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Abstract

The aerial parts of Stevia alpina var[ `lutinosa a}orded\ in addition to known sesquiterpene lactones\ two new germacranolides and
two new eudesmanolides[ The structures were established mainly by NMR spectroscopy[ Þ 0888 Elsevier Science Ltd[ All rights
reserved
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0[ Introduction

An earlier study of Stevia alpina "de Heluani et al[\
0878# showed that esta_atin "Sa�nchez!Viesca + Romo\
0852# and 00!dehydroleucodin "Bohlmann + Zdero\
0861# were the main sesquiterpene lactones\ along with
many other epoxy! and 1!oxoguaianolides as well as hel!
iangolides[ The plant material used in that study was S[
alpina var[ alpina[ In continuation of our work on the
genus Stevia "de Herna�ndez\ Herna�ndez\ Catala�n\ Gedris
+ Herz\ 0886^ Guerra!Ram(�rez\ Cerda!Garc(�a!Rojas\
Puentes + Joseph!Nathan\ 0887#\ we have now inves!
tigated Stevia alpina var[ `lutinosa which di}ers from var[
alpina only in the presence of glandular!tipped hair on
stems\ leaves and involucres "Ariza Espinar + Cerana\
0875#[ This variety was collected in the province of Tucu!
ma�n\ Argentina[ The main sesquiterpene lactone of this
variety was eupatoriopicrin "0# "Drozdz et al[\ 0861#\
followed by eupahakonenin B "Ito\ Sakakibara +
Haruna\ 0871#[ In addition to these compounds\ we iso!
lated three known germacrolides\ eupatolide "Drozdz et
al[\ 0861#\ 1 "Bohlmann\ Zdero + Turner\ 0874# and 2

"Bohlmann\ Schmeda!Hirschmann + Jakupovic\ 0873#\
the guaianolide 4?!tigloyleupahakonenin B "Zdero\
Bohlmann + Dillon\ 0877#\ two new germacrolides 3 and
4\ and two new eudesmanolides 6 and 7[ As can be seen\
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the variety studied here di}ers chemically from var[
alpina[ In S[ alpina var[ `lutinosa no heliangolides or
epoxyguaianolides were found[

A literature search revealed that 3?!acetyl!
eupatoriopicrin "4# ðeupatoriopicrin 08!O!acetateŁ is men!
tioned as having been isolated from Eupatorium
cannabium "Zdero + Bohlmann\ 0876#[ However the
experimental section of the paper "Zdero + Bohlmann\
0876# gives no account for the isolation of 4[ Instead
2b!hydroxyeupatoriopicrin!08!O!acetate is claimed to be
isolated[ Furthermore\ in the reference in Zdero + Bohl!
mann "0876# cited for 4 "Jakupovic\ Pathak\ Bohlmann\
Gage + Dillon\ 0875#\ the compound really isolated was
2b!acetyloxyeupatoriopicrin!08!O!acetate[ Therefore 4\
isolated here\ is found for the _rst time in nature[

A review of the genus Stevia\ accounting for the chemi!
cal study of 43 species and 7 varieties from the approxi!
mately 129 botanically known species\ is published
"Herna�ndez\ Catala�n + Jospeh!Nathan\ 0887#[

1[ Results and Discussion

The structure of the new germacrolide 3 followed from
a detailed 0H!NMR data comparison with 0\ which
revealed that all signals of the sesquiterpene germacrolide
moiety are present in both spectra[ However\ regarding
the ester residue\ the signals of the vinyl H!2? and the
methylene H!3? are present at the same chemical shifts\
while the H!4? methylene signal of 0 at d 3[26 is shifted\
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and appears as two doublets\ at d 3[88 and 3[68\ and a
new acetate singlet is found at d 1[99[ These spectral
changes are in agreement with the structure of 3[ The 02C!
NMR data of 0 and 3 are also consistent with these
structural changes "Table 1#[

Similarly the structure of 4 was deduced by comparing
its 0H! and 02C!NMR data "Tables 0 and 1\ respectively#

Table 0
0H!NMR data of compounds 3\ 4\ 6 and 7

H 3� 4$ 6 7

0 3[89"brdd# 3[89"brdd# 2[58"dd# 2[46"dd#
1a 1[13Ð1[31"m# 1[13Ð1[32"m# 1[39"m# 0[54Ð0[64"m#
1b 0[84"m#
2a 4[25"m# 1[99Ð1[19"m#
2b *

4 3[68"brd# 3[79"brd# 1[36"brd# *
5 4[19"dd# 4[06"dd# 3[35"t# 4[03"brd#
6 1[85"brdddd# 1[85"brdddd# 1[71"dddd# 1[85"dddd#
7 4[74"brd# 4[72"brd# 4[72"brq# 4[74"brq#
8a 1[77"brdd# 1[77"brdd# 1[30"dd# 1[34"dd#
8b 1[27"brdd# 1[25"brdd# 0[59 0[49

