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Abstract

3, 5-Di-O-(b-glucopyranosyl) pelargonidin 600-O-4, 600 0-O-l-cyclic malate and a previously reported cyanidin equivalent, 3, 5-di-O-
(b-glucopyranosyl) cyanidin 600 -O-4, 6000-O-l-cyclic malate were identi®ed from petals of deep pink and red-purple ¯ower cultivars

of Dianthus caryophyllus, respectively. # 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction

While variously acylated anthocyanins have been
identi®ed as natural compounds (Harborne and Grayer,
1988; Strack and Wray, 1994), anthocyanins acylated
with malic acid have been detected only in Dianthus
plants, D. barbatus (Yamaguchi, 1986), D. caryophyllus
(Terahara et al., 1986; Terahara and Yamaguchi, 1986;
Bloor, 1998), D. chinensis (Yamaguchi, 1986; Nadana-
sabapathy and Sayeed, 1991) and D. deltoides (Terahara
et al., 1986). Two malyl monoester anthocyanins, 3-O-
(b-glucopyranosyl) pelargonidin 600-O-malate and 3-O-
(b-glucopyranosyl) cyanidin 600-O-malate, have been
identi®ed from the red and purplish-red D. caryophyllus
(Terahara et al., 1986; Terahara and Yamaguchi, 1986).
Furthermore, 3, 5-di-O-(b-glucopyranosyl) cyanidin (600-,
6000-malyl diester) was recently isolated from D. caryo-
phyllus as a macrocyclic anthocyanin (Bloor, 1998).

We detected two anthocyanins in the deep pink and
red-purple ¯owers of D. caryophyllus, and identi®ed
them as the new anthocyanin 3, 5-di-O-(b-glucopyr-
anosyl) pelargonidin (600-, 6000-malyl diester) (1), and the
previously isolated cyanidin equivalent (2) (Bloor, 1998)
whose orientation of the malyl group had not been
determined. In this paper, we determined the orientation
of the malyl groups and clari®ed the complete structures
of anthocyanins 1 and 2.

2. Results and discussion

Anthocyanins 1 and 2 were extracted from D. caryo-
phyllus petals and puri®ed successively byXAD-7 column,
paper chromatography, Sephadex LH-20 chromato-
graphy and ODS-HPLC. The puri®ed anthocyanin 1
was analyzed by 1H and 13C NMR spectroscopy (Table
1) and FABMS. The proton signals in the region of �
6.91±8.83 were assigned to pelargonidin and the proton
signals in the region of � 3.36±5.62 except � 4.42 were
assigned to two hexoses, based on the chemical shifts and
the integration data in the 1H NMR spectrum, and the
DQF-COSY and TOCSY data. The two anomeric
protons at � 5.36 (H-1000) and � 5.62 (H-100) had large
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coupling constants (d, J=7.6 Hz) and the coupling
constants of the other protons in each sugar ring were in
the range J=8±10 Hz, indicating that both hexoses were
b-glucopyranosides. The other proton signals were
assigned to the methylene protons (� 2.51 and � 2.80)
and the methine proton (� 4.42) of malate.
The HMBC spectrum showed cross-peaks between

the H-100 of glucose (� 5.62) and the C-3 of the pelargo-
nidin (� 146.0) and between the H-1000 of glucose (� 5.36)
and the C-5 of the pelargonidin (� 156.6). This indicated
that each glucose was attached to the OH-3 and the
OH-5 of the pelargonidin through the glucosidic bonds,
respectively. The methylene proton signals of the H-600

of the 3-O-glucoside and the H-6000 of the 5-O-glucoside
were shifted to lower ®elds at � 4.32 and � 4.31, and �
5.03 and � 4.27, respectively. The HR-FABMS spectrum
of anthocyanin 1 gave a molecular ion at m/z: 693.1696,
corresponding to C31H33O8 (calcd. 693.1655). These
suggested that two hydroxyl groups at the C-600 position
(in the 3-O-glucoside) and the C-6000 position (in the 5-O-
glucoside) should be bound with two carboxyl groups of
a malic acid through esteri®ng dehydration. The HMBC
spectrum showed cross-peaks between the H2-6

