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A collection of Eupatorium semialatum from Guatemala was investigated for the occur­
rence of sesquiterpene lactones. In addition to the sesquiterpene cinnamoyloxyoplopanone 
(5), lactones of the eudesmanolide type were found and identified by NMR as derivatives of 
8ß-hydroxyreynosin and 8ß-hydroxybalchanin, esterified with 2-substituted acrylic acids. The 
acid moieties were determined to be the enantiomeric (R )- and (5)-(2-hydroxy-l-methoxy-
ethyl)acrylic acid, in 1, 2 and 4 respectively, and (1

Introduction

Eupatorium semialatum Benth. (Asteraceae) 
occurs in tropical areas of Guatemala and Hondu­
ras (Clewell, 1975; Nash and Williams, 1976). A 
bitter decoction prepared from its leaves is a pop­
ular remedy in the Alta Verapaz of Guatemala for 
treatment of malaria, diabetes, amoebiasis, hepati­
tis, stomach and intestinal inflammation in humans 
and for treatment of colic in domestic animals 
(Cäceres, 1996; Medinilla, 1978; Morton, 1981).

Whereas Nash and Williams (1976) describe the 
Guatemalan E. semialatum to be quite different 
from the South Mexican E. ligustrinum, King and 
Robinson (1987) treated both as a single species 
in the recent reorganization of several genera of 
the tribe Eupatorieae. Moreover, as a result of 
their studies, E. ligustrinum was suggested to be­
long to the genus Ageratina (King and Robinson,
1970). This species (A  ligustrina) was previously 
investigated for the occurrence of sesquiterpene 
lactones (Romo et al., 1968; Tamayo-Castillo et al.,
1988), but no information exists about the second­
ary metabolites of E. semialatum.

In continuation of our phytochemical investiga­
tions on antimalarial plants from Guatemala we 
now report new (1, 2 and 4) and known terpenoids 
(3, 5 and 6) from the leaves of E. semialatum.

hydroxy-ethyl)acrylic acid in 3.

Results and Discussion

Purification of the methanol soluble phase of 
the dichloromethane extract afforded two frac­
tions containing the sesquiterpene lactones 1 -4 , 
the oplopanone derivative 5, as well as oleanolic 
acid 6 (Mahato and Kundu, 1994). Their structures 
were elucidated after purification using CC, pre­
parative TLC and preparative HPLC by NMR, in­
cluding 2D-COSY, HMQC, and HMBC experi­
ments.

Compounds 1 and 2 were isolated as a mixture. 
All attempts to separate them by repeated HPLC 
using different solvent systems failed. Surprisingly, 
we found only one peak in GLC. In the simulta­
neously recorded mass spectrum the molecular ion 
was found at m/z 264, a molecular weight often 
found for sesquiterpene lactones (Seaman, 1982). 
The additionally recorded DCI-MS displayed the 
base ion at m/z 410 [M + NH4]+, which makes it 
obvious that a degradation occurs most likely in 
the injector of the GC, which for both compounds 
leads to the same product ([M]+ at m/z 264) by the 
loss of a fragment with a relative mass of Mr 128.

The 13C NMR spectrum displayed thirty-two 
signals corresponding to forty-two carbons, at shift 
values characteristic for eudesmanolide ester de­
rivatives (Budesinsky and Saman, 1995). Whereas 
ten signals represented two carbons each, as seen
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by the 2D-HMQC and HMBC spectra, twenty- 
two of them were found in pairs with shift differ­
ences between the analogous signals of only 0.02 
to 0.12 ppm. Main differences existed for carbons 
C-7, C-8, C-9 and C-13 (see Experimental Sec­
tion). From the shift values of C -l-C -15  of 1 and 
2 in accord with the literature (Budesinsky and 
Saman, 1995) it was obvious that the alcohol moi­
ety consisted of 8ß-hydroxyreynosin in both cases. 
Differences between the two compounds exist 
only in the acid side chain. The remaining signals, 
due to two similar acid moieties, suggested the 
presence of a 2-substituted acrylic acid, which ad­
ditionally contained one methine-, one hydroxy- 
methylene- and one methoxy-group. This means 
that the side chain at C-2 consists of a 2-hydroxy-
1-methoxyethyl-group in both cases (Budesinsky 
and Saman, 1987).

