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Abstract--The isolation and structural determination of tubeimosides II and III, new cyclic bisdesmosides from 
tubers of Bolbostemma paniculatum are reported. 

INTRODUCTION 

The Chinese cucurbltaceous folk medicine, 'Tu Bei Mu', 
the tubers of Bolbostemma paniculatum (Maxim.) Fran- 
quet, is used as an anti-inflammatory agent for mastitis 
and as an antidote for snake venoms. From this folk 
medicine, an oleanane saponin named tubeimoside I (1) 
was isolated and the structure was reported in prehmi- 
nary communications El, 2]. This is the first example of a 
saponm having a novel cyclic structure with a 3-hydroxy- 
3-methylglutarate bridge and the name 'cyclic blsdesmo- 
side' was proposed for saponins of this type It was noted 
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that compound 1 is a potent solubilizer [1]. The present 
paper deals with the isolation and structure determi- 
nation of two additional new cychc bisdesmosides named 
tubeimosides II (2) and III (3) from the same source The 
experimental details of the study on compound 1 are also 
described. 

RESULTS AND DISCUSSION 

A methanohc extract of the tubers was chromato- 
graphed on a column of highly porous polymer resin to 
gwe a mixture of saponins. The mixture was subjected to 
column chromatography on silica gel, reversed phase 
silica gel and finally on hydroxyapatlte, affording com- 
pounds 1-3 m ymlds of 1.9, 0.5 and 1 0%, respectively 
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On mineral acid hydrolysis, compound 3 yielded an 
aglycone (4) and D-glucose, D-xylose, L-rhamnose and L- 
arablnose as sugar components. On the basis of spectral 
data, compound 4 was proved to be identical with poly- 
galaclc acM prewously isolated from Polygala paenea [3] 
and Platycodon grandiflorum [4] as a sapogenIn. 

The 1H and ~ 3C NMR spectra of compound 3 showed 
the presence of five monosaccharlde umts and an acyl 
moiety (Tables 1 and 2). Mild alkahne hydrolysis of 3 
with 0 5% barium oxide methanol and 0 5% potassmm 
hydroxide-water ylelded deacylated compound 5 and a 
dlcarboxyhc acM (6), respectively The latter compound 
was identified as 3-hydroxy-3-methylglutarlc aod Com- 
parison of the ~3C NMR spectrum of compound 5 with 
that of 4 showed the glycosylation shifts [5] for C-2, C- 
3,C-23 and C-28 (Table l), indicating that 5 is a blsdes- 
moslde of 4 with glycosyl linkage at both the 3-hydroxyl 
and 28-carboxyl groups On selective cleavage of the 
ester glycoside hnkage at C-28 with lithium iodide in 
methanol and 2,6-1undlne [6], compound 5 gave a 
monodesmoslde (7) and a methyl glycoside (8) Acid 
hydrolysis of compound 7 yielded D-glucose The ~H and 
13C NM R spectra of compound 7 showed the presence of 
two fl-glucosyl units The ElMS of a peracetate of com- 
pound 7 exhibited the fragment ions characterlsUc of 
terminal glucose (m/z 331) and glucoblose (m/z 619) The 
methylaUon analysis [7] of the permethyl ether of com- 
pound 7 revealed the presence of terminal and 2-hnked 
glucosyl residues Consequently, compound 7 ~s formu- 

lated as the 3-O-fl-D-glucopyranosyl ( l ~ 2 ) - f l - D -  
glucopyranoside (fl-sophoroslde) of compound 4 The 
methyl glycoside (8) was identified as methyl fi-D- 
xylopyranosyl (1 ~ 3)-~-L-rhamnopyranosyl (1 ~2)-L- 
arabmopyranoslde by comparison of ~ts ~ 3C NMR spec- 
trum (Table 2) with that of an authenuc sample obtained 
from 1 under the same condmons as above The ano- 
menc configuration of the arablnopyranosyl umt of com- 
pound 5 was confirmed as :~ based on the unusual 
13CNMR glycosylatlon shifts (Table 2) observed for the 
2-hnked arablnopyranosyl esters of the oleanane type 
trlterpenes reported by Mizutam et al [8] These results 
led to the formulation of compound 5 as shown 

The locauon of the acyl mmety of compound 3 was 
elucidated from the following results In the 13CNMR 
spectrum of compound 3, the signals due to the msac- 
charlde moiety at C-28 appeared at almost the same 
posmons as those m the spectrum of 1 (Table 2) In 
addmon, a proton signal of compound 3 in the range of 
an acylated carblnyl proton (66 06) was assigned to H-4 
of the rhamnose unit by means of I H ~ H 2D correlauon 
spectroscopy (2D-COSY) as shown m Fig 1 These re- 
suits Indicated that the 4-hydroxyl group of the rham- 
nose unlt is hnked with the acyl moiety 

