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Abstract

We determined the structure of main saponin which extracted from the shoot of Aralia Elata. The results were

as follows.

1. The main aglycons and suger of the total saponins of Nr2 sample were identified as oleanolic acid and hed-

eragenin, and glucose, arabinose and rhamnose. A probable new aglycon was isolated and inferred as 1,

3-methylenedioxy-3-dehydroxyoleanolic acid.

2. One compound of Fh saponin (named as Elatoside Fhy) which was obtained first in this species was elucidated

as 3-O- ( a-L-arabinopyranosyl (1 - 2)- 8-D-gluco-pyranosyl )-28-0- 8-D-glucopyranosyl oleanolic acid on the basis
of chemical and spectral evidence of IR, 1H, 1§C-NMR and MS.
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¥ galactose & ¥l Htt 2 519 Saito?” $& oleanolic
acid®} hederagenin®ll glucose, arabinose ¥ rhamnose
S°l Ag 10719 WAzl oz B vt

o] glelx F-HFuho] ofelatdof Bg B2} 2
Aol B AF F8We) glor) AlEo 2 o] 8FHE
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II. A2 % Wy

1. Crude saponin2| 74

1) Thin layer chromatography(TLC)ell 2% 7144

%% crude saponind methanolol %< 5%8 o
& vHEX precoated silicagel plate(kieselgel 60, 0.1
mm, 0.2 mm, 2 mm, Merck)& 7 &3tk

/08l  chloroform/methanol/water(61 : 32 : 7
v/v)" 9 5 X 3} hutanol 442 A}-4-3l2 Liebermann
burchard A12KHLB)#* 10% sulfuric acid¥'E =44 XA
saponing 74 v|aslelc},

2) HPLCel 9§ 74

5% crude saponin methanol 48 045 #m mil-
lipore filter2 o{=}sled HPLCol 10 w4 F<l3}sic).
#427& column : Lichrosorb” NHx(5 #m, 25X0.4
cm LD.) mobile phase : acetonitrile/water(80 : 20, v/
v), acetonitrile/water/n-butanol(81.5 : 185 : 2, v/v).
flow rate : 1 m//min. chart speed : 0.5 cm/min, detec-
tor . RI, 8Xe|t},

2. Crude saponin2| %5

1) 23} aglycons] ¥

Crude saponing Lutomski 5'*2 dhijol we} 4t
bR A1 A aglycond} =& AcKFig. 1).

Crude saponin 50 mgell 2 N HCl(dioxane/water 1 :
1) 20 mi & 718t 4417k 714 305420 & Qo] 2/37}
S5 IMEasle 255 20miE s o)
o chloroform 20 ml& 7}3t%4(33]) aglycon =3tch
°] chloroform%$ $#+2 4& ¥ FHEd
22 g, oA 3t F431 aglycon AW o2 39w
4%~ ionexchange resin IRA-459} Ag.COs 2 F 34|71
o At w53l Yoz Alghe}

2) 29 1Y 9 54

Ayt ¢ A A 2H7(Ne2)®) crude saponinell 4
2 & TLC ¥ GC2 galsledc) TLC B4
cellulose plate(TLC plate, cellulose 0.1 mm, Merckl)
€ AH-3lod chloroform: methanol: water(65 : 45 : 10,
v/vy9e] gollg ANAA 40% sulfuric acid22 W

WRA PR

Total saponin 50 mg

2 N HC! 20 m! (dioxane/ water, 1:1)
reflux for 4 hrs (water bath 100°C)

concentration in vacuum
(to 2/3 of original volume)

add Hy0 20 m!
chloroform 20 mix3 times

| |
chloroform L. : aqueous L.
washing with H,0 )

f R
chloroform L. aqueous L.

S0, (anhydride
NagS04 (anhy ) neutaralizing
with ion-exchange
resin IRA-45 and
AgzC03
concentration
in vacuum

sugar

drying in vacuum

aglycone

Fig. 1. Flow chart for separation of aglycon and sugar
part from crude saponin.

