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sumnary : From the fresh fruits of Ilex crenata has been isolated five new 

saponins named llexosides E, F, G, H and I, respectively. Their structures 

were established on the basis of spectral and cheaucal evidence. They exhlb- 

ited anti-allergz activities. 

In the course of our search for bloactive metabolites from Ibex spp. we 

have already found four new anti-allergic SaPOninS named ilexoslde A, B, C, 

and D2 In the fresh fruits of Ibex crenata Thunb. cultivated widely in Japan 

as a garden plant. The present paper deals with the isolation and structure 

determination of the five novel saponlns named ilexosides E(l), F(2), G(3), 

H(4) and I(5). 

Hot water extract of the fresh fruits(l0 kg] of Ilex crenata Thunb., 

followed by treatment with Amberllte XAD-2 column chromatography gave a sap- 

onin fraction(l50g). Repeated separation of saponin fraction by reversed- 

phase(ODS) and ordinary-phase S102 column chromatography furnlshed five new 

saponins, ilexoside E(1, 12Omg), F(2, 12Omg], G(3, 6Omg), H(4, 16Omg) and I 

(5, 32Omg). 
A cellulase treatment of 1 and 2 gave a-ilexanollc acid(6) for aglycone 

mp 234-236'C, [a]D -38.7'(C=l.l, MeOH), UV(MeOH]: Amax243(&18,700], c3OH4604 

showed a quasi-molecular ion peak at m/z 471 (M+H)+, m/z 493(M+Na)* in the 

positive FAH-MS. 
Ilexoside E(l), mp 171.5-172.5°C, [c]D -67.0°(c=1.7, MeOH), has the mo- 

lecular, C52H82O21 4H2G based on the elementary analysis. Gn acid hydrolysis 

1 afforded a dlastereomeric mlxture(6') (20S:20R=1:1]3 of 6 and L-arabinose, 

D-glucose, L-rhamnose and D-xylose In the rat10 l:l:l:l(HPLC). 1H- and l3C- 
NMR spectra of 1 indicated the presence of one a-arablnopyranosyl unit [H-l' 

b 4.79(6, J=7.5Hz), C-l': 6 107.51, one o-glucopyranosyl unit[H-1':66.06(d, 

J=8.OHz), C-l': b 95.11, one a-rhamnopyranosyl unit[H-1': b 6.398, c-1': 

b101.31 and one o-xylopyranosyl unit[H-1': b4.82(d, J=7.5Hz], C-1': 6105.71. 

A crude hesperidinase treatment of 1 gave ilexoside D(7j2 and L-rhamnose. 
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Comparison of 13C-NMR spectrum of 1 with that of 7 showed glycosylation 

shlfts4 for the C-2 slgnal(+5.6ppm) and C-3 slgnal(-4.lppm) of glucosyl moi- 
ety, demonstrating that a a-rhamnopyranosyl group is located at the C-2-OH 

of glucose. Therefore, 1 was formulated as 3-O-a-L-arabinopyranosyl-a-ilexa- 

nollc aced 28-O-a-L-rhamnopyranosyl-(1*2)-[~-D-xylopyranosyl-(1~6)]-~-D-glu- 

copyranoside. 
Ilexoside F(2), mp 183-185OC, C58Bg2026 2H20, [aID 37.2'(c=4.3, MeOH) 

showed slrmlar spectral data(see ExperImental) those of compound 1. On acid 

hydrolysis, 2 furnlshed L-arabinose, D-glucose L-rhamnose and D-xylose In 

the ratio 1:2:1:1 besides 6'. lH- and 13C-NMR spectra of 2 indicated the 

presence of one a-arabinopyranosyl unlt[H-1': b 4.77 (d, J=7.5Hz), C-1': b 

107.51, two fl-glucopyranosyl unitEI-1': b 5.34(d,J=8.OHz, C-l': b 106.3, H-1' 

