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ABSTRACT.—From the leaves of Hedera helix four new triterpenoid saponins, hederasapo-
nins E [1}, F{2}, H[7}, and I {8}, and one known saponin (cauloside F) were isolated and char-
acterized by chemical and spectroscopic methods.

Saponins from the leaves of Hedera helix L. (Araliaceae) have antifungal, anthelmin-
tic, molluscicidal, antileishmanial, and antimutagenic activities (1-5). Major saponins
related to hederagenin and oleanolic acid have been found (6-8).

As a part of our investigations of H. helix, we have previously reported the isolation
and identification of hederasaponins B [6], C [4}, and D (saponin K 10) {5} (9).

In the present paper we describe the isolation and structural elucidation of five
triterpenoid saponins. One of these, hederasaponin G, is cauloside F {3} and four are
new saponins which we named hederasaponin E {1}, hederasaponin F {2}, hederasapo-
nin H {71, and hederasaponin I {8].

OH

R, R, R
OH ara-1— OH
H so,”H* H
H gle(1—>2)-ara-1—» OH
H rha-(2>2)-ara-1— OH
H ara-1— OH
H rha-(1~>2)-ara-1—» H
H gal-(1—=>4)-glu-1—» H
H glu-1— OH

ara = a-L-arabinopyranosyl; glc = B-D-glucopyranosyl; rha = a-L-rhamnopyranosyl; gal = B-D-galacto-
pyranosyl; glu= B-D-glucuronopyranosyl.
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RESULTS AND DISCUSSION

The #-BuOH extract of the leaves containing crude saponins was subjected to re-
peated cc on reversed-phase RP 18 and Si gel (see Experimental) affording saponins 1—
8. Three compounds, 4, 5, and 6, were identified to be, respectively, hederasaponin C,
hederasaponin D (saponin K 10), and hederasaponin B, as previously established by
using 'H and '*C 2D nmr spectroscopy studies (9).

Saponins 1, 2, 3, 7, and 8 were submitted to alkaline and acid hydrolysis, fabms,
and "*C nmr. On alkaline hydrolysis the five saponins yielded glucose and rhamnose; on
the other hand the fabms of these saponins showed the loss of the same fragment at m/z
470 corresponding to two hexose and one rhamnose moieties (see Experimental). On
the basis of >C-nmr spectral data (Table 1), signals due to the C-28 of aglycone
moieties at 178 ppm indicared the esterification of the carboxyl groups with a sugar
chain. From the ">C-nmr spectra of sugar moieties (Table 2) and by comparison with
literature data (9, 10), it can be concluded that the sugar chain linked at C-28 was iden-
tical for all these saponins and elucidated as 28-0-{a-L-rhamnopyranosyl-(1—>4)-B-D-
glucopyranosyl-(1—>6)}-B-D-glucopyranoside.

TABLE 1. '’C-nmr Chemical Shifts of Aglycone Moieties in CD,OD.*

Compound
Carbon mpo
1t 2 7 8
C-2 ....... 70.1 25.3 26.9 26.4
C3 ....... 88.8 87.8 90.8 82.3
c-12....... 123.6 123.8 124.0 123.9
C-13 .. ... .. n.0.c 144.9 145.1 144.9
C23 ....... 64.0 28.9 28.6 65.2
cC28 ....... n.o. 178.2 178.3 178.3

* In ppm, TMS as internal reference.
°DEPT-45 ’C-nmr data.
‘n.0. = not observed.

Acid hydrolysis of 1 afforded glucose, rhamnose, and arabinose as sugar compo-
nents and bayogenin as the aglycone as identified by tlc comparisons. The fabms exhib-
ited a quasi molecular peak at 7/z 1089 {M —H]~ and a major fragment at m/z 619 [M —
H — 4701, corresponding to the loss of two hexose and one rhamnose moieties. From
the DEPT-45 *C-nmr spectra, signals attributed to C-1, C-2, C-3, C-12 and C-23
(47.2, 70.1, 88.8, 123.6, and 64.0 ppm, respectively) of the aglycone moiety were
compared with published data (11) to confirm that the aglycone of 1 is bayogenin
(Table 1). The important downfield shift for C-3 of the aglycone indicated that a sugar,
which was identified as a-L-arabinopyranosyl (Table 2), was linked at this position.
From these results the structure of 1, which we named hederasaponin E, was elucidated
as 3-0-a-L-arabinopyranosylbayogenin-28-0-[a-L-thamnopyranosyl-( 1—>4)-B-D-glu-
copyranosyl-(1—>6)]-B-D-glucopyranoside.