02a 5[29"d# 5[20"d# 5[05"d# 5[13"d#
02b 4[59"d# 4[50"d# 4[33"d# 4[42"d#
03 0[37"brs# 0[37"brs# 0[95"brs# 0[12"brs#
04 0[67"brs# 0[66"brs# 0[78"brd# 0[89"brs#
2? 6[96"t# 5[61"t# 5[77"t# 5[89"t#
3?a 3[42"dd# 3[75"d# 3[36"d# 3[37"d#
3?b 3[38"dd# 3[75"d# 3[36"d# 3[37"d#
4?a 3[88"d# 3[27"s# 3[28"brs# 3[39"s#
4?b 3[68"d# 3[27"s# 3[28"brs# 3[39"s#

J"Hz#] 3 and 4] 0\1a � 00^ 0\1b � 3[4^ 4\5 � 09^ 4\04 � 0[4^ 5\6 � 8^
6\7½0^ 6\02a � 2[5^ 6\02b � 2^ 7\8a � 4^ 7\8b � 1[4^ 8a\8b � 03[5[
6] 0\1a � 5[4^ 0\1b � 09^ 2\04 � 0[4^ 4\5 � 5\6 � 00^ 6\7 � 6\02b � 2^
6\02a � 2[1^ 7\8a � 1^ 7\8b � 3^ 8a\8b � 04[3^ 2?\3? � 5[
7] 0\1a � 7\8b � 3^ 0\1b � 5\6 � 00^ 6\7 � 6\02b � 2^ 6\02a � 2[1^
7\8a � 1^ 8a\8b � 04^ 2?\3? � 5[
� OCOR] 2?\3?a � 2?\3?b � 5^ 3?a\3?b � 05^ 4?a\4?b � 01[
$ OCOR] 2?\3? � 5[4[

with those of 3[ Di}erences are observed only for the ester
side chain signals[ The H!3? AB system of 3 is collapsed to
a doublet and shifted to d 3[75 in 4\ while the H!4? meth!
ylene signals appear as a singlet at d 3[27\ in agreement
with structure 4[

Structure 6 was deduced by comparison of its 0H!NMR
spectrum with that of 5\ which was isolated by us from
S[ breviaristata "Herna�ndez\ Catala�n\ Cerda!Garc(�a!
Rojas + Jospeh!Nathan\ 0883#[ All signals are present in
both spectra excepting the Me!4? signal of 5[ Instead\
there now appears a methylene singlet at d 3[28 due to a

Table 1
02C NMR data of compounds 0\ 2\ 3\ 4 and 6

C 0� 2 3 4 6$

0 029[8 029[6 029[8 029[8 65[9
1 15[1 15[1 15[1 15[1 22[9
2 28[3 28[3 28[3 28[3 010[4
3 031[6 031[4 031[5 031[4 022[0
4 016[1 016[2 016[2 016[2 40[3
5 64[7 64[7 64[5 64[5 66[4
6 41[7 41[7 41[7 41[6 42[3
7 61[4 61[0 61[6 61[6 56[9
8 33[9 33[9 32[8 33[9 28[2

09 023[9 023[9 023[9 022[7 39[5
00 025[5 025[5 025[6 025[5 023[0
01 058[7 058[6 058[4 058[4 058[5
02 010[2 010[2 010[0 010[1 008[2
03 08[0 08[9 08[9 08[9 02[9
04 06[4 06[4 06[4 06[4 12[2
0? 054[7 055[2 053[8 054[2 055[0
1? 020[7 016[5 015[7 020[9 020[8
2? 033[2 030[8 036[5 027[4 032[7
3? 48[0 48[6 48[5 59[2 48[2
4? 46[2 01[8 47[9 46[2 46[4

AcO 060[1 069[6
19[7 19[7

� HETCOR measurements allowed assignments of protonated carbons[
$ Assigned according to data described in Herz + Kulanthaivel\ 0872[
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hydroxymethylene moiety[ The 02C!NMR data are con!
sistent with 6 "Table 1#[

By comparing the 0H!NMR spectrum of 7 with that of
6\ it can be observed that the vinyl proton H!2 and the
H!4 signals of 6 are no longer present in 7\ and that the
H!5 signal of 6\ which appears as a triplet at d 3[35\ is
now found as a broad doublet at d 4[03 in 7[ These
changes are in agreement with the shift of the C"2#!C"3#
double bond in 6 to C"3#!C"4# in 7[ The structure of 7

is further supported by the spectral data of 8 "Herz +
Kulanthaivel\ 0872#[ Di}erences between 7 and 8 were
only observed in the Me!3? and Me!4? signals of 8 which
are not present in 7[ Instead there is a doublet at d 3[37
and a singlet at d 3[39 corresponding to the hyd!
roxymethylene 3? and 4?\ respectively[