In the 13CNMR spectrum of compound 3 (Table 2), 
signals due to one of two hydroxymethyl carbons of the 
sophorosyl moiety appeared at lower field (664 7) than 
the corresponding carbon signals m the spectrum of 5, 
indicating that the 6-hydroxyl group of either the termz- 
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Saponms from Bolbostemma pamculatum 

Table 1 ~3C N M R  chemical shifts of aglycone moieties m C s D s N  

1441 

1 14 17 15 13 2 12 18 16 4 3 5 7 9 6 

C-1 441 441 440 441 449 44.3 442 442 442 449 44.1 440 440 450 
2 693 705 705 707 716 692 70.5 704 706 71.6 70.0 701 703 716 
3 82 9 82 5 82.5 82 5 73 0 83.6 82 6 82 8 82 6 73.2 82 9 83 0 83 0 73 2 
4 43 1 42 3 42.7 42 5 42 3 43 4 42 6 42.7 42 7 42.4 42 5 42 6 42 7 42 4 
5 486 485 485 485 485 479 a 476  a 479 a 477 a 483 477 481 a 48.5 485 
6 186 181 182 179 183 19.0 180 184 179 183 187 181 18.1 186 
7 33 1 33 1 330 33 3 33.2 33 4 33 2 33 2 33 3 33 3 33 7 33 1 33 1 33 6 
8 40 4 40 0 40 1 39 9 39 9 40.4 40 2 40 3 40 1 40.1 40.3 40 1 40 0 40 3 
9 47 4 a 47 7 a 47 7 a 47.7 48 1 47.3 a 47 8 a 47 7 a 47 8 a 47 7 47.7 47 6 ~ 47 7 47 8 

10 372 369 36.9 370 372 37.4 369 37.0 370 373 370 369 370 37.3 
11 23 9 23 9 23 9 23 8 24 0 24.0 24 0 24 1 24 0 24 0 24 0 23 9 24 0 24 1 
12 1227 123 1 1225 1227 1227 1227 123.0 1225 1225 1226 1229 122.9 1226 123.0 
13 1442 1442 1442 1448 144.8 1446 1444 1445 145 1 145 1 1446 1444 145 1 1444 
14 41 8 42 7 42 5 42 3 42.4 41 8 42.2 42 4 42 3 42 3 42.1 42 1 42 3 42 4 
15 291 282 282 283 28.3 368 359 363 362 361 378 35.9 361 364 
16 227 232 230 238 23.8 750 746 741 748 748 734 739 748 740 
17 470 a 473 a 473 ~ 467 466 491 496 495 489 489 493 495 489 496 
18 41 3 41 7 41 3 42 0 42.0 40 4 41.2 41 3 41 4 41 5 40 9 41.2 41 5 41 4 
19 46 3 b 46 2 46.4 b 46 4 46.4 46 6 b 47.0 47.3 b 47 2 47 2 46 5 ~ 47 0 47 2 47 2 
20 30 8 30 8 30 8 31 0 30 9 30 8 30 8 30.9 31 0 31 0 30 8 30 8 31 0 30 9 
21 339 342 337 342 342 35.9 361 358 362 361 360 360 362 359 
22 322 327 32.6 330 33.0 324 32.0 322 328 328 324 31 9 329 32 1 
23 64 6 64 6 64.4 64 6 67.6 65 4 64.6 64 8 64 6 67 8 64.3 65 8 65 9 67 8 
24 156 147 146 147 145 158 146 147 147 146 15.3 14.7 148 145 
25 174 173 b 173 c 172 ~ 173 ~ 178 c 174 b 175 173 b 174 a 175 b 173 b 173 ~ 17-5 ~ 
26 174 176 b 176 c 175 a 175 a 179 ~ 176 b 175 175 b 176 a 178 b 175 b t 76  ~ 178 ~ 
27 26 0 c 26.1 26 1 26 3 26 2 27 5 27.2 27 3 27 3 27 2 27 3 27 1 27 3 27 3 
28 1760 1762 1763 1802 180.2 1755 1759 1758 1800 1800 1756 1759 1800 1759 
29 33 l 33 1 33 ! 33 3 33.2 33.2 33 2 33.2 33 3 33 3 33 1 33 l 33 3 33 2 
30 23 7 23 7 23 6 24 0 23 8 24 6 24 8 24 7 24 8 24.8 24 3 24 7 24.8 24 7 

C-1' 171 2 d 171.7 171 2 1720 171 2 ~ 171 7 
2' 46 6 b 46.3 b 46 9 b 47 1 b 47 2 a 46 4 b 
3' 70 1 70 1 70 2 70.4 70 1 70 1 
4' 47 9 b 46 3 b 47.7 b 47 6 b 46 9 ~ 46 7 b 
5' 1714 d 1749 1714 d 174.8 1714 ~ 1748 
6' 26.4 ~ 28.2 26 1 28 2 26.0 28 3 