As expected, the corresponding signals for two 
nearly identical reynosin derivatives were found 
in the 'H NMR spectrum. Except for a few (see 
Experimental Section), most signals overlapped. 
Since all coupling constants from 1 and 2 were 
found in the same range, their relative stereo­
chemistry should be identical. The position of the 
esterification at C-8 clearly followed from the shift 
values of the respective signals and the couplings 
found in the COSY spectrum. Shift differences be­
tween the signals of H-8 and H-13 in the 'H NMR 
of 1 and 2, respectively, suggested that the at­

tached acids should be different, but the 20 - 
COSY, HMBC and HMQC spectra clearly indi­
cated that the constitutions of both acids are the 
same. Therefore, both acids can only differ in the 
absolute configuration at C-4\ although direct 
proof is missing. Hence, 1 and 2 are diastereomeric 
esters built from 8ß-hydroxyreynosin with the en­
antiomeric 4 '(R )- and 4'(S)-(2-hydroxy-l-meth- 
oxyethyl)acrylic acid. Unfortunately, we could not 
determine, which particular acid was attached to 1 
and 2, respectively, since all attempts to separate 
the compounds and subsequently obtain crystals 
for X-ray analysis were unsuccessful.

Compound 3 was identified as another ester de­
rivative of 8ß-hydroxyreynosin, differing from 1 
and 2 only by its ester side chain (Budesinsky and 
Saman, 1995). This compound was previously iso­
lated by Ober et al. (1994) from Calea trichomata, 
but due to overlapping signals in their 200 MHz 
NMR spectra, they were not able to assign the sig­
nals for H-2 and H-3, respectively. Because of the 
higher resolution of our spectra and through com­
parison to 1 and 2, we were now able to assign the 
four separated signals in the ’H NMR (H-2: 5 1.85 
m and 1.62 m: H-3: 6 2.37 m and 2.17 m).

Compound 4 was isolated as a pure gum in small 
quantity. Its mass and NMR spectra indicated that
4 is an isomer of 1 and 2, differing in the sesquiter­
pene lactone moiety. Instead of the signals for the 
exocyclic methylene group (H-15) and the methy-
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lene group (H-3) in 1 -3 , we found a three-proton 
singlet and a multiplet for one proton at shift val­
ues characteristic for a eudesmanolide containing 
a A3,4 double bond. This was confirmed by the 
corresponding signals in the !3C NMR spectrum. 
Compound 4 was therefore identified as a 8ß-acyl- 
oxy derivative of balchanin (Budesinsky and 
Saman, 1995), esterified with one of the enantio­
meric (2-hydroxy-l-methoxyethyl)acrylic acids.

GLC/MS and NMR spectra indicated the struc­
ture of compound 5 as 11-cinnamoyloxyoplopa- 
none, which was previously found in Ageratina 
ligustrina (Tamayo-Castillo et al., 1988), but the re­
ported *H NMR data were incomplete and 13C 
NMR data were missing. The correct assignments 
of the complete NMR signals, confirmed by 2 0 -  
COSY, 2D-HMQC and 2D-HMBC, are given here 
for the first time (see Experimental Section).

The triterpene oleanolic acid (6) was identified 
by interpretation of its NMR data in comparison 
to an authentic sample (Mahato and Kundu, 1994).

Previous investigations have shown that collec­
tions of A. ligustrina (= E. ligustrinum) from Mex­
ico, contain sesquiterpene lactones of the guaiano- 
lide and germacranolide type (Romo et al., 1968; 
Tamayo-Castillo et al., 1988). The sesquiterpene 
lactones found in our plant material from Guate­
mala are of the eudesmanolide type. Although we 
intensively searched for compounds previously re­
ported to occur in A. ligustrina, the only constitu­
ent which occurs in both species, was the oplopa- 
none sesquiterpene 5. Therefore it seems very 
likely that E. semialatum is in fact a different spe­
cies, as already suggested by Nash in the Flora of 
Guatemala (Nash and Williams, 1976), and not 
identical to A. ligustrina or E. ligustrinum. Further 
investigations on the sesquiterpene lactone pattern 
of E. semialatum are in progress.

