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Abstract—Six acylated cyanidin glycosides were isolated from violet blue flowers of Ipomoea purpurea. These
anthocyanins were all based on cyanidin 3-sophoroside-3-glucoside, acvlated with caffeic acid and/or p-coumaric
acid. Three anthocyanin structures were elucidated to be cyanidin 3-0-[2-0-(6-O-(trans-3-O~(f-D-glucopyran-
osyljcaffeyl)- f-D-glucopyranosyl)-6-O-(trans-4-0-(6-0-(trans-cafteyl)-f-b-glucopyranosyljcaffeyl)- 8-b-glucopyrano-
side]-5-0-[ f-D-glucopyranoside]. cyanidin 3-0-[2-O-(1runs-3-O-(-D-glucopyranosyl)caffeyl)-f-D-glucopyranosyl)-
6-0-(trans-caffeyl)-f-D-glucopyranoside]-5-0-[ f-D-glucopyranoside] and cyanidin 3-0-[2-0-(6-0-(trans-caffeyl)-f-D-
glucopyranosyl)-6-O-(trans-caffeyl)- f-D-glucopyranoside]-5-O-[ -D-glucopyranoside]. These three anthocyanins
were present in all 12 violet-blue flower strains as major pigments. The colours of these acylated anthocyanins were
stabler in neutral solution than their deacyl analogues.

INTRODL CTION flowers of the violet-blue strains with MAW (meth-
anol -acetic acid-water, 10:1:9), and isolated and puri-
fied using Diaton HP-20 column chromatography, paper
chromatography (n-butanol-acetic acid-water) (BAW,
4:1:5)and HPLC. Six anthocyanins (1-6) were obtained
by the above mentioned process. The chromatographic
and spectral properties of these anthocyanins are shown
in Table 1. The molecular weights of these pigments were
determined by FAB mass spectral measurement (Table
1). Furthermore. the structure study of three of the pig-
ments (1-3) was performed as follows. but for the three
others (4-6) that was not possible due to the small
amounts obtained.
RESULTS AND DISCUSSION Acid hydrolysis of 1-6 gave cyanidin, glucose and

Six main anthocyanin peaks were observed in the caffeic acid, and in addition to these products, 5 and
violet-blue flowers of 12 strains of I. purpurea by HPLC. 6 gave p—goumgric acid. Alkaline hydrolysis of ia]l six
Their relative frequency of occurrence was 42-67% (pig- anthocyanins yielded .only one §leacylanthocyanm (7).
ment 1), 8-29% (pigment 2). 0-12% (pigment 3). 2-3% On H,0, degradation of this deacylanthocyanin,
(pigment 4), 0-7% (pigment 5) and 4- 7% (pigment 6). >CPhorose was produced.
The isolation of these anthocyanins were performed by
procedures similar to those previously reported [2. 5. 15].  Deucvlanthocyanin
These anthocyanins were extracted from the mixed

Recently, we reported the structure determination of 16
caffeyl anthocyanidin glycosides in the cultivars of
Japanese morning glory (Pharbitis nil) [1-6]. In the con-
tinuing work on flower colour vanation due to acylated
anthocyanins, we are interested in the chemical investiga-
tion of acylated anthocyanins in fpomoea purpurea (P
purpurea), since this species has not been thoroughly
studied from the chemical point of view, although a num-
ber of papers regarding flower colour inheritance have
been published [7- 14].

The FAB mass measurement of this deacylan-
. thocyanin gave a molecular ion [M]* at 773 m/z (calcd
tAuthor to whom correspondence should be addressed. for Ca3H41 04y 773.192 m/z). The 'H NMR spectrum of
{Present address: 1128 Moro-oko. Kita-ku. Yokohama. this pigment showed the presence of one molecule of
Japan. cvanidin and three molecules of glucose. Six aromatic
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Table 1. Chromatographic and spectral properties of anthocyanins from flowers of Ipomoea purpurea

Spectral data in 0.1% HCI-MeOH

R, values ( x 100)

FAB-MS

(M1

R,

(min)

AIC,

E440/Emax (%)

Epep! Empax(%0)

'{max(nm)

AHW

1%HCI

BuHCl

BAW

Anthocyanin*

935

_— = — —

17
19
22
21

106

565+ (595t
546+ (ST9)
548t (ST7)t

532, 320, 295
530, 323, 295
530, 329, 296
532, 323, 297
532, 316, 298
533, 312, 297

38
48

17
30
14
27

25

104

117

36
46

36
52
41

154
340
175

13
29

38
48

23

16

1405

223
47

19
19

22
1

20

4]

773

575+% 31

523, (330), 290

58

12

Deacyl

*1: cyanidin 3-(2-(glucosylcaffeylglucosyl)-6-(caffeylglucosylcaffeyl)-glucoside)- S-(glucoside).