6 6.07(d, J=7.0Hz), C-l': b 95.01, one a-rhamnopyranosyl unit[H-1': b 6.408, 

C-l': 6 101.21 and one fl-xylopyranosyl unlt[H-1': b 4.82(6, J=7.5Hz), C-l': b 

105.71. A p-glucosidase treatment of 2 gave 1 and D-glucose. In the same way 

as 1, a glycosylation shift was observed for the C-3 signal(+9.2ppm) of ara- 

blnosyl moiety, dlscloslng the site of glycosylation. Hence, 2 was formulated 
as 3-0-~-D-glucopyranosyl(1*3)-a-L-arabinopyranosyl-a-ilexanolic acid 28-0- 

a-L-rhannnnopyranosyl-(1*2)- [fi-D-xylopyranosyl(l*6)]-fi-D-glucopyranoside. 

A cellulase treatment of 3-5 gave an aglycone, designated B-llexanollc 

acid(S), amorph. powder, [a]~ -28.6'(c=1.9, MeOH), C30H4805, showed a quasl- 

Rl R2 
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6 -H -H 
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Table 2. lH-NMR Data of compounds 1-6 and 8(pyridme-d5/D20, 1OOMHz. 

b-values, values 1x1 parenthesls are ccupllng constsnts m Hz). 

H 1 2 3 4 5 6 8 

3 3.3466 3.3686 3.3668 3.3666 3.3588 3.4866 3.4686 

(11.0,4.0)(11.0,4.0) (11.0,4.0) (11.0,4.0) (11.0,4.0) (11.0.4.0) (ll.O#4.O) 

11 5.626 5.616 5.726 

(10.0) (10.5) (10.5) 

12 6.2366 6.2368 4.6666 4.8366 4.6288 6.2066 4.6766 

(lo.o,2.o)(10.5,2.0) (10.5,2.0) (10.0,3.0) (9.5,6.o) (lo.5r2.5) (9.5r6.o) 

ia 5.93s 5.93s 6.61s 6.62s 6.54~ 5.87s 6.62s 

23 1.248 1.288 1.28s 1.30s 1.29s 1.248 1.248 

24 1.048 0.79s 0.92s 0.92s 0.91s 0.94s 0.99s 

25 0.868 0.878 1.00s 1.02s 1.068 0.90s 1.058 

26 0.95s 0.89s 0.808 0.77s 0.71s 0.89s 0.838 

27 1.048 1.058 1.258 1.268 1.22s 1.09s 1.248 

29 2.21s 2.21s 2.078 2.09s 2.10s 2.15~ 2.088 

30 1.14d 1.15d 0.98d 1.016 1.006 1.076 1.006 

(7.0) (7.0) (6.5) (7.0) (6.5) (7.0) (6.5) 

Amme-4.79d 4.776 4.806 4.776 4.756 

ric H (7.5) (7.5) (7.5) (7.5) (7.5) 

4.826 4.826 5.366 5.356 

(7.5) (7.5) (8.0) (7.5) 

6.066 5.34d 6.296 

(8.0) (a.0) (7.5) 

6.39s 6.07d 

(7.0) 

6.408 

CH3 

Ho 
HO 

Rg 1 ‘H-% Long range couphgs of 9 fig 2 NOES observed for 9 



Ilexosldes E, F, G. H and I 1223 

molecular ion peak at m/z 5ll(M+Na)+ in the positive FAB-MS. 13C-~~I~PT 

spectrum) and lH-NMR(D2G exchange) data indicated the presence of 61x 

methyls, nine methylenes, three methanes, five quaternary carbons, one 

acetyl, two oxygen-bearing methines, one double bond, and one carboylic acid 

Methylation of 8 with CH2N2 afforded monomethylester(g), C31HsoOs[FAB-MS m/z 

525(M+Na) +I. l~-la COSY and 1H homodecoupling experiments of 9 revealed for 

Isolated spzn systems(H-l-2, H-5-7, H-9-11-12, H-15-16, H-20-22, H-20-30). 

