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Background: Ginsenosides, the major ingredients of Panax ginseng, have been studied for many decades
in Asian countries as a result of their wide range of pharmacological properties. The less polar ginse-
nosides, with one or two sugar residues, are not present in nature and are produced during
manufacturing processes by methods such as heating, steaming, acid hydrolysis, and enzyme reactions.
TH-NMR and >C-NMR spectroscopic data for the identification of the less polar ginsenosides are often
unavailable or incomplete.

Methods: We isolated 21 compounds, including 10 pairs of 20(S) and 20(R) less polar ginsenosides (1
—20), and an oleanane-type triterpene (21) from a processed ginseng preparation and obtained complete
TH-NMR and "*C-NMR spectroscopic data for the following compounds, referred to as compounds 1-21
for rapid identification: 20(S)-ginsenosides Rh2 (1), 20(R)-Rh2 (2), 20(S)-Rg3 (3), 20(R)-Rg3 (4), 6'-0-
acetyl-20(S)-Rh2 [20(S)-AcetylRh2] (5), 20(R)-AcetylRh2 (6), 25-hydroxy-20(S)-Rh2 (7), 25-hydroxy-
20(S)-Rh2 (8), 20(S)-Rh1 (9), 20(R)-Rh1 (10), 20(S)-Rg2 (11), 20(R)-Rg2 (12), 25-hydroxy-20(S)-Rh1 (13),
25-hydroxy-20(R)-Rh1 (14), 20(S)-AcetylRg2 (15), 20(R)-AcetylRg2 (16), Rh4 (17), Rg5 (18), Rk1 (19), 25-

hydroxy-Rh4 (20), and oleanolic acid 28-0-$-D-glucopyranoside (21).
Copyright © 2014, The Korean Society of Ginseng, Published by Elsevier. All rights reserved.

1. Introduction

Ginsenosides, major components in Panax ginseng Meyer, are
mainly classified into two groups of the dammarane-type tri-
terpenes: protopanaxadiol (PPD) and protopanaxatriol (PPT) [1].
The substitution of sugar chains at C-3 or C-20 in PPD, or at C-3,
C-6, and C-20 in PPT gives rise to a wide range of ginsenosides
[2]. The PPD type typically includes the ginsenosides Rb1, Rb2,
Rc, and Rd, whereas the PPT type includes Re, Rf, Rg1, and Rg2,
which have three to five sugar moieties, in harvested ginseng.
During processing by steaming with heat and acidic solutions, or
in microbial reactions, these polar ginsenosides decrease and the
less polar ginsenosides, such as Rg2, Rg3, Rh1, and Rh2, increase
[3—5]. It has been suggested that they could be generated by the
elimination of sugar chains or by dehydroxylation [6]. These
reactions can also generate the irregular A20(21) and A20(22)
ginsenosides, such as Rg5, Rh3, Rh4, and Rk1, which are rarely

found in nature [7]. In particular, the 20(R)-ginsenosides,
including 20(R)-Rh2 and 20(R)-Rg3, are derived by selective
deglycosylation and dehydroxylation at C-20, followed by
biotransformation by reaction with a hydroxyl group [8,9]. The
acetylated ginsenosides are generated by decarboxylation from
the malonylated ginsenosides, including malonyl (Mal)-Rb1, Rb2,
Rc, Rd, and Re [10]. As the less polar ginsenosides can be easily
absorbed into blood vessels and act as the pharmacological
agents with potential as drug candidates, the mass production or
isolation of the less polar ginsenosides is of much interest in the
ginseng industry [5].

Recent improvements in chromatographic techniques have led
to the analysis and isolation of the stereoisomers of minor ginse-
nosides in ginseng preparations [11]. The structure—activity re-
lationships between the diverse ginsenosides isolated by these
improved techniques has been studied in both cancer cells and
noncancer cells [12].
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In this study, we isolated 21 minor ginsenosides from a pro-
cessed ginseng preparation and unequivocally determined their
structures by one-dimensional and two-dimensional NMR spec-
troscopy and compared these results with previously published
data. The NMR data obtained for these minor ginsenosides will be
useful in studying the structure—activity relationships between
structural modifications such as the number of sugar groups, the
sugar linkage at C-6, the number of hydroxyl groups, and the ste-
reoisomers of 20(S) and 20(R), as well as in the identification of
stereoisomers of ginsenosides.

2. Materials and methods
2.1. General procedure

Column chromatography (CC) was carried out using Kiesgel 60
silica gel (40—60 pm, 230—400 mesh, Merck, USA), YMC-GEL ODS-
A (5—150 pm, YMC), and Sephadex LH-20 (25—100uM, Pharmacia,
NJ, USA) columns. Thin-layer chromatography was carried out us-
ing Kiesgel 60 F,54 coated normal silica gel and RP-18 F,54 coated
reversed-phase (RP) silica gel columns. The 'H-NMR and >C-NMR,
TH-TH COSY, HSQC, and HMBC spectra were recorded on a Bruker
AMX 500 or 600 spectrometer in pyridine-ds. The solvent signals
were used as internal standards. The high-performance liquid
chromatography (HPLC) system consisted of a G-321 pump (Gilson,
USA), a G-151 UV detector (Gilson), and a YMC-Pack Pro C;g column
(250 mm x 10 mm i.d.; 5 pm); and all chromatograms were
monitored at 210 nm. HPLC-grade solvents (Fisher Scientific, USA)
were used in the MeOH—H,0 or MeCN—H,0 system.

2.2. Ginseng preparation

The processed ginseng preparation was gifted from Green-
crosshs (Sungnam, Korea). It was prepared using patented tech-
nology and a previously reported method [13]. Briefly, the
harvested ginseng was repeatedly extracted with ethanol, followed
by reaction with an enzyme containing ginsenoside-g-glucosidase.
After acid hydrolysis of the residue, the reactant was purified with
HP-20 resin followed by washing out with distilled water and,
finally, 95% ethanol.

