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Abstract—Two novel anthocyanins, pelargonidin 3-0-f-D-glucoside-5-0-(6-O-malonyl-B-D-glucoside) and pelar-
gonidin 3-0-(6-O-trans-p-coumaroyl-g-D-glucoside)-5-0-(4-0-malonyl-§-D-glucoside) have been isolated from red
flowers of Hyacinthus orientalis cv Holly Hock, along with seven known anthocyanins, two of which include
cis-p-coumaric acid as the acyl moiety. Their complete structures were unambiguously elucidated by 1D and 2D

NMR techniques and other spectral evidence.

INTRODUCTION

Hyacinthus orientalis L. is a popular ornamental plant
with blue, red, pink, yellow or white flowers. The an-
thocyanins of the blue flowers of H. orientalis L. cv Delft
Blue have been reported to be seven acylated an-
thocyanins [1]. Although cyanidin 3,5-diglucosides have
been reported in red flowers of H. orientalis L. cv Jan Bos
[2], the structures of the other anthocyanins have not
been elucidated. We now report two novel acylated an-
thocyanins as well as seven known anthocyanins in red
double flowers of H. orientalis L. cv Holly Hock.

RESULTS AND DISCUSSION

Anthocyanins (1-9) of the red double flowers of H.
orientalis were isolated by an Amberlite XAD-7 column
chromatography, followed by preparative HPLC. UV-
vis and FAB-mass spectra of the nine anthocyanins are
shown in Table 1.

The FAB-mass spectrum of 8 showed a molecular ion
at m/z 827, in good agreement with the mass calculated
for C39H350,0. Fragment peaks were also observed at
m/z 579 [M — 248 (malonylhexose)]*, 519 [M — 308
(coumaroylhexose)]* and 271 [aglycone]®, indicating
8 to be comprised of pelargonidin, malonylhexose and
coumaroylhexose. In the UV-vis spectra, Esq0/E s, max
was 0.17, indicating the presence of pelargonidin 3,5-
diglycosides [3]. Analysis of the 'H NMR spectrum in-
dicated the presence of pelargonidin, two glucoses,
trans-p-coumaric acid (J4- g = 16 Hz) and malonic acid
(Table 2). Signals from the sugar moiety were observed in
the region of 63.52-5.36 and all vicinal coupling con-
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2 H H H H --
3 H p-coumaroyl H H cis
4 H p-coumaroyl H H trans
5 H H H malonyl
6 H p-coumaroyl H malonyl cis
7 H p-coumaroyl H malonyl trans
8 H p-coumaroyl malonyl H trans
9 OH p-coumaroyl H malonyl trans

stants of two glucose moteties were at 7.5-9.6 Hz. The
chemical shifts and the large coupling constants of two
anomeric protons appeared at 65.36 (d, J = 7.8 Hz, glu-
cose A) and 6521 (d, J = 7.5 Hz, glucose B), showing

1437



1438

K. HOSOKAWA et al.

Table 1. Spectral properties of anthocyanins from the red flower of H. orientalis L. cv Holly Hock

UV-vis (0.1% HCI-MeOH)

FAB-mass spectra

vis, max ’lacyl‘ max A1C13 shift
Anthocyanin (nm) (nm) E\0/Eqis. max E 440/ Evis. max (nm) [M]" & fragment ions
1 511 0.39 0 443,271
2 508 0.16 0 595, 433, 271
3 512 313 0.44 0.18 0 741, 579, 433, 271
4 508 316 0.58 0.19 0 741, 579, 433, 271
5 506 0.18 0 681, 519, 433, 271
6 513 310 0.38 0.20 0 827. 579, 519, 271
7 509 316 0.55 0.19 0 827, 579, 519, 271
8 508 316 0.56 0.17 0 827, 579, 519, 271
9 528 314 0.56 0.11 +7 843, 595, 535, 287

both glucose units to be - D-glucopyranoside. By analy-
sis of the proton network of the glucose moieties, the
anomeric protons of glucose A and B were finally corre-
lated to non-equivalent methylene protons of C-6 at
04.45and 4.51, and 53.63 and 3.79-3.83, respectively. The
downfield shift of the methylene of glucose A and H-4
(64.95) of glucose B indicated the coumaroyl/ malonyl
moieties to be attached to OH-6 of glucose A and to
OH-4 of glucose B.

