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KEYWORDSABSTRACT

Aerial parts of E. agavifolium G. yielded 3-O-(-D-glucopyranosyl) betulinic
acid 28-O-(-D-glucopyranosyl) ester, 3-O-(-D-glucuronopyranosyl)
betulinic acid 28-O-(-D-glucopyranosyl) ester, 3-O-(-D-galactopyranosyl)
betulinic acid 28-O-[-D-glucopyranosyl (1 3)--D- glucopyranosyl] es-
ter, 3-O-[3--D-glucopyranosyl(12)--L-arabinopyranosyl] betulinic acid
28-O-(-D-glucopyranosyl) ester and the already known 3-O--D-
glucopyranosyl betulinic acid. The structures of the isolated compounds
were determined using spectroscopic methods.
 2014 Trade Science Inc. - INDIA

INTRODUCTION

Eryngium L. is a complex genus with ca. 250 spe-
cies, approximately 29 species growing in Argentina[30].
The delimitation of the species is frequently laborious,
particularly for the Sec. Areata ser. Platyphylla from
the South of Brazil, Paraguay and East of Argentina
(coastal zone of the Rio de la Plata).

Eryngium (subfamily Saniculoideae) is known to
contain acetylenes [2,6,29], flavonoids and
coumarins[4,12,33,28] and ciclohexenone derivatives[7].
Several classes of terpenoids have been described,
such as essential oils[32,35,36], sesquiterpenes[1], phy-
tosterols[10], sapogenins[14,16,17,20,21] and triterpenesa-
ponins[5,13,15,18-20,22,23,25,27].

In this paper we report the isolation and structure
elucidation of five triterpene saponins, 1 - 5 from
Eryngium agavifolium Griseb,

RESULTS AND DISCUSSION

The n-butanol soluble fraction of the EtOH extract
of the fresh aerial parts of E. agavifolium G. gave sa-
ponins1 � 4 and the already known 3-O--D-
glucopyranosylbetulinic acid 5[8,9].

Five triterpene saponins (1-5) were isolated, which
were purified by successive chromatographic steps,
and its structure was mainly determined by NMR analy-
sis, including 1D and 2DNMR (1H -1HCOSY,
TOCSY, NOESY, HSQC, HMBC), and mass spec-
trometry

Compound 1 was obtained as an amorphous white
powder. The IR spectrum showed a broad absorption
due to hydroxyl groups near 3388 cm-1, as well as ab-
sorption attributable to a carbonyl group of the ester at
1731 cm-1. Compound 1 exhibited in HRFABMS a
quasi-molecular ion peak at m /z 803.9716, consistent
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with a molecular formula of C
42

H
68

O
13

Na. Also, we
observed other significant peaks in the spectrum at m/z
641 [M +Na-162], and 479 [M+Na- 2 x162] indicat-
ing the loss of two hexose residues.

The 1H NMR spectrum of 1 (TABLE 1) clearly
showed presence of five tertary methyl groups at


0.96, 0.93, 0.86, 0.79 and 0.75 (each 3H, s, H-

23, H- 27, H- 26, H- 23 and H- 24), one secondary
methyl at 


br s, H-30) and one exo-

methylene group at 

4.62 and 4.75 (each 1H, br s,

H-29a and H-29b). Moreover, displayed signals for
two anomeric protons at 





4.24 (d, J = 7.2 Hz) and
5.37 (d, J = 8.2 Hz), which gave correlations, in the
HSQC spectrum, with anomeric carbon signals at 

C

105.2 and 95.5, respectively.
The comparison of 1H and 13C NMR data (TABLE

1) with of data of literature, permitted assignment the
structure of the betulinic acid for the aglycon moiety, in
relation to report for Janeczkoet al.1990.

The ring protons of the monosaccharide residues
were assigned starting from the readily identifiable
anomeric protons by means of 1H � 1H COSY, TOCSY,

HSQC and HMBC spectroscopic experiments
(TABLE 2).

