
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 22 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Asian Natural Products Research
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713454007

Triterpenoid Saponins from the Leaves of Ilex Kudincha
Ming-An Ouyanga; Chong-Ren Yangb; Zhi-Jun Wuc

a Department of Chemistry, Huaqiao University, Quanzhou, Fujian, China b Kunming Institute of
Botany, Chinese Academy of Sciences, Kunming, China c Qingdao Institute of Oceanology, Chinese
Academy of Sciences, Qingdao, China

To cite this Article Ouyang, Ming-An , Yang, Chong-Ren and Wu, Zhi-Jun(2001) 'Triterpenoid Saponins from the Leaves
of Ilex Kudincha', Journal of Asian Natural Products Research, 3: 1, 31 — 42
To link to this Article: DOI: 10.1080/10286020108042836
URL: http://dx.doi.org/10.1080/10286020108042836

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713454007
http://dx.doi.org/10.1080/10286020108042836
http://www.informaworld.com/terms-and-conditions-of-access.pdf


2001 OPA (Ovcrwas Publishers h\sociatinn) N V 
Published hy license under 

the Hdrwood .Academic Puhli.;hers Imprint. 
palt of The Crtiidnn i n d  Breach Puhlishinp Group. 

Printed in hlalnysia 

TRITERPENOID SAPONINS 
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Kutitning. 650204, China: "Qingduo Institute of Oceanology, 
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i Rrceivrtl 39 Morch 2000: 111 J'i1wl , / i irm I 2  April 2000) 

Eight new tritcrpenoid saponins, kudinosidcs 1-P along with three known saponins were 
isolated from the lcavcn of I k x  kud~nchrr. Thc aglycone moiety of kudinosides I-K was deter- 
mined as a ncw tritcrpenc (kudinolic acid). a fore-genin for the lactonic triterpene. The struc- 
tures of all saponins were established on the basis ol' speclroscopic and chemical evidence. The 
biogenesis of the trilerpene with lactonic moiety w:is briefly discussed. 

Kewords:  Ilc~s kmliizchti: Aquifoliaceae; Triterpenoid saponin; Structural elucidation 

INTRODUCTION 

We previously reported the isolation and structural elucidation of 
triterpenoid saponins called kudinosides A-G, a series of kudiiilactone 
saponins, from the leaves of Ilex kudincliu (Chinese crude drug named 
"Ku-Ding-Cha", Aquifoliaceae) [ 1: 21. In the course of chemical studies on 
medicinal plants of Zlcx genus having cardiovascular activities, we have 
isolated eight new triterpenoid saponins named kudinosides I (1) - P (8), 
together with three known saponins: latifoloside G (9): latifoloside H (10) [3] 
and 3- 0-D-glucuronopyranosyl asiatic acid 28-O-&D-glucopyranoside (11) 
[4] from the title plant. Extensive 2D NMR experiments revealed that 
saponins 1-3 have trans-bihydroxy groups on the C-19 and C-20 of the 
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aglyconc ( la ) ,  ;in inlormediate to form the luctonic structure 011 the I - n n g  
( l h  - I d )  (Fig. I ) .  The prcsciit paper deals with the isolation and structur;il 
elucidation of tiit. new saponins. 

HKSI!I.TS AND DISCUSSION 

'The \vater soluble fraction 01- tlic ethanol exlract 01. I/tz.v /<~m'fmh/  \I.;IS 

clirc~iiiatograplied on silica gel columns. l.ollowcd b y  repeated RP-8 ;ind 
\l(71 columns to yield eleven saponins ( I  - 11).  Some of them are minor 
wpoiiiiis. Saponins 1 ~ 10 have 4 - 6 sugai- u n i t s .  but only 11 h a s  two sugar 
tinits. which i s  because 11 tias a glucuronic acid t i n i t  on the molecule ;itid the 
glucuronic acid increases i t s  polarity. Saponins 9 and 10  were idcntilicd a h  

latifoloside < i  and latifoloside H, furthermore, saponins 4. 5, 8. 9. 1 1  arid 6. 
7. 10 were dclermined as Lirsolic and oleanolic-type saponins. respcctivel\. 
by comparison of the N M R  data with the reported Ref. 131. 

inn 
peilk at 117,;: 1397 in the negative FAB-MS. On acid hydrolysis. 3 affordcd 
pliicosc, rharnnosc and arabinose as the sugar moieties. The ' H  NM R 
spectrum exhibited [lie presence of seven single methyls at h:  0.88, I .OX, 1 .  I I .  
1.15. 130. 1.46. 1.73. a tri-substiluted olcfinic proton ;it h 5.60 in  thc 
aglyconc moiety, and six anomeric proton signals at  h 4.73 ( I1 1. d .  J -: 
7.0H7. H-1-Ara). 5.13 ( I H ,  d,  J-7.6117. WI-Glc).  5.28 (1H.  cl. 

