grandiflorum, E. sepervirens 7
 E. 

grandiflorum E. diphyllum E. setosum

E. koreanum E. sempervirens
39 E. brevicornum

E. sagittatum 40

 (Fig. 7c)

 (E. 

koreanum) (Fig. 7d)  
 

icariin E. 

macranthum Morr et Decne 1935
41

HPLC
E. 

koreanum icariin
E. sagittatum  

icariin epimedoside A 42 Fig. 8
E. sempervirens
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icariin 43

44, icariin icariside II (ICA-II) 5 (PDE V) 
ED 45  

 

 
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. 

 

   
Fig. 8. Representative consutituents from Epimedii Herba. 

 
 



11 
 

2-2  
 

Epimedium 16 

260
37 icariin

E. 

brevicornum icariin  epimedin A
B C 46

epimedin I, K, L
epimedoside E, ikarisoside F E. 

koreanum 47 icariside II, baohuoside II, 2''-
O-rhamnosyl icariside II icaritin, desmethylicaritin, 
epimedokoreanin B E. pubescens
48 E. sagittatum sagittatosides A, B, C 

49 (Fig. 9)  
 

 

Fig. 9. Known prenylflavonoids isolated from E. Herba. 
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Fig. 9. (Continued) 
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2-3  
 
2-3-1 CML, CMA  
 

 Epimedii Herba CML, 
CMA 

10 g MeOH 1.4 g
MeOH n-Hexane 80% MeOH

80% MeOH MCI gel CHP20P H2O 50% MeOH
100% MeOH Chart 1 MeOH 

CML, CMA  ( : 1.0 mg/mL) Fig. 10  

 

Chart 1.  
CML, CMA MCI gel CHP20P 50% MeOH, MeOH

Fig. 10 a, b 50% MeOH
MeOH Sephadex LH-20 TLC 

3 Frs. 1~3 CML, 
CMA : 100 g/mL Fig. 10 c, d
CML, CMA  MeOH-3 Fig. 10 

TLC
CML, CMA 

3 kg
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Fig. 10. Effect of divided fractions on CML (a, b) & CMA (c, d) formation. Gelatin (2.0 

mg/mL) and ribose (30 mM) were incubated with fractions (a, b: 1.0 mg/mL, c, d: 100 g/mL) 
at 37  for 7 days. The CML and CMA content was determined using noncompetitive ELISA.  
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2-3-2   
 

 (E. Herba) CML, CMA
3.0 kg

MeOH  (2-3-1) 
2 3 Frs. 2 and 3 MCI gel CHP20P

1~46 46
Chart 2  

 

Chart 2.  
 

1~30 31~46
16 1~46
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2-4  
 

46
1~30 31~46  

 
2-4-1  

 
1~ 30 1H-NMR

13C-NMR  (Fig. 11)  
 3~ 5 icariin 12  1 mol 

icariin  C 3 2
3

epimedin A 3 B 4 C 5 50, 51 6  icariin C  3 
3  epimedin I 47, 52  

7~ 10 epimedin I (6) 19 epimedin I (6) A  7 
2

2, 6 
epimedin K (7) 3, 6 epimedin L (8) 4, 6 caohuoside 
B (9) 6 epimedokoreanoside I (10) 2 korepimedoside 
A (19) 52, 53 2 12~14 3 8 

2 cuhuoside (2)52, icariin (12)53, sagittatoside A (13)54, 2”-O-
rhamnosyl icarisid II (14)55 1 15~18 21 C 3

A 7 1  epimedoside 
C (1)56, pherodendroside (15)56, caohuoside C (16)52, icariside II (17)53, icarisoside A (18)56, 
icariside I (21)53 11, 20, 22~ 30

epimedokoreanin C (11)57, 8-prenyl kaempferol (20)58, 8-prenyl luteolin 
(22)58, gaocaonin E (23)59, euchresta flavanone A (24)59, epimedonin C (25)60, 8,5’-diprenyl 
apigenin (26)61, broussonol D (27)61, epimedokoreanin B (28)57, 4’-O-methyl limonianin 
(29)62, limonianin (30)62  
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Fig. 11. Known compounds isolated from Epimedii Herba. 

R
3 Epimedin A glc
4 Epimedin B xyl
5 Epimedin C rha

R1 R2 R3 R4 R5

6 Epimedin I 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 Epimedokoreanoside I H H H Ac glc
19 Korepimedoside A H H H Ac H

R1 R2 R3 R4

2 Cuhuoside H Me H glc4-glc
12 Icariin H Me rha glc
13 Sagitattoside A H H rha2''-glc H
14 2''-O -Rhamnosyl-icarisid II H Me rha2''-rha H
1 Epimedoside C H H H glc
15 Pherodendrozide H H glc H
16 Caohuoside C OH Me rha H
17 Icariside II H Me rha H
18 Icarisoside A H H rha H
21 Icariside I H Me H glc

R1 R2 R3

20 8-Prenyl kaemferol H H OH
22 8-Prenyl luteolin H OH H
26 8,5'-Diprenyl apigenin CH2CH=C(CH3)2 H H
27 Broussonol D CH2CH=C(CH3)2 OH OH
28 Epimedokoreanin B CH2CH=C(CH3)2 OH H

R1

23 Gancaonin E OH
24 Euchrestaflavanon A H

11 Epimedokoreanin C

25 Epimedonin C

R1 R2 R3

29 4'-O -Methyl limonianin H Me H
30 Limonianin H H H
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2-4-2  
 

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

 31  [ ]D -71.9 (c= 0.20) HR-ESI-MS 
m/z 903.2896 [M+Na]+ (Calcd for 903.2899) C41H52O21 

1H-NMR  (Table 2)  31 
B AA’XX’ 

 8.11 (2H, d, J = 8.6 Hz), 7.18 (2H, d, J = 8.6 Hz)
-dimethylallyl  ( )  11 12

14 15  3.82, 3.68 (each 1H, m), 5.50 (1H, t, J=7.4 Hz), 1.75 (3H, s), 1.58 
(3H, s) A 

  6.88 (1H, s) 3   3.79 (3H, s), 3.74 (3H, 
s), 3.75 (3H, s)  6.10 (1H, br s) -L-

5.71 (1H, d, J=7.5 Hz) -D-
 31 

epimedin C epimedin C 
 5.78 (1H, d, J= 2.9 Hz) 

 5.16 (1H, d, J= 2.9 Hz), 5.02 (1H, q, J= 6.8 Hz) 
 1.51 (3H, d, J= 6.8 Hz) 

 2D-NMR HMQC 
13C-NMR   105.0 73.5 71.9 18.8 

1H-NMR 1H-1H COSY 
 5.78   5.16  5.02   1.51

HMBC  5.78   80.2, 73.5, 71.9,  5.16   172.0  5.02  
 105.0  1.51   105.0 HMBC   

172.0, 173.4 
  80.2 C-3  2 

 A: Methyl 2-hydroxy-3-[(1-methoxy-1-oxopropan-2-yl) oxy] 
propanoate  2  (Fig.12 (a))  
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Fig. 12. (a) Partial structure A of 31, (b) Full structure of 31. 
 

 A epimedin C  C-3” 4”
epimedin C  -L-

C-1”, 2”, 5”  S, S, R 
C-3”, C-4” 

 31  Fig 12 (b) 
icarinoside A  

 
(2) Icarinoside B (32) 

 32  [ ]D -99.17 (c= 0.51) HR-ESI-MS 
m/z 903.2896 [M+Na]+ (Calcd for 903.2899) C41H52O21 

1H-NMR, 13C-NMR  (Table 2)  31  epimedin C 
Icarinoside A (31)  32 

C-3  2 
31  A  32  B 

1H-NMR  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) 

 2D-NMR 
Fig. 13 (a)  5.94 

  79.4, 168.3, 71.8  2.64, 2.89  
 171.3, 71.8, 22.0 HMBC C-1” ( 100.6) 

 ( 168.3)  ( 22.0) 
 ( 71.8)  ( 41.7) 
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 ( 171.3) C-
2”, 3”  HMBC 

 2  B  Fig. 13 
(a)  epimedin C  C-2”, 3” 

 C-C C-4” 
C-2”, 3” 

 32 Fig. 13 (b) 

icarinoside B  

 
Fig. 13. (a) Partial structure B of 32, (b) Full structure of 32. 
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(3) Icarinoside C (39) 
 39  [ ]D -64.7 (c= 0.31) HR-ESI-MS 

m/z 702.2539 [M+ Na]+ (Calcd for 702.2524)  C35H42O15 
 39 icarinoside A (31) B (32)  1 mol 

1H-NMR, 13C-NMR Table 2-1
icarinoside B (32) 7 

 39 2”-O-rhamnosyl-icarisid 
II (14)  C-2”, C-3”  Fig. 14 

icarinoside C 
 

 

Fig. 14. Key HMBC & 1H-1H COSY correlations of 39. 
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Table 2. 1H- and 13C-NMR data for icarinoside A (31), B (32), and C (39) in pyridine-d5. 

 
 
 
 
 
 
 
 
 

 
 

position C H (J  in Hz) C H (J  in Hz) C H (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 22.3      3.82,3.68, 1H, m 22.5      3.82,3.68, 1H, m 21.9      3.77, 1H, m
12 123.6      5.50, 1H, t, (7.4) 122.8      5.51, 1H, t, (7.4) 123.1      5.51, 1H, t, (7.4)
13 131.5 131.3 131.5
14 25.5 1.75, 3H, s 25.3 1.75, 3H, s 25.4 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' 131.5 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' 131.5 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 5.94, 1H, s 101.7 5.92, 1H, s
2” 73.5 5.16, 1H, d, (2.9) 168.3 79.6
3" 172.0 171.3 71.8

4"-1 173.4 41.7 2.63, 1H, dd, (6.8, 15.4) 72.4 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) 22.0 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, br s 101.7 6.09, 1H, br s
2 80.0 5.07, 1H, br s 79.4 5.03, 1H, br s 79.6 5.03, 1H, br s
3 71.5 4.55, 1H, dd, (3.5, 9.5) 71.7 4.57, 1H, dd, (3.5, 9.2) 71.8 4.57, 1H, dd, (3.4, 9.7)
4 72.8 4.17, 1H, t, (9.5) 72.3 4.22, 1H, t, (9.2) 72.4 4.20, 1H, t, (9.7)
5 72.1 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, t, (9.7) 77.9 4.38, 1H, t, (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 4.43, 1H, m 61.7 4.33, 1H, m

4.49, 1H, br d, (9.7) 4.49, 1H, br d, (9.7)

Icarinoside A (31) Icarinoside B (32) Icarinoside C (39)
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2-4-2-2 Koreanoside F (34), G (37), H (38), I (33)  
 

(4) Koreanoside F (34) 
34  [ ]D -203.7 (c= 0.16) HR-ESI-MS

m/z 551.1508 [M+ Na]+ (Calcd for 551.1529) C27H28O11 
1H-NMR Table 3 B AA’XX’

  8.17 (2H, d, J= 8.6 Hz) 7.15 (2H, 
d, J= 8.6 Hz) A   7.11 (1H, s) 

  3.73 (3H, s) 
  6.25 (1H, d, J = 1.8 Hz) 

icariside II (17)
 34  icariside II (17) 8 

1H-NMR 
 7.19 (1H, s)  1.87 (6H, s)  2 

13C-NMR   97.3, 165.0  68.1 
 4  29.1

  165.0 

2D-NMR  7.19 
 C-7 (  157.9), C-9 (  149.0) 

 1.87 C-12 (  165.0), C-14, 15 (  29.1)

2-
(furan-2-yl) propan-2-ol 

 34 Fig. 15 
koreanoside F  

 
Fig. 15. Key HMBC & 1H-1H COSY correlations of 34. 