The anomeric protons at4.24 (d, J = 7.2 Hz) and
5.37 (d, J = 8.2 Hz) correlated with the carbon signals
at 87.9 and 177.0, respectively, in the HMBC spec-
trum (TABLE 3). In pyranosides, the six-membered
ring generally forms a chair of fixed conformation pro-
viding a classification of the protons as axial or equato-
rial. Therefore, the coupling patterns are characteristic
of the stereochemistry of the type of the carbohydrate.
For example, if the H-2 is axial, as it is for gluco and
galacto stereochemistry, then a small coupling constant
(3J

HH
) of ca 2-4 Hz is observed as resulted of the

gauche conformation of H-1 and H-2 following the
Karplus relation (dihedral angle ca 60º) The trans
diaxial relationship of H-1 and H-2 in -anomers of
sugars with a gluco and galacto configuration leads to
larger (7-9 Hz) coupling constants (dihedral angle ca
180º). The anomeric coupling constants obtained for

both sugar units were indicative of a -configuration.
The protons sequence in each glycosyl residue was
deduced from 1H-1H COSY experiment and the
HMQC correlated all proton resonances with those of
the corresponding carbons and revealed the presence
of two terminal glucopyranosyl units. The ring protons
of the glucosyl residues were assigned starting from the
anomeric protons by means of the COSY, HMQC,
HMBC (TABLE 3) and NOESY spectra.

All carbon signals due to these sugar moieties were
assigned by comparison with literature data[8,9].

On the basis of the above results, the structure of 1
was determined as 3-O-(-D-glucopyranosyl) betulinic
acid 28-O-(-D-glucopyranosyl) ester, a new natural
compound.

Compound 2 was obtained as an amorphous white
powder. The IR spectrum showed a broad absorp-
tion due to hydroxyl groups near 3388 cm-1 as well as
two absorptions attributable to an ester carbonyl group
and a carboxilic acid group at 1731 and 1710 cm-1,
respectively. The FABMS of compound 2 showed a
quasimolecular ion peak at m/z: 817 [M + Na]+. Other
significant peaks in the spectrum were at 655 [M + Na
� 162], and 479 [M + Na - 162 - 176] that indicated

the loss of one hexose and a glucuronic acid residue.
The positive HRFABMS showed a clustered molecu-
lar ion peak at m/z 817.9551 that accounted for the
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molecular formula C
42

H
66

O
14

. The 1H NMR spectrum
of 2 (TABLE 1) displayed signals for two anomeric
protons at  4.44 (d, J = 7.6 Hz) and 5.42 (d, J = 8.2
Hz) which correlated with the carbon signals at  103.8
and 95.2, respectively, in the HMQC spectrum. The
anomeric coupling constants obtained for both sugar
units were indicative of a -configuration for both
monosaccharides.

Comparison of the 13C NMR spectral data of 2

with thosereported in literature[11,34] indicated that the
structure for 2 was a betulinic acid glycoside.

The cross-peak in the HMBC spectrum (TABLE
3) between  4.44 and  89.7 showed that a
monosaccharide moiety was linked to the betulinic acid
at C-3 while the cross-peak between  5.42 and 
176.2 showed that the second monosaccharide moiety
was linked to the aglycon at C-28. The ring protons of
the sugar residues were assigned starting from the

TABLE 1 : 1H and 13C  NMR spectroscopic data foraglycone moieties of compounds 1-4a

1b 2c 3d 4b 
Atom 

H C H C H C H C 

1 1.45 m, 0,70 m 39.1 0.97 m, 1.67 m 39.1 1.50m, 0.82 m 39.3 1.39 m, 0.69 m 39.1 

2 1.95 m, 1.75 m 25.8 2.00 m, 1.62 m 26.1 1.90 m, 1.60 m 26.0 2.00 m, 1.80 m 25.8 

