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Abstract*Three anthocyanins were isolated from the ~owering tops of Phra`mites australis[ Their structures
were elucidated by means of homo! and heteronuclear two!dimensional NMR techniques and mass spec!
trometry to be cyanidin 2!O!"5ý!O!succinyl!b!glucopyranoside# "1)#\ cyanidin 2!O!"5ý!O!malonyl!b!glu!
copyranoside# "53)# and cyanidin 2!O!b!glucopyranoside "23)#[ The former pigment\ which is a new antho!
cyanin\ represents the _rst identi_cation of an anthocyanin acylated with succinic acid found outside the
dicotyledon genus Centaurea "Compositae#[ Þ 0887 Elsevier Science Ltd[ All rights reserved

INTRODUCTION

Recent work has shown that anthocyanins acylated
with aliphatic acids have a rather widespread occur!
rence ð0Ł[ Most reports include malonic or acetic acids
as the acyl moieties[ Similar acylation with oxalic\
malic or succinic acid has a very restricted distri!
bution\ respectively in the orchid family ð1Ł\ the genera
Dianthus "Caryophyllaceae# ð2Ł and Centaurea "Com!
positae# ð3Ł[ While continuing our investigation of acy!
lated anthocyanins in plants ð4Ð01Ł\ we here report on
an anthocyanin acylated with succinic acid in addition
to two cyanidin derivatives in ~owers of the grass
Phra`mites australis[ In an electrophoretic survey of
~oral tissue this species has previously been proved to
be positive with respect to the presence of zwitterionic
anthocyanins ð02Ł\ however\ without identi_cation of
the anthocyanins[

RESULTS AND DISCUSSION

The HPLC chromatogram of the acidi_ed meth!
anolic extract from ~owers of Phra`mites australis
detected in the visible region\ showed mainly three
anthocyanins\ 0 "23)#\ 1 "53)# and 2 "1)#[ Pigments
0Ð2 were puri_ed by partition against ethyl acetate
followed by Amberlite XAD!6 column chro!

� Author to whom correspondence should be addressed[
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matography and _nally Sephadex LH!19 gel _ltration
and preparative HPLC[ The pure anthocyanins were
checked for homogeneity by analytical HPLC and
TLC "Table 0#[

The UVÐvis spectrum of pigments 0Ð2\ taken during
on!line HPLC showed in all cases visible maxima at
419 nm with A339:A419 of 18)\ indicating the presence
of an anthocyanin 2!glycoside with a cyanidin or
peonidin nucleus[ In the UV!region of 189Ð239 nm
there was no indication of acylation with an aromatic
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Table 0[ Chromatographical and spectral data for the anthocyanins in ~owers of Phra`mites australis\ cyanidin 2!O!b!
glucopyranoside "0#\ cyanidin 2!O!"5ý!O!malonyl!b!glucopyranoside# "1# and cyanidin 2!O!"5ý!O!succinyl!b!gluco!

pyranoside# "2#

TLC "Rf#
On!Line HPLC

Compound MS "m:z# FHW BAW Vis[max[ "nm# A339:Amax")# Rt "min#

0 340� 9[29 9[15 419 18[0 03[09
1 424 9[28 9[22 419 18[0 05[43
2 438 9[38 9[58 419 18[0 07[90

� Molecular ion plus deuterium in the aglycone 5! and 7! positions[

acid for 0Ð2[ Acid hydrolysis of pigments 0Ð2 pro!
duced in all instances cyanidin and glucose[

The assignment of the 0H and 02C NMR shift values
"Tables 1\ 2# based on one! and two!dimensional
NMR experiments identi_ed 0 as cyanidin 2!O!b!glu!
copyranoside ð03Ł[ Co!chromatography "HPLC# with
authentic anthocyanin and a molecular ion of m:z 340
in the mass spectrum con_rmed the identity of 0[ After
storage of pigment 0 in the NMR solvent "acidi_ed
deuterated methanol# the molecular ion in the mass
spectrum showed two mass unit higher than the nor!
mal value "m:z 338# because of deuterium exchange
of the protons in the 5! and 7!positions of the aglycone
ð04Ł[

The relative long HPLC retention of 1\ the simi!
larity between the UVÐvis spectra of 0 and 1 "Table
0# and the fact that 1 turned into 0 after alkaline

Table 1[ 0H NMR spectral data for cyanidin 2!glucoside
"0#\ cyanidin 2!"5ý!malonylglucoside# "1# and cyanidin 2!"5ý!
succinylglucoside# "2# in CD2ODÐCF2COOD "84]4\ v:v# at