2.3. Isolation of ginsenosides from the processed ginseng
preparation

Powders of the processed ginseng extract (GE) (90 g) were each
subjected to normal silica CC (20 x 5 cm column) with a gradient
elution of solvents (CHCl3:MeOH = 10:1, 7:1, 5:1, 3:1, 0:1; all 1-L
volumes) and 24 sub-fractions (GE1—24) were obtained. 20(S/R)-
AcetylRh2 (5, 6) (20 mg, R; = 14.1 min) were obtained from the GE-
5 (2.8 g) sub-fraction by RP silica gel CC (20 x 5 cm;
MeOH:H,0 = 9:1, 1 L), followed by preparative HPLC
(MeOH:H20 = 65:35, 4 mL/min). Oleanolic acid 28-0-(-D-gluco-
pyranose (21) (200 mg) was isolated by recrystallization (100%
MeOH) from the sub-fraction separated from the GE-7 (6.5 g) sub-
fraction by RP silica gel CC (10 x 3 cm; MeOH:H,0 = 7:3, 2 L). Five
sub-fractions (GE8—10 A—E) were obtained from GE8—10 (12.1 g)
by RP silica gel CC (MeOH:H,0 = 8.5:1.5, 4 L). Rh4 (17) (5 mg,
R; = 19.1 min) was isolated from GE8—10 B, and 20(S)-Rh2 (1)
(300 mg, R; = 5.7 min) and 20(R)-Rh2 (2) (210 mg, R; = 6.1 min)
were isolated from GE8—10 C by preparative HPLC
(MeCN:H,0 = 55:45, 13 mL/min). The mixtures of 25-hydroxy-Rh4
(20) (35 mg, R; = 11.1 min), 20S/R-Rh1 (9,10) (90 mg, R; = 13.2 min),
25-hydroxy-20(S)-Rh2 (7) (28 mg, R; = 23.1 min), and 25-hydroxy-
20(R)-Rh2 (8) (100 mg, R; = 23.3 min) were prepared from GE12—
14 (8.2 g) and were isolated by RP silica gel CC (10 x 3 cm;

Name R, R, R;
20(5)-Rh2 (1) 0-Glu H S-OH
20(R)-Rh2 (2) O-Glu H a-OH
20(5)-Rg3 (3) 0-Glu-2"-0-Glu  H S -OH
20(R)-Rg3 (4) 0-Glu-2"-0-Glu  H a-OH
20(S/R)-AcetylRh2 (5 and 6) O-AcetylGlu H o- and f-OH
20(S)-Rh1 (9) OH 0-Glu B-OH
20(R)-Rh1 (10) OH 0-Glu o-OH
20(5)-Rg2 (11) OH O-Glu-2'-0O-Rha  -OH
20(R)-Rg2 (12) OH O-Glu-2"-O-Rha  a-OH
20(S)-AcetylRg?2 (15) OH g:ﬁﬁ;‘ym“’z" $-OH
20(R)-AcetylRg2 (16) OH g:gﬁ;‘ylmu'?' «-OH

Name R;
25-Hydroxy-20(S)-Rh2 (7) a-OH
25-Hydroxy-20(R)-Rh2 (8) a-OH
25-Hydroxy-20(S/R)-Rh1 (13 and OH 0-Gle a- and S-OH

14)

O-Glu-2-0-Glu
Rk1 (17)

Name R, R,
Rh4 (18) OH 0-Glu
Rg5 (20) 0-Glu-2'-0-Glu H

” 6-Gle

25-Hydroxy-Rh4 (17)

Oleanolic acid 28-0--D-glucopyranose (21)

