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Abstract—Four acylated anthocyanins were isolated from the red—purple flowers of Phaluenopsis hybrid
cultivars as major anthocyanins and their distribution was investigated in the fiowers of five species; P. equestris,
P. intermedia, P. leucorrhoda, P. sanderiana and P. schilleriana cultivar "Pink Butterfly’. These four pigments
were based on cyanidin 3.7,3’-triglucoside as their deacylanthocyanin, which was acylated with two molecules
of hydroxycinnamic acid and/or one molecule of malonic acid. Two anthocyanins were characterized as
cyanidin 3-0-[6-O-(maionyl)-f-p-glucopyranoside]-7.3"-0-di-[6-O-(trans-sinapyl)-f-D-glucopyranoside] and

its demalonyl derivative by spectral and chemical methods. (1997 Elsevier Science Ltd. All rights reserved

INTRODUCTION
Phalaenopsis plants are an economically important
group of orchids which are native from Asia to Aus-
tralasia with white. yellow. orange. red. red-purple
and purple flowers. Griesbach isolated a sinapyl cyan-
idin 3,7.3'-triglucoside from the flowers of Phala-
enopsis schilleriana [1], but its structure was not eluci-
dated in detail. In the continuing work on flower col-
our variation due to acylated anthocyanins in orchids,
we have already reported the occurrence of acylated
cyanidin and peonidin glycosides in the flowers of
Dendrobium. x Laeliocattleya, Bletilla and Cym-
bidium cultivars [2-6]. In this paper we report the

occurrence of new acylated cyanidin 3,7,3'-tri-
glucosides in the red—purple flowers of Phalaenopsis
and their structure elucidation.

RESULTS AND DISCUSSION

By HPLC analysis 20 anthocyanin peaks were
observed in the MAW (methanol-acetic acid-water,
4:1:15) extracts from the red—purple flowers of five
species and cultivars of Phalaenopsis. Among these
peaks. four anthocyanins were isolated and identified
to be 1 (9.2-33.3%). 2 (1.0-5.0%), 3 (26.0-64.4%)
and 4 (1.0-5.0%) as major pigments (Table 1). These

Table 1. Distribution of anthocyanins in the flower extracts of Phalaenopsis species

Plant Floral colour*

Anthocyanin (as %)%

Phalaenopsis equestris
P. intermediu

Purple-violet 81C
Yellow - white 158D

P. leucorrhoda Yellow—white 158D
P. sanderiana Purple-violet 81D
P. schilleriana *Pink Butterfly’ Purple violet 81D

bat A C 1 2 3 4
—0.56 59 18.5 173 9.2 + 261  —+
1.53 352 214 + 11.8  + 260
0.30 + + + 333 + 528 +
—0.62 + + + 273 + 644 +
—0.55 + 65 - n2 + 457  +

*R.H.S. colour chart.
fTHunter values (hue).

$Percent of total absorbance of all detected anthocyanins at 530 nm in HPLC analysis, and +: under 5%. The anthocyanin
no. was the same as in Fig. | and Table 2. R, (min); 1(15.9). 2(17.5). 3(17.9). 4(18.1): unidentified anthocyanins A(12.1),

B(13.2), C(15.2).

*Author to whom correspondence should be addressed.
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anthocyanins (1-4) were isolated from the red—purple
mixed flowers of Phalaenopsis hybrids with MAW
solvent. These pigments were purified using a Diaion
HP-20 column chromatography (C), paper C, HPLC
and TLC. The R, values. R, (min) and spectral data
of these four pigments are shown in Table 2.

Acid hydrolysis gave cyanidin, glucose and hyd-
roxycinnamic acids. Sinapic acid was detected in the
hydrolysis products of 1. 3 and 4. and ferulic acid was
detected in those of 2 and 4 by acid and alkaline
hydrolysis. Alkaline hydrolysis of 1-4 yielded only one
deacylanthocyanin. whose structure was identified to
be cyanidin 3.7,3'-triglucoside by direct comparison
with authentic samples prepared from Dendrobium.
x Laeliocattleya and Bletilla anthocyanins [2-5]. The
measurements of FAB mass and 'H NMR spectra
led to the determination of the molecular ratios of
chemical composition (aglycone. sugar and acid) as
shown in Table 3. Among these four pigments. the
structures of two pigments (1 and 3) were completely
determined, but the others were tentatively identified
because of the difficulty of their purification and also
the small amounts present.