3 3.29 d (10.3 Hz) 88.9 3.20 dd (10.2, 4.5) 89.5 3.20 m 89.1 3.21 m 89.3 

4  39.3  39.3  39.6  39.6 

5 0,62 d (9 Hz) 55.2 0.75 d (8.5 Hz) 56.3 0.65 d (8.0) 55.9 0.60 d (9 Hz) 55.6 

6 1.50 m, 1,40 m 18.7 1.53 m, 1.43 m 18.4 1.50 � 1.40  m 18.1 1.50 m, 1.30 m 18.6 

7 1.40 m 34.3 1.42 m 34.6 1.40 m 33.1 1.45 m 34.5 

8  41.4  41.0  41.2  41.1 

9 1.26 m 50.8 1.28 m 51.2 1.25 m 50.5 1.20 m 50.9 

10  38.9  37.1  37.1  38.9 

11 1.30 m, 1.15 m 20.9 1.20 m, 1.10 m 21.0 1.30 � 1.10  m 21.5 1.25 m, 1.07 m 21.1 

12 1.76 m, 1.20 m 26.1 1.65 m, 1.23 m 25.9 1.62, 1.26 25.9 1.70 m, 1.10 m 26.1 

13 2.55 m 37.9 2.34 m 38.5 2.20 m 38.4 2.58 m 38.3 

14  42.9  42.5  43.1  42.3 

15 1.20-1.00 m 30.4 1.32 m, 1.20 m 29.7 1.35 � 1.15 m 29.5 1.25 � 1.05 m 30.3 

16 2.57 m, 1,41 m 31.7 2.50 m, 1.48 m 31.9 2.20 m, 1.30 � 1.15 m 32.3 2.56 m, 1.46 m 32.1 

17  56.9  56.8  56.4  57.1 

18 1.64 m 49.3 1.68 m 49.6 1.56 m 49.4 1.69 m 49.8 

19 3.41 m 47.3 3.40 m 47.2 3.25  m 47.2 3.30 m 47.6 

20  150,6  150.8  150.7  150.7 

21 2.10 m, 1.30 m 30.5 1.95 m, 1.40 m 30.4 2.00 m, 1.46 m 30.2 1.95 m, 1.40 m 30.4 

22 2.13 m, 1.40 m 36.4 2.00m, 1.45 m 36.5 2.00 m, 1.35-1.20 m 35.9 2.11 m, 1.42 m 36.6 

23 1.10s 27.8 1.04s 27.6 0.97s 28.2 1.08s 27.9 

24 0.95 s 15.9 0.84s 16.1 0.75s 16.9 0.98 s 16.0 

25 0.67 s 16.0 0.88s 16.0 0.78s 16.8 0.65s 15.8 

26 1.00s 16.0 0.97s 15.5 0.85s 15.9 1.00s 16.1 

27 0.87s 16.8 1.02s 15.1 0.92s 14.9 0.85s 15.9 

28  174.9  175.6  175.1  175.2 

29a 4.62 br s 4.65br s 4.56br s 4.65br s 

29b 4.75 br s 
110.2 

4.73br s 
109.3 

4.68br s 
110.7 

4.81br s 
110.0 

30 1.61brs 19.0 1.72 brs 18.5 1.68brs 19.1 1.67brs 19.2 
aAt 500 MHz. Assignments  based on COSY and HMQC spectra. J in Hz in between parenthesis; b in pyridine-d

5
,  cin DMSO-d

6
,

din MeOD
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anomeric protons by means of the COSY, HMQC,
HMBC (TABLE 3) and NOESY spectra, thus the
hexosyl moiety at C-3 was identified as a -D-
glucuronopyranosil unit, while that at C-28 was coinci-
dent with a -D-glucopyranosil moiety. All these data
allowed us to assign compound 2 as the new natural
saponin 3-O-(-D-glucuronopyranosyl) betulinic acid
28-O-(-D-glucopyranosyl) ester.

