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Abstract—Ten acylated cyanidin 3,7,3'-triglucosides were isolated from the red-purple flowers of x Laeliocattleya cv.
Mini Purple as major anthocyanins, along with a known pigment. The occurrence of these pigments was examined in
the flowers of its parent species, Laelia pumila and Cattleya walkeriana, by HPLC. These ten pigments were observed
in both parents, and FAB-mass measurements gave molecular ions [M]* at m/z 1459-1669, which were based on
acylated cyanidin 3,7,3'-triglucosides with malonic acid, p-coumaric acid, caffeic acid, ferulic acid and glucosylated
hydroxycinnamic acids. This was confirmed by the analysis of 'H NMR spectra and results obtained from acid and
alkaline hydrolysis. Four new acylated anthocyanin structures (2, 3, 6 and 7) were based on cyanidin 3-0-[6-0O-
{(malonyl)-B-D-glucopyranoside]-7-0-[6-O-(acyl-I)-8-D-glucopyranoside]-3'-0-[ 6-O-(trans-4-0-(6-0-(acy!-1I)-8-D-
glucopyranosyl)-(acyl-IIl)- 8-D-glucopyranoside], in which 3 was acylated with p-coumaric acid at acyl-I and -111, and
caffeic acid at acyl-II, 6 was acylated with p-coumaric acid at acyl-I and caffeic acid at acyl-II and -II1, 7 was acylated
with three molecules of caffeic acid and the three acyl groups (acyl I-11I) of 2 were composed of one molecule of caffeic
acid and two molecules of ferulic acid.

INTRODUCTION and 6-10) were successfully obtained as purified mater-

As part of our continuing work on flower colour vari- ials, but 4 and § were not completely purified.
ation due to acylated anthocyanins in orchids, six novel The ten pigments (1-10) yielded only one deacylan-
acylated cyanidin glycosides have been reported to be thocyanin, cyanidin 3,7.3"triglucoside, by alkaline hydro-
present in the red-purple flowers of Dendrobium cv. lysis. The mixed anthocyanins of these ten pigments gave
Pramot [1], x Laeliocattleya cv. Mini Purple [2] and  cyanidin, glucose, p-coumaric acid, caffeic acid, ferulic acid
Blettila striata [3]. In a further isolation study of acylated ~ and malonic acid by acid hydrolysis. Chromatographic and
anthocyanins in the Cattleya alliance, we wish to report  spectral properties of the ten pigments are shown in
the occurrence of 10 acylated cyanidin 3,7,3'-triglucosides ~ Table 2. Their components were analyzed by the FAB mass
in the red-purple flowers of x Laeliocattleya cv. Mini  spectrometry and '"HNMR spectra. Then, the molecular
Purple and its parents, Laelia pumila and Cattleya wal-  ratios between aglycone, sugar and acids were calculated
keriana, together with the structural elucidation of the (Table 3). Furthermore, structural determinations of the ten
main anthocyanins. pigments were performed, and eight pigment structures (1-
3 and 6-10) were successfully elucidated (see below). How-
ever, pigments 4 and 5 could not be determined because of
their difficult separation, poor purification and low yields.
In the course of an anthocyanin survey of the red- Pigment 1 was identified as the Laeliocattleya antho-
purple flowers of x Laeliocattleyacv. Mini Purple and its  cyanin reported previously [2] (Tables 2-4), which
parent plants (L. pumila and C. walkeriana) by HPLC is cyanidin 3-malonylglucoside-7-[6-p-coumarylgluco-
analysis, 16 anthocyanin peaks (1-10 and A-F) were side]-3'-[6-(4-(6-p-coumarylglucosyl)-p-coumaryl)-
observed as major anthocyanins (Table 1). Ten main glucoside]. Pigment 8-10 were identical with Bletilla
anthocyanins (1-10) including a known anthocyanin (1) anthocyanins 5, 7 and 3 by analyses of HPLC and FAB-
reported previously [2] were obtained from the red- mass spectra [3]. The components produced by acid and
purple flowers of x Laeliocattleya cv. Mini Purple by the  alkaline hydrolysis also coincided with those of the
extraction with methanol-acetic acid-water. These Bletilla anthocyanins. The structure of 10 was deter-
pigments were purified using Diaion HP-20 column mined to be cyanidin- 3-malonylglucoside-7-caffeyl-
chromatography, PC and HPLC. Eight pigments (1-3  glucoside-3"-glucosylcaffeylglucosylcaffeylglucoside [3].

