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Abstract— Acidic and alkaline hydrolysis of diol-type ginseng saponins produced a new glycoside,
(20E)-ginsenoside Rhs, and its stereoisomer (20Z)-, which were further subjected to alkaline hy
drolysis to give their aglycones, (20E)- and (202)-38, 128-dihydroxy-dammar-20(22),24-diene. The
ratio of stereoisomeric mixtures was estimsted to be ca. 5: 1 from intensities of the peaks in 'H-
and “C-NMR spectra. The 'H- and "C-NMR signals of ginsenoside Rhs;, which have remained un-
clarified, were completely assigned by the extensive application of modern NMR techniques.
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FAtollat njgko 2 EAst=so g el ginseno-
side Rhe7} 44| £5< 3LL, MH.C,, B16, HeLa]
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ginsenoside Rh #A|d 9] d-7ZA3}el| mje} o] & 313
Aol wpg oz ok z3l7] 93 A7t BIE]
a0 FHogE ANELE FATFRE AV %
ro g qiake] §lo 2 RE] AR I ALEW Q] Rhy7}
e, AU} o] ginsenoside Rhst ginseno
side Rh22] 2081 9121 2] #4k7] 9} 226 92 &) 427}
AA=HA o] F A o] P FREA], ZHF oAl
Fof 3t AlEFA B FFSBAE MR 7]
e oz}, T2 IA|AE ZAREYE F
83 2AEE AAE ¢ g AR AlsdY. oy
ol Rhs®] ofejagdTrt Bz ¢ &
Abloful 23] wigke g ZAse, =3 27 I}
&3, EejH o] {4 daucosterino] t}&F &)
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A 28 v)F3hH, 9-7] 1 aglycone2 TLCAHY
RiZ}oll= oud Bux gl Aol uwhaha,
Ao A 222 & protopanaxadiol A &} FE A}
o g He 3}tz ql WS %3be] ginsenoside
RhsE& A|zslazl slgden, 1 A3} ginsenoside
Rhse} Z171¢] 28 AFEAI el anhydroprotopa-
naxadiol-2 A|Z3h= WL ggglsigon, o559
-+%Z NOESY, HMQC, COSY, H-X COSYs} #e
%4l 2-D NMR 715-& o] 8-} H&siA AAs]
g} =g o] 5L Chen'Wo| Allox] B2]& gi-
nsenoside Rh:¢}= o} & YAAF+2E 3l 9SS
graie} ol Bwatizl gt

Ay 4y

& —Ginsenosides®] 2] & Sla) A% F4h2
gl QAR AF e A4t Al A 6433 PARE A
45lo] 323 A& AlFwro}l AME-3sic)

Alf—qiAtALE T 9] Ea]of A18-F column chro-
matography-£- silicagel- Kieselgel 60 (70-230
mesh, Merck) &, 29| A|ob2 27 A, £ 565
AH&-31dch

2|71 = A" 7171 oheat 2k
Melting Point : Fisher-John Apparatus (uncorrec-
ted)

'H-(400 MHz) & "*C-NMR (100 MHz) : Bruker
Model AMX 400

FAB MASS : VG-VSEQ (EBqQ type)/VG Analytical
Optical rotation : JASCO, DIP-370

Elemental analysis : Perkin-Eimer Model 240C
EI-MS : Varian Mat 212MS

IR : Perkin-Elmer Model 599B

F=& Y 22l-U= ¥ AR 100g8 A
ol A 95% ethanol & & ¥ oj2}3} (500 m/ X 3)
o] & wo} ZhghgE3ltArh o3l FEEel 500
m/S 71§+ ¥ n-butanol 200 m/E 33 &3} 7}
FEEst 22E 11.3gS At o] 552 FH
silica gel column (eluents: CHCli-MeOH-H:0=
65:35:10 & n-BuOH-EtOAc-H:0=15:1:4)°2. 2
chromatography@}e] ginsenoside Rb,, Rb,, Rc® Rd
E3E 658 29k

Ginsenoside Rh:2] H[Z - 2ol 4] de{zl ginse-

—

noside &3}E 5g& 50% acetic acid 200 m/of &
A7) 70T A 24 7HgqE kg F Ae7hA]
A3ch vEg g e E3la & 200 miol X4l F
n-butanol 100 m/ & 23] $%3ldch. 25 NS ¥}
thA] & 118 23] A Ao 7FshsSsled A EHE
28ge 43wt °]E 10% NaOH/n-BuOH-MeOH
(4:1) 500 miol] &3H3le] 80T A 10A]7+5-F 2
ukslolct. vh-e-8-o4-2 40Tl A 14]7} 7H3t553)o]
methanol & A| 718l 1 & 250 miZ 33 A A3 % )
Al 7hebsE3lgdc) BHEEEES silica gel column
chromatography (CHCl:--MeOH=12: 1 & benzene-
acetone 1:1) 3}o] ginsenoside Rhs (38,128-dihy
droxy-dammar-20(22),24-diene-3-O-f-D-glucopyra-
noside) 380 mg& Ptk