00 of the
3-O-glucose and the carbonyl C-4 of the malate (�
172.0), and between the H2-6

000 of the 5-O-glucose and
the carbonyl C-1 of the malate (� 174.8). The assign-
ments of the 13C NMR spectra of the malate are refer-
red to spectrum No. 6831C of the Sadtler standard
spectra (Philadelphia: Sadtler Research Laboratories,
1979). Therefore, the structure of anthocyanin 1 was
determined to be 3, 5-di-O-(b-glucopyranosyl) pelargo-
nidin 600-O-4, 6000-O-1-cyclic malate (Fig. 1).
The HR-FABMS analysis of anthocyanin 2 gave a

molecular ion at m/z 709.1650, corresponding to
C31H33O19 (calcd. 709.1623). This suggested that the
anthocyanin 2 might be a cyanidin equivalent of antho-

cyanin 1. The 1H and 13C NMR spectra were analyzed
in a similar fashion to that of anthocyanin 1 (Table 1).
Finally, the anthocyanin 2 was identi®ed as 3, 5-di-O-(b-
glucopyranosyl) cyanidin 600-O-4, 6000-O-1-cyclic malate
(Fig. 1). The UV-Vis lmax of these anthocyanins, recor-
ded by on-line HPLC, were at 265 and 505 nm (1, Rt

25.2 min), and 275 and 520 nm (2, Rt 22.9 min).
The occurrence of anthocyanin 2 in red or mauve

¯ower cultivars of D. caryophyllus has been already
reported by Bloor (1998) although the orientation of
malyl group had not been clari®ed. He suggested that
the linkage between the 6000-O of the 5-O-glucoside and
the carbonyl C-1 of the malate of anthocyanin 2 is

Fig. 1. Structures of cyclic 5±3 malyl anthocyanins 1 and 2 isolated

from Dianthus caryophyllus.

Table 1

NMR spectral data of 1 and 2 in MeOH-d4-TFA-d (9:1)

�H(ppm) �C(ppm)

1 2 1 2

Anthocyanidins

2 163.9 164.8

3 146.0 146.4

4 8.83 (s)a 8.77 (s) 133.3 133.0

5 156.6 156.9

6 6.91 (d, 2) 6.89 (d, 2) 105.0 105.2

7 170.0 170.1

8 7.04 (d, 2) 6.99 (d, 2) 97.8 98.0

9 157.4 157.5*b

10 113.2 114.0

10 121.0 118.6y

20 8.54 (d, 9) 7.96 (d, 2) 136.5 119.3

30 7.02 (d, 9) 118.6 148.4

40 167.9 157.6*

50 7.02 (d, 9) 6.96 (d, 9) 118.6 118.5y

60 8.54 (d, 9) 8.18 (dd, 2, 9) 136.5 129.7

3-o-Glucose

100 5.62 (d, 7.6) 5.63 (d, 7.7) 101.2 101.4

200 3.70 (t, 10) 3.75 (t, 9) 75.1 75.4

300 3.60 (t, 9) 3.63 (t, 9) 78.8 79.0

400 3.36 (t, 9) 3.37 (t, 9) 71.9 72.3

500 3.93 (ddd, 3, 9, 10) 3.93 (ddd, 3, 9, 10) 76.7 77.0

600 4.31 (dd, 10, 12) 4.30 (dd, 10, 12) 66.1 66.4

4.32 (dd, 3, 12) 4.32 (dd, 3, 12)

5-o-Glucose

1000 5.36 (d, 7.6) 5.37 (d, 7.6) 101.8 102.0

2000 3.69 (t, 10) 3.69 (dd, 8, 10) 74.9 75.3

3000 3.60 (t, 9) 3.61 (t, 9) 77.1 77.4

4000 3.78 (t, 9) 3.78 (t, 9) 70.3 70.6

5000 3.76 (dd, 3, 9) 3.75 (brt, 9) 76.7 77.0

6000 4.27 (d, 12) 4.27 (d, 12) 62.4 62.7

5.03 (dd, 3, 12) 5.05 (dd, 3, 12)

