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Abstract

Three acylated cyanidin 3-sambubioside-5-glucosides (1-3) were isolated from the violet-blue flowers of Orychophragonus violac-
eus, and their structures were determined by chemical and spectroscopic methods. Two of those acylated anthocyanins (1 and 3)
were cyanidin 3-0-[2-0-(2-O-(4-O0-(6-O-(4-O-(B-p-glucopyranosyl)-trans-caffeoyl)-p-np-glucopyranosyl)-trans-caffeoyl)-p-b-xylopyr-
anosyl)-6-0-(4-O-(B-p-glucopyranosyl)-trans-acyl)-p-p-glucopyranoside]-5- O-(6-O-malonyl-B-p-glucopyranoside)s, in which the
acyl groups were p-coumaric acid for 1, and sinapic acid for 3, respectively. The last anthocyanin 2 was cyanidin 3-0-[2-O0-(2-O-
(4-0O-(6-O-(4-O-(B-p-glucopyranosyl)-trans-caffeoyl)--p-glucopyranosyl)-trans-caffeoyl)-p-p-xylopyranosyl)-6-O-(4- O-(B-p-glucopyr-
anosyl)-trans-feruloyl)-B-p-glucopyranoside]-5- O-B-p-glucopyranoside. In these flowers, the anthocyanins 2 and 3 were present as
dominant pigments, and 1 was obtained in rather small amounts.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction has been no report of anthocyanin study on Orycho-
phragonus violaceus, except for some relatives such as

Orychophragonus violaceus (Murasakihanana in Matthiola incane (Saito et al., 1995, 1996), Arabidopsis

Japanese) is native in China, and a common ornamen-
tal plant with the violet-blue flowers in China and Ja-
pan. Recently this plant was adopted as the symbolic
flower plant of the author’s university (Hoshi Univer-
sity), since this flower was thought to be originally
introduced into Japan by Prof. S. Yamaguchi, the first
president of Hoshi University, and also due to pro-
mote the friendship between Japan and China. There
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thaliana (Bloor and Abrahams, 2002), and Sinapis alba
(Takeda et al., 1988).

In continuing our work on flower color variations
due to acylated anthocyanins, we decided to elucidate
anthocyanin pigments of this plant flowers whose antho-
cyanins were presumed to be heavily acylated with
hydroxycinnamic acids. In this paper, we would like to
report the structure elucidation of three acylated cyani-
din 3-sambubioside-5-glucosides (Orychophragonus
violet-blue anthocyanins, OVAs) in the violet-blue flow-
ers of Orychophragonus violaceus.
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2. Results and discussion

Four major anthocyanin peaks were observed in the
acetic acid extract of the violet-blue flowers of Orycho-
phragonus violaceus on high performance liquid chroma-
tography (HPLC). The relative frequencies of their
occurrence were 13.6% (pigment 1), 28.9% (pigment 2),
38.0% (pigment 3), and 3.1% (pigment 4), respectively.
Among them, three anthocyanin pigments (1-3) were iso-
lated from the flowers of this plant with 5% HOAc solvent,
and purified using Diaion HP-20 (Mitsubushi Chemical’s
Ion Exchange Resins) column chromatography (CC),
preparative HPLC and TLC, according to the procedures
described previously (Saito et al., 1995, 2002, and Tatsuz-
awaetal., 2004). Pigment 4 could not be obtained in a pure
form, unfortunately, due to its small amount available.
The chromatographic and spectral properties of these
anthocyanins are summarized in Table 1.

