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Abstract-Three compounds, an acid and two glycosidic acids, derived from the acyl moieties of quillajasaponin were 
obtained from the alkaline hydrolysate of the saponin mixture. On the basis of chemical and spectral evidence, they were 
identified as 3,S~ihydroxy-~methyi~tanoi~ acid, 3,~dihydroxy~-methyl~~noic acid S-0-a-L~mbinofu~noside 
and S-O-a-L-rhamnopyranosyl-(1 + 2~a-L-arabinofuranoside. The first compound was, in fact, isolated and character- 
ized as its lactone form. FDMS was useful in providing information on the M, of the unique acid and glycosidic acids. 

INTRODUCTION 

A physiologically active triterpenoid saponin mixture (so- 
called quillajasaponin) obtained from the bark of Quillaja 
sapmaria is a mixture of acylated triterpenoid 
oIigoglycosides(acyIated saponins). The isolation and the 
structure elucidation has been reported [I] of the two 
de~~~~ns (quiilaic acid 3,28-0-bis~yco~des) ob- 
tained, together with less polar compounds (eliminated 
acyl groups), by mild alkaline hydrolysis of the quillaja- 
saponin. In this paper we wish to report the isolation and 
structure determination of the eliminated acyl groups, 
compounds 1.2 and 3, originating from the acyl moieties 
of quillajasaponin. 

RESULTS AND DISCUSSlONS 

A mixture of the less polar compounds obtained as 
described in the preceding paper [I], showing three spots 
on thin-layer c~omato~phy due to the eliminated acyl 
groups (compounds 1,2 and 3), was separated by normaI 
phase (silica gel) column chomatography as shown in the 
experimental section to give compounds 2, 3 and 4. 
Compound 1 was converted into 4 during the separation 
by the column chromatography. 

Compound 4 revealed the IR absorptions due to 
hydroxy and carbonyl groups and was assigned the 
molecular formulae C,H,,O, by taking the FD and El 
mass spectral data into account, while the ‘H and 
“C NMR (Table 1) spectra suggested the presence of one 
primary methyl, one secondary methyl, three methylenes, 
one methine, two oxygen-bearing methines and one 
estercarbonyl group. 

Compound 4 was acetylated to afford the monoacetate 
5. Since 4 contained two degrees of unsaturation, these 
data suggested 4 to be a monocyclic compound possessing 
hydroxy and ester functionalities. The characteristic frag- 
ment peak at m/z 57[C,Hp] * in the EI mass spectrum and 

*To whom correspondence should be addressed. 

Table I. “CNMR spectral data (C,D,N) for compounds 2 3 
and 4 

Reference 
C 4* 2 3 compounds 

I 171.9-s 177.7 s 175.4s 

2 39.6 I‘ 44.8 tb 44.3 tf 

3 63.8d _@&d 65.7 d 
4 34.8 ra 39.3 tk 39.4 t= 
5 80.8d 786 d 18.1 d 
6 38.9 d 38.6d 38.7 d 
7 25.0 t 24.9 t 24.9 I 
8 11.6q 12.3 q 12.4q 

6-Me 13.9q 14.9 q IS.1 q 

I’ 
2 
3 
4 
5 

I ‘. 
2” 
3” 
4” 
5” 
6 

108.8 d 106.5d 
83.4 d 88.3d 
78.2 d 771 d 

85.7 d 85.od 

62.9 I 62.2 r 

100.9 d 102.6 d 
12.4 dd 72.1 d 
12.5 dd 72.7 d 
73.8 d 73.8 d 
70.1 d 69.5 d 
18Sq 18.6 q 

EAI 
110.5 d 
83.4 d 
78.6 d 
85.5 d 
62.7 t 

CR1 

*in CDCJS, rb.c’ Assignments may be reversed in each vertical 
column. 

[A]: Methyl a+arabinofuranoside. 
[RI: Methyl a-L-rhamnopyranoside. 

the t3CNMR signals (611.6, 13.9, 25.0, 38.9) [2] of 4 
indicated the existence of partial structure A (l-methyl- 
propyl group). 

Detailed analysis of the ‘HNMR spectrum of the 
acetate 5, including spin-decoupling experiments, implied 
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the presence of the partial structure E in 4. lr~djation of 
H-3 (proton next to acetoxy group) at 65.19, which was 
assigned by comparison of the ‘H NMR spectra of 4 and 
5,collapsed two dd (Hz-2)at S2.54and 2.95 to twod (each 
J = 17 Hz) indicating C-2 was adjacent to a quarternary 
~r~n(~rbonyl group), and also collapsed two dddf H2-4) 
at 61.68 and 2.30 to two dd. Irradiation of H-5 (proton 
next to ester group) at 64.14collapsed two ddd, due to H,- 
4, to two dd. The partial structure B wasalso supported by 
a fragment peak at m/z 115 [CsH,OJ + in the EI mass 
spectrum of 4. These data eslabIished the structure of 
compound 4 as a monohydroxy &lactone. 