Ginsenoside Rhs: white powder (MeOH), mp.
160~162TC, [alv® +6.7° (C=045 MeOH) , IR v
max (KBr, cm™'): 3400, 2950, 1627, pos FAB MS
(m/z) : 605 (M+H)", Anal. Calcd. for CssHeO: :
C, 71.59; H, 10.00 Found: C, 71.38; H, 10.07, ‘H-
NMR (Table I), "C-NMR (Table II)

3B, 12p-dihydroxy-dammar-20(22), 24-diene2| H|
E—HYollA 22 ginsenoside Rhs 100 mgs *3}
NaOH/n-BuOH 50 m/f| &3]3t 100Tol 4] 347}k
wubstgch MHEERES 5T S0 mlE 33) A3
B0 7 ES F S 100 mlo) &3 3kaL ethyl
ether 50 m{2 23] FF3lo] Ftg&F3idcl 5%
&5 silica gel column chromatography (n-hexane-
EtOAc=5: 1)3}lo] ginsenoside Rhs:®] aglyconeg]
3B.12B-dihydroxy-dammar-20(22),24-diene 35 mg-&
Agdrl. AP-protopanaxadiol : colorless needles

(acetone), mp. 135~137C, [a]v® —28.0° (C=10,
CHCL), IR vau (KBr, cm™1) : 3390, 2950, 1627, EI-

MS (m/z):442 (M*), Anal. Calcd. for CsuHsO::
442.3813, Found : 442.3799, 'H-NMR (Table I),
C-NMR (Table II)

4ot 9 aE

Ginsenoside Rbi, Rb:;, Rc ¢} Rde 159] agly-
cone?) protopanaxadiol®] C-20 ¢]X|o)| Z3ts]iq]
v 29 TF AgekAule] thEdh o]ES 50%
acetic acid®2 7HpslslH (20R)- & (208)- ginse
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noside Rg:9} 4] C-203} C-224| 4] & 15-2}7} A)
A= HA o] F AT o] A H AY- ginsenoside Rg:7}
Al (20R)- 3} (208)- prosapogenin® AX-
prosapogenin®} TLCA}lel] 2] Rfgtell 2k7ke] zjo]r}
wARk Fejatd g £ mpErg FEg o
2 ginsenoside Rhs A Z4A) 82 AF&3)gdc). o]
E§E2 10% NaOHZ 71285 A3t C-3 9179
wededo] 17) A4 = ginsenoside Rhe2} &7 C-203
C-22001 4 & 1837} d5Eo] ARo] o] FAto]
A%l ginsenoside Rhy7} Al=|glon], o] = 1)
AEZ SolslA ¢eld = gk

%4, ginsenoside Rhs2) aglycone$ A %3}7] 3
atel Chen ' Ato & 7lpd-sl sl WS AH4-
gtdedl olAL ©o]FA¥ chainell o8] Fubs-&
Fregto 24 2 0] T3] $£3 ¢or, TLCA
ofl A ¥ =3k RIFHE ZHe H-AbEo) vk A g o 24
T3l FeAA|E fEch HAR 25 A
7R 3ted 32 aglyconeol| tsted w43 silica
gel TLC Adell4e] Rfghabs A 2|5t &% =83
257} glek. 8129 4252 A YA 7o
bR gt A3} 54844 ginsenoside Rh: ¢ ag-
lyconewt& & 5 Qldom o]24-€] 'H-NMR %
PC-NMR< %33 E2l3et3 2188 48 = U
t} (Table I, ID.