RESULTS AND DISCUSSION
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Table 3. Estimated molecular formulae of acylated anthocyanins from x Laeliocattleya cv. Mini Purple and their molecular ratios
of constituents based on FAB-MS and 'HNMR data

Based on FAB-MS* Based on '"H NMR!
Anthocyanin [M]* Mf Cy: Gle: p-C: Caf: Fer: Mal Cy: Glc: p-C: Caf: Fer: Mal
1 1459 CeoH71O35 1 4 3 0 0 1 1 4 3 0 0 1
2 1535 C71H75034 1 4 0 1 2 1 1 4 0 1 2 1
3 1475 CeoH7{ O35 1 4 2 1 0 1 1 4 2 1 0 1
6 1491 CeoH7,03, 1 4 1 2 0 1 1 4 1 2 0 1
7 1507 CeoH,1044 1 4 0 3 0 1 1 4 0 3 0 1
4 1491 CeoH7,045 1 4 1 2 0 1 - - - - -
5 1521 C0H73035 1 4 0 2 1 1 - - - - - -
8 1637 C,sHg 04, 1 5 2 1 0 1 1 5 2 1 0o -
9 1653 C,5Hg 04, 1 5 1 2 0 1 1 5 1 2 0 -
10} 1669 C;5Hg 043 1 5 0 3 0 1 1 5 0 3 0 -

Abbreviations: * [M]™ and Mf = molecular ion mass values, and estimated molecular formulae as flavylium forms of antho-
cyanins based on FAB-mass data, respectively. Cy:Glc: p-C:Caf:Fer: Mal = molecular numbers of components; Cy = cyanidin,
Glc = glucose, p-C = p-coumaric acid, Caf = caffeic acid, Fer = ferulic acid, Mal = malonic acid.

T Molecular numbers based on the integrated intensities of proton signals, such as cyanidin = H-4, glucose = H-1, p-coumaric,
caffeic and ferulic acid = olefinic proton (H-a). Each integrated intensity of proton signal was normalized in such a way that cyanidin
H-4is 1.

1 Ref. [3]; 8 = Blerilla anthocyanin 5, 9 = BA7, 10 = BA 3.

Table 4. '"HNMR data of x Laeliocattleya anthocyanins [CF3CO,D-DMSO-d (1:9) at 25°]