Since 4 was an artefact of 1 and it gave 1 by alkaline 
treatment, compound 1, the genuine eliminated acyl 
group, must be 3,5_dihydroxy-&methyloctanoic acid 
though it was not isolated as its acid form. 

Compound 2 was hydroly~ with acid to yield com- 
pounds 1,4 and arabinose and revealed in the FD mass 
spectrum the molecular ion peak as a cationized cluster 
ion, [M(C1*Hz60s) + Na] * at m/z 345. In the 13C NMR 
spectrum the signals due to one anomeric carbon and a 
carboxylic acid were observed at blO8.8 and 177.7, 
respectively. The above data indicate that compound 2 is 
the monoarabinos~de of 1. Comparison of the “C NMR 
spectrum of 2 with those of 4 fartefact of 1) and methyl 
arabinosides (Table I) indicated the existence of an a- 
arabinofuranosyl moiety in 2. Consideration of the glyco- 
sylation [3,4] and esterification [S, 61 shifts revealed that 
the S-hydroxy group was glycosylated. The location and 
the configuration of the arabinose was confirmed as 
foIlows. 

When 2 was methylated by the method of ref. [7] it 
produced the permethylate 6 which afforded methyl 2,3,5- 

~ A(mjz 57) 

4 R=H f 
5 R=Ac I 

, 

tri-~-methyl~rabinofu~nos~de upon methanolysis. The 
El mass spectrum of 6 gave characteristic fragment peaks 
(m/z261,131,117)due to thecleavageshown in Scheme 1, 
thus indicating the site of linkage of the arabinose together 
with the peaks originating from the terminaI per- 
methylated pentose (m/z 175) [S] and aglycone residue 
(m/z 201). The u-configuration was verified by comparison 
of the anomeric proton signaI (65.08, s) in the “H NMR 
spectrum of 6 with those of methyl furanosides of 2,3,5-tri- 
O-methyl-a- and @-arabinose [9]. 

Consequently, if arabinose is assumed to be the most 
commonly found L-series, compound 2 is 3,5dihydroxy- 
6-methyl-octanoic acid S-Ok-L-arabinofuranoside. 

Compound 3 gave, on acid hydrolysis, 1, 4, arabinose 
and rhamnose, and showed in the FD mass spectrum the 
molecular ion as at mlz 469 and 491 as a cationized 
ciuster ion, [h&C,,H,,b,,)+ H] + and [M + Na] +, In 
the 13C NMR soectrum twoanomericcarbon signals were 
observed at 6 lb.5 and 11K).P. Therefore, corn&& 3 is 
regarded to consist of one mol. each of 1, arabinose and 
rhamnose. The FD mass spectrum of 3, further, revealed 
the peak at m/r 345, [M + Na - 146]+, derived from the 
elimi~tion of a terminal rhamnose residue [lo]. In the 
’ 3C NMR spectrum signals due to aglycone moieties of 2 
and 3 showed good agreement (Table 1). The above data 
indicated 3 was the S-O-rhamnosyl-arabinoside of 1, and 
the structure of the sugar moiety was determined as 
follows. 

When the ‘%NMR spectrum of 3 wascompared with 
those of 2 and methyl rhamnosides, the glycosylation shift 
was observed on the signals at C-l’, C-2’ and C-3’ of a- 
arabinofu~no~ in 3 and the a-pyranose form of a 
rhamnose moiety in 3 was also indicated (Table 1). 

t-------- 
11 R=H 
I 
i m/z 201(6.7) 

2 R=H 

6 R = Me 
s.-%._____-*..,____ 

3R=X 
7 R = Me 

_-_____----_________I_______ 

8 R=H 

9 R=Ac 



Glycosides from quillajasaponin 2359 

Petmethylation of 3 followed by methanolysis of the 
product (7) afforded methyl &3,4-tri-O-methyl- 
rhamnopyranoside and 8. Compound 8 was assigned by 
the ‘H NMR spectrum of its acetate (9) as methyl 3,5_di- 
0-methyl-arabinofuranoside. Since the a-configuration of 
rhamnose and arabinose units was confirmed by their 
anomeric proton signals, 64.94 (doublet, J = 2Hz) and 
5.12 (singlet) [9, 111. in the ‘HNMR spectrum of 7, the 
sugar moiety of 3 was assignable to be the a- 
rhamnopyranosyl-( 1 --, 2)aarabinofuranoside. 