Kha). and 6.67 ( 1  H. s. H- I-rlia'). The configurations o f  stigar units \vci-c 

Kudinoside K ( 3 )  was a colorless powder a n d  showcd ;I [M HI 

.I 7 . h l I / ,  I l - l - G l ~ ' ) .  6.21 ( I H .  d. J = 7 . 9 H z .  H-I-glc), 6,.V ( I H .  S. H-I -  
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TRITERPENOID SAPONINS FROM THE LEAVES OF ILEA' KL'DINCHA 33 

determined by the JHl-H~ coupling constant of anomeric protons: p for 
glucose and o for arabinose and rhamnose. The 'H and I3C NMR spectra 
revealed that the aglycone of 3 was a derivative of pomolic acid. 
Comparison of their chemical shifts between the aglycone and pomolic 
acid indicated that it was the same except for E-ring. Due to the C-20 from 6 
42.4 in pomolic acid to 6 76.2 (+33.7) and the other changes of chemical 
shift of carbons such as C-18 [6 50.1 (-4.7)], C-21 [6 33.0 (+6.1)], C-22 [b 
34.3 ( -  3.0)], and (2-30 [S 23.4 ( + 6.0)], the C-20 must be an oxygen-bearing 
quaternary in the aglycone of 3. These positions were confirmed by HMBC 
and NOESY experiments. In the HMBC spectrum, the methine proton (6 
3.16, H-18) was correlated with a carboxyl signal (6 178.0, C-28), an olefinic 
quaternary carbon signal (6 138.8, C-13), an aliphatic carbon signal (6 47.9, 
C-17) and two oxygen-bearing quaternary carbon signals ( b  74.1, (2-19 
and 6 76.2, C-20). Furthermore, the methine proton at 6 3.16 the proton at 6 
2.02 (H-22) and the proton of methyl at  6 1.46 (H-29) in the NOE spcctrum 
(Fig. 3) .  These evidences indicated the occurrence of trans-bihydroxy groups 
in the molecule. Hence. the aglycone of 3 was formulated as 38,19~1,20D- 
trihydroxyurs-12-en-28-oic acid, a new triterpene and named kudinolic acid 
(la>. 

The locations of sugar linkages and sequences were deduced from 
the HMBC correlation. The spectral findings showed correlation be- 
tween the anomeric proton signal at S 4.74 (H-1 of Ara) and the carbon 
signal at S 88.7 (C-3 of the aglycone), the anomeric proton signal at S 
6.37 (H-1 or Rha) and the carbon signal at S 74.7 (C-2 of Am), the 
anomeric proton signal at 6 5.13 (H-1 of inner Glc) and the carbon signal at  
6 82.7 (C-3 of Ara), the anomeric proton signal at S 5.28 (H-1 of terminal 
Glc) and the carbon signal at 6 84.5 (C-2 of inner Glc), the anomeric 
proton signal at  b 6.21 (H-1 of esterified glc) and the carbon signal at 
6 178.0 (C-2X of the aglycone), and the anomeric proton signal at 6 6.67 
(€1-1 of rha) and the carbon signal at 6 76.2 (C-2 of esterified glc). 
So, the sequence of the C-3 position is S2 ,  the same sequence as that of 
kudinoside C [2] (see Fig. 2). From these data, the structure of kudinoside 
K was determined as 3-0-,6-D-glucopyranosyl( 1 -2)-,8-D-glucopyranosyl 
(1 +3)-[cu-L-rhamnopyranosyl( 1 +2)]-a-L-arabinopyranosyl kudinolic acid 
28-O-cl-L-rharnnopyranosyl( 1 -+2)-~-D-glucopyranoside. 

