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Abstract -Three new flavonoid glycosides, ep~medins A, 8 and C, have been - 
zsolated from Epimedium koreanvm herbs, the structures of w h ~ h  have been 

elucidated on the basis of chemical and spectroscopic data as shown in 

fom~las I, I1 and 111, respectively 

Epimedium koreanum Nakai as well as certain other related specles belonging to the genus Epimedium 
(serber~daceael are mportant original plants of the crude drug "inyokaku" which has been employed 

as a tonic, antirheumatic and aphrodisiac in Oriental medicine. The previous chemical works on 

this genus have been focused m fla~onoids.~'~ During the course of our investightmn on 

medicma1 plants having anticomplementary activity, the methanol extract of Epimedium koreanvm 
herbs was found to exhibit a promising actLon. Accord~ngly, fractionation of t h ~ a  methanol 

extract was conducted to afford three new flavono~d glycosides, epimedins A. 8 and C. 

Eplmedin A 111, an amorphous yellow solid, [a1 -99.e0 (2 0.39, MeOHl, showed IR absorption bands 
D 

IKBrI at 3300 lhydroxylsi and 1635 cmT1 lconpgated and hydrogen-bonded carbonyll, and Uv maxima 

IMeOHl at 271 IE 138001. 318 I E  88001 and 349 m 1s 73001. ' Rnalysis of its 13c NMR spectrum 1125 

MHz1 demonstrated the presence of th~rty-nine carbons a. CH - x 3, -CH2- x 1, CH -0 x 1, -CH2-0 x 
3 3 

2. >CH-0 x 12, 0-b-0  x 3. =cH- x 6, >C= x 4, 4-0 x 6, and >c=O x 1 (Table 11. These spectral 

data, along wzth positive color reactmns with ferric chloride and magnesium-hydrochloric acid, 

indicated that it is a flavonoid glycoside. I" the 'H NMR spectrum 1500 M H ~ ,  pyridine-d I. 
-5 

epimedin A displayed aromatic hydrogen signals at 6 7.14 I1H sl. 7.15 and 8.09 (2H each d, J 9.2 

Hz), where the latter two were assigned to the 3'-. 5'- and 2'-. 6'-hydrogens of the 8-ring of the 

flavone nucleus. I" add~tion to these, a signal 

due to a methoxyl group was observed at 6 3.72 (3H 

sl, and when it was irradiated, a distinct NOE was 

detected in the aromatic hydrogen signal at 6 7.15. 

This finding fully ,ustifled the presence of a 

4'-methoxyphenyl type B-ring in epimedin A. In the 

13c NMR spectrum of epimedm A, signals for C-2, C-3 

and C-4 appeared at 6 157.1. 135.0 and 178.3, re- 

spect~vely, vhlch matched well with those of 5-hy- 

droxyflavonol-3-0-glycosides - such as r u t ~ n . ~   his 

evidence clarified the substitution patterns at C-3 

and C-5 of epimedin A, which was further substanti- 

2 1 I: Rl=H. R2=Glc, It3=--Glc 
11: Rl=H. R2=Glc, ~ ~ = R h . m g ~ ~ l  
111: R1=H, RyGlc, ~ ~ = R h a o % h a m  
rv: Rl=H, R2=Glc, R - 

3 - F  v: R~=R~=H, R ~ = ~ Z - - G ~ C  
VI: R1=H, R2=&, R -Rharm(OAc)2~Glc(OAc)4 ated by the carbonyl absorption band in the In 
VII: R1=R211, R~=&uX~~ spectrum and the 'H NMR signal due to the C-5 VIII: Rl=R2=k, R3=Rham (-1 2a~y1 (@&I 
IX: R1=R2=H, ~~=Rh.mu- hydroxyl at 6 13.05 11H a). The 13c NMR resonance 
': R1'R~'&r ~ 3 = - ( ~ ) 2 ~ - ( ~ ) 3  at 6 160.5, together with the fact that the UV 



Table I. Carban-13 sh~eldings of carbons of I. 11, 111 and Y 

- 
* Undetermined due to overlapping. 
t D~.crim~nat~on of two sugar moietles was made by PRFT measurements. 

absorption manma remaned unaffected on addlt~on of sodium acetate, pointed to the presence of a 

substituted hydroxyl group at C-7 as a g ~ ~ c o s i d e . ~  ~urther, the presence of an isoprenyl group 

was indicated from the 'H and 13C NMn ~ignals observed at 6 1.61 and 1.76 l3H each 51, and 8 17.9 

lgl, 21.4 (ti, 25.5 (q), 122.2 (dl and 131.2 (s), respectively.   he isoprenyl group was log~cally 

placed at C-8 from the fact that the uv max~mum at 271 nm of epimedin A underwent a bathochromic 

shlft by 9 nm on addition of aluminum chlorlde,6 and from the flnding that the 13c NMR resonances 

assigned to C-7 and C-9 of the flavonol suffered upf~eld shzfts due to the presence of an alkyl 

substitvent at c-E.~,' ~t thus became clear from the above spectral data that epirnedm A was a 

close relative of icariin (IV) isolated from the same source. 3 

Enzymatic hydrolysis of epimedrn R using 8-glucos~dase readrly afforded !-glucose and a product IVI 

( ~ A B - M S  m/z: - - 677 (M++~)I -hlch  as, in rum, hydrolyzed ~ ~ t h  LN ~ulfur~c acid in methanol to yield 