A At FHNE 548 ¥ TMS-imidazole 200 «/
€ lske hHd WRY obS 80TANA 147 wbx,
TMS23 ¥ & 1m/8 7}8}2 pentane22 32 3}of
GC #A 8tk GCo #4272 column : SE-30 (0.25
mm LD.X 20 m) fused silica capillary, injector temp. :
250C, detector temp. : 270C, column pressure (Ny)
0.6 kg/cm*3 3, column temperature programming->
27)1€% 130T A 3T/min.2 175C7HA] 42413},

3) Aglycon®] 74

4t 5% aglycond methanololl thA] Seid &
& ¥ (oleanolic acid, hederagenin)® #e] TLCE ¥&
A17ic}. & benzene/ethyl acetate(7 : 3, v'v)® Sl
A7 A1#A A 10% H.SO,-, 3% CeSQ, 894 (3 N-H,S0;,
o A7) BF, 110THNA 1087 A=A -y
EE LIS =0

4) Aglycond] £

TLCE EFEF3 vl 4% aglycone IR, NMR,
3 MS* 5§ o8-8t £ 3s9ich IR spectrume KBr
pellet& 5] 233l MS spectrum electron
impact(El) method® 70 eVell 4 £48}ejc}l 'H-NMR
spectrum- tetramethylsilane(TMS) S W E 5 B2
H7sle] #H3HE Ag. 13} EF %9 hederagenin pyri-
dine-d; &, Ag.39} Ag. 4, 28l EFE<Q oleanolic
acid chloroform-d& £°12 #4332 chemical
shift= d(ppm)& 34| stsic),
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3. Fh saponing| £2| ¥ &3

2red Ak 2 4182 71(Nr2)@] crude saponine silica
gel column(#5 cm, 70~230 mesh, Merck)& o] &5
3EY o2 v}redet Silica gel 150 g2 glass columnel]
-2 crude saponin °F 38 g (methanol sol)%} silica
gel 15ge Hol we{A vy 2|85 2 9o gx
A3 chloroform/ methanol/water(8 : 2 : 0.1, v/v) 2.51
& E2AARS 1 1~15mi/min) ¥31E wstch
A4# A chloroform/methanol/water(7 : 2 : 0.2, v/v)
2%} chloroform/methanol/water(61 : 32 : 7, v/v) 1
12 82A7)12 FA)o TLCE AN 28 1§
oty el By 12 st} 2% 4008742 9
tube (7 20m/4)E 3 168~259M2) ¥-3) [ & 1=
Prep. HPLCZ A 319129 Prep. HPLCS| ¥4
272 column : Alltech Econosil NH, 104, 250X 10
mm, mobile phase : acetonitrile/water/n-butanol(81.5

202, v/v), flow rate : 20 m//min., detector : RI, 8
X}

Column chromatography} Prep HPLC 2. 2] %} sa-
poning 'H3% WC-.NMRZA S A sleic}. © o} Age
galat7] #1sted saponin(elatoside Fhy)& 4% KOH
(dioxane/water=1: )2 7H¥3 & thg silica gel
column chromatography 2 #2]3l.2 o]z 'H=} 13C.
NMRE o] g3lef alsioich o] of TMSE YHEES
32 3y pyridine-d; & 4vl2 A}-&sleic)

m. = 9 2%

1. Crude saponin2| &3

Ara Gle Man Xyl
Gal Fru Rha Sample

Fig. 2. Thin layer chromatogram of sugar moiety of Ara
lia elata (Nr2) saponin. Solvent system; chloro-
form/ methanol/ water (65: 45: 10), Detection;
40% H,S0,.
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D 2 Ay o 53y

Aedat A AL AHYI(NrR)Y Be YEZE S
A TLCR 3% Az Fig 29 23, glucose &
geld = et o1& th4) GCE £ 4% A7KFig.
3), T& a,8-glucose 31 L Htoll arabinose ¥ rham-
nosex %o} ¥4 9lgich

ol FHYF +99 glucose, glucuronic acid®”,
-2 2} glucose, galactose, arabinose, xylose, glucuronic
acid**1"2b= 2}o] 7} 202 2%k 2 2] glucose, arabinose,
rhamnose?” 2= < 2} sl¢ o},