Kudinoside J (2) showed a [M-HI- ion peak at miz 1251 in negative 
FAB-MS, consistent with C59H96028. 2 was the same aglycone moiety of 3 
by comparing their 'H and I3C NMR spectra. On acid hydrolysis, 2 also 
gave glucose, rhamnose and arabinose as sugar moieties. The 'H NMR 
spectrum exhibited five anomeric protons at 6 4.71 (d, J=6.8Hz),  
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TRlTERPENOID SAPONINS FROM THE LEAVES OF ILEX KUDIiVC'HA 35 

5.14 (d, J-7.8Hz), 5.28 (d, J=7.8Hz), 6.20 (d, J=8.1Hz), 6.35 (brs). 
The "C NMR spectrum showed five anomeric carbons (see Tab. I). Sugar 
moieties showed correlation between C-3 and H-1 of Ara, C-3 of Ara and 

TABLE I I3C NMR spectra data for saponins 1 N 8 (pyridine-ds) 

1 

1 39.3 
2 26.7 
3 88.4 
4 39.7 
5 56.3 
6 18.8 
7 33.8 
8 40.6 
9 48.2 
10 37.2 
11 24.2 
12 128.2 
13 138.8 
14 42.3 
15 29.8 
16 26.5 
17 47.9 
18 50.6 
19 74.2 
20 76.4 
21 32.9 
22 34.3 
23 28.3 
24 17.1 
25 15.9 
26 17.5 
27 24.2 
28 176.7 
29 23.5 
30 23.4 

3-O- Ara 
1 140.7 
2 74.9 
3 82.0 
4 68.1 
5 64.8 

Rha 
1 102.0 
2 72.6 
3 72.4 
4 74.2 
5 70.1 
6 18.6 

2 

39.3 
26.8 
88.5 
39.7 
56.4 
18.8 
33.7 
40.7 
48.2 
37.2 
24.2 

128.3 
138.7 
42.3 
2Y.8 
26.6 
47.9 

74.1 
76.2 
33.0 
34.3 
28.3 
17.2 
15.9 
I 7  5 
24.4 

176.8 
23.5 
23.4 

50.3 

105.1 
74.5 
82.5 
69.4 
65.4 

101.1 
72.3 
72.2 
73.7 
69.8 
18.4 

3 

39.3 
26.9 
88.7 
39.7 
56.5 
18.9 
33.8 
40.7 
48.2 
37.2 
24.2 

128.2 
138.8 
42.3 
29.8 
26.5 
47.9 
50.1 
74.1 
76.2 
33.0 
34.3 
28.4 
17.3 
15.9 
17.5 
24.2 

178.0 
23.6 
23.4 

~- 

105.1 
74.7 
82.7 
69.4 
65.6 

101.1 
72.4 
72.3 
73.9 
69.9 
18.3 

4 5 6 7 

39.4 
26.9 
88.6 
39.8 
56.5 
18.9 
33.7 
40.8 
48.0 
37.2 
24.3 

128.7 
139.5 
42.2 
29.8 
26.4 
49.0 
54.8 
73.0 
42.5 
26.9 
37.3 
28.4 
16.9 
15.9 
17.7 
21.5 

177.3 
21 3 
17.4 

105.2 
74.5 
82.6 
69.4 
65.3 

101.2 
72.3 
72.2 
73.8 
69.8 
L8.3 

39.3 
26.9 
88.8 
39.8 
56.6 
18.9 
33.8 
40.8 
48.0 
37.3 
24.3 

128.7 
139.5 
42.2 
29.9 
26.4 
49.0 
55.0 
73.0 
42.6 
26.9 
37.5 
28.5 
16.1) 
15.9 
17.4 
24.6 

177.3 
27.3 
17.4 

105.3 
74.5 
82.8 
69.5 
65.7 

101.3 
72.4 
72.3 
73.9 
70.0 
18.5 

39.5 
26.9 
88.6 
39.9 
56.5 
18.9 
33.2 
40.5 
48.8 
37.4 
24.6 

123.6 
144.5 
42.6 
29.5 
28.3 
47.0 
45.2 
81.5 
35.9 
29.4 
33.7 
28.4 
17.4 
16.0 
17.7 
24.8 

177.4 
28.9 
25.0 

105.2 
74.6 
82.6 
69.3 
65.5 

101.2 
72.3 
72.2 
73.6 
69.9 
18.5 

39.5 
26.9 
88.6 
39.8 
56.5 
19.0 
33.1 
40.5 
48.9 
37.4 
24.6 

123.6 
144.6 
42.5 
29.4 
28 3 
47.0 
45.0 
81.6 
36.0 
29.2 
33.8 
28.4 
17.4 
16.0 
17.7 
24.9 