Acid hydrolysis of all three pigments resulted in
cyanidin, glucose, xylose, and caffeic acid. Moreover,
another molecule of hydroxycinnamic acid was detected
in the hydrolysates of pigment 1 (p-coumaric acid), pig-
ment 2 (ferulic acid), and pigment 3 (sinapic acid),
respectively. Malonic acid was also detected in the
hydrolysates of pigments 1 and 3. Alkaline hydrolysis
of these three anthocyanins resulted in only one deacy-
lated anthocyanin, whose structure was identified to be
cyanidin 3-sambubioside-5-glucoside by the analyses of
TLC and HPLC with the authentic sample obtained
from Matthiola violet anthocyanins by alkaline hydroly-
sis (Saito et al., 1995). This structure was also confirmed
by the analysis of FAB mass spectrum as shown in Table
1. In the alkaline hydrolysates of three pigments, 4-
glucosylcaffeic acid was detected as the acylated sugar,
and its structure was identified by direct comparison
with the authentic sample obtained from Cinerarin
and Evolvulus anthocyanins by the same treatment
(Toki et al., 1994).

2.1. Pigment 3 (OVA 3)

The molecular ion [M ] of pigment 3 was observed at
mlz 1845 (CgHy304g), indicating that the pigment is

Table 1

composed of cyanidin with five molecules of glucose,
two molecules of caffeic acid, and one molecule each
of xylose, sinapic acid and malonic acid. The elemental
components were confirmed by measuring its high-reso-
lution FABMS (HRMS), and the mass data obtained
were summarized in Section 3.5. The structure of pig-
ment 3 was further elucidated based on the analysis of
its "H NMR spectra [500 MHz in CF;COOD-DMSO-
de (1:9)], including 2D COSY, 2D NOESY, and negative
difference NOE (NOEDIF) spectral experiments (Kon-
do et al., 1987). The chemical shifts of 14 aromatic pro-
tons of cyanidin, caffeic acid, and sinapic acid moieties
with their coupling constants were assigned as shown
in Table 2. The "H NMR spectrum exhibited six proton
signals corresponding to two methoxy groups on sinapic
acid, in addition to six olefinic proton signals of
hydroxycinnamic acid (J = 15.6-15.9 Hz) with the trans
configuration (Table 2). The chemical signals of the su-
gar moieties were observed in the region of § 5.67-3.12,
where the six anomeric protons exhibited at § 5.67
(d,J=7.4Hz, Glc A), 6 518 (d, J=7.7Hz, Glc B), ¢
5.16 (d, J=8.2Hz, Xyl C), 6 491 (d,J =8.4 Hz, Glc
D), 6 493 (d, J=79Hz, Glc D), and ¢ 4.35 (d,
J =179 Hz, Glc F), respectively. Based on the observed
coupling constants (Table 2), these six sugars were as-
sumed to have B-pyranose forms. The linkages and/or
positions of the attachments of the sugar and acyl
groups in this pigment were mainly determined by using
2D COSY, ROESY and NOEDIF experiments (Fig. 1).
A proton signal (0 4.02, t, J = 8.3 Hz) detected at a low-
er magnetic field was assigned to H-2 of Glc A by the
analysis of its 2D COSY spectrum. These results sup-
ported that xylose C was linked to 2-OH of Glc A by
forming sambubioside group at the 3-OH of cyanidin.
Seven characteristic proton signals shifted to a lower
magnetic field were also assigned to the methylene pro-
tons of Glc A (6 4.20 and 4.43, H-6a and b), Glc B (¢
3.82 and 4.41, H-6a and b), and Glc E (6 4.32 and
448, H-6a and b), and to the methine proton (J 4.65,
t, J=8.6 Hz, H-2) of Xyl C. Thus, the four hydroxy
groups of the sugars, 6-OHs of Glc A, Glc B, Glc E
and 2-OH of Xyl C, were assumed to be acylated with
three molecules of hydroxycinnamic acids and one

Chromatographic and spectral data for the main Orychophragonus violet-blue anthocyanins

Anthocyanins® Ry values (x100) HPLC (R, (min) Spectral data in 0.1% HCl-MeOH  FAB-MS [M"]
BAW® »-BuOH-HCI® 1% HCI HOAc-HCI® Jmax (D) Eoeytl Evis (%)

