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Abstract

The structures of eight anthocyanins have been determined in acidified methanolic extract of pale-purple flowers of chive,
Allium schoenoprasum. Four of them have been identified as the anthocyanin—flavonol complexes (cyanidin 3-O-B-glucoside®™)
(kaempferol 3-0-(2-0-B-glucosyl™™-p-glucoside™™)-7-0-B-glucosiduronic acid™) malonate®™ (AII-6 — AIII-1, FIV-2 — AlII-
3), 1, (cyanidin 3-O-(3-O-acetyl-B-glucoside®’) (kaempferol 3-0-(2-0-B-glucosyl™!-B-glucoside"™)-7-0-B-glucosiduronic acid™Y)
malonate®!! (AII-6 — AIII-1, FIV-2 — AIII-3), 2, and their 7-O-(methyl-O-p-glucosiduronate’™) analogous, 3 and 4. Pigments
1 and 2 are the first final identification of covalent complexes between an anthocyanin and a flavonol, while 3 and 4 are formed
during the isolation process. The other four anthocyanins (5-8) were found to be the 3-acetylglucoside, 3-glucoside, 3-(6-
malonylglucoside) and 3-(3,6-dimalonylglucoside) of cyanidin. The three latter pigments have earlier been identified as the major
anthocyanins of the chive stem. The covalent anthocyanin—flavonol complexes show intramolecular association between the
anthocyanidin (cyanidin) and flavonol (kaempferol) units, which influence the colour. © 2000 Elsevier Science Ltd. All rights
reserved.

Keywords: Allium schoenoprasum; Liliaceae; Covalent anthocyanin—flavonol complexes; (Cyanidin 3-glucoside) (kaempferol 3-(2-glucosylgluco-
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1. Introduction to another moiety through the dicarboxylic acid poss-
ible. Nevertheless, very few of such complexes have
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lonylglucoside), 3-(6-malonylglucoside), 3-(3-malonyl-
glucoside) and 3-glucoside of cyanidin (Fossen et al.,
1996). Chemotaxonomically, species belonging to the
Allium genus seem to be remarkable containing at least
some anthocyanins with substitution by either sugar or
aliphatic acid in their sugar 3-position (Du et al., 1974;
Terahara et al., 1994; Andersen and Fossen, 1995;
Fossen et al., 1996; Fossen and Andersen, 1997). The
anthocyanin content of Allium flowers has not been
reported previously.

This paper describes the identification of two novel
anthocyanin—flavonol covalent complexes in addition
to other anthocyanins from the pale—purple flowers of
chives, Allium schoenoprasum. A new intramolecular
association mechanism is indicated.

2. Results and discussion

The HPLC chromatogram of the weakly acidified
methanolic extract of chives detected in the visible
spectral region, revealed a complex anthocyanin mix-
ture. On the basis of the UV—VIS spectra recorded on-
line during HPLC analysis (Table 1 and Section 3.4),
the anthocyanins could be assigned into two groups.
Pigments of one of these groups showed visible
absorption maxima around 540 nm and extraordinary
absorbtion around 354 nm, indicating anthocyanin—fla-
vonol complexes. This group constituted above 65%
of the total anthocyanin content. The anthocyanins in
the extract were purified by partition against ethyl
acetate followed by chromatography on a bed of
Amberlite XAD-7 material. They were separated on a
Sephadex LH-20 column, and individual anthocyanins
were isolated by preparative HPLC.