D - ~ ~ U C O S ~  and L-rhamnose as sugar moieties.   he uv spectrum of the product IV) showed a con- - - 
 ist tent bathochromi~ ~ h ~ f t  (271 - 280 nm) on addition of sodlum acetates5 and the 13c NMR signal 

for C-7 was shifted domfield by 1.40 ppm (pyridme-d 1 as compared to that of epimedin A .  
-5 
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suggesting that the product IVI was 7-desmonoglucoPyrana~ylep~meddd A bearxng a disacchar~d? moiety 

composed of g-glucose and L-rhamose at C-3. In order to clarify the position of the in- 

terglycosid~c linkage in the disaccharide moiety, the product Ivl was acetylated with acet~c 

anhydride in pyrzdine to afford a heptaacetate IVII whose 'H NMR spectrum (500 MHz. CDCl I, st111 
3 

showing a hydrogen-bonded hydroxyl slgnal at d 12.28, was analyzed in detail by double resonance 

experiments. Thus, it was found that the carblnyl hydrogen signal due to H-2 of the 

rhamnopyranosyl moiety at 6 4.42 l1H br sl was slgniflcantly shifted upfield in compar~son to the 

other hydrogens on the carbons bearing acetoxyl group, revealing a 1 - 2 linkage between the outer 
glucopyranosyl and inner rhamnopyianosyl unit.' 

The glycosidic linkages at C-1 of two glucopyranosyl residues were easily assigned to be both 6 

from the coupling constants of the anomeric hydrogen signals IJ 6.4 and 8.3 Hz), the chemical 

shifts of the 13c NMR signals I6 100.6 and 106.21~ and the 13C-'i coupling constants I159 and 159 

Hz) for the11 anomenc centers in ep~medin A.~'  he configuration at C-I of the rhamnopyranosyl 

residue was also established to be a from the chemical shift Id 101.11 and the large 13c-ln 

coupllng constant IJ 176 Hz) of the signal of that carb~n.~','~"~ 

Epimedin B (111, an amorphous yellow solid, la] -90.4' Is 0.44. MeOHI, also showed characterist~c 
0 

Color reactions for flavonolds lpos~tive ferric chlorlde and magnesium-hydrochloric acid tests). 

  he UV and IR absorption bands12 perfectly matched wlth those of epmedm A, indicatmg that 

epmedin B has the identxcal oxygen substitution pattern. The 'H NMR (90 MHZ, pyrid~ne-d 1 showed -5 
signals as follows 6 1.38 13H d. J 4.3 Hz). 1.60, 1.76 l3H each sl, 3.71 l3H el. 6.22 IlH br sl, 

7.14 l1H 5 ) .  7.15. 8.10 l2H each d. J 8.6 Hz) and 13.15 IlH sl. These findings suggested that it 

is a congener of epimedm A, and from a comparative study of the 13c NMR spectra of epimedins B and 

A. ~t was revealed that epimedm B has the same aglycone as well as glucopyranosyl and rhamno- 

pyranoryl moieties as those of epimedin R ,  and in addition possesses a pentose sugar portion 

znstead of the terminal glucopyranosyl moiety present m epimedin A (Table 11. In order to 

confirm ,the sugar moiety, enzymatic hydrolysis followed by acid hydrolyszs of epimedin B was 
1 

carrled out, to yield g-glucose. - L-rhamose and D-nylose as sugar components. The H NMR spectrum - 
of a heptaacetate IVIIII of an enzymatically hydrolyzed product IVIII IFAB-MS m/z: 647 l~++lll of 
epimedin B also displayed a signal ascribed to H-2 of the lnner rhamopyranosyl group at 6 4.32 l1H 

dd. J 3.1 and 1.7 Hz], whose chemical shlft and splitting pattern were almost identrcal wlth those 

of the acetate (vll prepared from ep~medin A, confirming that the xylopyranosyl molety was present 

as the terminal sugar at C-2 of the rhamnopyranosyl moiety 
13 

The configurations of two anomeric centers of the sugar residues were determined to be B lgluco- 
pyranose) and a (rhamopyranosel from the anomeric carbon signal I6 102.3 and 102.31 in epimedin 8. 

and that of the terminal xylopyranosyl residue was assqned to be 6 from the large coupling 
1 

constant ( J  6.7 HZ) for the anomerzc hydrogen signal in the H NMR spectrum of the acetate IVIIII. 

Eplrnedin C (III), an amorphous yellow sol~d, [aID -109.5' 12 0.19. MeOHI, gave posltive flavonozd 
color reactions. 1t was found to have the structural slmllarity to the above epmedms from its 

UV, IR and 'H NMR spectra.14 In the 13c NMR spectrum of epmedln C, the signal5 attributed to the 

carbons of the aglycone part and the glucopyranosyl moiety at C-7 appeared at essentially the same 

po~ltlons as those observed in the other epimedins [Table 11. Further, the 13c NMR signals at 6 

18.2 and 18.5 (each q] sug$ested the presence of two rhamose moieties in the molecule. and this 

assumption was venfied by the observation that acid-hydrolysis of an enzymatic hydrolysis product 

11x1 of epimedin c afforded only prhamose.  he pos~tion of the ~nterglycosidic linkage between 

the two rhamnopyranosyl units m s  deduced to be 1 - 2 from the 'H NMR spectrum of a peracerylated 

derivative (x) of the product (1x1 in ~hich the sarbmyl hydrogen signal ass~gned to H-2 of the 

inner rhamnopyranosyl part appeared at 6 4.42 l1H br sl. 
15 



� he 13~-1H mupiing constants (j 159, 170 and 174 H ~ I  of the s~gnals for the anomeric centers of - 
the glucopyranosyl and two rhamnopyranosyl moletles demonstrated thelr conf~gurations to be 6, a 

and a. respe~tlvely.~~'~~ 

~ased on the above evidence, ~t was concluded that the structures of epirnedins A, H and C are 

represented by formulas I, 11 and 111, respectively. 
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