The gross structure of 9 was determined by analysis of NMH data including 
l~-l~ CGSY, 13c-lH-CGSY, CGMC and HMBC experunents(Flg.1). The @orlentalon 

of the c-12 hydroxy group was estimated from a large COUPllng(J=9.5, 6.OHz) 

observed between H-11 and H-12 and NOE experiments(Fig.2). The remaining 

conflguratlon at C-20 of 9 was determined to be S on the basis of the obser- 
vatlon of positive cotton effect{ 101287 + 370°)5. Accordingly, (3-llexanollc 

acid(B) was represented as 30, 12fl-dihydroxy-19-oxo-18, 19-seco-13(18)-urs- 

ene-28-oic acid. 
Ilexoslde G(3), mp 194-196OC, [U]D -19.S"(c=0.8, MeOH), has the molecu- 

lar, C35H560g H20 based on the elementary ahalySlS. On acid hydrolysis,3 af- 

forded L-arabinose and 6'. lH- and l3C-NMH spectra of 3 indicated the pres- 
ence of one a-arabinopyranosyl unit[H-1': b4.80(d,J=7.5Hz), C-l': b107.61. 

Comparison of 13C-NMH spectrum of 3 with that of 8 showed a glycosylatlon 

shift for the C-3 signal(+l0.7ppm), demonstrating that a arabinopyranosyl 
group is located at the C-3-OH. Therefore, 3 was formulated as 3-O-a-L-arab- 

lnopyranosyl-#3-llexanolic acid. 

l'he pOSltlVS FAH-MS Of ilexoside H(4), mp 217-219'C, C4lH66014 3/2H20, 

[a]D -11.2'(c=1.9, MeOH), showed similar spectral data(see Experimental) 

those of compound 3. On acid hydrolysis, 4 furnished L-arabinose, D-glucose 

in the ratio 1:l besides 6'. lH- and 13C-NMH spectra of 4 indicated the 
presence of one a-arabinopyranosyl unit[H-1': 6 4.77(d,J=7.5Hz),C-l':b107.31 

one fi-glucopyranosyl unit[H-1': 6 5.36(d, J=8.OHz, C-l': 6 106.21. A p-gluco- 

sldase treatment of 4 gave 3 and D-glucose. In the same way as 3, a glycosy- 

latlon shift was observed for the C-3 signal(+9.5ppm) of arabinosyl moiety, 
disclosing the site of glycosylation. Hence, 4 was formulated as 3-O-B-D- 

glucopyranosyl- (1*3)-a-L-arab1nopyranosy1-~-1lexanol~ acid 

Ilexoside I(5), mp 186-188'C, C47H76Glg 2H20, [CZID -19.4'(C=2.4, MeOH), 

showed similar spectral data(see Experlmental) those of compound 4. On acid 

hydrolysis, 5 furnished L-arabinose and D-glucose In the ratlo(l:l) besides 
6'. The lo- and 13C-NMR spectra indicated the presence of one a-arablnopyra- 

nosy1 unit [H-l': b 4.75(6, J=7.5Hz), C-l ‘: b 107.41 and two p-glucopyranosyl 
unit[H-1': 8 5.35(6, J=7.5Hz), C-l': b 106.1 H-l': b 6.29(d, J= 7.5 Hz), C- 

l ': b 96.31. Comparison of l3C-NMH spectrum of 5 with those of 4 showed a 

glycosylatlon shift for the C-28 signal(-2.9ppm), indicating the presence 
of a glucosldic ester linkage of B-ilexanolic acid. Therefore, 5 was formu- 

lated as 3-O-~-D-gluco~ranosyl(1~3)-a-L-arabino~ranosy1-~-~lexanol~c acid 
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28-O-@-D-glucopyranoslde. The pD2 values of lnhibltory effect of ilexosldes 

E, F, G, H and I on histamine release from must cells induced by concanaval- 

in A6 were 5.83, 5.75, 5.8, 5.6 and 5.57, respectively, which were about lo 

times as potent as glycyrrhizin(pD2=4.7). 

