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Abstract—A new acylated anthocyanin was isolated from the purple-red flowers of Lobelia erinus cv ‘Rosamond’. Tts
structure was elucidated to be cyanidin 3-0-(6-0-(4-O-trans-p-coumaryl-a-L-rhamnopyranosyl)- -D-glucopyrano-
side)-5-0-(6-0-malonyl-$-D-glucopyranoside)-3-0-(6-O-trans-caffeyl- f-D-glucopyranoside) by spectroscopic evid-
ence. The three dimensional structure of this pigment was suggested from the observation of difference negative NOE
spectrum analysis that cyanidin (chromophore) and caffeic acid (intracopigment) occupy a folding conformation as

a stacking structure.

INTRODUCTION

Lobelia erinus is a popular ornamental plant with white,
purple-red, purple and purple-blue flowers. Previously
two acylated delphinidin glycosides were isolated from
the purple-blue flowers of L. erinus [1, 2].

In continuing work on the flower colour variation due
to acylated anthocyanins with aromatic acids [3-7], we
undertook the isolation and elucidation of the an-
thocyanin in the purple-red flowers of L. erinus cv ‘Ro-
samond’. We now report a structural study of this new
acylated cyanidin glycoside.

RESULTS AND DISCUSSION

An acylated anthocyanin 1 was extracted from the
purple-red flowers of L. erinus with 5% acetic acid and
purified using the chromatographic techniques according
to the previous reports [ 7, 8]. By HPLC analysis of crude
extract, we observed the presence of three major an-
thocyanins. However, the other two could not be iso-
lated.

The chromatographic and spectral data of 1 are shown
in Table 1. On acid hydrolysis, 1 gave cyanidin, D-glu-
cose, L-rhamnose, p-coumaric acid, caffeic acid and mal-
onic acid. The alkaline hydrolysis of 1 yielded a deacylan-
thocyanin (2), p-coumaric acid, caffeic acid and malonic
acid. Compound 2 was identified as cyanidin 3-rutino-
side-5,3 -diglucoside from its chromatographic and spec-
tral analyses containing partial acid hydrolysis (Table 1).

The FAB-mass spectrometry of 1 showed a molecular
ion peak at 1313 m/z (caled for CgoHgs053, 1313.341)
and fragment peaks (m/z 859, 611, 459), indicating the
presence of one molecule of cyanidin, two of glucose, one
of rhamnose, caffeic acid, p-coumaric acid and malonic
acid. The 'H and '*C NMR spectra of 1 were measured
on 400 MHz (*H) and 100.53 MHz (**C) FT-NMR in
trifluoroacetic acid-d,—-DMSO-dg (1:9) at room temper-
ature.

The 'H and '3C signals of 1 could be analysed by
a combination of difference NOE [9, 10], phase sensitive
DQF-COSY [11], HMQC[12], HMBC [13] and DEPT
[14]. The H-4 signal of cyanidin nucleus was observed at
08.78, and also a signal at 67.15 was assigned to H-8 by
observing a long range spin coupling between H-4 and
H-8 in DQF-COSY spectrum. A doublet (J = 2 Hz, H-6)
at 6.95 was spin-coupled with H-8. A doublet (/ = 2 Hz,
H-2') at 58.21 was spin-coupled with H-6" (88.57, dd,
J =2, 8.8 Hz), which was also spin-coupled with H-5'
(67.21, d, J = 8.8 Hz). The aromatic proton signals of
p-coumaric and caffeic acids were assigned by the analy-
sis of DQF-COSY spectrum analysis as shown in Table
2. Two pairs of olefinic protons in both cinnamic acid
units had the large coupling constants (12.7 and 15.6 Hz)
between « and f§ proton signals indicated that all of the
double bonds in these cinnamic acid units have a trans
configuration. The proton signals of sugar part were
observed in the region of 5.37-0.87, and four anomeric
proton signals present in the spectrum indicated the
presence of four sugar moieties. To elucidate the struc-
ture of sugar portion, difference NOE and DQF-COSY
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Table 1. Chromatographic and spectral properties of anthocyanins from the purple-red flowers of Lobelia erinus

R values ( x 100)F R, Spectral data in 0.1% HCl-MeOH
FAB-MS
Anthocyanin* BAW  BuH 1% HCl HAc-HCl  (min) Amax (nM) Euen/Emx (%) AICl;  [M]”
1 47 34 32 65 27.6 295, 318, 528 86 — 1313
2 23 2 69 75 44 276, 518 — 919

*1, Cyanidin 3-{p-coumarylrutinoside)-5-(malonylglucoside)-3 -(caffeylglucoside).