 



24 
 

(5) Koreanoside I (33) 
33  [ ]D -202.3 (c= 0.15)  HR-ESI-

MS m/z 683.1945 [M+ Na]+ (Calcd for 683.1945)  C32H36O15

MS  33 koreanoside F 34
 1 mol m/z 132  33 

HPLC L-
 D- 13C-NMR 

Table 3 koreanoside F (34) 
107.5, 75.0, 77.8, 70.4, 68.1

 2D-NMR 
 5.13 (1H, d, J= 7.4 Hz)  2 

81.6 HMBC  33 koreanoside 
F 34  2 Fig. 16 

koreanoside I  

 

Fig. 16. Key HMBC & 1H-1H COSY correlations of 33. 
 

(6) Koreanoside G (37) 
 37  [ ]D -204.1 (c= 0.17)  HR-ESI-

MS m/z 565.1743 [M+ Na]+ (Calcd for 565.1686)  C28H30O11 
 37 koreanoside F 34  14 

1H-NMR, 13C-NMR  (Table 4) 37 
 3.18 (3H, s)  50.5

 2D-NMR 
 3.18  13   73.1  HMBC 

 37 koreanoside F 34  13 
 Fig. 17 koreanoside G  
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Fig. 17. Key HMBC & 1H-1H COSY correlations of 37. 
 

(7) Koreanoside H (38) 
 38  [ ]D -204.1 (c= 0.15) HR-ESI-MS 

m/z 533.1461 [M+ Na]+ (Calcd for: 533.1448)  C27H26O10

1H-NMR, 13C-NMR  (Table 4) koreanoside F (34), G (37) 

 38  1H-NMR 5.29, 5.89 (each 
1H, s) 2.17 (3H, s) 

13C-NMR  113.7, 132.7  2 19.1
 2D-NMR 

 5.29, 5.89  C-12 ( 156.9) C-15 
( 19.1)  2.17  C-12 ( 156.9) C-14 ( 113.7) 

HMBC  38 
2-(prop-1-en-2-yl) furan  38

koreanoside F (34), G (37)  Fig. 18 
 38 koreanoside H 

 

 
Fig. 18. Key HMBC & 1H-1H COSY correlations of 38. 
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Table 3. 1H- and 13C-NMR data for koreanoside I (33) and F (34) in pyridine-d5. 

 
 
 
 
 
 
 
 

position C H (J  in Hz) C H (J  in Hz)
2 157.1 157.1
3 133.0 133.7
4 179.5 179.5
5 160.2 160.2
6 94.8 7.11, 1H, s 94.7  7.11, 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 7.18, 1H, s 97.3 7.19, 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, br s 103.5 6.25, 1H, d, (1.8)
2 81.6 4.98, 1H, br s 71.4 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 4.19, 1H, t, (9.2) 72.6 4.28, 1H, t, (9.7)
5 71.5 4.24, 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 4.12, 1H, m
4 70.4 3.62, 1H, t, (6.5)
5 68.1 4.21, 4.12, each 1H, m

Koreanoside I (33) Koreanoside F (34)
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Table 4. 1H- and 13C-NMR data for koreanoside G (37) and H (38) in pyridine-d5. 

 
 
 
 
 
 
 
 
 
 
 
 

position C H (J  in Hz) C H (J  in Hz)
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
11 101.1 7.16, 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, br s 103.8 6.23, 1H, d, (1.8)
2 72.5 5.06, 1H, br s 72.1 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, t, (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)

Koreanoside G (37) Koreanoside H (38)
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2-4-2-3 Korepimedoside D (40), E (41), F (42)  
 

(8) Korepimedoside D (40) 
 40  [ ]D -72.9 (c= 0.56)  HR-ESI-

MS m/z 825.2606 [M+ Na]+ (Calcd for 825.2582)  C39H46O18

 40 
HPLC L-  D-

1H-NMR Table 5
 icariin B AA’XX’ 

  8.16 (2H, d, J= 6.8 Hz), 8.25 (2H, d, J= 6.8 Hz) -dimethylallyl 
  4.19, 4.08 (each 1H, m), 5.54 (1H, t, J= 6.9 Hz), 1.79 (3H, s)

1.63 (3H, s) A  6.88 (1H, s)   3.79 
(3H, s)  6.00 (1H, br s)  -L-

 5.09 (1H, d, J=8.0 Hz)  -D-
13C-NMR Table 5 icariin

2D-NMR
 (Fig. 19)  (  6.00) C  3  (  

135.2)  (  5.09) 3
 (  79.2) HMBC  40 C  

3 3  
korepimedoside A (19) 2

 40  3  2.18, 2.15, 2.03
 2D-NMR Fig. 

19  4  5.71 2 5.43 6 
 4.60, 4.86

  170.7, 170.5, 170.6 HMBC
3  4  

2 6  40 Fig. 19 

korepimedoside D  
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Fig. 19. Key HMBC & 1H-1H COSY correlations of 40. 

 
(9) Korepimedoside E (41) 

 41  [ ]D -71.9 (c=0.23)  HR-ESI-
MS m/z 825.2606 [M+ Na]+ (Calcd for 825.2582)  C39H46O18

1H-NMR, 13C-NMR  (Table 5)  41 
2.07, 2.15 korepimedoside D

40 korepimedoside A (19) 3 

 2D-NMR  4  5.81
3  5.71 6  4.67, 4.86

  170.5, 170.6, 170.7 
HMBC  41 

Fig. 20 korepimedoside E  

 

Fig. 20. Key HMBC & 1H-1H COSY correlations of 41. 
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(10) Korepimedoside F (42) 
 42  [ ]D -73.1 (c=0.22)  HR-ESI-

MS m/z 825.2606 [M+ Na]+ (Calcd for 825.2582)  C39H46O18

1H-NMR, 13C-NMR  (Table 5) 
korepimedoside D (40), E (41)  korepimedoside A (19) 

1H-NMR  2.03, 2.11, 2.24 3 
 2D-NMR 4  

5.84 4  5.31 6  4.35, 4.56

  170.7, 170.5, 170.6 HMBC
4 4 6

 42 Fig. 21
korepimedoside F  

 

Fig. 21. Key HMBC & 1H-1H COSY correlations of 42. 
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Table. 5. 1H- and 13C-NMR data for korepimedoside D (40), E (41), and F (42) 
in pyridine-d5. 

 

 
 
 
 
 
 
 
 
 
 

 

position C H (J  in Hz) C H (J  in Hz) C H (J  in Hz)
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 21.9      4.08, 4.19, 1H, m
12 122.8      5.54, 1H, t, (7.4) 122.8      5.54, 1H, t, (7.4) 122.8      5.54, 1H, t, (7.4)
13 131.2 131.2 131.2
14 25.4 1.79, 3H, s 25.4 1.80, 3H, s 25.4 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 6.11, 1H, br s 102.9 6.09, 1H, br s
2 69.2 5.01, 1H, br s 69.2 5.03, 1H, br s 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, t, (9.5) 71.8 5.81, 1H, t, (9.2) 71.8 5.84, 1H, t, (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) 71.4 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, t, (9.1) 70.9 3.94, 1H, m 74.5 5.31, 1H, d, (9.2)
5 70.9 3.73, 1H, m 70.9 4.11, 1H, t, (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 2.11, 3H, s

Korepimedoside D (40) Korepimedoside E (41) Korepimedoside F (42)
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2-4-2-4 Koreanoside E1 (35), E2 (36)  
 

(11) Koreanoside E1 (35) 
  35   [ ]D -92.1 (c= 0.27)  HR-

ESI-MS m/z 529.1726 [M-H]- (Calcd for 529.1726)  C27H30O11

1H-NMR  (Table 6)
icariside II (17) -dimethylallyl 

 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)  3-methyl-but-3-en-2-ol 

-L-   6.16 (1H, br s) 
13C-NMR Table 6 3-

methyl-but-3-en-2-ol
 2D-NMR 

 6.16 3  (  130.5)  
(  3.79)  7 9  (  164.0, 155.2)

 (  4.92) 8  (  105.1) HMBC 
 35  Fig. 22  

 

Fig. 22. Key HMBC & 1H-1H COSY Correlations of 35. 
 

12
63, 64 35

Fig. 23
35 a 73% 

HPLC L-
Fig. 23  
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Fig. 23. Emzymatic hydrolysis of 35 and analysis of sugar moiety. 

 
35 a

HPLC 35 b 87% Fig. 24
35 b  (R)-(-)-MTPA-Cl [(R)-(-)- -Methoxy-alpha-(trifluoromethyl) 

phenylacetyl Chloride]  (S)-(+)-MTPA-Cl 
MTPA 35 b-S 35 b-R 53%, 38%  

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

 
1H-NMR

Fig. 25 35
12 S

koreanoside E1  
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Fig. 25. Modified Mosher’s method results of 35b (a), and the chemical structure of 
koreanoside E1 (35) (b). Difference of the 1H-NMR chemical shifts of 35 b-S and 35 b-R. [  
(in ppm) = S - R]. 
 
(12) Koreanoside E2 (36) 

 36 [ ]D -48.5 (c= 0.36)  HR-ESI-MS 
m/z 529.1726 [M-H]- (Calcd for 529.1726)  C27H30O11

 koreanoside E1 35 1H-NMR, 13C-NMR 
Table 6  36 koreanoside E1 35

13C-NMR C-3 C-4 C-15  koreanoside E1 35
 3.7, 0.6, 1.8 ppm 

Fig. 27 3 L-
koreanoside E1 35  36 koreanoside 

E1 35  12  (Fig. 26)
 36a 

 12 Fig. 27  

  

Fig. 26. Key HMBC & 1H-1H COSY correlations of 36. 
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Fig. 27. Synthesis of (S)-MTPA ester (36 b-S) from 36. 
 

 35a  36a MTPA  36b-S 
koreanoside E1 35 35 b-R 

1H-NMR  1H-NMR 
 35 b-S  36 b  (S)-(+)-MTPA-Cl 

 36 b-R  1H-NMR  36 
b-S  35 b-S (= 36 b-R)  1H-NMR 

 36  12  R Fig. 28  35 
a, 36 a  35, 36  3  L-

 36 koreanoside E2  

 
Fig. 28. Modified Mosher’s method results of 36b. Difference of the 1H-NMR chemical

shifts between 36 b-S and 35 b-S (the enantiomer of 36 b-R) [  (in ppm) = S - R]. 
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Table. 6. 1H- and 13C-NMR data for koreanoside E1 (35) and E2 (36) in pyridine-d5. 

 
 
 
 
 
 
 
 
 
 
 

 

position C H (J  in Hz) C H (J  in Hz)
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 75.1 4.92, 1H, dd, (5.7, 12.3) 74.9 4.92, 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 4.16, 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)

Koreanoside E1 (35) Koreanoside E2 (36)
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2-4-2-5 Epimedonin G (43), G1 (43-1), G2 (43-2)  
 

(13) Epimedonin G (43) 
 43 [ ]D +0.6 (c= 0.54)  HR-ESI-MS 

m/z 461.1585 [M+Na]- (Calcd for 461.1576)  C25H26O7

1H-NMR  (Table 7) B 7.83, 7.73 
(each 1H, d, J= 1.7 Hz) C A  6.90, 6.85 (each 1H, s) 

3-methyl-but-3-en-2-ol   3.39 (2H, d, J=6.8 
Hz), 4.92 (1H, br s), 5.29, 4.93 (each 1H, s), 2.00 (3H, s) -dimethylallyl 

  5.58 (1H, br s), 3.72 (2H, br d, J= 6.3 Hz), 1.63 (3H, s)
1.88 (3H, s) 13C-NMR (Table 7) B 1’, 3’, 
4’, 5’ 4 -dimethylallyl 3-methyl-but-3-en-2-ol

2D-NMR 3.72 
C-7, 8, 9  107.0, 158.3 HMBC

-dimethylallyl 8  3.39 
 C-4’, 5’, 6’  162.5, 107.0, 158.3 HMBC

3-methyl-but-3-en-2-ol  B  5’ 
 43 Fig. 29 

epimedonin G  

 
Fig. 29. Key HMBC correlations of 43. 

