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Abstract—Three new flavonol glycosides, designated sagittatosides A, B and C, were 1solated from the aerial parts of
Epimedium sagittatum m addition to epimedins A, B and C Therr structures were established by spectroscopic

methods

INTRODUCTION

Two new flavonol glycosides, anhydroicaritin 3-O-a-
rhamnostde and icaritin 3-O-a-rhamnoside together with
wcarisid I and icaritn were shown as the constituents of
Epimedium sagittatum i our previous paper [1]. Further
investigation of the aerial parts of E sagittatum revealed
three new flavonol glycosides (1-3), sagittatosides A, B
and C, 1n addition to epimedins A, B and C (4-6). In this
paper their structural elucidation 1s described.

RESULTS AND DISCUSSION

By repeated separation of 35% ethanolic extract of the
aerial parts of Epimedium sagittatum by use of preparative
middle pressure hquid chromatography, compounds 1-6
were isolated as pure forms, and deduced to be flavonol
glycosides from the Shinoda test

Compound 1, mp 168-169° was obtained as a pale
yellow amorphous powder. The structure of the aglycone
motety was deduced from the '"HNMR spectrum The
presence of two two-proton doublets at 7 12ppm (J
= 8.4 Hz) and 7 87 (J = 8.4 Hz) and a one-proton singlet
at 6.31 ppm suggested that the aglycone must be based on
kaempferol with a substituent carbon linked at C-8. The
characteristic signals based on an isopentenyl group as
the substituent were observed at 1.62 and 1.81 ppm n
each three-proton singlet, 3 13ppm 1n a two-proton
multiplet and 5 15 ppm 1 a one-proton broad triplet (J
= 5.0Hz). Since the above 'HNMR spectrum further
showed the presence of a methoxy group, the aglycone
must be anhydroicaritin. The EI mass spectrum support-
ed the proposed structure from the fragments (m/z 368,
353,313,165 [A, —C,H,]* and 135 [B,] ") formed after
retro-Diels—Alder cleavage In the UV spectrum, batho-
chromic shifts were observed 61 nm of Band I and 10 nm
of Band II on addition of aluminium chloride and of
sodium acetate, respectively, which indicated not only
that the phenolic groups at C-5 and C-7 were un-
substituted, but also that the sugars were substituted only
at C-3. The position of the sugars is clear from the

"H NMR spectrum 1n which the chemical shift of proton
at C-6 appeared at ca 6.64 ppm 1n the case of the flavonol
glycosides substituted by glucose at C-7 like icarisid 1
(8) and tcarun (9) [1] On the other hand the relevant shift
of 1 was observed at a rather higher field at 6 36 ppm, due
to protection of the phenolic group. The '3CNMR
spectrum showed that two hexoses were attached at C-3
(Table 1). The chemical shifts as well as those of anomeric
protons in the "H NMR spectrum; a one-proton doublet
at 5.53ppm (J=16Hz) (thamnose) and a one-proton
doublet at 4 24 ppm (J =7.1 Hz) indicated that they were
a-L-thamnose and f-D-glucose The nature of sugars was
confirmed by acid hydrolysis. The sequence of the sugars
was determined as follows, a glycosylation shift was

OMe

R! R?
1 Rma-2Gic H (sagittatoside A )
2  Rha—2-xyl H ( sagittatoside B )
3 Rha—>Glc H ( sagittatoside C )
al
Ac
4 Rna-2-Gic Glc (epimedin A)
5 Rm—> Xyl Glc (epimedin B)
6 Rma—Rha Gic (epimedin C)
7 H Gle (1cansid 1)
8 Rha H (1cansid 11)
9 Rha Glc (1carun )
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Table 1 '>*CNMR chemical shifts of flavonol glycosides (1-6)
C 1 2 3 4 5 6
2 1564 1564 1567 1578 1573 1571
3 1346 1344 1334 1348 1348 1344
4 1778 1779 1778 1782 178 5 178 1
5 161 6 1613 1617 160 4 160 6 160 4
6 982 984 983 982 985 980
7 1612 1620 1614 1614 1615 1613
8 1059 106 2 1059 1082 108 5 108 2
9 1536 1536 1537 1529 1531 1529
10 1040 1035 1040 1059 1057 1054
v 1222 1223 1221 1220 122t 1220
2 1303 1302 1304 1304 1305 1304
3 1140 114t 1141t 1140 1143 1140
4 1587 1588 1587 1590 1592 1590
5 1140 1141 1141 1140 1143 1140
6 1303 1302 1304 1304 1305 1304
11 210 21t 212 213 215 213
12 1221 1223 1222 1220 1223 1220
13 1309 1309 1309 1309 1312 1310
14 253 253 253 253 256 263
15 172 177 170 173 179 174
17 1009 1009 1008 1009 1012 1004
2 811 805 769 812 808 754
3 701 702 712 703 706 703
4 716 716 68 1 715 718 718
5" 711 69 2 698 700 698 700
6" 176 173 177 177 175 175
1 1058 1059 1046 1055 1057 1051
2" 737 736 730 738 735 703
3 762 761 763 771 763 705
4 692 701 693 69 1 706 712
5 76 5 657 76 8 765 657 701
6"’ 60 4 610 603 175
1 1005 1007 100 6
2" 733 735 732
3 76 S 767 765
47 695 69.8 69 S
5 790 773 771
6" 605 608 605
OMe 554 555 55.5 555 556 554
Ac 169.0
207