Az A 28 ginsenoside Rhax '"H-NMR % ¥C
-NMR 9] data”} ginsenoside Rh:9} wi-$- -§-A}shed
o, pos. FAB MS2 %8| 2-2}gfo] 6044 A o 2 HE]
ginsenoside Rhzoll 4] & 1327} &pxl 728 237
=9lrt. Table 1¢] 'H-NMR spectrum (ds-Py.)&
B, 512 ppmel| 4 1709] proton signalel] &) %33}
triplet2] *| 2% olefinic proton signal (H-22) & #
Elx skl =gt w3 2.72 ppmel| 4 #Z&% methy
lene proton signal (H-23)2 decoupling A& 2=}
z+7+9] olefinic proton} coupling 3} §l-&-o] 43
A, Aze] YA o|FAFY] x|+ C-20% C-22
Ax9de o 5 gk =3k PC-NMR (ds-Py.) spe-
ctrumol] 4] 88.72 ppm (C-3)3} 106.93, 75.75, 78.72,
71.83, 78.34, 63.04 ppm] signale] #2x])o] m 3 9]
C-3 91 2ol D-glucopyranose7} B- 233t gl 7o)
gl =) 9lr}. Ginsenoside Rha2}2] x}o) & H.ui 47) 2
olefinic carbon signalS-¢] 140.12, 131.22, 124.53 %
123.78 ppmell A #&3 b, OH7IE zt2 gl& C-

Vol. 39, No. 1, 1995

Table I—'H-NMR Chemical shifts of ginsenoside Rhs
and A¥-protopanaxadiol

Proton Rh; (ds-pyridine) A”-ppd(CDCly)

3 3.27 dd (11.7, 4.3)* 3.19 dd (11.2, 5.0)

5 0.64 dd (11.0, 20) 0.72 dd (114, 2.0)

12 3.81 ddd-like 3.73 ddd (10.5, 10.5, 5.2)
17 2,67 ddd-like 2.63 ddd (11.0, 10.7, 4.5)
18 091s 102s

19 090 s 0.88s
21 172s 1.66d (0.6)
22 541t (6.7) 5.39 tq (6.9, 0.6)

22** 514t (6.5) 521t (6.5)
23 272dd (7.1, 6.7) 267 dd (7.6, 6.9)

23** 287dd (7.0, 65) 2.78 dd (7.0, 6.5)
24 512tq (7.1, 12)  506tq (7.6, 0.7)
26 1.54d (1.2) 1.69 d (0.7)
27 150 s 161s
28 121 s 097 s
29 071 s 0.78 s
30 085 s 0.88 s

D-glucopyranose
1 482d (11.9)

393 dd (119, 8.7)
4.16 dd (8.8, 8.7)

4.11 dd (8.8, 8.7)

391 ddd (8.7, 5.4, 2.3)
4.30 dd (116, 54)
4.49 dd (116, 2.3)

S OV e W

* Values in parenthesis are coupling constants in Hz
** Values of isomer

20 signale] #Z=A] ¢t} deby C-205% C-22
ARl N2E o] F A o] YA ULl FF=HUY
(Table II). &, 22 Ao da ) &5 'H-
NMR3} BC-NMR spectra® H¥ #3338 5 gjgict
(Table 1, II). '"H-NMR ¢l 4 5.14 ppm3} 2.87 ppm
o 4] 7z} gl Ale] A AlAl o] H-229} H-230.2 FA 5
+ %2 signale] #=E< 2 BC-NMRe| gloj=
C-20 7319 signals Zell 2k signal o] #3250
ojnf signal®] 7= F-E] F o]FAA 7} 5: 19 ]
2 AAHY e Aes FAHEE = ggdch
Ginsenoside Rhy¢] F&+ I aglycone o 2 ¥
o AAletAl gal= el 2 aglycone] FxjEke
protopanaxadiol¥.t} 18¢] =h2- 4422 & 1¥-3}7)
2] S-S o 4 Uik Aglycone®] "C-NMR
(CDCl:) spectrum-$& 2.9 ginsenoside Rh:2] agly-
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Table II—"C-NMR chemical shifts of ginsenoside Rh: and A*-protopanaxadiol

20(S)-Rhe” R (Py-do) 20(S)-ppd**” A"-ppd
(ds-Py) Chen" Kim (CDCly) (CDCLy)

1 39.12 39.3 39.22 39.0 39.03

2 27.05 270 28.10 274 27.39

3 88.78 88.3 88.72 78.9 78.82

4 39.66 40.3 40.22 39.0 38.94

5 56.35 56.4 56.35 56.0 55.88

6 1843 185 18.41 183 18.26

7 35.13 353 35.29 34.8 34.99

8 40.00 371 39.65 39.8 40.12

9 50.38 50.9 50.72 50.2 50.17
10 36.94 39.7 37.02 371 37.24
11 32.02 322 " 3219 312 3243
12 70.96 71.9 7251 70.9 73.33 (73.29)
13 49.54 504 50.41 477 50.13
14 51.69 51.2 50.98 51.6 50.50 (50.83)
15 31.32 32.6 32.59 (32.60) 311 3042 (30.51)
16 26.70 26.8 26.70 26.6 27.28