Phalaenopsis anthocvanin 3

The FAB mass measurement of 3 gave a molecular
ion [M]™ at 1271 m/z, in good agreement with the
mass calculated for CyH,:0s, (requires 1271.330). The
'"H NMR spectrum of 3 was obtained at 500 MHz
using DMSO-d, solvent containing 10% TFA-d. The
"H NMR spectrum of 3 showed the presence of one
molecule of cyanidin, three molecules of glucose. two
molecules cf sinapic acid and one molecule of malonic
acid (Table 4). These proton signals were mainly
assigned by '"H-'"H COSY. and sugar and acyl linkages
were confirmed by the negative difference nuclear
Overhauser effect (DIFNOE) spectra (Fig. 1). The
proton signals of the sugar parts were observed in the
region of ¢ 3.12-5.22. The signals of three anomeric
protons appeared at d 5.14 (¢. J = 7.7 Hz. Gl¢c A), o
522 (d. J=7.1 Hz. Glc B) and ¢ 5.18 (d. /=74
Hz. Gle C). and the assigned sugar protons have the
coupling constants with / = 7.1-11.8 Hz indicating
all these glucose units must be f-D-glucopyranose. Six
methylene protons were assigned to H-6a and 6b of
Glc A (0 4.19 and 4.52), those of Glc B (4 4.06 and
4.86) and those of Glc C (o 4.18 and 4.72) by the
DIFNOE experiments and also were correlated to
each anomeric protons by analysis of the '"H-'"H COSY
spectrum. This result indicated that these three glucose
units were acylated at the 6-OH groups with acids.

In order to determine the linkages and positions of
the glucose and acyl units DIFNOE spectra of 3 were
measured (Fig. 1). Observed DIFNOE between H-1
of Glc A and H-4 of cyanidin indicates that Glc A is
attached to the 3-OH of cyanidin through a glucosidic
bond. Glc B was determined to be attached to the 7-
OH of cyanidin through a glycosidic bond. because
of the presence of NOEs between H-6 and H-8 of
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Table 3. The estimated molecular formulae of acylated anthocyanins from Phalaenopsis and their molecular ratios of
chemical composition based on FAB mass and 'H NMR data

Based on FAB-MS*

Based on '"H NMR*t

Anthocyanin [M]* Mf Cy:  Gle:  Sin: Fer: Mal Cy:  Gle: Sin: Fer: Mal
1 1185 CH,Ox 1 3 2 0 0 1 3 2 0 0

2 1241 C;-Hg,O;, 1 3 1 | 1 - — —

3 1271 CsHg:0x, | 3 2 0 I | 3 2 0 1

4 1211 CHsOx 1 3 0 2 1 - - —
Deacyl anthocyanin 773 Ci;H,,0,, | 3 0 0 0 — — -

*[M]™ and Mf = molecular ion mass values. and estimated molecular formulae as flavylium forms of anthocyanins isolated
from Phalaenopsis based on FAB-mass data. respectively. Cy : Glc: Sin: Fer : Mal = molecular numbers of their components;
Cy = cyanidin, Glc = glucose, Sin = sinapic acid. Fer = ferulic acid and Mal = malonic acid.

+Molecular numbers were based on the integrated intensities of proton signals such as cyanidin = H-4. glucose = H-1 and
sinapic acid = olefinic proton (H-x). Each integrated intensity of proton signal was normalized in such a way that cyanidin

H-4is 1. respectively.

cyanidin and H-1 of Glc B. Similarly, Glc C was
determined to be glycosylated at 3'-OH of cyanidin.
because of the presence of NOEs between H-2" of
cyanidin and H-1 of Glc C. Moreover. irradiation at
H-1 of Glc B gave a DIFNOE spectrum in which
NOE:s to protons of H-a and f§ of sinapic acid | were
observed. Thus, sinapic acid I is attached to the 6-OH
of Gle B. As irradiation at H-1 of Glc C gave NOEs
to olefinic protons of sinapic acid I, and irradiation
at H-2 and H-6 of sinapic acid 11 gave NOEs to H-1
of Glc C. sinapic acid IT was attached to the 6-OH of
Glc C. By H,O. degradation of 3, malonylglucose was
detected, indicating that malonic acid is attached to
the 6-OH of Glc A [7]. Therefore. 3 is cyanidin 3-O-
[6-O-(malonyl)--D-glucopyranoside]-7.3"-di-O-[6-O-
(sinapyl)-f-D-glucopyranoside]. which is a new antho-
cyanin [8, 9].