Fig. 1. Structures of compounds 1—-21 isolated from the processed ginseng extract. Glu,
B-D-Glucose; AcetylGlu, 3-D-6'-O-Acetyl-glucose; Rha, a-L-Rhamnose.
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Table 1
TH-NMR Spectroscopic Data for Compounds 1-8 in Pyridine-ds
No. 20(S)-Rh2" (1) 20(R)-Rh2" (2) 20(S)-Rg3? (3) 20(R)-Rg3?) (4) 20(S/R)-AcetylRh2 %) 25-Hydroxy- 25-Hydroxy-
(5 and 6) 20(S)-Rh2%) (7)  20(R)-Rh2%) (8)
6y (J in Hz)
1a 1.49 (1H, m) 1.49 (1H, m) 1.46 (1H, m) 1.47 (1H, m) 1.58 (1H, m) 1.49 (1H, m) 1.49 (1H, m)
1b 0.79 (1H, m) 0.79 (1H, m) 0.72 (1H, m) 0.72 (1H, m) 0.88 (1H, m) 0.75 (1H, m) 0.75 (1H, m)
2a 2.19 (1H, m) 2.20 (1H, m) 2.16 (1H, m) 2.17 (1H, m) 2.12 (1H, m) 2.20 (1H, m) 2.18 (1H, m)
2b 1.78 (1H, m) 1.79 (1H, m) 1.79 (1H, m) 1.81 (1H, m) 1.78 (1H, m) 1.38 (1H, m) 1.36 (1H, m)
3 3.35 (1H, dd, 3.36 (1H, dd, 3.26 (1H, dd, 3.26 (1H, dd, 3.24 (1H, m) 3.36 (1H, dd, 3.35 (1H, dd,
J=46,11.9) J=3.7,115) J=11.75,435) J=11.75,435) J=44,11.7) J=44,11.7)
5 0.72 0.73 0.65 0.66 0.71 (1H, m) 0.73 (1H, m) 0.71 (1H, m)
(1H,d,J = 11.9) (1H,d,J = 11.5) (1H,d,J = 11.4) (1H,d,J = 11.5)
6a 1.48 (2H, m) 1.50 (2H, m) 1.49 (1H, m) 1.52 (1H, m) 1.48 (2H, m) 1.58-1.32 1.52-1.36
(2H, m) (2H, m)
6b 1.35 (1H, m) 1.40 (1H, m)
7a 1.47 (1H, m) 1.49 (1H, m) 1.42 (1H, m) 1.41 (1H, m) 1.45 (1H, m) 1.47 (1H, m) 1.48 (1H, m)
7b 1.21 (1H, m) 1.23 (1H, m) 1.19 (1H, m) 1.21 (1H, m) 1.20 (1H, m) 1.22 (1H, m) 1.22 (1H, m)
9 1.40 (1H, m) 1.42 (1H, m) 1.37 (1H, m) 1.37 (1H, m) 1.41 (1H, m) 1.41 (1H, m) 1.41 (1H, m)
11a 1.58 (1H, m) 1.58 (1H, m) 2.02 (1H, m) 2.00 (1H, m) 1.52 (1H, m) 2.05 (1H, m) 2.03 (1H, m)
11b 1.11 (1H, m) 1.13 (1H, m) 1.55 (1H, m) 1.55 (1H, m) 1.02 (1H, m) 1.54 (1H, m) 1.52 (1H, m)
12 3.89 (1H, m) 3.91 (1H, m) 3.90 (1H, m) 3.91 (1H, m) 3.82 (1H, m) 3.90 (1H, m) 3.90 (1H, m)
13 2.01 (1H, m) 2.00 (1H, m) 2.00 (1H, m) 1.97 (1H, m) 1.94 (1H, m) 2.06 (1H, m) 2.00 (1H, m)
15a 2.01 (1H, m) 2.11 (1H, m) 1.50 (1H, m) 1.56 (1H, m) 1.96 (1H, m) 1.58 (1H, m) 1.57 (1H, m)
15b 1.49 (1H, m) 1.51 (1H, m) 1.05 (1H, m) 1.04 (1H, m) 1.42 (1H, m) 1.02 (1H, m) 1.02 (1H, m)
16a 1.88 (1H, m) 1.91 (1H, m) 1.87 (1H, m) 1.93 (1H, m) 1.84 (1H, m) 1.92 (1H, m) 1.91 (1H, m)
16b 1.39 (1H, m) 1.35 (1H, m) 1.38 (1H, m) 1.35 (1H, m) 1.44 (1H, m) 1.81 (1H, m) 1.80 (1H, m)
17 2.35 (1H, m) 2.38 (1H, m) 2.33 (1H, m) 2.38 (1H, m) 226 (1H,m) 230 (1H,m) 234 (1H, m) 2.40 (1H, m)
18 0.77 (3H, s) 0.80 (3H, s) 0.94 (3H, s) 0.99 (3H, s) 094 (3H,s) 091(3H,s) 0.80(3H,s) 0.81 (3H, s)
19 0.94 (3H, s) 1.00 (3H, s) 0.77 (3H, s) 0.80 (3H, s) 0.78 (3H, s) 1.01 (3H, s) 1.00 (3H, s)
21 1.40 (3H, s) 1.38 (3H, s) 1.40 (3H, s) 1.37 (3H, s) 1.32 (3H, s) 1.41 (3H, s) 1.38 (3H, s)
22a 2.01 (1H, m) 1.70 (2H, m) 2.01 (1H, m) 1.71 (2H, m) 1.90 (1H,m) 1.62 (2H, m) 2.00 (1H, m) 1.71 (2H, m)
22b 1.68 (1H, m) 1.68 (1H, m) 1.58 (1H, m) 1.63 (1H, m)
23a 2.57 (1H, m) 2.52 (1H, m) 2.58 (1H, m) 2.52 (1H, m) 246 (1H,m) 248 (1H,m) 2.16 (1H, m) 2.10 (2H, m)
23b 2.29 (1H, m) 2.45 (1H, m) 2.26 (1H, m) 2.47 (1H, m) 216 (1H,m) 242 (1H,m) 1.82(1H, m) 1.98 (1H, m)
24 5.29 (1H, t-like) 5.30 (1H, t-like) 528 (1H, t,J = 6.95) 5.30 (1H, t-like) 524 (1H,m) 525(1H,m) 1.71 (2H, m) 1.71 (2H, m)
26 1.63 (3H, s) 1.68 (3H, s) 1.60 (3H, s) 1.68 (3H, s) 1.62 (3H, s) 1.37 (3H, s) 1.40 (3H, s)
27 1.60 (3H, s) 1.63 (3H, s) 1.60 (3H, s) 1.64 (3H, s) 1.55 (3H, s) 1.38 (3H, s) 1.40 (3H, s)
28 1.30 (3H, s) 1.30 (3H, s) 1.27 (3H, s) 1.27 (3H, s) 1.20 (3H, s) 1.30 (3H, s) 1.30 (3H, s)
29 0.97 (3H, s) 0.98 (3H, s) 1.08 (3H, s) 1.09 (3H, s) 0.88 (3H, s) 0.98 (3H, s) 0.98 (3H, s)
30 0.94 (3H, s) 0.98 (3H, s) 0.92 (3H, s) 0.96 (3H, s) 0.96 (3H, s) 0.94 (3H, s) 0.94 (3H, s)
3-0-f-D-Glucopyranosyl
1 492 (1H,d,J=7.8) 492 (1H,d,J=7.60) 4.90(1H,d,J=7.55) 491 (1H,d, 4.74 (1H, m) 493 (1H, d, 491 (1H, d,
J=176) J=178) J=178)
2 4,02 (1H, m) 4,02 (1H, m) 423 (1H, m) 422 (1H, m) 3.92 (1H, m) 4,02 (1H, m) 401 (1H, m)
3 423 (1H,t,J=87) 422 (1H,m) 421 (1H, m) 420 (1H, m) 4,06 (1H, m) 425 (1H, m) 422 (1H, t,
J=288)
4 418 (1H,t,J=87)  4.18 (1H, m) 4.11 (1H, m) 4.13 (1H, m) 3.88 (1H, m) 420 (1H, m) 418 (1H, t,
J=188)
5 3.90 (1H, m) 3.98 (1H, m) 3.88 (1H, m) 3.89 (1H, m) 3.87 (1H, m) 3.99 (1H, m) 3.98 (1H, m)
6'a 456 (1H,d,J =11.9) 457 (1H,d,J=11.9) 453 (1H, m) 4.54 (1H, m) 4.79 (1H, m) 4.57 (1H, dd, 4.56 (1H, dd,
J=22,11.7) J=19,117)
6'b 3.67 (1H, dd, 4.37 (1H, dd, 433 (1H, m) 432 (1H, m) 4,67 (1H, dd, 437 (1H, dd, 437 (1H, dd,
J=55,11.9) J=5.5,11.9) J=6.42,11.88) J=54,11.7) J=54,11.7)
2'-0-p-D-Glucopyranosyl
1” 535 (1H,d,J = 7.65) 5.36 (1H, d,
J=7.65)
2" 4.10 (1H, m) 4.12 (1H, m)
3 429 (1H, m) 428 (1H, m)
4 432 (1H, m) 431 (1H, m)
5/ 391 (1H, m) 3.93 (1H, m)
6’a 446 (1H, m) 446 (1H, m)
6"'b 4.45 (1H, m) 4.45 (1H, m)
COCH; 1.93 (3H, s)