H ™ 2 3 6 7
Cyanidin moiety
4 841 s 8.60 8.48 8.50 8.60
6 6.71 brs 6.72 6.78 6.79 6.75
8 6.87 brs 6.84 6.93 6.98 6.91
2 7.75 brs 7.89 7.72 777 7.72
5’ 7.09 d (8.5) 7.15d 9.4) 7.09 brd (9.4) 7.07d(9.1) 7.07 d (8.6)
& 8.51 brd (8.5) 8.59 d (9.4) 8.52brd (9.4) 8.51 brd (9.1) 8.52 d (8.6)
p-Coumaryl, caffeyl or ferulyl moiety}
)
2or26 6.63 d (8.1) 6.34 5 6.74 d (8.6) 6.79 d (8.3) 6.28 s
50r35 6.56 d (8.1) 6.68 d (8.2) 6.64 d (8.6) 6.63 d (8.3) 6.65d (8.2)
6 - 629 m - - 6.15d (8.2)
2 5.86 d (15.8) 5.82 4 (15.8) 592 d (15.8) 5934 (15.5) 5.82d (15.6)
B 7.05 d (15.8) 7.114d(15.8) 7.12 d (15.8) 712 d (15.5) 7.09 d (15.6)
an
2or26 6.95d (8.1) 6.70 6.78 6.74 6.75
S5o0r35 6.59 d (8.1) 7.29 d (8.6) 6.57d (8.1) 6.654d (9.1) 6.11 d (8.6)
6 - 6.68 d (8.6) 6.11 4 (8.1) 6.25m 6.25 d (8.6)
« 6.12 d (15.8) 6.23 d (15.8) 6.19 d (15.8) 6.17 d (15.9) 6.24 d (15.3)
B 7.23d (15.8) 7.35d (15.8) 7.33d (15.8) 7.36 d (15.9) 7.30 d (15.3)
(1
20r26 7154 (8.1) 6.96 7.24 d (8.6) 6.98 6.97
S5or35 6.59 d (8.1) 7124 (8.1) 6.68 d (8.6) 703 m 7.02 m
6 - 6.70d (8.1 - 6.80 m 6.81 m
o 6.22 d (15.8) 6.32 4 (16.3) 6.23 d (15.8) 6.32d (15.9) 6.16 d (15.8)
B 7.36 d (15.8) 7.44 d (16.3) 7.31d(15.8) 7.53 d (15.9) 7.354d (15.8)
-OCH;, 3.78( % 2§
Glucose moietyt}

(A) € (A} (©) (A) <€) (A) (€ (A) (©)
1 4.96 4.96 5.16 5.08 495 5.00 498 5.06 5.06 5.03
2 3.67 3.44 3.65 348 3N 3.51 3.69 3.49 371 348
3 348 3.34 1380 ~3.41 3.52 342 3.49 3.45-3.35 3.56 3.39
4 3.44 3.28 13.30 3.36 3.42 3.28 341 3.27 341 329
5 3.76 37 3.90 3.85 3.84 3.78 3.78 3.80 3.92 3.76
6a 4.30 4.12 4.30 4.05 441 4.12 439 4.06 439 4,03
6b 4.25 4.74 4.55 4.89 4.56 493 4.52 4.90 4.54 493
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Table 4. (continued)

H 1* 2 3 6 7

(B) (D) (B) (D) (B) (D) (B) (D) (B) (D)
1 5.13 4.82 5.16 490 5.20 4.75 5.21 4.76 517 4.77
2 345 3.37 3.48 339 3.51 351 3.50 345 3.50 3.44
3 3.35 334 345 335 343 345 3.46 {3.60 ~350~339 (3.55~
4 322 332 3.30 130 335 3.39 3.38 330 3.39 .39
5 3.76 37 3.78 3.78 3.81 3.79 3.80 3.75 379 379
6a 4.00 4.12 421 421 440 425 4.16 428 412 4.30
6b 488 442 4.74 443 483 444 479 4.39 483 439
Malonyl moiety
-CH,- 3.44 3.85~330 3.50 ~ 3.30 3.50 ~ 3.20 3.50 ~ 3.35

*Ref. [2].

tAssigned by 'H-'H COSY.
} Assigned by DIFNOE.

§Not possible to determine which hydroxycinnamic acid I ~ 11I were bonded with these methoxyl groups.

Coupling constants (J in Hz) in parentheses.

(o}
0 HO v
~
E R
OH
R, R, R, R,
1, H H H H
2, OHorOCH, OHorOCH; OHorOCH, H
3; H OH H H
6; H OH OH H
7; OH OH OH H
10; OH OH OH g

Observed main NOEs are indicated by arrows.

lucosyl

Fig. 1. Anthocyanins, from x Laeliocattleya.