17 54.77 51.2 50.86 536 50.31 (50.37)
18 16.77 16.8 16.42 16.2 15.65 (15.68)
19 15.61 16.5 16.75 15.7 16.22

20 72.94 140.2 140.12 (139.8) 740 140.33 (139.48)
21 26.83 274 13.13 (26.99)" 26.8 12.46 (26.28)
22 35.88 123.8 123.78 34.8 122.16 (122.89)
23 22.97 30.0 2741 (27.01) 224 27.00 (26.54)
24 126.30 1254 124.53 (125.3) 126.2 124.70 (125.15)
25 130.73 1315 131.22 (130.9) 130.6 132.09 (131.77)
26 25.78 25.7 25.66 (25.73) 25.8 25.66 (25.72)
27 17.66 17.7 17.68 (17.73) 17.8 17.72 (17.81)
28 28.14 28.2 28.80 28.1 28.03

29 16.34 15.8 15.78 15.5 15.36

30 17.65 17.0 17.00 16.9 16.74 (16.80)

Glucopyranose

1 106.92 106.9 106.93

2 75.76 75.7 75.75

3 78.72 787 78.72

4 71.65 719 71.83

5 78.34 783 78.34

6 63.05 63.1 63.04

* Figures in parenthesis are values of stereoisomer

** ppd ; protopanaxadiol
“mutually exchangeable
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Fig. 1—Structures of (20E)- & (202)-ginsenoside Rh: and ginsenoside Rh.
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Fig. 2—'H-'H COSY spectra of A*-protopanaxadiol (CDCls)

cone <l protopanaxadiol#} §-A}F}r, 72.9 ppmel) 4 £)
C-209] signalo] #3-=|%] o4& ubd 140.33, 132.09,
124.70, 122.16 ppmel| 4] 4719 olefinic carbon sig-
nate] #&=]ch A 9] olefinic carbong F4
27 2 JAAHANE Roly AL signalse B
%% 4 9lglc} (Table II). Aglycone ¢ 'H-NMR
(CDCls) spectrum A% 3.73 ppm#} 3.19 ppmel] 4]
T35 signalB 2 %8 OHY|E 723 9l sbiv)
278 0L o 4 gl 5.06 ppm} 5.39 ppmell 4
Z+z} 1784 9] protonell #jw}3h= olefinic proton si-
gnals°] #5EN 20, 263 ppmT 2.67 ppmeol] A
methylene 2 2 5|+ signal 58 #2=8 4= 91l
o}, 23} 5.21 ppm 3} 2.78 ppm-S-oll A4 3] 2 o] A A A <]
22 proton signal’5-2 &<l = 9igdc} (Table ).
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Fig. 2¢] 'H-'"H COSY spectrumell 4| 5.06 ppm
5.39 ppm 2] F olefinic proton5-2 2.67 ppme} 27
2} protonel] s)=sl= methylene signal®} EA]el|
coupling 343 9] ¥l A 2 24 (peak a ¥ peak
b), 2.67 ppm¥} 5.39 ppm 2} proton signal-& 77+ H-
233 H-222 %=}y w8 o) H-22%: 166
ppmel 4} #33% singlet methyl signal®} (peak c¢),
H-24+= 1.61ppm % 1.69 ppmol| 4] #33 singlet
methyl siganl3} (peak d % peak e), ¥4 coup
ling3tal 9J&o] Ao 2y o] = peak &2 ¥ 2
H-21, H-27 3 H-262] methyl signal2 ¢lggjct.
& qlAlo] A A 2] 5.06 ppm3} 5.21 ppm 2] proton
signale] 7+7} 2.78 ppmel| 4] #23 signals}-2) cross
peak (peak f % peak g)o] W& E o T A o)A
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Fig. 3—NOESY spectrum