The IR spectrum of compound 3 showed a broad
absorption due to hydroxyl groups near 3388 cm-1 as
well as one strong absorption peak attributable to car-
bonyl ester group at 1730. The FABMS of compound
3 showed a quasimolecular ion peak at m/z: 965 [M +
Na]+. Other significant peaks in the spectrum were at
803 [M + Na � 162], and 641 [M + Na - 162 - 162]

due to sequential losses of hexosyl units. The positive
HRFABMS showed a clustered molecular ion peak at
m/z 966.1120 giving a molecular formula of

C
48

H
78

O
18

and consistent with a triterpene glycoside
containing three hexosyl moieties.

The signals identified in the 1HNMR spectra and
(TABLES 1 and 2) allowed us to establish the struc-
ture of compound 3 as 3-O-(-D-galactopyranosyl)
betulinic acid 28-O-[-D-glucopyranosyl (13)--D-
glucopyranosyl] ester. The 1HNMR spectrum of 3
(TABLE 1) showed three anomeric proton signals at 
4.57 (d, J = 7.0 Hz), 5.37 (d, J = 8.0 Hz) and 4.14 (d,
J= 8.0 Hz) that correlated with the signals a  102.5,
93.5 and 103.4, respectively, in the HMQC spectrum.
The cross-peaks in the HMBC spectrum (TABLE 3)
between the signals at  4.57 and 87.7 showed that
the -D-galactopyranosyl moiety was linked to the
aglycon at C-3, between  5.37 and 177.3 showed
that a -D-glucopyranosyl moiety was linked to the
aglycon at C-28 while the cross-peak between  4.14
and 81.3 showed that a -D-glucopyranosyl moiety

TABLE 2 : 1H and 13C  NMR spectroscopic data for sugar moieties of compounds 1-4a

1b 2c 3d 4b 
Atom 

H C H C H C H C 

1' 4.92 d (7.2) 105.0 4.35 d (7.6) 105.8 4.57 d (7.0)  4.81br s 104.9 

2' 3.91  m 74.8 3.20 (dd, J = 10, 2.7) 74.6 3.26  m  4.23  m 82.2 

3' 4.11  m 78.0 3.40  m 77.1 3.19  m  4.30  m 71.2 

4' 4.24  m 70.0 3.46  (t 9) 72.8 3.43  m  4.48  m 74.5 

5' 4.03  m 77.7 3.56 d (11) 75.6 m  
m 

4.09  m 
62.4 

6a' 4.40 m 3.39  m   

6b' 4.27 m 
62.2  176.3 

3.52  m   
 

1'' 6.26 d (7.8) 95.1 5.52 d (8.2)  5.37 d (8.0)  6.20  d (8.0 ) 105.6 

2'' 4.01  m 75.0 3.26  m 73.2 3.20  m  4.02  m 76.6 

3'' 4.21  m 78.0 3.35  m 70.8 3.30  m  4.18  m 78.0 

4'' 4.50  m 71.2 3.46 t (8.8) 73.0 3.21  m  3.90m 71.7 

5'' 4.27  m 78.2 3.40  m 77.8 3.13  m  4.32m 76.3 

6a'' 4.27 m 62.2 3.73dd (12.1, 4.2) 3.39  m  4.39  m 

6b'' 4.38 m  3.86 d (12.1) 
61.4 

3.62  m  4.10  m 
62.2 

1'''     4.14 d (8.0)  6.33 d (7.8)  

2'''     3.05  m  4.14  m  

3'''     3.10  m  4.24  m  

4'''     3.35  m  4.31  m  

5'''     3.07  m  3.98  m  

6a'''     3.49  m  3.86  m 

6b'''     3.72  m  4.28  m 
62.3 

a At 500 MHz. Assignments  based on COSY and HMQC spectra. J in Hz in between parenthesis, bin pyridine-d
5
,  cin DMSO-d

6
,

din MeOD; a Multiplicities assigned from DEPT spectra. b The assignments were based on HMBC and HMQC experiments (125
MHz  for 13C and 500 MHz for 1H NMR)
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was linked to C-3'�.
The structure of the chain sugar was confirmed from

the observed NOEs across the glycosidic linkages. All
the carbon signals due to these sugar moieties were in
good agreement with literature data[8,9].

