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A)rlroel:TwonoveltritapeaoidptatPeaccharideg~EMdF,waeisolusd~the 

roots of hdisia cretlata. They are the first examples of a tritelpc&d glycuside hybrid&d with a 

glycosylglycaol. lbtirstructllnswenmainlyestablisbedontkebasisoflligbfieldNMRstudies. IO 

additiuu, molecular mechanics nad dyoamics calctition studies showed that the lack of 13C 

glycosylation shift9 in tJse Rhamal-QG‘lc~ and G’k$l+4Ama fmgmeata ia ud&mmMh E could be 

axrelatcdwithtbedisbniionofrhecomspoodingmrsicmangIes. Bo&compuodsexkibitedmotkrate 

itlbibiw activity on CAMP pbospbodiuuaape. 

Ardisia crenata Sims (Myrsinaceae) is a widely occurring shrub in the south part of China. Its roots 

have been used in the treatment of respiratory tract infections and menstrual diso&rs in Chinese traditional 

medicine, and showed sign&ant anti-fertility effects in modern pharmacological studies.* previous chemical 

studies showed that triterpenoid glycosides were the main components of this genns.2-4 Most mcently, we have 

reported the isolation and structure study of several tritetpenoid glycosides from A. crenaza.~~6 In this paper, 

we wish to report the isolation and strnctum study of two novel triterpenoid pemasaccharides. anlisicmnosides 

E (1) and F (2), from this source. 

RESULTS AND DISCUSSION 

Compound 1, an amorphous solid, [U]D + 30.4’ (MeOH), has a molecular formnla of C&llo@51, as 

detetmined from its positive ion FARMS (m/z 1355 [M+H]+. 1377 [M+Na]+) and 13C. DRPT NMR spectra. 

Its spectral features and physichemical properties suggested 1 to be a tritupenoid glycoside. Of the 63 carbons, 

30 wem assigned to the aglycone part, 29 to the oligosaccharlde moiety, one to a methoxyl group, and the 

mmaining 3 to a glycerol group (Tables 1 and 2). The six s$ quatan;sry carbon signals at 6 15.3,16.3,16.6, 
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27.0,27.8,28.4 and the two s$ hybrid carbons at 6 122.7 (d) and 144.3 (s) indicated that the aglycone bad an 

o&an-12-en skeleton (Table 1). Its 1H and t3(: NMR dispIayed five sugar anomeric signals at S 4.84 (obscumd 

by another signal), 5.09 (d, 7.6), 5.20 (d, 7.7), 5.35 (d, 3.6), 6.18 (s), and S 101.2 (x 2), 102.8, 104.0 and 

104.8, respectively (Tables 2 and 3). The nature of the monosaccharides and sequence of the oligosaccharide 

chain was determmed by a combination of COSY, HOHAHA, HE’IWR, HMBC and ROESY experiments. 

Starting fiorn the anomeric protons of each sugar unit, all the hydmgens within each spin system wem identified 

using COSY with the aid of the 2D-HOHAHA spectrum. On the basis of the assigned hydrogen& the t3C 

rusonances of each sugar unit were assigned by HETCOR and further confirmed by HMRC experiment. 

Intemretation of the COSY and 2D-HOHAHA spectrum revealed the pmsence of five sugar units and one of the 

spin systems, consisting of five protons, was assigned to a hexosyluronic acid residue. After mapping all of 

the spin systems for each ~vid~ sugar, a five-proton network ascribable to a glycerol n&due was evident 

from the COSY spectrum in the region of 6 3.5-4.5 ppm. Correlated via a HETCOR experiment, the 

corresponding carbons were shown to be 65.4 (CH2), 68.6 (CH) and 70.9 (CH2), further substantiating the 

existence of the glycerol unit. Results from an HMRC (the mixing time was optimixed at 5 I-Ix) cross-verified 

the glycerol fragment (Fig. 1). After tteatment with 3% sodium methoxide in MeOH compound 1 mmltixi in a 

~o~~~n~ methyl ester (3) and a mono~~yl glycerol. The 1H and 13C NMR spectra showed that 

compound 3 consisted of four sugar units (Table 2). Acidic hydrolysis of the prosapogenin in IN HC1 

(MeOH-H20,l:l) yielded a sapogenin idemifll to be 3j$l6a, 28-~y~xy-l2~~-~~ acid methyl 

ester (jac@nic acid methyl ester).7 The monosaccharidea wem shown to be arabinose, glucose and rhamnose 

