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Synthesis of oleanane-type triterpenoid derivatives and evaluation of their biological activity
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Abstract: Several derivatives were prepared from three oleanane-type triterpenoids, echinocystic acid, quillaic acid, and oleanolic

acid, by esterification and reduction. These derivatives were evaluated for their cytotoxicities against four human cancer cell lines

and inhibitory effects on human topoisomerases | and 1l. Among these compounds, echinocystic acid methyl ester (2) exhibited
potent cytotoxicities against three cancer cell lines, A549 (lung), AZ521 (stomach), and SK-BR-3 (breast) with I1Cs; values of 2.4, 3.1,
and 2.4 uM respectively. Some structure-activity relationships between cytotoxicities and topoisomerase inhibitory effects were

discussed.
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g Figure 1. Oleanane ‘H 4%
FLTF BN YT ) A ROFERRELIX
C-3 it ® & 1T /K g ¥ % £ > Oleanolic acid
(3p-Hydroxyolean-12-en-28-oic acid ; 11) 3 SGFRE &
LTHWBND Z ENRZWVR, FxlTIhETIZ C3
LB LT C-16 (LK EEZ AT 2FEA DY Fr ¥
R TIR A DR A TR, Ei‘%%ﬂiﬂ’a{%%
IEMER EOFRAREMIENEE AT 52 L2 6T
TP o X5t s, AFETIE, 316-V
b e sz mad 2407 M N 72 A
R OEEMiS X OO v MMEGEMIZYT 55
FIEMAFHMNT 5 2 & 251 L. MEEhio g &
L T Echinocystic acid (3B,16a-Dihydroxyolean-12-
en-28-oic acid; 1), Quillaic acid (3p,16a-Dihydroxy-23-

LTWHHEDERRENTND.

oxoolean-12-en-28-oic acid; 6), 35 & TU* Oleanolic acid (11)
AW, FHEULEIZ OV T, b MEEHIMIZ S
T HEFEMEZ A2 & & biZ, HfEANC D 2
EETHD MBRA Y AT —F(TOP) I, I1Txd 5 HE
5P 2 54 L7z,

2. FEB
2-1. Echinocystic acid (1), Quillaic acid (6) 7>

Echinocystic acid (1)#5 & TF Quillaic acid (6)IZZ L€,
t~"7 U (Helianthus annus L. ; 27} fERICEEN
% Helianthoside 1l, <% 78 >/ % (Quillaja saponaria
Mol. ; 7 ¥ #) 2254 545 Quillaja saponin %
IM-HCI 1, 3 BRI INENER T 2 ATV IR o3 il L TSR Z.
2-2. ALTF VBN T A RFEROHR
1) Echinocystic acid (1)#% & (&

Echinocystic acid (1) A F L= X7 U4k, 7 F AL,
ANTEB IO AF LA AT LI L - T
L& 2-5 e L7- (Figure 2).

2) Quillaic acid (6)7%E {4

Quillaic acid (6)D A F /L= 2T )Lk, T &F ik,
NaBH, & T2 L v {bAEW 7-10 Z %l L 7= (Figure 2).
3) Oleanolic acid (11)F% & (&

Oleanolic acid (11) > A F =27 U4k, T&F UL,
ANTBEB IO AF L ans B A7 IC L - T
{b&W 12-15 ZFH8 L 7= (Figure 2).
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(A3 A0), AZ521 (H723A), SK-BR-3 (LAY A)ITx3
HEFEEVEE MTT BB X0 Gl L 7. BEEET
1Cso f[E(MM) L L/"C-%Hj L7,
2) hABRA YV AT—F |, N LEFRER

TOP-1, N Z5%4 % PRERBR I3 SCHRFE 0 7 1R &
DIT- 7. {g%ﬂfﬁ‘lﬁﬁi 1Cs ﬂE(MM) k L/'(;%:HI'I L7z