177.5 
28.9 
25.0 

105.2 
74.4 
82.7 
69. I 
65.6 

101.1 
72.3 
12.3 
73.8 
70.0 
18.6 

8 
~ 

39.1 
26.8 
82.5 
43.6 
48.0 
18.5 
33.3 
39.7 
47.8 
37.1 
24.3 

128.7 
139.4 
42.3 
29.4 
26.3 
48.8 
54.6 
72.9 
42.2 
26.2 
37.8 
64.6 
13.6 
17.6 
17.2 
24.7 

177.1 
27.2 
16.8 

107.1 
71.2 
86.0 
69.2 
67.1 
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1-1-1 oi' Glc ( inn.) .  ( ' - 2  01 '  Glc ( inn.)  am1 H - l  ot' C i k  (ter.). ( - - 2  01 '  .4r:i 
arid H-l  of' Rha.  C-28 a n d  H-l  of glc in  the HMHC spectrum. I 'he sugiir 
moiety (C-3 pwition) \vas the same linkages and sequences i i i  t l i a t  of 
kudinoside C 171. The signals of the N M R  data b 6.20 (d. .I== 8. I H r )  a n d  
11 96.0 o f  glucose indicatcd thc esterifing position lxtween thc carbo.i).l 
((f-28) and the glucosc. Rased on the evidence, the structure of' kudino- 
4dc .I has becn cmncluded to be 3-O-:-l-D-FlucopL.r~Iiiosyl( 1 -2)-.i-D-gluco- 
p y I';\ tin s y 1 ( 1 - 3)- [ k -  L- rha riino p y ra n osyl( 1 -- 2 )] - (1 - L -;i r-ii hi n o  17 y ran o s y I k utl i - 
iiolic acid 2 8 - 0 -  .I-U-glucopyranosicle. 

Kudinosidc I I I )  was obtained a s  it11 amnrphoux powder- and exhibited 
;I [M ~ H] ion peak at / \ I ' z  1135 in the negati\r IsRB-MS. 1 affoi-dt.tl 
kudinolic acid, glucose, rhumnose. and arahinose on acid hydrolysis. The 
' H  N M R  spcctruin o f  1 showed five atiomci-ic protons :it b 4.85 ( I H. d .  
.I h.XH/. H-I-Ara) .  5.09 ( I H .  ti.  . I -  7 . S l l ~ .  ti-l-Cilc). 6.20 ( 1 1 1 .  tl .  
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TRITEKPENOID SAPONINS FROM THE LEAVES OF /l-b.'X KUDliVC'H.4 37 

J=8.0Hz. H-1-glc), 6.15 ( lH,  brs, H-1-Rha), 6.65 ( lH,  brs, H-1-rha). 
The sugar linkagcs and sequences were decided by HMBC spectrum. We 
observed the correlation between thc following carbons and protons in the 
sugar moieties: C-3 and H-1 of Ara, C-2 of Ara and H-1 of Rha, C-3 of Ara 
and H-1 of Clc, C-28 and H-1 of glc, C-2 of glc and H-1 of rha. These sugar 
linkages and sequences were the same as those of latifoloside G - H  [3]. 
Therefore, thc structure of kudinoside I was determined as 3-0-a-L-rhamno- 
pyranosyl( 1 -+2)-[/3-D-glucopyranosyl( 1 +3)]-o-L-arabinopyranosyl kudi- 
nolic acid 28-0-a-L-rhamnopyranosyl ( 1 +2)-~8-D-glucopyranoside. 

Kudinoside P (8) showed a [M -HI- ion peak at m/z 1105 and was 
consistent with the molecular formula C53H86024 deduced by the negative 
FAB-MS. On acid hydrolysis, 8 aff'orded arabinose and glucose. The 'H 
and I3C NMR spectra of 8 exhibited a rotundic acid as the aglycone by 
comparing of the reference NMR data [5].  The 'H N M R  spectrum gave four 
anomeric protons at S 4.80 (d, J-7.4Hz), 5.16 (d, J=7.8Hz),  5.26 (d, 
J =  7.6 Hz) and 6.28 (d, J =  8.0 Hz). The four corresponding anomeric 
carbons were assigned in Table I .  On alkaline hydrolysis, 8 afforded glucose, 
this result implied the glucosyl group should link at the C-28 position. Sugar 
linkages were observed the long-rangc correlation between the following 
carbons and protons in the sugar moieties: C-3 and H-1 of Ara, C-3 of Ara 
and H-1 of Glc (inn.), C-2 of Glc (inn.) and H-1 of Clc (ter.), C-28 and 
H-1 of glc. Based on the foregoing evidence, the structure of 8 has been 
concluded to be 3-0-/3-D-glucopyranosyl( I ~2)-8-D-glucopyranosyl(l+3)- 
a-L-arabinopyranosyl rotundic acid 28-U-~~-D-glucopyranoside. 