2-(glucosylcaffeylglucosyl)-6-(caffeyl)-glucoside)-5-(glucoside).

2-(caffeylglucosyl)-6-(caffeyl)-glucoside)-5-(glucoside).

din 3-sophoroside-S-glucoside.

~

2. cyanidin 3-

~

3: cyanidin 3-
4: caffeylcyan
§: p-coumary
6: p-coumary

caffeylcyanidin 3-sophoroside-5-glucoside.

caffeylglucosylcaffeylcyanidin 3-sophoroside-5-glucoside.

7. Deacylanthocyanin: cyanidin 3-sophoroside-5-glucoside.

T Amax 1N neutral aqueous solution (pH 6.86); (

For key to abbreviations, see Experimental.
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): inflection.

protons were assigned to be protons of cyanidin (Table
2). The proton signals of the sugar moiety appeared in the
region of 5.64-2.73. Three anomeric protons were
assigned at 85.64 (d, J=73Hz, Glc A), 6516 (d,
J =7.3Hz Glc B)and 64.70 (d, J = 7.7 Hz, Glc C), and
all observed vicinal coupling constants of these glucoses
were J = 7.3-10.0 Hz. Therefore, these three glucose
units are f-D-glucopyranose. By analysis of 'H-
'H COSY of 7, a proton at 44.08 (¢, J = 8.2 Hz, Glc G,
H-2) being shifted to the lower field was directly corre-
lated with the H-2 proton of Glc A. Supporting that, Glc
C is attached to OH-1 of Glc A through a glucosidic
bond. Thus, 7 is cyanidin 3-0-(2-O~($-D-glucopyranosyl)-
f-D-glucopyranoside)-5-0-(§-D-glucopyranoside).

Pigment 1

The FAB mass spectrum gave a molecular ion [M]* at
1583 m/z in good agreement with the mass calculated for
C;2H79040 (1583.373), and fragment peaks, 1421
[M—162]", 1259 [M —2x162]* and 1097
[M—3x162]". In order to elucidate the structure,
the 'H and !3C NMR, 'H-'H COSY and 'H-!3C
COSY and COLOC spectra of 1 were measured in
CF;CO,D-DMSO-dy (1:9). Analysis of 'HNMR and
'H-'H COSY spectra indicated the presence of one mol-
ecule of cyanidin, five molecules of glucose (A-E) and
three molecules of caffeic acid (I-III). The signals of five
anomeric protons appeared at 5.69 (d, J = 7.7 Hz, Glc
A), 65.09 (d, J = 7.3 Hz, Glc B), 64.81 (d, J = 7.7 Hz, Glc
(), 5490 (d, J = 6.8 Hz, Glc D) and 54.84 (d, J = 7.3 Hz,
Glc E), and all the observed vicinal coupling constants of
these five glucose units were 6.8—11.0 Hz, indicating these
glucose units to be S-D-glucopyranose form. The six
methylene protons of Glc A at §4.31,4.44, Glc C at §3.83,
3.98 and Glc D at 84.31, 4.44 were assigned by 'H-'H
COSY spectrum and negative NOE difference (DIF-
NOE) experiments [1, 16] to be acylated with trans-
caffeic acid, which exhibited large coupling constants
(J =154, 158 and 154Hz) for the olefinic protons,
respectively. All aromatic protons of cyanidin and caffeic
acid moieties were assigned by analysis of '"H-'H COSY
spectra, and confirmed by DIFNOE spectra (Table 2).