Anthocyanins 5-8 had visible maxima around 520
nm, and their Ay40/A4sz0 ratio of 29% indicated 3-sub-
stituted cyanidin or peonidin derivatives (Andersen,
1987). The identity of 5, 7 and 8 were determined to
be cyanidin 3-glucoside, cyanidin 3-(6-malonylgluco-
side) and cyanidin 3-(3,6-dimalonylglucoside), respect-
ively, by on-line co-chromatography (UV-VIS spectra

Table 1

and tg-values) with authentic pigments from other
Allium species (Fossen et al., 1996). The identity of 5
and 7 were also confirmed by their molecular ions in
the electrospray mass spectra (m/z 449 and 535). These
three pigments have previously been reported to con-
stitute jointly 96% of the anthocyanins in the stem
(Fossen et al., 1996). The identity of 6 was tentatively
determined to be cyanidin 3-acetylglucoside by its on-
line UV—VIS spectrum and molecular ion at m/z 491.
The downfield region of the "H NMR spectrum of
pigment 1 showed a singlet at 6 8.72 (H-A4), a 3H
AMX system at ¢ 8.31 (dd, 8.6 Hz, 1.6 Hz, H-A6]), 0
8.00 (d, 1.6 Hz, H-A2") and 6 7.05 (d, 8.6 Hz, H-A5")
and an AX system at 0 6.87 (s, broad, H-A8) and o
6.60 (d, 1.8 Hz, H-A6) in accordance with a cyanidin
derivative. This region also contained a 4H AA'XX’
system at & 8.03 (d, 8.7 Hz, H-F2'/6") and ¢ 6.90 (H-
F3'/5") and one AX system at 0 6.58 (H-F8) and o
6.22 (H-F6) corresponding to a kaempferol derivative.
The sugar region in the "H NMR spectrum of 1
revealed the presence of four sugar units. To determine
the linkages between the building blocks and to assign
all the 'H and '*C resonances (Tables 2 and 3), it was
necessary to apply a combination of several 1D and
2D NMR spectroscopic techniques. The seven 'H res-
onances (Table 2) revealed in the 1D TOCSY spec-
trum, the corresponding six '*C resonances (Table 3)
assigned from the HSQC spectrum, and the large
anomeric coupling constant (7.7 Hz) of three of the
sugars, were in accordance with three B-glucopyranosyl
moieties. The crosspeak at 8 5.15/145.7 (H-A1"/C-A3)
in the HMBC spectrum confirmed that one of these
units was connected to the anthocyanidin 3-position.
The downfield shifts of H-A6A" and H-A6B" of this
sugar indicated 6"-subsitution. The crosspeaks at o
4.69/167.9 (H-A6A"/C-A1") and & 4.34/167.9 (H-
A6B"/C-A1") confirmed the A6"-linkage between the
anthocyanidin 3-sugar and the malonate moiety. The
five "H resonances in the 1D TOCSY spectrum of the
last sugar unit (Table 2), the corresponding six '*C res-
onances (Table 3) assigned from the HSQC spectrum,
and the large "H-'H coupling constants showing that

Chromatographic and spectral data for cyanidin 3-glucoside (5) and the covalent anthocyanin—flavonol complexes (1-4)

Compound TLC (Rf) UV-Vis (nm)*

Absorbance (%)

On-line® UV-Vis (nm) HPLC tg (min) MS[M™]

FHW BAW An-band I Fl-band I AAn_bﬂnd I/A Fl-band 1

Aga0/Avis-max An-band I Fl-band I

1 079  0.17 537 352 65
2 088 025 537 352 69
3 0.79  0.17 537 352 63
4 088 025 537 352 67
5 029 032 528

22 538 354 10.51 1303
24 540 354 10.79 1345
22 538 354 12.00 1317
23 540 354 12.64 1359
24 522 9.49 449

% An = anthocyanin moiety; F1 = flavonol moiety.
® Recorded on-line during HPLC analysis.



