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Abstract-Two new protostane-type triterpenes have been tsolated from the methanol extract of the rhizome of 
Alismu plantago-nquatlca Their structures have been elucidated as 16p-methoxyalisol B monoacetate and 16/G 
hydroxyalisol B monoacetate mamly on the basis of spectroscopic data. 

INTRODUCTION 

A Chmese crude drug ‘Zexie’, Ahsmatic Rhizome, Is 
composed of the rhizome of Alisma plantago-aquatzca L. 
var orientale Samuelsson (Alnmataceae), and It is well 
known as an Important component In Oriental medlcme. 
This medlcmal herb has also been recognized as havmg 
dmretlc actIon [l] The plant contains a series of unique 
tnterpenolds, ahsol A, ahsol A monoacetate, alisol B, 
ahsol B monoacetate, ahsol C and ahsol C monoacetate 
[2-51, which show a positive hypocholesterolemic action 
[6] In addltlon, these ahsols, In particular, ahsol A 
monoacetate and ahsol B were Identdied as diuretic 
principles [7]. In the course of our contmuing search for 
coronary vasodilatmg substances In this plant [S], we 
have isolated two new protostane-type triterpenes 1 and 
2, the structures of which are described in this paper. 

RESULTS AND DISCUSSION 

From a methanol extract of the rhizome of Ahma 
plantago-aquatrca, a combmatlon of column chromato- 
graphy and MPLC led to the isolation of compounds 1 
and 2 along with the known alisol B monoacetate (3) and 
ahsol C monoacetate (4). 

Compound 1 had the molecular formula 
C33H5206(M+ at m/z 544.3767) and displayed the pre- 
sence of hydroxy (3500cm-‘) and ester (1740 cm-‘) 
groups. The 13C NMR spectrum of 1 (Table 1) was very 
similar to that of ahsol B monoacetate (3) previously 
Isolated from A plantago-aquatrca except for the extra 
signals at 656 09 and 86.20 assIgnable to a CHOMe 
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1 RI= H, Rz=Me 

la R’ = AC. Rz = Me 

2 R’ = H, R* = H 

% R’ = AC, Rz = AC 

3 R’=H1 
4 RJ=O 

groupmg, the ‘HNMR spectrum contained signals for 
seven tertiary methyls, a secondary methyl and a meth- 
oxy group. In addltlon, the mass spectrum of 1 fragment- 
ation Ions at m/z 150 and 122 characteristic of the A rmg 
of ahsols [S]. These spectra1 features disclosed that 1 
would belong to a protostane-type triterpenoid [6] Ex- 
tensive selective proton decoupling experiments (Table 2) 
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Table 1 13CNMR spectral data of compounds 1. 2. 3 and 4 

(CDCI,) 
-_- --___ 

c 1 2 3 4 
-- - -____- 

1 34 30 34 30 34 1 I 34 72 
2 33 61 13 60 33 65 33 49 
3 220 03 220 50 220 02 21964 
4 46 08 46 87 46 86 46 86 
5 48 37 4x 35 4841 48 30 
6 1945 1999 1999 1985 
7 30 78 30 78 29 10 30 72 
8 40 20 40 19 40 66 39 98 
9 49 30 49 24 49 88 48 65 

10 36 80 36 79 36 69 36 83 
11 69 X6 69 85 70 08 69 65 

12 34 46 34 48 34 42 35 97 
13 13449 135 90 13403 17702 
14 5501 54x1 56 96 49 67 
15 38 58 43 62 30 64 45 63 
16 86 20 77 29 30 86 207 90 
17 142 94 143 04 13004 13830 
18 24 49 24 08 23 10 22 99 
19 23 69 23 68 23 75 2291 
20 2172 27 73 27 76 26 56 
21 25 50 25 52 25 55 25 38 
22 37 82 38 06 36 X6 35 47 
23 72 40 72 IX 7144 71 82 
24 65 64 65 42 65 00 64 82 
25 58 60 58 78 58 37 5X 56 
26 1932 1951b 1931‘ 19 62d 
27 24 74a 2471” 24.62’ 24 57d 
28 1999 196X 20.03 1917 
29 29 49 29 48 30 X6 29 46 
30 21 3x 2133 20 08 21 03 

CQMe 170 20 17030 169 X4 17001 

COME 1999 1992 2003 1998 
OMe 56 09 
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Indicated the presence of the parttal structures A. B and 
C 