Malyl

1 174.8 175.2

2 4.42 (dd, 3, 11) 4.42 (dd,3,11) 70.0 70.4

3 2.80 (dd, 11, 17) 2.80 (dd,11,17) 41.7 42.0

2.50 (dd, 3, 17) 2.50 (dd,3,17)

4 172.0 172.3

a Multiplicity and J (Hz) in parentheses.
b *yValues may be exchangeable between the same symbols.
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readily cleaved by hydrolysis. Anthocyanin 1 also
showed instability, which might be due to the same
hydrolysis cleavage.
We propose to call these compounds cyclic malyl

anthocyanins, so that anthocyanins 1 and 2 could be
simply described as cyclic malyl pelargonidin and cyclic
malyl cyanidin. While malyl anthocyanins seem to be
widely distributed in Dianthus spp. (Yamaguchi, 1986),
malyl anthocyanins have not been detected in outside
the Dianthus genus. Cyclic malyl anthocyanins seem to
be peculiar to Dianthus spp. as well.

3. Experimental

3.1. Plant materials

Petals were obtained from plants grown either in the
greenhouses at Japan Tobacco Inc., Oyama, Tochigi,
Japan or National Research Institute of Vegetables,
Ornamental Plants and Tea, Ano, Mie, Japan.

3.2. General

The 1H and 13C NMR spectra consisting of DQF-
COSY, TOCSY, HSQC-editing and HMBC methods
were analyzed in MeOH-d4-TFA-d (9:1) on a Bruker
DMX-500 system. The FABMS spectra were analyzed
by JEOL-DX-300/DA-5000 system using a glycerol matrix.
UV-Vis absorption spectra were recorded by on-line
HPLC analysis using the following conditions: column,
Inertsil ODS-2 (250�4.6 min, i.d., GL Science); solvent,
linear gradient of 20±100% of HCO2H±H2O±MeCN±
phosphoric acid (40:107:50:3) in H2O-phosphoric acid
(197:3) for 40 min; ¯ow rate, 0.6 ml/min; column tem-
perature, 40�C; monitoring, UV-Vis 240±600 nm using a
photodiode array detector.

3.3. Isolation of anthocyanins

The anthocyanins 1 and 2 were respectively extracted
from petals of D. caryophyllus cv. ``Symphony Rose''
(deep pink, 300 g dry weight) and cv. ``Perfume'' (red-
purple, 380 g dry weight) with HCO2H±H2O (10:90,
vol/vol). Each extract was diluted twice and applied to
an Amberlite XAD-7 column which was eluted with
EtOH±HCO2H (95:5). Preparative paper chromatography
was successively performed on Advantec-Toyo No. 526
®lter paper developing with n-BuOH±HCO2H±H2O
(4:1:2) and HCO2H±H2O (1:9). Anthocyanin fractions

were subjected to Sephadex LH-20 chromatography by
eluting with EtOH±HCO2H±H2O (10:1:9). The con-
stituents of interest were puri®ed further by ODS±
HPLC (250�20 mm i.d., Wakosil-II 5C18 AR Pre-
parative column) at 35�C eluted with either 23% of
HCO2H±H2O±MeCN (10:50:40) in HCO2H±H2O
(10:90) at a ¯ow rate of 7.5 ml/min (1) or 22% of
HCO2H-H2O±MeCN (10:50:40) in HCO2H±H2O
(10:90) at a ¯ow rate of 9 ml/min (2). The anthocyanins
were eluted at Rt 27.4 min (1) and Rt 23.2 min (2) with
several impurities. The impurities were excluded by the
second ODS±HPLC using the same column with a lin-
ear-gradient solvent system of 22±55% of HCO2H±
H2O±MeCN±TFA (20:99:80:1) in HCO2H±H2O±TFA
(20:179:1) for 22 min at 35�C at a ¯ow rate of 9 ml/min.
The anthocyanins were isolated at Rt 17.6 min (1, 50
mg) and Rt 11.6 min (2, 60 mg).
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