1 20 4 39 76 29.9 532, 316, (292), 285 150 1785

2 11 0 50 82 30.9 531, 320, (293), 284 165 1729

3 5 0 34 74 322 532, 321, 293, (286) 124 1845

deacyl compound 18 5 33 65 13.1 528, 273 - 743

Cy 3-sam-5-Glc 18 5 33 65 13.1 528, 273 - 743

& 1: cyanidin 3-[2-(2-(4-(6-(4-glucosylcaffeoyl)-glucosyl)-caffeoyl)-xylosyl)-6-(4-glucosyl-p-coumaroyl)glucoside]-5-gjucoside, 2: cyanidin 3-[2-(2-(4-
3: cyanidin 3-[2-(2-(4-(6-(4-glucosylcaffeoyl)-glu-

(6-(4-glucosylcaffeoyl)-glucosyl)-caffeoyl)-xylosyl)-6-(4-glucosyl-feruloyl)glucoside]-5-glucoside,
cosyl)-caffeoyl)-xylosyl)-6-(4-glucosyl-sinapoyl)glucoside]-5-(6-malonylglucoside).

® See Section 3 for abbreviations.
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Table 2
NMR data of Orychophragonus violet-blue anthocyanins®
3 1 2
oC oH oH oH
Cyanidin
2 162.4
3 144.4
4 131.6 8.77s 8.71s 8.75s
5 155.0
6 104.6 6.96 d (1.6) 7.00 brs 6.97d (1.9)
7 167.5
8 96.2 7.04 d (1.6) 7.02 brs 7.02d (1.9)
9 155.3
10 111.8
Iy 117.6
2 117.2 8.01d (2.1) 8.02d (2.2) 8.02d (2.1)
3 146.7
4 155.5
5 116.7 7.08d (8. 7) 7.07 d (8.7) 7.08 d (8.8)
6 128.9 8.51 dd (2.1, 8.7) 8.49 dd (2.2, 8.7) 8.49 dd (2.1, 8.8)

Hydroxycinnamic acid

[N 124.1
2 106.5
3 148.1
4 138.7
5 148.1
6 106.5
o 113.7
B 145.9
CO,H 166.9
Me 56.2
Me 56.2
(D 1 129.2
2 114.5
3 144.8
4 147.4
5 116.0
6 119.8
ol 115.2
B 144.4
CO,H 166.7
(IID) 1 129.4
2 121.2
3 147.2
4 147.7
5 116.3
6 121.2
ol 114.6
B 144.8
CO,H 166.1
Malonic acid

—~CH»- 41.2
COOH 167.0
COOH 168.3
Sugars

Glucose-A

1 98.4
2 77.6
3 75.7
4 74.8
5 73.2

6.80 brs

6.80 brs
6.36 d (15.6)
7.44 d (15.6)

3. 75 brs
3. 75 brs

7.26 s

7.16 d (8.6)
7.09 m

6.49 d (15.6)
7.52 d (15.6)

7.24 s

7.18 m
7.18 m
6.49 d (15.9)
7.60 d (15.9)

3.42-3.40

5.67d (7.4)
4.02t(8.3)
3.6l m

346 m

397 m

7.29 d (8.3)
6.72 d (8.3)

6.72 d (8.3)
7.29 d (8.3)
6.25 d (15.6)
7.35 d (15.6)

7.26 brs

7.16 d (8.6)
7.08 in

6.49 d (15.6)
7.53 d (15.6)

7.24 brs

7.18 m
7.18 m
6.49 d (15.6)
7.60 d (15.6)

3.45-3.40

5.70 d (7.3)
3.98 m
3.6l m
342 m
4.04 m

7.09 s

6.81d (8.3)
7.04 m

6.33 d (15.9)
739 d (15.9)

3.79 s

7.27 brs

7.16 d (8.9)
7.08 m

6.50 d (15.6)
7.53 d (15.6)

7.24 brs

7.18 m
7.18 m
6.50 d (15.9)
7.60 d (15.9)

