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Abstract*From the acetone extract of Artemisia campestris subsp[ maritima six ~avanones\ two chromones
and the coumarin scopoletin were isolated[ 4!Hydroxy!6!methoxychromone and 4\6!dimethoxychromone are
new compounds\ while the ~avanone eriodictyol!6\2?!dimethyl ether is reported for the _rst time in this species[
The structures were elucidated by 0D and 1D NMR techniques[ The unequivocal assignments of carbon
resonances\ mainly made by using 0D selective INEPT and 1D HETCOR experiments\ allowed us to correct
some 0H and 02C resonances of the isolated ~avanones and also to di}erentiate between the ~avanone isomers
sakuranetin:isosakuranetin and eriodictyol!6\2?!dimethyl ether:eriodictyol!6\3?!dimethyl ether[ Þ 0887 Elsevier
Science Ltd[ All rights reserved

INTRODUCTION

There has been an increasing interest in the genus
Artemisia L[ "Compositae# since the discovery of art!
emisinine\ obtained from A[ annua\ and its successful
clinical trials as an antimalarial drug ð0Ł[ Several phy!
tochemical studies on the genus Artemisia have been
published^ however\ only a few of them are concerned
with A[ campestris L[ ð1Ð02Ł[ To the best of our knowl!
edge\ in the case of A[ campestris L[ subsp[ maritima
Arcangeli only _ve phytochemical studies have been
carried out[ These studies are concerned with the eluci!
dation of their acetylene\ ~avonoid and other phenolic
components ð1\ 8\ 00\ 02Ł and also on their essential
oil contents ð2Ł[

Pursuing our studies on the chemical composition
of A[ campestris L[ subsp[ maritima Arcangeli ð8Ł\
growing on the beach sands near Aveiro\ we have now
considered the acetone extracts of this plant[ As a
result\ six ~avanones 0Ð5\ two chromones 6\7 and one
coumarin 8 have been isolated and characterised[

RESULTS AND DISCUSSION

The aerial parts of Artemisia campestris were
ground and extracted successively with hexane and
acetone[ The acetone extracts were subjected to pre!
parative silica gel thin layer chromatography\ as
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described in the Experimental\ a}ording 0Ð8 as pure
compounds[

The 0H assignments in the NMR spectra of all com!
pounds 0Ð8 were based on COSY experiments^
however\ for the 02C atoms\ HETCOR and 0D selec!
tive INEPT experiments ð03Ł were carried out[ All the
assignments revealed the presence of six ~avanones 0Ð

5\ two chromones 6\7 and scopoletin 8[
By using 0D selective INEPT experiments for com!

pounds 1Ð5\ upon irradiation of the OH!4 resonance\
enhancements on C!4\ C!5 and C!09 signals were
observed "Table 0#[ These results together with the
direct 0H!02C correlation spectra "HETCOR# allowed
us to conclude that the H!5 resonances appear at
higher frequency values than those of H!7[ These
results indicate that it is necessary to correct certain
literature data about the H!5 and H!7 chemical shifts
ð8\ 00\ 04Ð19Ł[

The irradiations of OCH2\ H!5 and H!7 resonances
of 1\ using 0D selective INEPT experiments "Table 0#\
prompted us to conclude that the methoxyl group is
at the 6!position[ Compound 1 was then assigned as
being the ~avanone sakuranetin[ In the case of 2 we
could assign unequivocally the carbon resonances of
C!1?\5?\ C!0? and C!3?\ upon irradiation of OCH2 and
H!2?\4? resonances "Table 0# and demonstrate that the
methoxyl group is at the 3? position^ this compound 2

was then assigned as the ~avanone isosakuranetin[
The unequivocal identi_cation of each ~avanone

isomer 4 and 5 was also based on the assignment of
all their 02C resonances\ by using 0D selective INEPT
and HETCOR experiments[ The key irradiation was
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Table 0[ Results obtained from 0D selective INEPT NMR experiments

Compound Resonance irradiation Signal Enhancement
"d\ ppm# "d\ ppm#

1 OCH2 "2[70# C!6 "057[9#
H!5 and H!7 "5[97 and "5[94# C!09 "092[0#^ C!8 "051[0# and C!6 "057[9#

OH!4 "01[92# C!5 "84[0#^ "C!09 "092[0# and C!4 "053[0#
2 OCH2 "2[73# C!3? "059[9#