14>

0 1 2

d "ppm# d "ppm# d "ppm#

Cyanidin
3 8[95 7[87 8[91
5 5[64 5[64 5[64
7 5[83 5[83 5[83
1? 7[09 7[97 7[00
4? 6[00 6[97 6[09
5? 7[20 7[20 7[23
2!O!b!glucopyranoside
0ý 4[26 4[22 4[26
1ý 2[66 2[65 2[66
2ý 2[52 2[54 2[53
3ý 2[41 2[41 2[40
4ý 2[54 2[77 2[78
5ýA 3[91 3[55 3[53
5ýB 2[68 3[28 3[27
5ý!malonyl
CH1 2[33
5ý!succinyl
CH1 3[94
CH1 2[40

Table 2[ 02C NMR spectral data for cyanidin 2!glucoside
"0#\ cyanidin 2!"5ý!malonylglucoside# "1# and cyanidin 2!"5ý!
succinylglucoside "2# in CD2ODÐCF2COOD "84]4\ v:v# at

14>

0 1 2

d "ppm# d "ppm# d "ppm# SEFT�

Cyanidin
1 053[20 053[20 053[51 	
2 034[51 034[41 034[41 	
3 025[67 025[67 025[77 

4 048[02$ 048[02$ 048[97$ 	
5 092[49 092[44 092[35 

6 069[46 069[46 069[35 	
7 84[06 84[21 84[16 

8 046[62$ 046[02$ 046[64$ 	

09 002[27 002[16 & 	
0? 010[10 010[10 010[11 	
1? 007[36 007[36 007[36 

2? 036[31 036[31 036[38 	
3? 044[66 044[76 044[83 	
4? 006[35 005[73 006[30 

5? 017[16 017[35 017[40 

2!O!b!glucopyranoside
0ý 092[65 092[53 092[55 

1ý 63[65 63[55 63[57 

2ý 67[09 66[82 66[89 

3ý 60[97 60[22 60[29 

4ý 67[64 64[85 64[84 

5ý 51[28 54[38 54[37 	
5ý!malonyl'
01 057[69% 	
21 058[96% 	
5?!succinyl'
01 069[49% 

31 057[10% 	

� SEFT � coupling modulated spin echo NMR experi!
ment Cq and CH1\	^ CH and CH2\ 
[

$% Assignments with the same superscript may be reversed[
& Hidden under solvent peak[
' The resonances in the SEFT of the CH1!units of the acyl

groups are absent due to deuterium e}ects[

hydrolysis\ indicated 1 to be a derivative of 0 acylated
with an aliphatic acid[ The down_eld shifts of C!5ý "d
54[38# and H!5ýA:H!5ýB "d 3[55 and 3[28\ respec!
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tively# revealed the acyl group to be connected to
the sugar 5ý!position[ The proton signal at d 2[33
integrating for two protons\ and the two 02C carbonyl
signals at d 057[69 and 058[96 identi_ed the acyl group
as malonic acid[ Co!chromatography "HPLC# with
authentic pigment and a molecular ion ðMŁ¦ of m:z
424 found in the MS spectrum\ con_rmed the identity
of 1 as cyanidin 2!O!b!"5ý!malonylglucopyranoside#[

The long HPLC retention time of 2\ the high Rf!
values in both TLC solvents "BAW and FHW#\ the
similarity between the UV vis spectra of 0 and 2 "Table
0#\ the similarities between the 0H and 02C shift values
"Tables 1\ 2# and the fact that 2 turned into 0 after
alkaline hydrolysis\ indicated 2 to be a derivative of 0

acylated with an aliphatic acid[ The number of carbon
atoms of 2 was determined by a coupling modulated
spin!echo "SEFT# NMR experiment\ which also gave
the number of protons attached on each carbon[ The
spectral region between d 79 and 59 showed _ve res!
onances which together with the anomeric carbon res!
onance "d 092[55#\ the corresponding sugar protons
assigned by the DQF!COSY and HSC NMR experi!
ments "Tables\ 1\ 2#\ and the anomeric 0H!0H coupling
constant of 6[7 Hz were in accordance with a sub!
stituted b!D!glucopyranoside ð8Ł[ The down_eld shifts
of C!5ý "d 54[37#\ H!5ýA "d 3[53# and H!5ýB "d 3[27#
revealed the connection point between the acyl group
and the sugar 5ý position[ The acyl group was indi!
cated as succinic acid by the 1 CH1 multiplets at d 3[94
and 2[40 in the 0H spectrum and 1 carbonyl signals at
d 069[49 and 057[10 in the 02C SEFT spectrum[ Due
to rapid exchange of the succinyl CH1 protons with
deuterium\ none of the corresponding 02C signals were
detected[ The mass spectrum of pigment 2 stored in
acidi_ed deuterated NMR solvent showed the molec!
ular ion as a cluster of signals at m:z 440\ 441\ 442\
443\ 444\ 445\ and 446\ which was in accordance with
a molecular ion with two to seven protons exchanged
with deuterium "H!5 and H!7 on the aglycone and up
to _ve protons on the succinyl moiety#[ The cor!
responding molecular ion "m:z 340# of cyanidin 2!
glucoside "0# which was stored in the same deuterated
solvent\ revealed two exchangeable protons\ namely
H!5 and H!7 ð04Ł[ A molecular ion ðM¦Ł of m:z 438
measured on a freshly prepared sample of 2 in a non!
deuterated solvent con_rmed the identity of the novel
pigment as cyanidin 2!O!b!"5ý!succinylgluco!
pyranoside#[