570 d (7.9)
4.02t (8.3)
3.62 1 (8.3)
345 m
393 m
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Table 2 (continued)

3 1 2

oC oH oH SH
6a 63.6 4.20 m 425 m 4.30 m
6b { 443 brd (11. 2) { 4.40 brd (10.4) { 436 m
Glucose-B
1 101.9 5.18 d (7.7) 5.18d (7.7) 5.09 d (7.6)
2 74.8 3.76 m 3.52m 3.51m
3 3.52m
4 341 m 3.75-3.20
5 342 m 3.85-3.36
6a 64.2 3.82 m 3.83m
6b { 4.41 brd (11.6) 441 m
Xylose-C
1 101.9 5.16 d (8.2) 5.15d (7.6) 5.15d (7.9)
2 73.7 4.65t (8.6) 4.66t(9.2) 4.66 t (8.9)
3 74.2 3.46 m 3.44 m 3.50-3.40
4 3.181 (9.2) 332 m 321 m
Sa 66.5 3.44 m 3.50-3.40 3.50-3.40
5b { 3.90 m { 391 m { 3.90 m
Glucose-D
1 101.9 4.93d (7.9 4.93d (8.3) 4.94 d (7.6)
2 76.7 3.44 m 342 m 345 m
3 3.80-3.40 3.80-3.35 3.65-3.35
4
5
6a 60.4
6b 3.83 brd (11.0)
Glucose-E
1 101.5 491d (8.4) 4914d (7.9 4.92d (7.7)
2 75.5 342 m 342 m 345 m
3 { 3.42-3.35 { 3.60-3.40 { 3.50-3.40
4
5 69.8 3.72m 3.75m 3.77 m
6a 63.3 432 m 430 m 432 m
6b { 4.48 brd (11.0) { 4.48 brd (10.9) { 4.49 brd (10.7)
Glucose-F
1 103.5 4.35d (7.9 4.35d (7.9 4.36 d (7.9)
2 73.5 3.081 (8.3) 3.081 (8.3) 3.08 t (8.3)
3 70.3 3.121 (9.2) 3.121 (9.5) 3.131 (8.4)
4 3.21t(9.2) 3.27m 321 m
5 80.3 326 m 3.26 m
6a 60.4 3.45-3.35 { 3.50-3.20 { 3.55-3.35
6b 3.50 m

2 TH NMR (500 MHz) and '*C NMR (125.78 MHz) (DMSO-ds-CF;COOD, 1:9), an internal standard of TMS. Coupling constants (J in Hz) in

parentheses.

molecule of malonic acid. By irradiation at H-1 of Glc
A, a strong NOE was observed at H-4 of cyanidin to-
gether with rather weak NOEs at 2-,6- and o-H of sina-
pic acid (I), supporting that Glc A was attached to 3-OH
of cyanidin through a glycosidic bond. Moreover, Glc A
was presumed to be acylated with sinapic acid (I) at 6-
OH of Glc A based on the consideration of its NOESY
spectrum (Fig. 1). In the NOESY spectrum, the correla-
tions between 6-H of cyanidin and 1-H of Glc B, 5-H of
caffeic acid (II) and 1-H of Glc E, 5-H of caffeic acid
(IIT) and 1-H of Glc E, and both methoxy proton signals

of sinapic acid (I) and 1-H of Glc F were observed,
respectively, revealing the glycosylation patterns; such
as 5-OH of cyanidin was glycosylated with Glc B, 4-
OH of caffeic acid (II) with Glc E, 4-OH of caffeic acid
(I1T) with Gle D, and 4-OH of sinapic acid (I) with Glc
F. Irradiation of 2-H of Xyl C gave NOEs at a- and B-H
of caffeic acid (II) as well as 1- and 3-H of Xyl C. There-
fore, Xyl C was acylated with caffeic acid (II) at the 2-
position. Further irradiation of 6a-H (6 4.48) of Glc E
afforded the NOEs at ao-, B-, and 2-H signals of caffeic
acid (III), indicating that Glc E was acylated with caffeic
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HO :gm
oo °
OH GluF HOo