Expermental Section 

General Methods. Melting points were measured with a Yanaglmoto ml- 

cromeltlng point apparatus and were uncorrected. Optlcal rotations were 

taken on a JASCO J-20A digltal polarimeter. IR spectra were taken on a Hita- 

chl IR-27G. NMR spectra were recorded on a JEOL GX-400 spectrometer 1x3 C5D5N 

solution using TMS as an internal standard. NMR experiments included lH-lH- 

CGSY, 13C-lH-COSY, INEPT, proton decouplings, difference NOE, CGLOC and HMBC 

(512 x 1024 data matrix size, 128 scans, recycle delay=l.l6s). Coupling con- 

stants(J values) are given In hertz(Hz). The EI- and FAB-MS(Xe gun, lOkV, m- 

nltrobenzyl alcohol as matrix) were measured on Shlmadzu LKB-9000B and JEOL 

JMS-Px303 mass spectrometer, respectively. For column chromatography, Kiesel 

gel 60(230-400 mesh, Merck) was used. TLC was carried out on slllca gel 60F- 

254(Merck) with the following system: CH3CI-MeOH-H20(25:2:0.1). 

Isolation of saponins. The fresh fruits(lOkg) of Ibex crenata were 

extracted with hot H20(3hr). The water extract was passed through an Amber- 

llte XAD-2 column and eluated with MeOH. Crude saponin(l50g) obtained by 

evaporation of the MeOH eluate were treated with Servachrome X&D-2(40-70% 

MeOH) to give four fractions, fr.l-6 In order to elutlon. Fr.2 was repeated- 

ly chromatographed on slllca gel with CH3Cl-MeOH-H20(25:4:0.1), CH3Cl-MeOH- 

AcOEt-H20(2:2:4:1, lower phase) and ODS(40-60%MeOH) to afford llexosldes A 

(90mg), B(3.7g) and H(4,16Omg) and 1(5,32Omg). Fr.3 by slllca gel column 

chromatography, eluatlng with CH3Cl-MeOH-H20(25:8:0.1) and then with CH3Cl- 

MeOH-AcOEt-H20(2:2:4:1, lower phase), gave llexoslde C(3OOmg), D(7, 22Omg) 

and G(3, 6Omg). Fr.5 was SubJected to a SlIlca gel column with CH3Cl-MeOH- 

H20(65:35:10,lower phase) and n-BuOH-AcOEt-H20(4:1:5, upper phase) to afford 

llexosldes E(1, 12Onq) and F(2, 12Omg). 

Ilelxoside E(1). Mp 171.5-172.S°C, [(XID -67.0"(~=1.7, MeOH).(Found: 

C,55.99;H,8.02. C52H82021 4H20 requlres: C56.00;H,8.41). IRUCBr): vmax3400( 

br, OH), 1740(ester C=O), 1700(acetyl -01, 164O(C=C), 1060, 1030. UV(MeOH): 

vmax235(33,800), 242(36,300), 252sh, 280(80).CD(MeOH) 181280 +70, [S]242 - 

6.15x104. FAB-MS m/z 1065(M+Na)+. EI-MS m/z 470 (genin)+, 452(genln-H20)+, 

426(genin-CO2)+, 408, 371, 353, 99. For NMR data, see Tables 1 and 2. 

Ilexoside F(2). Mp 183-185OC, [aID -37.2O(c=4.3, MeOH).(Found:C,56.00 

H,7.65. C58H92026 2H20 requires: C56.12;H,7.79).IR(KBr): vmax3450(br, OH), 

1745(ester C=O), 1705(acetyl C=O), 164O(C=C), 1070, 1030. W(MeOH):vmax235 

(22,000), 242(24,000), 252sh, 281(130). CD(MeOH) @I280 +365, @I242 5.30~104 



IlexomdesE.F,G,HandI 7225 

FAH-MS m/z 1227(M+Na)+. EI-MS m/z 470(genin)+, 452(genln-H20)+, 426(genin- 

c021+, 408, 371, 353, 99. For NMR data, see Table8 1 and 2. 