T. Fossen et al. | Phytochemistry 54 (2000) 317-323 319

all the sugar ring protons were positioned di-axial to
each other, were in accordance with a B-glucuronic
acid on a pyranosyl form. The crosspeak at § 5.07/
163.7 (H-F1"V/C-F7) in the HMBC spectrum con-
firmed that this sugar unit was connected to the
kaempferol 7-position. The downfield shift value of H-
F2'V (5 5.00) of this sugar indicated F2'"V-substitution.
The crosspeak at & 5.00/167.3 (H-F2"Y/C-A3") con-
firmed the linkage between the kaempferol 7-sugar and

the malonic acid at the F2"-position. The crosspeak

at ¢ 5.51/135.3 (H-F1''/C-F3) confirmed that one of
the B-glucopyranosyl moieties was connected to the
kaempferol 3-position. The downfield shift value of C-
F2'' (9 82.34) of this moiety and the crosspeak at o
4.89/82.3 between C-F2"' and the anomeric proton of
the last B-glucopyranosyl moiety confirmed the sugar
in the kaempferol 3-position to be the disaccharide
sophorose. Together with a molecular ion at m/z 1303

Table 2

"H NMR spectral data for covalent anthocyanin—flavonol complexes in CD;0D:CF;COOD (19:1, v/v) at 25°C

1
on (ppm) J (Hz)

2
on (ppm) J (Hz)

3
on (ppm) J (Hz)

4
ou (ppm) J (Hz)

5 (Fossen et al., 1996)
ou (ppm)

cyanidin

A4 8.72 s 8.71 s

A6 6.60 d, 1.8 6.61d 1.8

A8 6.87 s (broad) 6.90 s (broad)

A2 8.004d, 1.6 7.99d, 1.5

AS! 7.05d, 8.6 7.07 d, 8.6

A6! 8.31 dd, 8.6, 1.6 8.29 dd, 8.6, 1.5
A3-0-B-glucopyranosyl

A1l 5.154d,7.7 531d,78

A2 3.2 m 3.77dd, 7.7, 9.5

A3" 3.531,9.5 510195

A4 3451, 9.5 3.58 4, 9.5

A5 372 m 391 m

A6A" 4.69 d (broad), 12.0 4.74 d (broad), 12.0

A6B! 434 dd, 12.0, 8.2 4.43 dd, 11.9, 8.0
A3 0-acetyl

2 227 s
A6"-0O-malonate

A2 3.64 s 3.66 s
kaempferol

F6 6.22 s (broad) 6.19 s (broad)

F8 6.58 s (broad) 6.56 s (broad)

F2!/6! 8.03 d, 8.7 8.09 d, 8.6

F3!/5! 6.90 d, 8.7 6.94 d, 8.6
F3-0-B-glucopyranoside

F1! 551d, 7.7 543 d, 7.7

F2! 3.84 m 3.86 m

F3" 3.711,9.0 3.70 m

F4!! 341194 343 m

Fs" 3.35m 3.32m

F6A" 3.84 m 3.82m

F6B!" 3.56 m 357 m
F2"-0-B-glucopyranosyl

F1'! 489 d, 7.7 492d, 7.8

Fol 3.50 m 3.52m

F3Mm 3.47 m 3.54m

F4ll 347 m 347 m

Fs' 3.44 m 347 m

F6A™ 3.92 d (broad), 12.1 3.95m

F6B™! 3.81dd, 12.1, 5.7 3.84 m
F7-0-B-glucopyranosiduronic acid

F1v 5.07d,7.7 492d,7.7

F2v 5.00 dd, 7.7, 9.5 5.03 dd, 7.8, 9.5

F3v 374 1,94 375195

F4tv 3861, 9.4 3.871,9.5

Fs5™Y 4.19d, 9.4 4.19d,9.7

F6'Y-OMe

872 s 8.70 s 9.03
6.61d,1.8 6.61d, 1.8 6.71
6.86 s (broad) 6.89 s (broad) 6.90
8.01 m* 7.99 d, 1.8 8.05
7.07 d, 8.8 7.08 d, 8.7 7.04
8.32dd, 8.7, 1.8 8.29 dd, 8.6, 1.8 8.25
5.14d, 7.8 5.33d, 7.7 5.37
371 m 379 m 3.76
3.521,9.2 512 ¢ 9.3 3.67
344 1¢1,9.2 3.60 m 3.56
3.7 m 3.94 m 3.67
4.67 d (broad), 12.0 4.77 d (broad), 12.0 4.02
4.33 dd, 11.9, 8.0 4.46 dd, 12.0, 8.0 3.83
227 s
3.63 s 3.67 s