Laeliocattleya anthocyanin 3. The FAB-mass spec-
trum of 3 gave a [M]* at m/z 1475, corresponding to
CeoH 71036 (ca 1475.370), which was composed of cy-
anidin with four molecules of glucose, two of p-coumaric
acid and one each of caffeic and malonic acids (Table 3).
This result was confirmed by '"H NMR spectral measure-
ment of 3. The detailed structure of 3 was elucidated by
analysis of '"HNMR spectra, including 'H-'H COSY
and DIFNOE (negative nuclear Overhauser effect differ-
ence) techniques [4, 5] (Table 4). Six proton signals of
cyanidin and 11 ring proton signals of three hydroxycin-
namic acids (acyl I, II and III in Fig. 1) were observed in
the region at 8.48 ppm ~ 6.11 ppm (Table 3). Three pairs
of doublet signals with large coupling constants
(J = 15.8 Hz) indicated the presence of the trans-olefinic

protons of p-coumaric acids (acyl I 65.92, 7.12 and 1II
$6.23, 7.31) and caffeic acid (II 66.19, 7.33). The signals of
four anomeric protons of glucose units appeared at §4.95
(d,J = 7.7 Hz, Glc A), 65.20(d, J = ca7 Hz, Glc B), 65.00
(d, J = ca7 Hz, Glc C) and 64.75 (d, J = 7.2 Hz, Glc D),
all the observed vicinal coupling constants of these four
glucose moieties (Glc A-D in Fig. 1) were ca 7.0-9.0 Hz.
Therefore, all the glucose units must be of p-D-
glucopyranoside. All the methylene proton signals (64.41,
4.56 Glc A; 6440, 4.83 Glc B; 64.12, 493 Glc C; and
64.25, 4.44 Glc D) of the four glucose units were shifted to
a lower magnetic field, indicating all the OH-6 groups of
these four glucose units to be acylated with four acids.
Application of the DIFNOE method made it possible to
determine the linkages and the attachment positions of
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sugar and acid units in the molecule. Then, the three
glucose units (A, B and C) were shown to be attached to
the 3-OH, 7-OH and 3’-OH of cyanidin, respectively, by
the observation of NOEs irradiating at the anomeric
protons of Glc A-C (Fig. 1). Irradiation of the H-1 of Glc
D gave a strong NOE to H-5 of caffeic acid (II) and also
rather weak NOEs of H-a and -f of caffeic acid (II) and
H-2 and - of p-coumaric acid (I111). Therefore, Glc D was
glycosylated at the 4-OH of caffeic acid (II) and also
acylated with p-coumaric acid (III). Irradiation of the
H-1 of Glc B gave rather weak NOEs to H-x and -f of
p-coumaric acid (I), as well as a strong NOE with H-8
and -6 of cyanidin, indicating that Glc B was acylated
with p-coumaric acid (I). In the same way, it was revealed
that caffeic acid (I1I) was acylated with Glc C. By H,O,
degradation of 3, malonylglucose was detected, indicat-
ing that malonic acid is attached to the 6-OH of Glc
A [2]. Therefore, 3 was determined to be cyanidin 3-O-
[6-0-malonyl-$-b-glucopyranoside]-7-0-[ 6-O-(trans-p-
coumaryl)-f-D-glucopyranoside]-3'-0-[6-O-(trans-4-0-
(6-O-(trans-p-coumaryl)-f-D-glucopyranosyl)-caffeyl)-f-
D-glucopyranoside], which is a new anthocyanin [6, 7].