By irradiation at H-4 of cyanidin, NOE was observed
at H-1 of Glc A, and also at 2-, 5-, x- and §-proton signals
of caffeic acid 1. Supporting that, Glc A was attached to
OH-3 of cyanidin through a glycosidic bond. Moreover,
Glc A was presumed to be acylated with caffeic acid
1 [1-5]. By analysis of the "H~'"H COSY spectrum it was
revealed that OH-2 of Glc A is bound to OH-1 of Glc
C through a glycosidic bond, and this result was also
confirmed by the observed DIFNOE between H-1 of
Glc C and H-2 of Glc A. The irradiation of H-1 of Glc
C assigned the NOE:s to signals of H-2, -3 and -6 of Glc
C as well as H-2 and -1 of Gl¢ A, and also at a-, §-, 2-, 5-
and 6-H of caffeic acid II. Thus, Glc C is determined to be
attached to OH-2 of Glc A, and also acylated with caffeic
acid II like the Pharbitis anthocyanins [2, 3]. Glc B was
attached to OH-5 of cyanidin because of the occurrence
of NOE between H-6 of cyanidin and H-1 of Glc B (Fig. 1).



Acylated cyamdin glycosides of Ipomoea

1285

Table 2. NMR spectral data for Ipomoea purpurea anthocyanins (400 MHz, CF;CO,D-DMSO-d,, 1:9 at 25°, standard TMS)

2

3 4
6C JH oC oH (0H) (6H)
Cyanidin
2 162.3 1623
3 146.3 145.6
4 132.8 8.81 5 132.8 8.80 s 881 s 8.90 s
4a 117 111.7
S 155.2 155.2
6 105.0 6.96 brs 105.0 6.98 brs 6.92 brs 704 brs
7 167.8 167.8
8 96.3 697 brs 96.3 6.95 hrs 6.95 brs 7.16 brs
8a 155.2 1552
I8 1194 1214
2 117.7 8.05 d (2.0 177 805 d(2.1) 8.05d(2.2) 8.11d(2.0)
3 147.0 146.3
4 155.2 155.2
5 117.0 7.10 d (9.0) 1171 711 d(8.5) 7.11 d (8.8) 7.13 d (9.0)
& 127.5 8.25 dd (2.0. 9.0) 1275 8.25 dd (2.1, 8.5) 8.26 dd (2.2, 8.8) 8.29 dd (2.0, 9.0)
Caffeic acid*
@
1 121.4 1248
2 1152 7.51 brs 1153 6.98 brs 6.96 brs
3 1442 145.4
4 1474 148.4
5 1159 6.85 d (8.1) 1159 6.76 d (8.1} 6.76 d (8.4)
6 120.7 7.22d(8.1) 1242 6.87 d (8.1) 6.87 brd (8.4)
o 116.2 6.44 d (15.4) 1153 6.19 4 (15.8) 6.19 d (15.8)
B 1443 7.56 d (15.4) 144.2 7.32d(158) 7.32 d (15.8)
C=0 166.1 166.3
an
1 125.9 1258
2 116.4 6.96 brs 1159 7.36 brs 6.96
3 145.6 145.6
4 149.6 149.6
5 116.4 6.76 d (8.2) 116.4 6.84 d (8.1) 6.76 d (8.1)
6 124.5 6.87 d (8.2) 125.6 7.04 brd (8.1) 6.82 d (8.1)
o 114.9 6.18 d (15.8) 114.6 6.12d(15.8) 5.96 d (15.8)
B 145.1 7.32.d (15.8) 144.8 7.24 d (15.8) 7.18 d (15.8)
C=0 1666 166.6
(1I1)
1 128.8
2 115.2 702 brs
3 1454
4 148.5
S 1159 7.07 d (8.2)
6 125.6 6.89 d (8.2)
o 113.7 6.07 d (15.4)
i 1457 721 d(154)
C=0 166.6
Glucose*t
(A)
1 99.4 5.69 99.3 5.69 5.68 5.64
2 81.8 4.07 81.8 4,07 4.07 4.08
3 74.1 3.75 74.1 375 375 3.69
4 69.8 347 69.3 347 349 343
5 76.1 3.98 76.1 197 393 3.53
6 62.6 4.31 (a), 4.44 (b) 63.1 4.33 (a). 440 (b) 4.33 (a), 441 (b) 3.63 (a), 3.79 (b)

Continued overleaf



1286

N Sarto er al.