OH
HOOH GluD

Fig. 1. Orychophragonus violet-blue anthocyanins. OVA 1: R, =
R, = H, R; = malonyl; OVA 2: R; = H, R, = OCH3, R; = H; OVA 3:
R; =R, =0CH;, R;=malonyl. Observed NOEs are indicated by
arrows.

acid (III) at 6-OH of Glc E. Since both methylene proton
signals of Glc D and Glc F were not shifted to a lower
magnetic field, both 6-OHs of those sugars should be free
from acyl moiety, and supposed to be the terminal resi-
dues. These results led to the conclusion that Glc B was
acylated with malonic acid at the 6-position. Thus,
pigment 3 was determined to be cyanidin 3-O-[2-O-(2-
0-(4-0-(6-0-(4-O-(B-p-glucopyranosyl)-trans-caffeoyl)-
B-p-glucopyranosyl)-trans-caffeoyl)-p-p-xylopyranosyl)-
6-0-(4-O-(B-p-glucopyranosyl)-trans-sinapyl)-B-p-gluco-
pyranoside]-5-O-(6-O-malonyl-B-p-glucopyranoside).
This structure was further confirmed by the analysis of
HMQC and HMBC spectra, in which '*C chemical shifts
of malonic acid were assigned at 6 41.2 (-CH,-), 6 167.0
(-CO-), and 6 168.3 (-CO-).

2.2. Pigment 2 (OVA2)

The FAB mass spectrum of pigment 2 gave its molec-
ular ion [M"] at m/z 1729 in good agreement with the
mass calculated for C;3HggOy44, which was composed
of cyanidin with five molecules of glucose, two mole-
cules of caffeic acid, and one molecule each of xylose
and ferulic acid. By contemplation of the mass data,
the structure of pigment 2 is thought to have ferulic acid
instead of sinapic acid as in pigment 3. The 'H NMR
spectrum of pigment 2 was closely related to that of pig-
ment 3 except for the signals of sinapic and malonic acid
moieties. Detailed structure of 2 was further elucidated
by the analysis of "H NMR spectra including 2D COSY,
NOESY and NOEDIF spectral measurements as de-
scribed above. Fifteen aromatic protons in cyanidin, caf-
feic acid, and ferulic acid, and three protons for the
methoxy group on ferulic acid were easily assigned with