0~ om 
I I 

(C) 

a-d Asylgnment may be interchangeable 

Among the protons on the carbons adjacent to the 
oxygen functton, only the H-l 1 m the partial structure B 
gave rise to a large downfield shift (6403-4 87) on 
acetylatron of 1 Thts fact suggests that a hydroxy group 
must be bonded to C-11 m B and thus the remammg 
oxygen functions m A and C must be subsmuted On the 
other hand, the equatorial configuratron of the C-l 1 
hydroxyl was evident from the large J values (11 I and 
10 0 Hz) for H-1 1 From a consrderatton of the chemtcal 
shift values for H-23 (85 17) and H-24 (62 8X) the oxygens 
on C-23 and C-24 m C should be mcorporated mto the 
acetoxy and epoxrde motettes respecttvely, mdtcatmg 
that the partial structure C corresponds to the stde cham 
of ahsol B monoacetate (3) and C monoacetate (4) In fact, 
the ‘H NMR and “C NMR data for the partial structure 
(C)m I were m good accord with those for C-20 to C-27 
m 3 and 4 Hence, 1 turned out to have the same side 
cham as that of ahsol B monoacetate (3) Long-range 
couplmg (J= 1 4 HI) observed between H-12 m Band H- 
16 m A was ascrtbed to a homoallyhc couphng through 
both the allyhc protons next to the A” ‘- double bond 
(6 134 4 and 142 9) This means that the partial structures 
(B) and (A) must be Involved m the C and D rings. 
respectively, m the ahsols It also suggested that the extra 
methoxy group would be lmked to C-16 In A The 

Table 2 IH NMR spectral data for compounds 1. 2 and 4 (pyrldjnc-d,) 

9 
1. !. 

!&Ii 

!2Z 

15 

16 
M 

21 

22 

U 

24 
M.r_ 

OMe 

OH 

AC 

195 (d, loo)* 1 83 (d, 104) 

4 03. (.U& !. !. !.,. !.O.Q, 6.5.,. 5.6.). 4 0.7 (kk!i.iy 1.0. 4. !.(10, 7. O+. 5 A.). 

24.4 (./&U, !.14, 1.1. I, I. 4.). 255 (.4&L< !.4$ 1.0q. l. 7). 

2RR(dd, !?4,56) 296(& !40_54) 

129 (dd, 143, 3 7) 158 (dd, 138, 44) 

22A@L IA?,7 9) 2 50 @i. !.3 8. 8 I.!. 

4 35 (d&L 7 9, 3 7.. !. 4). 5 17 (&%L. 8 I.,. 4. 7,. 4 4.,. I. 7) 

282 &!d, 6.9, 1.4.8,4.1). iac(yLd.6.4.. 1.5_Q.6,Q). 

I Is(d.69) 131 (d.64) 
177(/Wd~l48, lO6.41) 2 44 (LEE_ n.r! 

205 (rd, 148. 23) 
5 17 (.4dd,. !.Q6, 8 3,. 23) 5 39 (/ii!& !.l. I.? 8 I._ 27). 

2 88 (d. 8 3) 2 94 (d, 8 1) 

t-4,4. 1. 36,. I. 36,. I. u, I. 1.x_ 1. IL,,. 1. 24.. I 4.6. 1. 17 . I. ?-! . 1. 1.8.. 1. 09 

0 99 (each \) 103 (each \) 

3 19 (5) 

5 87 (d, 6 5) 5 83 (d. 7 0) 

6 02 (d, 4 7) 

1 96 (s) 1 99 (s) 

6 34 (d. 6 5) 

* Couphng constants (.I m Hz) are given m parentheses 
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locatlon of the methoxy group was verified by comparl- 
son between the 13C NMR data of 1 and 3. An oxygen- 
bearmg methine carbon slgnal(686.20) replaced the C-16 
methylene carbon (6 30 86) seen in the spectrum of 3. The 
signals for C-15 and C-17 m 1 were observed m fields 
lower by + 8 and + 12 ppm respectively, than the corres- 
pondmg ones m 3. These downfield shifts were ratlonal- 
lzed by a p-effect from the nelghbouring methoxy group 
[9], which therefore must be located at C-16. Thus, the 
structure of 1 was elucidated as ahsol B 23-monoacetate 
bearmg the methoxy substltuent at C-16 Its configur- 
ation on the D rmg could be clarified by the followmg 
NOE experiments Upon selective lrradlatlon at 61 18 
(18-Me), and 6 1.26 (19-Me) NOES were observed for H-9 
(9%) and H-12fi (6%), and for H-9 (14%), respectively, 
supporting the fact that the B rmg must adopt a boat 
conformation like all previously known protostane tnter- 
penolds [lo]. The crucial detection of NOES (6 and 7%) 
for H-11 and H-16 upon lrradlatlon at 6099 (28-Me) 
clearly substantiated a /Gconfiguratlon of the methoxy 
substltuent at C-16. Accordmgly, the structure of 1 was 

proposed to be 16/Lmethoxyahsol B 23-monoacetate on 
the basis of the above mentioned spectral data and the 
analogy of its congeners 