 
2” 

[ ]D +0.6 0 2” 
R S 1 1

 Daicel Chiralpak IA 
 43-1, 43-2  

1 1  (Chart 3)
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Chart 3.  

 
 43-1, 43-2  1H-NMR epimedonin G (43) 

 +14.2, -12.8 
2  43-1, 

43-2  
 43-1, 2 

HPLC 73%  43-1a, 43-2a 
(R)-(-)-MTPA-Cl  MTPA 

HPLC  83%, 86% 
 43-1a-S, 43-2a-S  (Fig. 30)  

 

Fig. 30. Synthetic route of compounds 43-1a-S and 43-2a-S. 
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43-1 43-2  43-2a-S
2” MTPA 43-1a  (S)-(+)-
MTPA-Cl 43-1a-R 1H-NMR 

 43-1 2” S Fig. 31
 43-2 2” R 

epimedonin G1 (43-1), epimedonin G2 (43-2)  

 
Fig. 31. Modified Mosher’s method applied to compound 43-1a. Difference of 1H-NMR

chemical shifts of compound 43-1a-S and 43-2a-S (=43-1a-R). [  (in ppm) = S - R]. 
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2-4-2-6 Epimedonin H (44), H1 (44-1), H2 (44-2)  
 

(14) Epimedonin H (44)  
 44 [ ]D +0.9 (c= 0.38)  HR-ESI-MS 

m/z 437.1631 [M-H]- (Calcd for 437.1600)  C25H26O7

epimedonin G 43 1H-NMR, 13C –NMR Table 
7 epimedonin G 43 2 

2 
2D-NMR -

dimethylallyl   3.73 (2H, d, J= 7.5 Hz) C-
4’ 5’ 6’  149.9, 147.0, 111.9 HMBC

3-methyl-but-3-en-2-ol   3.73 (2H, d, J= 7.5 
Hz) C-7, 8, 9 163.4, 105.0 155.9 HMBC

 44  Fig. 32 
epimedonin H  

 

Fig. 32. Key HMBC correlations of 44. 
 

12
 [ ]D +0.9 0

epimedonin G (43) 
Epimedonin H (44) Daicel Chiralpak IA HPLC

 44-1, 44-2  1 1 
 (Chart 4) 44-1, 44-2 

 +15.5, -13.0 2
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Chart 4. 
 

 44-1, 2  43-1, 2 
(R)-(-)-MTPA-Cl MTPA

 44-1a-S, 44-2a-S Fig. 33  

 

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

 44-1a-S  44-2a-S 
 44-1, 44-2  12  S R 

(Fig. 34)  epimedonin H1 (44-1), 
epimedonin H2 (44-2)  
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Fig. 34. Modified Mosher’s method applied to compound 44-1a. Difference of 1H-NMR

chemical shifts of compounds 44-1a-S and 44-2a-S (=44-1a-R). [  (in ppm) = S - R]. 
 

 
Table.7. 1H- and 13C-NMR data for epimedonin G (43) and H (44) in pyridine-d5. 

 
 
 
 

position C H (J  in Hz) C H (J  in Hz)
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 25.4 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 4.93, 1H, br s 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

Epimedonin G (43) Epimedonin H (44)
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2-4-2-7 Epimedonin E (45), F (46)  
 

(15) Epimedonin E (45)  
 45  HR-ESI-MS m/z 417.1303 

[M+Na]+ (Calcd for 417.1338)  C25H21O6
1H-NMR 

2  7.99, 7.76 
(each 1H, d, J= 2.3 Hz)  7.09, 
7.13 (each 1H, s) 45 epimedonin G (43), H (44)  luteolin 

A B 
-dimethylallyl   5.70 

(1H, t, J= 7.4 Hz), 3.81 (2H, d, J= 7.4 Hz), 1.79 (1H, s), 1.96 (3H, s) 
koreanoside H (38)  2-(prop-1en-2yl) furan   

5.86, 5.26 (each 1H, s), 2.09 (3H, s) 13C-NMR 
Table 8 C-9  149.0 

A 
2D-NMR -dimethylallyl 
 (  3.81) C-4’, 5’, 6’ HMBC
-dimethylallyl B  5’  

6.95 C-7, 8, 9  
159.2, 110.6, 149.0 2-(prop-1-en-2-yl) furan

A  7 8 
 45 Fig. 35 

epimedonin E  

 

Fig. 35. Key HMBC correlations of 45. 
 
 
 
 
 



44 
 

(16) Epimedonin F (46) 
 46  HR-ESI-MS m/z 419.1511 

[M-H]- (Calcd for 419.1495)  C25H23O6 epimedonin E 45
1H-NMR, 13C-NMR  (Table 8) epimedonin E (45) A 

1H-NMR   
6.78 (1H, d, J= 10.3 Hz), 5.61 (1H, d, J=10.3 Hz)  cis 

 1.49 (6H, s) 2 
 A 2-2 dimethylpyran

2D-NMR  
6.78 C-7, 8, 9  

164.6, 103.2, 152.0  5.61  C-8 
 103.2 HMBC 2-2 

dimethylpyran A  C-7, 8
 46 Fig. 36 epimedonin 

F  

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

Epimedokoreanin C EK-C (11) C-1” C-2”  2 

C-1” C-2” EK-C (11) 
C-1” C-2” S, S R, R S, R R, S

2 C-1” C-2” EK-C 
(11) 1H-NMR H-1” H-2” J  4.5 Hz 

Fig. 37  
120° C-1”, 2”  

 
 
 

 

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

NOESY H-1”, 2” H-4”, 5” 
 NOE H-1”, 2”  NOE Fig. 

38 H-1”, 2”  

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

 
EK-C (11) Daicel Chiralpak 

IA HPLC  EK-C-1, EK-C-2  

 R1 R2 R3 R4 

EK-C-1 H OH A H 

EK-C-2 OH H H A 
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1 1  (Chart 5) EK-C-1, EK-C-
2  -29.1, +21.3 2 

 
 

 

Chart 5. 
 

 43-1, 2  EK-C-1, EK-C-2 MTPA 
 (Fig. 39)  EK-C-1a-S, EK-C-2a-S 

 EK-C-1, EK-C-2 1” R S 
Fig. 40  

 
Fig. 39. Synthetic route of EK-C-1a-S and EK-C-2a-S. 
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Fig. 40. Modified Mosher’s method applied to compound EK-C-1a. Difference of 1H-NMR 

chemical shifts of EK-C-1a-S and EK-C-2a-S (=EK-C-1a-R). [  (in ppm) = S - R]. 
 

EK-C-1, 2 C-1”, 2” EK-C-1, EK-C-2 
2” R S 

EK-C-1 EK-C-2 C-1”, 2” R R S S

EK-C-1 EK-C-2  epimedokoreanin C1 (EK-C-1), 
epimedokoreanin C2 (EK-C-2)  
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Table. 8. 1H- and 13C-NMR data for epimedonin E (45) and F (46) in pyridine-d5. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

position C H (J  in Hz) C H (J  in Hz)
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 7.13, 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 1.49, 3H, s
15 19.2 2.09, 1H, s 28.2 1.49, 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

Epimedonin E (45) Epimedonin F (46)
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CML, CMA 
Fig. 41  

 

 

 

 
Fig. 41. New prenylflavonoids isolated from Epimedii Herba. 
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Fig. 42 
 

 

 

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

CML, CMA 
50

NMR
ESI-MS [ ]D 

30 20

MTPA

31~ 46  
Icarinoside A (31), B (32), C (39) epimedin C (5) C-3” C-

4” (a)  C-2” C-3” (b) Fig. 
43 Icarinoside A (31)  (a) 

icarinoside B (32), C (39) 
 (b) C-4”  

(Fig. 43) icarinoside C (39) icarinoside B (32)  7 
 

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

from epimedin C (5). 
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 (Beta vulgaris L.)  betavulgarosides 
I~ IV 65 3 4 

 (III, IV)  dioxolane  (I, II) 
Icarinoside A~C 

 MeOH 
 

Koreanoside E1 (35), E2 (36) icariside II (17) 12
icariside II 

neoicariin ( ) 66 
12, 13  (Fig. 44)

2 
C-13 koreanoside E1

35 E2 36  
Koreanoside E1 (35), E2 (36) 12

S R ODS 
HPLC  3  L-

 

 
Fig. 44. Presumable biosynthesis pathway for koreanoside E1 (35) and E2 (36)  

from icariside II (17). 
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koreanoside F (34), G (37), H (38), I (33) icariside II (17) 
8 7 

icariside II 
neoicariin 12 A 7

C-11, 12
koreanoside F 34  (Fig. 45) korepimedoside F 
(34) 13 2 13

korepimedoside G (37), I (33), 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) 

2 2 3 4
Epimedin A (3), B (4), C (5) sagittatoside A (13)

2”-O-ramnosyl icarisid II (14) 
2

korepimedoside D (40), E (41), F (42) 
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epimedin I (6), K (7), L (8), caohuoside (10), epimedokoreanoside I (19) 
3  (Fig. 

46)    

      

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

epimedonin G (43), H (44) epimedokoreanin B (EK-B) 
(28) koreanoside E1 (35), E2 (36) 

 (Fig. 47)  

 
Fig. 47. Presumable biosynthesis pathway for epimedonin G (43) and H (44) from EK-B  

(28). 
 

Epimedonin G (43), H (44) 2”, 12

epimedonin G1 (43-1), G2 (43-2) 
epimedonin H1 (44-1), H2 (44-2) Epimedonin G1 (43-1), G2 

R1 R2 R3 R4 R5

6 Epimedin I 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 Epimedokoreanoside I H H H Ac glc
19 Korepimedoside A H H H Ac H
*40 Korepimedoside D Ac H H Ac H
*41 Korepimedoside E H Ac H Ac H
*42 Korepimedoside F H H Ac Ac H

* Newcompound
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(43-2) 2” epimedonin H1 (44-1), H2 (44-2) 12 epimedokoreanin 
C1 (EK-C-1), C2 (EK-C-2) 1” , 2” MTPA

epimedokoreanin C (11) 
EK-C-1, EK-C-2 

 
Epimedonin E (45), F (46) EK-B (28) A  

7 a A  
7 12 koreanoside H (35) 

epimedonin E (45) 
b 13

epimedonin F (46) Fig. 48  

 
Fig. 48. Presumable biosynthesis pathway for epimedonin E (45) and F (46) from EK-B 

 (28). 
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3   CML, CMA  
 

3-1  CML, CMA  
 

3-1-1  
 

50
 35 1 mM DMSO CML, CMA

 (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 II (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  
 

30 mM 2.0 mg/mL pH 7.4 
10 mM phosphate buffer PBS CML

100 mM sodium phosphate buffer
Na-PB CMA DMSO

10 % 
DMSO

day 0
37  7 28,34

CML, CMA ELISA Fig. 49 PBS
200 10 g/mL

96 2 Washing buffer 
(PBS in 0.05% Tween20) 3 0.5 % 

1 1
CML CMA 0.1 g/mL 1 g/mL

Washing buffer 1 
Washing buffer 5000 2 

IgG 1 OPD
492 nm CML, CMA

 
 

 
Fig. 49. Determination of CML & CMA content by ELISA method. 
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3-1-3  CML, CMA  
 

35  (Table 9) 
100, 10, 1.0 M

CML CML ELISA
AGEs  pyridoxamine 

(PM)59 luteolin22  (Fig. 50)  

 

 

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 M, b: 1.0 M) in 10 mM 
phosphate buffer at 37  for 7 days. The CML content was determined using noncompetitive 
ELISA. 
 

