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Abstract

Two novel acylated anthocyanins have been isolated from blue ~owers of the African water lily Nymphae�a caerulea "�Nymphae�a
capensis#[ By a combination of chromatography\ electrospray MS and homo! and heteronuclear two!dimensional NMR techniques
they were identi_ed to be delphinidin 2?!O!"1ý!O!galloyl!b!galactopyranoside# "0# and delphinidin 2?!O!"1ý!O!galloyl!5ý!O!acetyl!b!
galactopyranoside# "1#[ Contrary to other anthocyanidin 2?!glycosides reported\ 0 and 1 have the monosaccharide galactose instead
of glucose on the B!ring and no glycosyl moiety on the anthocyanidin 2!position[ The chemotaxonomic signi_cance of anthocyanidin
galloylgalactosides in Nymphae�aceae is discussed[ Þ 0888 Elsevier Science Ltd[ All rights reserved[
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0[ Introduction

The family Nymphae�aceae comprises of some thirty!
_ve species spread over the whole world[ These aquatic
perennials show ~ower colour ranging from white\
yellow\ red to blue and have achieved high horticultural
value[ As part of our work on colour variation due to
acylated anthocyanins\ we have recently reported the
identi_cation of _ve anthocyanins\ including three antho!
cyanins acylated with gallic acid\ from ~owers and leaves
of Nymphae�a×marliacea cultivars with white\ pink and
red ~owers "Fossen\ Larsen\ + Andersen\ 0887#[ In this
paper we report on the isolation and structure identi!
_cation of two anthocyanins from the blue ~owers of the
African water lily Nymphae�a caerulea[ These antho!
cyanins are based on the same building blocks as found
in delphinidin 2!O!"1ý!O!galloyl!5ý!O!acetyl!b!galacto!
pyranoside# and delphinidin 2!O!"1ý!O!galloyl!b!
galactopyranoside# isolated from Nymphae�a×marliacea\
however the glycosidic moieties are located on the antho!
cyanidin B!ring[
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1[ Results and discussion

The HPLC chromatogram of the methanolic extract
from ~owers of Nymphae�a caerulea detected in the visible
spectral region\ showed one major "1# and several minor
anthocyanins[ Pigments 0 and 1 were puri_ed by partition
against ethyl acetate followed by Amberlite XAD!6 col!
umn chromatography[ The pigments were puri_ed by
Sephadex LH!19 column chromatography and separated
by preparative HPLC[ The pure anthocyanins were
checked for homogeneity by analytical HPLC "Table 0#[

The UVÐVis spectrum of 1 taken on!line during HPLC
showed a visible maximum at 421 nm with A339:A421 and
AUV!max:A421 of 20 and 062)\ respectively\ indicating an
acylated anthocyanidin!glycoside with aromatic non!cin!
namic acyl group"s# having unusual linkage points
between the aglycone and sugar moiety "Strack\ Wray\
Metzger\ + Grosse\ 0881#[ The relative high mobility
in both aqueous and alcoholic TLC systems and long
retention time on ODS!HPLC column compared with
non!acylated pigments "Table 0#\ supported aromatic
acylation[ A molecular ion ðM¦HŁ¦ at m:z 546 in the
electrospray MS spectrum of 1 was in agreement with the
aglycone delphinidin and one moiety of hexose\ gallic
acid and acetic acid[ The singlet at d 8[08 "H!3#\ the 1H
meta!coupled AX system at d 5[67 "H!5# and d 5[85 "H!
7# together with the 1H meta!coupled AX system at d
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Table 0
Chromatographic and spectral data of delphinidin 2?!O!"1ý!O!galloyl!b!galactopyranoside# "0#\ delphinidin 2?!O!"1ý!O!galloyl!5ý!O!acetyl!b!gal!
actopyranoside# "1#\ delphinidin 2!O!"1ý!O!galloyl!b!galactopyranoside# "2#\ delphinidin 2!O!"1ý!O!galloyl!5ý!O!acetyl!b!galactopyranoside# "3# and
delphinidin 2!O!b!galactopyranoside "4#