3. MR EBE
Echinocystic acid (1)L ¥ 4 FEO#FE AR (2-5), Quillaic
acid(6) X v 4 FEDF5E (K (7-10), Oleanolic acid (11) & v
4 FEOFFEMR(L2-15) 2T L. Zh b O MnE
FEIEMER LOVTOP-I, 1 FLEEMEZ Table 1128 L7z,
fiti s AKMAEAK AS49 125t LALA W) 2 (ICs 2.4 uM)ES &
UV 14 (9.3 uM)23, H 23 AUflifiaik AZ521 12kt LIkEWY) 2
(3.1 uM)FB LTV 7 (8.7 uM) A3, FL2S AR SK-BR-3 |2
*UAEAE® 1 (9.2 uM), 2 (2.4 uM), 7 (5.7 uM)R LD A
HTodH % Cisplatin L0 b EWWlAEEEELZ R L
(Table 1). F7z, TOP-Il iZxt LTI, {LEW 1 (1Cs 24.7
uM) 232 B (LA Etoposide & 0 & i WO BHLETEMEZ R L
7= (Table 1).
UL EOFRERD D, FrooOMIETE AR A FLH Sz,
(1) C-16 fiz. OH JelIMNa G ETEMEIC L ETH D (1vs
11).
(2) C-28 iz COOH #:0 A F /L= 2 7 ML IT MG EiE
MR IE 5 (1vs2, 11vs12).
(3) 3,16-diOH K> 7 S /A biTlafs ETEME A K T &
% (1vs3,4,5).
(4) C-28 fiz. COOH }:» * F- = 27 WAk, TOP [HE
EMEEARTSES (1vs2, 11vs12).

1R! = OH R?=OH R®= COOH R*= CHj,4

2 R!'= OH R?= OH R®= COOCH; R*= CHj,4

3 R! = OCOCH; R? = OCOCH3 R®= COOH R*= CHj,4

4 R = OCO(CH,),COOH R? = OCO(CH,),COOH
R%= COOH R*= CH,4

5 R! =OCOCH,C(CHs;),COOH R? = OCOCH,C(CH3),COOH
R®= COOH R*=CHj,4

6 R! = OH R?= OH R®= COOH R*= CHO

7 R! = OH R%?= OH R®= COOCHz R*= CHO

8 R! = OH R?= OH R®= COOCH; R*= CH,OH

9 R! = OH R?= OH R®=COOH R*= CH,OH

10 R! = OCOCH; R? = OCOCH3 R® = COOH R* = CHO

11 R'=OH R?=HR®= COOH R*= CHjy4

12 R = OH R?=H R%= COOCH; R* = CH,4

13 R' = OCOCH; R?=H R®= COOH R* = CH,4

14 R! = OCO(CH,),COOH R?= H R®= COOH R*= CHj,4

15 R! = OCOCH,C(CH3),COOH R?>=H R®= COOH R*= CHj,4

Fig. 2 Structures of compounds 1-15
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Table 1. Cytotoxicities against four human cancer cell lines and topoisomerase inhibitory effects of compounds 1-15

Cytotoxicity (1Csq; pM)

TOP Inhibition (1Csy; uM)

Compounds HL60 A549 AZ521 SK-BR-3 Topo | Topo Il

1 Echinocystic acid >100 27.0 30.3 9.2 47.4 24.7

2 Echinocystic acid methyl ester 13.1 2.4 3.1 2.4 65.2 >100

3 Echinocystic acid 3,16-di-O -acetate 99.6 85.2 93.5 >100 >100 >100

4 Echinocystic acid 3,16-di-O -succinate >100 >100 >100 >100 >100 >100

5 Echinocystic acid 3,16-di-O -dimethylsuccinate 83.6 >100 >100 >100 >100 >100

6 Quillaic acid - >100 91.4 >100 - -

7 Quillaic acid methyl ester - 65.4 8.7 5.7 - -

8 Quillaic acid 3,16-di-O -acetate - - - - - -

9 Methyl 3B,16a.,23-trihydroxyolean-12-en-28-oate - - - - - -
10 3B,160.,23-Trihydroxyolean-12-en-28-oic acid - - - - - -
11 Oleanolic acid 44.7 >100 >100 >100 129 >100
12 Oleanolic acid methyl ester >100 39.4 28.7 50.7 >100 >100
13 Oleanolic acid 3-O -acetate >100 >100 >100 >100 >100 >100
14 Oleanolic acid 3-O -succinate 18.2 9.3 10.6 >100 >100 >100
15 Oleanolic acid 3-O -dimethylsuccinate 24.3 311 36.3 41.8 >100 >100

Reference compounds
Cisplatin 4.2 18.4 9.5 9.7
Camptothecin - - - - 6.8 -
Etoposide - - - - - 34.5
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