The only other reported source for an anthocyanin
acylated with succinic acid is some species in the genus
Centaurea "Compositae#\ which contain the 2!"5ý!suc!
cinylglucoside#!4!glucosides of cyanidin and pel!
argonidin ð3Ł[ The former pigment has later been
found to be part of the self!assembled supramolecule
protocyanin ð05Ł[ The identi_cation of both cyanidin
2!O!"5ý!O!succinyl!b!glucopyranoside# and cyanidin
2!O!"5ý!O!malonyl!b!glucopyranoside# in Phra`mites
australis represents the _rst report of anthocyanins
containing di}erent aliphatic acyl moieties from the
same species[

EXPERIMENTAL

Extraction and separation

Flowering tops of Phra`mites australis Trin[ ex
Steudel ðP[ communis Trin[Ł were collected in August
0885 in Lake Ro�yrvannet\ Haugesund\ Norway\ and
a voucher specimen has been deposited in BG[ The
~owering tops were cut into pieces with a pair of
scissors and extracted with 0) TFA in MeOH at 4>[
The _ltered extract was concd under red[ pres[\ pur!
i_ed by partition against ethyl acetate and applied to
an Amberlite XAD!6 column ð06Ł[ The pigments were
separated by Sephadex LH!19 column chro!
matography using MeOHÐH1OÐTFA "88]099]0# as
eluent[ Pigment 2 was further puri_ed by prep[ HPLC
on an Econosil C07 column "14×1[1 cm\ 09 mm#[ Two
solvents were used for elution] HCO1HÐH1O "0]8# "A#
and HCO1HÐH1OÐMeOH "0]3]4# "B#[ The elution
pro_le consisted of isocratic elution "89) A\ 09) B#
in 3 min\ linear gradient from 09) B to 099) B
during the next 06 min\ isocratic elution "099) B# in
01 min followed by linear gradient from 099) B to
09) B over 0 min[ The ~ow rate was 3[9 ml min−0[
Acid and alkaline hydrolysis were performed accord!
ing to standard procedures ð07Ł[

Analytical chromato`raphy

TLC was carried out on microcrystalline cellulose
"F0339\ Schleicher and Schu�ll# with the solvents BAW
"0!butanolÐHOAcÐH1O^ 3]0]4 v:v\ upper phase# and
FHW "HCO1HÐconc[ HClÐH1O^ 0]0]1 v:v#[ Analyt[
HPLC was performed with an ODS!Hypersil column
"19×9[4 cm\ 4 mm# using isocratic elution "89) A\
09) B# in 3 min\ linear gradient from 09) B to 099)
B during the next 06 min\ isocratic elution "099) B#
in 3 min followed by linear gradient from 099) B to
09) B over 0 min[ The ~ow rate was 0[9 ml min−0\
and aliquots of 04 ml were injected[

Spectroscopy

UVÐvis absorption spectra were recorded on!line
during HLC analysis using a photodiode array detec!
tor "HP 0949\ Hewlett!Packard#[ Spectral measure!
ments were made over the wavelength range 139Ð599
nm in steps of 1 nm[ The relative quantitative data
were based on the average values of the absorptions
on every second nm between 499 and 439 nm\ without
taking to account the di}erent molar absorption
coe.cients of the pigments[ The NMR experiments
on pigment 2 were obtained at 599[02 MHz and 049[81
MHz for 0H and 02C respectively\ on a Bruker DRX!
599 instrument at 14 >\ and for pigment 0Ð1 at 399[02
MHz and 099[51 MHz on an AM Bruker 399 MHz
instrument[ The 0D 0H and the 1D homonuclear cor!
relation experiment "DQF!COSY# were performed on
a 4 mm multinuclear TXI!probe[ The heteronuclear
spin!echo experiments "SEFT# and the 1D het!
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eronuclear shift correlation "HSC# experiments were
obtained on a 4 mm BBO probe[ The deuteriomethyl
02C signal and the residual 0H signal of the solvent
"CF2CO1DÐCD2OD^ 4]84\ v:v# were used as sec!
ondary references "d 38[9 and d 2[3# from TMS\
respectively[ The mass spectra were obtained on a
Quattro II MS:MS "Micromass\ U[K[# by ~ow injec!
tion into the electrospray sources[ The instrument was
operated in the positive ion mode and calibrated by
NaI[ The mobile phase carrier was a methanolÐwater
"49]49# mixture containing 9[0) formic acid[ The
carrier was pumped into the source at a ~ow rate
of 099 ml min−0[ Data acquisition was obtained by
scanning from 49Ð0999 Da in 2 s scans[ The samples
were dissolved in 2) formic acid "in methanol# prior
to analysis[
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