6.24 5 (broad)

6.18 s (broad)

6.58 d, 1.8 6.54 d, 1.8

8.02 d, 8.7 8.09 d, 8.8

6.90 d, 8.8 6.94 d, 8.8
5.51d,7.7 5.44d,7.7

3.85m 3.88 dd, 7.9, 9.4
3.71¢,9.0 3.72¢9.0
3411497 347195

335m 335 m

3.84 m 3.84 d (broad), 12.0

3.57dd, 11.9, 6.4

3.60 dd, 12.0, 6.4

4.89d, 7.7 494 .d, 7.7
3.50 m 3.54 m
3.51m 3.56 m
345m 3.50 m
342 m 348 m

3.92.dd, 12.0, 1.8
3.81dd, 12.1, 5.0

3.97 d (broad), 11.9
3.86 dd, 11.7, 5.0

5.07d, 8.0 491d, 8.0

4.98 dd, 8.0, 9.5 5.02 dd, 8.0, 9.5
3721, 9.5 3741, 9.5
384195 386194
4.22d,9.5 4.18d, 9.5

3.96 s 398 s
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Table 3

13C NMR spectral data for covalent anthocyanin—flavonol complexes in CD;OD:CF;COOD (19:1, v/v) at 25°C*

T. Fossen et al. | Phytochemistry 54 (2000) 317-323

1 2 3 4 5 (Fossen et al., 1996)
dc (ppm) dc (ppm) dc (ppm) dc (ppm) dc (ppm)