All spectra were measured iIn DMSO-dg The carbons shown
with two, three and four primes are those of the endo-sugar, the
exo-sugar at C-3 and of f-D-glucose at C-7, respectively

observed at C-2"" (81 1 ppm) of rhamnose compared with
that of icarun (704 ppm) which showed p-D-glucose
attached to C-2"" of x-L-rhamnose, 1 ¢ the sugar moiety 15
B-D-glucosyl-(1 — 2)-a-rhamnose Thus, 11s anhydroicar-
itin  3-0-B-D-glucosyl<(1 — 2}-a-L-rhamnoside and 1s
named sagittatoside A

Compound 2, mp 160°, was obtained as a yellow
powder. The EI mass fragments due to the aglycone
moiety and the bathochromic shifts on addition to alu-
mumum chioride or sodium acetate were closely similar to
those of 1. In the 13C NMR spectrum, all chemical shifts
agreed well with those of 1 except those of the terminal
sugar, which appeared as five peaks at 1059, 76 1, 73 1,
701 and 65 7ppm These chemical shifts correspond to
those of B-D-xylose In the '"HNMR spectrum, two
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anomeric protons were also observed at 4 16 ppm (J
= 7 5Hz) and 531 ppm (J = | 2 Hz), which were assign-
able to that of §-D-xylose and xz-L-rhamnose, respectively
Furthermore, the chemical shifts of 2 are comncident to
those of epimedin B (5) except for the carbons of one
glucose substituted at C-7 The carbon of C-8 mn 2
appeared at a higher field (2 3 ppm) compared with that of
5, which also supports the absence of a sugar at C-7. An
enzymatic hydrolysis of 5 with f-glucosidase gave 2 Thus
2 15 anhydroicaritin 3-0-p-xylosyl-(1 — 2)-a-1 -
rhamnoside and 1s named sagtttatoside B.

Compound 3, mp 143-144 , obtained as a yellow
powder, was confirmed to possess an acetyl group by
spectroscopic evidence, myz 43 (mass), 195ppm (s)
(‘HNMR), and 207 and 1690ppm (:*CNMR) On
hydrolysis of 3 in alkalh medium. sagittatoside A was
detected by HPLC The position of acetyl group was
determined by comparison of the chemical shifts in the
3CNMR, the signals based on C-2 and C-4 of the L-
rhamnose moiety shifted by —42ppm and —3 5ppm
compared with those of 1 The acetyl group was conclu-
ded to substituted at C-3 of the rhamnose by the low-
fielded shift caused by acetylation [3] Consequently, 31s
anhydrowcaritin ~ 3-O-f-p-glucosyl-(1 — 2)-a-L-3-acetyl-
rhamnoside, and 1s named sagittatoside C

Compounds 4 (mpl67'), § (mp172-174") and 6
(mp 141°) were obtamned as pale yellow powders. Their
aglycones were the same as those of 1-3 by therr 'TH NMR
and mass spectra. The UV and '"*CNMR (Table 1)
spectral data suggested that 4-6 were the known flavonol
glycosides, epimedms A, B and C, 1solated from Epi-
medium koreanum {2] All six compounds 1-6 could be
separated and quantified by HPLC on a cosmosit 5C, 4
column with gradient elution (see Experimental)

EXPERIMENTAL

Details of the apparatus used were described in our previous
paper [1]

Extraction and 1solation of flavonol glycosides An 35% ethan-
ohc extract of Epimedium sagittatum, described n detail m our
previous paper [1], was subjected to a medrum pressure (2-3
atom) hquid chromatography (eluent CHCI;-MeOH 5 1 by
gradient on silica gel column, acetonitrile (25%) by hnear
gradient on octadecylsilylated silica gel column) By combina-
tion of both column chromatography and recrystalhization,
compound 1 (20mg), 2 (100mg). 3 (15mg). 4 (60mg), § (50 mg)
and 6 (200 mg) were obtained

Acid hydrolysis of 1 A 3% H,SO, soln (3ml) of 1 (2mg) was
heated under reflux for 2hr The soln was neutralized with
BaCO,, and the filtrate was subjected to TLC (eluent
CHCI1;-MeOH-H,0 = 13 7 2 lower phase} pD-glucose and L-
rhamnose detected in the soln by spraying with 02%
naphthoreresorcinol -ethanol (I 1) (heating 105 )