To confirm the position of the ester linkage, the hetero-
nuclear multiple-bond correlation (HMBC) spectrum
was determined. The correlation peak between H-6
(64.45 and 4.51) of glucose A and carbonyl carbon of
p-coumaric acid (5169.2) was observed, indicating p-
coumaric acid to be attached to OH-6 of glucose
A through an ester bond. Similarly, malonic acid is at-
tached to the OH-4 of glucose B, shown by the presence
of the correlation peak between H-4 (§4.95) of glucose
B and one of the carbonyl carbons (§168.1) of malonic
acid.

The position of the glucosidic linkage was determined
by HMBC and nuclear Overhauser effect (NOE) differ-
ence spectra. In the HMBC spectum, correlation between
the anomeric proton (65.36) of glucose A and C-3
(0145.7) of pelargonidin was observed, indicating glucose
A to be attached to OH-3 of pelargonidin. Similarly,
glucose B was attached to OH-5 of pelargonidin, shown
by the presence of the correlation between the anomeric
proton (65.21) of glucose B and C-5 (§156.7) of pelar-
gonidin. These connectivities were also confirmed by
NOE experiments, in which negative NOEs of H-4
(69.00) and H-6 (67.01) of pelargonidin to the anomeric
protons of glucoses A and B were observed, respectively.
Anthocyanin 8 is thus pelargonidin 3-0-(6-O-trans-p-
coumaroyl-g-D-glucoside)-5-0-(4-0O-malonyl-$-b-gluco-
side).

Anthocyanin 5§ was found to have a molecular ion at
m/z 681 by FAB-mass spectrometry, in good agreement
with mass calculated for C;oH;30,5. Fragment peaks
were observed at m/z 519 [M — 162 (hexose)]”, m/z 433
[M — 248 (malonylhexose)]™ and 271 [pelargonidin]*
which indicated 5 to be comprised of pelargonidin, mal-

onylhexose and hexose. The 'H NMR spectrum was sim-
ilar to that of 8, except for the signals of H-6 of glucose
A and H-4 and H-6 of glucose B. The rather high-field
shift (63.70 and 3.97) of H-6 of glucose A compared to
8 indicated that OH-6 of glucose A was unsubstituted. In
the glucose B, the low-field shift of H-6 (54.34 and 4.54)
was observed in place of that of H-4 in 8, which indicated
the malonic acid to be attached to OH-6 in 5. The total
connectivities were confirmed by HMBC. Anthocyanin
5 is thus pelargonidin 3-0-$-D-glucoside-5-0-(6-0-mal-
onyl-f-D-gucoside).

Anthocyanins 1-4,6, 7 and 9 were also obtained and
these structures were elucidated by the complete assign-
ments of the 'H and !*C NMR signals deduced with 1D
and 2D techniques (Tables 2 and 3). These structures are
pelargonidin 3-0-B-D-glucoside (1), pelargonidin 3-O-,
5-0-di-B-D-glucoside (2), pelargonidin 3-0-(6-O-cis-p-
coumaroyl-f#-D-glucoside)-5-0-f-D-glucoside (3), pelar-
gonidin  3-0-(6-O-trans-p-coumaroyl-f-D-glucoside)-5-
0-B-p-glucoside  (4), pelargonidin  3-0-(6-0-cis-p-
coumaroyl-B-D-glucoside)-5-0-(6-O-malonyl-f-D-gluco-
side (6), pelargonidin 3-0-(6-O-trans-p-coumaroyl-f-D-
glucoside)-5-0-(6-0-malonyl-f-D-glucoside (7) and cy-
anidin 3-0-(6-0-trans-p-coumaroyl-f-D-glucoside)-5-O-
(6-O-malonyl-g-D-glucoside) (9).

Pelargonidin 3,5-diglucoside acylated with malonic
acid at the 5-O-glucose as in 5§ has not been reported
before. Anthocyanin 8 is also a novel anthocyanin al-
though anthocyanins which have 4-malonyiglucose have
been reported in Monarda didyma [4], Salvia splendens
[4-6] and S. farinancea [6]. While cis—trans isomeriza-
tion of cinnamate in acylated anthocyanins is known to
occur spontaneously [7], the anthocyanins 3 and 6 con-
taining cis-p-coumarate as acyl moiety of anthocyanins
were first found in flowers of H. orientalis L. cv Holly
Hock.