cyanidin

A2 164.11 164.99 164.18 163.88 163.91

A3 145.73 145.60 145.74 145.60 145.57

A4 135.94 135.96 135.91 135.91 136.68

A5 158.73 158.7 158.7 158.9 159.25

A6 103.39 103.45 103.41 103.40 103.45

A7 169.95 170.50 169.97 170.44 170.55

A8 95.63 95.54 95.63 95.5 95.17

A9 157.18 157.12 157.21 157.35 157.58

A10 112.72 112.57 112.74 112.58 113.32

Al 121.10 121.02 121.13 121.03 121.16

A2 118.66 118.70 118.70 118.60 118.39

A3 147.32 147.44 147.34 147.41 147.34

A4l 156.21 156.40 156.21 156.41 155.77

A5 117.56 117.78 117.56 117.74 117.46

A6 129.29 129.30 129.26 129.43 128.25
A3-0-B-glucopyranoside

NG 104.23 103.59 104.25 103.59 103.72

A" 74.41 72.58 74.42 72.59 74.79

A3 77.94 78.56 77.84 78.54 78.14

A4 71.33 69.30 71.34 69.34 71.08

A5 76.15 76.13 76.15 76.11 78.77

A6" 66.11 65.55 66.08 65.57 62.36
A3-0-acetyl

1 172.65 172.68

2 21.13 21.13
A6"-0-malonate

Al 167.86 167.74 167.86 167.77

A2 41.4 41.7 41.6 41.4

A3l 167.31 167.41 167.31 167.45
kaempferol

F2 159.33 159.1 159.4 159.3

F3 135.31 135.75 135.34 135.41

F4 179.56 179.52 179.47 179.52

F5 162.48 162.47 162.54 162.48

F6 100.76 100.57 100.77 100.55

F7 163.69 163.63 163.68 163.64

F8 96.15 96.63 96.20 96.6

F9 157.45 157.12 157.45 157.35

F10 107.89 107.89 107.93 107.88

F1! 122.32 122.26 122.29 122.26

F2'/6" 132.52 132.62 132.52 132.63

F3!/5! 116.27 116.40 116.30 116.42

F4! 161.73 161.87 161.74 161.87
F3-0-B-glucopyranoside

F1" 100.97 101.19 100.98 101.16

F2! 82.34 82.52 82.37 82.55

F3! 77.81 77.93 77.82 77.93

F4!! 71.20 71.06 71.15 71.02

F5'! 78.31 78.37 78.35 78.31

F6!! 62.58 62.62 62.59 62.62
F2"-0-B-glucopyranosyl

Fi 104.62 104.81 104.65 104.81

F2l! 75.46 75.56 75.48 75.57

F3M 78.21 77.97 77.95 77.97

F4! 71.21 71.39 71.20 71.39

F5'! 78.21 78.21 78.20 78.21

Fe6'! 62.72 62.65 62.71 62.66
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Table 3 (continued)

1 2 3 4 5 (Fossen et al., 1996)
dc (ppm) dc (ppm) dc (ppm) dc (ppm) dc (ppm)
F7-0-B-glucopyranosiduronic acid

F1v 100.14 100.45 100.22 100.44

2 75.03 75.04 75.04 75.02

F3'Y 74.53 74.57 74.53 74.55

F4'v 72.84 72.81 72.81 72.81

F5' 76.72 76.78 76.74 76.78

Fe'Y 170.58 171.52 170.56 170.55

F6'V-OMe 53.25 53.27

% Values given with one decimal are determined from the heteronuclear experiments.

in the electrospray MS spectrum, these data confirmed
the identity of pigment 1 to be the covalent anthocya-
nin-flavonol complex (cyanidin 3-O-B-glucoside™™)
(kaempferol  3-0-(2-O-B-glucosyl™™-B-glucoside™™)-7-
O-B-glucosiduronic acid™) malonate®™ (AIl-6 —
ATIll-1, FIV-2 — AIII-3).

The 'H and '*C NMR spectra of pigment 2 con-
tained, in addition to the analogous signals of 1, a 3H
singlet at 6 2.27 and two '*C resonances at & 172.65
and ¢ 21.13, respectively, which is in accordance to a
unit of acetic acid (Tables 2 and 3). The downfield
shift of H-A3" (5 5.10) and the crosspeak at § 5.10/
172.7 (H-A3"/C-1 acetyl) in the HMBC spectrum of 2
verified that the acetyl was connected to the A3"-pos-
ition. After recording of the molecular ion at my/z
1345, pigment 2 was found to be (cyanidin 3-O-(3-
O-acetyl-p-glucoside™)  (kaempferol 3-0-(2-O-B-glu-
cosyl™M-B-glucoside™™)-7-0-B-glucosiduronic acid™Y)
malonate™"! (AII-6 — AIII-1, FIV-2 — AIII-3).

The 'H and '*C NMR spectra of 3 contained, in
addition to the corresponding signals of 1, a 3H singlet
at 8 3.96 and a ">C resonance at 6 53.25 (Tables 2 and
3). The crosspeak at & 3.96/0 170.7 (OCHs/C-F6')
in the HMBC spectrum of 3 showed that the acid
function of the glucuronyl was methylesterified. The
molecular ion at m/z 1317 confirmed 3 to be (cyani-
din 3-O-B-glucoside™) (kaempferol 3-O-(2-O-B-glu-
cosyl"M-B-glucoside™™)-7-0-(methyl-O-p-glucosiduro-
nate')) malonate®" (AIl-6 — AIII-1, FIV-2 —
AIII-3).

The 'H and '>C NMR spectra of 4 contained, in
addition to the analogous signals of 3, resonances cor-
responding to one acetic acid moiety (Tables 2 and 3).
The downfield shift of H-3" (§ 5.12) and the cross-
peak at § 5.12/172.7 (H-A3"/C-1 acetyl) in the
HMBC spectrum of 4 were in accordance with acety-
lation at a A3"-linkage position. A molecular ion at
m/z 1359 confirmed 4 to be (cyanidin 3-O-(3-O-acetyl-
B-glucoside™™) (kaempferol 3-0-(2-O-B-glucosyl™-p-
glucoside™™)-7-0-(methyl-O-B-glucosiduronate'")) mal-
onate®™ (AII-6 — AIII-1, FIV-2 — AIII-3).