Compounds 4 and 6 were the isomers and both assigned the molecular 
formula C59H96027. The saponins afforded a [M - HI ~ ion peak at m/z 1235 
in the negative FAB-MS. The sugar moieties of the 'H, I3C NMR data of 4, 
6 were the same linkage and sequence as those of 2. They all gave glucose, 
rhamnose and arabinose on acid hydrolysis. Compounds 4, 6 showed 
a pomolic acid and a siaresinolic acid as the aglycones, respectively, 
by their NMR spectra. So, the structure of 4 was deduced as 3-0-1j- 
D-glucopyranosyl( 1 +2)-,O-D-glucopyranosyl( 1 +3)-[cu-L-rharnnopyranosyl 
(1 +2)]-a-L-arabinopyranosyl pomolic acid 28-O-[~-D-glucopyranoside, 
named kudinoside L and 6 was 3-O-~~-D-glucopyranosyl( 142)-P-D- 
glucopyranosyl( 1 +3)-[a-L-rhamnopyranosyl (1 +2)]-a-L-arabinopyranosyl 
siaresinolic acid 28-O-P-D-glucopyranoside, named kudinoside M. 

Compounds 5 and 7 were the isomers, showed a [M ~ HI ~ molecular ion 
peak at miz: 138 1 in the negative FAB-MS and exhibited a pomolic acid and 
a siaresinolic acid as the aglyconcs, six anomeric carbon/proton signals at 
S 105.3 [4.70 (d, J=6.7Hz)], 103.2 [5.07 (d, J=7.7Hz)], 106.1 [5.26 
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(ti.  . /=-7.XHz) j ,  101.3 [6.2X (brs)], 95.1 [6.14 id, J-X.OH7)j iind 101.6 [b,hO 
(brs)]  i n  the K M R  spectra. By comparison of the N M R  data  o f  sugar- 
moieties. compounds 5, 7 had the same cugar and linkages nith 3 .  
Therefore. kudinoside N (5) was formulated as 3-O-;-l-D-glucopqiral?os?.l 
( I ~ i2)-;~-D-glucopyranosyl~l-3)-[c~-L-rharnnopyran~~sqil~ 1 -.3)1-cL-L-:~i-abi- 
nopyrmosyl poinolic acid 78-O-~-L-rhatnrlopqiraii(~s~l( 1 -2)-.'~-D-glucc>- 
pyranoside and kudinoside O(7) was done as 3-0-9-0-glucopyraiiosyl 
( 1 -?)-, ,'-n-elucopyranos~I( 1 i3)-[n-L-rhainiiopyranosq.l( 1 +2)]-o-L-:il-abi- 
nnpyi-anosyl siai-esinolic acid 28-O-o-L-i-hamnopyr~IIiosyli 1 -2)-,'-D-sliicc)- 
13 y ran os idc . 

Thirty triterpenes m d  saponins isolated fi-om 1. / c / d i ~ 7 ( ~ / 1 ~ /  [ I  ~ 2. 61. 
cspecially saponins 1 ,  2 and 3 of having t/um-bihydroxy groups o f  their 
aglycones give an important clue with regard to the biogenesis of forming 
Inctonic structure a s  the lactonic triterpenes. The lactonic structure shoiild 
reasonably explain through the key intermediate of kudinolic acid ( Is). Thr 
biogenesis L V ~ S  showcd as follows: the C-28 methyl ot' ci-amyi-in would hc 
oxidized to  form LI carboxyl and changed to ursolic acid. The ('-19 melhinc 
01' the ursolic acid would be oxidi7ed to form ;I hydroxyl on thc C-19 
position to give the pomolic acid. The C-20 methinc of the poniolic acid 
would be done another hydroxyl to form the kudinolic acid. From the acid. 
the t w o  posiilions between the hydroxyl on the C-20 and the carboxyl on 
 he C-28 would  bc esterified to give a lactone (Fig. 4.) and finally should 
synthesize ii series of kudinlactones ( l b  L' Id ). 