EXPERIMENTAL

Plant material. Bulbs (ca 6 cm in diameter) of H. orien-
talis L. cv Holly Hock were obtained from Heiwaen Co.
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Table 3. '3C NMR spectral data of anthocyanins from Hyacinthus (in MeOH-d, containing 10% TFA-d)

1 2 3 5 6 7 8 9

Aglycone

164.7 165.5 164.6 1649 165.5 1639 165.1 165.6 164.3
3 154.5 146.5 145.9 1454 146.6 1458 145.7 145.7 145.7
4 137.8 137.1 1345 136.2 136.9 1335 135.7 136.7 134.7
5 159.5 157.0 156.7 156.7 156.7 156.1 156.6 156.7 156.5
6 103.5 1059 105.1 106.0 106.1 1049 106.2 106.3 106.1
7 170.8 169.9 169.7 170.1 169.8 169.4 169.9 170.0 169.6
8 95.2 97.5 97.2 97.6 974 96.9 97.5 97.7 974
9 158.0 1575 1570 1570 1574 156.6 1571 157.3 156.8
10 1137 1137 1133 1133 1155 113.1 1133 1134 1131
v 1209 120.7 120.7 120.4 120.7 120.5 120.5 120.6 1209
2 135.7 136.3 136.1 136.1 136.3 136.0 136.1 136.2 1185
3 117.9 118.1 118.1 118.1 118.1 118.1 118.1 118.1 1475
4 166.6 167.3 167.2 167.3 167.3 167.2 167.4 1674 156.7
5 1179 118.1 118.1 118.1 118.1 118.1 118.1 118.1 117.6
6 135.7 136.3 136.1 136.1 136.3 136.0 136.1 136.2 128.8
Glucose A
1 103.9 104.2 102.1 1029 104.2 101.5 102.6 103.1 102.2
2 74.8 747 743 74.5 74.7 74.6 74.4 74.6 74.4
3 78.1 784 78.2 78.0 784 78.3 78.1 78.0 782
4 71.1 714 72.1 7.7 714 723 722 71.8 723
5 78.8 79.0 75.9 75.7 79.0 759 75.6 75.8 75.5
6 62.4 62.7 644 64.1 62.7 64.4 64.5 64.2 64.5
Glucose B
1 102.8 102.3 1029 102.3 101.5 102.8 102.9 102.8
2 745 747 74.8 744 74.2 74.7 74.7 74.8
3 719 77.8 77.8 715 717 77.7 76.5 71.7
4 71.1 71.3 71.2 714 71.3 71.0 729 71.0
5 78.7 78.7 78.8 759 759 759 754 76.0
6 624 62.6 62.5 65.2 65.1 65.1 62.0 65.2
Coumaric acid moiety
17 127.2 126.7 127.0 126.7 126.8 126.7
2" 1334 1314 1333 1314 1314 131.4
3" 1156 1172 115.5 116.7 116.9 116.7
4" 159.6 161.2 159.5 161.2 161.3 161.2
5" 115.6 117.2 115.5 116.7 1169 116.7
6" 1334 1314 1333 1314 131.4 1314
7" 144.2 147.0 143.6 147.0 1470 1470
8" 1159 114.6 115.8 114.7 114.6 114.7
9" 168.9 169.1 169.0 169.2 169.2 169.2
Malonic acid moiety
| 168.6 168.6 168.5 168.1 168.6
2" nd.* 420 419 42.2 41.9
3 170.4 170.3 170.5 170.4 170.5

*nd: Not detected.

(Tenri, Japan), in September 1991, and then grown in an
experimental field. Fresh red flowers were collected in
March to April 1991 and freeze-dried.

Isolation of the 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 Chromatorex-ODS (Fuji Silysia
Chemical Ltd.) column with flow rate of 5-8 mlmin~*
monitoring at 510 nm for anthocyanins. The solvent sys-
tems used were as follows; 15-60% MeCN-HOAc-H,0

containing 0.5% TFA, and then 10-25% MeOH con-
taining 15% HOAc and 0.5% TFA. To replace the
counter anion of anthocyanins with trifluoroacetate, the
concentrated fractions were adsorbed on activated Sep-
Pak tC 18 (Waters Associates, Milford, MA, U.S.A.). The
cartridge was washed with 0.5% ag. TFA and then eluted
with MeOH containing 0.5% TFA. The purified an-
thocyanins were concentrated to dryness under
N, stream. The residues were dissolved in small amount
of 1% TFA and then freeze-dried to give nine an-
thocyanins as powders (1; 1.7 mg, 2; 3.6 mg, 3; 2.5 mg, 4;
26.2 mg, 5; 10.0 mg, 6; 13.1 mg, 7; 388.5 mg, 8; 6.4 mg, 9;
5.6 mg).
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