Experimental Section

General experimental procedures

NMR: Bruker D R X  500, 500 MHz ( !H NMR) 
and 125 MHz ( 13C NMR) in CDC13 or acetone-d6, 
respectively, or Bruker DMX-600, 600 MHz ( !H 
NMR) and 150 MHz (13C NMR) in CDC13. GC- 
MS: E l (70 eV) using the GC-MS mode on a MSD 
5972 combined with a 5890 plus gas chromato­
graph (Hewlett-Packard); column 25 m x 0.25 mm 
(Optima-1, Macherey & Nagel). Temperature pro­

gression: 150 °C (3 min) to 280 °C at 10°min l. 
MS: E l (70 eV) direct inlet on a Finnigan MAT 
INCOS 50 at 200 °C. HPLC: HP 1050 system, 
equipped with DAD detector. Detector channels 
set at 215 and 260 nm, with a RPis Hypersil ODS 
(5 |im) column (125x5 mm). Mobile phase: 1 -3 : 
M e 0 H -H 20  (2:3 v/v) to M e 0 H -H 20  (11:9 v/v) 
at 1.0 ml min-1 for 20 min; 4: M e 0 H -H 20  (1:4 
v/v) to MeOH (100%), at 1.0 ml min-1 for 60 min; 
5: M e 0 H -H 20  (3:1 v/v) to M e 0 H -H 20  (4:1 
v/v) at 1.0 ml min-1 for 7 min. TLC: Si gel 60 F254 
(Merck) CH2Cl2/MeOH (2:1 v/v). Detection with 
anisealdehyde/H2S 0 4.

Plant material

Leaves of Eupatorium semialatum Benth. 
(725 g), collected near Purulhä, Baja Verapaz, 
Guatemala, were identified by one of us (J. J. C.). 
Vouchers (JC2541) are deposited at the Facultad 
de Agronomfa, Universidad de San Carlos de 
Guatemala.

Isolation

Dried and powdered leaves (725 g) were ex­
tracted with CH2C12 in a Soxhlet apparatus. The 
extract (81 g) was treated with MeOH to obtain
36.86 g of MeOH solubles. This extract was puri­
fied by repeated CC on Sephadex LH-20 with 
MeOH, followed by CC on silica gel 60 with 
CH2Cl2/MeOH (9:1 v/v) and Sephadex LH-20 
with cyclohexane/CH2Cl2/MeOH (7:4:1 v/v). The 
fractions obtained were further purified by prepar­
ative TLC using CH2Cl2/MeOH (2:1 v/v) as the 
solvent system and preparative HPLC (in 0.5 mg 
aliquots) to give a mixture of 1 and 2 (3 mg) and 
the pure compounds 3 (1 mg), 4 (0.5 mg), and 5 
(4 mg). Compound 6 (20 mg) was isolated by pre­
parative TLC.

4 '(R)- or 4 '(S)-8ß-[  (2-hydroxy-l -methoxyethylj- 
acryloyloxyjreynosin (1): UV [M e 0 H -H 20  (1:1) 
v/v] l max 210 nm; *H NMR (CDC13, 500 MHz)
8 6.31 (1H, s, H-3'a), 6.16 (1H, d, J  = 3.2 Hz, H- 
13a), 5.94 (1H, s, H-3'b), 5.85 (1H, d, J  = 2.5, 3.8 
Hz, H-8), 5.45 (1H, d, J  = 3.2 Hz, H-13b), 5.04 
(1H, s, H-15a), 4.97 (1H, s, H-15b), 4.52 (1H, t, J  =
11.1, Hz, H-6), 4.21 (1H, dd, J  = 2.5, 6.9 Hz, H-4'),
3.69 (1H, m, H-5'a), 3.53 (1H, dd, J  = 4.4, 11.3 Hz, 
H -l), 3.48 (1H, m, H-5'b), 3.33 (3H, s, -O C H 3),
2.86 (1H, ddd, J  = 3.2, 5.7,11.1 Hz, H-7), 2.42 (1H,
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dd, J  = 2.5, 15.1 Hz, H-9a), 2.36 (1H, m, H-3a),
2.27 (1H, d, J  = 10.7, H-5), 2.15 (1H, m, H-3b),
1.84 (1H, m. H-2a), 1.66 (1H. dd, J  = 3.8, 15.1 Hz, 
H-9b), 1.60 (1H, m, H-2b), 1.00 (3H, s, H-14); 13C 
NMR (CDCh, 125 MHz) 6  169.54 (C-12), 165.14 
(C -l') , 141.61 (C-2'), 136.69 (C-4), 134.32 (C -ll) , 
127.51 (C-3'), 119.56 (C-13), 111.00 (C-15), 80.33 
(C-4'), 78.45 (C -l), 74.94 (C-6 ), 66.64 (C-8 ), 65.30 
(C-5'), 57.29 (-O CH 3), 53.31 (C-5), 51.99 (C-7),
42.57 (C-10), 40.32 (C-9), 33.26 (C-3), 30.92 (C-2),
13.68 (C-14); EIM S m/z 264 (1), 246 (7), 228 (11), 
213 (5), 202 (13), 179 (34), 161 (24), 145 (13), 133 
(22), 117 (19), 106 (52), 91 (64), 79 (51), 69 (58), 
5 5  (4 4 ), 41 (100).