TLC "Rf# UVÐVis
HPLC ES!MS

Compound FHW BAW Vis!max "nm# A339:AVis!max ")# Rt "min# m:z

0 9[52 9[34 417 29 6[29 506
1 9[57 9[59 421 20 8[28 548
2 9[47 9[25 430 07 7[47 506
3 9[59 9[43 434 07 00[35 548
4 9[15 9[08 423 08 6[79 354

6[55 "H!1?# and d 6[39 "H!5?# in the 0H NMR spectrum
of 1\ were in accordance with a delphinidin aglycone with
the B!ring protons as non!equivalent doublets indicating
an asymmetrically substituted B!ring[ The protons in the
sugar region showed typical coupling constants for a b!
galactopyranose unit "Table 1#[ This identi_cation was
con_rmed by the carbon shift values in the02C SEFT and
the HSQC spectra of 1[ The singlet at d 6[9 "H!11\ 51# in
the0H NMR spectrum\ which was correlated to a carbon
at d 096[6 "C!11\ 51# in the HSQC!spectrum\ was in
agreement with gallic acid "2\3\4!trihydroxybenzoic acid#
"Fossen et al[\ 0887#[ The acetyl group was recognised by
the 2H singlet at d 1[1 "H!1ýý# which was correlated to

carbon shifts at d 19[4 "C!1ýý# and d 061[3 "C!0ýý# in the
HMBC!spectrum of 1[

The crosspeak at d 6[6:4[5 "H!1?:H!0ý# in the ROESY
spectrum of 1 revealed the linkage between the sugar
and the aglycone at the 2?!hydroxyl[ The pronounced
down_eld shift of H!1ý compared to the analogous H!1ý!
signal of unsubstituted galactose "0[5 ppm# indicated that
the galloyl moiety was connected to C!1ý on the galactose
ring "Fossen et al[\ 0887#[ The crosspeaks at d 6[9:4[6
"H!11\ 51:H!1ý# and d 6[9:4[5 "H!11\ 51:H!0ý# in the
ROESY!spectrum of 1 con_rmed this linkage[ The down!
_eld shifts of H!5Aý and H5Bý "9[4 ppm# and C!5ý "1[7
ppm# compared to the analogous resonances of unsub!
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Table 1
0H NMR spectral data for delphinidin 2?!O!"1ý!O!galloyl!b!galactopyranoside# "0#\ delphinidin 2?!O!"1ý!O!galloyl!5ý!O!acetyl!b!galactopyranoside#
"1#\ delphinidin 2!O!"1ý!O!galloyl!b!galactopyranoside# "2#\ delphinidin 2!O!"1ý!O!galloyl!5ý!O!acetyl!b!galactopyranoside# "3# in CD2OD]
CF2COOD "08]0# at 14>C

2 "Fossen et al[\ 0887# 3 "Fossen et al[\ 0887#
0 "d "ppm#\ J "Hz## 1 "d "ppm#\ J "Hz## "d "ppm#\ J "Hz## "d "ppm#\ J "Hz##

Aglycone
3 8[29 s 8[08 s 8[94 s "broad# 7[88 d 9[7
5 5[64 d\ 0[8 5[67 d\ 0[8 5[60 d 1[9 5[62 d 0[8
7 5[84 d\ 0[8 5[85 d\ 0[8 5[78 dd 1[98\ 9[7 5[89 dd 9[7\ 0[8
1? 6[60 d\ 1[1 6[55 d\ 1[1 6[57 s 6[53 s
5? 6[31 d\ 1[1 6[39 d\ 1[1 6[57 s 6[53 s