(12:l) based on GIL! analysis, Hydrolysis of the glycosyl glycerol with HCI vapor on a TLC plate (both the 

sample and authentic monosaccharides wete applied to the TlX plate at the same time. Hydrolysis condition: 65 

“C, 1 hour),* followed by developing in the systems c~o~~-rn~l-~~ (1051 or 7:3:1) revealed that 

the saccharide of the glycosyl glycerol moiety was a glucuronic acid. The above evidence showed that 

compound 1 was a pentasaccharide with a monoglycosyl glycerol moiety attached to the C-30 of the aglycone 

through an ester bond and the other four, in a chain, wem ether-links to the C-3 position of the aglycone. 

4.54 420 

- CCSY 
4.50 4.42 3.37 

- HMBC 

Fig. 1 . l%e Corn&ions of the Glyceml Fragment in CC&Y and HMX. 

All the monosaccharides in the pyranose forms were determined from their 13C NMR data. The B 

anomeric con.tigurations for the glucoses were judged from their large 3&t, ~2 coupling constants (7-S Hx). 

The *H non-splitting pattern along with its exttumely low chemical shift of the rhamnose and the small 3&t, ~2 

coupling constants (3,6 Hz) of the glucuronic acid t&due India a orientations. The anomeric proton of the 
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arabinose was obscured by another signal, thus no information was available from the lH NMR spectrum. 

However, information from the ROESY experiment showed that them were NOEs between H-l, H-3 and H-5 

and this could be used as an indication that the srabinose adopts an a orientation at its anomeric carbonP 

Results from a tH non-decoupled 1% spectrum supported these conclusions (Table 2). The absolute 

configurations of these monosaccharides were chosen in keeping with those mostly encountered among plant 

glycosides. 

The linkage of the sugar units was established using the following HMBC correlations: H-l of 

rhamnose with C-2 of the inner glucose; H-l of the inner glucose with C-4 of arabinose; and H-l of the 

terminal glucose with C-2 of arabinose, while the position of the tetrasaccharide chain to C-3 of the aglycone 

was based on a correlation between H-l of arabinose and the C-3 of the aglycone. The same conclusion was 

drawn from the ROESY experiment (Fig.2). The connectivities between the aglycone. the glycerol fragment, 

and the glucuronic acid residue were also established from the HMBC experiment. The correlations between 

the l3C resonance at 6 177.5 (C-30. aglycone) and the lH resonance at 6 4.50,4.54 (Cl-H, glycerol), and 

between 6 101.2 (C-l, glu A) and 6 3.87.4.20 (C3-H, glycerol) clarified the side chain structure (Fig.2). In 

addition, an I-IMBC correlation between 6 170.9 (C-6, g1u.A) and 6 3.67 (3H, s, OCH3) showed evidence that 

--- NOE 
- HMBC 

Fig. 2. Some Key Correlations of Ardisiinoside E (1) 
Observed in ROESY and HMBC Experiments. 

the glucuronic acid was in the form of a methyl ester. The stereochemistry of the glycerol remains to be 

demrmined. From the fomgoing evidence, the strucmre of atdisicrenoside E (1) was ehrcidated to be 3bO-{ a- 

~rhamnopyranosyl-(1~2)-~Dglucopyranosyl-(l~~[~~~~p~osyl-(l~2)]-a-~arabinopyranosyl)- 

16% 28-dihydroxy-olean-12-en-30-oic acid 30-0-[3’-0-(methyl a-Pglucopyranuronate) glycerol (1’+30)] 

ester. 

Ardisicmnoside F (2) is an amorphous solid, [a]D + 41.6”, C&Hl~I (positive FAB-MS ions at m/z 

1341 [M+Hl+, 1363 [M+Na]+). Its IR, 1H and l%J NMR spectra indicated that compound 2 had the same 

aglycone as that of 1 but differed in the oligosaccbarlde part (Tables 1 aud 2). Alkaline hydrolysis of 2 as 
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carried out for 1 yielded a prosapogenin methyl ester (4) and a glycosyl glycerol. Further subjected to acidic 

hydrolysis, compound 4 afforded the same sapogenin as 1, and the monosaccharides we= identified to be 

xylose, glucose and arabinose in the ratio of 1:2:1 from GLC analysis. Extensive NMR studies using a 

combination of COSY, HOI-MIA, HETCOR, ROESY and HM’BC showed that the only difference between 

compounds 1 and 2 was the tern&al rbamnose in 1 having been replaced by a xylose in 2. Thus, the structure 

of aniisicxwmside F (2) was established to be 3&O- I &D-xylopymnosyl-(l-+2)-&D-glucopyranosyl-( 1+4)- 

@-~glucopyranosyl-( 1+2)]-tx-L-arabinopyranosyl)-16% 28-dihydmxy-ole.an-12-en-3@oic acid 30-O-[3’-O- 

(methyl a-~~~p~~na~) glyceml(1’+30)] ester. 