Laeliocattleya anthocyanin 6. The FAB-mass spec-
trum of 6 gave a [M]™ at m/z 1491, corresponding to
CegH7, 034 (ca 1491.365). Analysis of the 'HNMR and
'H-'H COSY spectra indicated the presence of one mol-
ecule of cyanidin, four molecules of glucose, two molecu-
les of caffeic acid and one each of p-coumaric and
malonic acids. The signals of four anomeric protons
appeared at 6498 (d, J=7.1Hz Glc A), 6521 (d,
J =7.0HzGlc B), §5.06 (d, J = 7.1 Hz Glc C) and 64.76
(d, J = 6.7 Hz Glc D); all the observed vicinal coupling
constants of these four glucose moieties were 6.7-9.0 Hz,
indicating them to be f-D-glucopyranosides. The eight
characteristic protons of the four methylenes-CH,- of
glucoses (A-D) were shifted to a low magnetic field
(04.39, 452 Glc A; 64.16, 4.79 Glc B; 64.06, 490 Gic C;
04.28, 439 Glc D), indicating that the four hydroxyl
groups (6-OH) of Glc A-D are acylated with four mol-
ecules of acid. Also, from analysis of the 'H-'H COSY
spectrum of 6, each anomeric protons of Glc A-D was
finally correlated to each methylene proton of Glc A-D,
respectively (Table 4). Application of the DIFNOE
method made it possible to determine the linkages of
glucose, hydroxycinnamic acid and malonic acid units in
the pigment molecule. Irradiation of the anomeric pro-
tons of Glc A-D, revealed that OH-3, -7 and 3’ of
cyanidin and also the OH-4 of caffeic acid-Il were
glycosylated by Glc A, B, C and D, respectively, because
of the observation of NOEs as shown in Fig. 1. Irradiation
of H-1 of Glc B gave rather weak NOEs with the H-x, -3,
-2 and -6 of p-coumaric acid (I), as well as strong NOEs
with the H-8 and -6 of cyanidin. Thus, p-coumaric acid (I)
was shown to be attached to OH-6 of Gic B. Similarly,
irradiation of H-1 of Glc C gave rather weak NOEs with
H-2, -5 and -6 of caffeic acid (II), as well as a strong NOE
with H-2' of cyanidin. Therefore, caffeic acid (II) was
attached to OH-6 of Glc C. By H,0, degradation of 6,
malonylglucose was obtained. Consequently, malonic
acid is attached to OH-6 of Glc A [2] and another caffeic

F. TATSUZAWA et al.

acid (IIT) is linked to OH-6 of Glc D. The structure of
6 was thus determined to be cyanidin 3-0-[6-0
(malonyl)-B-D-glucopyranoside]-7-0-[ 6-O-(trans-p-
coumaryl)-B-D-glucopyranoside]-3'-0-[ 6-O-(trans-4-0-
(6-O-(trans-caffeyl)-f-D-glucopyranosyl)-caffeyl)- -D-
glucopyranoside], which is also a new anthocyanin.

Laeliocattleya anthocyanin 7. The FAB-mass spec-
trum of 7 gave a [M]" m/z 1507, in good agreement with
a formula of CgoH,, O35 (1507.360), which was com-
posed of cyanidin with four molecules of glucose, three
molecules of caffeic acid and one molecule of malonic
acid (Table 3). The detailed chemical structure was elu-
cidated by 'HNMR measurement, including 'H-'H
COSY and DIFNOE methods. Six proton signals of the
cyanidin moiety and nine proton signals of three caffeic
acid moieties (acyl I, II and I11) were observed (Table 4).
In these caffeic acid moieties, three olefinic proton pairs
of doublet signals were assigned to each caffeic acid
moiety at 65.82, 7.09 (I), $6.24, 7.30 (II) and 46.16, 7.35
(IIT), large coupling constants (J =156, 153 and
15.8 Hz) indicating the olefinic configuration of these
three acyl groups to be trans. Concerning the proton
signals of the four sugar parts (Glc A-D), four anomeric
protons were observed at 65.06 (d, J = 7.8 Hz Glc A),
35.17 (m, Glc B), 65.03 (d, J = 7.1 Hz Glc C) and 64.77
(d, J =7.5Hz Glc D); the observed vicinal coupling
constants of all four glucose moieties were 7.1-9.0 Hz,
supporting a f-D-glucopyranoside structure. The eight
characteristic protons at 44.39. 4.54 (Glc A}, 64.12, 4.83
(Glc B), 64.03, 4.93 (Glc C) and 54.30, 4.39 (Glc D) were
assigned to the C-6 methylenes of glucose units (A-D)
and were correlated with each anomeric proton of Glc
A-D from analysis of the 'H-'H COSY spectrum
(Table 4). Therefore, all the four 6-OH groups of glucose
units (A-D) were acylated with three molecules of caffeic
acid and one molecule of malonic acid, respectively.