According to the analysis of both HMQC and
HMBC spectra all the proton sugar units were assigned
(TABLE 2).

Proton 
resonance Carbon resonances 

3.20 (H-2'')  C-1'' (93.5), C-3'' (81.3), C-4'' (71.3) 

3.30 (H-3'')  C-2'' (74.8), C-4'' (71.3), C-1''' (103.4) 

3.21 (H-4'')  C-2'' (74.8), C-3'' (81.3); C-5'' (77.5) 

3.13 (H-5'')  C-4'' (71.3), C-6'' (60.5) 

3.39 (H-6a'')  C-4'' (71.3), C-5'' (77.5) 

3.62 (H-6b'')  C-4'' (71.3), C-5'' (77.5) 

4.14 (H-1''')  C-3'' (81.3), C-2''' (73.3) 

3.05 (H-2''')  C-1''' (103.4), C-3''' (76.8), C-4''' (70.5) 

3.10 (H-3''')  C-2''' (73.3), C-4''' (70.5) 

3.35 (H-4''')  C-2''' (73.3), C-3''' (76.8), C-5''' (76.3) 

3.07 (H-5''')  C-4''' (70.5), C-6''' (61.2) 

3.49 (H-6a''')  C-4''' (70.5), C-5''' (76.3) 

3.72 (H-6b''')  C-4''' (70.5), C-5''' (76.3) 

4 

3.40 (H-3)  
C-2 (29.8), C-4 (39.6), C-5 (55.6), C-1' 

(104.9) 

4.81 (H-1')  C-3 (89.6), C-2' (82.2) 

4.23 (H-2')  
C-1' (104.9), C-3' (73.2), C-4' (67.5), C-1'' 

(105.6) 

4.30 (H-3')  C-2' (82.2), C-4' (67.5) 

4.48 (H-4')  C-2' (82.2), C-3' (73.2), C-5' (64.4) 

3.95 (H-5a')  C-4' (67.5), C-1' (104.9) 

4.09 (H-5b')  C-4' (67.5), C-1' (104.9) 

5.30 (H-1'')  C-2' (82.2), C-2'' (76.6) 

4.02 (H-2'')  C-1'' (105.6), C-3'' (78.0), C-4'' (71.7) 

4.18 (H-3'')  C-2'' (76.6), C-4'' (71.7) 

4.00 (H-4'')  C-2'' (76.6), C-3'' (78.0), C-5'' (78.3) 

3.98 (H-5'')  C-4'' (71.7), C-6'' (62.2) 

4.32 (H-6a'')  C-4'' (71.7), C-5'' (78.3) 

4.39 (H-6b'')  C-4'' (71.7), C-5'' (78.3) 

6.33 (H-1''')  C-28 (175.2), C-2''' (74.1) 

4.14 (H-2''')  C-1''' (95.4), C-3''' (78.6), C-4''' (71.2) 

4.24 (H-3''')  C-2''' (74.1), C-4''' (71.2) 

4.31 (H-4''')  C-2''' (74.1), C-3''' (78.6), C-5''' (79.2) 

3.98 (H-5''')  C-4''' (71.2), C-6''' (62.3) 

3.86 (H-6a''')  C-4''' (71.2), C-5''' (79.2) 

4.28 (H-6b''')  C-4''' (71.2), C-5''' (79.2) 

TABLE 3 : Selected cross peaks ( Values) in the 1H-Detected
Long-Range 1H-13C (HMBC) NMR spectra used for defining
the sugar units attached to the aglycon for saponins 1-4

Proton 
resonance Carbon resonances 

1 

3.01 (H-3)  
C-2 (24.9), C-4 (39.0), C-5 (54.9), C-1' 