RI 

U-L-rham 

R2 

CH3 

CH3 

* Assignments we-m based upon COSY, HOHAHA, HEICGR, DEFT and HMBC experiments. 



Two novel triterpenoid pentasaccharides 11857 

sugar units 
J-0-!3ugar 

Ambhose (A) 
A-l 

A-2 
A-3 

2: 

GIucase (G7 
cij 

G-1 

Rbsmmse wo 
R-l 

R-2 
R-3 
R-4 
R-5 
R-6 

Xyl= 0 
X-l 
x-2 
x-3 
X-4 
X-5 

3a-o-glycerol 
Gly- 1 

Gly-2 
Gly-3 

G1ucurotdc acid 
GA-1 

GA-2 
GA-3 
GA4 

2; 
CGGMe 

a.Assi~tswaebas 
b.Obscuredbyotbersig 

4.84b 

(‘Jat=Si3 Hz) 
4131 
4.48 

3.74 d (11.0) 
4.31 

104.0 (d) 

80.0 (d) 
71.7 (d) 
74.5 (d) 
63.2 (t) 

5.20 d (7.6) 104.8 (a) 

(1J%F.9) 
4:13 

75.8 (a) 
77.4 (d) 

4135 ;iz 

71.1 (d) 

77.6 62.3 (a) (t) 
4.23 

5.09 d (7.6) 
(‘Jaz=WJ) 

4.11 

3.95 di$ 1 
3.6; * 

9.2) 

4.3 1 
4.13 

6.18 (s) 
(‘JciM70.2) 

4.57 
4.49 
4.11 
4.87 

1.69 d (6.1) 

1028 (a) 4.93 d (7.6) 103.9 (d) 

77.1 (a, 
78.9 (d) 
71.4 (d) 
77.8 (d) 
62.1 (t) 

3.85 dd (82) 
4.12 
4.11 

3.73 m 
4.36 
4.22 

85.1 (d) 
77.3 (d) 
70.9 (d) 
78.0 (d) 
62.1 (t) 

1012 (d) 

72.8 (d) 
72.1 (d) 
74.2 (d) 
69.1 (d) 
18.4 (q) 

4.54 dd (11.2 6.8) 65.4 (t) 
4.5Ob 
4.42b 68.6 (a) 

4.21 dd (10.24.3) 70.9 (t) 
3.87 dd (10.27.1) 

5.35 d (3.6) 101.2 (d) 

(‘JzFJ.2) 
4144 

72.8 (d) 
14.0 (d) 

4.29 72.8 (a) 
4.78 d (10.0) 73.0 (a) 

3; 170.9 (s) 
516(a) 

upon CGSY. HOHAHA, HEICGR. DFPT, ROE 
B. 

4.73 d (5.8 Hz) 104.5 (d) 

79.5 (d) 
73.0 Id) 
78.4 (dj 
64.1 (t) 

4.45 
4.20 
4.19 

::: 

5.12 d 0.6) 104.6 (d) 

3.98 
4.14 
4.13 
3.92 

4.45.4.31 dd 
(11.6 4.9) 

4.86 d (6.7) 

:*ii 
4Si6 m 

4.44 
3.65 

4.60 dd (11.2.4.9) 
4.56 ti4(llbZ 5.2) 

4.25 dd i11.4,4.0) 
3.93b 

5.41 d (3.6) 101.4 (d) 

4.14 

:z! 
4.85 b (9.8) 

- 

73.1 (d) 
74.3 (d) 
73.1 (dj 
73.2 (d) 

171.0 (s) 
51.8 (9) 3.68 

‘andHMBCex~ts. 