Table 2. Contnued
! 2 3 4
¢ H o oH (6H) (6H)

(B)

1 1021 SAY 102.1 05 5.09 5.16

2 733 358 733 335 3.56 353

3 739 147 6.1 140 341 343

4 69.9 13K 69.9 19 325 332

5 774 82 773 339 3.52 3.51

6 61.0 75 4a). AX3 b 61.0 349 (a). 373 (b) 3.58 {a), 3.83 (b) 3.60 (a), 3.78 (b)
1y

1 104.5 481 104.6 481 4.81 470

2 747 I3 747 313 3.14 3.00

3 76.1 126 76.1 i2s 3.28 3.12

4 70.2 336 70.2 138 341 3.06

3 777 S8 773 35S 3.20 273

6 633 1R (a). 398 (h 65.0 383 (), 395 (b) 3.87 (a). 3.96 (b) 3.09 (a), 3.19 (b)
(D)

1 101.6 1.90

2 733 143

R 742 350

4 69.4% 134

S 76.2 373

6 63.0 437 L 444 by
(E)

! 102.1 1.x4 1021 382

2 735 333 735 . 2430

3 757 1Y 759 !

4 69.9% 325 69.% » 39 31

5 774 i 773 |

6 611 R 61.0 !

*Assigned by 'H- "H-COSY

+tAssigned by DIFNOE (H)

tValues may be exchangeable.

Coupling constants (J in Hz) are given in parentheses

Pigment 2

[rradiation of H-1 of Gle D gave a DIFNOE spectrum in
which NOEs to a strong doublet signal of H-5 and rather
weak signals of x- and fi-H of caffeic acid I were observed.
Therefore, Gle D 1s attached to the OH-4 of caffeic acid 1.
Furthermore. the signals of H-6a (04.31) and H-6b
(04.44) of Glc D were confirmed by this irradiation.
Similar irradiation of H-1 of Glc E assigned the NOEs to
H-2 and x- proton signals of caffeic acid 1I. Thus. Glc
E was attached to the OH-3 of caffeic acid [I. As the
methylene proton signals of Glc E were not shifted to the
lower magnetic field. Glc E is a terminal residue in this
pigment. On the other hand. because of the methylene
proton signals of Gle D being shifted 1o the lower mag-
netic field the OH-6 of Gle D is to be esterified with
caffeic acid IIl. Therefore. 1 1s cyanidin 3-O-[2-0-16-0-
(trans-3-0-(fi-D-glucopyranosylicaffeyl)-f-D-glucopyran-
0syl)-6-0-(truns-4-0-(6-O~(truns-caffevl)-f-D-glucopyran-
osyl)caffeyl)-f-D-glucopyranoside]-5-0-[f-D-
glucopyranoside]. which is a new pigment. This structure
was also confirmed by the analysis of '*C NMR,
'"H-'*C COSY and COLOC spectra as shown in Table 2.

The FAB mass spectrum of 2 gave its molecular ion at
1259 m;z [M]", corresponding to Cs,Hg303, (1259.297),
and a fragment peak 1097 [M — 162]". The structure of
2 was mainly determined by the analysis of 'H and
3C NMR spectra in a way similar to the one performed
for pigment 1. The 'H NMR spectrum of 2 showed the
presence of one molecule of cyanidin, two of caffeic acid
and four of glucose, all of which are of the f-D-
glucopyranose form by their vicinal coupling constants
(J = 7.0-10.0 Hz). By analysis of its *"H-'"H COSY spec-
trum, six protons of cyanidin and 10 protons of caffeic
acid I and II were assigned, as shown in Table 2. The four
characteristic protons, being shifted to a lower magnetic
field at d4.33, 4.40 (Glc A) and §3.83, 3.95 (Glc C), were
assigned to be two methylenes of glucose units A and C.
The H-1 (65.69) of Glc A was finally correlated with the
protons of §4.33 and 4.40, and also the H-1(64.81) of Glc
C was correlated with the protons of §3.83 and 3.95 by
analysis of the "H-'H COSY spectrum. Thus, both glu-
cose units were acylated with caffeic acid I and II.
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Fig. 1. {pomoeu purpurea anthocyanins. Observed NOEs are indicated by arrows.