Phalaenopsis anthocyanin 1

The FAB mass measurement of 1 gave a molecular
ion [M]* at 1185 m/z, in good agreement with the
mass calculated for CssH, O, (1185.330), indicating

the presence of one molecule of cyanidin, three mol-
ecules of glucose and two molecules of sinapic acid.
By hydrolysis of 3 with 1 N HCI at room temp. for 5
days [1]. demalonyl pigment 3 (Rt. 15.9 min) was
detected by analysis of HPLC, and this demalonyl
pigment 3 is identical to 1. Furthermore, glucose was
produced by H.O, degradation of 1. Thus, the struc-
ture of 1 is cyanidin 3-O-[f-D-glucopyranoside]-7.3'-
di-O-[6-0- (sinapyl)-f-p-glucopyranoside], which is a
new anthocyanin [8. 9]. This was fully confirmed by
NMR measurements on 1 (Table 4).

Phalaenopsis anthocvanins 2 and 4

The FAB mass spectra of 2 and 4 gave their [M]*
at 1241 m.z and 1211 m. z (Tables 2 and 3). These
values indicate that 2 is composed of cyanidin with
three molecules of glucose and one molecule each of
ferulic, sinapic and malonic acid, and 4 is composed
of cyanidin with two molecules of ferulic acid and one
molecule of malonic acid. By alkaline hydrolysis, both
anthocyanins gave a same cyanidin 3.7.3'-triglucoside,
and also 2 yielded ferulic and sinapic acids and 4

Fig. 1. Phaluenopsis anthocyanins. Observed NOEs are indicated by arrows.
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Table 4. 'H NMR (500 MHz) data of Phalaenopsis antho-
cyanins (CF,CO,D-DMSO-d,. 1:9. at 30")

H 3 1

Cyanidin

4 8.62y 8.69 5

6 6.69d(2.0) 6.69d(2.0)
8 6.98 d (2.0) 7.03d(2.0)
il 797 brs 7.99 br s

5 7.02d(8.3) 7.07 d(8.8)
6 8.49 dd (8.3, 2.0) 8.51dd (8.9, 2.0)
Glucose*+

(A) 3-G

1 5.14 5.10

2 3.55

3 3.47

4 3.31

5 181 : 3.29-3.85
6a 4.18 t

6b 4.52 J

(B) 7-G

1 5.22 5.22

2 3.43 3.49

i }3.27 3.57 }3.20~3.85
5 3.81 3.79

6a 4,06 4.19

6b 4.86 4.89

(C) ¥-G

| 5.18 5.20

2 3.47 3.45

3 3.45 -
4 119 }3.20—-3.83
S 3.82 3.80

6a 4.19 4.08

6b 4.72 473

Sinapic acid*+

(hH

2.6 6.43 6435

x 6.17 d (15.7) 6.18 d (15.7)
B 7.25d(15.7) 7.25d(15.7)
-OCH; 3645 3.66s

(In

2.6 6.67 5 6.64 s

% 6.44 d (15.9) 6.43 d (16.0)
B 7.44 d(15.9) 7.43d(16.0)
-OCH; 3665 3.67s
Malonic acid

-CH,- 3.42-3.49

*Assigned by 'H-'H COSY.
+Assigned by DIFNOE.
Coupling constants (/ in Hz) in parentheses.

yielded ferulic acid as hydroxycinnamic acids, respec-
tively (Table 3). The further structure determination
study of these pigments was. however, not possible
due to the small amounts available for analysis. Based
on the above findings, Phalaenopsis anthocyanins 2
and 4 are considered to be similar tri-acyl 3.7.3'-tri-
glucosides of cyanidin to that of 3. Therefore. these
structures are assumed to be cyanidin 3.7.3'-tri-

glucosides whose 7,3-glucosides are acylated with
hydroxycinnamic acids, and also whose 3-glucoside is
acylated with malonic acid.