Accordingly, compound 3 is 3,5dihydroxy-o-methyl- 
octanoic acid 5-0-a-L-rhamnopyranosyl-( 1 + 2)-a-t_- 
arabinofuranoside because rhamnose is also usually found 
as the L-series in natural products. 

Investigations concerning the stereochemistry of 4 and 
the aglycone moiety of 2 and 3 are in progress, but, 2 and 3 
are, to the authors’ knowledge, novel natural glycosides. 
For example the aglycone moiety is especially unique in 
that it is the first of C, natural carboxylic acid and the 
sugar moiety of 3 is also unique in that arabinofuranose, 
which is usually located at a terminal, in this case is located 
at the internal position of the glycoside. 

It is assumed that compounds 1.2 and 3 are combined 
with desacylsaponins which were described in the preced- 
ing paper [l] to form the respective parent acylated 
saponin, quillajasaponin. 

EXPERIMENTAL 

For general methods, except for those described below, refer 
to the preceding paper [I]. Solvent systems for TLC (silica gel 
and Avicel): (a) CHCI,-MeGH-H,0(7:3:0.3), (b) n-hexant 
EtOAc( I : I), (c) upper layer of n-BuOH-pyridine-Ha0 (6: 2: 3) 
+ pyridine (I). Condttions of GLC(FlD mode): glass column 
(I.Zm x 3mm) packed with IO% I.4butanediol succinate on 
shimalite W(6CrSO meshkcolumn temp. 135”. IR spectra wererun 
as Ccl, soln. 

Isolation of compounds 4, 2 and 3. A mixture of less polar 
compounds (eliminated acyl groups) (2.2 g), obtained from 
quillajasaponin by mild alkaline hydrolysis [I] and showing three 
major spots (R, 0.39,0.23,0.10) on TLC (silica gel; solvent a), was 
chromatographed on silica gel (eluant; CHCI,-MeGH-H,O, 
8:2:0.2 + 7:3:0.3) to give three fractions, fraction 1 (R, 0.90). 

2(R, 0.23) and 3 (R, 0.10). Each fraction was passed through a 
Sephadex LH-20 column (eluant; MeOH) to give compound 4 
(105 mg), 2 (107 mg) and 3 (169 mg), respectively. 

Compound 4. Colourless syrup, [u]o + 39.5” (MeGH; c I. 15). 
IRvscn-‘: 3600 (OH), 1725 (ester). FDMS m/z: 
173[M(C,H,,O,)+H]*. EIMS m/z: 154.1009[M -H,O]*, 
calcdforC,H,,O,: 154.0994(16%), 1l5.039l[C,H,0,]+,calcd 
for C,H,O,: 115.0393 (lOO%A 57 [C,H,]+ (45%). ‘HNMR 
(CDCI,): d 0.92 (3H. I, J = 6 H& Me), 0.97 (3H. d, J = 6 Hz. Me), 
4.16 (2H, m, H-3 and H-5). “CNMR (CDCI,): Table I. 

Monoacetate 5 of compound 4. Compound 4 (21 mg) was 
acetylated with Ac,O(l.5 mlkpyridine (1.5 ml) at 70’ for 30 min 
and the reaction mtxture was diluted with H,O and extracted 
with CHCI,. The CHCI, layer was washed, dried and evaporated. 
The residue was passed through a silica gel column (eluant n- 
hexane-EtOAc, I : I) to give an acetate (6) (15 mg) as a colourless 
syrup. IR Y$$$ cm-‘: no OH, 1740 (ester). ‘H NMR (CDCI,): 6 
0.93 (3H, t. J = 6 Hq Me), 0.98 (3H. d, J = 6 Hr., Me), 2.08 (3H. s. 
OA~A1.68(lH,ddd.J= 14,IL9H~H4).2.30(lH.ddd.J=14, 
7, 3Hz, H-4), 2.54 (IH. dd, J = 17, 7Hq H-2). 2.95 (IH. dd, I 
=17.7H~H-2),4.14(IH,ddd,J=12,4,3H~H-5).5.19(IH. 
dddd, J = 9. 7, 7, 7 Hz, H-3). Irradiation of 65.19: 61.68 (dd, J 
= 14.12 Hz),2.30(dd,J = 14,3Hz),2.54(d.J = 17Hz),2.95(d.J 

= I7 Hz). Irradiation of 64.14: 6 I.68 (dd, J = 14.9 Hz), 2.30 (dd, 
J= 14,7Hz). 