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)  
10 M 80 %  CML  (Fig. 50a) CML

9
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1.0 M
epimedokoreanin B (8), epimedonin E (21), G (22), H (24) 

4 PM luteolin  80 % 
 (Fig. 50b)  

CML CMA Fig. 
51 epimedokoreanin B (8), epimedonin E (21), G (22), H (24) 4

10 M 80 %  CMA 
Fig. 51a CML

1.0 
M CMA epimedokoreanin B (8), 

epimedonin E (21) G (22) 
Fig. 51b  

 

 
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 M, b: 1.0 M) in 100 mM 
sodium phosphate buffer at 37  for 7 days. The CMA content was determined using 
noncompetitive ELISA. 
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CML, CMA PM, luteolin 
epimedokoreanin B (8) epimedonin E (21), G (22), H 

(24) (Fig. 52) n=3  (Fig. 53)

A, B B
 

    

Fig. 52. The structures having strong inhibition activity of CML and CML formation. 
 

 
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 M, b: 10 M) 
in (a) 10 mM phosphate buffer; in (b) 100 mM sodium phosphate buffer at 37  for 7 days. The 
CML and CMA content was determined using noncompetitive ELISA. Data are presented as the 
mean ± SD. 
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3-2 CML, CMA  
 

AGEs

AGEs (Fig. 54)29, 30, 67  

 

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

CML CMA
CML CMA

3-1  CML CMA 
epimedokoreanin B ( EK-B (8)) 
CML CMA  

EK-B (8) (100, 10, 1 M)
37˚C 3 EK-B (8) 

CML, CMA CML, CMA ELISA
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 M) in (a) 10 mM phosphate buffer; 
in (b) 100 mM sodium phosphate buffer at 37  for 7 days. The CML and CMA content was 
determined using noncompetitive ELISA. (mean±SD, n=3) 
 

 (100, 10, 1 M) 
EK-B (8) CML, CMA

AGEs
CML, CMA  

 
3-3 I CML, CMA  
 

I CML, CMA 

EK-B (8) epimedonin E (21) G (22) H (24) 4  
 (30 mM) I  (1.5 mg/mL) 

 (8, 21, 22, 24) 37  7 
CML, CMA  ELISA I

CML, CMA  (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 M) in (a) 10 mM phosphate buffer; in (b) 100 mM sodium phosphate buffer at 37  for 
7 days. The CML and CMA content was determined using noncompetitive ELISA. (mean±SD, 
n=3) 

 
4 CML, CMA

EK-B (8), epimedonin E (21), G (22)
1 M CML  (Fig. 56a)

10 M CMA  (Fig. 56b)
epimedonin H (24) luteolin CML, CMA

 

4 
 (Fig. 52) CML, CMA 

CML, CMA
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3-4  
 

35
CMA, CML CML 

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)  10 M 

80 %  (Fig. 50) CMA 
CML 100 M CMA 

 (Fig. 51)
 (Fig. 57) CML, CMA 

CML CMA 
3 CML, 

CMA  (Fig. 58)  
 

 

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

7
icariside I (2), epimedoside C (5)  (Fig. 58)
limonianin (6), epimedokoreanin C (EK-C, 23)  (Fig. 59)
Icariside I (2) limonianin (6) B, C 2 A  , -
dimethylallyl 6 dimethylpyrane

6 epimedonin C (16) 16 B dimethylpyran
16 A, C EK-C (23) B 

cyclopentane  

 

Fig. 59. Comparison with inhibitory activity rate of icariside I (2), limonianin (6),  
epimedonin C (16), and EK-C (23). 
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epimedokoreanin B (8), epimedonin E (21), G (22), 
H (24) (Fig. 60) 1 M PM, luteolin 
CML 4 10 M 80% 

CMA CML, CMA
luteolin 

A  8 B  5’  B 
 (Fig. 60)  

 

Fig. 60. Structures of prenylflavonoids having strong inhibition activity against CML (at 1.0 M) 

and CMA (at 10 M) formation. 

 

CML, CMA 

I 
CML, CMA

CML, CMA 
AGEs

4 
3 I 

CML, CMA  
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4   CML, CMA  
 

3 EK-B (8) 
CML, CMA 

 (2-4-3) epimedonin G (22), H (24)  
epimedonin G1, G2 H1, H2 CML, CMA  

 
4-1  
  

3 CML CMA  (Fig. 60) 

epimedokoreanin B (EK-B) 
CML CMA EK-B 4 

TLC 
 (49) Fig. 61

3 
 

Fig. 61. Partial methylation of EK-B. 
 

 47, 48  49 NMR
47  11% 48  25% 49  19% 

47~ 49 CML CMA
 (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 M and 1 M) in (a) 10 mM phosphate buffer; in (b) 100 mM sodium 
phosphate buffer at 37  for 7 days. The CML and CMA content was determined using 
noncompetitive ELISA. Data are presented as the mean ± SD. 

 

 47, 48, 49 EK-B 
47, 48  49 A  5 

CML  (Fig. 62a, 10 M)  

gallic acid
pyrogallol chlorogenic acid
Fig. 63 EK-B Fig. 64  

 

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 M and 1 

M) in (a) 10 mM phosphate buffer; in (b) 100 mM sodium phosphate buffer at 37  for 7 
days. The CML and CMA content was determined using noncompetitive ELISA. Data are 
presented as the mean ± SD. 

 

CML 10 M 
EK-B 80% 

Fig. 64a 1 M EK-B
luteolin CML 

CMA 10 M EK-B
luteolin 80%

30~ 50 % Fig. 64b
1 M  

 

4-2  CML, CMA  
 

EK-B
CML, CMA

C (artepillin C)  (baccharin)  (drupanin) Fig. 
65 3  (Fig. 66)  



70 
 

 

Fig. 65. Chmical structures of artepillin C, baccharin, and drupanin. 

 
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 M) in (a) 10 mM phosphate buffer; in (b) 100 mM sodium phosphate buffer at 37  
for 7 days. The CML and CMA content was determined using noncompetitive ELISA. Data are 
presented as the mean ± SD. 
 

Fig. 65 
CML, CMA 

artepillin C 2 drupanin 1
baccharin

CML, CMA 
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4-3  CML, CMA  
 

Epimedonin G (22), H (24) 
CML CMA 2 

CML, CMA 

epimedonin G1, G2
epimedonin H1, H2 Fig. 67 CML, CMA Fig. 68  

 

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

 
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 M; b: 10 M) in (a) 10 mM phosphate buffer; in (b) 100 mM sodium 
phosphate buffer at 37  for 7 days. The CML and CMA content was determined using 
noncompetitive ELISA. Data are presented as the mean ± SD. 
 

epimedonin G1 (S )  G2 (R ) epimedonin 
H1 (S ) H2 (R ) epimedonin G 22 H 24 CML, CMA

Fig. 68 CML, CMA
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4-4  
 

CML, CMA
EK-

B
3 47~ 49 47~ 49 

CML, CMA 
EK-B CML, CMA B  5 

49  (Fig. 69)  
B  5  48  49 
TLC (Hexan: acetone= 2:1 (v/v)) 48 Rf 

0.75 49  0.20 HPLC
YMC C18 (  10 250 mm); 2.0 mL/min; 40 ; RI

48 19.9 min 49 14.5 min
A  5 C  4 

 ( )  
EK-B CML, CMA

B 
A  5 C  4 CML, CMA

 

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

3 gallic acid, pyrogallol, 
chlorogenic acid EK-B CML, CMA
EK-B B 

C

artepillin C, drupanin, baccharin CML, 
CMA CML, CMA
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CML, CMA  (Fig. 70)  
 

 
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).  
 

CML, CMA 2
epimedonin G, G1, G2 H, H1, H2 

CML, CMA 
CML, CMA

 (Fig. 68)  
 

 
 

 
 A  5 C  4 

 
 A 8 B  5’ 

 
 CML, CMA 
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Advanced glycation end products 
(AGEs) 

 

AGEs 

AGEs N -(carboxymethyl) lysine (CML)
AGEs N -(carboxymethyl) arginine (CMA) 2

AGEs CML, CMA 

42 CMA CMA 
ELISA Epimedii Herba

CMA CML, CMA 
 

CML, CMA 
50

NMR
30

20  
(Fig. 71)  
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Fig. 71. New prenylflavonoids from Epimedii Herba. 
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Fig. 71. (Continued) 
 

 35 CML, CMA 
ELISA CML, CMA

C  3 
3 

EK-B, epimedonin E (21), G (22), H (24) 4
CML, CMA  

4
EK-B 

EK-B 
 A  5 

 A  5 C 4
CML, CMA 

3 gallic acid, pyrogallol, chlorogenic acid EK-B
CML, CMA 3 EK-B

artepillin C, drupanin, baccharin CML, CMA 
CML, CMA

epimedonin G (22), H (24) epimedonin G1 (S ), G2 (R 

), epimedonin H1 (S ), H2 (R ) CML, CMA
CML, CMA
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CML, CMA B 

8, 5’ 5
3
 (0.084 %) CML, CMA EK-B

(Fig. 72)  

 

Fig. 72. Characteristic structure of prenylflavonoid having strong inhibitory activity against 

CML and CMA formation. 

 
CML, CMA 

EK-B CML, CMA CML, CMA 
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AGEs 

AGEs CML, CMA
CML, CMA EK-B

CML, CMA 
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 ( 1 2 )  
 

 
 

   
  :  

 
  (Epimedii Herba) :  

TLC :  
 Precoated silica gel 60 F254 : Merck  
 Handy UV Lamp SLUV-6 :  
  : 10% H2SO4 in MeOH 

   
 Diaion HP-20   :  
 MCI gel CHP20P :  
 Sephadex LH-20 : GE Heaithcare Bioscience  

-Bondapak C18 : Waters  
 Silica gel 60 (230-400 mesh) : Merck 
HPLC    
 LC-20AT pump :  
 JASCO 830-RI detector :  
 Sugeai U-620 column heater :  
 HITACHI L-6200 Inteligent pump :  
 HITACHI L-4000 UV detector :  
HPLC    

 Cosmosil 5C18 AR-II 

Cosmosil -nap 
(5 m,  10.0 250 mm, respectively) 
Cosmosil 5PYE 
(5 m,  4.6 250 mm) 

:  

 X-Bridge Prep C18,  
Sunfire Prep C18 

(5 m,  10.0 250 mm, respectively) 

: Waters  
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 Triart PFP, and Triart Phenyl 
(5 m,  4.6 or 10.0 250 mm, respectively) 

: YMC  

 Chiralpak IA (5 m,  4.6 250 mm) : Daicel  
   

HR-ESI-MS   

 JEOL JMS-T100LP spectrometer : JEOL  
1H and 13C-NMR   

 JEOL ECA 500 NMR spectrometer 
1H-NMR at 500 MHz 
13C-NMR at 125 MHz 

: JEOL  

1H, 13C-NMR pyridine-d5 Chemical shift  (ppm) 
pyridine-d5 1H-NMR (7.20 ppm) 13C-

NMR 123.5 ppm  (J) Hz
 

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

   

 JASCO P-1020 polarimeter :  
   

 JASCO OR-2090 Plus Chiral Detector :  
 Shodex RS-Pak DC-613 (  6.0 150 mm)   

   

 Dichloromethane : SIGMA 
 WSC :  
 TEA :  
 DMAP :  
 Naringinase : SIGMA 
 (-)-α-Methoxy-α-(trifluoromethyl)phenylacetyl Chloride 

(+)-α-Methoxy-α-(trifluoromethyl)phenylacetyl Chloride 
:  
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1-1-2.  ( ) 
 

 (Lot number: C1S1504, ) 3.0 kg 
6  (30 min 12) 2 485 g 

MeOH (Chart 6) MeOH  n-Hexane  80% MeOH 
80% MeOH  80% MeOH  (405 g) MCI gel 

CHP20P  ( 4.0 × 30 cm) H2O, 50% MeOH, 100% MeOH
1.5 L 3  (Fr. 1~3)  

 
Chart 6. 

