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Catalytic conversion of protopanaxadiol saponins to 20(R)-ginsenoside Rg;
by tartaric acid
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Abstract: Objective To prepare 20(R)-ginsenoside Rg; selectively and to provide the theory basis for the preparation. Methods
20(R)-Ginsenoside Rg; was prepared by hydrolyzing protopanaxadiol (PPD)-type saponins using tartaric acid as the catalyst. The
preparation condition was optimized by one-factor experiment and orthogonal test, and the reaction products were analyzed by HPLC.
Results The optimization result of orthogonal test showed that when PPD-type saponins (10 mg/mL) were hydrolyzed by tartaric acid
(1.5 mol/L) at 110 C for 2.5 h, all the ginsenosides Rb;, Rec, Rb,, Rb;, and Rd were converted, the yields of 20(R)-ginsenoside Rg; was
50.15%, and the diastereomer excess percentage (de%) was 93.12%. Conclusion This method is simple, low-cost, and suitable for the
mass production, which is very important to promote the study on the pharmacological activities of 20(R)-ginsenoside Rg;.
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Fig.1 Catalytic conversion of PPD-type saponins to 20(R)-ginsenoside Rg; by tartaric acid
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mol/L I, 20(R)- AN Z 1 Res I de%h 21.55%,
JEHTE Y 10.51 fi5. LIRSS REBW, Sk wA
FRA R THEm 20R)- NS 21 Res MIEFErE, o
AFRIRE L 1.25 mol/L 4 H .

#1 BEBARBRKRE 20R)-AS2H Re, HEEE M

Table 1 Selective effect of tartaric acid concentration

on 20(R)-ginsenoside Rg;

WA BRIRIE / PR % de% /
(mol'L™)  20()-AZ 21 Rgy 20(R)-AZETFRgy %
0.25 27.75 28.91 2.05
0.50 31.87 33.44 2.40
0.75 20.91 30.97 19.38
1.00 28.39 36.09 11.95
1.25 21.81 33.78 21.55
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Table 2 Selective effect of reaction temperature

on 20(R)-ginsenoside Rg;

W/ FEE | % de% /
C  209)-AZEHf Rgs 20R-AZ R Rg; %
80 21.81 33.78 21.55
90 12.17 49.53 60.54

100 3.46 56.39 88.43
110 2.19 50.57 91.69
120 0.39 28.00 97.24
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ANZBAT Rgs -2 w1 20(5)- NS 21 Res, B
WA TR ALK fi# PPD 2412145 NS 21T R MR
B B B SNl S NVAHLHIEEAT (B 2).

YVY
M/ iRl X

2 PPD HEHEEALH 20(5)-Rg; F 20(R)-Rg; B Rz #L ]
Fig. 2 Reaction mechanism of 20(5)-Rg; and 20 (R)-Rg; by converting PPD-type saponins
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233 [N FIAIN; 20(R)- N2 24T Res (R B 52
7] PPD 412 AF W (10 mg/mL) IR Ky 1.25
mol/L AR, T 100 ‘Cor5l [ 1. 1.5 2. 2.5,
3 he RN PEHILMURT NayCOs KSR A, K
HURNE TR 5 Ik, S IFAHLZ, T 45 Cilk4i
At RV TR AE, 045 pm JEMEIELL, HF
4T HPLC & &40, 5 R WA 3. vJLUEH, 20(R)-
NS BAT Ry 17 H6 B s Y I [B) PR B T 386 I, 1f
20(S)-NZ 24T Regy M7 2B Js WIS ] PR S A< 5 1
Je b, VBB NI ] I HERS 1T REES 3 20(S)-
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Table 3 Selective effect of reaction time

on 20(R)-ginsenoside Rg;

. PR %

FE /h WO NBaf R R NEEFRG %
1 6.28 4788 76.80
1.5 6.58 48.49 76.12
2 3.46 56.39 88.43
25 347 56.26 88.38
3 541 5322 77.76

NS BAF Rgs #:46 4 20(R)- N2 B14F Rgzo 1T K
fiff S N e RT3 RN, 20(S)- NS R Rgs [RIFERT A&
PPD 41 245 #1532 3 H M HE S 56484 20(R)- N5
B Res (B 2D HY ) SV I [A) T 2.5 h B, 20(S)-
NS A Rgy W HIU/MER T, RARJR AR
P50 VIR 20(R)- NS 21T Res ik
PeE T DU, SR R VY 2 he