1 TH-NMR data measured at 600 MHz
2) TH-NMR data measured at 500 MHz
3) 20(S/R)-AcetylRh2; 6'-0-acetyl-20(S/R)-Rh2
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Table 2
13C-NMR Spectroscopic Data for Compounds 1-8 in Pyridine-ds
No. 20(S)-Rh2" (1) 20(R)-Rh2" (2)  20(S)-Rg3? (3)  20(R)-Rg3? (4)  20(S/R)-AcetylRh2?" 3) 25-Hydroxy- 25-Hydroxy-
(5 and 6) 20(S)-Rh2% (7)  20(R)-Rh2? (8)
6c multiplicity
1 391t 391t 391t 391t 389t 391t 391t
2 26.7 t 266t 26.7t 266t 266t 26.7 t 26.7 t
3 88.7d 88.7d 88.9d 88.9d 89.0d 88.8d 88.7d
4 396 396 s 396s 396 394s 39.7 s 396s
5 56.3d 563 d 56.3d 563 d 56.2d 56.1d 56.4 d 56.3d
6 184t 184+t 184t 184t 182t 184t 184t
7 351t 351t 351t 351t 349t 352t 351t
8 40.0 s 40.0 s 399 s 40.0 s 398 s 40.0 s 40.0 s
9 50.3d 50.3d 50.3d 50.3d 50.2 d 504 d 50.3d
10 369s 369s 36.8s 369s 36.8s 370s 369s
11 313t 314t 313t 314t 311t 312t 321t 321t
12 709 d 70.8d 709d 70.8d 70.7 d 70.6 d 71.0d 70.8d
13 485 d 49.2 d 485 d 49.2 d 489 d 48.2d 48.6 d 49.2d
14 51.7 s 51.7 s 516s 51.7 s 515s 51.7 s 51.7 s
15 320t 321t 320t 321t 317t 318t 314t 314t
16 268t 26.7t 268t 26.7 t 264t 272t 266t
17 54.7d 50.6 d 54.7d 50.6 d 54.5d 50.3d 54.7d 50.7d
18 163 q 163 q 158 q 158 q 156 q 16.8 q 16.7 q
19 15.8 q 158 q 16.3 q 163 q 16.1q 158 q 15.8 q
20 729 s 729 s 729 s 729 s 728 s 733s 733 s
21 27.0q 227 q 27.0q 22.7q 26.7 q 224q 26.9q 228q
22 358t 432t 358t 432t 356t 429t 365t 440t
23 229t 226t 230t 225t 223t 227t 19.1¢t 187t
24 1263 d 126 d 126.2d 126.0d 126.0d 125.8d 45.7 t 455t
25 130.7 s 130.7 s 130.7 s 130.7 s 130.5 s 69.6 s 69.7 s
26 258 q 258 q 257 q 258q 25.7q 256 q 302 q 301 q
27 176 q 17.7q 17.0q 172q 17.1q 168 q 299 299
28 28.1q 28.1q 28.1q 28.1q 279q 28.1q 28.1q
29 16.7 q 16.7 q 16.5 q 16.5 q 16.5 q 164 q 16.3 q
30 17.0q 173 q 176 q 176q 175q 17.0q 173 q
3-0--D-Glucopyranosyl
1 106.9 d 106.9 d 105.0d 105.1d 106.6 d 106.9 d 106.9 d
2’ 75.7d 75.7d 83.4d 83.4d 74.5d 75.8d 75.7d
3 78.7d 78.7d 779d 779d 78.1d 78.7d 78.7d
4 71.8d 71.8d 716d 716d 71.3d 719d 71.8d
5 783 d 783d 782d 78.2d 75.1d 783 d 783 d
6 630t 63.0t 628t 628t 644t 63.1t 630t
2'-0-6-D-Glucopyranosyl
1” 106.0 d 106.0 d
2" 771d 77.1d
3" 783d 783d
4" 716d 71.6d
5" 780d 78.1d
6" 62.7 t 62.7 t
COCH3 1705 s
COCH3 206 q

Multiplicity of '*C-NMR data was determined by DEPT experiments

1) 13C_NMR data measured at 150 MHz
2) 13C_.NMR data measured at 125 MHz
3) 20(S/R)-AcetylRh2; 6'-0-acetyl-20(S/R)-Rh2

MeOH:H,0 = 7:3, 4 L) followed by preparative HPLC
(MeCN:H,0 = 50:50, 70:30, 13 mL/min). GE15—18 (10.1 g) were
subjected to RP silica gel CC (MeOH:H,0 = 6:4, 4 L) to give five sub-
fractions (GE15—18 A—E). 20S-AcetylRg2 (15) (15 mg, Ry = 24.7 min)
and 20R-AcetylRg2 (16) (8 mg, R; = 25.1 min) were isolated from
GE15—18 B. Rk1 (19) (25 mg, Rt = 19.9 min) and Rg5 (18) (31 mg,
R¢ = 20.3 min) were obtained from GE15—18 D by preparative HPLC
(MeOH:H;0 = 7:3, 10 mL/min), respectively. 20(S/R)-Rg2 (11, 12)
(50 mg), 20(S)-Rg3 (3) (400 mg), and 20(R)-Rg3 (4) (400 mg) were
obtained from GE19—20 (8.1 g) sub-fractions by RP silica gel CC
(10 x 3 cm) with a mixture of MeOH:H,0 (3:1, 5 L). 20(S)-Rg2 (11)
(10 mg, R; = 13.1 min) and 20(R)-Rg2 (12) (15 mg, R; = 13.4 min)
were purified using preparative HPLC (MeCN:H,0 = 35:65, 10 mL/
min). GE21-22 (3.1 g) sub-fractions were further isolated to give
the mixture of 25-hydroxy-20(S/R)-Rh1 (13, 14) (30 mg).