 
MCI gel 50% MeOH Fr. 2 (46.5 g) MCI gel CHP20P  

( 4.0 × 30 cm) (Chart 7) 20 % MeOH~ 100% MeOH
10% % 8  (fr. 2-1~ 2-8) (Chart. 7)
Fr.2-6 (5.3 g) Sephadex LH-20 ( 2.0 100 cm) MeOH 

3  (Fr. 2-6-1~ 2-6-3) Fr. 2-6-3 (190 mg) pyridine 
Waters  ( ) [Waters Bondapak, 25

200 mm, 60%~ 90% MeOH (v/v), 10% 135mL ] 6 
 (Fr. 2-6-3-1~ 2-6-3-6) Fr. 2-6-3-5 (10.3 mg), 6 (1.1 mg) HPLC 

[Cosmosil 5C18 AR-II ( 10 250 mm, 70% MeOH)] caohuoside C (16: 0.6 
mg) epimedoside C (1: 4.5 mg) cuhuoside (2: 0.5 mg) Fr. 2-
7 (1.1 g) fr. 2-6 Sephadex LH-20 (Fr.2-7-1~ 2-7-4)   
[Waters Bondapak, 25 200 mm, 60%~ 90% MeOH (v/v), 10% 135 ml ] (Fr. 
2-7-2-1~ 2-7-2-6)  (Chart 7) Fr. 2-7-2-2 (34.1 mg) 

SiO2 [ 10 100 mm, CHCl3:MeOH:H2O ( C/M/W)= 8:2:0.2 (v/v)] HPLC 
[Cosmosil AR-II ODS ( 10 250 mm, 70% MeOH)] epimedin A (3: 1.0 
mg), epimedin B (4: 0.5 mg), epimedin C (5: 2.2 mg) Fr. 2-7-2-4 (14.5 
mg) SiO2 [ 10 50 mm, C/M/W= 8:2:0.2 (v/v)] HPLC [Cosmosil 
5C18 AR-II ( 10 250 mm, 65% MeOH)] epimedin K (7: 2.0 mg), 
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epimedin L (8: 6.2 mg), caohuoside B (9: 14.9 mg), epimedokoreanoside I (10: 12.1 mg) 
 

 

Chart 7. 
Fr. 3 (65.0 g) MCI gel CHP20P  [ 4.0×30 cm, 40 % MeOH~ 100% MeOH, 

10% 1.5 L ] 8  (fr. 3-
1~ 3-8) (Chart 8) Fr. 3-4 (9.0g)  (4.0 g) Sephadex LH-20 
( 2.0 100 cm, 100% MeOH) 5  (Fr. 3-4-1~ 3-4-5) Fr. 3-4-
2 (286 mg)  [Waters Bondapak ( 25 200 mm, 50%~ 80% MeOH (v/v), 
10% 135 ml )] 8  (frs. 3-4-2-
1~ 3-4-2-8) Fr. 3-4-2-2 (55.6 mg) HPLC [X-Bridge Prep C18 ( 10 250 mm, 65% 
MeOH(v/v))] epimedokoreanin C (11; 6.3 mg) 

Fr. 3-4-3 (1.5g)  (500 mg)  [Waters Bondapak, 25
200 mm, 50%~ 90% MeOH (v/v), 10% 135 ml ] 6 

 (Fr. 3-4-3-1~3-4-3-6) Fr. 3-4-3-5 (160 mg) SiO2 [ 10  
100 mm, C/M/W= 9:1:0.1 (v/v)] 9 (Fr. 3-4-3-5-1~ 3-4-3-5-9) Fr. 
3-4-3-5-7 (31.5 mg) HPLC [Sunfire Prep C18 ( 10 250 mm, 80% MeOH)] 

icariin (12: 28.9 mg) 
Fr. 3-4-3-5-9 (71.5 mg) HPLC [Sunfire Prep C18, ( 10 250 

mm, 70% MeOH(v/v))] sagittatoside A (13: 47.3 mg),  2’’-
rhamnosylicarisid II (14: 9.8 mg) Fr. 3-4-4 (660 mg) 
Sephadex LH-20 ( 2.0 100 cm, MeOH) 5  (Fr. 3-4-4-1~3-4-4-
5 ) Fr. 3-4-4-2 (285.9 mg)  [Waters Bondapak , 25
200 mm, 60%~ 90% MeOH (v/v), 10% 135 ml ] 9 

 (Fr. 3-4-4-2-1~ 3-4-4-2-9) Fr. 3-4-4-2-2 (285.9 mg) HPLC [PFP ( 10 250 mm, 
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65% MeOH(v/v))] pherodendrozide (15: 8.0 mg) 
Fr. 3-4-4-2-3 (77.1 mg) SiO2 [ 15 90 mm, C/M/W= 8:2:0.2 (v/v)] 

4  (Fr. 3-4-4-2-3-1~ 3-4-4-2-3-4)  Fr. 3-4-4-2-3-2 
HPLC [X-Bridge Prep C18 ( 10 250 mm, 70% MeOH(v/v))] 

caohuoside C (16: 6.0 mg)  (fr. 3-4-4-2-5 (59.1 mg)) 
HPLC [X-Bridge Prep C18 ( 10  250 mm, 70% MeOH(v/v))] 
icariside II (17: 55.1 mg) fr. 3-4-4-3 (184 mg) 

 [Waters Bondapak, 25 200 mm, 50%~ 90% MeOH (v/v), 10% 135 
ml ] 9  (Fr. 3-4-4-2-3-1~ 3-4-4-2-3-9) Fr. 3-4-4-3-6 (40.1 
mg) SiO2  [ 10 100 mm, C/M/W= 8:2:0.2 (v/v)] 

icarisoside A (18: 27.2 mg)  

 

Chart 8. 
Fr. 3-5 (10.4 g) Sephadex LH-20  ( 2.0 100 cm, MeOH) 5 

 (Fr. 3-5-1~ 3-5-5) (Chart 9) fr. 3-5-3 (1.23 g)  
[Waters Bondapak , 25 200 mm, 60%~ 90% MeOH (v/v), 10% 135 ml ] 

5 (fr. 3-5-3-1~ 3-5-3-5) Fr. 3-5-3-4 (206.6 mg) SiO2 
[ 20 130 mm, C/M/W= 9:1:0.1 (v/v)] 6  (fr. 3-5-3-4-1~ 3-
5-3-4-6) Fr. 3-5-3-4-6 (37.3 mg) HPLC [Cosmosil  nap ( 10  250 mm, 80% 
MeOH(v/v))] korepimedoside A (19: 17.1 mg) Fr. 
3-5-5 (200 mg) SiO2 [ 20 130 mm, C/M/W= 8:2:0.2 (v/v)] 7 

 (fr. 3-5-5-1~ 3-5-5-7) fr. 3-5-5-4~ 3-5-5-6 3 HPLC 
[Cosmosil C18AR-II ( 10 250 mm, 70% MeOH(v/v))] 

8-prenyl kaempherol (20: 1.9 mg), icariside I (21: 3.3 mg), 8-prenyl luteolin (22: 
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4.0 mg)  

 
Chart 9. 

 
Fr. 3-6 (12.2 g)  Sephadex LH-20  ( 2.0 100 cm, 100% MeOH) 

5  (fr. 3-6-1~ 3-6-5) (Chart 10) fr. 3-6-4 (188 mg) 
 [Waters Bondapak , 25 200 mm, 70%~ 90% MeOH (v/v), 10% 135 ml ] 

8  (fr. 3-6-4-1~ 3-6-4-8) Fr. 3-6-4-4 
(15.6 mg) HPLC [Cosmosil C18 AR-II ( 10 250 mm, 80%MeOH(v/v))] 

gancaonin B (23: 2.8 mg) Fr. 3-6-4-5 (37.2 mg) HPLC [Cosmosil C18 

AR-II ( 10 250 mm, 85% MeOH (v/v))], HPLC [YMC PFP ( 4.6 250 mm, 75% 
MeOH (v/v))] euchrestaflavanon A (24: 2.5 mg)  

Fr. 3-6-4-6 (23.4 mg) HPLC [Cosmosil C18 AR-II ( 10 250 mm, 85% 
MeOH (v/v))] epimedonin C (25: 5.9 mg) Fr. 3-6-4-7 
(8.0 mg) HPLC [Cosmosil C18 AR-II ( 10 250 mm, 80% MeOH (v/v))] 

8,5’-diprenyl apigenin (26: 4.6 mg) Fr. 3-6-5 (123 mg) 
[Waters Bondapak , 25 200 mm, 75%~ 90% MeOH (v/v), 5% 135 

ml ] 5  (fr. 3-6-5-1~ 3-6-5-5) fr. 3-6-5-3 
(124 mg) HPLC [Cosmosil C18 AR-II ( 10 250 mm, 85% MeOH (v/v))] 

broussonol D (27: 3.7 mg), epimedokoreanin B (28: 33.7 mg)  

 
Chart 10. 
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Fr. 3-7 (15.6 g) Sephadex LH-20  ( 2.0 100 cm, MeOH) 5 

 (Fr. 3-7-1~ 3-7-5) (Chart 11) fr. 3-7-5 (200 mg)  
[Waters Bondapak , 25 200 mm, 80%~ 100% MeOH (v/v), 10% 135 ml ] 

3 (Fr. 3-7-5-1~ 3-7-5-3) Fr. 3-7-5-1 (26.9 mg) 
SiO2 [ 20 130 mm, C/M/W= 9:1:0.1 (v/v)] 

HPLC [Cosmosil C18 AR-II ( 10 250 mm, 80% MeOH (v/v))] 4’-O-
methyl limonianin (29: 0.9 mg) fr. 3-7-5-2 (135.6 mg) 

 [Waters Bondapak , 25 200 mm, 80%, 90% MeOH (v/v), 5% 
135 ml ] 5  (Fr. 3-7-5-2-1~ 3-7-5-2-5) Fr. 

3-7-5-2-1 (42.2 mg) HPLC [X-Bridge Prep. C18 ( 10  250 mm, 80% MeOH 
(v/v))] limonianin (30: 28.0 mg)  

 
Chart 11. 
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1-1-3.  ( ) 
 

Fr. 2-7 (1.1 g) Sephadex LH-20 (MeOH) 4  (fr. 2-7-1~ 2-7-4) 
(Chart 12) Fr. 2-7-2  [Waters Bondapak ( 25 200 mm, 60%~ 90% MeOH 
(v/v), 10% 135 ml )] SiO2 [ 10 175 mm, C/M/W= 9:1:0.1 (v/v)]
HPLC [Cosmosil C18 AR-II ( 10 250 mm, 60% MeOH)]  31 
(icarinoside A: 2.0 mg)  32 (icarinoside B: 1.3 mg) Fr. 2-7-3 

 [Waters Bondapak ( 25 200 mm, 50%~ 100% MeOH (v/v), 10% 135 ml 
)] SiO2 [ 10 150 mm, C/M/W= 8:2:0.2 (v/v)] HPLC  [Cosmosil C18 AR-

II ( 10 250 mm, 70% MeOH)]  33 (koreanoside I: 0.8 mg) 
 

 

Chart. 12. 
Fr. 3-4-3 (1.5 g) [Waters Bondapak ( 25 200 mm, 50%~ 90% 

MeOH (v/v), 10% 135 ml )]  (Frs. 3-4-3-1~ 3-4-3-7)
SiO2 [ 10 130 mm, C/M/W= 20:1:0~ 8:2:0.2 (v/v)]  fr. 