their coupling constants as shown in Table 2. Six olefinic
protons of caffeic acid and ferulic acid exhibited large
coupling constants (J = 15.9, 15.9, and 15.9 Hz), indicat-
ing the presence of trans-hydroxycinnamic acids. The
signals of the sugar moieties were observed in the region
of 6 5.70-3.31, where six anomeric protons were as-
signed to be at 6 5.70 (d, J=7.9 Hz, Glc A), 6 5.09 (d,
J=7.6Hz, Glc B), 6 515 (d, /=79 Hz, Xyl C), ¢
4.94 (d, J=7.6 Hz, Glc D), ¢ 492 (d, J=7.7 Hz, Glc
E), and ¢ 4.36 (d, J = 7.9 Hz, Glc F), respectively, with
the coupling constants showing the presence of B-pyra-
nose forms. Five characteristic proton signals shifted
to a lower magnetic field were also assigned to four
methylene protons of Glc A (6 4.36 and 4.30) and Glc
E (0 4.49 and 4.32), and one methine proton of Xyl C
(0 4.66, H-2). Thus, 6-OHs of Glc A and Glc E, and
2-OH of Xyl C were acylated with three molecules of
hydroxycinnamic acids, such as caffeic acid and ferulic
acid. The linkages and/or attachment positions of these
acids were elucidated by the same process as described
for pigment 3 using NOESY and DIFNOE spectral
methods. By irradiation of 1-H of Glc A, a strong
NOE was observed at 4-H of cyanidin, together with
rather weak NOEs at 2-, 6-, o-,and B-H signals of ferulic
acid (I), supporting that Glc A attached to 3-OH of
cyanidin through a glycosidic bond, was acylated with
ferulic acid (I) at 6-OH. Irradiation of 2-H of Xyl C gave
a NOEDIF spectrum, in which NOEs were observed at
the signals for o- and B-protons of caffeic acid (II) in
addition to the signals for 1-H and 3-H of Xyl C. These
data supported that Xyl C was acylated with caffeic acid
(IT) at the 2-position. By further irradiation of 6a-H (¢
4.49) of Glc E exhibiting NOEs at the signals for a-,
B-, and 2-H of caffeic acid (III), Glc E was confirmed
to be acylated with caffeic acid (IIT) at the 6-position.
In the NOESY and NOEDIF spectra, the correlations
between 5-H of cyanidin and H-1 of Glc B, 5-H of caf-
feic acid (II) and 1-H of Glc D, 5-H of caffeic acid (III)
and 1-H of Glc D, and 5-H of ferulic acid and 1-H of
Glc F were observed, respectively, revealing the glyco-
sylation patterns; such as 5-OH of cyanidin was glycos-
ylated with Glc B, 4-OH of caffeic acid (IT) with Glc E,
4-OH of caffeic acid (IIT) with Glc D, and 4-OH of feru-
lic acid with Glc F. Based on these results, the structure
of pigment 2 was determined as cyanidin 3-O-[2-O-(2-O-
(4-0-(6-O0-(4-O-(B-p-glucopyranosyl)-trans-caffeoyl)-B-
D-glucopyranosyl)-trans-caffeoyl)-B-p-xylopyranosyl)-6-
O-(4-O-(B-p-glucopyranosyl)-trans-feruloyl)-B-p-gluco-
pyranoside]-5-O-B-p-glucopyranoside.

2.3. Pigment 1 (OVA 1)

The FAB mass spectrum of pigment 1 gave its molec-
ular ion [M] at m/z 1785 in good agreement with the
mass calculated for CgyHggOy44, Which was composed
of cyanidin with five molecules of glucose, two mole-
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cules of caffeic acid, and one molecule each of xylose, p-
coumaric acid and malonic acid. Thus, the structure of
pigment 1 is assumed to have p-coumaric acid instead
of sinapic acid in pigment 3. The '"H NMR spectrum
of pigment 1 was similar to that of pigment 3 except
for the signals of p-coumaric acid moiety. The detailed
structure was determined according to the procedures
as described as above for pigments 2 and 3 (Table 2).
The linkages and/or attachment positions of the agly-
cone with sugars and acids were elucidated by the same
procedures as described for pigments 2 and 3 using 2D
COSY, NOESY and DIFNOE spectral methods. Finally,
pigment 1 was determined to be cyanidin 3-O-[2-O0-(2-O-
(4-0-(6-O0-(4-O-(B-p-glucopyranosyl)-trans-caffeoyl)-p-
D-glucopyranosyl)-trans-caffeoyl)-p-p-xylopyranosyl)-6-
O-(4-O-(B-p-glucopyranosyl)-trans-p-coumaroyl)-p-p-
glucopyranoside]-5-0-(6-O-malonyl-B-p-glucopyrano-
side).

To date, five reports on the occurrence of polyacy-
lated anthocyanins in the family of Cruciferae have been
published as summarized in Table 3. From the chemo-
taxonomical point of view, two typical anthocyanidin
glycoside types have been known in this family, such
as anthocyanidin 3-sophoroside and 3-sambubioside.
The flower anthocyanins (OVA 1-3) of Orychophrag-
onus violaceus with bulky acylated side chains at their
3-positions are obviously classified into the latter group
(Table 3).