The occurrence of sinapyl cyanidin 3,7,3'-tii-
glucoside was firstly reported in the flowers of P. sch-
illeriana by Griesbach [1]. However, its detailed struc-
ture was not determined. In this study, it is clear that
all Phalaenopsis anthocyanins are glycosylated at the
3. 7 and 3" hydroxyls of cyanidin and, particularly,
the glucosyl residues of the 7-OH and 3’-OH are acy-
lated with hydroxycinnamic acids, and also that of the
3-OH was acylated with malonic acid in the cases of
2-4. From a chemotaxonomic point of view, it is of
note that the glycosylation pattern of Phalaenopsis
anthocyanins is identical with those of Bletilla and
x Laeliocattleya anthocyanins, but the acylation pat-
tern of Phalaenopsis anthocyanins difters from those
of Bletilla and x Laeliocattleya in that the 3’-glucosyl
residue in cyanidin, of the Phalaenopsis anthocyanins
1s acylated with only one molecule of hyd-
roxycinnamic acid, but Bletilla and x Laeliocattleya
anthocyanins are more complex than this [3-5].

EXPERIMENTAL

Plani material. Phaluenopsis species and cultivars
were grown in the greenhouses of Dogashima Orchid
Center (Shizuoka. Japan) and also of Tokyo Uni-
versity of Agriculture (Tokyo, Japan). The fresh red-
purple flowers were collected in spring of 1994 and
1995.

Isolation of Phalaenopsis anthocyanins. Fresh red—
purple flowers (2 kg) of P. cultivars were extracted
with MAW (20 1. methanol-acetic acid-water,
4:1:15). The extract was concd to 500 ml. The concd
extract was purified by Diaion HP-20 CC, PC, TLC
and HPLC by the previous procedures [2--6]. Solvents
used were 15% HOAc. BAW (n-BuOH-HOAc-H,0,
4:1:2), 5% HOAc-MeOH and MAW for CC, PC
and TLC. HPLC was performed on LC-6A system
(Shimadzu). Prep. HPLC was run on a Waters Cyy
(19¢5 x 150 mm) column at 40 with a flow rate of
4 ml min~' monitoring at 530 am for anthocyanins.
Solvent systems used were as follows: a linear gradient
elution for 40 min from 40 to 85% solvent B (1.5%
H.PO,. 20% HOAc. 25% MeCN in H,O) in solvent
A (1.5% H;PO, in H,O). The evapn residues were
dissolved in a small volume of 5% HOAc-EtOH fol-
lowed by addition of excess Et,0O, and then drying to
give pigment powders. pigment 1, 10 mg; 2, 3 mg; 3,
30 mg: 4, 3 mg.

Standard analysis. Characterization of pigments
was carried out using PC, TLC and UV-VIS spec-
trometry. Solvents used were BAW, BuH (n-BuOH-2
N HCL 1:1), 1% HCl and AHW (HOAc-HCI-H,0,
15:3:82)for anthocyanins, and BAW, EAA (EtOAc-
HOAc ‘H.O. 3:1:1). ETN (EtOH-NH,OH-H,O,
16:1:3) and EFW (EtOAc-HCOOH-H,0, 5:2:1)
for organic acids and sugars. The processes of acid
hydrolysis. alkaline deacylation. H.O, oxidation and
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partial acid hydrolysis of anthocyanins were per-
formed according to the standard procedures [10].

After H,O, degradation of pigment 1 and 3, prep.
TLC of the products carried out using solvent BAW
and the sugar component part of TLC was eluted with
50% MeOH and evapd to dryness. The residues were
analysed by TLC. R, vaiues (x 100) of the product-1
(glucose) were 21 (BAW), 33 (EAA), 83 (ETN) and
52 (EFW), and the product-3 (malonylglucose) were
25 (BAW), 47 (EAA), 73 (ETN) and 53 (EFW).

Authentic glucose and malonylglucose were used
and prepared from commercial glucose (Tokyo Kasei
Co., Ltd) and anthocyanins of C. ternatea [7], respec-
tively.

Distribution of anthocyanins in the flowers of Phala-
enopsis species. A fresh flower of each plant was
extracted with small volume of MAW, and their ana-
lytical HPLC were performed on a Waters Cy
(4.6 x 250 mm) column at 40" with a flow rate of 1
m] min~' monitoring at 53¢ nm for anthocyanins. A
solvent system used as follows: a linear gradient elu-
tion for 30 min from 40 to 85% solvent B in solvent
A.

FAB mass and NMR measurements. FAB mass
spectra were recorded in the positive mode with
a magic bullet. NMR spectra were recorded at a
frequency of 500 MHz for 'H spectra in DMSO—d—
CF;COOD (9:1). Chemical shifts are reported rela-
tive to a TMS int. standard (d) and coupling constants
are reported in Hz.
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