75.9 (d) 
77.9 idj 
71.5 (d) 
77.7 (d) 
62.7 (t) 

107.3 (d) 
75.7 (d) 
77.4 (d) 
70.4 (d) 
67.2 (t) 

65.6 (t) 

68.8 (d) 
71.1 (t) 
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From the &tailed analysis and comparison of the assigned 13C NMR data of compounds 1 and 2, we 

found that a significant difference existed between the glycosylation shifts caused by the attachment of 

rhamnose (as in 1) or xylose (in 2) to the C-2 of the inner glucose. Compared with the corresponding carbons 

of the terminal glucose in the same molecule, the glycosylation shifts in compound 2 are +7.6 ppm for C-2 and 

-0.5 ppm for C-3, conforming to the established rule for a glycosylation shift. 10 However, such changes in 1 

are +1.4 ppm for C-2, and +l.J ppm for C-3, too small and abnormal to predict an interglycosidic site. Also, 

this irregular effect has been propagated through the inner glucose to the C-4 of arabinose, which was 

approximately 4 ppm upfield compared to its counterpart in compound 2 (Table 2, Fig. 4). A literatme search 

showed that a similar situation existed in some glycosides possessing rhamnose l-2 glucose or galactose 

units.II-I3 Therefore, application of the glycosylation shift rule here should be treated with caution, especially 

in the structure study of oligosacchatides with a branched chain. It seems that the 6deoxy group in the terminal 

rhamnose is msponsible for this irregular phenomenon. In order to obtain some information about the geometry 

and energy of compounds 1 and 2 and to reflect the 1% NMR shift abnormality from a deeper theory basis, 

conformational analysis using the cff 9 1 force fieldl4a was carried out on compounds 3 and 4. The calculation 

results showed that the glycosidic torsion angles cp and w (defined as Hl-Cl-Ol-Cx and Cl-01-Cx-Hx, 

respectively) of the prefeired conformations of compounds 3 and 4 (Fig.3) are obviously different in the global 

minimum energy conformations between the Rhaal+ZGlcp and Xyl~l+ZGlc~ as well as between their 

Glcp+Mraa fragments (Table 3). The conformations of the remaining parts am nearly the same. 

H 

HO J_ 

HO 

HO 
& 

.H 

HO 

Fig. 3 The Calculated Prefened Conformations of Compounds 3 and 4 
(the arrows show the NOES from NMR and from calculations) 
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. I 

Fig. 4. COSY and HETCOR Spectra of the Oligosaccharidc Moiety for Ardisicnmoside E (1) 
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Table 3. r* Chemical Shifts of the Anomeric and the Aglycouic Carbons and the Cakmlated Mllum Energy 
Conformations of the Tetrasacchande Units of Compounds 3 and 4 

Compounds Fragmenta 1% l3<: and GSb 
anomeri~ aglyconic 

cp(“> wf”) 

Rhama(L)1+2G’lc~(D) 101.2 77.1(+1.5)C -32.76 -21.73 

3 G’lc~D) 1+4AraCr(L) 102.8 74.5 +37.29 +9.02 

Cl&D) 1+2Araa&) 104.8 80.0 +63.07 +9.58 

xyl~(D)l~2~l~~D) 107.3 85.1(+7.6)(: +55.83 -4.04 
4 GlcS(D) 1+4AraU(L) 103.9 78.4 +52.55 -15.27 

Gk$(D) 1 +2Araa(L) 104.6 79.5 +67.95 i4.06 
aGlc and Glc refer to inner and terminal glucose residues, respectively. 
bGS: ~yc~y~tion shift. 
Ccompamd with the corresponding carbons of the termiual glucose in the same molecule. 

~xperimental*S~l~ and tko~tical17~1* studies indicated that for glycosidic ages tbe minimum energy 

value of cp is in the region of +60” in the case of ED- or a-L-glycosides. Gur experimental results seem fit quite 

well with these observations except for the ~~a(L)l~2G’lc~) and ~lc~(D~l~~a(L) &dues of 3, 

which have a cp maguitude of -32.76 and +37.29, respectively (Table 3). These changes iu conformations 

around the glycosidic bonds could be attributed to the repulsive nature between the bulky and lipophilic 6deoxy 

group of the rhamnose and the hydroxyl groups of other sugars. Such ant non-bonded iutemctions could 

cause appreciable distortion in the glycosidic valence angles. Lemieux et a.l.15 have concluded that deshieldiug 

effects, which are the causes of the lack of glycosylatlon, are highly sensentive to the changes in the 

~o~o~atio~ of the atoms about the glycosidic linkage. Therefore, the lack of ~ycosy~tion shifts of C-2 of 

Glc and C-4 of arabinose in 3 could be explained by these changes in the corresponding torsion angles. In 

addition, Bock et al.19 reported that the 1% chemical shifts for both the glycoside and the aglycone carbons in 

oligosaccharides can be dim&y correlated with the torsion angle r& In our case, the opposite sign of the y 

magnitude of the G%$(D)~+~AEuNL) fragments of compounds 3 and 4 could be cormlated with the 13C shift 

discrepancy between the C-4 of the arabmoses. 