174 7 
46 4 
70 0 
46 4 

174 7 
28 3 

a-O Signals may be interchangeable m each vertical column 

na l  o r  i n n e r  g lucose  un i t  is acyla ted .  By the  1 3 C - I H  2 D -  
C O S Y  s p e c t r u m  of  c o m p o u n d  3 (Fig. 2), th is  acy la t ed  
c a r b m y l  c a r b o n  s igna l  was  co r r e l a t ed  to  t he  p r o t o n  
s igna l s  at  64.98 a n d  4.61 w h i c h  were  a s s i g n e d  to  t he  H2-6  
o f  the  t e r m i n a l  g lucose  un i t  by  m e a n s  o f  2 D - N O E S Y  
(Fig 3) a n d  1 H J H  C O S Y  (Fig. 1) In  add i t i on ,  t he  E l M S  
of  a t r ime thy l s i ly l  e the r  o f  c o m p o u n d  3 s h o w e d  no  frag-  
m e n t  ion  d u e  to a t e r m i n a l  g lucose  uni t ,  w h i c h  was  
o b s e r v e d  in the  s p e c t r u m  of  a t r i m e t h y l s d y l  e t h e r  o f  5. I t  
fol lows t h a t  in c o m p o u n d  3, a n o t h e r  c a r b o x y l  g r o u p  of  
the  acyl  m o i e t y  m u s t  be  l i nked  to  the  6 - h y d r o x y l  g r o u p  of  
the  t e r m i n a l  g lucose  un i t  

F ina l ly ,  the  c h l r a h t y  o f  the  a s y m m e t r i c  c a r b o n  of  the  
acyl  m o i e t y  o f  c o m p o u n d  3 was  d e t e r m i n e d  as the  S- 
c o n f i g u r a t i o n  as  fol lows.  E n z y m a t i c  h y d r o l y s i s  o f  3 wi th  
f l - g l u c u r o n i d a s e  gave  c o m p o u n d  9. T h e  free c a r b o x y l  
g r o u p  of  ace ty l a t ed  9 was  r e d u c e d  wi th  d i b o r a n e  a n d  t he  
p r o d u c t  was  s apon i f i ed  by  a lkal i  to  give m e v a l o n o l a c -  
t o n e  (10). H l r a i  I9]  r e p o r t e d  the  mic ro - sca l e  identif i -  
c a t i on  o f  t he  ch i ra l i ty  o f  m e v a l o n o l a c t o n e  by  H P L C  

ana lys i s  as 3(R o r  S)-5-O-acetyl-l[(R)-phenylethyl]- 
m e v a l o n a m i d e  (11). W e  revea led  t h a t  3 -O- t r ime thy l sdy l  
e the r s  o f  the  3 -ep imers  o f  c o m p o u n d  11 c a n  be  dis-  
t i n g u i s h e d  f r o m  each  o t h e r  by  G C - M S  By m e a n s  o f  th is  
m o d i f i e d  p rocedu re ,  t he  c h i r a h t y  o f  C-3 o f  c o m p o u n d  9 
was  f o u n d  to be  the  S - c o n f i g u r a t i o n  as in the  case  of  1. 
Based  on  these  resul t s ,  t he  s t r u c t u r e  o f  c o m p o u n d  3 was  
e s t a b h s h e d .  

O n  m i n e r a l  ac id  hydro lys i s ,  c o m p o u n d  2 a lso  a f fo rded  
4 as  a n  a g l y c o n e  a n d  D-glucose ,  D-xylose,  L - r h a m n o s e  
a n d  L -a r ab lnose  as  s u g a r  c o m p o n e n t s .  O n  mi ld  a lka l ine  
sapon i f i ca t ion ,  c o m p o u n d  2 gave  a deacy l a t ed  c o m -  
p o u n d  (12) a n d  3 - h y d r o x y - 3 - m e t h y l g l u t a r i c  ac id  (6). In  
t he  ~ 3 C N M R  s p e c t r u m  of  c o m p o u n d  2, s igna l s  d u e  to 
the  a g l y c o n e  m o i e t y  were a l m o s t  s u p e n m p o s a b l e  ove r  
t h o s e  m the  s p e c t r u m  of  3, whi le  t h o s e  a s soc i a t ed  wi th  
s u g a r  a n d  acyt  moie t i e s  a p p e a r e d  at  a l m o s t  the  s a m e  
p o s i t i o n s  as t h o s e  o f  1 (Tables  1 a n d  2). T h i s  i nd i ca t ed  
t ha t  c o m p o u n d  2 m u s t  be a 16c t -hydroxyla ted  de r iva t ive  
o f  1. T h e  a l l oca t ion  o f  t he  acyl  m o i e t y  o f  c o m p o u n d  2 was  
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Table 2 13C NMR chemical shifts of sugar moieties in CsDsN 

