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Abstract—Two new acylated and three known anthocyanins were isolated from the slate flowers of Pharbitis nil
cultivars. The new anthocyanins were determined to be peonidin 3-0-[6-O-(trans-3-0-(B-D-glycosyl)caffeyl)-8-D-
glucoside] as a major pigment, and cyanidin 3-0-[6-O-(trans-3-0-(§-D-glycosyl)caffeyl)--D-glucoside]-5-O-[ 8-D-
glucoside] as a minor component. The three known pigments were peonidin 3-glycosylcaffeylglucoside-5-glucoside as
amajor pigment, and the 3- and 3,5-diglucosides of peonidin as minor pigments. A survey of five slate flower cultivars
of this plant showed that peonidin 3-glucosylcaffeylglucoside and peonidin 3-glucosylcaffeylglucoside-5-glucoside

were the dominant flower pigments.

INTRODUCTION

In continuing the work on flower colour variation in the
various colour cultivars of Pharbitis nil, we have already
reported the occurrence of acylated peonidin, pelar-
gonidin and cyanidin glycosides, and also flavonols, chal-
cones, aurones and a flavanone in the violet-blue,
red—purple, maroon, pale yellow and white flower cul-
tivars [1-7]. In further studies on the slate (dusky vi-
olet-blue; Kuro-bato and Aka-bato) cultivars [8-11], we
have now isolated and identified two new caffeyl
peonidin and cyanidin glycosides along with three
known anthocyanins.

RESULTS AND DISCUSSION

In a survey of P. nil cultivars by HPLC, nine an-
thocyanins were observed in the slate flowers of these
plants. Five anthocyanins were isolated and identified as
1 (frequency ca 17.8%), 2 (ca 3.6%), 3 (ca 7.0%),
4 (23.9-68.4%) and 5 (ca 4.6%).

The isolation and structural determination of these
anthocyanins were performed by standard procedures [2,
5]. Their R values, R, (min) and spectral data are shown
in Table 1. The data for pigment 2 are identical with
those for peonidin 3-glucoside. Acid hydrolysis of 2 gave
peonidin and glucose. The FAB mass spectrum of 2 gave
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its [M]* at 463 m/z, corresponding to the mass cal-
culated for C,,H;,04, (463.123). Pigment 1 is peonidin
3,5-diglucoside, and gave peonidin and glucose by acid
hydrolysis. The FAB mass spectrum of 1 gave its [M]* at
625 m/z, corresponding to the mass calculated for
C,8H330,6 (625.176). The structure of 1 was confirmed
by analysis of its 'HNMR spectrum (Table 2). The
strong intensities of UV absorption suggest that three
other pigments (3-5) are acylated by caffeic acid (Table
1). On acid hydrolysis 3 and 4 produced peonidin, glu-
cose and caffeic acid, while 5 produced cyanidin, glucose
and caffeic acid. After deacylation, 3 gave peonidin 3-
glucoside, 4 gave peonidin 3,5-diglucoside, and 5 gave
cyanidin 3,5-diglucoside.

Pigment 3

The FAB mass spectrum of 3 showed a molecular ion
peak [M]* at 787 m/z, corresponding to the molecular
formula C37H340, (787.207). The 'H NMR spectrum of
3 showed the presence of one molecule of peonidin, two
molecules of glucose and one molecule of caffeic acid.
The protons of peonidin and caffeic acid were assigned
by analysis of the 'H-'H COSY spectrum of 3 (Table 2).
Two anomeric protons were assigned at 6549 (d,
J =7.5Hz, Glc A, Fig. 1) and 4.80 (d, / = 7.1 Hz, Glc C),
and all the observed vicinal coupling constants of both
glucose A and C were 7.1-9.5 Hz, indicating that these
glucoses are f-D-glucopyranose. The two characteristic
protons at 34.23 and 4.48 were assigned to the methylene
protons of Glc A by analyses of the 'H-'H COSY and the
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negative difference NOE (DIFNOE) spectra, indicating
the caffeic acid unit is attached to the OH-6 of Glc A. The
application of the DIFNOE method to 3 revealed that