Regarding the bluing effect of anthocyanins by acyla-
tion with hydroxycinnamic acid, it is rationalized that
the anthocyanins having three molecules of hydroxycin-
namic acids display stronger blue color than those of the
anthocyanins bearing two molecules of the correspond-
ing acids (Honda and Saito, 2002). Actually, the blue

Table 3
Polyacylated anthocyanins with aromatic acid in the Cruciferae

flower color (Violet-Blue 90C) by the Royal Horticul-
tural Society (RHS). Color Chart of O. violaceus having
three molecules of hydroxycinnamic acids, is stronger
than that (Purple 76A-Violet 84A by RHS Color Chart)
of Matthiola incana bearing two molecules of the corre-
sponding acids (Saito et al., 1995). The blue flower col-
ors of pigments 1-3 probably arose from the formation
of intramolecular co-pigmentations between anthocy-
anidin and hydroxycinnamic acids presented in their
molecules.

3. Experimental
3.1. General procedures

TLC was carried out on plastic coated cellurose
sheets (Merck) using seven mobile phases: BAW (n-
BuOH-HOAc-H,0, 4:1:2), BuH (n-BuOH-2N HCI,
1:1), 1% HCl and AHW (HOAc-HCI-H,0, 15:3:82)
for anthocyanins, and BAW, EAA (EtOAc-HCOOH-
H,0, 5:2:1) for organic acids and sugars. Analytical
HPLC was performed on a LC-10A system (Shimadzu),
using a Waters C,g (4.6,,, 250 mm) column at 40 °C with
a flow rate 1 mL/min and monitoring at 530 nm. The
eluant was applied as a linear gradient from 20% to
85% solvent B (1.5% H;PO,4, 20% HOACc, 25% MeCN
in H,O) in solvent A (1.5% H;PO4 in H,O). UV-VIS
spectra were recorded on a MPS-2400 (Shimadzu) in
0.1% HCI-MeOH (from 200 to 700 nm), whereas FAB
mass spectra were obtained in the positive ion mode
using the magic bullet (5:1 mixture of dithiothreitol
and dithioerythritol), as a matrix. NMR spectra were
acquired at 500 MHz for 'H spectra and 125.78 MHz

Species Anthocyanins

Deacylaanthocyanii

Molecular numbers of
hydroxycinnamic acid

Aromatic acid

Brassica oleracea®
Raphanus sativus®
Arabidopsis thaliana®
Matthiola incana®

Brassica anthocyanins
Radish anthocyanins
Arabidopsis anthocyanins
Matthiola red anthocyanins

Matthiola violet-blue
anthocyanins
Orychophragonus
violet-blue anthocyanins
Sinapis anthocyanins

Matthiola incana®

Orychophragonus
violacens
Sinapis alba®

Cy 3-sopho-5-glu
Pel 3-sopho-5-glu
Cy 3-sam-5-glu
Pel 3-sam-5-glu

Cy 3-sam-5-glu
Cy 3-sam-5-glu

Cy 3-sam-5-glu
Cy 3-sam-5-sopho

p-coumaric, ferulic, sinapic acid 2
p-coumaric, caffeic, ferulic acid 2
p-coumaric, sinapic acid 2
p-couinaric, caffeic, ferulic, 2

sinapic acid

p-couniaric, caffeic, ferulic, 2
sinapic acid
p-coumaric, caffeic, ferulic, 3
sinapic acid
p-coumaric, ferulic, 2

sinapic acid

Pel = Pelaigonidin, Cy = Cyanidin, soplio = sophoroside, glu = glucoside, sam = sambubioside.

% Hrazdina et al. (1977), Idaka et al. (1987).

® Otsuki et al. (2002), Ishikura and Hayashi (1963).
¢ Bloor and Abrahams (2002).

4 Saito et al. (1996).

¢ Saito et al. (1995).

 Takeda et al. (1988).
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for 13C spectra in DMSO-CF;COOD (9:1). Chemical
shifts are reported relative to a TMS internal standard,
and coupling constants are in Hz.