3-4-3-3-2 (132 mg) HPLC [X-Bridge Prep. C18 ( 10  250 mm, 65% MeOH)]
 HPLC [YMC Triart PFP ( 4.6 250 mm, 60% MeOH ]

 34 (koreanoside F: 2.3 mg)  ( Fr. 3-4-
3-3-3 (16.3 mg)) HPLC [Sunfire Prep. C18 ( 10 250 mm, 70% MeOH )] 

 35 (koreanoside E1: 5.1 mg) 36 (koreanoside E2: 5.5 mg) 
Fr. 3-4-3-4 (199.7 mg)  SiO2 [ 120 mm, C/M/W (9:1:0.1) (v/v)] 

HPLC [X-Bridge Prep. C18 ( 10 250 mm, 60% MeOH ]  
37 (koreanoside G: 6.2 mg) Fr. 3-4-4 (659 mg) Sephadex LH-20 
5  (frs. 3-4-4-1~ 3-4-4-5) Fr. 3-4-4-2 (285 mg)  
[Waters Bondapak ( 25 200 mm, 50%~ 80% MeOH (v/v); 10% 135 ml )]  
HPLC [X-Bridge Prep. C18 ( 10 250 mm, 80% MeOH ]  38 
(koreanoside H: 2.5 mg) (Chart 13)  
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Chart 13. 

 
Fr. 3-5 (10.4 g) Sephadex LH-20 ( 2.0 100 cm, MeOH) MeOH

5  (frs. 3-5-1~ 3-5-5) (Chart 14) Fr. 3-5-3 (1.23 g) 
pyridine  [Waters Bondapak, 25 200 mm, 60%~ 90% 

MeOH (v/v), 10% 135mL ] 5  
(frs. 3-5-3-1~ 3-5-3-5) fr. 3-5-3-4 (206 mg)  SiO2 [ 20 120 mm, 
C/M/W 9:1:0.1; (v/v)] 8  (frs. 3-5-3-4-1~ 3-5-3-4-8) Fr. 3-5-
3-4-2 (4.3 mg) HPLC [Cosmosil AR-II C18 ( 10 250 mm, 70% MeOH)] 

 39 (icarinoside C: 3.1 mg) Fr. 3-5-3-4-4 (11.5 mg) 
HPLC [Cosmosil AR-II C18 ( 10 250 mm, 70% MeOH)] 

 40 (korepimedoside D: 5.9 mg)   41 (korepimedoside E: 4.5 mg) 
Fr. 3-5-3-4-5 (19.7 mg) HPLC [Cosmosil Nap ( 4.6 250 mm, 

60% MeOH)] 3  (frs. 3-5-3-4-5-1~ 3-5-
3-4-5-3) Fr.3-5-3-4-5-2 HPLC [Triart PFP ( 4.6 250 mm, 70% MeOH)] 

 42 (korepimedoside F: 4.6 mg)  Fr. 3-5-5 (200 
mg) SiO2 [ 10 130 mm, C/M/W= 9:1:0.1 (v/v)] 6 

 (frs. 3-5-5-1~ 3-5-5-6) Fr. 3-5-5-6 HPLC [X-Bridge Prep. C18 ( 10
250 mm, 65% MeOH)]  43 (epimedonin G: 14.5 mg)
44 (epimedonin H: 6.3 mg)  
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Chart 14. 

 
Fr. 3-6 (12.2 g, eluted by 90% MeOH) Sephadex LH-20 ( 2.0 100 cm, MeOH) 

6  (frs. 3-6-1~ 3-6-6) Fr. 3-6-5  [Waters 
Bondapak ( 25 200 mm, 70% ~100% MeOH; 10% 135 ml )]

SiO2 [ 50 mm, C/M/W (9:1:0.1; v/v)]  45 (epimedonin E: 4.0mg) 
 (Chart 10) Fr. 3-7 (2.0 g)  Sephadex LH-20 ( 2.0 100 cm, MeOH)  

[Waters Bondapak ( 25 200 mm, 80%~100% MeOH; 10% 135 ml )]
SiO2 [ 80 mm, C/M/W (9:1:0.1; v/v)] HPLC [YMC Triart Phenyl ( 4.6 250 mm, 

85% MeOH)]  46 (epimedonin F: 1.9 mg) (Chart 15)  

 

Chart 15. 
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2-4-2.  
 
2-4-2-1 Icarinoside A (31), B (32), C (39)  
 
Icarinoside A (31) 
Rf value : 0.49 (solv. CHCl3:MeOH:H2O=8:2:0.2), [ ]D -99.2° (c=0.20, MeOH), Positive FAB-
MS : m/z 903 [M+Na]+, HR-ESI-MS : m/z 903.2896 [M+Na]+ (Calcd for C41H52Na1O21 : 

903.2899), 1H-NMR (in pyridine-d5) [ H : 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, rha-6)], 13C-NMR (125 MHz, Pyridine-d5) [ 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-1”), 
73.5 (C-2”), 172.0 (C-3”), 173.4 (C-4”), 71.9 (C-5”), 18.8 (C-6”), 51.6 (3”-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:H2O=8:2:0.2), [ ]D -71.9° (c=0.13, MeOH), Positive FAB-
MS : m/z 903 [M+Na]+, HR-ESI-MS : m/z 903.2896 [M+Na]+ (Calcd for C41H52Na1O21 : 

903.2899), 1H-NMR (in pyridine-d5) [  : 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, J= 6.3 H-6"), 5.70 (1H, d, J= 7.5, 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, rha-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)], 13C-NMR (125 MHz, Pyridine-d5) [ 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-1’), 130.8 (C-2’), 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-1”), 168.3 (C-2”), 171.3 (C-3”), 41.7 (C-4”), 71.8 
(C-5”), 22.0 (C-6”), 51.5 (2”-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:H2O=8:2:0.2), [ ]D -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 C35H42NaO15 : 702.2524), 
1H-NMR (in pyridine-d5) [  : 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-4”-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, rha-2), 4.57 (1H, dd, 
J=3.4, 9.7, rha-3), 4.20 (1H, t, J= 9.7, rha-4), 4.07 (1H, m, rha-5), 1.32 (3H, d, J= 6.3, rha-6)], 

13C-NMR (125 MHz, Pyridine-d5) [ C 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-2’), 114.2 (C-3’), 163.0 (C-4’), 114.2 (C-
5’), 130.8 (C-6’), 55.2 (4’-OMe), 101.7 (C-1”), 79.6 (C-2”), 71.8 (C-3”), 72.4 (C-4”), 71.5 (C-
5”), 17.8 (C-6”), 51.5 (2”-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)  
 
Korepimedoside I (33) 
Rf valure: 0.36 (solv. CHCl3: MeOH: H2O= 8:2:0.2), [ ]D -202.3° (c= 0.15), Positive ESI-MS: 
m/z 683 [M+Na]+; HR-ESI-MS: m/z 683.1945 [M+Na]+ (Calcd. for C32H36NaO15: 683.1952), 1H-

NMR (500 MHz, Pyridine-d5) [ H 8.14 (2H, d, J = 6.9, H-2’, 6’), 7.18 (1H, s, H-11), 7.17 (2H, d, 
J = 8.6, 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, rha-2), 4.61 (1H, dd, J = 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, J = 6.5, xyl-4), 4.21, 4.12 (each 1H, m, xyl-5)], 
13C-NMR (125 MHz, Pyridine-d5) [ 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-1’), 131.0 (C-2’), 114.4 (C-3’), 162.1 (C-4’), 114.4 (C-
5’), 131.0 (C-6’), 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)  
Korepimedoside I (33, 0.5 mg)  (2 M HCl/dioxiane= 1:1, 1 mL) 10 mL

95 1.5  H2O (2 mL) 
dioxane  Amberlite MB-3 [  
15mm 40 mm column]  MCI gel CHP20P [  15mm 40 
mm column]  [H2O (8 mL) ]  [MeOH (8 mL) 

] 20 L, CH3CN/H2O=3 : 1 
 (JASCO OR-2090 Plus Chiral Detector) HPLC [Shodex 

RS-Pak DC-613 (  6.0 150 mm, CH3CN/H2O=3 : 1), flow rate, 1.0 ml/min, 70 °C] 
 [L- : tR=4.5 min (-), D- : 

tR=5.8 min (+)] korepimedoside I (33) L-  [tR=4.5 
min (-)]  D-  [tR=5.8 min (+)]  
 

Korepimedoside F (34) 
Rf valure: 0.67 (solv. CHCl3: MeOH: H2O= 8:2:0.2), [ ]D -203.7° (c= 0.16), Positive ESI-MS: 
m/z 551 [M+Na]+; HR-ESI-MS: m/z 551.1508 [M+Na]+ (Calcd. for C27H28NaO11: 551.1529), 1H-

NMR (500 MHz, Pyridine-d5) [ H 8.17 (2H, d, J = 8.6, H-2’, 6’), 7.19 (1H, s, H-11), 7.15 (2H, d, 
J = 8.6, 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)], 13C-NMR (125 MHz, Pyridine-d5) 

[ C 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-
1’), 130.5 (C-2’), 114.3 (C-3’), 162.0 (C-4’), 114.3 (C-5’), 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: H2O= 9:1:0.1), [ ]D -204.1° (c= 0.17), Positive ESI MS: 
m/z 565 [M+Na]+; HR-ESI-MS: m/z 565.1743 [M+Na]+ (Calcd. for C28H30NaO11 : 565.1686), 1H-

NMR (500 MHz, Pyridine-d5) [ H 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, rha-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, rha-4), 4.03 (1H, m, rha-5), 1.36 (3H, d, J = 6.3, rha-6)], 13C-NMR (125 MHz, Pyridine-

d5) [ C 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)] 
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Korepimedoside H (38) 
Rf valure: 0.33 (solv. CHCl3: MeOH: H2O= 9:1:0.1), [ ]D -204.1° (c= 0.15), Positive ESI-MS: 
533 m/z [M+Na]+; HR-ESI-MS: m/z 533.1461 [M+Na]+ (Calcd. for C27H25NaO10 :533.1448), 1H-

NMR (500 MHz, Pyridine-d5) [ H 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 (1H, t, J=9.4, Rha-4), 4.09 (1H, m, Rha-5), 1.41 (3H, d, J=6.3, Rha-6)], 13C NMR (125 MHz, 

Pyridine-d5) [ C 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-1’), 131.4 (C-2’), 114.8 (C-3’), 162.0 (C-4’), 114.8 (C-5’), 131.4 (C-6’), 55.7 
(4’-OMe), 103.8 (rha-1), 72.1 (rha-2), 72.1 (rha-3), 72.8 (rha-4), 71.7 (rha-5), 18.2 (rha-6)] 
 
2-4-2-3 Korepimedoside D (40), E (41), F (42)  
 

Korepimedoside D (40)  
Rf valure: 0.67 (solv. CHCl3: MeOH: H2O= 8:2:0.2), [ ]D -72.9° (c= 0.56), Positive ESI-MS: m/z 
825 [M+Na]+; HR-ESI-MS: m/z 825.2606 [M+Na]+ (Calcd. for C39H46NaO18: 825.2582), 1H-

NMR (500 MHz, Pyridine-d5) [ H 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), 4.08, 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, J = 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),], 
13C-NMR (125 MHz, Pyridine-d5) [ 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 
(glc-5), 64.1 (glc-6), 20.8, 170.5 (glc-2 Ac), 20.8, 170.8 (glc-6 Ac)] 
 
Korepimedoside D (40)  
Korepimedoside D (40, 2.0 mg) korepimedoside I (33) 

