0031—9422 (95) 00312—6 Phytochemistry, Vol. 40, No. 2, pp. 567-571, 1995
Copyright © 1995 Elsevier Science Ltd
Printed in Great Britain. All rights reserved

0031-9422/95 $9.50 + 0.00

@ Pergamon

FIVE ACYLATED PELARGONIDIN GLUCOSIDES IN THE RED FLOWERS
OF HYACINTHUS ORIENTALIS

KEI1zo HOsOKAWA, YUKIO FUKUNAGA,* ERI FUKUSHIT and JUN KAWABATAY

Iwate Biotechnology Research Center, 22-174-4 Narita, Kitakami, Iwate 024, Japan; *Gakken Institute of Plant Technology, 1-2-14
Honson, Chigasaki, Kanagawa 253, Japan; tFaculty of Agriculture, Hokkaido University, Sapporo 060, Japan

(Received 27 January 1995)

Key Word Index— H vacinthus orientalis; Liliaceae; red flowers; acylated pelargonidin 3,5-diglucosides;
p-coumaric acid; caffeic acid; ferulic acid; malonic acid; acetic acid.

Abstract—Two novel anthocyanins, pelargonidin 3-0-(6-0O-trans-p-coumaroyl-g-D-glucoside)-5-0-(6-0-acetyl--D-
glucoside) and pelargonidin 3-0-(6-O-feruloyl-f-D-glucoside)-5-0-(6-O-malonylglucoside), have been isolated from
the red flowers of Hyacinthus orientalis cv Holly Hock. Three known acylated anthocyanins, pelargonidin 3-0-(6-0-
caffeoyl-f-D-glucoside)-5-0-f-D-glucoside, pelargonidin  3-0-(6-O-feruloyl-f-D-glucoside)-5-0-§-D-glucoside and
pelargonidin 3-0-(6-O-caffeoyl-fi-D-glucoside)-5-0-(6-0-malonyl-B-D-glucoside), were also obtained. Their complete
structures were unambiguously elucidated principally by 1D and 2D NMR techniques.

INTRODUCTION

Hyacinthus orientalis L. (Liliaceae) is a popular ornamen-
tal plant with blue, red, pink, yellow or white flowers. We
have reported about anthocyanins of the flowers of H.
orientalis L. cv Delft Blue [1] and cv Holly Hock [2].
Acyl groups in the anthocyanins, which were contained
in the flowers of Holly Hock, were p-coumaric acid
and/or malonic acid. Continuing this work on Holly
Hock, we obtained five anthocyanins that contained acyl
groups other than p-coumaric acid or malonic acid and
report the complete structure determination of two novel
and three known acylated anthocyanins.

RESULTS AND DISCUSSION

The anthocyanins (1-5) of red flowers of H. orientalis

o]
were isolated by Amberlite XAD-7 column chromatogra- ° °
phy, followed by preparative HPLC. UV-Vis and FAB- R R2
mass spectra are shown in Table 1. In the FAB-mass
spectra of all five anthocyanins, the fragment peak at m/z 1 OH H
271 was observed, indicating the presence of pelargonidin 2 OCHg H
as aglycone. In the UV-Vis spectra, E;40/E is. max WETE
near 0.20 for all five anthocyanins, indicating the pres- 3 H acetyl
ence of pelargonidin 3,5-diglycosides [3]. In addition, all 4 OCH3  matonyl
five anthocyanins exhibited characteristic absorption
bands in the UV between 316 and 332nm and 5 OH malonyl

Eacy/Evis,max Were between 047 and 0.60, suggesting
acylation with one molecule of hydroxycinnamic acid

3]

The FAB-mass spectrum of 5 gave its molecular ion at
m/z 843, in good agreement with the mass calculated for
C3oH300;,. The fragment peaks were also observed at
m/z 595 [M — 248 (malonylhexose)]*, 519 [M — 324