3. Results and discussion

The structures of compounds 1—21 were unequivocally deter-
mined by comparing the one-dimensional and two-dimensional
NMR spectrometry and mass spectrometry data with previously
published values. These were: 20(S)-ginsenosides Rh2 (1) [14],
20(R)-Rh2 (2) [15], 20(S)-Rg3 (3) [16], 20(R)-Rg3 (4) [16], 6'-O-
acetyl-20(S)-Rh2 (20(S)-AcetylRh2) (5) [16], 20(R)-AcetylRh2 (6)
and 25-hydroxy-20(S)-Rh2 (7) [13], 25-hydroxy-20(R)-Rh2 (8) [13],
20(S)-Rh1 (9) [17], 20(R)-Rh1 (10) [17], 20(S)-Rg2 (11) [17], 20(R)-
Rg2 (12) [18], 25-hydroxy-20(S)-Rh1 (13) [19], 25-hydroxy-20(R)-
Rh1 (14) [19], 20(S)-AcetyIRg2 (15) [20], 20(R)-AcetyIRg2 (16) [20],
Rk1 (17) [21], Rh4 (18) [17], 25-hydroxy-Rh4 (19) [ 18], Rg5 (20) [21],
and oleanolic acid 28-0-8-D-glucopyranoside (21) [22] (Fig. 1). Of
these compounds, compound 6 had not been reported previously.
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Table 3
"H-NMR Spectroscopic Data for Compounds 9—16 in Pyridine-ds
No. 20(S)-Rh1" (9) 20(R)-Rh1" (10) 20(S)-Rg2" (11) 20(R)-Rg2? (12) 25-Hydroxy-20(S/R)-Rh1 " (13 and 14) 20(S)-Acetyl-Rg2") (15)  20(R)-Acetyl-Rg2"*) (16)
oy (J in Hz)
1a 1.66 (1H, m) 1.69 (1H, m) 1.61 (1H, m) 1.61 (1H, m) 1.67 (1H, m) 1.65 (1H, m) 1.64 (1H, m)
1b 1.02 (1H, m) 1.01 (1H, m) 0.92 (1H, m) 0.92 (1H, m) 1.02 (1H, m) 0.98 (1H, m) 0.97 (1H, m)
2a 1.89 (1H, m) 1.90 (1H, m) 1.83 (1H, m) 1.82 (1H, m) 1.89 (1H, m) 1.82 (1H, m) 1.82 (1H, m)
2b 1.80 (1H, m) 1.80 (1H, m) 1.76 (1H, m) 1.76 (1H, m) 1.82 (1H, m) 1.76 (1H, m) 1.76 (1H, m)
3 3.50 (1H, m) 3.50 (1H, br d) 3.43 (1H, m) 3.35 (1H, br s) 3.50 (1H, m) 3.46 (1H, m) 3.46 (1H, dd, ] = 4.1, 11.2)
5 1.40 (1H, m) 1.42 (1H,d,J = 10.5) 1.37 (1H, m) 1.39 (1H, m) 1.42 (1H, m) 1.37 (1H, m) 1.39 (1H, m)
6 440 (1H,td, ] =2.8,105) 443 (1H,td,J=29,105) 4.64 (1H, m) 4,68 (1H, m) 4.42 (1H, m) 475 (1H, s) 4.70 (1H, td, ] = 3.3, 10.6)
7a 2.50 (1H, m) 251 (1H, m) 222 (1H, m) 2.23 (1H, m) 2.51 (1H, m) 2.14 (1H, m) 2.15 (1H, m)
7b 1.91 (1H, m) 1.93 (1H, m) 1.95 (1H, m) 1.96 (1H, m) 1.93 (1H, m) 1.97 (1H, m) 1.98 (1H, m)
9 1.53 (1H, m) 1.57 (1H, m) 1.51 (1H, m) 1.52 (1H, m) 1.58 (1H, m) 1.55 (1H, s) 1.56 (1H, s)
11a 2.11 (1H, m) 2.13 (1H, m) 2.04 (1H, m) 2.09 (1H, m) 2.13 (1H, m) 2.14 (1H, m) 2.15 (1H, m)
11b 1.56 (1H, m) 1.52 (1H, m) 1.51 (1H, m) 1.54 (1H, m) 1.56 (1H, m) 1.56 (1H, m) 1.57 (1H, m)
12 3.88 (1H, m) 3.91 (1H, m) 3.89 (1H, m) 3.90 (1H, m) 3.89 (1H, m) 3.93 (1H, m) 3.95 (1H, m)
13 2.01 (1H, m) 2.00 (1H, m) 1.97 (1H, m) 1.96 (1H, m) 2.02 (1H, m) 2.04 (1H, m) 2.01 (1H, m)
15a 1.59 (1H, m) 1.59 (1H, m) 1.51 (1H, m) 1.50 (1H, m) 1.63 (1H, m) 1.62 (1H, m) 1.62 (1H, m)
15b 1.07 (1H, m) 1.11 (1H, m) 0.83 (1H, m) 0.91 (1H, m) 1.10 (1H, m) 0.98 (1H, m) 1.02 (1H, m)
16a 1.76 (1H, m) 1.80 (1H, m) 1.73 (1H, m) 1.82 (1H, m) 1.32 (2H, m) 1.82 (1H, m) 1.88 (1H, m)
16b 1.30 (1H, m) 1.28 (1H, m) 1.28 (1H, m) 1.22 (1H, m) 1.38 (1H, m) 1.30 (1H, m)
17 2.26 (1H, m) 2.32 (1H, m) 2.25 (1H, m) 2.34 (1H, m) 2.28 (1H, m) 2.35 (1H, m) 2.31 (1H, m) 2.37 (1H, m)
18 1.16 (3H, s) 1.22 (3H, s) 1.18 (3H, s) 1.22 (3H, s) 1.03 (3H, s) 1.22 (3H, s) 1.25 (3H, s)
19 1.00 (3H, s) 1.04 (3H, s) 0.93 (3H, s) 0.96 (3H, s) 1.25 (3H, s) 0.99 (3H, s) 1.02 (3H, s)
21 1.37 (3H, s) 1.37 (3H, s) 1.38 (3H, s) 1.36 (3H, s) 1.38 (3H, s) 1.35 (3H, m) 1.35(3H, s)
22a 2.01 (1H, m) 1.68 (2H, m) 1.98 (1H, m) 2.01 (1H, m) 2.00 (1H, m) 1.67 (2H, m) 2.04 (1H, m) 1.68 (2H, m)
22b 1.66 (1H, m) 1.62 (1H, m) 1.68 (1H, m) 1.63 (1H, m) 1.67 (1H, m)
23a 2.56 (1H, m) 2.48 (1H, m) 2.58 (1H, m) 2.57 (1H, m) 2.13 (1H, m) 2.02-1.99 (2H, m) 2.57 (1H, m) 2.49 (1H, m)
23b 2.25 (1H, m) 2.41 (1H, m) 2.23 (1H, m) 2.29 (1H, m) 1.86 (1H, m) 2.25 (1H, m) 2.41 (1H, m)
24 5.30 (1H, t-like) 5.28 (1H, t-like) 5.31 (1H, t-like) 5.29 (1H, t-like) ~ 1.70 (2H, t-like) 5.29 (1H, t-like) 5.28 (1H, t-like)
26 1.63 (3H, s) 1.67 (3H, s) 1.63 (3H, s) 1.67 (3H, s) 1.38 (3H, s) 1.62 (3H, s) 1.68 (3H, m)
27 1.60 (3H, s) 1.61 (3H, s) 1.60 (3H, s) 1.62 (3H, s) 1.40 (3H, s) 1.59 (3H, s) 1.60 (3H, s)
28 2.05 (3H, s) 2.06 (3H, s) 2.06 (3H, s) 2.09 (3H, s) 2.05 (3H, s) 2.05 (3H, m) 2.03 (3H, m)
29 1.57 (3H, s) 1.59 (3H, s) 1.31 (3H, s) 1.34 (3H, s) 1.58 (3H, s) 1.29 (3H, s) 1.28 (3H, s)
30 0.79 (3H, s) 0.84 (3H, s) 0.91 (3H, s) 0.95 (3H, s) 0.82 (3H, s) 0.97 (3H, s) 1.00 (3H, s)
6-0-f3-D-glucopyranosyl
1 5.00 (1H, m) 5.03 (1H, m) 523 (1H,d,J=6.9) 526 (1H, m) 5.02 (1H, m) 522 (1H,d,] = 7.0) 522 (1H, d, ] = 7.0)
2 4.08 (1H, m) 4.09 (1H, m) 4.32 (1H, m) 4.32 (1H, m) 4.07 (1H, m) 4.33 (1H, m) 4.32 (1H, m)
3 423 (1H, m) 4.25 (1H, m) 433 (1H, m) 4.36 (1H, m) 4.23 (1H, m) 429 (1H, m) 4.29 (1H, m)
4 4.19 (1H, m) 4.20 (1H, m) 4.19 (1H, m) 4.19 (1H, m) 4.07 (1H, m) 3.92 (1H, m) 3.94 (1H, m)
5 3.92 (1H, m) 3.95 (1H, m) 3.93 (1H, m) 3.95 (1H, m) 3.94 (1H, m) 4,01 (1H, t-like) 4.03 (1H, t-like, J = 8.2)
6a 451 (1H, m) 452 (1H,dd,J = 1.9,11.4)  4.49 (1H, m) 4,50 (1H, m) 451 (1H, m) 5.00 (1H, m) 4.90 (1H, m)
6'b 4.34 (1H, m) 435 (1H,dd,J =5.3,11.4)  4.36 (1H, m) 4.37 (1H, m) 4.34 (1H, m) 461 (1H, m) 4,63 (1H, m)
2'-0-a-L-rhamnopyranosyl
1 6.47 (1H, br s) 6.47 (1H, s) 6.47 (1H, s) 6.47 (1H, s)
2 4.75 (1H, m) 4.78 (1H, m) 468 (1H,dt,J =3.2,10.6)  4.75 (1H, m)
3 4.63 (1H, m) 4.66 (1H, m) 464 (1H, m) 4.64 (1H, m)
4 4.30 (1H, m) 431 (1H, m) 434 (1H, m) 433 (1H, m)
5/ 492 (1H, m) 494 (1H, m) 498 (1H, m) 4.80 (1H, m)
6" 1.76 (3H,d,J = 6.2)  1.78 (3H, brs) 1.76 (3H, d, ] = 6.2) 1.77 (3H,d, ] = 6.1)
COCH3 2.04 (3H, s) 2.08 (3H, s)