2) Aglycon® 744

FEYTS S B
2] 2 31492} saponin-& oleanolic acid 2} hederagenin&
aglycon® & 3ok B a7} glch B Ao o] F
aglycone EFF 22 3t 7+ A 89 aglycone TLCE
st 2 As} Al87) Apst A)7)9)} Akl @
Aol 25 2 kg ol EE2E o)9d) 271 9]
spot7} £2l=]ict o] ARE niwlo g aelar J A
A-847I(Nr2)®) 285 93lo) EFE hederagenin}
22 Al Jebd aglycon(Ag. 1) 2 oleanolic acid®}
Z& #1219 aglycon(Ag. 3), L] 3 EFEE 0) 2] agly-
con 27 % <Fo] %2 4 A aglycon(Ag. 4)% &7 2
=

A o] 379 aglycon 5& TLCZ4 #2|8e=n) 2
mm plate®} 0.2 mm plate & §7 o]-&3}od ofeim yhit
AN 2 aglycon5S &4 #a)s)sich

3) Aglycon®] #%

Oleanolic acid®} hederagenin®] -2} Alw} 3%}
S Fig. 49} v}

(1) Ag.1°] 54

€% oleanolic acid®, 2

2
glucose
S

arabinose
rhemnosc

_ - AL
02 46 8101214 0 2 4 6 § 1211
Retention time (min)

authentic sugar Sample

Fig. 3. GC chromatogram of sugar moiety of total sapo-
nin from Nr2.
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Ag. 1 TLCAIA Rfx17} 0.062-24 hederagenin
3 d skl 2o IR spectrumoll A F47el 2 &5
(3440 cm™ ") % carboxylZlel 9’ &5(1680 cm )7}
gal=g]}

IH-NMR & °| &% Zel 3deI- = chemical shift 4.22
(dd-like, C3-H), 5.5(t-like, Ci.-H), 34(dd, J=9, 6, Cis
—H), 365(dJ=3, Cx-He) % 6709 singlet methyl?]
signal 0.95, 0.98, 1.04, 1.05, 1.08, 1.27¢] #&5ez
Ag. 1€ hederagenin®-2 ¥ 3= tHTable 1).

(2) Ag. 39 &34

Ag. 3+ TLCel4 Rfxl7} 0.332.2 oleanolic acid%}

RRA LR REE

d2)ateic). IR ¥4 723 3410 cm™'(—OH), 1680 cm ™
(—COOH)2l #+71 ¥.l=ch 'H-NMR slix&
chemical shift 3.21(dd-like, Cs-H), 5.29(t-like, Ci-H),
2.82(dd, J=45, 4.2, Cis-H) ¥ 7789} Singlet methyl”)
signal(0.76, 0.78, 0.90, 0.91, 0.93, 0.99, 1.14)c] I
5 2B 8 oleanolic acid® ¥ = cKTable 2).

(3) Ag. 49l 5%

Ag. 4= TLCA<l A Rf* 0452 oleanolic acid®.c}
47t £ S A AEEHAUR IR ¥4 A5 5440
(3400 cm ') B carboxyl”1(1690 cm )& &7} #al
s 2lch 'H-NMRel 2ol A= 7789} singlet methyl”]
signal(chemical shift 0.74, 0.91, 0.93, 0.97, 1.10, 1.14,
1.25) ¥ 3.20(dd-like, Cs-H), 5.29(t-like, C;»-H), 2.82(dd,
J=36, 4.2, Cis-H)7} BFEY 2 290 4.73(d, ]=5.9),
5.10(d, J=5.8)°] E3¥Ho2 2A=l9jcKTable 2).

MS spectrum 4-unsaturated oleanene¥® ur-
senedloll 3= ZE 3489 C-ringol A Retro-Diels-
Alder reaction®l 2% fragmentatione ¥2# aion3}
b iong Ak Ag 49 MS spectrum(Fig. 5)& 23