1 3 24 PPD 4124 JsURMRH S M E] A 2 h (17K
=9t HPLC Al Bl 3-A @)k HPLC
K, ff B IAIE 16.34 18.24 20.24 21.1. 25.2 min

t/ min

I-AZ BT Rb, 2-AZ 2P Re 3-AZ BT Rb, 4-ABEIFRb; 5-ABEIFRd a-20(5)-AZ 217 Rg;  b-20(R)- N2 217 Rgs

c-AZ AT Rk 5 Rz IR A d- NS 21 Res

1-ginsenoside Rb; 2-ginsenoside Rc  3-ginsenoside Rb,  4-ginsenoside Rb;  5-ginsenoside Rd  a-20(S)-ginsenoside Rgs

b-20(R)-ginsenoside Rg; c-mixture of ginsenoside Rk;and Rz,

d-ginsenoside Rgs

E 3 PPDHEFH (A) MR~ (B) A HPLC i&E
Fig. 3 HPLC sectional analysis on PPD-type saponins (A) and reaction product (B)
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ANZZAF Rgs 1 20(R)- A2 21F Res (M5 5165 51
AR B IS A 43.5. 44.4 min, {#BIIIEA 56.4.
58.3 min {5 S EIHE T A 21T Rk, 55 Rz (1K
VR Res (395 N3 2 Res K40, 1M
TR I TAIZE 15~30 min BT H BT (55 0%, UL
JRRIEE A 4= 544k . HPLC & b 45 £ W,
20R)-NZ 24 Rgs 77 HN 56.39%, H de%h
88.43%.

24 EXREMA
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Fz 4 AHEKFEX
Table 4 Levels and factors

A, A% N AsBsCse X AL B2 Flifabrdcin, #6
UL A3 FI By MK, T C RERTE 2 Fidabsh

WHACE Aol  BIC b g ek AR, C R 20(R)- A BT Rgs
: s o0 s ) de% MR - 20(R)- A2 S EF R 1™ % 5600 i
3 1.50 110 25 £ (P<0.01), & 1 ANPHZFEXS 2 Pidabrid 2] 322
£S5 LGB EXRBIRITESER
Table 5 Design and results of L9(34) orthogonal test
Wi A/ (mol-L™) B/ C C/h D (EE) 20(R);A72<~%ﬁ 20(R)-ANZ e AF
Rgs "% /% Rgs de% / %
1 1.00 (1) 100 (1) 2.0 (1) 1 46.28 74.18
2 1.00 (1) 90 (2) 1.5(Q) 2 4772 48.93
3 1.00 (1) 110 (3) 2.5(3) 3 48.56 91.25
4 1.25(2) 90 (2) 2.5(3) 1 48.01 64.32
5 1.25(2) 110 (3) 2.0 (1) 2 50.48 91.53
6 1.25(2) 100 (1) 15(2) 3 48.51 75.17
7 1.50 (3) 110 (3) 1.5(Q) 1 60.12 88.56
8 1.50 (3) 100 (1) 2.5(3) 2 53.54 87.67
9 1.50 (3) 90 (2) 2.0 (1) 3 48.12 61.34
20(R)- N2 AT Rgy /=%
K, 142.56 148.33 144.88 154.41
K, 147.00 143.85 156.35 151.74
K; 161.78 159.16 150.11 145.19
R 19.22 15.31 11.47 9.22
20(R)-ANZ 1 Rg; de%
K, 214.36 237.02 227.05 227.05
K, 231.02 174.59 212.66 228.13
K; 237.57 271.34 243.24 227.76
R 23.21 96.75 30.58 1.08
=6 AHEDW
Table 6 Analysis of variance
L By F 1l PH
;ﬁ% AHBE 20R)-AZRE 20R)-ASEH  20R)-AZ2H 20R)-AZEH  20R)-AZZH 20R)-AZ2Hf
Rg; 73 Rgs de% Rg; =& Rgs de% Rg; 7% Rgs de%
A 2 101.26 143.19 15214.6 28 324 NTES <0.01
B 2 61.96 2 405.99 9309.4 475910 NTES <0.01
C 2 32.98 234.05 49545 46 296.4 NS <0.01
ZFH 2 22.51 0.3 3381.6 58.4

DT 2% FH 2 DRI 25 0, IR S 2 PR 32 I A A K
R ) [ 1 O/ F = 2 52 o L § P A OE ) Wi
FILEE N AB3Cs, B ABRIKEE 4 1.5 mol/mL, i
JEH 110°C, NI 2.5 he BT E AsBiCs
FEIEAS IR P A B, DRk, LT T 50E
R . 45 WEMH, 20R)- NS 2H Rg RN
50.29%- 50.03%- 50.13%, de%H 93.15%- 93.08%:-

93.14%, 5 IEACIRIE K s N AR B U 1) A3BsCo
SERAILE, HORZHREEAA FEIC, H de% 33 W] 42
e, A AUEBRZ T N EREF 4 20(R)- A S
Rgs M 4.
3 g

20(R)- NZ 21 Rgy K 20(S)- NS 21 Rg; 22
) A AR, FEBUME . ECAZ ) AR A A DT T
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HPEME R . W TSI 5 T B DL o
)TFHEFAA A ], AEASEES b DU AR I A 1R
AT, PPD AUE N JROR, sk R R & T
20(R)-ANZ 1T Rgso LIMAE LW, 4 PPD 4%
R E A 10 mg/mL, W94 WE A 1.5 mol/L,
T 110 CJ ¥ 2.5 h, JsUkEf A2 54T Rby+ Re. Rbys
Rb;. Rd FEARAERHEAL, 20(R)- N2 BT Res =%
H50.15%, H de%h 93.12%. %7 EERAE T L,
FRAAR, 8 DA, X TS 20(R)- A2
BT R W& S L2 By M L BB M.
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