Compound 2 had the molecular formula C,*H,,06 
(M+ at m/z 5303602), and contamed hydroxy (3450 
cm-‘), ester (1740cm-‘) and ketone (1695 cm-‘) 
groups Its mass spectrum exhibited fragment peaks at 
m/z 150 and 122 characterlstlc of ahsols. The ‘H NMR 
spectrum of 2 showed the presence of seven tertiary 
methyls and a secondary methyl group disclosmg its 
protostane trlterpenold nature Detailed selective proton 
decoupling experiments (Table 2) indicated the presence 
of the partial structures A, B and C found in compound 1 
However, no signal due to a methoxy group was obser- 
ved and two new signals at 66 02 (d, J =4 7 Hz) and 5.83 
(d, J = 7 0 Hz) appeared These signals disappeared with 
D,O exchange and were assigned to hydroxyl protons, 
which were coupled with the multiple signals at 65 17 
and 407 presumably assignable to H-16 and H-11, re- 
spectively Acetylatlon of 2 gave a dlacetate cS2.04 (6 H)] 
confirming the presence of the two hydroxy groups. 
These data implied that the structure of 2 was closely 
related to that of 1, the methoxy substltuent at C-16 in 1 
being replaced with the hydroxy group. The 13CNMR 
data of 2 (Table 1) corresponded well to those of 1 except 
for the signals for C-15, C-16 and C-17 and the loss of the 
methoxy signal It could be reasonably explained by a 
substituent effect on methylatlon of the hydroxyl [9] that 
the C-16, C-15 and C-17 signals were found to be located 
at higher field by -9 ppm, and lower fields by + 5 and 
+ 1 ppm, respectively, than the correspondmg signals m 
the spectrum of compound 1 These facts verified the 
hydroxy group was located at C-1 6. A /&configuration of 

the hydroxy group could be assigned by the observations 
of the NOES for H-16 (7%) and H-11 (7%) upon lrradl- 
atlon at 6 103 (28-Me) Accordmgly, the structure of 2 
was elucidated as 16P-hydroxyahsol B 23-monoacetate 

From the rhizome of Ahma plantago-aquatxa rune 
protostane trlterpenolds, mcludmg 1 and 2, and sesqm- 
terpenolds [ 1 l] have so far been isolated However, we 
have already shown that these compounds exhibit no 
coronary vasodilatmg actlvlty [12] and thus the active 
substances of this plant have not yet seen Isolated. 

EXPERIMENTAL 

Mps uncorr, ‘H NMR (400 MHz) and “C NMR (62 9 MHz) 
CDCI,, TMS as mt standard, CC sihca gel (Wakogel C-300), 

neutral alumma (Merck), TLC precoated slhca gel plates F,,, 
and RP-8 plates F,,, (Merck, 0 25 mm) Spots were vlsuahzed 

by UV (254 nm) and 40% CeSO,-H$O, 

Plant material Ahma plantago-aquatica was collected m 

Chma and ldentlfied by Wang Rei A voucher specimen has been 
deposIted at Beilmg Institute of Pharmaceutical Industries 

Exatractlon and rsolatron Air-dried and powdered rhizome 

(5 kg) of A plantago-aquatica was extracted with MeOH (30 I) at 

room temp for 29 days The MeOH extract was evapd m uacuo 

to give a crude extract (400 g), 170 g of which was divided by CC 
on sihca gel usmg CH,Cl,-MeOH gradient into 11 fractions fr 
1 (CH,CI,). frs 24 (CHICI,-MeOH, 19 l), frs 5-7 

(CH,CI,-MeOH, 9 l), frs 8,9 (CH,CI,-MeOH, 4 l), fr 10 

(CH,CI,-MeOH, 7 3), fr 11 (CH,Cl,-MeOH, 1 1) Fr 5 (26 g) 

was chromatographed on Sephadex LH-20 (CH,Cl,-MeOH, 

1 l), followed by CC on silica gel (CH,Cl,-EtOAc, 10 l-17 3) 

to give 8 fractions The fifth fraction (3 05 g) afforded ahsol B 

monoacetate (3) (114 mg) and ahsol C monoacetate (4) (38 mg) 