Measurements of DIFNOE spectra of 7 revealed the
linkages and attachments of the four molecules of glucose
and four molecules of acyl groups in this pigment. Ir-
radiations of the H-1 of Glc A, H-1 of Glc B. H-1 of Glc
C and H-1 of Glc D caused negative NOEs at the H-4,
H-8 and H-2" of the cyanidin nucleus and the H-5 of
caffeic acid (II), respectively. Therefore. Glc A, B, C and
D were attached to the OH-3, OH-7 and OH-3' of
cyanidin, and the OH-4 of caffeic acid (1I), respectively.
Furthermore, irradiations of the H-1 of Glc B. C and
D gave rather week NOEs to the H-a and - of caffeic
acids (I), (IT) and (III), respectively, indicating that Glc
B was acylated with caffeic acid (1), Glc C with caffeic
acid (II) and Gle D with caffeic acid (II). The position of
attachment of malonic acid on Glc A through an ester
bond was shown from H,O, degradation of 7 which gave
malonylglucose.

Thus, 7 was determined to be cyanidin 3-O-[6-O-mal-
onyl-f-D-glucopyranoside]-7-0-[ 6-O-(trans-caffeyl)- f-b-
glucopyranoside]-3'-0-[6-0-(trans-4-0-(6-O-(trans-caf-
feyl)- f-D-glucopyranosyl)-caffeyl)- f-D-glucopyranoside],
which is another new anthocyanin [6, 7].

Laeliocattleya anthocyanin 2. The FAB-mass spec-
trum of 2 gave a (M] ™ at m/z 1535, corresponding to the
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formula C,,H,;s0,g (1535.391). The proton chemical
shifts of the 'HNMR spectrum of 2 were assigned as
shown in Tables 3 and 4. They indicated the presence of
one molecule of cyanidin, four molecules of glucose, two
molecules of ferulic acid and one each of caffeic and
malonic acids. By analysis of the *H-'H COSY spectrum,
four anomeric protons were assigned at d5.16 (d,
J =72HzGlc A), 65.16 (d, J = 7.2 Hz Glc B), §5.05 (d,
J = 81HzGlcC)and 6490 (d, J = 6.8 Hz Glc D); all the
observed vicinal coupling constants of these four glucose
units were 6.8-9.0 Hz. Therefore, these glucose units are
of the f-D-glucopyranose form. Four characteristic pro-
tons, shifted to a lower magnetic field at §4.30, 4.55 (Glc
A), 4.21,4.74 (Glc B), 64.05, 4.89 (Glc C) and 54.21,4.43
(Glc D), were assigned to the four methylene protons of
Glc A-D and correlated with each of the anomeric pro-
tons of Glc A-D, respectively. Thus, all glucose units in
this pigment were acylated with acids at their OH-6
groups, like those of 3, 6 and 7. By H,0O, degradation of
2, malonylglucose was obtained. Consequently, malonic
acid is confirmed to be attached to OH-6 of Glc A.
A DIFNOE experiment on 2 could not be performed
because of its low yield. Therefore, the linkages and/or
the position of attachments of the three hydroxycinnamic
acid units (I-IIT) were not elucidated precisely in this
pigment. Thus, 2 was tentatively assigned as cyanidin
3-0-[6-O-(malonyl)-B-D-glucopyranoside]-7-0-[6-0-
(trans-hydroxycinnamyl)-#-D-glucopyranoside]-3'-0-[6-
O-(trans-4-0-(6-O-(trans-hydroxycinnamyl)--D-gluco-
pyranosyl)-hydroxycinnamyl)-f-D-glucopyranoside], in
which the three hydroxycinnamic acid units were com-
posed of two molecules of ferulic acid and one molecule
of caffeic acid.