Glc A was bonded to the OH-3 of peonidin and Glc
g C was attached to the OH-3 of caffeic acid (Fig. 1). By
P irradiation of H-1 of Glc A the occurrence of a NOE was
c2| 88228 observed at the H-2 of caffeic acid. Therefore, 3 is
peonidin  3-0-[6-O-(trans-3-0+( f-D-glucopyranosyl)caf-
- feyl)-B-D-glucopyranoside], which is a new anthocyanin
vE|Rogas (11,12}
Gﬂ Pigment 4
E “<|lccoo+ This component is a major pigment. The FAB mass
§ spectrum of 4 gave its molecular ion at 949 m/z, corres-
_§ ponding to C,3H490,4. This pigment is identical with
& — peonidin 3-glucosylcaffeylglucoside-5-glucoside, which
° S has been isolated and identified in the maroon flowers of
g | E this plant [5]. The structure was confirmed by analyses
2182 by "HNMR spectrometry including 'H-'H COSY and
;‘é E é mxaan DIFNOE spectra (Table 2).
|8
:‘3: § Pigment §
g .?E S The FAB mass spectrum of § gave its molecular ion at
Sl e = 935 m/z, corresponding to C4,H470,4. The 'HNMR
é § m“S' spectrum showed the presence of one molecule of cy-
SO R anidin and three molecules of glucose, and one molecule
é &"_{ Gl 1eex of caffeic acid (Table 2). The proton signals of sugar
g moieties appeared in the region §5.52-3.20. Three
) anomeric protons were assigned at §5.52 (d, J = 7.9 Hz,
k3 Glc A),5.12(d,J = 7.5 Hz, Glc B) and 4.80 (d, J = 7.1 Hz,
g § % % Glc C) and all the observed vicinal coupling constants of
E_ g gl i glucose were ca. 7.1-9.0 Hz. Therefore, these glucose
= . a8a | g units are B-D-glucopyranose. The DIFNOE spectrum of
g E|l R8s | £ S like that of 3 revealed that the OH-3 and OH-5 of
§' Flsrae g §- cyanidin were bonded to Glc A and Glc B, respectively,
E S eRRad | a through glycosidic bonds, and also the OH-3 of caffeic
9 2 acid was linked to Glc C through a glucosidic bond. The
'§. % = two methylene protons were shifted to a low magnetic
‘go | 82axs) 3 field (04.24 and 4.52), and assigned to be the methylene
‘é . 5 protons of Glc A by the '"H-'H COSY and DIFNOE
A g 3 spectrum analyses [1], indicating that the OH-6 of Glc
51 % " 8 _§ A is acylated with caffeic acid (Fig. 1). Therefore, 5 is
=1 31" 2TeR2 =8 cyanidin  3-0-[6-O-(trans-3-0-(8-D-glycopyranosyl)caf-
2| 32 g £ feyl)-f-D-glucopyranoside]-5-0-[ f-D-glucopyranoside],
Sl 2lo Qg which is a new anthocyanin [11, 12].
DR S5
< 8 EXPERIMENTAL
E 85 Plant material. Six cultivars, a group of Kuro-bato:
g | N&¥HQEL| 2 'E Kagurahen, Unzen no Takigi, Cha no Orido and Ko-
L o . .
g g tokagami, and anofther group of A}(a-bato: Sakura no Sui
£l ea = 8 and Aka-bato strain were grown in the garden of one of
S| == Ed the authors, (K.K.). Fresh corollas of the cultivars were
2188 R collected in August-October 1994
;{:': g%m . ¥ o+ Isolation of anthocyanins. Mixed fresh slate corolla

limbs (ca 2kg) were extracted with MAW
(MeOH-HOAc-H,0, 9:1:10) (61). The extract was
concd to ca 500 ml. The concd extract was purified by
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Fig. 1. Acylated anthocyanins in the slate flowers of Pharbitis nil. 1: Ry, = Me, R, = Glc(B); 2: R; = Me, R; = H;

3R, =Me, R, = H; 4R, = Me,R, =Glc(B);5:R; =

H, R, = Gic(B). Observed NOEs are indicated by arrows.

Table 3. Distribution of anthocyanins in flower extracts of Pharbitis nil cultivars

Anthocyanin (as %)*

Cultivar 1 2 5 A 4 B C D 3
Kuro-bato
Kagurahen + 3.6 + 11.0 239 + + 10.4 70
Unzen no Takigi 4.7 + 46 100 68.4 +  + + +
Cha no Orido 16.5 + 36 6.6 58.4 +  + + +
Kotokagami 17.8 + + 7.8 575 + 49 + +
Aka-bato
Sakura no Sui 8.2 + 36 100 50.3 + 74 39 44
Strain 8.0 + + 10.3 63.8 + 49 + 34

*Anthocyanin no. and HPLC conditions are the same as in Table 1. R{min):1 =77, 2 =113,
3 =20.6,4 = 15.3 and 5§ = 11.8; unidentified anthocyanins, A = 13.8,B = 166,C =192 and D = 19.7.
Percentage of total absorbance of all detected anthocyanins at 530 nm in HPLC analysis.

+ = under 3%.

Diaion HP-20 gel CC, PC and TLC [5, 7]. Solvents used
were BAW (n-BuOH-HOAc-H,0, 4:1:5), BuHCI
(n~-BuOH-2 M HC, 1:1), AHW (HOAc-HCI-H,0,
15:3:82), 1% HC], MAW and 15% HOAc. Prep. HPLC
was run on a Waters C, 3 (19¢ x 150 mm) column at 40°
with a flow rate of 4 ml min~!, UV-vis monitoring at
530 nm for anthocyanins. Solvent systems used were: a lin-
ear gradient elution for 40 min from 40 to 85% solvent
B (1.5% H,PO,, 20% HOAc, 25% MeCN in H,0)
in solvent A (1.5% H;PO, in H,0). The pigment frs were
evapd in vacuo to dryness. After these processes each fr. of

these pigments was dissolved in a small vol. of 5%
HOAc-MeOH or 3% TFA-MeOH, and pptd by addi-
tion of excess Et,O. Then the pptd pigments were dried
to powders 1 (ca 10 mg), 2 (ca S mg), 3 (ca 10 mg), 4 (ca
50 mg) and 5 (ca 10 mg).

Distribution of anthocyanins in the slate (greyish) flower
colours of six cultivars. There were two kinds of slate
flower colour in P. nil cvs. One group showed
grey—blue—purple flowers named the Kuro-bato, another

exhibited reddish grey-blue—purple flowers named the
Aka-bato.
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These fresh corolla limbs were extracted with 20%
MeOH containing 1.5% H3PO,. HPLC purification was
carried out. The quantitative analysis was performed as
described previously [1-7] by HPLC—a Waters C;g
(4.6 ¢ x 250 mm) column at 40° with a flow rate of 1 ml
min~! UV-vis monitoring 4t 530 nm for anthocyanins.
Solvent system used was: linear gradient elution for
30 min from 40 to 85% solvent B in solvent A. The results
for anthocyanin components in both groups were very
similar for flowers of the Kuro-bato and flowers of the
Aka-bato (Table 3).

Standard analysis of anthocyanins. Pigment identifica-
tions were carried out by standard procedures involving
deacylation with a base and hydrolysis with an acid [1-7,
13]. 'HNMR (400 MHz) spectra of anthocyanins were
measured in CF;CO,D-DMSO-d¢ (1:9).
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