The sixth fraction (2 4 g) was further divided by MPLC [column 
Llchroprep RP-8, type C, solvent- MeOH-H,O, 4 l] to afford 1 

(16 mg) as a crystal, winch was recrystallized from 

CH,Cl,-MeOH On the other hand, the third fraction was 

purified by CC on silica gel (CHCl,-MeOH, 60 1) to afford 2 

(11 mg) as crystals, recrystallized from CH,Cl,-MeOH 

16/3-Methoxyalrsol B monoacetate (1) Colourless prisms, mp 

164166”, [a];’ 89 4 (CHCI,, c 0 92); MS m/z (rel mt ) 544 3767 

[M]’ (talc 544 3764 for C H 0 33 52 6, 3), 526, 484, 150 (31), 122 

(21), IRv~~:cm~’ 3500 (OH), 1740 (ester), 1700 (C=O) 

‘HNMR and 13CNMR see Tables 1 and 2 

Acetylatlon of 1 The acetate of 1 (2 mg) was prepared by 
treatment with Ac,O (0 1 ml) and pyrldme (0 4 ml) The usual 

work-up yielded la (2 1 mg) as an amorphous gum MS m/z (rel 
mt) 586 [M]’ (l), 526 (12), 466 (5), ‘H NMR 60 90(3 H, s), 0 98 

(3 H, s), 1 05 (3 H, s), 107 (3 H, s), 1 10 (3 H, d, .I=6 9 Hz, H-21), 

1.24 (3 H, s), 128 (3 H, F), 132 (3 H, s), 168 (1 H, ddd, J= 13 9, 

112,51Hz,H-22),185(1H,ddd,J=139,112,3lHz,H-22), 

193 (lH, ddd, 5=139. 10.5, 17Hz, H-12), 201 (6H, s, 2x 
OAc), 203 (lH, d, J=lO9Hz, H-9), 211 (lH, dd, 5=139, 

71Hz, H-15), 268 (lH, d, J=85Hz, H-24), 270(1 H, dd, J 

=139,61 Hz,H-12),320(3H,s,OCH,),427(1 H,ddd,J=71, 
34, 17Hz, H-16), 487 (1 H, ddd, J=109, 109, 61 Hz, H-11), 

4 65 (1 H, ddd, J = 11 2, 8 5, 3.1 Hz, H-23). 

16fl-Hydroxyalrsol B monaacetate (2) Colourless needles, 

mp 196 5-198”, [x]p 11 0 (CHCI,, c 0 32), MS m/z (rel mt) 

530 3602 [M]’ (talc. 530.3607 for C H 0 32 50 6, 5), 512 (3), 494 (5), 

452 [M-18-60]+ (36),434 [M-36-60]+ (11). 150(41), 122 

(51), IR ~5:: cm-’ 3450 (OH), 1740 (ester), 1695 (C=O), 

‘HNMR and 13C NMR: see Tables 1 and 2 

Acetylatwn of 2. The acetate of 2 (4 mg) was prepared by 
treatment with Ac,O (0.1 ml) and pyrldme (0.4 ml) The usual 

work-up afforded 2a (3 5 mg) as an amorphous material MS 
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m,‘t (rel mt ) 614 [M]’ (l), 554 (4), 494 (32), 434 (33). *H NMR 

60 93 (3 H, 7) 0 99 (3 H, s), 105 (3 H, s), 1 07 (3 H, s), 1 08 (3 H, d, 
J=70Hz,H-21),1 19(1 H,dd,J=149,36Hz,H-15),1.26(3H, 

s),130(3H,,),137(3H.s),171(1H,td,J=92,53Hz,H-22), 

199 (1 H, ddd, J=138, 107, 14H2, H-12). 204 (1 H, d, J 

= 10 7 Hz, H-9), 2 02 (3 H, s, OAc), 2 04 (6 H, 5, 2 x OAc), 2 47 

(1H,dd,J=149,82Hz,H-lS),268(1H,m.H-20),272(1H,d. 

J=92Hz,H-24),275(1 H,dd,J=138,57Hz,H-12),466(1 H, 

td, J =9 2,4 3 Hz, H-23), 4 X7 (I H, ddd, J = 10 7. 10 7. 5 7 Hz. H- 

11),565(1H,ddd,J-82,36,14Hz,H-16) 

A~know!rdyemmt -We chiink M. r Y !&kawa for !he measure- 

ments of the mav spectra 
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