100 P
80
208
60
40
MW R, R, Ry 20
Oleanolic acid 456.7 H H H o 8 1.,5‘1*1‘ PR mfj" o 4
Hederagenin 472.7 H OH H NTITIVV RS I W L)
. 100 200 300 400 500'M/Z
Fig. 4. Molecular structure of oleanolic acid and
hederagenin. Fig. 5. Mass spectrum of Ag. 4.
Table 1. !-NMR spectra data in pyridine-dy
Compound Methyl groups Cs-H Cyo-H C,s-H Cog-H
Hed , 0.94, 0.99, 1.01, 4.23 5.5 3.33 3.73 (d.J=9)
ederagenin 1.07 (x2), 1.25 (dd-like) (t-like) (dd.J =6, 6) 4.2(d.J=3)
Ag.1 0.95, 0.98, 1.04, 4.22 5.5 3.4 3.65(d.J=9)
£ 1.05, 1.08, 1.27 (dd-like) (t-like) (dd.J=9, 6) 4.2(d.J=3)
Table 2. 'H-NMR spectra data in chloroform-d
Compound Methy! groups Cs-H C;»-H Cig-H -H,
Oleanolic 0.77, 0.78, 0.90, 0.91, 3.21 5.29 2.84
acid 0.93, 0.99, 1.14 (dd-like) (t-like) (dd.J =6, 6)
Ae.3 0.76, 0.78, 0.90, 0.91, 3.21 5.29 2.82
& 0.93, 0.99, 1.14 (dd-like) (t-like) (dd.J=4.5, 4.2)
Agd 0.74, 0.91, 0.93, 0.97, 3.20 5.29 2.82 4.73 (d.3=5.9)
g 1.10, 1.14, 1.25 (dd-like) (t-like) (dd.J=3.6, 4.2) 5.10 (d.J=5.8)
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o L
M+_* :._/ g CHg*
484 (T%) ‘0.. + e COOH
a ion, 236 (7%)

b ion, 248 (100%)

0.,
. '\"/ - CH2 +
\0 -

a--H, 235 (12.5%) b--COOH, 203 (64%)
Fig. 6. Mass spectrum fragmentation of Ag. 4.

Eato] 2(M*) 29 484(7%)2i°] RDAAIGA 93
AR aion? 236(7%), 235(12.5%)2} b ion2] 248(100
%), 203(64%) 5-°] VF=Uch o)7 o2 Ag 49 ¥}
& 4842 oleanolic acid 2.v} 28°] W27 base peak’}
b ion®} m/z 248¢] 7 o) xr} 280] L AL =)
2%+ W a iondll A& oleanolic acidol 4] & $ &
2082t} 28°]) ¥ 236°] &= a iond unknown
part7t A& Ho2 FHAcKFig 6). 'H-NMRIA &
o3} ¥2% chemical shift 4.73(-0-*CH,..-0-), 5.10(-
O0-*CH;+-0-)2 & Fig.69] A9 728 34% + 4
2.9 36~3.8 ppm A T signal2H Fig. 79 a)9)
Ci-H £& b)9] C,-HE= F4=%ict webA Ag 4+ a)s}
b)e] E3E2 42 b)) 5Y% Bl 2)9] 6URo)
B} kAsleg a)7h o] B w2 2 Aol
Alg ¥}

£ AME v]Fo] Bwi Poj¥ Ag4v TRALE
Hol W FFol 3= aglycond 7HsAE U,
E3He 2 o] 71z Mgl A AU
2& oleanolic acid®} fFrEMYE2 s}z ¢,

2. Fh saponin®] £2] ¥ =

1) Fh saponin®] #2]

Ad 4t 3 A A4H7|(Nr2)Eoll £3] $& ‘b’ sapo-
nin® 2§ %3)7] 484 crude saponin 3, 8 g& co-
lumn chromatography 24 3% %°2 ¥g s} 2
Z ¥8 & o 09geldx, TLCE HAY 2z o
FFo] ‘b’ o]2& Elatoside Fhet 993t4dd).
elatoside Fh- Prep. HPLCZ | A 4| ¥ =} Fh, 3} Fh,
2702] saponin®] ¥-215)slct. ©] ¥ elatoside Fhi(#%
#HA)e] 725 w7z oo

2) Elatoside Fh,o] +%

F8F &9 Saponino] &I AF(D 247

b)

Fig. 7. Structure of Ag. 4.
a) 1.3-methylenedioxy-3-dehydroxyoleanolic acid.
b) 2.3-methylenedioxy-3-dehydroxyoleanolic acid.