2026186 F107 Say Suasuid [

1) TH-NMR data measured at 500 MHz
2) TH-NMR data measured at 600 MHz
3) 20(S)-AcetylRg2; 6'-0-acetyl-20(S)-Rg2
4 20(R)-AcetylRg2; 6'-O-acetyl-20(R)-Rg2
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No.  20(S)-Rh1"(9)  20(R)-Rh1'(10) 20(S)-Rg2" (11) 20(R)-Rg2? (12)  25-Hydroxy-20(S/R)-Rh1"  20(S)-Acetyl-Rg2"*) (15)  20(R)-Acetyl-Rg2"* (16)
(13 and 14)

6c multiplicity

1a 393t 395t 396t 39.6t 395t 395t
393t

2 279t 27.7t 27.7t 279t 276t 27.6t
27.8t

3 78.5d 78.3d 78.3d 78.5d 782d 78.1d
78.5d

4 40.3s 41.1s 399s 403's 39.8 s 39.8 s
403 s

5 61.4d 60.7 d 60.8d 61.4d 60.5 d 60.5d
61.4d

6 80.0d 74.2d 74.3d 80.0d 72.2d 73.3d
80.0d

7 451t 460t 460t 452t 451t 461t 461t
452t

8 4115 41.1s 41.1s 410s 392s 39.2s
41.0s

9 50.1d 49.7d 49.7d 50.2 d 496d 496d
50.1d

10 396 399s 399s 393s 41.1s 41.1s
39.6s

11 322t 320t 321t 321t 320t 320t
320t

12 709d 71.0d 709 d 71.0d 709d 70.8d
71.0d

13 488d 48.14d 48.8d 48.2d 489d 482d 488d
482d

14 51.7 s 51.6 s 51.7 s 51.6 s 51.6s 51.6s
516s

15 313t 312t 313t 313t 312t 313t
312t

16 26.6 t 26.8 t 26.6t 26.8 t 26.7 t 26.5t
26.7 t

17 50.5 d 54.6 d 50.5 d 54.6 d 50.7 d 54.7 d 50.4d
54.7d

18 173 q 17.6 q 17.6 q 17.6 q 17.0q 171 q
173 q

19 17.6 q 175 q 17.5q 173 q 17.5q 17.4q
17.6 q

20 73.0s 729 s 729 s 733 s 729 s 729 s
729s

21 22.7q 27.0q 22.7q 27.1q 22.7q 26.9q 22.6q
26.9q

22 432t 357t 432t 364t 439t 358t 431t
358 t

23 225t 229t 225t 19.1t 186t 229t 225t
229t

24 126.0d 1263 d 126.0d 457t 1262d 1259d
1262 d

25 130.7 s 130.7 s 130.7 s 69.7 s 130.7 s 130.7 s
130.7 s

26 258 q 258q 258 q 30.1q 25.7q 257 q
25.7q

27 176 q 17.6q 17.6 q 17.6 q 176 q 176 q
17.6 q

28 31.7q 321q 321¢q 31.7¢q 319q 32.0q
31.6q

29 163 q 16.8 q 17.2q 16.8 q 174q 17.5q
163 q

30 17.0q 17.1q 17.1q 17.0q 169 q 17.0q
16.7 q

6-0-a-L-Rhamnopyranosyl

1 106.0 d 101.9d 101.9d 105.9d 101.2d 101.2d
106.0 d

2 75.4d 79.4d 79.4d 754d 78.2d 78.2d
754d

3 79.6 d 78.5d 78.5d 79.6 d 79.0d 79.0d
79.6 d

4 71.8d 72.4d 72.4d 71.8d 72.3d 72.3d
71.8d

5 78.1d 78.3d 78.3d 78.1d 75.3d 75.3d
78.1d

(continued on next page)
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No.  20(S)-Rh1"(9) 20(R)-Rh1" (10) 20(S)-Rg2" (11) 20(R)-Rg2?) (12)  25-Hydroxy-20(S/R)-Rh1")  20(S)-Acetyl-Rg2'"> (15) 20(R)-Acetyl-Rg2"* (16)
(13 and 14)
6'a 630t 63.0t 63.1t 648 t 648 t
63.0t
2'-0-a-L-Rhamnopyranosyl
1 101.7d 101.7d 102.0d 102.0d
2" 72.2d 72.2d 733d 72.2d
3" 72.5d 72.6d 722d 72.2d
4" 74.1d 741d 740d 74.0d
5" 69.4d 69.4d 69.3d 69.3d
6" 1874 1874 186 q 186 q
COCH3 170.7 s 170.7 s
COCH; 208 q 208 q
Multiplicity of '*C-NMR data was determined by DEPT experiments
D 13C_NMR data measured at 125 MHz
2) 13C_NMR data measured at 150 MHz
3) 20(S)-AcetylRg2; 6'-0-acetyl-20(S)-Rg2
4 20(R)-AcetylRg2; 6'-O-acetyl-20(R)-Rg2
Table 5
TH-NMR Spectroscopic Data for Compounds 17—21 in Pyridine-ds
No. Rk1 (17) Rh4 (18) 25-Hydroxy-Rh4 (19) Rg5 (20) Oleanolic acid 28-0-B-D-glu (21)
oy (J in Hz)
1a 1.49 (1H, m) 1.67 (1H, m) 1.68 (1H, m) 1.47 (1H, m) 1.50 (1H, m)
1b 0.74 (1H, m) 1.01 (1H, m) 1.03 (1H, m) 0.75 (1H, m) 0.97 (1H,m)