(caffeoylhexose)]* and 271 [pelargonidin]*, which in-
dicated that 5§ was composed of pelargonidin, malonyl-
hexose and caffeoylhexose. Analysis of the 'H NMR
spectrum of 5 revealed the presence of pelargonidin, two
glucoses, malonic acid and caffeic acid (Table 2). In the
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Table 1. Spectral properties of anthocyanins from the red flowers of Hyacinthus
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p;

Pvisomux

UV-Vis (0.1% HCl-MeOH)

Z-acyl. max

Anthocyanin (nm) (nm) Eicy/Evic max Eau0/Evic.max AICl; shift  [M]* and fragment ions
1 509 332 0.48 0.20 0 757, 595, 433, 271
2 508 329 0.51 0.19 0 771, 609, 433, 271
3 509 316 0.56 0.18 0 783, 579, 475, 271
4 508 328 0.60 0.18 0 857. 609, 519, 271
5 509 331 0.47 0.19 0 843, 598§, 519, 271

Table 2. '"H NMR spectra of anthocyanins from the red flowers of Hyacinthus (in methanol-d, containing 10% TFA-d)

1
oH J{ppm) (Hz)

2
dH J(ppm) (Hz)

3
&H J(ppm) (Hz)

4
SH J(ppm) (Hz)

5
oH J(ppm) (Hz)

Aglycone

Glucose A

1

[= RV R A )

Glucose B

1

2
3
4
5
6

895 s

6.99d 19

6.92 br s

8.56 d 9.2

704 d9.2

7.04 d 92

8.56d9.2

5.38d 7.8
371dd9.0,78

3.58 dd 9.1. 9.0

3.50 dd 9.5. 9.1

3.90 ddd 9.5, 6.4, 3.8
445452 m
445-452 m
518479

377dd 93,79
3.57dd 9.3, 9.1
343dd 9.7, 9.1

3.62 ddd 9.7, 6.5, 2.2
3.754dd 12, 6.5

402 dd 12,22

Aromatic acid moiety

P
3
5

4

6
7
8"
3.

OMe

692 s

6.70 s
6.70 s
7274d 16
6.17d 16

Malonic/acetic acid moiety

2"

9.00 s

698 d 1.6
694416
8.55d9.2
7.03d9.2
7.034d9.2
8.55d9.2

535476

370 dd 9.0, 7.6

3.58 dd 9.0, 8.7
3.55dd 9.0, 8.7
385ddd 9.0,65, 28
444 dd 12, 6.5

452 dd 12,28

S515d78
373dd9.3,78
3.55dd 9.3, 9.2
342dd 9284
3.55-3.58 m
3.69dd 12,59
394 dd 12,23

691 d 16

6.74 d 8.2

6.89 dd 8.2, 1.6
7.37d 16

6.21 d 16

380 s

894 s

6.97 br s
6.96 br s
8.55d9.1
7.03d9.1
7.03 d 9.1
8.55d 9.1

5434179

3.72dd 89,79
3.61dd 9.1, 89

349 dd 9.5, 9.1

395 ddd 9.5, 8.0, 3.0
444 dd 12, 8.0

4.50 dd 12, 3.0

521478
379dd 9.2, 7.8
3.58dd 9.3,9.2
347 dd 94.9.3
3.77-3.80m
4.16 dd 12, 6.1
443 dd 12, 2.1

