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Abstract

Two acylated anthocyanins have been isolated from the petals of petunia "Petunia hybrida {Sur_nia blue|#[ Their complete
structures were elucidated by means of homo! and heteronuclear two!dimensional NMR techniques to be malvidin 2!O!ð5!O!"3!O!
E!ca}eoyl!a!rhamnopyranosyl#!b!glucopyranosideŁ!4!O!b!glucopyranoside and the new pigment malvidin 2!O!ð5!O!"3!O!Z!p!
coumaroyl!a!rhamnopyranosyl#!b!glucopyranosideŁ!4!O!b!glucopyranoside[ Þ 0888 Elsevier Science Ltd[ All rights reserved[
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0[ Introduction

Petunia "Petunia hybrida# has together with maize "Zea
mays# and snapdragon "Antirrhinum majus# been par!
ticularly important for elucidating the anthocyanin
biosynthetic pathway[ Petunia has in recent years become
the organism of choice for isolating ~avonoid biosyn!
thetic genes and studying their interactions and regu!
lation "Dooner\ Robbins\ + Jorgensen\ 0880^ Gerats +
Martin\ 0881#[ The inheritance of anthocyanin pig!
mentation is found to be controlled by multiple inde!
pendent genes that follow simple Mendelian genetics
"Harborne + Swain\ 0868^ Griesbach\ 0885#[ At least 24
genes are known to a}ect ~ower colour in petunia
"Wiering + de Vlaming\ 0873#[ The following antho!
cyanins from this plant have been characterised] the 2!
glucosides of the six common anthocyanidins^ the 2!rutin!
osides of delphinidin\ cyanidin and pelargonidin^ the 2!
sophoroside\ 2!gentiobioside and 2\6!diglucoside of cyan!
idin^ peonidin 2!sophoroside^ the 2!p!coumaroyl!
rutinoside!4!glucosides of malvidin\ petunidin\ cyanidin
and peonidin^ and the 2!ca}eoylrutinoside!4!glucosides
of malvidin\ petunidin and peonidin "Harborne\ 0859^
Muszynski\ 0853^ Harborne + Swain\ 0868^ Griesbach\
Asen\ + Leonnarat\ 0880#[ For these acylated antho!
cyanins neither the binding site of the acyl moieties nor
the con_guration of the acyl groups have been deter!
mined properly[ Recently\ two diacylated malvidin
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derivatives have been fully identi_ed "Tatsuzawa et al[\
0886^ Fukui et al[\ 0887#[ In this paper we report the
isolation and complete structure elucidation of two
monoacylated malvidin derivatives from this plant[

1[ Results and discussion

Two compounds\ 0 and 1\ were isolated from a meth!
anolic extract of Petunia hybrida {Sur_nia blue| petals[
They were puri_ed by partition between water and ethyl
acetate followed by adsorption chromatography on a
Amberlite XAD!6 resin[ The pigments were isolated by
chromatography on Sephadex LH!19 and preparative
HPLC[

From the HPLC chromatogram of the crude petal
extract\ 1 was found to account for approximately 64)
of the total anthocyanin content[ The UVÐVis spectrum
of 1 measured during HPLC!elution\ showed visible
maximum at 424 nm with A339:A424 of 7) and an absorp!
tion band around 299 nm "Table 0#[ This indicated the
presence of an anthocyanin 2\4!diglycoside acylated with
an aromatic acid "Andersen\ Opheim\ Aksnes\ +
Fro�ystein\ 0880#[ The down_eld part of the 0H NMR
spectrum of 1 showed a 0H singlet at d 8[98 "H!3#\ a 1H
singlet at d 7[01 "H!1?:5?# and a 1H singlet at d 6[01 "H!
5:7#[ In addition\ a 2H AMX spin system "JAM�7[1 Hz\
JMX�0[8 Hz# together with a 1H AX spin system
"JAX�04[8 Hz# typical for E!ca}eic or E!ferulic acid\
occurred in this part of the spectrum "Table 1# "Strack +
Wray\ 0878#[ The chemical shifts of the carbons of the
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Table 0
Chromatographic and spectral data on the 31!O!Z!p!coumaroyl "0# and 31!O!E!ca}eoyl "1#
of malvidin 2!O!"5!O!a!rhamnopyranosyl!b!glucopyranoside#!4!O!b!glucopyranoside and
petanin "2#[ Relative retardation "Rrel# are measured using cyanidin 2!O!b!glucopyranoside
as reference compound