11exo*iae Q(3). Mp 194-196OC, [a]D -19.4“(c=O.E, MeOH).(Found:C,66.64 

H,8.99. C35H5609 H20 requires: C66.38;H,9.26). IR(KE!r): vmax3400(br, OH), 

1700(acetyl C=O), 169O(C=O), 164O(C=C), 1070, 1050. UVtMeOH): vmax280(140). 

FAH-MS m/z 643(M+Na)+. EI-MS m/z 470(genln)+, 452(genin-H20)+, 426 (genin- 

Coa)', 408, 371, 353, 99. For NMR data, see Tables 1 and 2. 

Ilexoeide H(4). Mp 217-219c0, [a]D -ll.2'(C=l.9, MeOH).(Found:C,60.96 

H,8.72. C4lH66Dl4 3/2H20 IXX$AlreS: C60.80;H,8.72).IR(FBr): vmax3400(br, OH), 

1705(acetyl C+O), 1695(C=O), 164O(C=C), 1075, 1025. W(N0I-I): Vmax277 (170). 

CD(MeOH) 101325 +270. FAH-MS m/z EOS(M+Na)+. EI-MS m/Z 488 (genln)+, 470( 

(genin-H20)+, 389, 353, 99. For NMR data, see Tables 1 and 2. 

Ilexoside I(5). Mp 186-188'C, [a)D -19.4'(C=2.4, MeOH).(FOUnd:C,57.24 

H,8.41. C47H76019 2H20 requires: C57.53;H,E.z2).IR(KHr): vmax3450(br, OH), 

1740(ester C=O), 1700(acetyl C=O), 164O(C=C), 1075, 1020. UV(MeOH)Vmax279: 

(110). CD(Me0H) [@I305 +85. FZAB-MS m/z 967(M+Na)+. EI-MS m/Z 488(genln)+, 470 

(genin-H20)+, 389, 353, 99. For NMR data, see Tables 1 and 2. 

Ennymatic hydrolysis of ileucoeides B(1) and F(2). Ilexoside E(1) 

(35mg) or F(2)(40mg) was taken in EtOH-H20(1:9) and O.OlM NaH2PD4 buffer(pH 

4.0) 5ml each, incubated with crude cellulase (Somg, Siguma) for two weeks 

at 37OC and work-up as usual. The crude genin was chromtographed on a silica 
gel column with CH3Cl-MeOH-H20(25:4:0.1) giving a-llexanolic acid(6, 12mg), 

mp 234-236'C, [a]D -38.7°(c=1.0, MeOH).(Found:C,76.49;H,lO.O1. C3OH4604 

requires: C76.55;H,9.85). IR (KHr): v-3450 (br, OH),1700(acetyl C=O), 1695, 

164O(C=C), 1075, 1030. W(MeOH): vmax280(150), 243(18,700). CD(MeOH) [012gO 

+450, [81250 -5.13x104, [e1235 -3.99 x104. FAH-MS m/z 493 (M+Na)+. EI-MS m/z 

470(M+), 426(M+-CD2), 371, 353, 99. For NMR data, see Tables 1 and 2. 

Enzymatic hydrolysis of ilexoeidee E(1). Ilexoside E(1) (35mg) was 

taken in EtOH-H20(1:9) and O.OlM NaH2PO4 buffer(pH 4.0) 2ml each, incubated 

with crude hesperldlnase (3Omg, Tanabe) for 4hr at 37'C and work-up as 

usual. The crude sapogenin was chromtographed on a silica gel column with 

CH3Cl-MACH-H20(25:8:0.5) giving ilexoside D(7, lOmg), 

acid hydrolysie of ilexoside E(1). A solution of l(2Omg) in 5% 
H2So4 in 50 % EtOH was heated at 100°C for 3hr. The Usual work-up gave dia- 