719 d 8.5
6.69 d 8.5
6.69 d 8.5
719d 85
7.34d 16
6.23d 16

1.99 s

892 s
6.94 br s
6.92 br s
8.50 d 8.7
7.00d 8.7
7.00 d 8.7
8.50d 8.7

541d78

372dd 85,78
3.62dd 9.1, 8.5
3.55dd 9.7, 9.1

394 ddd 9.7, 74, 2.8
439dd 12,74
457dd 12,28

517d78

3.75dd 9.2, 78
3.58dd 9.2,9.2

341 4dd 98,92

3.77 ddd 9.8, 6.0, 1.9
4.11 dd 12, 6.0
45212, 19

682d 19

6.66 d 8.1
6.78 d 8.1, 1.9
734d 16
6.21d 16
373 s

341 s

894 s

696 d 1.7
694d1.7
8.54d9.2
702d92
7.02d9.2
8.54d92

540479

3.71dd 9.0, 79

3.60 dd 9.2, 9.0

3.50 dd 9.6, 9.2

390 ddd 9.6, 7.5, 2.9
4424d 12,75
4.52dd 12,29

518479
376dd9.1,79

3.58 dd 9.3, 9.1

3.46 dd 9.6,9.3

3.79 ddd 9.6, 6.2, 2.0
4.254dd 12, 6.2

4.56 dd 12, 2.0

6.79d 1.9
6.67d 8.2
6.71dd 82,19

7.27d 16
6.16 d 16

nd*

*nd = not detected.

caffeic acid moiety, H-7" and H-8” had a large coupling
constant (J = 16 Hz); thus, the olefinic part of the caffeic
acid moiety has a trans configuration. The signals of two
hexoses were observed in the region of $3.46-5.40 and all

vicinal coupling constants of two hexose moieties were at
7.9-9.6 Hz. The chemical shifts and the large coupling
constants of two anomeric protons appeared at §5.40
(d.J =79 Hz, glucose A) and 55.18 (4, J = 7.9 Hz, glu-
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cose B). Therefore, both hexose units must be fS-D-
glucopyranoside. By analysis of the proton network of
the glucose moieties, the anomeric protons (65.40 and
5.18) of glucose A and B were finally correlated to non-
equivalent methylene protons of C-6 at 64.42 and 4.52,
and 64.25 and 4.56, respectively. The downfield shift of
these methylenes indicated that the caffeoyl/malonyl
moieties were attached to 6-OH of the glucoses.

In order to confirm the position of the ester linkage,
the heteronuclear multiple-bond correlation (HMBC)
spectrum was determined. A correlation between H-6
(64.42 and 4.52) of glucose A and a carbonyl carbon
(6169.2) of caffeic acid was observed, indicating that
caffeic acid was attached to 6-OH of glucose A through
an ester bond. Similarly, malonic acid is attached to the
6-OH of glucose B, shown by the presence of the correla-
tion between H-6 (64.25 and 4.56) of glucose B and one of
the carbonyl carbons (6 168.6) of malonic acid. The posi-
tion of the glucosidic linkage was determined by HMBC
and nuclear Overhauser effect (NOE) difference spectra.
The correlation between the anomeric proton (55.40) of
glucose A and C-3 (6 145.7) of pelargonidin was observed,
indicating that glucose A was attached to the 3-OH of
pelargonidin. Similarly, glucose B was attached to the
5-OH of pelargonidin, shown by the presence of the
correlation between the anomeric proton (65.18) of glu-
cose B and C-5 (6156.6) of pelargonidin. These connect-
ivities were also confirmed by the NOE experiments, in
which negative NOE of H-4 (68.94) and H-6 (56.96) of
pelargonidin to anomeric protons of glucoses A and
B were observed, respectively. Thus, § is pelargonidin
3-0-(6-0-caffeoyl-B-D-glucoside)-5-0-(6-0-malonyl-§-D-
glucoside).

The anthocyanin 4 gave a molecular ion at m/z 857 by
FAB-MS, which is 14 mass units (methylene) larger than
that of §, in good agreement with the mass calculated for
C4oH4,10,;. Fragment peaks were also observed at m/z
609 [M — 248 (malonylhexose)]”, 519 (M — 338 (fe-
ruloylhexose)]”™ and 271 [pelargonidin]®. In the
'HNMR spectrum, the singlet of methoxyl (63.73) was
found. The position of the methyl was determined by
HMBC. A correlation between the methyl protons
(63.73) and C-3" (6149.0) of the 1,2,4-trisubstituted ben-
zene ring was observed, indicating that the aromatic
moiety should be ferulate.