4'(S)- or 4 '(R)-8ß-[(2-hydroxy-l-methoxyethyl)- 
acryloyloxyjreynosin (2): UV [M e 0 H -H 20  (1:1) 
v/v] Xmax 211 nm; 'H NMR (CDC13, 500 MHz) 
6  6.32 (1H, s, H-3'a), 6.17 (1H, d, J  = 3.2 Hz, H- 
13a), 5.93 (1H, s, H-3'b), 5.82 (1H, d, J  = 2.5, 3.8 
Hz, H-8 ), 5.46 (1H, d, J  = 3.2 Hz, H-13b), 5.04 
(1H, s, H-15a), 4.97 (1H, s, H-15b), 4.52 (1H, t, J  =
11.1, Hz, H-6 ), 4.21 (1H, dd, / = 2.5, 6.9 Hz, H-4'),
3.69 (1H, m, H-5'a), 3.53 (1H, dd, / = 4.4, 11.3 Hz, 
H -l), 3.48 (1H, m, H-5'b), 3.34 (3H, s, -O C H 3),
2.86 (1H, ddd, J  = 3.2, 5.7, 11.1 Hz, H-7), 2.43 (1H, 
dd, J  = 2.5, 15.1 Hz, H-9a), 2.36 (1H, m, H-3a),
2.27 (1H, d, / = 10.7, H-5), 2.15 (1H, m, H-3b),
1.84 (1H, m, H-2a), 1.66 (1H, dd, / -  3.8, 15.1 Hz, 
H-9b), 1.60 (1H, m, H-2b), 0.98 (3H, s, H-14); 13C 
NMR (CDCI3 , 125 MHz) 6  169.54 (C-12), 165.09 
(C -l') , 141.61 (C-2'), 136.71 (C-4), 134.32 (C -ll) , 
127.54 (C-3'), 119.47 (C-13), 110.97 (C-15), 80.33 
(C-4'), 78.45 (C -l), 74.99 (C-6 ), 66.73 (C-8 ), 65.26 
(C-5'), 57.31 (-O C H 3), 53.31 (C-5), 51.92 (C-7),
42.57 (C-10), 40.20 (C-9), 33.26 (C-3), 30.90 (C-2),
13.68 (C-14); EIM S m/z 264 (1), 246 (7), 228 (11), 
213 (5), 202 (13), 179 (34), 161 (24), 145 (13), 133 
(22), 117 (19), 106 (52), 91 (64), 79 (51), 69 (58), 
5 5  (4 4 ), 41 (100).