Enzymatic hydrolysis A boric acid buffer soln (pH $0) con-
taining epimedin B(S) (I0mg) and f-glucosidase (500 units)
(2mg) was incubated at 37" for 24 hr The soln was compared by
TLC (CHCl,—-MeOH-H, = 13 7 2, lower phase} with sagitta-
toside B

Alkaline hydrolysis of 3 A 005M NaOH soln (1 ml) containing
3 (2mg) was warmed (60') for 1 hr After neutralization with
005M HCI, the soln was subjected to HPLC (condition as
undermentioned) to be confirmed the presence of 1

HPLC equipment Liquid chromatograph Shimadzu LC-6A
Conditions. column, cosmosil 5C,, (Nakarar chemicals Ltd)
250mm x 4 1 d. flow rate, | 2ml mun solvent acetomtril gra-
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dient, detection, UV 272 nm, chart speed, 2 mm/min.
Compound 1 (sagittatoside A) C;3H, 00,5, UV AMOHnm 271,
299sh, 345, + NaOMe 284, 380, + AlICl; 280, 307sh, 345, 406,
+AICI;/HCl 281, 305sh, 340, 402, + AcONa 281, 314sh, 340,
+AcONa/H;3BO, 271, 372. EIMS (m/z) (rel. int.) 368 (aglycone,
89), 353 {aglycone —Me, 78), 313 (aglycone—C,H,, 100), 300
(49), 165 (22), 135 (62) 'HNMR (DMSO-d,, 300 MHz) 60.86
(3H,d, J=59Hz, rhamnncvl Me), 162, 1 81 (each 3H, 5, C;

104, 101R€ACH 210, 5,44 isy

Me), 298-4 93 (sugar protons) 313 (2H, m, H-11), 3.84 (3H,s,
OMe), 409 (1H,m, rham, H-2), 424 (1H, d, J =7 1 Hg, glc, H-1),
515(H, brt,J=50Hz H-12),5 53 (1H, d, J = 1 6 Hz, rham, H-
1),6 31 (1H,s,H-6),712(2H,d, J= 84Hz, 3,5),787(2H, d, J =
84 Hz, H-2,6'), 1083 (1H, s, C,—~OH), 12.40 (1H, s, Cs~OH)
Compound 2 (sagittatoside B). C;,H;30,, UV AMOH pm- 273,
310sh, 350, + NaOMe- 282, 380, + AlCl, 282, 308sh, 344, 405,
+AICI;/HCl- 282, 308sh, 344, 405, +AcONa 282, 345,
+AcONa/H,BO; 272,340 EIMS (m/z)(rel int.) 368 (aglycone,
63), 353 (aglycone — Me, 60), 313 (aglycone — C,H, 38), 300 (35),
165 (13), 135 (45 'HNMR (DMSO-d,, 300MHz) 50.88
(3H,d, J =52 Hz, rhamnosyl Me), 163, 1 69 (each 3H,s, C,,, s,
Me) 2 80493 (sugar protons), 309 (2H,m, H-11), 3.85 (3H,s,
OMe), 401 (1H, brs, rtham, H-2),4 16 (1H, d, J= 7 5 Hz, xyl, H-
1),514(1H, brt,J = 5.2Hz,H-12),531(1H, d,J= 1 2Hz, rham,
H-1),633(1H, s, H-6), 713 (2H,d, J= 7 THz, H-3, 5), 7.85 (2H,
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d, J= 77Hz, H-2', 6), 12.56 (1H, s, C;—OH).

Compound 3 (sagittatoside C) C35H,,0,4. UV AM2Hnm 270,
314 sh, 350, + NaOMe. 281, 380, +AICl, 280, 308, 348, 410,
+AICI,/HCl 280, 307, 340, 410, +AcONa: 281, 340,
+AcONa/H;BO,. 269, 312, 350 EIMS (m/z) (rel mnt) 368
(aglycone, 100), 353 (aglycone—Me, 78), 313 (aglycone
—C,H,,50), 300 (44), 165 (11), 153 (47), 43 (82). '"HNMR
(DMSO-4,, 300MHz). 50.84 (3H,d, J= 55Hz, rhamnosyl Me),
163,1.68 (each 3H, s, Cy4. 15, Me), 1.95 (3H, 5, COMe), 2 984 96
(sugar protons) 320(2H, m, H- 11) 3. 86(3H s,OMe) 423(1H,d,

£ 177 /117 EI_t"7M €20 (11T
J= 67Hz, gic, H-1}, 517 (14, bri, J=5.0Hz, H-12), 5.39 (1H,

brs,tham, H-1), 6.33 (1H, s, H-6), 7.16 (2H, d, J = 8.4 Hz, H-3', 5),
789 (2H, d, J=8.4Hz, H-2', 6), 1245 (1H, 5, C;—OH)

Compound 46 Properties and spectra 1dentical to those
reported earlier [2] For !*C NMR data, see Table 1.
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