A o] H-249 F3 =] gl H'-249} H'-22 22|22
H'-23°] #al=]g]om, peak hZH-E H'-222}9] 4
78] couplingdtiL 9l H'-210] =3k shalEgc)
Fig. 39] NOESY spectrum-2- 2.1 H-222} H-219]
cross peake A E R greubd, H-213F H-23410]
off 4] #A= peak aR FE FAYLEL] MEE olF
A2 JAH 2+ Entgegeno 2 whaizich &4
HAAGEQ 2 JAo|d A e H-229F H'-214}e] ol
peak b7} W25 0 2 3 Zusammen< o] el= )
Fig. 43} Fig. 5= 77} ginsenoside Rh:¢] HMQC
9} =1 aglycone®] H-X COSYelt}. A 29 cross
peak & ¥-¥ C-21, C-23, C-17, C-22, C-245-9] ca-
rbon signal ¥ proton signal -2 &413] &a&
9lsl e, oA A)A13F 'H-H COSY, NOESY spectra
2 DEPT spectra®} ¢]4e] HMQC?] =2 & %%
&}e] ginsenoside Rhs % A-protopanaxadiol ¢
'H-NMR% “C-NMRel] gl*J49] chemical shifts
Table I} Table IIol A 2]t} Table o] 4] gi-
nsenoside Rh: % protopanaxadiol®} ginsenoside
Rh; ¥ ~®-protopanaxadiol2] “C-NMR data8 Chen
o] | Aj%} Z form2] ginsenoside Rhse} w]as] ¥
#49] f2F8ht C-17, C-20, C-22, C-23, C-249)] 2719
z}o) 8} 3 Bo)H o 2 C-21¢l 14.3 ppm2) F=gjal
z}o]7} A&k ol E forme] FRHEAeE
qldled C-210] C-239l4] C-27= o]o]x]+& chain®ll

of A*-protopanaxadiol (CDCl)

olsf A A s g B od5-S o8 i3] A&
it

BAMEZ doyxd chemical shiftglol xlo]S B
ol #aAEE zH& carbon siganlE-g ZE kel A
Alstach o] 58 C-203} C-2201 4 9] o5 A2 o
Al 27} Zusammen?l o)A A A 9] signal 52 F3
o] §l2 & ChenWo] AAIZ} Z forme] &2} vl
3l 3.9 olefinic carbon signal 59| chemical shift -2
719 A %ks] Y5k} C-239] chemical shiftel] 3.0
ppme] ze)7b 2lE& & 4 Uk PC-NMR spe-
ctrum$ WY 7E’ A3}, Cheno] A|A§ 300
ppm ¥ 2 M + 1.5 ppmel] ojuldt 2 signal®
FEEA gov R, FH o] gk AAFF it
g} Zo] g%t g C-183} C-19¢) glol4l, Rhs 2
AP-protopanaxadiol X% chemical shiftgte] A2
up#o] z+zk Rhe ¥ protopanaxadiol® z}o}& 1.o]
2glt}. Fig. 69 AX-protopanaxadiol?] NOESY
sl 1.38 ppmell4] #5d H-1¢]
proton signal-2 0.88 ppmeil 4 #Z-3 singlet methyl
signal3-2] Alelell NOE7} #+25]o] (peak a), ©] si-
gnal$ H-1982 A& & 4 21, whabA H-182 1.02
ppmei 4 2% singlet methyl signal2 ZX % 4
et =3 Fig. 79 A¥-protopanaxadiol®] H-X
COSYol| A4} cross peak a, b2%-€] Z+z}+ C-187 C-19
9] chemical shiftE 15.65%} 16.22 ppm o2 ZAA &

spectrumel]
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Fig. 4—HMQC spectrum of ginsenoside Rh: (ds-Py.)
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Fig. 5—H-X COSY spectrum of A*-protopanaxadiol {CDCls)

T 9)glen, o] AbA 24-E] ginsenoside Rhy9] C-18 #H C-19% 77+ 16429} 16.752 &AsHA] A
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Fig. 6 —NOESY spectrum of A*-protopanaxadiol (CDCls)
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Fig. 7—H-X COSY spectrum of A*-protopanaxadiol (CDCls)

et Tl 23 7198 & 4 2doele} 7=l
Ginsenoside-Rhs+= ©}7] ql4te] lojnt wjgko 2

Elehes Aog deix glormg o uys % 4 £

AlgE gRa7] gEAW A4S A 52 3str o

ciekA 2 &4 gl whd-g Alarstelth =3 Chens Ginsenoside Rh: (3B,12B-dihydroxy-dammar-20

o] ¥2]3 Rhat Z form o8 X uE o=y, HAE (22), 24-diene-3-O-B-D-glucopyranoside), ¥ I ag-
e FYHEZ E form?] RS N2 728 lycone (3B,128-dihydroxy-dammar-20(22),24-diene)
EAstezM ko g ginsenoside Rh #Algde] +x + A % ote] sleRE wEe E3hed diolAl A
A stel] ofgh ofejshd] o4 W ople} YEstA Fer ¥ Azstdet 2 A (20E) formz}
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(20Z) forme] slAle] B AAE Aol 2 Y&
2 9 5:12 E forme] FAYHEE dolzict =7
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