(105.2) 

4.24 (H-1')  C-3 (87.9), C-2' (73.7) 

3.00 (H-2')  C-1' (105.2), C-3' (76.7), C-4' (69.4) 

3.26 (H-3')  C-2' (73.7), C-4' (69.4) 

3.08 (H-4')  C-2' (73.7), C-3' (76.7), C-5' (76.5) 

3.01 (H-5')  C-4' (69.4), C-6' (60.5) 

3.37 (H-6a')  C-4' (69.4), C-5' (76.5) 

3.65 (H-6b')  C-4' (69.4), C-5' (76.5) 

5.37 (H-1'')  C-28 (177.0), C-2'' (72.3) 

3.10 (H-2'')  C-1'' (95.5), C-3'' (74.2), C-4'' (69.6) 

3.24 (H-3'')  C-2'' (72.3), C-4'' (69.6) 

3.16 (H-4'')  C-2'' (72.3), C-3'' (74.2), C-5'' (77.6) 

3.11 (H-5'')  C-4'' (69.6), C-6'' (60.5) 

3.47 (H-6a'')  C-4'' (69.6), C-5'' (77.6) 

3.65 (H-6b'')  C-4'' (69.6), C-5'' (77.6) 

2 

3.20 (H-3)  
C-2 (29.8), C-4 (40.1), C-5 (56.1), C-1' 

(103.8) 

4.44 (H-1')  C-3 (89.7), C-2' (78.3) 

3.45 (H-2')  C-1' (103.8), C-3' (77.1), C-4' (72.8) 

3.40 (H-3')  C-2' (78.3), C-4' (72.8) 

3.46 (H-4')  C-2' (78.3), C-3' (77.1), C-5' (78.5) 

3.56 (H-5')  C-4' (72.8), C-6' (176.3) 

5.42 (H-1'')  C-28 (176.2), C-2'' (73.8) 

3.26 (H-2'')  C-1'' (95.2), C-3'' (78.3), C-4'' (72.9) 

3.35 (H-3'')  C-2'' (73.8), C-4'' (72.9) 

3.46 (H-4'')  C-2'' (73.8), C-3'' (78.3), C-5'' (77.8) 

3.40 (H-5'')  C-4'' (72.9), C-6'' (62.0) 

3.73 (H-6a'')  C-4'' (72.9), C-5'' (77.8) 

3.86 (H-6b'')  C-4'' (72.9), C-5'' (77.8) 

3 

3.02 (H-3)  
C-2 (24.9), C-4 (39.2), C-5 (54.9), C-1' 

(102.5) 

4.57 (H-1')  C-3 (87.7), C-2' (71.6) 

3.26 (H-2')  C-1' (102.5), C-3' (74.9), C-4' (69.8) 

3.19 (H-3')  C-2' (71.6), C-4' (69.8) 

3.43 (H-4')  C-2' (71.6), C-3' (74.9), C-5' (73.5) 

3.29 (H-5')  C-4' (69.8), C-6' (60.0) 

3.39 (H-6a')  C-4' (69.8), C-5' (73.5) 

3.52 (H-6b')  C-4' (69.8), C-5' (73.5) 

5.37 (H-1'')  C-28 (177.3), C-2'' (74.8) 
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Compound 4 showed a quasimolecular ion peak at
m/z 935 [M + Na]+, and the molecular formula
C

47
H

76
O

17
 was determined by HRFABMS. Further-

more, fragment ion peaks at m/z 773 [M + Na � 162]+,
641 [M + Na � 162 � 132]+, 611 [M + Na � 162 �

162]+, in the positive FABMS indicated the loss of two
hexose units and one pentose unit. Spectral analysis
(1HNMR, 13CNMR, 1H-1HCOSY, HMQC and
HMBC) of 4 revealed similar data to those chemical
shifts reported for betulinic-type aglycone[3].

