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STRUCTURE  DETERMINATION OF HEAVENLY BLUE ANTHOCYANIN, A COMPLEX  MONOMERIC
ANTHOCYANIN FROM THE MORNING GLORY IPOMOEA TRICOLOR, BY MEANS OF THE NEGATIVE NOE METHOD1

Tadao Kondo,*'FTakatoshi Kawai, Hirotoshi Tamura, and Toshio Goto™®
*Chemical Instrument Center, and Laboratory of Organic Chemistry,

Faculty of Agriculture, Nagoya University, Chikusa, Nagoya 464, Japan

The structure of heavenly blue anthocyanin was elucidated to be 3-0-(2-0-
(6-0-(trans-3-0-(B-D~glucopyranosyl)caffeyl)-B-D-glucopyranosyl)-6-0-(trans~4-0~
(6-0-(trans-3-0~(B~D-glucopyranosyl)caffeyl)-B-D-gluco-pyranosyl)caffeyl)-8 -D-
glucopyranosyl)-5-0-(B-D-glucopyranosyl) peonidin by application of the negative

NOE difference spectroscopy.

Heavenly blue anthocyanin (HBA)2 isolated from blue petals of the morning glory, Ipomoea
tricolor, 1is the largest monomeric anthocyanin known3 and its structure could not have been
unambiguously determined by the methods employed previously for structure elucidation of
complex anthocyanins,4 since heavily overlapped signals of sugar moieties prevented complete
assignment of its 1H—NMR spectrum. We wish to report the structure elucidation of HBA by
application of the negative nuclear Overhauser effect (NOE) difference spectroscopy.5

Heavenly blue anthocyanin (1)6 consists of a molecule of peonidin, six molecules of glucose
and three molecules of caffeic acid. Its molecular weight is 1759 (flavylium cation) as
determined by FABMS. Controlled alkaline hydrolysis of HBA afforded bis-deacyl HBA, whose
structure was already determined to be 2,7 and trans-4-0-(6-0-(trans-3-0-(8-D-glucopyranos-
yl)caffeyl)-B-D~glucopyranosyl)caffeic acid (mGCpGC) (3).8 Thus, HBA (1) was composed of
bis—deacyl HBA (2) and mGCpGC (3). Extensive analysis of the COSY spectrum (not shown) made
possible to correlate most of the protons in the molecule, but unambiguous assignment of
protons of all glucose units were unsuccessful due to heavily overlapped signals. The
application of the negative NOE method9 made possible to assign all of the proton signals and
to determine the position of attachment of mGCpGC (3) on the sugar moieties unambiguously.

The proton NOE (500 MHz; steady state) of HBA was measured in 87 TFA-d:CD.OD at 5

3
Irradiation of the C(1)-5 [H-5 on caffeic acid-(1)] proton signal gave the NOE difference

°c.

spectrum (Figure !d) in which 2, 6, @, and Bproton signals of the C(1) as well as the
anomeric proton (A-1) of a glucose moiety were relieved.lo Thus, it was concluded that A-
glucose is attached to the 4~0H of C(l). Similarly, irradiation of C(2)-2 and C(3)-2 protons
disclosed that O- and O-glucose units are attached to the 3-OH of C(2) and C(3), respective-
ly (Figures 1b and lc). The two glucose units, M- and @-glucose, were attached to the 3

and 5 positions, respectively, of the peonidin nucleus, as deduced from the observation of NOE
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between A -1 and H-4 and between @-1 and H-6 (Figures 1f and le). Thus, all of the six
anomeric protons of the glucose moieties were correlated with peonidin and three caffeic acid
moieties.

Next, each anomeric proton of the six glucose moieties was irradiated as shown in Figure
2h-m. Irradiation of the A-1 proton relieved all protons attached to the carbon atoms of
A-glucose, in which two A -6 protons were at & 4.30 and § 4.52, indicating that A-CHZOH is
acylated. Since bis-deacyl HBA (2) has no acyl group on the A-glucose unit:,7 the 4A-6
position in HBA (1) must be esterified with mGCpGC (3). This conclusion was further con-

firmed by assigning all of other signals (Fig. 1 and 2).

OH

a C(2)
04

OH
c(1) f—= Trisdeacyl HBA (4) —L+ mGC(5)
mMGCpGC(3) =———— Bisdeacyl HBA(2)

Heavenly Blue Anthocyanin (1)

The temperature for production of a maximum negative NOE depends on mol. wt:.;11 in 8% TFA-
d:CD30D at 500 MHz, 5 °C for HBA (1)(mol. wt. 1759), -20 °C for bis-deacyl HBA (2)(mol. wt.
1111), and -40 °¢c for tris-deacyl HBA (4) (mol. wt. 787). Using a viscous solvent such as

11,12

DMSO makes the temperature of maximum negative NOE higher; for example, bis-deacyl HBA in

TFA—d:DMSO--d6 (1:2) gives a maximum negative NOE at room temperature.
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