H!2?\4? "5[84# C!1?\5? "016[6#^ C!0? "029[2# and C!3? "059[9#
OH!4 "01[95# C!5 "85[6#^ C!09 "092[9# and C!4 "053[2#

3 OCH2 "2[73# C!6 "057[6#
H!5 and H7 "5[94 and 5[92# C!09 "092[5#^ C!8 "053[0#\ C!4 "053[7# and C!6 "057[6#

OH!4 "01[93# C!5 "84[2#^ C!09 "092[5# and C!4 "053[7#
4 OCH2 "2[70 and 2[83# C!2? "035[6# and C!6 "057[9#

OH!3? "4[61# C!4? "003[4#^ C!3? "035[1# and C!2? "035[6#
OH!4 "01[93# C!5 "84[0#^ C!09 "092[0# and C!4 "053[0#

5 OCH2 "2[70 and 2[81# C!3? "036[9# and C!6 "057[9#
OH!2?"4[62# C!1? "001[5#^ C!2? "034[8# and C!3? "036[9#
OH!4 "01[92# C!5 "84[0#^ C!09 "092[0# and C!4 "053[0#

6 OCH2 "2[75# C!6 "054[5#
OH!4 "01[93# C!5 "87[2#^ C!09 "095[6# and C!4 "051[2#
OCH2 "2[85# C!5 "033[9#
H!3 "6[59# C!4 "096[3#^ C!8 "049[1# and C!1 "050[4#

that of the B ring OH resonance[ In the case of com!
pound 4\ enhancements were observed on the C!1?\ C!
2? and C!3? resonances "Table 0#^ such results are
only in agreement with a 2?!OH substitution\ and the
structure then assigned to eriodictyol!6\3?!dimethyl
ether[ However\ for 5\ enhancements were observed
on the C!2?\ C!3? and C!4? resonances "Table 0#\ thus
showing a 3?!OH substitution[ It was identi_ed as
being eriodictyol!6\2?!dimethyl ether[

The protocol just described for the unequivocal
assignment of the 02C resonances of compounds 1Ð4

prompted us to report some of them for the _rst time
and also to elucidate some literature data related with
the chemical shifts of C!5\7 and C!2?\3? ð00\ 10Ł[

Based on the 0H and 02C resonances\ elucidated by
0D and 1D NMR techniques\ and comparing with
certain literature data ð05Ð07\ 19Ð13Ł\ the compounds
0\ 3 and 8 were identi_ed as naringenin\ eriodictyol!

6!methyl ether and scopoletin\ respectively[ However\
in the case of scopoletin 8\ our results indicate that
the literature assignments of H!4 and H!7 resonances
must be reversed[ In fact\ by irradiation of the H!
3 resonance\ in a 0D selective INEPT experiment\
enhancements were observed on the signals of C!1\ C!
4 and C!8 "Table 0#[ These results together with the
analysis of the HETCOR spectra let us to assign the
H!7 resonance at a higher frequency value than that
of H!4[

Compounds 0Ð4 have already been reported from
Artemisia campestris extracts ð8Ð00Ł\ but to the best
of our knowledge\ eriodictyol!6\2?!dimethyl ether 5 is
now reported for the _rst time as a component of this
species[ In addition to these compounds\ two novel
chromones 6\7 have also been isolated[ Their IR and
UV spectra are similar to those reported for the cor!
responding synthetic compounds ð14Ł[
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Table 1[ 0H NMR data of ~avanones 0Ð5a

Protons 0 1 2 3b 4b 5b

H!1 4[25 4[25 4[25 4[31 4[22 4[23
dd\ 2[1^ 02[0 dd\ 2[4^ 02[4 dd\ 2[0^ 02[9 dd\ 2[0^ 01[7 dd\ 2[0^ 01[8 dd\ 2[9^ 02[0

H!2a 2[98 2[09 2[09 2[06 2[97 2[00
dd\ 02[0^ 06[1 dd\ 02[4^ 06[1 dd\ 02[9^ 06[1 dd\ 01[7^ 06[1 dd\ 01[8^ 06[1 dd\ 02[0^ 06[1

H!2b 1[67 1[68 1[67 1[64 1[67 1[68
dd\ 2[1^ 06[1 dd\ 2[4^ 06[1 dd\ 2[0^ 06[1 dd\ 2[0^ 06[1 dd\ 2[0^ 06[1 dd\ 2[9^ 06[1