TLC^ hRF "Rrel# On!line HPLC

Compound FHW BAW vis[ max[ "nm# A339:Amax ")# tR "min#

0 89 "2[9# 45 "0[3# 424 5 01[2
1 70 "1[6# 49 "0[2# 424 7 02[1
2 72 "1[8# 38 "0[3# 425 11 03[3

aglycone and acyl moiety assigned by the HMBC "Fig[
0# and SEFT NMR experiments were in agreement with
the presence of malvidin and one ca}eic acid moiety[ In
the 0H NMR spectrum three anomeric proton signals
were detected\ and the proton resonances belonging to
the respective sugar moieties were assigned by DQF!
COSY and TOCSY experiments "Table 1#[ On the basis
of these data together with the resonances shown in the
sugar!region of the SEFT spectrum\ the presence of two
glucopyranose and one rhamnopyranose units were
identi_ed "Tables 1Ð2\ Andersen et al[\ 0880#[

The connection sites of the sugars of 1 on the aglycone
were derived from the HMBC experiment[ Cross!peaks
between the anomeric proton at d 4[48 and the carbon at

Fig[ 0[ Structure of 1[ The arrows are showing some important long!range coupling interactions detected in the heteronuclear multiple bond
correlation "HMBC# NMR experiment[

d 035[14 "C!2#\ and the anomeric proton at d 4[18 and
the carbon at d 045[64 "C!4#\ revealed that the aglycone 2!
and 4!positions were both connected to a glucopyranosyl
with b!linkages showing coupling constants of 6[6 and
6[7 Hz\ respectively[ A cross!peak between the anomeric
proton at d 3[71 and the carbon at d 56[97 revealed that
the rhamnopyranosyl was connected to the 5!position on
the 2!glucopyranoside[ The down_eld shift of this carbon
resonance "3[61 ppm# compared to the analogous signal
of the 4!glucopyranosyl "Table 1# also con_rmed this
connection site[ A down_eld shift of H!31 "d 4[91# to!
gether with a cross!peak in the HMBC spectrum between
this resonance and the carbon signal at d 057[87 revealed
that the ca}eic acid moiety was connected to the rham!
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Table 1
0H NMR spectral data for malvidin 2!O!ð5!O!"3!O!Z!p!coumaroyl!a!rhamnopyranosyl#!
b!glucopyranosideŁ!4!O!b!glucopyranoside "0#\ malvidin 2!O!ð5!O!"3!O!E!ca}eoyl!a!
rhamnopyranosyl#!b!glucopyranosideŁ!4!O!b!glucopyranoside "1# and petunidin 2!O!ð5!
O!"3!O!E!p!coumaroyl!a!rhamnopyranosyl#!b!glucopyranosideŁ!4!O!b!
glucopyranoside "�petanin# "2#

0 1 2 "Andersen et al[\ 0880#
Positions "d "ppm#\ J "Hz## "d "ppm#\ J "Hz## "d "ppm#\ J "Hz##

Aglycone
3 8[96 s 8[98 s 7[86 s
5 6[01 d 0[7 6[01 s 6[95 s
7 6[03 d 0[7 6[01 s 6[95 s
1? 7[98 s 7[01 s 6[83 d 1[0
5? 7[98 s 7[01 s 6[67 d 1[0
OMe 3[98 s 3[09 s 3[91 s

2!O!b!Glucopyranoside
0 4[52 d 6[6 4[48 d 6[6 4[58 d 6[6
1 2[68 dd 6[6\ 8[1 2[70 dd 6[6\ 7[8 2[74 dd 6[6\ 7[8
2 2[56 dd 8[1\ 8[4 2[58 dd 7[8\ 8[3 2[64 t 7[8
3 2[47 t 8[5 2[46 dd 8[9\ 8[3 2[50 dd 7[8\ 8[5
4 2[76 dd 8[4\ 5[1 2[81 m 2[86 ddd 8[5\ 0[3\ 5[2
5A 3[95 d 00[4 3[01 d 00[5 3[05 dd 0[3\ 00[6
5B 2[68 dd 5[1\ 00[4 2[71 dd 5[5\ 00[5 2[74 dd 5[2\ 00[6

5ý!O!a!Rhamnopyranosyl
0 3[67 s 3[71 s 3[72 s
1 2[75 s 2[80 s 2[82 s
2 2[74 d 8[3 2[81 d 8[4 2[83 d 8[4
3 3[83 t 8[4 4[91 t 8[5 3[88 t 8[4
4 2[67 dd 8[4\ 5[2 2[71 dd 8[4\ 5[1 2[75 dd 8[4\ 5[2
5 9[87 d 5[2 0[01 d 5[1 0[98 d 5[2

4!O!b!Glucopyranoside
0 4[17 d 6[6 4[18 d 6[7 4[20 d 6[7
1 2[6Ð2[7 m 2[79 dd 6[7\ 7[8 2[71 dd 6[7\ 7[6
2 2[6Ð2[7 m 2[66 m 2[60 dd 7[6\ 8[0
3 2[6Ð2[7 m 2[53 m 2[54 dd 8[0\ 8[2
4 2[65 dd 8[2\ 5[0 2[60 m 2[61 dd 8[2\ 5[7
5A 3[93 d 01[2 3[91 d 01[1 3[95 d 00[6
5B 2[78 dd 5[0\ 01[2 2[78 dd 4[8\ 01[1 2[81 dd 5[7\ 00[6