1 14 17 15 2 12 18 16 3 5 7 9 8 

3-0- 3-0- 
Glc-1 1030 1034 1034 1037 1033 1034 1033 1035 glc-I 1033 1029 

-2 798 835 83.4 836 799 834 829 835 -2 839 832 
-3 78 7 a 77 9 a 78 0 78 0 ~ 78 9" 78 0 ~ 78 0 ~ 78 0 -3 77 3" 78 2 ~ 
-4 714 718 b 716 b 713 715 717 b 718 b 713 -4 709 708 b 
-5 78 5 a 780 a 780 78 1 a 78 5" 779 a 779 ~ 780 -5 78 1 b 779 ~ 
-6 625 624 623 625 625 623 623 624 -6 624 627 ¢ 

Ara-l 1044 1065 1064 1066 1046 1064 1060 1065 Glc-I 1055 1055 
-2 737 738 737 739 738 737 737 738 -2 771" 764 
-3 725 743 742 744 726 74.2 737 743 -3 778 b 781 ~ 
-4 723 692 692 693 723 692 693 693 -4 709 709 b 
-5 646 h 672 671 673 646 b 671 673 672 -5 757 780 a 

28-0- -6 647 62 3 ~ 
Ara-1 940 935 937 94.1 934 938 945 934 

-2 747 756 746 747 756 742 766 753 d 
-3 709 701 708 707 701 708 748 703 
-4 675 662 671 674 658 671 695 658 
-5 644 b 63 1 643 64 5 b 62 8 64 8 67 4 ~ 62 5' 

Rha-1 1006 1014 1015 1007 1014 1014 1024 1013 
-2 724 712 b 720 b 723 712 b 719 b 725 715 b 
-3 780" 832 789 782 ~ 830 788 782 b 828 
-4 732 728 731 733 727 732 734 725 
-5 680 701 680 681 696 679 680 696 
-6 183 184 180 18.3 184 180 183 183 

Xyl-I 1066 1072 1067 1065 1070 1064 1063 1068 
-2 746 750 750 747 753 753 748 754 a 
-3 78 5 a 78 3 a 78 0 78 5 ~ 78 1 ~ 77 9 ~ 78 0 b 77 9 ~ 
-4 709 71 0 b 71 2 h 709 709 b 71 2 b 709 71 3 b 
-5 669 672 671 669 671 675 670 ~ 670 

103 0 
83 6 
78 0 ~ 
712 
78 3 ~ 
62 5 b 

105 8 
76 8 
78 0 a 
712 
78 2 a 
62 48 type fl type 

93 8 103 7 101 1 
75 2 76 8 78 9 
71 6 74 3 70 6" 
66 7 69 4 69 6 ~ 
65 2 66 0 63 4 

101 5 1025 1046 
72.0 706 71 5 
79 0 83 1 83 1 
732 716 728 
68 1 69 1 68 9 
180 178 183 

106 7 106 9 106 7 
74 7 75 5 75 5 
78 1 78 1 78 1 
70 9 70 8 70 8 
670 670 670 
-OMe 560 55 1 

a-a Signals may be interchangeable m each vertical column 

s u p p o r t e d  by m e a n s  of  2 D - N M R  analysis  The  chlrallty 
of  the acyl moie ty  of  c o m p o u n d  2 was  also ass igned S- 
conf igura t ion  by the same  p rocedure  as used for 1 and  3. 
Consequen t ly ,  the s t ruc tu re  of  c o m p o u n d  2 was  fo rmu-  
lated as s h o w n  

We have been in formed recently that  D r  R.-S. Xu and  
his g roup ,  have also isolated 2 and  3 f rom the same  plant  
and  reached the s ame  conc lus ions  regard ing  the s t ruc ture  
e l u o d a t i o n s  [10].  

EXPERIMENTAL 

Mps uncorr IH NMR spectra were measured at 100, 270 and 
400 MHz and 13CNMR spectra at 25, 67 8 and 100 MHz The 
solvents used for spectral determmahon were, CsDsN-TMS 
(NMR), Nujol (IR), MeOH ([~]o), unless otherwise stated MS 
were recorded at 75 eV (EI) Acid hydrolysis of saponms fol- 
lowed by identification of the resulting monosacchandes inclu- 
ding absolute configuration [11], and the methylahon analysis 
of the sugar moieties by GC-MS were carried out as described m 
the previous paper [7] For CC, slhca gel 60 and LiChroprep 
RP-8 were used The solvent system for CC on silica gel was 
CHCIa -MeOH-H20  (6 4 1 homogeneous) 

Plant rnatertal The plant was collected at Shanxl (China) and 
ldenufied by Kunmlng Institute of Botany, Chinese Academy of 
Science A specimen has been deposited In the Herbarium of this 
Institute 

Extractzon and separatton The dried and powdered tubers 
(500g) were extracted with hot MeOH and then hot 50% 
MeOH After removal of the solvents by evapn, the combined 
extracts (261 g) were chromatographed on highly porous poly- 
mer, D1AION HP-20 (Mltsublshl Chem. Ind Tokyo, Japan) 
(H20 , MeOH and Me2CO, successively) The MeOH eluate 
(50 g) was separated by CC on SdlCa gel and then reversed-phase 
sdlca gel, LJChroprep RP-8 (65% aq MeOH and 58% aq 
MeOH) to give compound ! (1 9%) and a mixture of 2 and 3 
The mixture of compounds 2 and 3 was separated by CC on 
hydroxyapahte, PENTAX HP-40 (Asahl Optical lnd Tokyo, 
Japan) (80% aq MeCN) to give 2 and 3 m yields of 0 5% and 
1 0%, respecttvely 