1H NMR spectrum showed three signals assigned
to anomeric protons in 4.81 (d, J= 5.5Hz), 5.30 (d,
J= 8.0Hz) and 6.33 (d, J =7.8Hz), where as the 13C
NMR spectrum showed three signs of anomeric car-
bons at 104.9, 105.6 and 95.4 (TABLE 2). From the
analysis of the HMQC and HMBC spectrums (TABLE
3), the presence of two -glucopyranosyl units and ter-
minal-substituted-2 arabinopyranosyl  unit was de-
termined.

An unambiguous determination of the sites of the
sequence and the linkage is obtained from the HMBC
correlations. HMBC spectra (TABLE 3) indicated that
4 -glucopyranosyl unit was attached to the carboxyl
group at C-28. Correlation with  4.81 (H-1, b-arabi-
nose) and  89.6 (C-3, aglycon) allowed to establish
the position of attachment of said residue with the agly-
cone, while the correlation between  5 30 (H-1'' ter-
minal glucopyranosyl unit) and  82.2 (C-2',
arabinopyranosyl unit), allowed us to assign the binding
between the two sugar units. The ring protons of the
sugars units were assigned starting from the anomeric
proton by means of its COSY, HMQC, HMBC and
NOESY spectra (TABLE 2).

The common D-configuration for glucose and the L-
configuration for arabinose were assumed, according
to those most encountered among the plant glycosides
in each case[31]. On the basis of these evidences, 4 was
established as the new saponin3-O-[3--D-
glucopyranosyl(12)--L-arabinopyranosyl] betulinic
acid 28-O-(-D-glucopyranosyl) ester.

EXPERIMENTAL

General

IR spectra were recorded on a NIICOLET FT IR
on AgCl disks. Optical rotation was determined on a

Jasco P-1010 polarimeter. NMR spectra were re-
corded on Bruker AVANCE DRX-500 with TMS as
internal standard. Mass spectra were obtained with a
ZAB-SEQ4F (V6). Prep. TLC were carried out on
0.5 mm thickness pre-coated silica gel sheets. MeOH
was used to recover the compounds.

Plant material

Eryngiumagavifolium G. were collected in
Córdoba Province, Argentina, and identified by L. Ariza

Espinar. Voucher specimens are deposited in the Museo
Botánico Córdoba (CORD 3222).

Extraction and isolation

Finely cut whole fresh aerial parts (1605 g) of E.
agavifolium G. were extracted three times with EtOH
at room temp., 48 h each. The combined EtOH ex-
tracts were evaporated to give 30.24 g of a gummy
residue. This residue was suspended in EtOH:H

2
O (7:3)

mixture, and partitioned successively with Hexane (10.6
g), Cl

2
CH

2 
(0.75 g), EtOAc(6.3 g) and n-BuOH (3.1

g). The n-BuOH extract was subjected to CC on silica
gel, eluting with gradient mixtures of Cl

2
CH

2
-EtOH (9:1

to 7:3) to give four fractions, 1 through 4.
Fraction 1 was purified by successively CC on silica

gel, eluting with gradient mixtures of Cl
2
CH

2
-MeOH of

increasing polarity and Cl
2
CH

2
-EtOH (1:0.5 to 7:3).

Further purification by preparative TLC with Cl
2
CH

2
-

EtOH (4:1) yielded 20 mg of 1 and 5.3 mg of 2.
Fraction 2 was purified by repeated CC on silica

gel and eluted with a gradient of increasing polarity with
Cl

2
CH

2
-MeOH and Cl

2
CH

2
-EtOH (1:0.5 to 7:3), and

preparative TLC with Cl
2
CH

2
-EtOH (9:1) to yield com-

pound 7.2 mg of 5.
Fraction 3 was purified by repeated CC on silica

gel and eluted with a gradient of increasing polarity with
Cl

2
CH

2
-MeOH and Cl

2
CH

2
-EtOH (1:0.5 to 7:3), and

preparative TLC with Cl
2
CH

2
-EtOH (7:3) to yield 1.4

mg of 3,and 4.7 mg of 4.