(1) Aglycon®] 5%

Elatoside Fh, 2 »C-NMR ¥ 'H-NMR spectrum 2.
HE% A7 triterpenoidel 3%#F2] sugar7t 4§tsn
9l saponino& FA =t

$-41 “C-NMRe®l 4 aglycon*-2l chemical shift{: me-
thyl oleanolic acid®} chikusetsusaponin®] chemical
shifti v] s B 2H(Fig. 8, Table 3) triterpenoid Q! olea-
nolic acid*2} 78} %3] ciuk 3 ghintel elato-
side Fh.+= 88.7 ppm, methyl oleanolate+= 78.6 ppm-2-ic.
A 24 Jepgor} o)A 3 4tz gol
Ao =X 10ppm =7 AAYZROR o) Fdh=
73-& glycosidation shift*el] 2% A3} wf-Fo g ¥ <lc}
¥ chikusetsusaponin® (oleanolic acid®] C. F471¢}
Cas carboxylZ]el ©e] A3 lelAx 3w &9 che-
mical shift7} 89.3 ppmell vehd AR Y 5
9Jc}. o14ke] BC.NMRZH-E] elatoside Fh, 2} aglycon-&
oleanolic acide} 3% 4 Uk

%3] 'TH-NMRell 41 oleanolic acid 2#-€ &2 dh= Cs-
H*l chemical sift 3.33(m), C,.-H®} 5.31(t-like), Cis-HS]
2.80(dd, J=17, 17) % 7702} singlet methyl”] signal(0.
88, 0.96, 0.99, 1.03, 1.12, 1.27, 1.84)c] &gl iz}
aglycone oleanolic acideba #=d=|ict.

(2) Oleanolic acid®t <o Hi$1A

tro] AtEle] AdE e Ci 74719 Cu carbo-
xyI?|2 #3435 G #4171 “C-NMR chemical
shifti2 ®13o] glycosidation shiftT ®ejoz4 <3}
A=A E o 7 22 Cu carboxyl 712l WC-NMR
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Methyl oleanolate

Chikusetsusaponin V

Fig. 8. Structure of methyl oleanolate and chikuset-
susaponin V.

chemical shift”} 175.9 ppm22 oleanolic acid®] 22
¥} 19ppm RAZZC R o|F&A $&H A
Kol 214 anomeric carbon signal®]l 95.9 ppmell #
2-g ol(Table 4) W2} glucose”} Cz carboxyl?]l este-
ric glycoside Z¥(ZA% shift)g °ol1F2 USE &
7} sl

@) T2 FH ¥ A

Elatoside Fh,& 7}r¥sisle] TLCE &g 7}
TAdel FF+ arabinose ¥ glucosedew] PC-
NMRell A& o4 f0% 17709 signale] AAS
g}l £ F 11 signal2 free arabinose 3 glucose<]
BC-NMR chemical shiftell #&#=]gjen g z}z} aigt
arabinose ¥ Tt glucose?] &7} ¥<l= ) 2.0(Ta-
ble. 4), ©] 5 anomeric carbonell 3%33h= signate] 95.9
ppm2 = carboxylol 2% glucose®] anomeric car-
bono2 FAH=lch ¢ 6719 signal® glucoseol 4]
FW s signal® FAEI o 29 ghael slgshe
signal®] 84.1 ppm2 = free glucose?] 22}(74.8 ppm)=
t} 10ppm YE HAFZOZ o)F9Y Ho2 Mo}
glucose®] 2%1ell o} & & 2219 sugar?} ZAdsla Y=
RE o 5 qlch

o|Ato.2 4 Wclh arabinose?t Ukt glucosee] E3,
Cu-carboxyl?lell glucose2] 23§t glucosed] 2¥ 4t

RAA P UL

Table 3. 13C-NMR chemical shifts of methyl oleanolate,
Elatoside Fh, and Chikusetsusaponin in