The anthocyanin 3 gave a molecular ion at m/z 783 by
FAB-MS, in good agreement with the mass calculated for
C;3H300,5. Fragment peaks were also observed at m/z
579 [M —204 (acetylhexose)]*, 475 [M — 308
(coumaroylhexose)]* and 271 [pelargonidin]®. The
'H NMR spectra of 3 were similar to those of 5, except
for the signals of acyl moieties. An acyl moiety was
determined to be acetic acid by 'H and '*C NMR. In the
HMBC, a correlation between the methylene protons
(604.16 and 4.43) of glucose B and a carbonyl carbon
(6172.9) of acetic acid were observed, which indicated
that acetic acid was present instead of malonate as shown
in other anthocyanins. In the '"H NMR spectrum of the
aromatic acyl moiety, the signals of the 1,24-trisub-
stituted benzene ring found in § were not observed and
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the presence of a 1,4-disubstituted benzene ring was dem-
onstrated instead of caffeate (Table 2). It was indicated
that trans-p-coumaric acid was present instead of caf-
feate.

The anthocyanins 1 and 2 gave molecular ions at m/z
757 and 771, respectively, by FAB-MS. Each molecular
ion was in good agreement with the mass calculated for
C;6H3-0,5 and C37H350 s, respectively. The 'H NMR
spectra of 1 and 2 were similar to those of 5 and 4, except
for the malonate region. Fragment peaks were also ob-
served at m/z 595 [M — 162(hexose)]*, 433 [M — 324
(caffeoylhexose)]* and 271 [pelargonidin]®* for 1 and
m/z 609 [M — 162 (hexose)]*, 433 [M — 338 (feruloyl-
hexose)]* and 271 [pelargonidin]® for 2. These data
suggested that 1 and 2 corresponded to the demalonyl
derivatives of § and 4, respectively.

The structures of anthocyanins 1-4 were hence de-
duced to be pelargonidin 3-0-(6-O-caffeoyl-f-D-gluco-
side)-5-0-B-D-glucoside, pelargonidin 3-0-(6-O-feruloyl-
B-D-glucoside)-5-0-8-D-glucoside, pelargonidin 3-0-(6-
O-trans-p-coumaroyl-p-D-glucoside)-5-0-(6-0-acetyl-f-
D-glucoside) and pelargonidin 3-0-(6-O-feruloyl-8-D-
glucoside)-5-0-(6-0-malonyl-8-D-glucoside), respective-
ly. The complete assignments of the 'H and '*C signals
deduced with 1D and 2D techniques are shown in Tables
2 and 3.

The anthocyanins 3 and 4 are novel anthocyanins. The
anthocyanin 3 contains acetic acid as an acylglucosyl
moiety. So far, this type of acetylated anthocyanin has
been reported in the fruit of Eurya japonica [4], the
flower of Verbena hybrida [5-7] and the flower of
Tibouchina urvilleana [8]. Anthocyanidins acylated with
feruloyl glucoside at 3-OH and with malonylglucoside at
5-OH group have only been reported as a cyanidin
derivative in cell cultures of Perilla frutescens var. crispa
[9], but the corresponding pelargonidin derivative, 4, has
not previously been identified.

EXPERIMENTAL

Plant material. Bulbs (ca 6 cm in diameter) of H. orien-
talis L. cv Holly Hock were obtained from Heiwaen Co.,
in Sept. 1991, and then grown in the experimental field.
Fresh red flowers were collected from March to April
1992, and freeze-dried.