Tubetmoslde l (1) A white powder, [~]~7 + 14 6 ° (c 1 09) IR- 
Vma x cm- 1 3300 (OH), 1740 (COOR), 1725 (COOR). FDMS m/z. 
1341 [ M + N a ]  ÷ EIMS (TMSI deny) m/z 349 (Xyl) TMSI 3 
1HNMR (270 MHz) 6 618 (IH, s, Rha H-l), 617 (1H, d, J 
=3  3 Hz, ester Ara H-l), 5 59 (1H. d, J = 7  3 Hz Ara H-l), 5 06 
(1H, d, J = 8 0  Hz, Glc H-l). 505 (1H, d, J = 8 0  Hz, Xyl H-l) 
(Found C, 55 89, H,7 56 C63H08029 2H20 requires C, 55 82, 
H, 758%)  

Tube~mos~de II (2) Colourless fine needles, mp 262 0-264 0 ° 
(from MeOH). [~]27 - 5  54 ~ (c099) IRvma~Cm -1 3400 (OH), 
1720 (COOR) FABMS (negative) m/z 1334 [ M ] -  ElMS 
(TMS1 deny ) m/z 349 (Xyl)TMSI 3 1H NMR (400 MHz) 6 6 21 
(1H, d, J = 4  3 Hz, ester Ara H-l), 6 09 (IH, 7, Rha H-lh 5 60 (1H, 
d, J = 7 0  H~, Ara H-I), 506 (1H, d, J ~ 7  8 Hz, Glc H-I), 505 
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(1H, d, J = 7 5 H z ,  Xyl H-I) (Found: C, 5484, H, 750 
C 6 3 H o 8 0 3 o  5/2H20 reqmres C. 54 81, H, 7 52% ) 

Tubetmostde 11I (3) Colourless prisms, mp 261 0-262 0 ~ (from 
MeOH) [~]~8 +02 '  (c 107) IRvm~.Cm J 3300 (OH), 1730 
(COOR) FABMS (negaUve) m/z 1363 [ M -  H] ElMS (TMS1 
deny ) rn/z 349 (Xyl) TMSI 3 1H NMR (400 MHz) 6 5 07 (1 H, d, 
J =8  0 Hz. Inner Glc H-l), 5 12 (1H, d, J = 7 3 Hz. Xyl H-I), 5 29 
( IH,  d, J = 7 9 Hz,  termmal  Glc H- l ), 5 91(  l H. d, J = 7 3 Hz,  Ara 
H-l), 630 (IH, s, Rha H-I) (Found. C, 5396, H, 756 
C 6 4 H 1 0 o 0 3 1  3HzO requires C, 54 15, H, 7 5 3 % )  

Actd hydrolysts o f  saponms and Menuficatton o f  sapoyemns A 
soln of I (287 rag) m N HCI 50% dmxane (20 ml) was refluxed 
for 3 hr After coohng, deposited crystals were collected by 
filtratmn, washed with HzO and recrystalllzed from 
MeOH H20 to gwe compound 13 as colourless needles 
(76 rag), whmh was ldenUfied as bayogemn by comparison of 

spectral and physmal data with those of reference data [12] 
Compound 13 Colourless needles, mp 333 -335' 

(MeOH-H20)  [¢t]~ v + 98 85 (CsH sN, c 0 43) IR vmaxcm- I 3450 
(OH), 1670 (COOH) JHNMR /100MHz) 6 093, 100, 109, 
1 26, 1 35, 1 58 (3H, each s, t Me x 6j, 3 29 (1 H, dd, Jls ,  l'~ - 14 Hz, 
J18 19#=4 Hz), 369, 417 (each 1H, each d, J = 1 2 H z  H-23), 
425 (IH, d, J = 3  9 Hz, H-3), 4 52 (IH, m, H-2h 5 29 (IH, t-hke, 
H-12) 

A soln of compound 2 (62 mg) in NH2SO4--50% EtOH 
(20 ml) was refluxed for 14 hr After coohng, the soln was concd 
to 10 ml under red pres, and the ppts formed were collected by 
filtration, washed with H20 and purified by repreclDtatlon from 
EtOH-HzO to give compound 4 as a white powder (17mg) 
Compound 3 also afforded an aglycone 4 Compound 4 was 
ldennfied as polygalacm acid by comparison of the spectral and 
phi, sinai data with those of reference data [3, 4] 
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Compound 4 A white powder, [ct]~ 9 +40.9 ° (CsHsN, c 0.85). 
IR Vm,~Cm- ~ 3350 (OH), 1670 (COOH). IH NMR (100 MHz) 6 
1.04, 1.14, 1 18, 1 37, 1 64, 1 82 (3H, each s, t M e x  6), 370, 4.17 
(each 1 H, each d, J = 11 Hz, H-23), 4 28 (1 H, d, J =4.1 Hz, H-3), 
4.56 (1H, m, H-2), 5 26 (1H, brs, H-16), 5 68 (1H, t-like, H-12) 