Compound 2 Amorphous hygroscopic powder, [a]o -82 
(MeOH; c 0.87). FDMS m/r: 345[M(C,,H,,O,)+Na]‘. 
“CNMR (C,D,N): Table I. Compound 2 was heated with 
I N H,SO, for 1 hr at 70” and diluted with H,O. The reaction 
mixture wasextracted with Et,Oand the Et,0 layer was washed, 
dried and evaporated to give crude aglycone fraction in which 4 
and I were detected by TLC (silica gel, solvent a). The H,O layer 
was neutralized with Ba(OH), soln, tiltered and the liltrate was 
concentrated. The residue was examined by TLC (Avicel. solvent 
b), and arabinose was detected. 

Permerhylate 6 oj compound 2 [7] and its methanolysis. 

Compound 2 (47 mg) was treated with NaH (250 mg) and Mel 
(7 ml) in DMSO (IO ml). The reaction mixture was diluted with 
H,O and extracted with CHCI,, and the CHCI, layer was 
washed, dried and evapd. The residue was chromatographed on 
silica gel (eluant, n-hexantEtOAc, 2: I) to give 6 (23 mg) as a 
colourless syrup. IR Y% cm - ‘: no OH, I740 (ester). FDMS m/z 

392[M(C,sHx60s)]‘. EIMS m/z (tel. int.): 261 (7), 201 (66k 175 
(IOO), I31 (IZ), II7 (17). ‘HNMR(CDCI,): 60.8-l.O(6H, m. Me 
x 2), 1.41.9 (5H, m, H,-4, H-6, H,-7). 2.53 (2H. d, J = 6 HZ H,- 
2). 3.38 (IZH. s, OMe x 4), 3.68 (3H, s, COGMe), 5.08 (IH. s, 
anomeric H of arabinofuranose). Compound 6 was heated with 
7 % HCI in MeGH for 2 hr. the mixture was treated with Ag,CO, 
and filtered. The filtrate was evapd and the residue (meth- 
anolysate) was examined by TLC (silica gel, solvent b) and GLC 
and methyl 2,3.5-tri-0-methyl-arabinofuranoside was detected 
(a-anomer, R, 0.56, R, 10.6 min; /l-anomer, R, 0.39, R, 14.0 min). 

Compound 3. Amorphous hygroscopic powder, [alo -98.3” 
(MeOH;c0.58). FDMSm/z:469[M(C,,H,,O,,)+ H]+,491[M 
+Na]+,345[M+Na-1461 l . “CNMR (C,D,N): Table I. Cht 
hydrolysis with acid under the same conditions as for 2, 
compound 3 gave 4 and I (detected by TLC; silica gel, solvent a) 
and a sugar mixture. The sugar mixture was found to consist of 
arabinose and rhamnose (TLC: Aviccl, solvent b). 

Preparation ojpermerhylare 7. Methylation of 3 (88 mg) in the 
same manner as for 2 afforded 7 (61 mg) as a colourless syrup. 
IRv$+cm-‘: no OH, 1740 (ester). FDMS m/z 567 
[M(C,,H,,O,,)+ H]+.EIMSm/z(rel.int.):435(1),349(62),201 
(79). 189(100), I31 (IO), 117(11). ‘HNMR(CDCI,):60.8-l.O(6H, 
m, Me x 2). 1.27 (3H, 4 J = 6Hz, H,-6” of rhamnose), 1.4-1.9 
(5H. m. Hz4, H-6, Hz-7). 2.53 (2H. d, I = 6 Hz HI-2). 3.37, 3.39, 
3.42.3.48.3.50.3.53 (each s. 3H, OMe x 6), 3.67 (3H. s. COOMe), 
4.94 (I H, d, J = 2 Hz, anomeric H of rhamnose), 5.12 (1H. s, 
anomeric H of arabinofuranose). 

MethoMlysis o/ compound 7. Permethylate 7 (40 mg) was 
boiled with IO% HCI in MeGH for 2 hr and treated in the same 
manner as for 6. The methanolysate was examined by TLC (silica 
gel, solvent 6) and GLC and methyl 2.3,~tri-O-methyl-rhamno- 
pyranoside was detected (a-anomer, R, 0.54, R, 8.6 min). It was 
then chromatographed on silica gel (eluant, n-hexane-EtOAc, 
I: 1) to give 8 (colourless syrup) (R, 0.20, silica gel, solvent 6) 
Compound 8 yielded, by usual acetylation, a monoacetate 9 
(colourlesssyrup). ‘HNMR tCDCl,): 62.10 (3H. s. OAc), 3.40 (3H 
s,OMe), 3.44 (6H,s, OMe x 2),3.6(3H.m. H-3’. H,-5’),4.16 (IH. 
m,H-4’).4.92(lH,s,H-l’).5.05(IH,d.J = 1 H&H-2’).lrradiation 
of 65.05 simplified the signal at 63.6. 
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