2[ Experimental

2[0[ General

HPLC] Beckman C!7 "4 m\ 09×149 mm#\ Rts measured
from solvent peak^ 0H! and 02C!NMR] 299 and 64[3 MHz\
respectively\ with TMS as int[ standard[

2[1[ Plant material

Aerial parts of Stevia alpina var[ `lutinosa were col!
lected at the ~owering stage in April 0880\ in El Saladillo\
Chicligasta department\ Tucuma�n province\ Argentina[
A voucher specimen "Herna�ndez No[ 298# is deposited in
the Herbarium of the Miguel Lillo Institute\ Tucuma�n\
Argentina[

2[2[ Extraction and isolation

Aerial parts "299 g# were extracted "1×# with CHCl2
"1[4 l# at room temp[ for 3 days to give\ after vacuum
evapn[\ 24[4 g of crude extract "00[7) yield# which was
suspended in 299 ml EtOH at 59>\ diluted with 129 ml
H1O and extracted "2×# with hexane "249 ml# and then
"2×# with CHCl2 "249 ml#[ Evapn[ of the CHCl2 extracts
under vacuum gave a residue "01[4 g# which was chro!
matographed over silica gel "279 g# using CHCl2 with
increasing amounts of MeOH "9Ð09)#] 028 frs were col!
lected and monitored by TLC and IR[ Frs 40Ð45 were
combined "069 mg# and processed by HPLC "MeOH!
H1O 07 ] 6^ 1 ml min−0# to give 03[6 mg of a mixture "Rt

6[4 min# of eupatolide and 2^ 02[8 mg 1 "02 min# and 3[3
mg of 4?!tigloyleupahakonenin B "06 min#[ Frs 46Ð54
"199 mg# were combined and processed by HPLC
"MeOH!H1O 56 ] 22^ 0[4 ml min−0# to give 7[0 mg 3 "Rt

02[4 min#^ 30[2 mg 2 "Rt 06[4 min# and 01[8 mg 1 "21
min#[ Frs 55Ð66 were combined and processed by HPLC
"MeOH!H1O 2 ] 1^ 0[4 ml min!0# to a}ord 12[7 mg 3 "Rt

16[4 min# and a broad peak "Rt 24[7 min# which was

rechromatographed "MeOH!H1O 3 ] 2^ 0[4 ml min−0# to
give 06[2 mg of a mixture containing 4 as the major
and 2 as the minor constituent[ Frs 74Ð89 "2[34 g# were
combined and a portion "199 mg# was processed by
HPLC "MeOH!H1O 2 ] 1^ 1 ml min−0# to give 69[8 mg 0

"Rt 00[4 min# and 01[5 mg of eupahakonenin B "Rt 05
min#[ Frs 80Ð81 "704 mg# were combined\ trituration of
the residue in Et1O followed by _ltration a}orded 365[1
mg of additional solid 0[ Frs 098Ð009 "039 mg# were
combined and processed by HPLC "MeOH!H1O 0 ] 0^ 0[4
ml min−0# to give 6[7 mg 6 "Rt 03[4 min# and 3[0 mg 7 "Rt

05[7 min#[

2[2[0[ 7b!"4?!acetoxy!3?!hydroxytigloyloxy#!
Costunolide "3#

Gum^ IR nfilm
max cm−0] 2349 "OH#\ 2909 "1C!H#\ 0644

"C1O\ lactone#\ 0629 "C1O\ acetate#\ 0609
"C1O\ tiglate#\ 0549 "C1C#^ 0H! and 02C!NMR] Tables
0 and 1[

2[2[1[ Mixture of 7b!"3?!acetoxy!4?!hydroxytigloyloxy#!
costunolide "4# and 7b!"3?!hydroxyti`loyloxy#!costuno!
lide "2#

Gum^ 0H! and 02C!NMR] data of 4 in Tables 0 and 1[

2[2[2[ "0R\4S\5S\6R\7R\09R#!0!Hydroxy!7!"3?\4?!di!
hydroxytigloyloxy#!2\00"02#!eudesmadien!5\01!olide
"6#

Gum^ IR nfilm
max cm−0] 2399"OH#\ 2949"1C!H#\ 0654

"C1O\ lactone#\ 0694"C1O\ tiglate#\ 0549"C1C#^ 0H
and 02C NMR] Tables 0 and 1[

2[2[3[ "0R\5S\6R\7R\09R#!0!Hydroxy!7!"3?\4?!di!
hydroxytigloyloxy#!3\00"02#!eudesmadien!5\01!olide
"7#

IR nfilm
max cm−0] 2399"OH#\ 2949"1C!H#\ 0654"C1O\

lactone#\ 0694"C1O\ tiglate#\ 0549"C1C#^ 0H NMR]
Table 0[
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