H!5 5[99 d\ 1[2 5[97 d\ 1[2 5[99 d\ 1[2 5[94 d\ 1[2 5[96 d\ 1[2 5[97 d\ 1[2
H!7 4[87 d\ 1[2 5[94 d\ 1[2 4[87 d\ 1[2 5[92 d\ 1[2 5[94 d\ 1[2 5[95 d\ 1[2
H!1? 6[23 d\ 7[5 6[23 d\ 7[5 6[27 d\ 7[6 6[93 br s 6[94 d\ 1[9 5[83Ð5[87 m
H!2? 5[78 d\ 7[5 5[78 d\ 7[5 5[84 d\ 7[6 * * *
H!4? 5[78 d\ 7[5 5[78 d\ 7[5 5[84 d\ 7[6 5[75 AB\ 7[0 5[77 d\ 7[5 5[83Ð5[87 m
H!5? 6[23 d\ 7[5 6[23 d\ 7[5 6[27 d\ 7[6 5[77 AB\ 7[0 5[83 dd\ 1[9^ 7[5 5[83Ð5[87 m
OH!4 01[95 s 01[92 s 01[95 s 01[03 s 01[92 s 01[93 s
OCH2 2[70 "6# s 2[73"3?# s 2[73 "6# s 2[70 "6# 2[81 "3?# 2[70 "6# 2[83 "2?#

1 s 1 s

aFor each proton resonance are shown the chemical shift\ multiplicity and coupling constant[
bOH resonances of] 3 7[10 "br s\ 2?\3?#^ 4 4[62 "s\ 2?# and 5 4[61 "s\ 3?#

EXPERIMENTAL

General[ Melting points are uncorrected and were
determined on a Reichert Thermovar apparatus _tted
with a microscope[ 0H and 02C NMR spectra were
recorded in CDCl2 on a Bruker AMX 299 at 299[02
and 64[36 MHz\ respectively^ the chemical shifts are
expressed in d "ppm# values relative to tetra!
methylsilane "TMS# as internal reference and the
coupling constants J "0H:0H# are expressed in Hz[ 0H
Assignments were made using 1D COSY experiments\
while 02C assignments were made using HETCOR
experiments as well as one!dimensional selective
INEPT "long!range C:H coupling constants were
optimized to 6 Hz# ð03Ł[ Mass spectra were obtained
at 69 eV electron impact ionization using a VG Auto!
spec Q mass spectrometer[ Preparative TLC were car!
ried out on silica gel plates "Merck silica gel 59 F143#[
Column chromatography were also performed on sil!
ica gel "Merck silica gel 59\ 69Ð129 mesh#[

Plant material Aerial parts of plants A[ campestris
L[ subsp[ maritima Arcangeli were collected on the
Atlantic beach sands of Costa Nova\ near Aveiro
"Portugal#\ in June 0889[

Extraction and isolation The plant material was air!
dried at room temperature\ _nely grounded and
extracted "054 g#\ in a soxhlet apparatus\ successively
with hexane and acetone[ The acetone extract "07[1 g#
was fractionated on preparative Si 59 tlc into three frs
"IÐIII#\ using a 0 ] 0 mixture of CH1Cl1 ] acetone as
eluent[ Each fr was further chromatographed using
di}erent mixtures of CH1Cl1 ] acetone\ giving the 0Ð8
compounds as follows] fr IÐ3 "319 mg# and 0 "1 mg#^
fr II!mixt[ of 1 and 2 "59 mg#\ 6 "01 mg# and 8 "04 mg#^
fr III!7 "1 mg# and mixt[ of 4 and 5 "39 mg#[ Very
diluted CHCl2 solutions containing mixtures of iso!
mers 1\2 and 4\5 were also separated under the same
conditions[

Narin`enin 0 Mp 137Ð149> "from CH1Cl1:light pet!

roleum\ Lit[ 149Ð140> ð05Ł#^ 0H and 02C NMR "Tables
1 and 2#[

Sakuranetin "4\3?!dihydroxy!6!methoxy~avanone# 1

Mp 040Ð042> "from CH1Cl1:light petroleum\ Lit[ 041>
ð15Ł#^ 0H and 02C NMR "Tables 1Ð2#[

Isosakuranetin "4\6!dihydroxy!3?!methoxy~av!
anone# 2 Mp 079Ð071> "from CH1Cl1:light petroleum\
Lit[ 066Ð068> ð8Ł#^ 0H and 02C NMR "Tables 1Ð2#[

Eriodictyol!6!methyl ether "4\2?\3?!Trihydroxy!6!
methoxy~avanone# 3 Mp 119Ð112> "from CH1Cl1:light
petroleum\ Lit[ 110> ð06Ł#^ 0H and 02C NMR "Tables
1Ð2#[