The geometry of the lactone indicated that the configuration of the 
hydroxy group on the C-30 of- kudinolic acid should be L j  hydroxyl. which i s  

( ursolic acid 
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TRITERPENOID SAPONThS FROM THE LEAVES OF I L E X  KL'DIN'CHA 39 

the necessary condition of forming the lactone. This assuming result was 
substantiated by the NOESY experiment of 3. 

EXPERIMENTAL SECTION 

General Experimental Procedures 

H and 13C NMR spectra were obtained with Bruker AM-400, DRX-500 
spectromcter, FAB-MS were taken on VG Autospec 3000 system spectro- 
meter. Optical rotations were measured on a JASCO-20C digital polari- 
meter, the IR spectrum was recorded as a KRr pellet on a Perkin-Elmer 1750 
FTlR spectrometer, and Gas chromatography (GC) was run on a Hitachi 
G-3000 gas chromatography. Chromatographic material used RP-8 (40 - 
60 pm, Merck), silica gel (160-200 mesh and 10-40 pm) and MCI-gel 
CHP20P (75 ~ 150pm, Mitsubishi Chemical Industries, Ltd.). Spot of TLC 
was detected by spraying with 5% H2S04 rollowed by heating. 
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Extraction and Isolation 

Plunt Material 

Plants were collected in Yinde, Guangdong Province. China in July, 1992 
and identified by Prof. Cheii. A voucher specimen (No. ICN-34248) is 
deposited in the Herbarium of the Department of Medicinal Plants, Jinan 
University, Guangdong, China. 

Extraction and Isolation of Suponins 

The dry leaves ( 5  Kg) were extracted ( x 3) with 70% EtOH. The extract was 
chromatographed on silica gel column, eluted with CHCl - MeOH - H 2 0  
(7:3:0.5) to give five fractions: Fr.1 (20g), Fr.11 (68g), Fr.111 (6g), Fr.IV 
(2g),  Fr.V (0.5g). further purified Fr.111, Fr.IV, Fr.V by RP-8 gel (40-60 
Fm) column chromatography with H20 containing increasing proportions 
of Me011 (10% - 90%. stepwise elution with 10% increase at  each step), 
then by silica gel (10-40 pm, 7:3:0.5 - 65:35:9, CHC13:MeOH:H20) and 
MCT gel CHP 20P (l0%0 - 70% MeOH) columns to yield 1 (60mg), 2 
(50 mg), 3 (210 mg), 4 (40 mg), 5 (35 mg), 6 (60 mg), 7 ( 5  1 mg), 8 (46 mg), 9 
(74 mg), 10 (43 mg), 11 (30 mg). 

Colorless powder. [a]:' - 14.8 (MeOH, C 0.047), Kudinoside K (3) 
FAB-MS WL~Z: 1397 [M -HI- ,  1235 [M H-162]-, 1089 [M-H-162-146]-. 
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d, J=7.7Hz,  H-1-Glc), 5.26 (IH, d, J=7 .8Hz,  H-1-Glc'), 6.14 ( lH,  d, 
J =  8.0Hz, H-1-glc), 6.28 (IH, brs, H-1-Rha), 6.60 (lH, brs, H-1-rha). 

Kudinoside N (6) FAB-MS nziz: 1235 [M-HI-, 1073 [M-H-162]-, 
911 [M-H-162 x 21-, 765 [M-H-162 x 2 
603 [M-H-162 x 3-146]-, 471 

146]-, 749 [M-H-162 x 31-, 
[M-H-162 x 2-146- 132]-, C59H96027, 

'H NMR 5 :  0.72, 0.72, 1.07, 1.08. 1.12, 1.12, 1.63 (3H x 7, s), 3.23 (1H. dd, 
J=4.3,  11.4Hz, H-3), 4.72 (lH, d, J=6 .7Hz,  H-I-Ara), 5.15 (lH, 

J=S.OHz, H-1-glc), 6.32 ( lH,  brs, H-1-Rha). 
d, J=7.8Hz,  H-1-Glc), 5.27 (IH, d, J=7 .8Hz,  H-1-Glc'), 6.20 (IH. d, 