Anthocyanins 4, 5. Though both compounds were still
mixed with other pigments, FAB-mass spectra of 4 and
5 gave their [M]" as m/z 1491 and 1521 (Tables 2 and 3).
These values are in good agreement with the mass cal-
culated from their theoretical molecules, respectively,
which are composed of cyanidin with four molecules of
glucose, three molecules of hydroxycinnamic acids and
one molecule of malonic acid. By alkaline hydrolysts,
these anthocyanins gave cyanidin 3,7,3'-triglucoside and
several organic acids, such as p-coumaric, caffeic, ferulic
and malonic acid, and glucosylhydroxycinnamic acids
(Table 3). Based on the above findings, Laeliocattleya
anthocyanins 4 and 5 are considered to have similar
tetra-acyl 3,7,3'-triglucoside structures to those of 1-3,
6 and 7, and both structures are thought to be cyanidin
3,7,3'-triglucosides whose 7,3'-glucosides are acylated
with varied kinds and lengths of hydroxycinnamic acid-
glucose side-chains, and also whose 3-glucoside is
acylated with malonic acid.

To date, there are four reports on the occurrence of
polyacylated cyanidin 3,7,3"-triglucosides in the flowers
of Orchid cultivars [1-3, 8]. Laeliocattleya and Bletilla
anthocyanins [2, 3] and Phalaenopsis anthocyanin [8]
are acylated with hydroxycinnamic and/or malonic
acids. On the other hand, Dendrobium anthocyanin [ 1] is
acylated with p-hydroxybenzoic and malonic acids.
These pigments show similar acylated structures which

have three characteristic side-chains at 7-, 3- and 3-OH
of cyanidin, except Phalaenopsis anthocyanin which is
acylated only at the 3-glucoside of cyanidin.

Several anthocyanins of Laeliocattleya and Bletilla ex-
hibit the same chromatographic and spectral data. As
shown in Tables 2 and 3, Laeliocattleya anthocyanins
(LA 8 9 and 10) showed similar retention times on
HPLC and FAB mass data to those of Bletilla ones (BA
8,7 and 3), respectively. Therefore, this result indicated
an affinity among B. striata, C. walkeriana and L. pumila
from a chemotaxonomical point of view.

The occurrence of acylated anthocyanins (1-10) in
x Laeliocattleya cv. Mini Purple indicates a typical inter-
generic hybrid distribution of anthocyanins between L.
pumila and C. walkeriana. Pigments 1-4 and 6 were the
main ones in the labellum of L. pumila. On the other
hand, 7-10 were observed in the labellum of C. wal-
keriana as dominant anthocyanins. The mode of trans-
mission of these characteristic anthocyanins from par-
ental species to progenies was recognized by this analysis
(Table 2).

The relative colour stabilities of the polyacylated an-
thocyanins (1-3, 6 and 7) were very stable in neutral
solution in comparison with the deacylated pigment [9].
The polyacylated side-chains in these pigments were
effective in maintaining colour stability; these pigments
also might have an intramolecular stacking structure in
the flowers [9-12].