Saponin 2 afforded oleanolic acid, glucose, and rhamnose on acid hydrolysis. Al-
kaline hydrolysis gave a compound that furnished a sulfate group after acid hydrolysis
(by pc). The microanalysis of this saponin showed 3% of S. The fabms exhibited a
molecular ion at m/z 1005 {M — H}~ and a fragment ion at m/z 535 (M — H — 470},
which indicated the loss of two hexose and one rhamnose moieties and the attachment of
a sulfate group on oleanolic acid. The >C-nmr spectra (Tables 1 and 2) of compound 2
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TABLE 2. '>C-amr Chemical Shifts of Sugar Moieties in CD;OD (in ppm, TMS as internal reference).”

Compound
1 2 7 8

3.0-ara-1  106.3 3.0-glu-1  105.3 3.0-glu-1  104.9
2 729 2 763 2 765
3 747 3 782 3 783
4 67.8 4 832 4 738
5 67.9 5 74.1 5  75.2
6 176.8 6 176.9

gal-1  106.2

2 737

3 749

4 699

5 768

6 619
28-0-glc-1  95.8  [28-O-glc-1  95.8  [28-O0-glc-1  95.9  [28-O-glc-1  95.9

2 73.8° 2 73.9° 2 73.9° 2 73.9°
3 79.6 3 79.9 3 79.9 3 79.9
4 709 4 713 4 71.2 4 712
5  78.1 5  78.1 5 78.1 5 78.1
6 69.4 6 69.7 6 69.7 6 69.7
gle-1  104.3 gle-1  104.4 gle-1  104.4 gle-1  104.4
2 753 2 753 2 753 2 754
3 76.8 3 768 3 76.8 3 769
4 782 4 783 4 784 4 783
5 76.7 5 76.8 5  76.8 5 76.9
6 618 6 62.1 6 62.1 6 620
tha-1  102.9 tha-1  102.9 tha-1  103.0 tha-1  103.0
2 732 2 724 2 724 2 724
3 724 3 724 3 725 3 725
4 73.7° 4 73.8° 4  73.9° 4 73.9°

5 706 5 707 5 708 5 70.8
6 17.9 6 17.8 6 17.8 6 17.8

*ara = a-L-arabinopyranosyl; glc = B-D-glucopyranosyl; glu = B-D-glucuronopyranosyl; gal = B-D-
galactopyranosyl; tha = a-L-rhamnopyranosyl.
Assignments in the same column may be interchanged.

and comparison with those of compound 7 and sulfated saponins in the literature data
(12) established the location of the sulfate group at C-3 and of the sugar chains at C-28.
Based on the above evidence, the structure of 2 was formulated as 3-O-B-sulfate-
oleanolic acid-28-0-{a-L-thamnopyranosyl-(1—4)-B-D-glucopyranosyl-(1—>6)}-8-D-
glucopyranoside, which we named hederasaponin F.

On acid hydrolysis saponin 3 yielded hederagenin as the aglycone and glucose,
rhamnose, and arabinose as sugar components. The fabms showed a quasi molecular
peak m/z 1235 and a signal at m/z 765 resulting from the loss of sugar chains linked at C-
28. From the C-nmr spectra, it can be concluded that the structure of 3, named
hederasaponin G, was 3-0-[{B-D-glucopyranosyl-(1—>2)-a-L-arabinopyranosyl}-
hederagenin-28-0-{a-L-rhamnopyranosyl-(1—4)-B-D-glucopyranosyl-(1—>6)}-3-
D-glucopyranoside, which was identical to cauloside F, previously isolated from
Canlophyllum robustum (13) and Pulsatilla campanella (14).

Saponin 7 was hydrolyzed with mineral acid to give oleanolic acid and glucose,
thamnose, arabinose, galactose, and glucuronic acid as sugar components. The fabms
spectrum gave a molecular ion at m/z 1263 {M —H} ™ and a fragment ion at m/z 793
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IM—H-—470} (two hexose and one rhamnose moieties). The 13C-nmr spectra (Ta-
bles 1and 2) showed the presence of five monosaccharide units. The glycosylation shifts
observed for C-2, C-3, C-23, and C-28 of the aglycone moiety indicated that 7 was a
bidesmoside of oleanolic acid with glycosyl linkages at both the 3-hydroxyl and 28-car-
boxyl groups. The sugar chain at C-3 was identified as containing a glucuronic acid
moiety and a galactose moiety; the B-D-configuration of the sugars was deduced from
3C-nmr spectra (Table 2) by comparison with literature data (15—19). The downfield
shifts for C-4 of the glucuronic acid moiety indicated that the galactose moiety is at-
tached to glucuronic acid at this position. These results demonstrated that saponin 7
was 3-0-[B-D-galactopyranosyl-(1—>4)-B-D-glucuronopyranosyl}-oleanolic acid-28-
0-{a-L-rhamnopyranosyl-(1—>4)-B-D-glucopyranosyl-( 1—>6)1-B-D-glucopyrano-
side and named hederasaponin H.