Eriodictyol!6\3?!dimethyl ether "4\2?!Dihydroxy!
6\3?!dimethoxy~avanone# 4 Mp 054Ð057> "from
CH1Cl1:light petroleum\ Lit[ 052Ð053> ð16Ł#^ 0H and
02C NMR "Tables 1Ð2#[

Eriodictyol!6\2?!dimethyl ether "4\3?!Dihydroxy!
6\2?!dimethoxy~avanone# 5 Mp 037Ð049> "from
CH1Cl1:light petroleum\ Lit[ 038Ð049> ð00Ł#^ 0H and
02C NMR "Tables 1Ð2#[

4!Hydroxy!6!methoxychromone 6 Mp 87Ð090>[
"from CH1Cl1:light petroleum#[ 0H NMR] d 2[75 "6!
OCH2\ s\ 2H#\ 5[11 "H!2\ d\ J 5[9 Hz#\ 5[26 "H!5\ d\ J
1[2 Hz#\ 5[28 "H!7\ d\ J 1[2 Hz#\ 6[64 "H!1\ d\ J 5[9 Hz#\
01[47 "OH!4\ s#[ 02C NMR] d 44[7 "6!OCH2#\ 81[7 "C!
7#\ 87[1 "C!5#\ 095[6 "C!09#\ 000[3 "C!2#\ 044[5 "C!
1#\ 047[0 "C!8#\ 051[2 "C!4#\ 054[5 "C!6#\ 070[8 "C!3#[
EIMS m:z] 081 "M¦[\ 099#\ 056 "01#\ 053 "03#\ 038
"23#\ 027 "8#\ 010 "06#[

4\6!Dimethoxychromone 7 Mp 016Ð029> "from
CH1Cl1:light petroleum\ Lit[ 023Ð024> ð17Ł#[ 0H NMR]
d 2[82 "4!OCH2\ s\ 2H#\ 2[85 "6!OCH2\ s\ 2H#\ 5[29
"H!2\ d\ J 8[4 Hz#\ 5[74 "H!5\ d\ J 1[6 Hz#\ 5[75 "H!7\
d\ J 1[6 Hz#\ 6[52 "H!1\ d\ J 8[4 Hz#[ EIMS m:z] 195
"M¦[\ 83#\ 080 "53#\ 070 "4#\ 067 "52#\ 052 "74#\ 024
"69#\ 096 "38#[

Scopoletin 8 Mp 194Ð196> "Lit[ 192Ð194>C ð13Ł#[ 0H
NMR] d 2[85 "5!OCH2\ s\ 2H#\ 5[06 "6!OH\ s\ 0H#\
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Table 2[ 02C NMR data of ~avanones 1Ð5

Carbons 1 2 3 4 5

C!1 79[9 67[8 79[9 68[9 68[3
C!2 32[1 32[0 32[3 32[1 32[3
C!3 085[9 085[0 086[6 085[9 085[9
C!4 053[1 053[2 053[7 053[0 053[0
C!5 84[0 85[6 84[2 84[0 84[0
C!6 057[9 053[8 057[6 057[9 057[9
C!7 83[1 84[4 83[4 83[1 83[2
C!8 051[8 052[1 053[0 051[7 051[7
C!09 092[0 092[9 092[5 092[0 092[0
C!0? 029[4 029[2 020[0 020[4 029[1
C!1? 017[9 016[6 003[5 001[5 097[6
C!2? 004[5 003[1 035[0 034[8 035[6
C!3? 045[0 059[9 035[4 036[9 035[1
C!4? 004[5 003[1 005[9 009[5 003[4
C!5? 017[9 016[6 008[0 007[1 008[5
OCH2 44[6 "6# 44[3 "3?# 45[1 "6# 44[6 "6# 44[6 "6#

45[0 "3?# 45[9 "2?#

5[17 "H!2\ d\ J 8[4 Hz#\ 5[74 "H!4\ s\ 0H#\ 5[81 "H!7\ s\
0H#\ 6[59 "H!3\ d\ J 8[4 Hz#[ 02C NMR] d 45[3 "5!
OCH2#\ 092[1 "C!7#\ 096[3 "C!4#\ 000[4 "C!09#\ 002[3
"C!2#\ 032[2 "C!3#\ 033[9 "C!5#\ 049[1 "C!6\8#\ 050[4
"C!1#[
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