Triterpenoid glycosides and glycosyl glycerides are very common natural products, The latter are the 

major membrane lipids in a wide variety of plants and microorganisms. However, to our knowledge, a 

triterpenoid glycoside hybridized with a glycosyl glycerol has never been reported before. Moreover, the 

occurrence of the a-Dglucuronosyl glycerol segments in natum is very ram. It is a little difficult to explain the 

existence of these compounds from a biosyn~~is point of view. Inhibitory assay towards CAMP 

phosphodiester& showed that both compounds exhibited moderate activity with an ICs of 55.7 and 104.0 x 

10s5M, mspectively. 
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EXPERIMENTAL 

General Procedures: All melting points were measured using a Yanaco microscope apparatus and are 

uncorrected. IR spectra were determined using a JASCO 7300 FTIR spectrometer. optical rotations were 

measured using a JASCO DIP-370 digital polarimeter. EI and FABMS were conducted using a JEOL D-308 

and a DX-303 mass spectrometers, respectively. 1H and 13c NMR were recorded using a JEOL A-500 FT- 

NMR or a JEOL EX-400 FI-NMR spectrometer. Chemical shifts were expressed in 6 (ppm) referring to 

solvent peaks: SB 7.20 and & 135.50 for pyridine-d5. TLC was carried out on silica gel 60 F254, and spots 

were visualized by spraying with 10 % H2SO4 for triterpenoid glycosides and a mixture of aniline and O- 

phthalic acid in BuOH for monosaccharides. Diaion HP-20 (Mitsubishi Xasei), silica gel (Silica gel 60, 

Merck), and ODS (Chromatorex, 100-200 mesh, Fujisylisia) were used for column chromatography. 

Preparative HPLC was performed using an ODS column (Capcell pak ODS, Shiseido, 10 mm i.d.x 250 mm, 

detector: reflective in&x). GLC: 25 SE-30 on Chromsorb W (60-80 mesh), 3 mm i.d. x 1.5 m, 150°C column 

temperature, N2 carrier gas, 15 ml/min flow rate. 

Extraction and isolation of the titerpcnoid glycosides. The roots of Ardisia crenata Sims 

were collected in Jiangxi, China in 1988. Dried powdered roots (5 kg) of Ardisia crenata were fmt &fatted 

with petroleum ether, and then extracted with CHC13 and MeOH under reflux conditions. The MeOH extract 

(230 g) was applied to a column of Diaion HP-20 (1.5 kg) and washed with H20, 30,50 ,70, and 100% 

MeOH to give 50 fractions. The fractions containing saponins were combined according to their TLC 

behaviors. Each combined fraction was repeatedly chromatographed on silica gel columns with the solvent 

system CHCIS-MeOH-H20, and then purified on an ODS column with MeOH-H20. Further purification by 

HPLC on ODS with MeGH-H20 (50~50) afforded the anlisicmnosides E (1,61.0 mg) and F (2,54.2 mg). 

Ardiricrerrosfde E (I). An amorphous solid, mp 227-230°C (dec.), [a]~ + 30.4’ (MeOH;c=l .OO). 

Anal. Calcd for C&I1&3I~2H20: C, 54.36; II, 7.68. Found C, 54.38; II, 7.71. W vmrmax cm-l: 3417, 

2930, 1733, 1645, 1446, 1375. 1073. 1042. FAB-MS (positive ion mode) m/z:1355 [M+H]+, 1377 

[M+Na]+- lH-NMR (pyridine-d5.500 MI-Ix) 6 0.68 (lH, d, J=10.9 Hz, H-5), 0.83, 0.87. 0.94. l:lO, 1.28. 

1.72 (each 3H, s, H3 of C-25, C-26, C-24, C-23, C-29, C-27), 2.43 (lH, dd, J=14.1, 3.3 Hz, H-18), 2.68 

(lH, dd, 5=13.1, 13.0 Hz, H-19), 3.12 (H-I, dd, 5=11.6, 4.3 Hz, H-3), 3.39, 3.63 (each lH, d, J=ll.O Hz, 

H2-28), 4.58 (lH, br.s, H-16). 5.55 (HI, br.t, H-12). 