HPLC  [L-
: tR=4.5 min (-), D- : tR=7.4 min (+)] korepimedoside 

D (40) L-  [tR=4.5 min (-)] D-  [tR=7.4 min (+)] 
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Korepimedoside E (41) 
Rf valure: 0.67 (solv. CHCl3: MeOH: H2O= 8:2:0.2), [ ]D -71.9° (c=0.23), Positive ESI-MS: m/z 
825 [M+Na]+; HR-ESI-MS: m/z 825.2606 [M+Na]+ (Calcd. for C39H46NaO18 : 825.2582), 1H-

NMR (500 MHz, Pyridine-d5) [ H 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, rha 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 
H5), 2.15 (3H, s, rha 4 Acetyl Methyl), 1.36 (3H, d, J = 5.7, rha H6), 4.11 (1H, t, J = 8.6, glc H5), 
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)], 13C-NMR (125 MHz, Pyridine-d5) [ 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-1’), 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), 71.4 (glc-2), 78.4 (glc-
3), 70.9 (glc-4), 70.9 (glc-5), 64.1 (glc-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: H2O= 8:2:0.2), [ ]D -73.1° (c=0.22), Positive ESI-MS: m/z 
825 [M+Na]+; HR-ESI-MS: m/z 825.2606 [M+Na]+ (Calcd. for C39H46NaO18: 825.2582), 1H-

NMR (500 MHz, Pyridine-d5) [ H 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, J = 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, J = 9.7, rha-4), 5.03 (1H, br s, rha-2), 4.57 (1H, dd, J 
= 3.4, 9.7, rha-3), 4.07 (1H, m, rha-5), 2.03 (3H, s, rha-4-Acetyl Methyl), 1.32 (3H, d, J = 6.3, 

rha-6)], 13C-NMR (125 MHz, Pyridine-d5) [ 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-1’), 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)  
 
Koreanoside E1 (35) 
Rf valure: 0.56 (solv. CHCl3: MeOH: H2O= 8:2:0.2), [ ]D -92.1° (c= 0.27), Positive ESI-MS: m/z 
529 [M-H]-; HR-ESI-MS: m/z 529.1726 [M-H]- (Calcd. for C27H30NaO11 : 529.1710), 1H-NMR 

(500 MHz, Pyridine-d5) [ H 8.20 (2H, d, J = 8.6, H-2’, 6’), 7.07 (1H, d, J = 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, rha-4), 4.16 (1H, m, rha-5), 1.39 (3H, d, J 

= 6.3, rha-6)], 13C-NMR (125 MHz, Pyridine-d5) [ 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-3’), 161.8 (C-4’), 
114.2 (C-5’), 130.8 (C-6’), 55.1 (4’-OMe), 103.6 (rha-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)  

Koreanoside E1 (35) 2.5 mg DMSO (40 L) PBS (pH 6.2, 360 L) 
 (10 mg) 40 120 rpm 24

SiO2 [ 10 130 mm, C/M/W= 
9:1:0.1 (v/v)] koreanoside E1 (35)  (35a) 1.9 mg ( :73%) 

 (JASCO OR-2090 

Plus Chiral Detector) HPLC [Shodex RS-Pak DC-613 (  6.0 150 mm, 
CH3CN/H2O=3 : 1), flow rate, 1.0 ml/min, 70 °C] L-

 (tR=4.5 min (-))  
 

35a 
Rf valure: 0.78 (solv. CHCl3: MeOH: H2O= 9:1:0.1), [ ]D -60.2° (c= 0.19), 1H-NMR (500 MHz, 
CDCl3) [ H 8.12 (2H, d, J= 9.1, H-2’, 6’), 7.02 (2H, d, J= 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, J= 15.4, H-11a), 3.02 (1H, dd, J= 8.6, 15.4, H-11b), 1.87 (3H, s, H-15)] 
 
 
2)  35a MTPA  

 35a (1.5 mg) MeOH (200 L) 2 M 
TMS- 800 L (67 eq) 1 

SiO2 [ 10 70 mm, C/M = 50:1 (v/v)] 35b 1.0 mg ( :60%) 
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35b  (1.0 mg, 2.34 mol) CH2Cl2 (200 l) 
(R)-(-)-MTPA-Cl  70 l (70 mol, 30eq) DMPA, WSC, TEA

1 SiO2 [ 10 70 mm, C/M = 
50:1 (v/v)] HPLC [Triart PFP ( 4.6 250 mm, 85% MeOH)] 35b (S)-
(+)-MTPA 35 b-S 0.8 mg ( : 53%) 35a (1.6mg) 35 
b-S (S)-(+)-MTPA-Cl 35 b- R 0.5 mg ( : 
38 %) 35 b-S 35 b- R Koreanoside E1 (35) 

12 S  
 35 b-S 

Rf valure: 0.78 (solv. CHCl3: MeOH = 100:1), 1H-NMR (500 MHz, CDCl3) [ H 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)] 

 35 b-R 
Rf valure: 0.78 (solv. CHCl3: MeOH: H2O= 9:1:0.1), 1H-NMR (500 MHz, CDCl3) [ H 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)] 

Koreanoside E2 (36) 
Rf valure: 0.56 (solv. CHCl3: MeOH: H2O= 8:2:0.2), [ ]D -48.5° (c= 0.36), Positive ESI-MS: m/z 
529 [M-H]-; HR-ESI-MS: m/z 529.1726 [M-H]- (Calcd. for C27H30NaO11 : 529.1710), 1H-NMR 

(500 MHz, Pyridine-d5) [ H 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, s, 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, rha-3), 4.23 (1H, t, J = 9.1, rha-4), 3.95 (1H, m, rha-5), 1.30 (3H, d, J = 6.3, rha H6)], 
13C NMR (125 MHz, Pyridine-d5) [ C 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 (rha-2), 71.6 (rha-3), 72.0 (rha-4), 72.6 (rha-
5), 17.8 (rha-6)] 
 
 
1)  36  

Koreanoside E2 (36) 2.5 mg koreanoside E1 (35) 
 (36a) 2.0 mg ( : 75%)  
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2)  36a MTPA  
36a 35a (R-(-)-MTPA-Cl

36 b- S 1.5 mg ( : 47 %) koreanoside E1 35
35 b-R 1H-NMR 

 1H-NMR  35 b-S  36 b  (S)-
(+) MTPA-Cl  36 b-R  1H NMR

 36 b-S  35 b-S (= 36 b-R)  1H NMR 
koreanoside E2 (36)  12  R  

 
 36a 

Rf valure: 0.78 (solv. CHCl3: MeOH: H2O= 9:1:0.1), [ ]D -52.0° (c= 0.22), 1H-NMR (500 MHz, 
CDCl3) [ H 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)] 

 36 b-S 
Rf valure: 0.78 (solv. CHCl3: MeOH: H2O= 9:1:0.1), 1H-NMR (500 MHz, CDCl3) [ H 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)  
 
Epimedonin G (43) 
Rf valure: 0.45 (solv. CHCl3: MeOH: H2O= 9:1:0.1), [ ]D +0.6° (c= 0.54), Positive ESI-MS: m/z 
461 [M+Na]+; HR-ESI-MS: m/z 461.1585 [M+Na]+ (Calcd. for C25H26O7: 461.1576), 1H-NMR 

(500 MHz, Pyridine-d5) [ H 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”)], 13C-NMR (125 MHz, Pyridine-d5) [ 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-1’), 112.1 (C-2’), 146.2 (C-3’), 
148.4 (C-4’), 129.6 (C-5’), 121.5 (C-6’), 38.0 (C-1”), 75.3 (C-2”), 127.7 (C-3”), 110.4 (C-4”), 
17.8 (C-5”)] 
 

Epimedonin H (44) 
Rf valure: 0.56 (solv. CHCl3: MeOH: H2O= 9:1:0.1), [ ]D +0.9° (c= 0.38), Negative ESI-MS: m/z 
437 [M-H]-; HR-ESI-MS: m/z 437.1631 [M-H]-  (Calcd. for C25H25O7: 437.1600), 1H-NMR (500 
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MHz, Pyridine-d5) [ H 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= 7.5, H-2”)], 13C-NMR (125 MHz, Pyridine-d5) [ C 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-1”), 123.0 (C-2”), 132.1 (C-3”), 17.7(C-4”), 25.4 (C-
5”)] 

 
2-4-2-1 Epimedonin E (45), F (46)  
 
Epimedonin E (45) 
Rf valure: 0.56 (solv. CHCl3: MeOH: H2O= 9:1:0.1), Negative ESI-MS: m/z 417 [M-H]-; HR-ESI-
MS: m/z 417.1303 [M-H]-  (Calcd. for C25H21O6: 437.1338), 1H-NMR (500 MHz, Pyridine-d5) 

[ H 7.99 (1H, d, J = 2.3, H-2’), 7.76 (1H, d, J = 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-5”), 3.81 (2H, br d, J = 7.4, H-1”), 5.70 (1H, t, J= 7.4, H-2”)], 13C-NMR (125 MHz, Pyridine-

d5) [ C 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-5’), 120.2 (C-6’), 29.2 (C-1”), 
123.5 (C-2”), 132.6 (C-3”), 17.9 (C-4”), 25.9 (C-5”)] 
 

Epimedonin F (46) 
Rf valure: 0.56 (solv. CHCl3: MeOH: H2O= 9:1:0.1), Negative ESI-MS: m/z 417 [M-H]-; HR-ESI-
MS: m/z 419.1552 [M-H]-  (Calcd. for C25H23O6: 419.1495), 1H-NMR (500 MHz, Pyridine-d5) 

[ H 7.33 (1H, d, J = 1.8, H-2’), 7.29 (1H, d, J = 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”)], 13C-NMR (125 MHz, 

Pyridine-d5) [ C 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-1’), 110.2 (C-2’), 146.7 (C-3’), 147.0 (C-4’), 128.3 (C-5’), 119.5 (C-6’), 28.0 
(C-1”), 121.5 (C-2”), 134.0 (C-3”), 17.8 (C-4”), 25.8 (C-5”)] 

 
2-4-3  
 
2-4-3-1 Epimedonin G (43)  
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1) Epimedonin G (43)  
Epimedonin G (43) 6.0 mg HPLC [Daicel Chiralpak IA ( 4.6 250 mm, Hexane: 

EtOH=9:1)] epimedonin G1 (3.0 mg), G2 (3.0 mg)  
 

Epimedonin G1 (43-1) 
Rf valure: 0.45 (solv. CHCl3: MeOH: H2O= 9:1:0.1), [ ]D +14.2° (c= 0.15, MeOH:DMSO=9:1), 
1H-NMR (500 MHz, Pyridine-d5) [ H 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”)] 

Epimedonin G2 (43-2) 
Rf valure: 0.45 (solv. CHCl3: MeOH: H2O= 9:1:0.1), [ ]D -12.8° (c= 0.22, MeOH:DMSO=9:1), 
1H-NMR (500 MHz, Pyridine-d5) [ H 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”)] 
 
 
 
2) Epimedonin G1 (43-1), G2 (43-2) MTPA  

Epimedonin G1 (43-1, 1.0 mg), G2 (43-2, 1.0mg) 2-4-2-4
SiO2 [ 10 70 mm, C/M = 50:1 (v/v)], HPLC [X-Bridge Prep. 