Isolation of anthocyanins. Freeze-dried flowers (25 g)
were extracted with EtOH-HOAc-H,0 (10:1:9) at 4°.
The concd extract was adsorbed on an Amberlite XAD-7
column and washed with 5% HOAc. The anthocyanins
were eluted by 50% MeOH containing 5% HOAc. For
further purification, the crude anthocyanins were purified
by prep. HPLC using a Chromatorex-ODS (Fuji Silysia
Chemical Ltd) column with a flow rate of 5-8 ml min~*
monitoring at 510 nm for anthocyanins. Two solvent
systems were used for elution: 25-60% MeCN-
HOAc-H,O (5:4:11) containing 0.5% TFA and then
10-25% MeOH containing 15% HOAc and 0.5% TFA.
To replace the counter anion of anthocyanins with tri-
fluoroacetate, the concd frs were adsorbed on activated
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Table 3. '3C NMR spectra of anthocyanins from the red flowers of Hyacinthus (in methanol-d, containing
10% TFA-d)

1 2 4 s
dc(ppm) dc(ppm) d¢(ppm) Sclppm) dc(ppm)
Aglycone
2 165.3 165.6 165.2 165.0 165.2
3 145.6 145.7 145.8 1458 145.7
4 136.3 137.0 135.6 1358 136.1
5 156.8 156.9 156.6 156.6 156.6
6 106.0 106.1 106.1 106.2 106.3
7 170.1 170.1 169.9 169.8 170.0
8 974 97.6 97.4 97.5 97.4
9 1572 1574 157.1 157.0 157.2
10 1134 113.5 1133 1133 1134
U 1204 120.6 120.6 120.5 120.6
2 136.1 136.2 136.2 136.1 136.1
¥ 118.1 118.1 118.2 118.1 118.1
4 167.3 1674 167.4 167.4 167.3
5 118.1 118.1 118.2 118.1 118.1
[} 136.1 136.2 136.2 136.1 136.1
Glucose A
1 103.1 103.4 102.5 102.9 102.8
2 74.5 74.6 74.4 74.5 74.5
3 77.9 78.0 78.2 78.1 78.1
4 71.3 71.7 723 719 72.1
S 790 75.8 75.5 75.5 75.6
6 62.7 64.1 64.5 64.4 64.4
Glucose B
1 102.8 103.1 102.8 102.7 102.8
2 74.8 74.8 74.8 74.7 74.7
3 78.1 77.9 77.7 71.7 777
4 72.1 71.2 7.1 71.1 71.0
5 75.6 78.8 76.0 759 75.9
6 64.2 62.5 64.5 65.1 65.1
Aromatic acid moiety
1” 127.3 127.4 126.7 127.3 1274
2" 115.2 1120 1314 111.9 115.8
3" 146.5 149.2 116.8 149.0 146.6
4" 149.7 150.7 161.3 150.6 149.5
5" 116.4 116.5 116.8 116.4 1164
6" 123.6 1242 131.4 124.2 1229
7 1474 147.3 147.1 147.3 147.4
8" 1147 115.0 114.7 115.0 114.8
9” 169.2 169.1 169.2 169.1 169.2
3"-OMe 56.5 56.5
Malonic acid/acetic acid moiety
1 172.9 168.5 168.6
2" 20.7 419 419
3 170.5 170.5

Sep-Pak tC18 (Waters Associates). The cartridge was
washed with 0.5% aq. TFA and then eluted with MeOH
containing 0.5% TFA. The purified anthocyanins were
concd to dryness under N,. The residue was dissolved in
a small amount of 1% TFA and then freeze-dried to give
5 anthocyanins as powders (1, 2.1 mg; 2, 3.5mg, 3,
11.6 mg, 4, 21.2 mg, 5, 11.1 mg).

Spectral analysis. UV-Vis spectra were measured in
MeOH containing 0.1% HCl. FAB-mass spectra were

obtained in a positive mode with glycerol as matrix.
'HNMR (500 MHz) and !*C NMR (125 MHz) spectra
were obtained using 10% TFA-d-methanol-d, as a sol-
vent.
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