Acid hydrolysis of 8 afforded hederagenin, glucose, rthamnose, and glucuronic
acid. The fabms exhibited a quasi molecular peak at m/z 1117 {M — H]™ and signals at
m/z 972 [M —H — 145} and 647 {M — H — 470}, corresponding, respectively, to
the loss of one rhamnose moiety and two hexose and one thamnose moieties. In addi-
tion, the fabms MIKE of the peak at m/z 647 showed an ion at m/z471{M — H — 470 —
1761 resulting from the loss of one glucuronic acid moiety, and this suggested that
saponin 8 should be a bidesmoside of hederagenin, containing one unit of glucuronic
acid at C-3. From the >C-nmr spectra (Tables 1 and 2) and comparison of literature
data (15-18), it can be concluded that the structure of 8 was 3-0-B-D-glucuronopy-
ranosyl-hederagenin-28-0-{a-L-rhamnopyranosyl-( 1—>4)-B-D-glucopyranosyl-(1+>6)}-
B-D-glucopyranoside, which we named hederasaponin I.

EXPERIMENTAL

GENERAL EXPERIMENTAL PROCEDURES.—Nmr spectra were recorded on Bruker AM-200 and
AMX-500 multinuclear spectrometers; the chemical shifts were measured in CD;0D with TMS as an in-
ternal standard; carbon multiplicities were determined by the DEPT or DEPT-45 pulse sequence. Fab
mass spectra were obtained on a VG Micromass ZAB-HF mass spectrometer in the negative ion mode ina
thioglycerol matrix. RP 18 reversed-phase (15-25 pm, Merck) was used for low pressure chromatography
(Ipc) on a Jobin Yvon Chromatospac prep 10. Si gel (Kieselgel 60, 230400 mesh, Merck) and Sephadex
LH-20 (Pharmacia) were used for cc. Hple was carried out on a Waters model 6000 A pump with a UGK
injector and a UV Model 490 detector; the column used was pBondapak C 18 (10 pm, 7.8 X 300 mm,
Waters); MeCN-H,O (35:65) was the mobile phase with 2 ml/min as flow rate.

PLANT MATERIAL.—The leaves of H. helix were collected around Marseille, France, in January
1988. A voucher specimen is kept in the Department of Pharmacognosy, Faculty of Pharmacy, Marseille.

EXTRACTION AND ISOLATION.—The dried leaves (500 g) were extracted with MeOH-H,O
(60:40), concentrated in vacuo to an H,O layer, and freeze-dried. MeOH was added to the freeze-dried res-
idue, and the MeOH extract was shaken with Et,O to give a precipitate which was partitioned between
H,0 and #n-BuOH. Saponins were isolated from the -BuOH extract (42 g). The preparative lpc of this ex-
tract (2.5 g), on RP 18 with a gradient of MeOH in H,O, yielded two pure saponins 4 (1 g) and 6 (70 mg),
and four fractions (F,—F4) which were further subjected to reversed-phase hplc or cc on Si gel to afford four
pure compounds, 1 (10 mg), 2 (40 mg), 3 (15 mg), and 5 (45 mg). The #»-BuOH extract (10 g)
chromatographed over a Si gel column and eluted with CHCl;-MeOH-H,0 (55:37:7) furnished a fraction
Fs (600 mg), which was submitted to Ipc on RP 18 and eluted with a gradient of MeOH in H,O, followed
by cc on Sephadex LH-20 for fractions F¢ and F; to give, respectively, pure 7 (24 mg) and 8 (21 mg).