Ardisicrenoside F (2). An amorphous solid, mp 225-228°C (dec.), [U]D + 41.6°(MeOH;c=1.00). 

Anal. Calcd for C62H1&1’3H20: C, 53.35; H, 7.66. Found: C, 53.35; I-I, 7.71. IR vKBfmax cm-l: 3427, 

2926,. 1733, 1646, 1456, 1374, 1074, 1043. FAB-MS (positive ion mode) m/z 1341 [M+H]+, 1363 

w+Na]+. 1H NMR (pyridine-dg, 500 MHz) 60.72 (lH, d,5=11.6 Hz, H-5). 0.83, 0.89, 1.04, 1.18, 1.31, 

1.77 (each 3H, s, H3 of C-25, C-26, C-24, C-23, C-29, C-27). 2.49 (lH, dd, 5=13.7, 1.0 Hz, H-18), 2.73 

(lH, dd, 3=13.7, 13.1 I-Ix, H-19). 3.14 (lH, dd, 5=11.6, 4.3 Hz, H-3), 3.44, 3.64 (each lH, d, J=ll.O I-Ix, 

H2-28), 4.64 (lH, br.s. H-16), 5.59 (lH, br.t., H-12). 
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Alakline treatment of ardisicreroshkv E (I) and F (2). 1 (20 mg) was dissolved in 3% 

sodium methoxide in MeOH (2 ml) and then kept for 3 hours at room temperature (20 “C). After the reaction 

was finished, the solution was neutral&d with a cation-exchange resin (Dowex 5OWX2) and concentrated in 

vacuum. Chromatography of the residue over ODS yielded a monoglycosyl glycerol and a prosapogenin (3), 

eluting with Hz0 and 60% MeOH-H20, respectively. 

Using the same method, 2 (20 mg) furnished a prosapogenin (4) and the same glycosyl glyceml. 

Prosapogenin 3. An amorphous solid, mp 225 “C (dec.), [U]2gD + 4.0” (MeOH;c=l.O). FAB-MS: 

m/z 1127 [M+ Nal+. lH NMR (pyridine-ds, 400 MHZ): 6 0.68 (lH, d, 5=11.3 Hz, H-5), 0.83, 0.90,0.97, 

1.12, 1.25, 1.74 (each 3H, s, H3 of C-25, C-26, C-24, C-23, C-29, C-27), 2.34 (lH, d, 5=14.1 Hz, H-18), 

2.70 (lH, dd, 5=13.1, 13.0 Hz, H-19), 3.12 (lH, dd, 3=11.5, 4.4 Hx, H-3), 3.38, 3.68 (each lH, d, J=10.8 

Hz, Hz-28), 3.70 (3H, s, CGOMe), 4.64 (lH, br.s, H-16), 4.87 (lH, d, 5=4.6 Hz, H-l of am.), 5.15 (IH, d, 

J=7.1 Hz, H-l of inner glu.), 5.25 (1H. d J=7.7 Hz, H-l of term. glu.), 5.46 (IH. br.t, H-12). 6.24 (lH, s, 

H-l of rha.). l3C NMR data (pyridine-d5, 1OOMHx): 6 38.7, 26.1, 88.9, 39.2, 55.6, 18.2, 32.9, 39.8, 46.8, 

36.6, 23.5, 122.6, 144.5, 41.6, 34.5, 73.4, 40.0, 43.8, 44.2, 44.4, 33.4, 32.0, 27.9, 16.4. 15.4, 16.7, 

27.1, 70.3, 28.4, 178.0 (aglycone C-l-C-30). 51.2 (CCKKH3), 104.2, 80.2, 71.8, 74.5, 63.4 (A-l-A-5), 

104.9, 76.0, 77.6, 71.3, 77.7, 62.4 (G-l-G-6), 102.8, 77.2, 79.0, 71.5, 77.9, 62.3 (G’-l-G’-6), 101.3, 

71.9. 72.3, 74.4, 69.2, 18.5 (R-l-R-6). 