31!Z!p!coumaroyl 31!E!p!ca}eoyl 31!E!p!coumaroyl
1 6[58 d 7[6 6[11 d 0[8 6[35 d 7[5
2 5[79 d 7[6 ! 5[77 d 7[5
4 5[79 d 7[6 5[75 d 7[1 5[77 d 7[5
5 6[58 d 7[6 6[99 dd 7[1\ 0[8 6[35 d 7[5
6 "b# 4[58 d 01[7 5[29 d 04[7 5[16 d 04[8
7 "a# 5[77 d 01[8 6[47 d 04[7 6[50 d 04[8

nosyl 3!position[ Thus\ 1 was identi_ed as malvidin 2!O!
ð5!O!"3!O!E!caffeoyl!a!rhamnopyranosyl#!b!gluco!
pyranosideŁ!4!O!b!glucopyranoside[

Compound 0 accounted for 09) of the total antho!
cyanin content[ Its UVÐVis spectrum was similar to that
of 1 with one exception] the relative absorbance A299:A424

was 9[5 for 0 compared to 0[9 for 1\ indicating di}erent
acyl moieties in these pigments[ The 0H and 02C res!
onances of 0 were assigned using the same homo! and
heteronuclear NMR experiments as for 1[ In addition\ a

HSC spectrum of 0 showed direct protonÐcarbon cor!
relations which supported the assignments[ A ROESY
experiment of 0 was used to con_rm the connection sites
between the glucose units and the aglycone moiety\ and
to assign the chemical shifts of H!5 and H!7 "Fig[ 1#[ The
low!_eld part of the 0H NMR spectrum of 0 revealed a
3H AA?XX? spin system "J�7[6 Hz# similar to what is
found in p!coumaric acid "Table 1\ "Andersen et al[\
0880##[ The 1H AX spin system at d 5[77 "H!a# and d

4[58 "H!b# with a relative small coupling constant
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Table 2
02C data of 0 and 1 together with petanin "2#

2

"Andersen et al[\
0 1 0880#

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

Aglycone
1 053[17 053[45 052[68
2 035[96 035[14 035[98
3 023[50 023[88 023[97
4 045[63 045[64 045[78
5 094[55 094[50 094[43
6 058[76 058[89 058[62
7 86[54 86[53 86[44
8 nd 042[22 045[50

09 002[12 002[20 002[92
0? 008[46 008[49 008[47
1? 009[77 009[86 098[41
2? 038[78 038[78 038[65
3? 036[22 035[64 036[44
4? 038[78 038[78 035[05
5? 009[77 009[86 003[92

OMe 46[15 46[15 46[11

2!O!b!Glucopyranoside
0 091[36 091[68 091[43
1 63[70 63[67 63[62
2 67[08 67[14 67[12
3 60[02 60[21 60[20
4 66[43 66[55 66[58
5 55[81 56[97 56[22

5ý!O!a!Rhamnopyranosyl
0 090[67 091[02 091[04
1 61[96 61[98 61[98
2 69[21 69[23 69[28
3 63[80 64[17 64[39
4 56[56 56[74 56[77
5 06[66 06[73 06[74

4!O!b!Glucopyranoside
0 091[79 092[96 091[58
1 63[70 63[67 63[73
2 66[76 66[89 66[77
3 69[87 69[86 69[84
4 67[63 67[62 67[53
5 51[19 51[05 51[02

31!Z!p!coumaroyl 31!E!p!ca}eoyl 31!E!p!coumaroyl
0 016[36 016[62 016[05
1 022[72 004[27 020[20
2 004[67 035[64 005[81
3 059[09 038[48 050[15
4 004[67 005[49 005[81
5 022[72 011[88 020[20
6 "b# 034[43 036[25 036[98
7 "a# 005[72 003[88 003[87
8 056[55 057[87 058[98

nb] not detected[

between these signals "J�01[8 Hz#\ was in accordance
with Z!p!coumaric acid "Nakatani et al[\ 0884#[ Thus\ 0

was assigned to be malvidin 2!O!ð5!O!"3!O!Z!p!coum!