ANALYTICAL TLC.—Tlc analyses of saponins were performed on precoated Si gel plates (Kieselgel 60
F254, 0.25 mm, Merck) using the following solvent systems: (a) »-BuOH-HOAc—H,O (4:1:5); (b)
CHCl;-MeOH-H,0 (64:50: 10); (c) CHCl,-MeOH-H,0 (60:40: 10); (d) CHCl,-MeOH-H,0 (55:37:7)
(e) C;Hg-MeOH (50:6). The plates were visualized by spraying with 50% methanolic H,SOy, followed by
heating at 110°. For sugars the solvent systems used were (f) CH,Cl,-MeOH-H,0 (50:25:5) and (g)
EtOAc-H,0-MeOH-HOACc (65:15:15:25); plates were developed with aniline hydrogen phthalate by
heating at 110°.
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ALKALINE HYDROLYSIS.—Saponins (2 mg) in KOH 10% (2 ml) were heated at 100° in a sealed tube
for 75 min. After acidification with HCl (pH 5), the monodesmoside was extracted with n-BuOH.

ACID HYDROLYSIS.—Each saponin (2 mg) was heated with HCl 10% (2 ml) in a sealed tube at 100°
for 4 h. Sapogenin was extracted with Et,O; then the aqueous layer was neutralized with N,N-dioc-
tylamine (10% in CHCl,) and lyophilized. Sapogenin was detected in the organic layer, while sugars were
identified in the aqueous layer by tlc analysis with authentic samples.

DETECTION OF SULFATE GROUP.—After acid hydrolysis the aqueous layer was subjected to pc with
EtOH-H,O (7:3), and the sulfate groups were identified by spraying a solution of BaCl, followed with a
solution of sodium rhodizonate (12).

Compounds 4, 5, and 6 are, respectively, hederasaponin C, hederasaponin D (saponin K 10), and
hederasaponin B, as previously described (9).

CoMPOUND 1.—Hederasaponin E, C53HggO53, 3-0-a-L-arabinopyranosylbayogenin-28-0-{a-L-
rhamnopyranosyl-(1—>4)-B-D-glucopyranosyl-(1—>6)}-B-D-glucopyranoside: fabms m/z [M — H}~ 1089,
{M —H — 470} 619; >C nmr see Tables 1 and 2. Compound 1 afforded 2 monodesmoside on alkaline hy-
drolysis and bayogenin, D-glucose, L-thamnose, and L-arabinose on acid hydrolysis.

CoMPOUND 2.—Hederasaponin F, C4gH,30,¢ S, 3-0-B-sulfate-oleanolic acid-28-0-[at-L-rham-
nopyranosyl-(1—>4)-B-D-glucopyranosyl-(1+>6)}-B-D-glucopyranoside: fabms m/z [M—H]~ 1005,
[M —H — 470} 535; '>C nmr see Tables 1 and 2. Compound 2 afforded oleanolic acid, D-glucose and, L-
thamnose on acid hydrolysis. Alkaline hydrolysis gave a monodesmoside which furnished a sulfate group
after acid hydrolysis. On the other hand, microanalysis of 2 showed 3% of S.

CoMPOUND 3.—Hederasaponin G (cauloside F), C5oHoc0,7, 3-0-{B-D-glucopyranosyl-(1—>2)-c-
L-arabinopyranosyl]}-hederagenin-28-0-{a}-L-rhamnopyranosyl~( 1—>4)-B-D-glucopyranosyl-( 1+>6)]-B-
D-glucopyranoside: fabms m/z {M~H]}~ 1235, M —H —470]" 765. Alkaline hydrolysis of 3 gave a
monodesmoside, and acid hydrolysis afforded hederagenin, D-glucose, L-thamnose, and L-arabinose.

CoMPOUND 7.—Hederasaponin  H, CgoHgsO2g, 3-0-[B-D-galactopyranosyl-(1—4)-B-D-
glucuronopyranosyl}-oleanolic acid-28-0-{a-L-thamnopyranosyl-(1—>4)-B-D-glucopyranosyl-( 1—>6)]-B-
D-glucopyranoside: fabms m/z [M — H} ™ 1263, [M — H — 4701~ 793; '3C nmr see Tables 1 and 2. Com-
pound 7 furnished a monodesmoside on alkaline hydrolysis and oleanolic acid, D-glucose, L-thamnose, D-
galactose, and D-glucuronic acid on acid hydrolysis.

CoMPOUND 8.—Hederasaponin I, Cs HggO,4, 3-0-B-D-glucuronopyranosylhederagenin-28-0-
{a-L-rhamnopyranosyl-( 1—>4)-B-D-glucopyranosyl-(1->6)}-B-D-glucopyranoside: fabms MIKE m/z
[M—H}" 1117, [M—H— 145} 972, (M —H — 470}~ 647, [M— H—470— 176} 471; '>C nmr see
Tables 1 and 2. Alkaline hydrolysis of 8 showed a monodesmoside; acid hydrolysis exhibited hederagenin,
D-glucose, L-rhamnose, and D-glucuronic acid.
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