Kudinoside 0 (7) FAB-MS m/z: 1381 [M-HI-, 1219 [M-H-162]-, 
1073 [M-H-162-146]-, 911 [M-H-162 x 2-1461 , 749 [M-H-146- 
162 x 31-, 603 [M-H-146 x 2-162 x 31-. C6jH106031, ' H  NMR b: 0.70, 
0.71, 1.07, 1.08, 1.11, 1.12, 1.64 (3H x 7, s), 3.21 (IH, dd, J=4.2,  11.4Hz, 
H-3), 4.71 ( I H ,  d, J=6.7Hz,  H-1-Ara), 5.12 (IH, d, J=7 .&Hz,  H-1-Glc), 

(1H. brs, H-1-Rha), 6.64 (lH, brs, H-1-rha). 
5.26 (IH, d, J = ~ . ~ H L ,  H-1-Glc'), 6.20 ( lH,  d, J=S.OHz, H-1-glc), 6.37 

Compound 11 FAB MS m/z: 825 [M -HI -, 663 [M - H- 1621 -, 487 [M - 
H-162-176]-, 'HNMR~:O.~~(~H,S,CH~),O.~~(~H,~,J=~.~HZ,CH~), 
0.90 (3H, S, CH3), 0.911 (3H, d, J = S . ~ H Z ,  CH?), 1.06 (3H, S, CHI), 1.21 
(3H, S, CH3), 5.14 (H-12), 4.27 ( lH,  d, J=7 .2Hz,  H-1 of CILIA), 5.16 (lH, 
d, J=7.9Hz,  H-1 of Glc); ''C NMR b: 46.8 (C-1), 66.0 (C-2). 84.4 (C-3), 
43.6 (C-4), 47.1 (C-5), 17.0 (C-6). 32.2 (C-7), 39.3 (C-8), 45.8 (C-9), 36.8 (C- 
lo), 23.1 (C-ll) ,  125.2 (C-12), 137.8 (C-13), 41.7 (C-14), 27.6 (C-lS), 
23.7 (C-16), 47.3 (C-17), 52.4 (C-18), 38.3 (C-19), 38.3 (C-20), 30.2 (C-21), 
3.5 8 (C-22), 62.1 (C-23), 13.9 (C-24), 16.8 (C-25), 16.9 (C-26), 20.9 (C-27), 
175.0 (C-28), 17.0 (C-29), 23.3 (C-30), C-3-O-gluA 6: 103.2 (C-l), 73.2 (C-2), 
73.8 (C-3), 71.9 (C-4), 76.3 ((2-9, 173.3 (C-6), C-28-O-gl~ 6: 94.1 (C-l), 
72.3 (C-2), 76.7 (C-3), 69.6 (C-4). 77.5 (C-5), 60.7 (C-6). 

Acid hydrolysis The saponin (8 mg) in 1 ml MeOH was refluxed in 10 ml 
of 4N HCI for 4 hr, and then the mixture was extracted with AcOEt. The 
aqueous layer was adjusted to pH 6 with NaHC03. After evaporating to 
dryness, the sugars were extracted with pyridiiie from the residue and 
analyLed by HPTLC (comparing with authentic sugars) on silica gel with 
CHC17:MeOH:H20:AcOH [7:3:0.S: 11; detection with 4% a-naphthol- 
EtOH-5% H2S04, in which the presencc of arabinose, glucose, rhamnose 
and glucuronic acid were establish. The pyridine extract was derivatized 
with thiazolidine as described previously [7]. Monosaccharides were 
detected by GC and conditions: column, SupelcoSPB-1 0.25 mm x 27 m; 
column temperature, 230°C; carrier gas, Nz; tR ,  L-arabinose (8.3 min), D- 
arabinose (8.6 min), L-glucose (13.3 min). D-glucose (13.8 min), L-rhamnose 
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(9.5 min), D-rhamnose (9.1 min), L-glucuronic acid (10.6 min), and 
D-glucuronic acid (10.8 rnin). D-glucose, L-arabinose and L-rhamnose were 
detected in 1 - 10. D-glucose and D-glucuronic acid were detected in 11. 

Alkaline hydrolysis The saponin (3mg) was refluxed in 0.5N KOH 
(2ml) for 2 hr at 70°C. The mixture was adjusted to pH 6 with 1N HCl and 
then extracted with AcOEt. The extract was concentrated to dryness and 
treated to acidic hydrolysis. After neutralizing and evaporating to dryness. 
The residue was extracted with pyridine and analyzed by HPTLC to detect 
the sugars. 
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