3-O-(-D-glucopyranosyl) betulinic acid 28-O-(-
D-glucopyranosyl) ester (1)

Amorphous white powder; []
D

23.5ºC� 16.71

(MeOH; c 0.78); IR 
max.

film cm-1: 3388 (OH), 2939
(CH), 1731 (C=O). HR-FAB-MS, m/z803.9716 [M
+ Na]+, calcd for C

42
H

68
O

13
 + Na 803.9715, FABS

m/z: 803 [M + Na]+, 641, 479; for 1H NMR and 13C
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NMR data see TABLES 1 and 2.

3-O-(-D-glucuronopyranosyl) betulinic 28-O-(-
D-glucopyranosyl) ester (2)

Amorphous white powder; []
D

23.5ºC � 1.94

(MeOH; c 0.35); IR 
max.

film cm-1: 3388 (OH), 2939
(CH), 1731 (C=O, ester group), 1710 (C=O, carboxy-
lic acid). HR FAB-MS, m/z 817.9551 [M + Na]+,
calcdfor C

42
H

66
O

14
 + Na 817.9548. FABMS m/z: 817

[M + Na]+, 655 [M + Na � 162]+, 479 [M + Na -
162- 176]+; for 1H NMR and 13C NMR data see
TABLES 1 and 2.

3-O--D-(galactopyranosyl) betulinic 28-O-[ -D-
glucopyranosyl (13)--D- glucopyranosyl] es-
ter (3)

Amorphous white powder; []
D

23.5ºC� 3.36

(MeOH; c 0.10); IR 
max.

film cm-1: 3388 (OH), 2939
(CH), 1730 (C=O). HRFAB-MS, m/z 966.1120 [M
+ Na]+, calcdfor [C

48
H

78
O

18
 + Na] + 966.1119. FABS

m/z: 965 [M + Na]+, 803 [M + Na � 162]+, 641 [M +
Na � 162 - 162]+; for 1H NMR and 13C NMR data
see TABLES 1 and 2.

3-O-[3- -D-glucopyranosyl(12)- -L-
arabinopyranosyl] betulinic 28-O-( -D-
glucopyranosyl) ester(4)

Amorphous white powder; []
D

18.9ºC � 1.05

(MeOH; c 0.31). IR 
max.

film cm-1:3388 (OH), 2939
(CH), 1730 (C=O) cm-1. FABMS m/z: 935 [M + Na]+,
773 [M + Na � 162]+, 641 [M + Na � 162 � 132]+,
611 [M + Na � 162 � 162]+. HRFABMS, m/z
936.0829 [M + Na]+, calcd for [C

47
H

76
O

17
 + Na]

936.0859; for 1H NMR and 13C NMR data see
TABLES 1 and 2.

3-O--D-glucopyranosylbetulinicacid (5)

Amorphous solid; 1H NMR and 13C NMR data
and FABMS were in good agreement with those re-
ported in lit.[8,9].

Acidhydrolysis of 1,2,3,4

The saponin1 (20 mg in 5 mL of MeOH) was refluid
in 5 mL of 2N HCl for 3.5 h; H

2
O was added to the

reaction mixture, and this was extracted with CHCl
3
 (3

x15 mL). The CHCl
3
 extract was purified on a Sphadex

LH-20 column eluted with MeOH to afford a crop of
betulinic acid (8.3 mg), which was identified by TLC,

NMR and IR by comparison with an authentic sample.
The aqueous layer of the hydrolysate was neutralized
with Ag

2
CO

3
, and the neutral hydrolysate revealed the

presence of glucose on high-perfomance TLC when
compared with authentic sample. By the same method,
high-perfomance TLC analyses showed the monosac-
charides of 2 to be glucose and glucuronic acid; that of
3galactose and glucose and that 4 to be glucose and
arabinose.
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