O!Galactoside
0ý 4[44 d\ 7[9 4[50 d\ 6[7 4[54 d 6[8 4[52 d 6[8
1ý 4[58 dd\ 7[9\ 09[9 4[58 dd\ 6[7\ 09[9 4[66 dd 6[8\ 8[8 4[67 dd 6[8\ 8[8
2ý 3[00 dd\ 09[9\ 2[4 3[01 dd\ 09[9\ 2[4 3[96 dd 8[8\ 2[3 3[96 dd 8[8\ 2[6
3ý 3[04 d\ 2[4 3[04 d\ 2[4 3[02 d 2[3 3[02 d 2[6
4ý 3[93 m 3[29 dd\ 3[3\ 6[2 3[91 ddd 9[8\ 3[7\ 6[1 3[16 dd 2[4\ 7[7
5Aý 3[99 dd\ 6[3\ 00[3 3[37 m 2[86 dd 6[1\ 00[3 3[41 dd 7[4\ 00[8
5Bý 2[82 dd\ 3[5\ 00[3 3[36 m 2[81 dd 3[7\ 00[3 3[33 dd 2[3\ 00[8

1ý!Galloyl
11\ 51 6[90 s 5[88 s 6[96 s 6[95 s

5ý!Acetyl
12 1[12 s 1[07 s

stituted galactose\ revealed the linkage of the acetyl group
at the 5ý!hydroxyl "Fossen et al[\ 0887#[ The crosspeak
at d 3[4:1[1 "H!5Aý\5Bý:H!1ýý# in the ROESY!spectrum
con_rmed this linkage[ Thus\ the structure of 1 was deter!
mined to be delphinidin 2?!O!"1ý!O!galloyl!5ý!O!acetyl!
b!galactopyranoside#[

The 0H NMR resonances of 0 "Table 1# showed that
this pigment contained the same aglycone "delphinidin#\
sugar "b!galactopyranoside# and aromatic acyl group
"galloyl# as 1[ The 1H meta!coupled AX system at d 6[60
"H!1?# and d 6[31 "H!5?# were in accordance with an
asymmetric B!ring having the galactoside in the 2?!
position[ The pronounced down_eld shift of H!1ý "0[5
ppm# compared to the analogous H!1ý!signal of unsub!
stituted galactose "Fossen et al[\ 0887#\ showed that the
galloyl moiety was connected to C!1ý of the galactose
moiety[ A molecular ion ðM¦HŁ¦ at m:z 506 con_rmed
the structure of 0 to be the novel pigment delphinidin 2?!
O!"1ý!O!galloyl!b!galactopyranoside#[

A transfer of the same glycosyl moiety from the antho!
cyanidin 2!position to the 2?!position seems to give the
anthocyanins notable di}erent spectroscopic and chro!
matographic properties[ The two delphinidin 2?!glyco!
sides\ 0 and 1\ show a hypsochromic shift of 02 nm in the
UVÐVis spectrum compared to the analogous delphinidin
2!glycosides "Table 0#[ The same glycosyl transfer implies
that the A339:AVis!max increases with more than 55)[ With
respect to pigment colours\ it is interesting to note that
an acetyl unit positioned in the galactosyl 5!position also

causes a bathochromic shift of 3 nm "Table 0#\ indicating
in~uence of this acetyl moiety on intra! or intermolecular
association[ The delphinidin 2?!glycosides "0 and 1# have
signi_cantly higher Rf "TLC# and shorter Rt "ODS!
HPLC# values than the corresponding delphinidin 2!gly!
cosides "Table 0#[

In this paper we report on two anthocyanins containing
a galloylgalactosyl moiety[ This rare moiety\ however
linked to di}erent positions and aglycones\ has been
identi_ed in one or more anthocyanins isolated from all
examined species belonging to the family Nymphae�aceae
"Strack et al[\ 0881^ Fossen et al[\ 0887#[ Around 49
anthocyanins with a glycosyl moiety on the aglycone 2?!
position have been identi_ed[ These pigments have been
restricted to the families Bromeliaceae "Saito +
Harborne\ 0872#\ Commelinaceae "Yoshitama\ 0867#\
Compositae "Yoshitama\ Hayashi\ Abe\ + Kakisawa\
0864#\ Dioscoreaceae "Yoshida et al[\ 0880#\ Gen!
tianaceae "Goto et al[\ 0871#\ Leguminosae "Saito\ Abe\
Honda\ Timberlake\ + Bridle\ 0874#\ Lobeliaceae "Yosh!
itama\ 0866#\ Orchidaceae "Griesbach\ 0889# and Rham!
naceae "Bloor\ 0886#[ Contrary to the anthocyanins
identi_ed in N[ caerulea\ 0 and 1\ all these pigments have
another glycosyl moiety in the aglycone 2!position[ The
only anthocyanin previously reported to be glycosylated
on the B!ring without a glycosyl moiety in the 2!position\
is cyanidin 3?!glucoside[ The glucosyl moiety of this pig!
ment\ which has been indicated to occur in ~ower petals
of Hibiscus esculentus\ was provisionally assigned to the
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aglycone 3?!position mainly based on the lack of batho!
chromic shift after addition of aluminum chloride
"Hedin\ Lamar\ Thompson\ + Minyard\ 0857#[ All other
papers concerning the anthocyanin content of species in
the genus Hibiscus or family Malvaceae\ are reporting
anthocyanidin 2!glycosides without a glycosyl on the B!
ring[ Anthocyanins like 0 and 1\ containing other mono!
saccharides than glucose connected to the anthocyanidin
B!ring\ have previously not been reported[