3.2. Plant materials

The seeds of Orychophragonus violaceus were pur-
chased from the Takii nursery (Japan), and grown in
the experimental garden of Hoshi University. Fresh vio-
let-blue flowers (Violet-Blue 90C by RHS color chart
and its chromaticity values L* = 63.0, b*/a* =28.4/
—22.2) were collected in spring. The chromaticity values
were recorded on a ZE 2000 color difference meter (Nip-
pon Denshoku Co., Ltd.).

3.3. Extraction and purification of anthocyanins

Fresh flowers (2.1 kg) were immersed in 0.5% HOAc
(10 L) for 4 days at room temperature (ca. 20 °C). Dur-
ing the extraction, any partial hydrolysis was not ob-
served by monitoring with HPLC. The extract was
subjected to Diaion HP-20 (Mitsubushi Chemical’s Ton
Exchange Resins) column chromatography (CC) and
washed with H,O (15 L). The pigments were eluted with
5% HOAc-MeOH (500 mL). After concentration, the
eluate was fractionated with paper chromatography
(PC) using BAW. The crude fractionated pigments ob-
tained, were further purified by TLC (15% HOAc) and
prep. HPLC. Prep. HPLC was performed on a Waters
Cis (19, 150 mm) column at 40 °C with a flow rate of
4 mL/min monitoring at 530 nm. The solvent system
used was as follows: a linear gradient elution for
18 min from 55% to 85% solvent B in solvent A. Each
fraction was transformed to a Diaion HP-20 column,
and its anthocyanin was absorbed on the column.
Anthocyanins were eluted with 5% HOAc-MeOH from
the column, and evapn anthocyanin residues were dis-
solved in a small volume of 5% HOAc-EtOH, respec-
tively, followed by addition of an excess of Et,O.
Anthocyanin powders, pigment 1 (Orychophragonus
blue anthocyanin 1; OVA 1) (5 mg), pigment 2 (OVA
2) (7 mg), and pigment 3 (OVA 3) (15 mg), were ob-
tained from the extract.

3.4. Acid and alkaline hydrolysis of pigments 1-3

Acid hydrolysis of pigments 1-3 (ca. 3 mg) was car-
ried out with 2 N HCI (15mL) at 80-100 °C for 1 h to
give cyanidin, glucose, xylose, and caffeic and malonic
acids by the standard procedure (Harborne, 1984).
Those compounds were confirmed by direct compari-
son of TLC and HPLC with the authentic samples.
Hydroxycinnamic acids obtained from pigment 1 (p-
coumaric acid), pigment 2 (ferulic acid), and pigment
3 (sinapic acid), respectively, were also identified by
the analyses of their spectral data in addition to the

comparison of TLC and HPLC with the authentic
samples. Malonic acid from pigments 1 and 3 was also
identified by direct comparison of the authentic sample.
Alkaline hydrolysis of pigments 1-3 (ca. 3 mg) was car-
ried out with 2 N NaOH solution (20 mL) at ambient
temperature for 3h to provide only one deacylated
anthocyanin, whose structure was identified to be
cyanidin 3-sambubioside-5-glucoside by the analyses
of TLC and HPLC with the authentic sample obtained
from Matthiola violet anthocyanins by the same alka-
line hydrolysis.

3.5. 4-Glucosylcaffeic acid

UV-Vis Znax (MeOH): 283, 312; R; values (TLC)
BAW 0.55; 6% HOAc 0.46; R, 7.5 min.

3.6. High resolution FABMS

Orychophragonus violet-blue anthocyanin 1 (OVA
1, pigment 1) HR-FABMS calc. for C80H89046Z
1785.4625. Found: 1785.4619.

OVA 2 (pigment 2): HR-FABMS calc. for
C78H89044: 1729.4727. Found: 1729.4757.

OVA 3 (pigment 3): HR-FABMS calc. for
CgoHg304g: 1845.4837. Found: 1845.4810.
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