stereomeric mixture(6', Emg). Compound 6': mp 211-212', [aID -46.0°(c=0.6, 

MeOH). IR(KHr): vmax3450(br, OH), 1700(acetyl C=O), 1695, 164O(C=C),1075, 

1020. w(MeOH): ~~280(150),243(17,000). CD(MeOH) 181253 -4.5~10~~ IS1234 - 

5.2~104. FAH-MS m/z 493(M+Na)+. EI-MS m/z 470(M+), 426(M+-C02), 371, 353, 

99. For NMR data, see Tables 1 and 2. The aqueous layer was neutralized with 

Amberlite IR-45 and evaporated in vacua to dryness. The mole ratio and D(L) 

of each suger was determined by using RI detection(waters 410) and choral 

detection (Shodex OR-l), respectively in HPLC(Shodex RSpak DC-613, 75%CH3CN, 

lml/min, 70°C) by comparison with authentic sugars(lOmM each of L-ara, L- 
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rha, D-glc and D-xyl). These sugars gave peaks as follows : L(+)-rha; 4.8min 

D(+) -xyl; 5.75 min, L(+)-ara; 6.2min, D(+]-glc; 7.38min. 
Acid hydrolysis of ilexO8ide8 F(2). Acid hydrolysis of 2(25mg) was 

carried out in the same way as for 1 to give 6'(lOmg, TLC, mg, IR, EI-MS) 

well as L-rha, D-xyl, L-ara, D-glc. 

Bnrymatic hydroly8im of ilexomide8 Q(3). H(4) and I(5). Bnzy- 
matic hydrolysis of ilexoside G(3) (25mg) or H(4) (32mg) or I(5) (38mg) was 
carried out in the same way as for 1 to give the @-ile~anolic acid(8, 15mg), 
powder, [fX]D-28.6'(C=1.9, MeOH).(Found:C,73.50;H,10.00. C3OH4805. reg.uireS: 

c73.73;w,9.90). IR(KBr): vmax3400(br, OH), 1705(aCetyl OIO), 1695 (-1, 1640 

(c=C), 1075, 1030. W(MeGH) : vmax281(1800, CD(MeOH) @I318 +80. FAB-MS m/z 

sll(M+Na)+. EI-MS m/z 488(M+), 470(M+-H2G), 426(M+-C02-H20), 389, 353, 99. 

For NMR data, see Tables 1 and 2. 

Acid hyd+Oly8i8 of i1exO8ide Q(3). Acid hydrolysis of 3(10mg] was 

carried out in the same way as for 1 to give 6'(4mg, TLC, mp, IR, BI-MS) as 

well as L-ara. 

Acid hydrO1y8i.8 Of i1UCO8id@ H(4). Acid hydrolysis of 4(13mg) was 

carried out in the same way as for 1 to give 6'(4mg, TLC, mP, IR, EI-MS) as 

well as L-ara, D-glc. 

Acid hydroly8i8 of i1OXO8idO I(5). Acid hydrolysis of 5(15mg) was 

carried out in the same way as for 1 to give 6*(3.5mg, TLC, mp, IR, RI-MS) 

as well as L-ara, D-glc. 
xethylation of f3-ilexanolic acid(8). Compound 8(2Omg) in ether was 

treated CH2N2-Et20 to give monomethylester(9, 2Omg). Compound 9: amorph. 
[c]D -27.S"(c-0.8, MeOH). W(MeOH): V~279(150). CD(MeOH) 181287 +370. FAB- 

MS m/z 525(M+Na)+. $I-MS m/z 502(M+), 484(M+-H20], 442(M+-HCGGMe), 424(M+- 
HCOClMe-H20), 99. lH-NMR(CDCl3): b 0.76(3H,s], 0.80(3H,~], 0.87(3H,s), 0.98 

(3H,s], 1.07(3H,d,J=7.OHz), 1.09(3H,s], 2.11(3H,s), 3.22(1H,dd,J=ll.O,S.OHz) 

3.65 (3H,s), 4.22(1H,dd,J=9.5,6.0Hz), 5.67(lH,s]. 
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