C18 ( 10 250 mm, 85% MeOH)]  43-1a, 43-2a 0.8 
mg ( : 73 %) 2-4-2-4 43-1a, 43-2a MTPA 

SiO2 [ 10 70 mm, H: A= 1:1 (v/v)] HPLC [Triart 
PFP ( 4.6 250 mm, 80% MeOH)] 43-1a (S)-(+)-MTPA 

43-1a-S 1.0 mg ( : 83%) 43-2a (S)-(+)-MTPA 43-2a-S 1.1 
mg ( : 86%) 43-1 43-2 

 43-2-a-S 2” MTPA 43-
1a (S)-(+)-MTPA-Cl 43-1a-R 1H-NMR 

 43-1 2” S 
43-2 2” R  

 
 43-1a-S 

Rf valure: 0.45 (solv. CHCl3: MeOH = 20:1), 1H-NMR (500 MHz, CDCl3) [ H 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-1”b), 1.86 (3H, s, H-14), 1.81 (1H, s, H-15) 1.69 (3H, s, H-5”),] 

 43-2a-S 

Rf valure: 0.45 (solv. CHCl3: MeOH = 20:1), 1H-NMR (500 MHz, CDCl3) [ H 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 (each 1H, s, H-4”), 4.00, 3.97, 3.93, 3.93 (each 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-1”a), 3.01 (1H, dd, J = 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)  
1) Epimedonin H (44)  

Epimedonin H (44) 2.0 mg HPLC [Daicel Chiralpak IA ( 4.6 250 mm, Hexane: 
EtOH=95:5)] epimedonin H1 (1.0 mg), H2 (1.0 mg)  
 

Epimedonin H1 (44-1) 
Rf valure: 0.45 (solv. CHCl3: MeOH: H2O= 9:1:0.1), [ ]D +15.5° (c= 0.10), 1H-NMR (500 MHz, 
Pyridine-d5) [ H 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= 7.5, H-2”)] 

Epimedonin H2 (44-2) 
Rf valure: 0.45 (solv. CHCl3: MeOH: H2O= 9:1:0.1), [ ]D -13.0° (c= 0.10), 1H-NMR (500 MHz, 
Pyridine-d5) [ H 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= 7.5, H-2”)] 
 
2) Epimedonin H1 (44-1), H2 (44-2) MTPA  

Epimedonin G1 (44-1, 1.0 mg), G2 (44-2, 1.0mg) 2-4-3-1
SiO2 [ 10 70 mm, Hexane: Acetone = 1:1 (v/v)], HPLC [X-

Bridge Prep. C18 ( 10 250 mm, 85% MeOH)]  44-1a 0.7 mg 
( : 62 %) 44-2a 0.7 mg ( : 72 %) 2-4-3-1 44-1a, 
44-2a MTPA SiO2 [ 10 70 mm, 
Hexane: Acetone= 1:1 (v/v)] HPLC [Triart PFP ( 4.6 250 mm, 80% MeOH)] 

44-1a (S)-(+)-MTPA 44-1a-S 1.0 mg ( : 80%) 44-2a 
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(S)-(+)-MTPA 44-2a-S 1.0 mg ( : 78%) 44-1 
44-2  44-2-a-S 12 MTPA 

44-1a (S)-(+)-MTPA-Cl 
44-1a-R 1H-NMR 

 44-1 12 S 44-2 12 R  
 

 44-1a-S 

Rf valure: 0.45 (solv. CHCl3: MeOH = 20:1), 1H-NMR (500 MHz, CDCl3) [ H 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 (each 1H, s, H-14), 4.00, 3.93, 3.89, 3.87 (each 3H, s, 3’, 4’, 5, 7-
OMe), 3.38 (2H, br d, J= 6.8, H-1”), 3.45 (1H, dd, J = 9.3, 14.3, H-11a), 3.05 (1H, dd, J = 4.0, 
14.3, H-11b), 1.90 (3H, s, H-4”), 1.74 (1H, s, H-5”) 1.73 (3H, s, H-15),] 

 44-2a-S 

Rf valure: 0.45 (solv. CHCl3: MeOH = 20:1), 1H-NMR (500 MHz, CDCl3) [ H 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 (each 1H, s, H-14), 4.02, 3.95, 3.87, 3.77 (each 3H, s, 3’, 4’, 5, 7-
OMe), 3.47 (2H, br d, J= 6.8, H-1”), 3.47 (1H, dd, J = 9.3, 14.3, H-11a), 3.08 (1H, dd, J = 4.0, 
14.3, 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)  
1) Epimedokoreanin C (EK-C (11))  

EK-C (11) 4.0 mg HPLC [Daicel Chiralpak IA ( 4.6 250 mm, Hexane: EtOH=9:1)] 
EK-C-1 (2.0 mg), EK-C-2 (2.0 mg)  

 

Epimedokoreanin C1 (EK-C-1) 
Rf valure: 0.40 (solv. CHCl3: MeOH: H2O= 9:1:0.1), [ ]D -29.1° (c= 0.10, MeOH:DMSO=9:1), 
1H-NMR (500 MHz, Pyridine-d5) [ H 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, J= 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. CHCl3: MeOH: H2O= 9:1:0.1), [ ]D +21.3° (c= 0.10, MeOH:DMSO=9:1), 
1H-NMR (500 MHz, Pyridine-d5) [ H 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, J= 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  

EK-C1 (1.7 mg), EK-C-2 (2.0 mg) 2-4-3-2 
SiO2 [ 10 70 mm, C/M/W = 9:1:0.1 (v/v)], HPLC [X-Bridge Prep. C18 ( 10

250 mm, 85% MeOH)]  EK-C-1a, EK-C-2a 1.6 mg 
( : 1a= 84 %, 1b= 82 %) 2-4-3-2 EK-C-1a, 2a MTPA 

SiO2 [ 10 70 mm, H: A= 1:1 (v/v)] HPLC 
[Triart PFP ( 4.6 250 mm, 85% MeOH)] 43-1a (S)-(+)-MTPA 

EK-C-1a-S 1.5 mg ( : 65 %) EK-C-2a (S)-(+)-MTPA 
EK-C-2a-S 1.4 mg ( : 58 %) EK-C-1 EK-C-2 

 EK-C-2a-S 2” MTPA 
EK-C-1a (S)-(+)-MTPA-Cl EK-C-1a-R 

1H-NMR  EK-C-
1 2” R EK-C-2 2” S  
 

 EK-C-1a-S 

Rf valure: 0.40 (solv. CHCl3: MeOH = 20:1), 1H-NMR (500 MHz, CDCl3) [ H 7.42 (1H, br s, H-
2’), 7.59 (1H, br s, H-6’), 6.71 (1H, d, J= 4.0, H-1”), 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, 
br s, 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. CHCl3: MeOH = 20:1), 1H-NMR (500 MHz, CDCl3) [ H 7.41 (1H, br s, H-
2’), 7.37 (1H, br s, H-6’), 6.71 (1H, d, J= 4.0, H-1”), 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, 
br s, 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 3 4  
 

 
 

 : RFD250NB (ADVANYEC) 
 : MCV-710ATS (SANYO) 

   : TOMY MX-300 ( ) 
 : U-2000 Spectorophotometer (HITACHI) 

Microplate washer : Immuno wash 1575 ( ) 
    : Cassette thermo ( ) 

   :  ( ) 
    : BR-43FL MR 3 (TAITEC) 

 : LabSystems Multiskan MS Microplate Reader 
(Thermo) 

PH  : Docu-PH (Sartorius) 

 [ELISA for detection of CML and CMA] 
D-(+)-Ribose 99.5+% (132360250)  :  
Horseradish peroxidase (HRP)-conjugated anti-mouse 
IgG antibody 

: Kirkegaad & Perry 
Laboratories 

OPD (o-Phenylendiamine) tablet :  
H2O2 :  
Gelatin from porcine skin, Type A (G2500-100G) : SIGMA 
Gelatin hydrolysate Enzymatic : SIGMA 
Mouse monoclonal anti-CMA antibody (3F5) 
Mouse monoclonal anti-CML antibody (6D12) 
 

:  

 
cellnest 

  
:  

40% Glyoxal Solution :  
Gallic acid :  
Pyrogallol :  
Chlorogenic acid :  
Artepillin C 
Baccharin 
Drupanin 

: 
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3-1 CML, CMA  
 

 (a)~(c) 37 7
CML, CMA ELISA ELISA

 
 

(a)  :  (CML: 10 mM, CMA: 100 
mM)  (2.0 mg/mL) 

 (30 mM) DMSO 
(10%)  

(b)  : (a) 
DMSO (10%)  

100, 10, 1 M)
 (100, 10 g/mL) 

 
(c) 

 

:  (CML: 10 mM, CMA: 100 
mM)  (2.0 mg/mL) 

DMSO (10%)  
(d) 

 

: (a) 
DMSO  (100 

M)  
 [ ] 

Coating solution : PBS 10 g protein/mL  

Blocking buffer : 0.5% -PBS  

Washing beffer : 0.05%Tween20-PBS   

Substrate buffer :  (2.1 g)  (100 mL) 
Na2HPO4/12H2O (7.16 g) 

 (36.4 mM) 
 (66.7 mM) pH 5

 

Detection 
solution 

: o-Phenylendiamine tablet ( ) substrate buffer (10mL) 
30%  (6 L) 

 

Stop solution : H2SO4  (30 mL)  (500 mL) 2M H2SO4
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 : washing buffer Mouse monoclonal anti-CML 
antibody (6D12) 0.1 g/mL Mouse monoclonal 
anti-CMA antibody (3F5) 1.0 g/mL  

 : Hoseradish peroxidase (HRP) –conjugated anti-mouse IgG 
antibody washing buffer 5000  

 
[ELISA ] 
1) 96 well Coating solution  (100 L/well)  

2  
2) Washing buffer 3 Blocking buffer  (200 L/well)  

1  
3) Washing buffer 2  (100 L/well)  

1  
4) Washing buffer 3  (100 L/well)  

1  
5) Washing buffer 3 Detection solution  (100 L/well)  

3~8 Stop solution  (100 L/well) ELISA plate 
reader  492 nm  

 
3-2  CML, CMA  
 

 (a)  (c) 37 3
CML, CMA 3-1 ELISA  

 
(a)  :  (CML: 10mM, CMA: 100 mM) 

 (2 mg/mL) (5 mM) 
DMSO (10%)  

(b)  : (a) 
DMSO (10%) EK-B (100, 10, 1 M) 

 
(c) 

 

:  (CML: 10mM, CMA: 100 mM) 
 (2 mg/mL) DMSO (10%) 

 
(d) 

 

: (a) 
DMSO PM Luteolin (100, 10, 1 M) 
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3-3  I CML, CMA  
 

 (a) (d) 37 7
CMA 3-1 ELISA  

 
(e)  : I  (1.5 mg/mL) 

 (CML: 10mM, CMA: 100 mM) 
 (30 mM) 

DMSO (10%)  
(f)  : (a) 

DMSO (10%) 
 (30 M)  

(g) 
 

:  (1.5 mg/mL)  
(CML: 10mM, CMA: 100 mM) 
DMSO (10%)  

(h) 
 

: (a) 
DMSO Luteolin (100, 10, 1 M) 

 
 
4-1  
 
(1) EK-B  
 
EK-B (8) 20 mg (47.4 mol) MeOH (200 L) 

2.0 M TMS- 500 L (5 eq) 1 
SiO2 [ 10 70 mm, H:A = 3:1 (v/v)] HPLC [Triart PFP ( 4.6 250 mm, 

100 % MeOH)]  47, 48, 49 1.6 mg ( : 11%), 2.6 mg (
:25%), 5.5 mg ( :19%) DMSO

 
 

 47 (Dimetoxy EK-B) 
Rf valure: 0.60 (solv. H:A= 2:1), 1H-NMR (500 MHz,CDCl3) [ H 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-5”), 1.71 (3H, s, H-4”), 1.69 (3H, s, H-14)] 
 



107 
 

48 (Trimethoxy EK-B) 
Rf valure: 0.75 (solv. H:A= 2:1), 1H-NMR (500 MHz, CDCl3) [ H 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)] 

49 (Tetramethoxy EK-B) 
Rf valure: 0.20 (solv. H:A= 2:1), 1H-NMR (500 MHz, CDCl3) [ H 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-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)] 
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