Pigments 1 and 2 are the first final identification

of covalent complexes between an anthocyanin and
a flavonol. Uphoff (1982) has suggested that the
anthocyanin orchicyanin I, which was isolated from
several orchids, contained a co-pigment. Later
Strack et al. (1989) gave a hypothetical structure
for this pigment, cyanidin oxalyl-3,5-diglucoside-
kaempferol 7-glucoside. A covalent complex between
an anthocyanin and a flavone isolated from Eich-
hornia crassipes (Pontederiaceae) has recently been
fully characterised (Toki et al., 1994). A similar
complex has been suggested to occur in lupins
(Takeda et al., 1993).

Pigments 3 and 4 are the 7-O-(methyl-O-B-glucosi-
duronate™") analogous of 1 and 2, respectively,
formed during extraction with acidified methanol. The
acid function of the glucuronic acid was considerably
methylesterified during extraction with methanol con-
taining as little as 1% trifluoroacetic acid.

Table 1 shows that the Rg-values of 1-4 are
higher and lower than the corresponding values of
simple anthocyanins like cyanidin 3-glucoside in acidi-
fied aqueous and acidified alcoholic TLC solvent sys-
tems, respectively. However, in a typical HPLC-RP18
system their retention times are similar to those of
ordinary anthocyanins (Table 1).

Co-pigmentation is known to play a crucial role in
the pigmentation of fruit and flowers (Brouillard,
1988; Kondo et al., 1998). The visible absorption max-
ima in spectra of 1-4 showed significant bathochromic
shifts compared to analogous values of similar antho-
cyanins (e.g. 5) without the flavonol moiety (Table 1).
This association between anthocyanin and flavonol
units was also supported by the NMR data on 1-4.
Especially 'H chemical shifts are very sensitive to the
magnetic anisotropy of aromatic systems and may thus
serve as a probe for the spacial proximity of aromatic
rings to specific protons. The chemical shifts of the
anthocyanidin H-4 in all the anthocyanin—flavonol
complexes (1-4) were 0.3 ppm upfield for the same
shifts of anthocyanins without connection to a flavonol
moiety (Table 2). These spectroscopic data may be
interpreted as intramolecular ‘m—=n’ stacking (Nerdal
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and Andersen, 1992; Yoshida et al., 1992; Gakh et al.,
1998) between the anthocyanidin (cyanidin) and the
flavonol (kaempferol). Unusual high field shift of H-4
has previously been used as indicator for stacking
between an anthocyanin and an aromatic acyl group
like hydroxy—cinnamic acids (e.g. GldBgen et al.,
1992). Intramolecular association involving an antho-
cyanin and a flavonol has previously not been
reported, however, flavonols like rutin has been
reported as excellent co-pigments in intermolecular as-
sociations (Brouillard and Dangles, 1994). The co-
valent linkage through the malonic acid in 1-4 seems
to allow the molecules enough rotational freedom for
intramolecular association. Work is now in progress to
investigate this intramolecular association at the mol-
ecular level.

C(O)CH; H
H CH;
C(O)CH; CH;

hwbhbne

3. Experimental
3.1. Plant material

Flowers of chives, Allium schoenoprasum (several
cultivars), were collected in the Botanical Garden,
Minde, Bergen in June 1997. Voucher specimens have
been deposited in Bergen (BG).