EXPERIMENTAL

Plant material. Fresh flowers of the x Laeliocaitleya
cv. Mini Purple were obtained from Taguchi Nursery,
Kawanishi Orchids and ALF Ltd., Shizuoka, Japan.
Flowers of L. pumila, L. pumila ssp. praestans, L. pumila
‘Black Diamond’ and L. pumila var. oculata ‘Imperitris’
were gifts from the cultivations of Mr Y. Yamauchi
(Omori Meter Co. Ltd, Tokyo, Japan), Mr T.
Yamamoto (ALF Ltd., Shizuoka, Japan) and Mr S.
Nakashima and Mr N. Tanaka (Orquidario Siao Ber-
nardo, Sdo Paulo, Brazil). Flowers of C. walkeriana and
C. walkeriana var. tipo ‘Fett’ were gifts, from the cultiva-
tions of Mr J. Miura (Miura Mericlone Co. Ltd,
Kanagawa, Japan) and Mr T. Yamamoto. These flowers
were dried overnight at 37" and kept at — 20"

Isolation of anthocyanins. Dried red-purple petals (ca
200 g) of x Laeliocattleya cv. Mint Purple were immersed
in MAW (2 1, MeOH-HOAc-H,0, 9:1:10), kept at 4°
for 1 week and extracted. The extract (ca 1.8 1) was concd
to 100 ml. The red-purple concd extract was purified by
Diaion HP-20 gel CC, PC and HPLC as described pre-
viously [1-3]. Solvents used were 15% HOAc, BAW
1 (n-BuOH-HOAc¢-H,0, 8:1:5), 5% HOAc-MeOH
and MAW for CC and PC. Prep. HPLC was run on
a Waters C18 (19¢ x 150 mm) column at 40° with a flow
rate of 4 mlmin~! monitoring at 530 nm for antho-
cyanins. Solvents systems used for HPLC were as fol-
lows: a linear gradient elution for 30 min from 40% to
85% solvent B (1.5% H3PO4, 20% HOACc, 25% MeCN
in H,0) in solvent A (1.5% H3;PO, in H,0). Pigment frs
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were evapd in vacuo to dryness. The residues were dis-
solved in a small vol. of 5% HOAc-MeOH followed by
addition of excess Et,O and then dried. Yields: 1, ca
20mg [2], 2, ca 10 mg, 3, ca 25 mg, 4, ca 30 mg, 5, ca
10 mg, 6, ca25mg, 7,ca30mg, 8, ca5mg,9, ca 5 mgand
10, ca 5 mg.

Anthocyanin analysis. Pigment identifications were
carried out by standard procedures involving H,O,
oxidation, deacylation with alkali, demalonylation and
hydrolysis with acid [13, 14]. Solvents used were
BAW (n-BuOH-HOAc-H,0, 4:1:2), 1% HC], BuHCI
(n-BuOH-2N HCI, 1:1) and AHW (HOAc-HCI-H,0,
15:3:82) for anthocyanins, and EFW (EtOAc-HCO,H-
H,0, 5:2:1), BAW and EAH (EtOAc-HOAc-H,O,
3:1:1), for organic acids and sugars.

Distribution of anthocyanins in flower parts. Dried and
fresh inner and outer perianths and labellums (ca 0.02 g)
from flowers of L. pumila, C. walkeriana and related
species were extracted with MAW. TLC and HPLC were
carried out as described in ref. [13]. Quantitative analysis
was performed by HPLC wusing a Waters CI8
(4.6¢ x250 mm) column at 40° with a flow rate of
1 mlmin~" monitoring at 530 nm for anthocyanins. Sol-
vent systems used were as follows: a linear gradient
elution for 30 min from 40 to 85% solvent B (1.5%
H,PO,, 20% HOACc, 25% MeCN in H,0) in solvent
A (1.5% H;3PO, in H,0).

FAB mass and NMR measurements. FAB MS were
recorded in the positive mode using a magic bullet and in
the negative mode in glycerol. NMR spectra were re-
corded at 400 MHz for 'HNMR spectra in
DMSO-d¢—CF;CO,D (9:1). Chemical shifts are re-
ported relative to a TMS int. standard () and coupling
constants are reported in Hz.

Colour stability in neutral solution. Each anthocyanin
(ca 1 mg) was dissolved in a Pi buffer (4 ml, pH 6.9) and
kept at room temp. (ca 20-25°). Then, A at 540 nm were
measured at intervals over 20 days.
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