Pfosopogenin 4. An amorphous solid, mp 227 “C (dec.). [a]2gD + 17.4” (MeOH,c=l.O). FAB- 

MS: m/z 1113 [M+Na]+. IH NMR (pyridine-dg, 400 MHz): 6 0. 73 (lH, d, J=11.5 Hz, H-5), 0.85, 0.92, 

1.00, 1.16, 1.23, 1.69 (each 3H, s, H3 of C-25, C-26, C-24, C-23, C-29, C-27), 2.65 (lH, dd, J=13.1, 12.0 

Hz. H-19), 3.14 (lH, dd, 5=11.5, 4.0 Hz, H-3), 3.33, 3.62 (each lH, d, J=ll.O Hz, Hz-28), 3.70 (3H, s, 

COOMe), 4.55 (19 br.s, H-16), 4.70 (IH, d, 5=5.8 Hz, H-l of am.). 4.84 (IH, d, 5=7.1 Hz, H-l of xyl.), 

4.87 (lH, d, 5=7.8 Hz, H-l of inner glu.), 5.25 (IH, d, 5=7.7 Hz, H-l of term. glu.), 5.60 (HI, br.t, H-12). 

J3C NMR (pyridine-d5, 100 MHZ): 6 38.5, 26.0, 88.3, 39.2, 55.6, 18.1, 32.8, 39.7, 46.8, 36.5, 23.4, 

122.5, 144.3, 41.4, 34.3, 73.3, 39.9, 43.7, 44.0, 44.3, 33.2, 31.8, 27.7, 16.4, 15.3. 16.5, 26.9, 70.2, 

28.3, 177.9, (aglycone C-l-C-30), 51.0 (COGCH3), 104.3, 79.3, 72.7, 78.2, 63.9 (A-l-A-5). 104.4, 77.1, 

77.4, 70.6, 77.1, 62.4 (G-l-G-6), 103.7, 84.8, 77.0, 71.3. 77.5, 61.8 (G-l-G-6). 107.1. 75.4, 75.6, 70.2, 

66.9 (X-l-X-5). 

Acidic kydrolysis of prosapogenins 3 and 4. 3 (15 mg) was heated in lml 1N HCl (MeOH- 

H20.1: 1) at 80 ‘T for 4 hours in a water bath. After MeOH was removed, the solution was extracted with 

EtGAc (1 ml x 3). The extraction was washed with water, and then combined to give a white pow&r. 

Purification of the product over silica gel and crystallixation from MeOH afforded a sapogenin (5 mg). The 

monosaccharide portion was neutralixed by passing through an anion-exchange resin (Amberlite MB-3) 

column, concentrated and then treated with I-(trimethylsilyl) imidaxole at room temperature for 2 hours. After 

the excess reagent was decomposed with water, the reaction product was extracted with hexane (1 ml x 3 

times). The TMSi derivatives of the monosaccharides were identified to be L-arabinose, D-glucose and L- 

rhamnose (1:2: 1) from GLC analysis. 



Two novel triterpenoid pentasaccharides 11863 

Using the same method, 4 was hydrolyzed to give the same sapogenin and the monosaccharides were 

shown to be L-arabinose, D-glucose and D-xylose (1:2: 1). 

The sapogenim. Colorless needles, mp 243-245 “C, [a]% + 55.2 (MeOH,c=O.5). FAB-MS: m/z 

503 [M+H]+. EI-MS (rel. int. %): nt/z 484 [M-H20]+(3.0), 454 (45.3), 439 (28.9), 421 (6.46), 264 (93.9), 

245 (81.5). 207 (30.0), 185 (69.7). 1H NMR (pyridine-dg, 400 MHz): 6 0.90 (lH, d, 3=11.2 Hz, H-5), 

0.97, 1.01, 1.05, 1.23, 1.31, 1.83 (each 3H, H3 of C-25, C-26, C-24, C-23, C-29, C-27). 2.79 (lH, dd, 

5=13.3, 12.8 Hz, H-19), 3.47 (lH, dd, 5=10.6, 5.4 Hz, H-3), 3.49, 3.78 (each lH, d, J=10.8 Hz, Hz-28), 

3.74 (3H, s, CoOMe), 4.74 (lH, br.s, H-16), 5.55 (1H. br.t, H-12). t3C-NMR (pyridine-dg, 100 MHz): 8 

39.2, 28.2, 78.1, 39.5, 55.9, 18.8, 33.4, 40.1, 47.3, 37.3, 23.9, 122.9, 144.9, 41.9, 34.9, 73.9, 40.4, 

44.1, 44.6, 44.7, 33.9, 32.4, 28.8, 16.6, 15.9, 17.1, 27.5, 70.7, 28.8, 178.2, (C-l-C-30), 51.4 

(COGCH3). 