3.2. Isolation of pigments

The flowers (2000 g) were extracted with 1% tri-
fluoroacetic acid (TFA) in MeOH. The filtered extract
was concd under red. pres., purified by partition (sev-
eral times) against EtOAc and applied to an Amberlite
XAD-7 column (Andersen, 1988). The eluate was
divided in two portions of equal size, and the antho-
cyanins in one of these portions were separated into
two groups by a Sephadex LH-20 column (100 x 2.6
cm). The anthocyanin—flavonol complexes, 1-4, were
eluted first using MeOH-TFA-H,O (19.8:0.2:80.0, v/
v). Thereafter, pigments 5-8 were eluted with increas-

ing amounts of MeOH and TFA in H,O (from 19.8%
and 0.2%, respectively, to 69.8% and 0.7%, v/v). Indi-
vidual pigments were then separated by preparative
HPLC (Gilson 305/306 pump equipped with an HP-
1040A detector) to yield the pure pigments 1 (6.7 mg),
2 (3.2 mg), 3 (3.3 mg) and 4 (3.0 mg). Preparative
HPLC was performed with an ODS-Hypersil column
(25 x 2.2 cm, 5 pm) using the solvents HCOOH-H,0O
(1:19, v/v) (A) and HCOOH-H,O-MeOH (1:4:5, v/v)
(B). The elution profile consisted of a linear gradient
from 10% B to 100% B for 45 min, isocratic elution
(100% B) for the next 13 min, followed by linear gra-
dient from 100% B to 10% B for 1 min. The flow rate
was 14 ml min~!, and aliquots of 300 ul were injected.
Analyt. HPLC (HP-1050) was performed with an
ODS-Hypersil column (20 x 0.5 cm, 5 pm) using the
solvents HCOOH-H,O (1:9, v/v) (A) and HCOOH-
H,0-MeOH (1:4:5, v/v) (B). The elution profile con-
sisted of a linear gradient from 10% B to 100% B for
17 min, isocratic elution (100% B) for the next 4 min,
followed by linear gradient from 100% B to 10% B
for 1 min. The flow rate was 1.2 ml min~', and ali-
quots of 15 pl were injected. The chromatograms were
recorded as average values of absorptions on every sec-
ond nm between 500 and 540 nm using a photo diode
array detector (HP-1050). Relative amount of ecach
anthocyanin was reported as percentages of total peak
area in each chromatogram without taking into
account the different molar absorption coefficients.
TLC was carried out on microcrystalline cellulose (F
5565, Merck) with the solvents BAW (1-BuOH-
HOAc-H,O; 4:1:5 v/v, upper phase) and FHW
(HCO,H-conc HCI-H,0; 1:1:2 v/v).

3.3. Spectroscopy

UV-VIS absorption spectra were recorded in 0.01%
conc. HCI in MeOH and on-line during HPLC analy-
sis. Spectral measurements for the latter were made
over the wavelength range 240-600 nm in steps of 2
nm. The NMR experiments were obtained at 600.13
and 150.92 MHz for 'H and '*C, respectively, on a
Bruker DRX-600 instrument at 25° The deuterio-
methyl '°C signal and the residual 'H signal of the sol-
vent (CF;CO,D-CD;0OD; 1:19, v/v) were used as
secondary references (6 49.0 and ¢ 3.4 from TMS for
'H and '"°C, respectively). The 1D '"H NMR, the 1D
TOCSY NMR experiments and the 2D HMBC,
HSQC and DQF-COSY NMR experiments were
obtained with a TBI probe. The 1D '*C CAPT exper-
iments were obtained with a BBO probe. Mass spectra
were obtained with a Micromass LCZ instrument
equipped with an electrospray probe. Data were
recorded in the positive mode, and ionisation were
promoted by addition of 0.5% TFA to the sample

v/v).
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3.4. Mass spectral and HPLC-diode array detector data
for 6-8

Cyanidin 3-acetylglucoside, 6: [M "] 491; Vis-max
520 nm; A4a0/Avis-max 29%; tr 10.85 min. Cyanidin 3-
(6-malonylglucoside), 7: [M "] 535; Vis-max 520 nm;
Asa0/Avis-max 29%; tr 11.56 min. Cyanidin 3-(3,6-
dimalonylglucoside), 8: Vis-max 522 nm; A440/Avis-max
29%; tgr 13.39 min.
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