In order to determine the linkages and,or the positions
of attachment of glucoses and caffeic acids in this pig-
ment, DIFNOE spectra were measured. Four anomeric
protons were assigned to be 45.69 (d, J = 7.3 Hz, Glc A),
65.05(d, J = 7.7 Hz, Glc B), 6481 (d. J = 7.7 Hz, Glc C)
and 64.82(d. J = 7.0 Hz. Glc E). The presence of negative
NOEs between H-1 of Glc A and H-4 of cyanidin in-
dicated that Glc A is attached to OH-3 of cyanidin
through a glycosidic bond. Also, Glc A is substituted
with Glc C at OH-2 of Glc A because of the observation
of NOEs between H-2 of Glc A and H-1 of Gl¢ C. This
glycosidic bond (2 — 1) between Glc A and Glc C was
also confirmed by the analysis of its 'H-'H COSY spec-
trum. Glc B was determined to be glycosylated at OH-5
of cyanidin, because of the presence of NOEs between
H-6 of cyanidin and H-1 of Glc B. Similarly Glc E was
attached to OH-3 of caffeic acid Il through a glycosidic
bond, because of the presence of NOEs between H-2 of
caffeic acid II and H-! of Glc E. By irradiation at H-4 of
cyanidin, rather weak NOEs were observed at the signals
of H-, -8, -2 and -6 of caffeic acid 1, while strong NOEs
at those of H-1, -2 and -3 of Glc A were measured.
Therefore, caffeic acid I is bonded with Glc A at OH-6 of
Glc A. Thus, pigment 2 is cyanidin 3-0-[2-0-(6-O-(trans-
3-0-(B-D-glucopyranosyl )caffeyl)--D-glucopyranosyl)-6-
O-(trans-caffeyl)-f-D-glucopyranoside]-5-0-[ §-D-
glucopyranoside], which is a new pigment [17. 18].
This structure was also confirmed by the analysis of
'3C NMR and 'H-"*C COSY spectra (Table 2).

Pigement 3

The FAB mass spectrum of 3 gave its molecular ion
[M]° at 1097 m/z, corresponding to the mass calculated
for Cs;Hs30,- (1097.249). The fragment peak was also
observed at 953 [M — 162]". The '"H NMR signals of
3 were assigned as shown in Table 2. They indicated the
presence of one molecule of cyanidin, two molecules of
caffeic acid and three molecules of glucose. By analysis of
the '"H-'H COSY spectrum of 3, three anomeric protons
were assigned at d5.68 (d, J =7.7 Hz, Glc A), §5.09
(d.J = 7.7 Hz, Glc B) and 64.81 (d, J = 7.3 Hz, Glc C),
respectively, and all observed vicinal coupling constants
of these three glucose units were 7.3-11.0 Hz. Therefore,
these glucose units are of the f-D-glucopyranose form. As
four characteristic protons, being shifted to the lower
magnetic field at 64.33, 4.41 (Glc A) and 43.87, 3.96 (Glc
C), were assigned to the C-6 methylenes of Glc A and C,
two caffeic acids I and II, were determined to be bonded
to the OH-6 of both Glc A and C, similar to pigments
1 and 2. Moreover, the glycosidic linkage (2 — 1) be-
tween Glc A and Glc C was deduced by the observation
of the low-field shift (at §4.07) of H-2 (Glc A), suggesting
that OH-1 of Glc C was bonded to OH-2 of Glc A.
Therefore, 3 is cyanidin 3-0-[2-0-(6-O-(trans-caffeyl)-f-
D-glucopyranosyl)-6-O-(trans-caffeyl)-f-D-glucopyrano-
side]-5-0-[ B-p-glucopyranoside], which is a new pig-
ment [17, 18].
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Other anthocyanins (4 6)

These pigments (4 6) were composed of cyanidin 3-
sophoroside-5-glucoside, confirmed by alkaline hydroly-
sis, and thetr spectral and chromatographic data are
shown in Table 1. By alkaline hydrolysis, 4 produces
caffeic acid. § caffeic and p-coumaric acids, and 6 also
caffeic and p-coumaric acids. as acylated substituents.
From the analytical results and also FAB mass data. the
structures of 4-6 were tentatively attributed to be mono-
caffeyl cyanidin 3-sophoroside-35-glucoside as 4, caffeyl-
p-coumaryl cyanidin 3-sophoroside-5-glucoside as § and
caffeylglucosylcaffeyl-p-coumaryl cyanidin 3-sophoro-
side-5-glucoside as 6.

To date, two anthocyanidin types have been reported
to be present in the blue - violet flowers of Pharbitis plants
and related ones. The first group is a cyanidin type
characteristic of I. purpurea, I. batatas and I. cairica [19],
and the second is a peonidin type which groups 1. tricolor
[16]. 1. congesta [20] and P. nil [1. 3]. In I. purpurea the
main anthocyanin 1 has the characteristic side chain at
the 3-hydroxyl which closely resembles those of Heaven-
ly Blue Anthocyanin (HBA) from [. tricolor [16] and
Pharbitis  anthocyanins (PA) [2,3]. From the
chemotaxonomic point of view, the structures of these
unusual branched side chains may be related to those of
the flower pigments in the genus Ipomoea and its related
plants.