Deacylation of sapomns A soln of compound 1 (123 mg) in 
0 5 N BaO~try MeOH (20 ml) was stirred for 1 hr at room temp 
The reaction mixture was neutrahzed with ion exchange resin 
(Amberhte IR-120B, H ÷ form) and concd to dryness m vacuo 
The residue was chromatographed on silica gel to give com- 
pound 14 (38 mg) along with the monomethyl ester of 17 (19) 
(27 mg) 

Compound 14 A white powder, [ct]~ 7 - 5 8  ° (c0.97). 
IRv~a,cm -1 3350 (OH), 1725 (COOR) FDMS m/z 1215 [M 
+Na]  + ElMS (TMS1 denv) m/z 915 (Ara-Rha-Xyl)TMSI7, 
639 (Rha-Xyl)TMSi 5, 727 (Glc-Ara)TMSI 5, 349 (Ara or 
Xyl)TMSI 3 (Found C, 54.65; H, 769, Cs7H92026 7/2H20 
requires C, 54 49, H, 7 94% ). 

Deacylatlon of compounds 2 (206 mg) and 3 (101 mg) m the 
same way as above gave 12 (127 mg) and 5 (57 mg), respecUvely. 

Compound 12 A white powder, [~]~'~ -19 .9  ° (cl  16) 
IR Vm,,Cm-1 3400 (OH), 1725 (-COOR) ElMS (TMSI deriv.) 
m/z 915 (Ara-Rha-Xyl)TMSiT, 737 (GIc-Ara)TMSi 6, 639 
(Rha-Xyl)TMSI5, 349 (Ara or Xyl)TMSI 3. XH NMR (270 MHz) 
6 5 12 (1H, d, J = 7 0  Hz, Xyl or inner Glc H-I), 5.15 (1H, d, J 
= 7 0 Hz, inner Glc or Xyl H-l), 5 26 (1H, d, J = 7 3 Hz, terminal 
Glc H-I), 5 76 (IH, s, Rha H-I), 6 54 (1H, d, J =3 5 Hz, Ara H-I) 
(Found C, 55 58, H, 7 95, C57H92027 H20 requires: C, 55.78, 
H, 7.72% ) 

Compound 5 A white powder, [ct] 2s -26 .9  ° (c167) 
IR Vm,~Cm- 1 3300 (OH), 1720 (COOR) ElMS (TMSI deriv ) m/z: 
915 (Ara-Rha-Xyl)TMSI7, 829 (GIc~Glc)TMSI7, 639 
(Rha-Xyl)TMSIs, 451 (Glc)TMSI4, 349 (Xyl)TMSI 3 1HNMR 
(270 MHz) 6 5 15 (1H, d, J =8 0 Hz, inner Glc H-I), 5.25 (1H, d, 
J = 8 0 Hz, X yl H-1), 5 38 (1 H, d, J = 8 0 H z, terminal Glc H-1), 
5 78 (1H, s, Rha H-I), 6 56 (1H, d, J = 3  5 Hz, Ara H-I) (Found 
C, 5421, H, 769, C58H94028-5/2H20 requires C, 54.24, H, 
7.77% ). 

Partial alkahne hydrolysis of compound 1 and 2 A soln of 
compound 1 (125 mg) in 0 25% aq KOH (20 ml) was stirred for 
1 hr at 0 ° under N 2 atmosphere The reaction mixture was 
neutrahzed with Amberhte IR-120B (H ÷ form) and concd to 
dryness in vacuo The residue was chromatographed on slhca gel 
to give compounds 17 (43 mg) and recovered 1 (73 mg) Partial 
alkahne hydrolysis of 2 (115 mg) afforded 12 (37 mg) and 18 
(52 mg). 

Compound 17 A white powder, [~t] 2° +103  ° (el.00) 
I R v ~ c m  - I  3400 (OH), 1725 (COOR) FDMS (monomethyl 
ester) m/z 1373 [ M + N a ]  + EIMS (monomethyl ester TMSI 
deriv.) m/z 797 [ (Rha-Xyl)-OCO-CH2-CMe(OH)-CH2- 
COOMe]TMSI 5 , 549 (Rha-Xyl)TMS14, 717 (Glc-Ara) 
TMSI 6, 349 (Ara or Xyl)TMSI 3 (Found C, 5493; H, 7 75, 
C63HlooO3o 2H20 requires' C, 55 09, H, 7.63% ) 

Compound 18 A white powder, [ct] 2° - 1 3 7  ° (c180) 
IR VmxCm- ~ 3250 (OH), 1720 (COOR) FABMS (negative) m/z. 
1351 [ M - H ] -  ~HNMR (400 MHz) 6 5.03 (1H, d, J=7 .9  Hz, 
Xyl H-l), 5.13 (IH, d, J = 7 3  Hz, inner Glc H-I), 5 16 (1H, d, 
J = 6 . 7 H z ,  terminal Glc H-l), 596 (1H, s, Rha H-l), 6.43 
(1H, d, J = 3 7 H z ,  Ara H-l)  (Found. C, 5418, H, 779, 
C63HlooO31 2H20 requires C, 54.45, H, 7 54%.) 