aroyl!a!rhamnopyranosyl#!b!glucopyranosideŁ!4!O!b!
glucopyranoside[

In the genus Solanum the presence of a pleiotropic
gene "Ac# has been suggested to control three aspects
of anthocyanin synthesis^ methylation of the aglycone\
addition of glucose to the 4!hydroxyl and acylation of
rutinose with p!coumaric acid "Harborne + Swain\ 0868#[
When the complete structure of these acylated pigments
from Solanum sp[ have been elucidated\ the p!coumaroyl
moiety has exposed the E!con_guration "Andersen et al[\
0880^ Opheim + Andersen\ 0881^ Tatsuzawa et al[\ 0886^
Fukui et al[\ 0887#[ In this context it is interesting to note
that the acyl moiety of 0\ isolated from Petunia hybrida
{Sur_nia blue|\ displayed the rare Z!con_guration[

2[ Experimental

2[0[ Extraction

299 g " fr[ wt# of Petunia hybrida {Sur_nia blue| ~owers
was collected at Toppe garden market "Bergen\ Norway#
on August 01\ 0886[ A voucher specimen has been
deposited in the herbarium of the Chemistry Department\
University of Bergen[ The material was stored at −19>C
in a plastic bag[ Extraction was accomplished using 0[4 l
MeOH "containing 9[0) TFA\ v:v# for 13 h "2 times#[
After removal of the methanol under reduced pressure\
the water enriched extract was partitioned against ethyl
acetate "4×9[1 l EtOAc#[ A glass column "5[6×34 cm\
Pyrex# _lled with a slurry of 9[4 kg Amberlite XAD!6
was used to clean the anthocyanin extract using distilled
water as eluent[ The anthocyanins were thereafter eluted
using 2[4 l MeOH "containing 9[0) TFA#[ After
evaporation of the solvent 3[5 g puri_ed extract was
obtained[

2[1[ Isolation

9[0 g of the extract was dissolved in 2 ml of 29)
MeOH[ The sample was subjected to a 199 g bed of
Sephadex LH!19\ which was slurry packed with 29)
MeOH "9[0) TFA# in a C 15:099 column "Pharmacia#[
739 ml of 29) MeOH and 679 ml of 59) MeOH\ both
containing 9[0) TFA\ were used to elute the pigments
in 00 fractions "034 ml each#[ Fraction 5 contained com!
pound 0\ whereas fractions 7Ð09 contained compound 1[
The pigments were further puri_ed on an Econosil C07

column "14×1[1 cm\ 09 mm\ Alltech# connected to a
Gilson 294:295 preparative HPLC system equipped with
a 0939A diode array detector "Hewlett Packard#[ Two
solvent systems were used] A "H1OÐHCO1H\ 8]0# and B
"MeOHÐHCO1HÐH1O\ 4]0]3#[ The elution pro_le con!
sisted of a linear gradient from 4 to 34) B during 4 min\
an increase to 69) B during the next 6 min\ followed by
099) B during the next 1 min and _nally an isocratic
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Fig[ 1[ Structure of 0[ The arrows are showing some important nuclear Overhauser e}ects obtained by the rotating frame Overhauser enhancement
spectroscopy "ROESY# NMR experiment[

elution of 099) B during 1 min[ The ~ow rate was 01 ml
min−0\ which gave a backpressure on the column prior to
injection of 66 bar[ Aliquots of 099Ð199 ml were injected
through a Rheodyne injector with a 499 ml sample loop[

2[2[ Analytical HPLC

HPLC was carried out on an HP!0949 module system
"Hewlett Packard# using an ODS!Hypersil column
"19×9[4 cm\ 4 mm\ Hewlett Packard#[ Solvents were the
same as for prep[ HPLC and the elution pro_le consisted
of a linear gradient from 09 to 099) B during 06 min\
followed by an isocratic step for the next 3 min[ The ~ow
rate was 0[1 ml min−0 and aliquots of 09 ml were injected[
UV spectra were recorded on!line and spectral measure!
ments were made over the wavelength range 109Ð599 nm
in steps of 1 nm[

2[3[ NMR spectroscopy

The DQF!COSY "double quantum _ltered 0HÐ0H shift
correlation spectroscopy#\ TOCSY "total correlation
spectroscopy#\ ROESY "rotating frame Overhauser
enhancement spectroscopy#\ SEFT "heteronuclear coup!
ling modulated spin echo Fourier transformation# and
HSC "one!bond heteronuclear shift correlation# experi!
ments were performed on a Bruker DMX 399 spec!
trometer at 399[02 and 099[51 MHz for 0H and 02C\
respectively[ The data were obtained using a 4 mm 0HÐ
02C dual probe at 187 K[ The one!bonding "HSQC# and
long!range "HMBC# heteronuclear shift correlations on

0 and 1\ respectively\ were obtained on a Bruker DRX
599 spectrometer equipped with a 4 mm TBI probe at
187 K[ The deuteriomethyl 02C signal and the residual 0H
signal of the solvent "CF2CO1DÐCD2OD^ 0]8# were used
as secondary references "d 38[9 and d 2[3 from TMS\
respectively#[ The coupling constants were determined
from the 0H and DQF!COSY spectra[
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