The relative colour stabilities of 1-3 were compared
with their deacylated pigment in neutral solution by the
process described previously [2,3]. The pigment 1 is
fairly stable in neutral solution. and 2 and 3 are also
stable, but the deacylanthocyanin is very unstable. The
stabilities of the pigments (half-lies in buffer solution;
absorbance 570 nm, pH 6.86, ca 5.6 x 10° ml at ca 20)
decreased in the order: 1 ( > 8 days), 2 (1.5 days), 3 (2.0
days) and deacylanthocyanin (0.4 hr). These results show
that the acyl groups are effective in maintaining colour
stability, such as the acylated anthocyanins of Pharbitis
flowers [2, 3, 21, 22]. Therefore, these acylated cyanidin
glycosides may have intramolecular stacking structures
when these pigments are present in neutral solution and
in vivo [21-25].

EXPERIMENTAL

Plant material. Seeds were collected from wild types of
I. purpurea at Sendai and Matsudo in Japan, at Kat-
mandu in Nepal, at Salta in Argentina and at Rabaul in
Papua New Guinea. These plants were grown on the
farm of Chiba University, and also in the private garden
of one of us (K.K). These plants have similar violet-blue
flowers (Violet-Blue 89B ~ 90C by R.H.S. colour chart).
Fresh corollas of these strains were collected in
August-October 1993 and 1994.

Isolation of anthocyanins. Fresh corolla (1,500 g) of
violet-blue strains were extracted with MAW (101.
10:1:9). The extract was concd to 500 ml. The concd
extract was purified by Diaion HP-20, CC, PC and
HPLC as described previously [1-3. 15]. Solvents used

N. SAITO et al.

were 15% HOAc, BAW (4:1:5), 5% HOAc-MeOH and
MAW for CC and PC. HPLC was performed on a LC-
6A system (Shimadzu). Prep. HPLC was run on a Waters
C.s (19¢ x 150 mm) column at 40° with a flow rate of
4 ml min "' and monitored at 530 nm for anthocyanins.
Solvent systems used were: linear gradient elution for
30 min from 40 to 85% solvent B (1.5% H;3PO,, 20%
HOACc, 25% MeCN in H,0) in solvent A (1.5% H3;PO,
in H,0). The pigment frs were evapd to dryness in vacuo.
The residues were dissolved n a small vol. of 5%
HOAc-EtOH followed by addition of excess of Et,0,
and then dried to give pigment powder (pigment 1, ca
50 mg; pigment 2, ca 30 mg; pigment 3, ca 10 mg; pigment
4, ca 3 mg, pigment 5, 3 mg; pigment 6, 2 mg).

Analysis of anthocyanins. Fresh corolla limbs {ca
0.02 g} of each strain were extracted with 20% MeOH
containing 1.5% H3PO, or MAW. TLC and HPLC of
these extracts were carried out. The anthocyanin quantit-
ative analysis of these extracts was performed by HPLC
on a Waters C,g (4.6¢ x 250 mm) column at 40° with
a flow rate of 1 mlmin~* and monitoring at 530 nm for
anthocyanins. Solvent systems used were: linear gradient
elution for 30 min from 40 to 85% solvent B in solvent A.
Characterization of pigments 1-6 and deacylanthocyanin
were carried out by PC, TLC and UV-VIS spectrometry.
Solvents used were BAW, BuHCI (n-BuOH-2 N HC],
1:1). 1% HCland AHW (HOAc-HCI-H,0, 15:3:82) for
anthocyanins, and n-BuOH-HOAc-H,0O (4:1:2).
EtOAc-HOAc-H,0 (3:1:1) and EtOAc-HCO,;H-H,0
(5:2:1) for organic acids and sugars. Acid hydrolysis,
alkaline deacylation, H,O, oxidation and partial acid
hydrolysis of anthocyanins were performed according to
standard procedures [15, 26].

FAB mass and NMR measurements. FAB mass spectra
were recorded on a JEOL JMS SX-102A (positive mode
in ‘magic bullet’ and negative mode in glycerol). NMR
spectra were recorded at 400 MHz for 'H and '3C
spectra by JEOL JNM GX-400 in DMSO-d¢~CF,COD
(9:1). Chemical shifts are reported relative to TMS as int.
standard () and coupling constants are reported in Hz.

Acknowledgement-—We thank Mr H. Ohashi (Chiba Uni-
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