2a 2.18 (1H, m) 1.85 (1H, m) 1.88 (1H, m) 2.18 (1H, m) 1.80 (2H, m)
2b 1.80 (1H, m) 1.80 (1H, m) 1.82 (1H, m) 1.78 (1H, m)
3 3.27 (1H, dd, J = 4.3, 11.7) 349 (1H,dd,J = 4.7,116)  3.50 (1H,dd,J = 11.6,46)  3.27 (1H, dd, ] = 4.3, 11.6) 3.42 (1H, dd, ] = 5.2, 10.8)
5 0.67 (1H,d,J = 11.2) 1.40 (1H, m) 1.41 (1H, m) 0.67 (1H,d,J = 11.1) 0.83 (1H, m)
6a 1.47 (1H, m) 4.40 (1H, td, ] = 3.2, 10.3) 441 (1H, td, | = 10.6, 2.8) 1.51 (1H, m) 1.51 (1H, m)
6b 1.36 (1H, m) 1.36 (1H, m) 1.34 (1H, m)
7a 1.47 (1H, m) 2.49 (1H, m) 251 (1H, dd, J = 12.7, 2.8) 1.43 (1H, m) 1.52 (1H, m)
7b 1.24 (1H, m) 1.92 (1H, m) 1.93 (1H, m) 1.21 (1H, m) 1.40 (1H, m)
9 2.80 (1H, m) 1.53 (1H, m) 1.55 (1H, m) 1.38 (1H, m) 1.64 (1H, m)
11a 1.91 (1H, m) 1.95 (1H, m) 1.56 (1H, m) 1.91 (1H, m) 2.08 (2H, m)
11b 1.40 (1H, m) 1.41 (1H, m) 1.46 (1H, m) 1.41 (1H, m) 5.44 (1H, m)
12 3.89 (1H, m) 3.88 (1H, m) 3.88 (1H, m) 3.90 (1H, m)
13 2.06 (1H, m) 2.71 (1H, m) 1.97 (1H, m) 2.77 (1H, m)
15a 1.45 (1H, m) 1.52 (1H, m) 1.71 (1H, m) 1.64 (1H, m) 2.35 (1H, m)
15b 1.06 (1H, m) 1.11 (1H, m) 1.18 (1H, m) 1.09 (1H, m) 1.16 (1H, m)
16a 2.06 (1H, m) 1.45 (2H, m) 1.46 (2H, m) 1.98 (1H, m) 2.36 (1H, m)
16b 1.57 (1H, m) 1.96 (1H, m) 2.72 (1H, m) 1.52 (1H, m) 1.92 (1H, m)
17 1.40 (1H, m) 1.20 (3H, s) 0.81 (3H, s) 1.98 (1H, m)
18 1.01 (3H, s) 1.01 (3H, s) 1.02 (3H, s) 1.01 (3H, s) 3.19 (1H, dd, J = 2.8, 10.8)
19a 0.80 (3H, s) 0.81 (3H, s) 1.74 (1H, m)
19b 1.27 (1H, m)
21a 5.14 (2H, s) 1.77 (3H, s) 1.79 (3H, s) 1.81 (3H, s) 1.33 (1H, m)
21b 1.05 (1H, m)
22a 2.48 (1H, m) 5.43 (1H, t, ] = 7.0) 5.55 (1H, t, ] = 6.7) 5.50 (1H, t, ] = 6.6) 1.83 (1H, m)
22b 2.38 (1H, m) 1.74 (1H, m)
23 232 (1H, m) 2.72 (2H, m) 233 (2H, m) 2.77 (2H, m) 1.22 (3H, s)
24 5.28 (1H, m) 5.18 (1H, m) 1.71 (2H, m) 522 (1H,t, ] =7.2) 1.01 (3H, s)
25 0.87 (3H, s)
26 1.66 (3H, s) 1.59 (3H, s) 1.33 (3H, s) 1.62 (3H, s) 1.12 (3H, s)
27 1.59 (3H, s) 1.56 (3H, s) 1.33 (3H, s) 1.58 (3H, s) 1.21 (3H, s)
28 1.27 (3H, s) 2.02 (3H,s) 2.04 (3H, s) 1.28 (3H, s)
29 1.09 (3H, s) 1.55 (3H, s) 1.58 (3H, s) 1.10 (3H, s) 0.91 (3H, s)
30 0.95 (3H, s) 0.80 (3H, s) 1.22 (3H, s) 0.95 (3H, s) 0.89 (3H, s)
3-0-f-D-Glucopyranosyl 6-0-f3-D-Glucopyranosyl 6-0-3-D-Glucopyranosyl 6-0-f-D-Glucopyranosyl 28-0-(-D-Glucopyranosyl
1 4.89 (1H, m) 498 (1H, m) 5.01 (1H, d, ] = 7.8) 491 (1H,d, ] = 7.5) 6.31 (1H,d,J = 8.1)
2 4.20 (1H, m) 4.04 (1H, m) 4,06 (1H, m) 422 (1H, m) 4.18 (1H, m)
3 421 (1H, m) 420 (1H, m) 423 (1H, m) 423 (1H, m) 401 (1H, m)
4 4.11 (1H, m) 4.16 (1H, m) 4.19 (1H, m) 4.13 (1H, m) 433 (1H, m)
5 3.89 (1H, m) 3.91 (1H, m) 3.92 (1H, m) 3.90 (1H, m) 426 (1H, m)
6a 4.53 (1H, m) 448 (1H,dd,J =2.6,11.6) 451 (1H,dd,J = 11.5,25)  455(1H,dd,J=2.0,11.7)  4.45(1H, m)
6'b 432 (1H, m) 432 (1H,dd, ] =54,11.6) 433 (1H,dd,J=115,54) 432 (1H, m) 437 (1H, m)
2'-0-6-D-Glucopyranosyl 2'-0-6-D-Glucopyranosyl
17 533 (1H,d, ] = 7.6) 535 (1H, d, ] = 7.6)
2" 4.09 (1H, m) 4.12 (1H, m)
3 428 (1H, m) 432 (1H, m)
4 428 (1H, m) 430 (1H, m)
5/ 3.89 (1H, m) 3.90 (1H, m)
6'a 447 (1H, m) 4.46 (2H, m)
6'b 4.43 (1H, m)