pyridine-dy
Carbon Methyl Elatoside Chikusetsu-
no. oleanolate Fh, saponin
1 39.3 39.6 38.7
2 28.2 27.2 26.7
3 78.6 88.7 (+10.1) 89.3
4 39.3 39.0 39.5
5 56.2 55.9 55.8
6 19.0 18.5 18.5
7 33.0 33.2 33.2
8 40.1 40.1 39.9
9 484 49.1 48.1
10 379 37.1 36.9
11 239 23.7 23.7
12 123.0 123.2 122.5
13 144.4 144.4 144.2
14 422 421 42.1
15 284 28.1 28.2
16 23.9 24.6 23.7
17 473 47.2 47.0
18 42.2 41.3 41.7
19 46.5 472 46.2
20 30.9 30.8 30.8
21 344 33.4 34.1
© 22 33.0 323 32.7
23 28.8 28.1 28.2
24 16.3 17.0 16.7
25 15.6 15.7 15.5
26 17.3 17.6 1756
27 26.1 26.7 26.1
28 177.8 175.9 (-1.9) 176.4
29 33.5 33.2 33.2
30 23.9 23.7 23.7
OMe 51.3 23.7 23.7

7ol o}& sugar®] A $& FAHY £ 9d o]
538 2d Fig 99 28 374 %9 +2& 1A g
Sl

ol FZ 7h&Hl ol AU E #a15}7] 915t ela-
toside Fh2& alkali 713l (carboxyl 7] &) ©3¥2])8}e]
'He2} “C-NMR & ©] &-3}¢] ¥-4 515 ciTable 5). = A
Fo 2 7E FaA% 11709 signal©) free glucose ! ara-
binose2] “C-NMRoll A4 591022 Cy-carboxyl 7]l
A% F2 glucosed o] &A=t} 28] glucose

31 vhiol sidsh: signalel 84.1 ppm 2.2 free glu-
cose?] 2%)(74.8 ppm)Ect 10ppm FE HARZEoE

> njo
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Table 4. 13C-NMR chemical shifts of sugars of Elatos- Table 5. 13C-NMR chemical shifts of Elatoside

ide Fh, in pyridine-d; Fhy-alkaline hydrolyzate in pyridine-d;
Elatoside Fh, Free sugars Aglycon moiety Sugar moiety
ca;:f’" ::ief'tmcal Ch:}:’;:a] 1 390 3Gk 1 1061
2 27.3 2 84.1(+9.3)
28-Gle 1 959 (-9.5) D-Gle 105.4 3 88.6 3 78.2
2 75.7 74.8 4 38.8 4 715
3 78.4 78.1 5 55.9 5 78.6
4 71.1 714 6 18.5 6 62.5
5 78.7 78.1 7 33.4
6 62.77) 62.5 8 39.9
3-Gle 1 106.49) 105.4 9 49.1 2’-Ara 1 107.3
2 84.1 (+9.3) 74.8 10 37.0 2 71.8
3 79.49 78.1 11 23.2 3 74.8
4 71.5 71.4 12 123.8 4 69.2
5 78.99 78.1 13 145.3 5 66.9
6 62.20) 62.5 14 41.6
2’-Ara 1 10742 L-Ara 105.9 15 28.1
2 71.9 72.2 16 23.8
3 74.2 74.4 17 47.3
4 69.3 69.1 18 42.1
5 67.0 66.6 19 47.2
* ay), b¥), el mutually probable Z(l) gtli?
22 32.4
0§ oleanolic acid ?C :0 O g-o]eanolic acid E8C =0 23 29.1
K | | 24 17.0
ara 0 gle 0 25 15.6
| |2 | 26 17.5
gle ara gle 27 26.7
E: 28 177.8
A gle B 29 33.4
30 23.8
28
0—oleanolic acid —(|:=O
gle l0
gle
l2
ara
C
Fig. 9. Probable bonding type of sugar moieties in Elato- CH,0H ©
side Fh;. 0
OH
o] 5-& Ao 2 Ho}glucose? 294l arabinose”t AEH HO
A€ o & Utk webd elatoside Fhott B 2& F 0
Z2E 3ln & ez FHs,
(4) Anomeric B9} ZghekA oH OH 0
Glucose2l 7% 'H-NMRel 2!%14 anomeric pro- 4

ton®] J*|(coupoling constant)”} #Z§2 7-8Hz, ¢ @
< 244 Hz'"?l A2 4-¥ elatoseide Fh.i= glucose Fig. 10. Structure of Elatoside Fh,.
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2%2}9] anomeric proton signalel Z+7t 6.33(d, J=8.0)
W 539(d, J=78)° &l 2t F3] pEYS 3}
I e Aoz #AG=dc) £33 BC-NMRel UelH
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