2, Deacyl pigment of 1; cyanidin 3-rutinoside-3,3 -diglucoside.

tBAW, n-BuOH-HOAc-H,0 (4:1:5), BuH, n-BuOH-2M HCI (1:1); HAc-HCl, HOAc-HCI-H,O (15:3:82), analytical condi-
tions: see Experimental.

Table 2. NMR spectral data of acylated cyanidin glycoside from the purple-red flowers of Lobelia
erinus (CF;CO,D-DMSO-d,, 1:9 at 25°, standard TMS)

Position O¢ o Position d¢c Oy

Cyanidin Glucose A

2 161.8 1 101.9 5.37d(7.3)

3 145.2 2 73.6 3.63 ¢ (8.3)

4 1332 8.78 5 3 76.8 3.56 ¢ (8.8)

4a 1125 4 69.7 347t (8.8)

5 1554 5 71.1* 383 dm (7.8)

6 105.5 6.95d(1.5) 6 65.9 3.73dd (3,9.7)
7 168.4 3.94 dm (9.7)

8 97.1 715d (1.9) Glucose B

8a 155.5 1 100.5 535d(7.3)

U 120.1 2 73.6 354 m

P 116.8 8.21d (20) 3 76.4 354 m

3 146.3 4 76.2* 337 tm (8.8)

4 155.9 S 75.1* 3.97 t (8.8-9.3)
5 117.8 7.21 d (8.8) 6 64.0 4291 (83—)
& 130.6 8.57 dd (2.0, 8.8) 4,67 dm (11)
p-Coumaric acid [I] Glucose C

1 126.1 1 101.8 5.16 d (7.8)

2,6 1333 7.68 d (8.8) 2 73.8 359:t(71.3-9)
3,5 1154 6.79 d (8.8) 3 76.3 356¢t(7.8—-9.7)
4 159.4 4 70.2 3431t (7.8)

o 115.9 557d(12.7) 5 75.0 383:(78-9)
B 144.2 6.80 d (13.2) 6 64.7 427 dd (6.8, 11.7)
Cc=0 166.1 454 d (11.7)
Calffeic acid [II] Rhamnose

1 126.0 1 100.6 4.69 s

2 114.6 6.51 d (2.0) 2 71.0 3.74 d (1.5)

3 145.8 3 69.0 370 m

4 148.5 4 74.1 4384 t(9.8)

5 1163 6.69 d (7.8) 5 66.6 3.66 m

6 1216 6494dd (2, 78) —Me 177 088d(64)

o 114.8 6.02 d (15.6)

B 1449 720 d (15.6)

C=0 166.8

Malonic acid

C=0 167.5

—CH,— 49.0* 343-3.48

C=0 168.6

*Tentative assigned (these values may be exchangeable with each other).
Coupling constants (J in Hz) in parentheses.
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spectra were measured and all signals corresponding to
the protons in the four sugar moieties were assigned as
shown in Table 2. In this experiment at room temper-
ature, difference NOE spectra appeared all negative type
and the signals of proton of the sugar unit are confirmed
by the spin diffusion effect so called negative NOE relief
method [9]. The signals of three anomeric protons ap-
peared at 6537 (d, J=73Hz, Glc A), 6535 (d,
J = 7.3 Hz Gle B) and 85.16 (d, J = 7.8 Hz, Glc C), and
the vicinal coupling constants of these three glucoses
were J = 6.8-11.7 Hz. Therefore, these glucoses must be
B-D-glucopyranose form. The anomeric proton of rham-
nose unit was observed at 34.69 as a singlet. The
'"HNMR spectrum of vicinal coupling constants (J5 4
and J, s = 9.8 Hz) and results of NOE experiments in the
rhamnose moiety showed it to have the a-L-pyranorham-
nose configuration. By analysis of DQF-COSY spectrum
four protons of the methylene in Glc B and C were shifted
to low magnetic field (Glc B, 64.29 and 4.67; Glc C, §4.27
and 4.54). Another proton (H-4) of rhamnose was also
shifted downfield at $4.84. Therefore, the OH-6 of Glc
C and Glc B and also the OH-4 of rhamnose were
confirmed to be acylated with malonic, p-coumaric
and/or caffeic acids.