Enzymatic hydrolysis of compound 3. To a soln of compound 3 
(46 mg) in acetate buffer (pH 5 0, 10 ml) was added fl-glucuronl- 
dase (Sigma Co 1 ml) and the mixture was incubated for 5 days 
at 37 °. The reaction mixture was dlld with an equiv vol. of 
MeOH and passed through a column of Dlaion HP-20 elutlng 
with 50% aq. MeOH and MeOH, successively. The fraction 

eluted with MeOH was concd to dryness in vacuo The residue 
was chromatographed on silica gel to give compound 9 (22 mg) 

Compound 9 A white powder, [ct] 21 - -166 ° (c 100), 
IR VmaxCm- 1 3300 (OH), 1720 (COOR) FABMS (negative) m/z 
1057 [ M - H ] - ,  (positive) re~z" 1081 (M+Na)  + 1HNMR 
(400 MHz) 6" 5 03 (1H, d, J = 7  6 Hz, Xyl H-l), 5.98 (1H, s, Rha 
H-l), 6 38 (1H, d, J =4  3 Hz, Ara H-l) (Found' C, 56 64, H, 7 83, 
C52Hs2022.5/2H20 requires: C, 56 56, H, 7.94% ) 

Selective cleavaoe of the ester 91ycoside hnkaye of compounds 5, 
12 and 14 A soln of 14 (106 mg) and LII (112 mg) in 2,6-1utldne 
(2 ml) and dry MeOH (2 ml) was refluxed for 16 hr under N 2 
atmos. After cooling, the reaction mixture was dlld with 50% aq 
MeOH (2 ml), delonized with Amberhte MB-3 (H ÷, O H -  form) 
and evapd to dryness The residue was chromatographed on a 
column of slhca gel to give compounds 15 (11 mg) and 8 (18 mg) 
together with 14 (66 mg, vide supra) By the same reaction, 
compound 12 (131 mg) afforded 16 (16 mg) and g (28 mg), and 5 
(91 mg) gave 7 (17 mg) and g (27 mg) On the basis of EIMS, 1H 
and 13CNMR (Table 2) spectral data, as well as methylatlon 
analysis, compound 8 was formulated as methyl fl-o-xylopyran- 
osyl (1 -.3)-et-L-rhamnopyranosyl(1 --*2)-L-arabinopyranoslde 

Compound 8 1HNMR (100 MHz) 6 ~t type; 602 (s, Rha H-l), 
5 09 (d, J = 6 3 Hz, Xyl H-l). fl type, 5 32 (d, J = 2.2 Hz, Ara H-l), 
565 (s, Rha H-I), 509 (d, J = 6 3  Hz, Xyl H-l)  Methylation 
analysis, 2-hnked arablnopyranose unit, 3-hnked rhamnopyran- 
ose unit, terminal xytopyranose unit 

Compound 15 A white powder, [~t] 1S +55.1 ° (cl.01), 
IR vmxcm- x 3350 (OH), 1690 (COOH). Methylatlon analysis, 2- 
linked glucopyranose unit, terminal arabinopyranose unit, 
EIMS (acetate) re~z, 547 (Glc-Ara)Ac 6, 259 (Ara)Ac 3 1HNMR 
(100MHz) fi 5.17 ( 1 H i 2 ,  d, J = 6 6 H z ,  Ara and Glc H-l) 
(Found C, 5921, H, 8 35 C41H66014 5/2H20 requires C, 
59.47, H, 8 64% ) 

Compound 16. A white powder, [ct] 2° + 3 2 8  ° (cl.06), 
IRvma~cm -1 3250 (OH), 1670 (COOH) EIMS (monomethyl 
ester TMSI derlv ) re~z, 737 (Glc-Ara)TMSI6, 349 (Ara)TMSI 3. 
~H NMR (100 MHz) 6 5 14 (1H x 2, d, J=7 .3  Hz, Ara and Glc 
H-l) (Found C, 6009, H, 8 50, C41H66015 H20 requires C, 
60 27; H, 8.39% ) 

Compound 7 A white powder, [~t]~ 7 + 222 ° (cl.01), 
IR VmaxCm- 1 3300 (OH), 1680 (COOH). EIMS (acetate) m/z, 619 
(Glc~Glc)AcT, 331 (Glc)Ac4, Methylation analysis: 2-hnked glu- 
copyranose unit, terminal glucopyranose umt. 1HNMR 
(100 MHz) 6. 5.12 (1H, d, J =6  4 Hz, inner Glc H-l), 5 36 (1H, d, 
J = 6 . 3 H z ,  terminal Glc H-l) (Found. C, 5913; H, 848, 
C42H6sO16 3/2H20 requires C, 58.93; H, 8 36% ) 

