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Abstract-TXe structures of two new triterpenoid trisaccharides asiaticoside-A and asiaticoside-B horn CenteiCa 
asiatica have been elucidated as the [O-a-L-rhamnopyranosyl-( l-+4)-o-/?-D-glucopyranosyl( l-+6)]-O-fi-D-gluco- 
pyranose ester of 2a,3/3,6/?,23a-tetrahydroxy-urs-12-ene-28-oic acid and the [0-a-I-rhamnopyranosyl-( 1+4)-0-p-D- 
glucopyranosyl(1 -r6)]-0-/I-D-glucopyranose ester of 2a,3,&6/?,23a-tetrahydroxyolean- 12-ene-28-oic acid by spectro- 
scopic analysis 

INTRODUCTION 

In a prevtous commumcation [l] the molecular geometry 
of asiattcoside, the major triterpenotd trisaccharrde from 
Centella asiatzcu has been reported. The widespread 
reputation of the plant m India and Madagascar for the 
treatment of leprosy [2,3] prompted us to investigate the 
plant for the isolatton and characterization of other 
constituents of biological interest. It may be mentioned 
that considerable phytochemical studies [4-91 have al- 
ready been done on this plant species 

RESULTS AND DISCUSSION 

Usual solvent extraction of the an-dried leaves and 
repeated CC purification of the ethanohc extract led to 
the isolation of two glycoside fractions. The fraction of 
lower polarity could be crystallized and was character- 
ized as asiaticoside [I]. The fraction of shghtly higher 
polarity designated CA-2 although apparently homoge- 
neous by TLC, turned out to be a mixture of two 
components as revealed by HPLC and ‘%NMR Suc- 
cessful separatron and isolation of the pure components 
by HPLC was frustrated by then similar polarity How- 
ever, negative FAB-mass spectrometry of CA-2 with 
thiogfycerol as matrix exhibited ion peaks at m/z 973 and 
1009 ascribable to [M-H]- and [M-H+2H,O]-, 
respectively. Positive FAB mass spectrometry with dieth- 
anolamme (DEA) as matrix showed the ion peak at m/z 1080 
attributable to [M + DEAH]+ On the other hand posi- 

tive FAB mass spectrometry of CA-2 with thioglycerol as 
matrix showed the highest mass ion peak at m/r 997 
assignable to [M +Na] i Thus, the FAB mass spectra of 
CA-2 suggested that the M, of both of its components are 
the same which IS 974 The 13C NMR spectrum of CA-2 
disclosed that both of its constituents have the sugar 
moiety attached to the carboxyl groups of then aglycones 
which possess the same M, but different skeletons More- 
over, the i3CNMR spectrum revealed that the carbohy- 
drate moiety of CA-2 IS identical to that of asiaticoside 
[l] whose 13C chemical shifts have completely been 
assigned Hydrolysis of CA-2 afforded a mixture of two 
aglycones which could be separated by HPLC on a S-10- 
ODS reversed-phase column usmg acetomtrileewater 
(3 2) as the mobile phase The two aglycones w!ere 
characterized by mass and 13C NMR spectral analysis as 
6/J-hydroxy asiatic acid (I) [6]and termmohc acid (2), the 
latter bemg isolated for the first time from a natural 
source other than Termtnalza ztwrenszs [lo] The acid 1 
belongs to the ursane series and the acid 2 to the oleanane 
group Assignments of the “C chemical shifts of the acids 
1 and 2 were straightforward using known chemical shift 
rules [I 11, off-resonance studies and by comparison of 
then shift data with those of triterpenes with similar 
skeletons [ 12,131 especially asiatic acid [I] and arjunohc 
acid [14], respectively, takmg mto consideration the 6/j- 
hydroxylation effect [ 151 Notmg the glycosylatmn shift 
values [16,17], comparison of the 13C data of the acids 1 
and 2 as well as then common carbohydrate moiety with 
those of CA-2 led to the assignments of the “C chemical 
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EXPERIMENTAL 

Mps uncorr. IR spectra were recorded m Nujol mulls. 
‘H NMR m CDCI, at 99.6 MHz and “C NMR at 25.05 MHz 
for C,D,N solns wtth TMS as mt std MS were obtamed at 
70eV HPLC was performed on a Sphertsorb S-IO-ODS re- 
versed-phase column (25 cm x 1.d. 10 mm) usmg a RI detector. 

Extractron and tsolatlon of glycosldes. Au-dried C aslattca 
(1 kg) was successively extracted wtth petrol (6CrSOq, CHCI, and 
90% EtOH The extract on removal of solvent under red. pres. 
yielded a VISCOUS dark brown mass This was extracted with n- 
BuOH and the extract washed with H,O to remove H,O sol 
morgamc tmpurittes and free sugars, then evapd to dryness 
under red pres to gtve a dark brown residue (45 g). The residue 
was chromatographed over sihca gel (600g) and eluted wdh 
petrol, petrol-CHCI, (1 l), CHCl,, CHCI,-MeOH (9.1, 17:3, 
41.9,4.1) A total of 105 frs (250 ml each) was collected and frs 
havmg the same R, values on TLC were combined Frs eluted 
wtth CHCI,-MeOH (41 9) on repeated chromatographtc purtfi- 
cation followed by crystalhzatton from MeOH furnished needles 

of asiatrcostde (1.8 g), mp 230-232” (decomp), [a],- 16”(MeOH; 
c 0.52). Elutton of the column with CHCl,-MeOH (4: 1) yielded a 
sohd (1.2 g) which on further purification by chromatography, 
afforded a TLC homogeneous amorphous glycostde fraction 
CA-2, mp 200-205” (decomp). 