'H-NMR data measured at 500 MHz
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Table 6
13C-NMR Spectroscopic Data for Compounds 17—21 in Pyridine-ds

No. Rk1(17) Rh4 (18) 25-hydroxy-Rh4 (19) Rg5 (20) Oleanolic acid 28-0-f-D-glucopyranoside (21)
dc multiplicity
1 393t 394t 395t 393t 390t
2 26.7 t 28.7t 279t 26.7 t 28.1t
3 88.9d 785d 785d 88.9d 78.1d
4 39.7 s 403 s 403 s 40.2 s 394 s
5 56.4d 61.4d 614d 56.4d 55.8d
6 184t 80.0d 80.0d 184t 188t
7 353t 452t 453 t 353t 331t
8 402 s 413 s 413 s 39.7 s 40.0 s
9 482 d 50.5d 50.5d 50.8d 48.1d
10 37.0s 39.7 s 39.7 s 37.0s 374s
11 326t 322t 322t 322t 234t
12 724d 725d 72.6d 726d 1229d
13 524d 503 d 50.8 d 504 d 144.1 s
14 512s 50.6 s 50.6 s 509 s 42.1s
15 326t 325t 325t 326t 283t
16 30.7 t 278t 28.7t 281t 236t
17 50.8d 50.7 d 50.5d 51.0d 470 s
18  158q 173 q 168 q 15.8q 41.8d
19  164q 176 q 17.7q 166 q 462t
20 1555s 140.0 s 1395s 140.2 s 30.8 s
21 1081t 13.0q 13.0q 131¢q 340t
22 338t 1235d 125.5d 123.2d 325t
23 270t 274t 236t 274t 28.8 q
24 1253 d 123.8d 442 t 1235d 16.5q
25 131.2s 131.2s 69.5s 131.2s 156 q
26 257q 256q 299 q 257q 175q
27 177q 176 q 297 q 17.7q 26.1q
28 28.1¢q 316q 31.7q 288 q 1764 s
29  165q 163 q 163 q 164 q 332q
30 17.0q 167 q 174 q 17.0q 238q
3-0--D-Glucopyranosyl 6-0-3-D-Glucopyranosyl ~ 6-0-3-D-Glucopyranosyl  6-0-8-D-Glucopyranosyl 28-0-6-D-Glucopyranosyl
1 105.1d 1059d 106.0 d 105.1d 95.7d
2! 834d 753 d 75.4d 834d 741d
3 779d 79.5d 79.6d 782d 793 d
4 71.6d 71.7d 71.8d 716d 71.1d
5 782d 78.0d 78.1d 77.9d 789d
6 628t 63.0t 63.1t 62.7 t 622t
2'-0-6-D-Glucopyranosyl 2'-0-6-D-Glucopyranosyl
1" 106.0 d 106.0 d
2" 77.0d 77.1d
3" 783d 783 d
4" 71.6d 71.7d
5" 78.0d 78.1d
6" 62.7 t 628 t

Multiplicity of '*C NMR data was determined by DEPT experiments
13C-NMR data measured at 125 MHz

Compounds 5 and 6, and 13 and 14 were isolated as mixtures of the
stereoisomers and were not purified to individual stereoisomers.
Compounds 1-21 were categorized by their backbones (PPD type
1-6; PPD-derived type, 7, 8,18, and 19; PPT type, 9—12, 15, and 16;
PPT-derived type, 13, 14, and 17; and an oleanane-type triterpene,
21). The 'H-NMR and >C-NMR spectral data are given in Tables 1—
6.

The comprehensive 'H-NMR and '>C-NMR spectral data of
compounds 1-21 are worth determining for the structures of the
less polar ginsenosides as some of their '"H-NMR and *C-NMR
spectroscopic data are not available. Other data are either scattered
throughout published papers, or dated, therefore it is hard to
compare the structures of the isolated compounds. In the study, the
results were assigned using one-dimensional and two-dimensional
NMR spectroscopic methods and were also confirmed by compar-
ison with previously published data. Some signals, such as those for
the methyl groups of C-26—C-30 and the saturated methylenes,
which have not been reported previously, were unambiguously
determined using two-dimensional NMR spectra including H-'H
COSY, HSQC and HMBC spectra.

The 3C-NMR spectral data suggested the following information
for the structural elucidation of the ginsenosides isomers. First, the
chemical shifts of the characteristic peaks between the 20(S) and
20(R) ginsenosides provided information for the identification of
the stereoisomers. In particular, changes in the chemical shifts
between the S- and R- forms at C-17, C-21 and C-22 in the '*C-NMR
spectra were approximately A¢ (ds — og) +4.1 + 0.1, +4.3 + 0.1,
and —7.4 + 0.1 ppm, respectively (Tables 2 and 4). Next, the pres-
ence of the signal (6c 88.8 &= 0.1 ppm) of the hydroxyl carbon at C-3,
which did not overlap with other hydroxyl groups in the backbone
and the sugar moieties, easily indicated whether it was a PPD- (18,
17, and 20) or PPT-type (9—16 and 18). In addition, the signals at dc
170.6 £ 0.1 showed the existence of the acetyl groups (5, 6, 15, and
16) (Tables 2 and 4). It was assumed that they were produced from
the malonyl moiety by decarboxylation during the manufacturing
process and were located at C-6 in the glucose group (5, 6, 15, and
16) [23]. Finally, the chemical shifts of the down-field signals
indicated the type of backbones. The values for a double bond at
A24(25) in 3,12,20-trihydroxydammar-24-ene and 3,6,12,20-tetra-
hydroxydammar-24-ene (1—6, 9—12,15, and 16) were dc 126.1 0.2
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(C-24) and 130.1 4+ 0.1 (C-25), respectively (Tables 2 and 4). How-
ever, they were shifted to 6c 124.2 + 1.0 and 131.2 £ 0.0 as a result of
the dehydration at A20(21) (17) or A20(22) (18 and 20) (Table 6).
The differences between the chemical shifts of c 155.5 and 108.1,
and of 6¢ 140.1 & 0.1 and 123.4 & 0.2 ppm indicated the discrimi-
nation of 3,12-dihydroxydammar-20, 24-diene (17) and 3,12-dihy-
droxydammar-20(22),24-diene (18 and 20). These results were in
perfect agreement with previously published values [21,24,25].
Compound 21, an oleanane-type triterpene, might be produced by
the selective hydrolysis of sugar residues at C-3 in ginsenoside Ro
[26] (Table 6).
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