2[ Experimental

2[0[ Plant material

Flowers of Nymphae�a caerulea "�Nymphae�a capensis#
were collected near Kampala\ Uganda in September
0886[ Voucher specimens have been deposited in
Kampala[

2[1[ Isolation of pigments

The ~owers were cut into pieces with a pair of scissors
and extracted with 4) HOAc in MeOH[ The _ltered
extract was concd under red[ pres[\ puri_ed by partition
"several times# against EtOAc and applied to an Amber!
lite XAD!6 column "Andersen\ 0877#[ The anthocyanins
were further puri_ed by Sephadex LH!19 column chro!
matography and separated by prep[ HPLC according to
the published procedure "Fossen et al[\ 0887#[

2[2[ Analytical chromatography

TLC was carried out on microcrystalline cellulose
"F0339\ Schleicher and Schu�ll# with the solvents BAW
"0!BuOHÐHOAcÐH1O^ 3]0]4 v:v\ upper phase# and FHW
"HCO1HÐconc[ HClÐH1O^ 0]0]1 v:v#[ Analyt[ HPLC was
performed with a ODS!Hypersil column "19×9[4 cm\
4 mm# using the solvents HCOOHÐH1O "0]8# "A# and
HCOOHÐH1OÐMeOH "0]3]4# "B#[ The elution pro_le
consisted of a linear gradient from 09 to 099) B for 06
min\ isocratic elution "099) B# for 3 min followed by
linear gradient from 099 to 09) B for 0 min[ The ~ow
rate was 0[2 ml min−0 and aliquots of 04 ml were injected[

2[3[ Spectroscopy

UVÐVis absorption spectra were recorded in 9[0)
conc[ HCl in MeOH[ Spectral measurements were made

over the wavelength range 139Ð599 nm in steps of 1 nm[
The NMR experiments "DQF!COSY\ ROESY\ HMBC\
HSQC\ SEFT# were obtained at 599[02 and 049[81 MHz
for0H and02C\ respectively\ on a Bruker DRX!599 instru!
ment at 14>C[ The deuteriomethyl 02C signal and the
residual 0H signal of the solvent "CF2CO1DÐCD2OD^
0]08\ v:v# were used as secondary references "d 38[9 and
d 2[3 from TMS\ respectively# "see Fossen et al[ "0887#
for more experimental details#[ 02C NMR on the sugar
moiety of 1] d 090[58 "0ý#\ 61[56 "1ý#\ 60[85 "2ý#\ 69[13
"3ý#\ 64[23 "4ý#\ 54[02 "5ý#[

The mass spectra were obtained on a Quattro II "Mic!
romass\ UK# by ~ow injection into the electrospray
source[ The instrument was operated in the positive ion
mode and the mobile phase carrier was a MeOHÐH1O
"0]0# mixture containing 9[0) HCOOH[ Data acqui!
sition was obtained by scanning with the _rst quadrupole
only from 49Ð0999 Da in 2 s scans[ The carrier was
pumped into the source at a ~ow rate of 099 ml min−0[
The samples were dissolved in 2) HCOOH "in MeOH#
prior to analysis[
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