Hydrolysis of CA-2 and tsolatron of 6B-hydroxy aslatw aced (1) 
and termmolzc acrd (2). Fr. CA-2 was a mrxt of two compounds by 
HPLC. However, tsolatton of pure compounds by prep. HPLC 
was not successfi~f fi. CA-Z(T.Ygj wa8hydrofysed.wtth ZMHCT 
m aq. MeOH (75 ml) at 100” for 4 hr. Usual work-up yielded a 
mixt of two aglycones (720 mg). Prep. HPLC of genin mtxt on a 
Spertsorb-S-lo-ODS reversed-phase column wtth MeCN-HZ0 
(3 2) and flow rate 2.2 ml/min afforded 68-hydroxy asiattc acid 
(360 mg) and termmolic acid (230 mg). 

6/SHydroxy astattc actd (1). Crystallized from MeOH as a 
white powder (350 mg), mp 285-288”; Me ester, mp 168-170”; 
[a],+ 30” (CHCl,, c 0.82), triacetate Me ester, mp 134-136” [a], 
- 8.5” (CHCI,, c 1.9) [lit. [6], Me ester, mp 167-169”, [a],+ 34” 
(EtOH), 6fi-hydroxy-2a,3/3,23-triacetate Me ester, mp 142-145”, 
[a],-5.9O (EtOH)]. 

Termmo[ic actd (2). Crystalked from aq MeOH as colourless 
powder (200 mg) mp 2300” [a&+44.2” (EtOH, c 0.28); Me 
termmolate (MeOH) mp 165-168”, [a], + 37” (CHCl,; c 0.6); [ht. 
[lo], Me ester, 165-168”, [a&,+40” (CHCI,; c 0.78)]. HRMS 

Table 1. r3C chemical shafts (f 0.1) of compounds l-3 in pyridine-d, 

C 1 2 3 4 C 3 4 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
glc- 1 

48 2 469 
690 68.8 
78 5 78 3 
43 1 43.1 
48 6” 48 1 
67 6 67.6 
39.0 39 2 
39 5 40.0 
489 48 9 
380 38.4 
25 Ob 23.8” 

126.0 122.5 
1386 1440 
443 42.2 
28 7 28.1 
260b 23 3” 
48 0” 43.0 
53 3 41.9 
38 1 46 1 
39.1 30 5 
310 33.8 
37 5 32.5 
666 66.6 
155 15.3 
17 2 17 5 
18.6 18 5 
23 8 23.7 

1798 1793 
24.0 33 1 
21.3 23.9 

48.2 47.0 
68.9 689 
78.7 78 5 
43.1 42.8 
48.7 48.7 
676 679 
39 3 39.3 
39 5 39.5 
49.7 49 5 
37 9 38.0 
24.3 239 

126.3 122.5 
137 7 143.4 
442 442 
28 7 28.0 
24 5 23 9 
484 43 1 
53.3 42.8 
380 46.6 
39.0 306 
310 33.0 
37.5 32.5 
66 5 66 5 
155 15 5 
17.4 17.4 
19 1 19 1 
23 7 243 

176.2 176.4 
23.7 330 
21 1 243 
95.5 95 5 

glc-2 73.6 73.6 
glc-3 78.3 78.3 
glc-4 70.1 70.4 
glc-5 76.7 76.7 
glc-6 71.0 71.0 
glc-1’ 104.4 104.0 
glc-2 750 75.0 
glc-3 77.6 77.6 
glc-4’ 78.3 78.3 
glc-5’ 76.3 76.3 
glc-6 61.4 61.6 
rha-1 102.4 102.4 
rha-2 72.4” 72 4’ 
rha-3 72.1” 72.1’ 
rha-4 73 6 73.6 
rha-5 69.4 69.4 
rhad 18.1 18.1 

glc = Glucose, rha = rhamnose. ‘*?Stgnals may be interchanged in each vertical 
column. 
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I R=H 2 R-H 

3 R = trlsaccharlde unit 4 R = trlsaccharlde unit 

Trlsocchorlde unit = 

m/z (rel mtenslty) 5183600 [M]’ (Calcd for C,,H,,O,, 
518 3607) (1 l), 500 3483 [M-HzO]+ (0.9), 482.3380 [M 

- 2HI,0] + (2.7), 459.3453 [M - COOMe] + (0 97), 458 3373 [M 

-COOMe-H]’ (l), 4233253 (C H 0 ) (1 9), 302.2248 z9 43 2 
(C,&I,,O,) (2 l), 263 1970 (C,,H,,O,) (16 5), 262 1936 

(Cl,HZ602) (791, 204 1839 (C,,H,,) (162), 203 1805 (C,,H,,) 
(lOO), 202 1727 (C,,H,,) (16 1) and 189 1652 (CL4Hz1) (18 1) 
2a,3/?,23-Trlacetoxy-6j?-hydroxy-methyl termmolate as leaflets 

(MeOH), mp 164165”, [~],+15‘ (CHCI,, c 1 l), [ht [lo], 
methyl-tn-O-acetyltermmolate, mp 160-162” [a],,+ 19” (CHCI,, 

c 1.53)] ‘H NMR (CDCI,) 6 0 76 (3H, s), 0 86 (3H, s), 0 89 (3H, 

s), 0 98 (3H, s), 1.2 (3H, s), 1 26 (3H, s) (6 x Me), 1.96 (3H, s, OAc), 

2 02 (3H, s, OAc), 2 06 (3H, s, OAc), 3 6 (3H, s, COOMe), 3.68 and 

3 82 (2H, ABq, -CH,OAc, J= 12 Hz), 4 36 (lH, hr s, -OH), 4 98 
(d, J=8 Hz, H-3), 5 12 (m, H-2) and 5 32 (t-hke, lH, H-12) 
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