8ß-[  (2-hydroxy-l-methoxy ethyl) acryloyloxyjbal- 
chanin (4): UV [M e 0 H -H 20  (11:9) v/v] ^max 
218 nm; 'H NMR (acetone-d6, 500 MHz) 6 6.35 
(1H, s, H-3'a), 5.99 (1H, d, J  = 3.2 Hz, H-13a), 5.87 
(1H, s, H-3'b), 5.80 (1H, dd, J  = 2.5, 3.2 Hz, H-8), 
5.41 (1H, d, J  = 3.2 Hz, H-13b), 5.35 (1H, m, H- 
3), 4.52 (1H, t, J  = 10.7 Hz, H-6), 4.18 (1H, dd, J  = 
3.2, 6.9 Hz, H-4'), 3.66 (1H, m, H -l), 3.57 (1H, m, 
H-5'a), 3.40 (1H, m, H-5'b), 3.29 (3H, s, -O C H 3), 
3.06 (1H. m. J  = 5.7 Hz, H-7), 2.55 (1H, d, J  = 9.5 
Hz, H-5), 2.37 (1H, dd, J  = 15.1 Hz, H-9a), 2.28

(1H. m, H-2a), 1.96 (1H, m, H-2b), 1.83 (3H, s, H- 
15), 1.71 (1H, dd, J  = 3.2, 15.1 Hz, H-9b), 1.07 
(3H, s, H-14); 13C NMR (acetone-d6, 125 MHz) 
6 169.42 (C-12), 165.59 (C -l') , 145.28 (C-2'), 
138.53 (C -ll) , 133.32 (C-4), 126.63 (C-3'), 122.31 
(C-3), 117.75 (C-13), 81.42 (C-4'), 77.60 (C-6), 
74.85 (C -l), 67.42 (C-8), 65.22 (C-5'), 56.82 
( - O C H 3 ) ,  53.18 (C-7), 51.15 (C-5), 40.88 (C-10),
39.30 (C-9), 32.02 (C-2), 22.76 (C-15), 13.80 (C-
14); EIM S m/z 264 (14), 246 (2), 228 (3), 217 (6),
202 (5), 189 (16), 175 (9), 173 (9), 164 (25), 150 
(17), 119 (39), 97 (34), 91 (61), 79 (45), 69 (64), 55 
(50), 43 (59), 41 (100).

11-cinnamoyloxyoplopanone (5): UV [M eOH- 
H20  (4:1) v/v] Xmax 282 nm; *H NMR (CDC13, 600 
MHz) 6 7.76 (1H, d, J  = 16 OHz, H-3'), 7.53 (2H, 
m, H-6', H-8'), 7.39 (3H, m, H-5', H-7', H-9'), 6.53 
(1H, d, J  = 16.0 Hz, H-2'), 4.89 (1H, d, J  = 16.9 
Hz, H -lla ), 4.80 (1H, d, / = 16.9 Hz, H -llb ), 2.70 
(1H, ddd, J  = 5.3, 9.4, 11.7 Hz, H-3), 1.98 (1H, m, 
H-2a), 1.95 (1H, m, H-4), 1.83 (1H, m, H -la), 1.79 
(1H, m, H-7a), 1.71 (1H, m, H-2b), 1.60 (1H, m, 
H-6a), 1.51 (1H, m, H-9), 1.45 (1H, m, H-lb), 1.42 
(1H, m, H-12), 1.39 (1H, m, H-7b), 1.19 (3H, s, H-
15), 1.09 (1H, m, H-5), 1.08 (1H, m, H-6b), 0.91 
(3H, d, J  = 6.8 Hz, H-13), 0.69 (3H, d, J  = 6.8 Hz, 
H-14); 13C NMR (CDC13, 150 MHz) 6 206.19 
(C-10), 166.07 (C -l') , 146.12 (C-3'), 134.27 (C-4'), 
130.58 (C-7'), 128.96 (2C, C-5', C-9'), 128.26 (2C, 
C-6', C-8'), 116.98 (C-2'), 73.09 (C-8), 67.81 (C-
11), 57.06 (C-9), 50.77 (C-3), 49.37 (C-5), 46.30 
(C-4), 42.05 (C-7), 29.92 (C-12), 29.12 (C-2), 25.48 
(C -l), 23.01 (C-6), 22.02 (C-13), 20.38 (C-15), 
15.56 (C-14); EIM S m/z 384 [M]+ (0.5), 382 (0.5),
299 (1), 236 (9), 223 (17), 187 (15), 177 (30), 147
(6), 131 (100), 121 (14), 103 (42), 95 (16), 93 (9), 
91 (9), 81 (14), 77 (26), 71 (15), 69 (11), 67 (11), 
55 (11), 43 (40), 41 (12).
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