Confomratioral calculations. The geometries chosen for the starting conformations were built for 

the tetrasaccharide fragments of compounds 3 and 4 and submitted to energy minimization by using Discover- 

cff91 force field program.14a The local minima found for them were taken as starting structures for molecular 

dynamics (MD) calculations in vacua at 300k and at a time step of 1 fs. The equilibration time was 10 ps and 

the total simulation time 1000 ps. Trajectory frames were saved every 1 ps. The trajectories were then 

examined with the Analysis module of INSIGHT II.14b 

Assay of CAMP Phosphodiesterase A&vi@. The phosphodiesterase activity was assayed using 

the modified method of Thompson and Brooks as previously described.m The assay consisted of a two-step 

isotopic procedure. Tritium-labeled CAMP was hydrolyzed to S-AMP by phosphodiesterase, and the 5’AMP 

was then further hydrolyzed to adenosine by snake venom nucleotidase. The hydrolysate was treated with an 

anion-exchange resin (Dowex AGl-X8; Bio-Rad) to adsorb all charged mrcleotides and to leave @IJadenosine 

as the only labeled compound to be counted. 

ACKNOWLEDGMENTS We are grateful to Dr. Takayama for the MS measurements. 2. Jia also 

wishes to acknowledge his scholarship (1993-1994) from this university. 

REFERENCES 

1. Zhong Yao Da Ci Dian, Jiigsu New Medical College, Shanghai Scientific Publishing House, Shanghai, 

China, 1977. P. 913. 

2. Jansakul, C.; Baumamr, H.; Kemie, L.; Samuelsson, G. Plan&a Med. 1987,53,405-409. 

3. Wang, M.; Guang, X.; Han, X.; Hong, S. Planta Med., 1992, 58.205-207. 

4. Tommasi, N. D.; Piacente, S.; &none, F. D.; Pizza, C.; Zhou. Z.J. Nat. Prod. 1993,56, 1669-1675. 

5. Jia, Z; Koike, K.; Ohmoto, T.; Ni, M.Phytochcmistry (m pmss). 

6. Jia, Z.; Koike, K.; Nikaido. N.; Ohmoto, T.; Ni, M. C’hem Pharm SulZ.(in press). 

7. Hahn, L. R; Sanchez, C.; Romo. J. Tetrahedron, 1965.21, 1735-1740. 

8. Zbao, P.; Li, B.; He, L. Acta Pharm Sinica, 1987,22,70-74. 



11864 Z. JIA et al. 

9. Waltho, J. P.; Williams, D. I-I.; Mahato, S. B.; Pal, B. C.; Bama, J. C. J. J. Chem. Sot. Perkin Trans I, 

1986, 1527-1531. 

10. Kasai, R.; Ogihara, M.; Asakawa, J.; Mizutani, K.; Tanaka, 0. Tetrahedron, 1979,35, 1427-1432. 

11. Yoshikawa, K.; Shimono, N.; Arihara, S. Chem Pharm. Bull. 1992.40.2275-2278. 

12. Yoshikawa, K.; Tumura, S.; Yamada,K.; Arihara, S.Chem Phunn. Bull. 1992,40,2287-2291. 

13. Nakamura, 0.; Mimaki. Y.; Sashida, Y.; Nikaido, T.; Ohmoto, T. Chem Phurm. Bull. 1993,41,1784- 

1789 

14. (a) Discover 2.8 program, (b) Insight II 2.1.0. Program, Biosym Technol. Inc., San Diego, CA, USA. 

15. Lemieux, R. U.; Bock, K.; Delbaere, L. T. J.; Koto, S.; Rao, V. S. Can. J. Chem. 1980,58,631-653. 

16. Thorgersen, H.; Lemieux, R. U.; Bock, K.; Meyer, B. Can J. Chem 1982,60,44-57. 

17. Mallams, A. K.; Puar, M. S.; Rossman, R. R.; McPhail, A. T.; Macfarlane, R. D.; Stephens, R. L. J. 

Chem. Sot., Perkin Trans. I, 1983, 1497-1534. 

18. Jeffrey, G. A.; Pople, J. A.; Binkley, J. S.; Vishveshwara, S. J. Am. Chem. Sot. 1978, 100. 373-379. 

19. Bock, K.; Brignole, A.; Sigurskjolcl, B. W. J. Cheer Sot. Perkin Truns. ZZ, 1986. 1711-1713. 

20. N&ado, T.; Ohmoto, T.; Sankawa, U.; Tomimori, T.; Miyaichi, Y.; Imoto, Y. Chem. Pharm Bull. 

1988, 36, 654-661. 

(Received in Japan 29 July 1994; accepted 24 August 1994) 