Alkaline hydrolysis of saponins and tdentlfication of resultmo 
dtcarboxyhc acid A soln of saponln in 0 5% aq KOH (80 ml) 
was stirred for 3 hr at 0 ° under N 2 atmosphere After acidifi- 
cation with dll HCI, the reaction mixture was conc to 40 ml in 
vacuo The soln was extracted with Et20 by using an automatic 
extractor for 3 days The Et20 extracts were conc to give a 
yellow gum, which was chromatographed on Sephadex LH-20 
(MeOH) to give compound 6 as a colourless syrup which was 
identified as 3-hydroxy-3-methylglutarlc acid by direct compari- 
son of aH and t 3 C NMR spectra and GC-MS analysis (&methyl 
ester) with those of a commercial authentic sample. GC-MS 
conditions. 2 m x 2.6 mm glass column packed with 40% DEGS, 
He at 20ml/mln, isothermal, 165 °, injection temp 230 °, separ- 
ator temp., 260 °, ionizing voltage 70 eV 

Compound 6 IRvma~Cm -~ 3250 (OH), 1690 (COOH) 
1HNMR (100MHz) 6 180 (3H, s, tert-Me), 322 (4H, s, 
- C H  2- x 2) GC-MS (&methyl ester) (rel int) m/z. 175 [ M -  
Me] + (9), 159 [ M - O M e ]  + (5), 143 (30), 141 (14), 117 
[CMe(OH)-CH2~COOMe] + (100), 101 (38), 85 (69), 75 (13), 74 
(17), 69 (10), 59 (15), 58 (14), 57 (11), 56 (51), 43 (100), 42 (21), 41 
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(10), 39 (10), 31 (25), 29 (28), 27 (29), 15 (24) 
Reducuon and alkaline hydrolysis of  acetylated compound 9 and 

Identification ofresultmo mevalonolactone (10) A soln of acety- 
lated compound 8 (112 mg) in 0 1 M BH3-dry T H F  (20 ml) was 
starred at - 18 ° for 30 rnln and at room temp overmght under 
Ar atmosphere To the reaction mixture was added H 2 0  (0 1 ml) 
at 0' and the mixture was taken to dryness The residue was 
subjected to repeated co-dlstlllatmn with MeOH to remove 
H3BO 3 A soln of the product m 2% K O H  M eOH (20 ml) was 
starred for 6 hr at room temp The reaction mixture was dduted 
with H 2 0  and acidified with 1 N HCI The mixture was conc to 
remove MeOH and then extracted with Et20 for 4 days by using 

gave crude mevatonolactone (10) (17 rag), which was converted 
to 5-O-acetyl-(phenylethyll-mevalonamlde (I 1) according to the 
met.hod, o£ H'.,. ra~. rc9~. and. t.hen, t,,:.:meth y-Is @~ a:ted, v~::t.h. 2524. N,O- 
bls-tramethyisllyiacetoamlde (BSA) m dry MeCN The resulting 
TMS1 ether of compound 11 was compared with the same 
derivative of authentic (R)- a n d  (S)-mevalonolactone by GC- 
MS From the R, [(S)-mevalonolactone, 4 0 5 m l n  (R)- 
mevalonolactone, 42 5 rain. 10. 404 mln], compound 10 was 
identified as (S)-mevalonolactone GC-MS condmons  2 m  
×:26 mn-r glass ,,,'olmn'~r co~rtaam~vg ~% 8E-52; He: a t  14: rot/i-ran; 
isothermal, 220, separator tcmp,  260", injection temp 230', 
lOmzlng voltage 70 eV 

3(S)-5-O-Acetyl-3-O-tramethylsdyl- 1-[(R)-phenylethyl-]-meval- 
onamlde GC,  MS (tel !nt) m/z 365 IMp* (!5), 350 [ M - ! 5 ]  + 
(12), 290 [M - A c O H  - 15] + (3). 278 (141, 275 [ M -  TMS~OH] + 
{12), 215 [ M - T M S I O H - A c O H ]  + 110), 186 (5), 174 (17), 143 
(26). 132 (5L 120(73), 119 16), 117(8), 116(9), 115(9), 112(27), 106 
(18), 105 (100), 104 (14), 103 (8), 79 112), 77 (111, 75 (28), 74 (7), 73 
(32), .69, (.!.2), .68.(,'7,), 45, (.5,)~ 43, (Ac,, 301. 

From compounds  I and 2, (S)-mevalonolactone was also 
:dent:fled by the same procedure 

Acl~no~,J_e.,_hlemenl.s. W..e~ a,r£~ gr.a~PofJA, to. P_r.ofe~so~ 12'ly_. ]~--S- '~fJL 
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