In order to determine the attachments and/or posi-
tions of the sugars and acyl units in 1, difference NOE
spectra were measured. By irradiation at H-1 of Glc A,
a strong NOE was observed at H-4 of cyanidin. There-
fore, Glc A is attached to OH-3 of cyanidin through
a glucosidic bond. Similarly Gle C was deduced to be
attached at the OH-5 of cyanidin through a glucosidic
bond, because of the presence of NOEs between H-6 of
cyanidin and H-1 of Glc C. Glc B was determined to be
glucosylated at OH-3' of cyanidin, because of the pres-
ence of NOEs between H-2' of cyanidin and H-1 of Glc B.
By irradiation on the H-1 of rhamnose moiety NOEs
were observed at H-6a (43.73) and H-6b (53.94) of Glc A.
This linkage of Glc A and rhamnose was determined by
direct comparison with rutinose obtained from 1 by
H,0, degradation process [15]. To confirm the linkages
between sugar and acid units, 'H and !3C signals of
1 were correlated by the HMQC spectrum as shown in
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Table 2, and the 'H-1*C long range correlations of 1 were
observed by the HMBC spectrum. The HMBC spectrum
of 1 showed that the three long distance correlations
between the carbonyl carbon (5 166.8) of caffeic acid and
H-6(54.29, 4.67) of Glc B, the carbonyl carbon (6167.5) of
malonic acid and H-6 (64.27) of Glc C, and the carbonyl
carbon (5166.1) of p-coumaric acid and H-4 (§4.84) of
rhamnose were confirmed, indicating that p-coumaric
acid unit is attached to OH-4 of rhamnose, caffeic acid
unit is attached to OH-6 of Gl¢ B, and malonic acid unit
is bonded to OH-6 of Glc C. Therefore, the structure of
1 is cyanidin 3-0-(6-0-(4-O-(trans-p-coumaryl)-o-L-
rhamnopyranosyl)-8-D-glucopyranoside)-5-0-(6-0-mal-
onyl-p-D-glucopyranoside)-3-0-(6-0-trans-caffeyl--D-
glucopyranoside), which is a new anthocyanin. Further-
more, careful detail difference NOE measurements of
1 showed several weak long distant NOEs as well as
strong NOEs as shown in Table 3, indicating that caffeic
acid unit and cyanidin (chromophore) were closely
located in three dimensions. These results suggested that
cyanidin and caffeic acid occupy a folding conformation
as a stacking structure [16-20].

EXPERIMENTAL

Materials. Seeds of Lobelia erinus cv ‘Rosamond’ were
obtained from Sakata Seed Co., Ltd and cultivated in the
experimental farm of Minami-Kyushu University. Fresh
petals were collected in spring and air-dried at 45°.

Extraction and isolation. The dried petals (30 g} were
extracted with 5% HOAc at room temp. overnight. The
filtered extract was adsorbed on Diaion HP-20 column,
washed with 1% HOAc and then eluted with 5% HOAc
in 70% MeOH. After concn, the eluate was fractionated
over Sephadex LH-20 CC using HOAc-MeOH-H,0
(1:6:12) and HPLC. Prep. HPLC was performed on
a Hitachi 6200 system, using a Inertsii ODS-2
(209 x 250 mm) column and HOAc solvent system. Pig-
met (ca 20 mg) was obtained as a red-purple powder.

Analysis. Characterization of 1 and 2, obtained by
alkaline deacylation of 1, was carried out with UV-Vis,
FAB-mass, and 'H and '*C NMR spectrometry, and

Table 3. Observed negative NOEs in Lobelia anthocyanin 1 by irradiation of each proton

Observed NOE

Irradiation (H)* Strong Weak

Cy-H4 Glc A-Hl, Glec A-H3, Glc A-H5

Cy-H2' Glc B-H1, Glc B-H3, Gic B-HS

Cy-H6 Gle C-H1, Glc C-H3, Glc C-H5

Caf-Ha Caf-H2, Caf-Hé

Caf-H2 Caf-Ha, Caf-Hf Glc C-H1
Caf-Hé Caf-Ha Glc A-H1
pCou-H2,6 pCou-H3,5

pCou-Ha pCou-H2,6

Caf-Ha, Caf-Hf;, Caf-H2, Caf-H35, Caf-H6, Glc B-Hé6, Glc C-H1, Glc D-H1
Caf-Ha, Caf-Hp, Caf-H2, Caf-H5, Caf-H6, Glc A-H2

pCou-Ha, pCou-Hp

*Cy, cyanidin; Caf, caffeic acid (II); pCou, p-coumaric acid (I); Glc, glucose.
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also TLC and HPLC [7, 15]. '"H and '*CNMR spectra
of anthocyanins were measured in 10% TFA-d-90%
DMSO-dg by 400 and 100.5 MHz NMR (JNM GX-400
Jeol) with internal standard TMS. The other products
from 1, by acid hydrolysis, alkaline deacylation and
H,0, oxidation, were analysed as previously [7, 15].
Analytical HPLC was performed on a Inertsil ODS-2
column (4.60 x 250 mm) at 35° with a flow rate of
0.8 mlmin~' monitoring at 520 nm. Solvent systems
used were as follows; a linear gradient elution for 40 min
from 25 to 85% B (1.5% H;PO;, 20% HOAc and 25%
MeCN in H,0) in Solvent A (1.5% H;PO,).
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