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Abstract—Two new acylated flavonols, montbretins A and B were 1solated from the corms of Crocosmia crocosmii-
flora Their structures were established as myricetin 3-O-[ 8-D-glucopyranosyl(1 —2)-6-0-caffeoyl-§-D-glucopyrano-
syl(t »2)-a-L-rhamnopyranoside]-4-0-[a-L-rthamnopyranosyl(! —4)-B-D-xylopyranoside] and  3-O-[f-D-glucopyrano-
syl(t -»2)-6-0-p-coumaroyl- §-D-glucopyranosyl(1 —2)-a-L-rhamnopyranostde]-4'-O-[a-L-rhamnopyranosyl(1 —4)- -

D-xylopyranoside] by spectral and chemical methods.

INTRODUCTION

Crocosmia crocosmuflora N E.Br. (Montbretia) is well
known as a garden plant and is used as an antitumour
agent 1 Japanese folk medicine

We report here the 1solation and characterisation of
two new acylated flavonols, named montbretins A(1) and
B(2) from the corms of this plant.

RESULT AND DISCUSSION

Montbretins A(1) and B(2) were 1solated from the
butanol-soluble fraction of a methanolic extract of C
crocosmuflora corms by a combmation of silica gel and
Sephadex LH-20 chromatography.

Montbretin A(1) was shown by elemental analysis and
FABMS (m/z 1229[M + H]"), to have the constitution
Cs53Hg,Oj3;. It showed UV maxima at 265 and 326 nm
and IR bands at 3400, 1695, 1660 and 1600 cm~!. The
'"H NMR spectrum of 1 showed the presence of myri-
cetin, a caffeoyl group and five sugar moieties. Myricetin
was indicated by the appearance of three aromatic pro-
ton signals at 66.16 (1H, d, J=2Hz), 6.21 (1H, d, J
=2 Hz) and 6.91 (2H, s) The caffeoy] group was sugges-
ted by the appearance of ABC-type aromatic proton
signals at 66 65 (1H, d, J =8 Hz), 6.74 (1H, dd, J =8, 2 Hz)
and 6 85 (1H, d, J=2 Hz) and two trans-olefinic proton
signals at 6604 (1H, d, J=16Hz) and 738 (1H, d, J
=16 Hz). The appearance of five anomeric proton sig-
nals at 64 56 (1H, d, J=8 Hz),4.61 (1H, d, J =8 Hz), 4.83
(1H, brs), 4.84 (1H, d, J =7 Hz) and 5.66 (1H, br s) showed
the presence of five sugar moieties. Furthermore, the
appearance of five anomeric carbon signals at §99.9,
102 6, 105.4, 106 5 and 107.1 1n the 3C NMR spectrum
of 1 suggested the presence of five monosaccharide units.
Acid hydrolysis of 1 with 4% sulphuric acid gave myri-
cetmn (3) [1], glucose, rhamnose and xylose (2:2°1) by
HPLC and TLC Alkaline hydrolysis of 1 with 4%
potassium hydroxide yielded descaffeoylmontbretin A(4)
and caffetc acid. The structure of 4 was confirmed by a
comparison of 1ts IR and 'H NMR spectra with those of
1, which showed that the band at 1695 cm™! in the IR

spectrum and signals for the caffeoyl group in the
'"HNMR spectrum of 4 had disappeared In the
"H NMR spectrum of 4, the C¢-proton signals of glucose
moiety were shifted to a hugher field compared with those
of 1 [2, 3]. Furthermore, m the !3C NMR spectra, acyl-
ation shifts [4, 5] of glucose carbons for 1, compared with
4 were observed at C-4 (+ 1.0 ppm), C-5 (— 2.4 ppm) and
C-6 (+2.0 ppm) (Table 1) These results indicated that
the caffeoyl group may be attached to the C4-posttion of
a glucose 1n 1.

In order to elucidate the linkage positions and glycosi-
dic linkage between the constituents m 1, enzymatic
hydrolyses were performed Thus, hydrolysis of 1 with
naringinase [6] for 1 hr yielded the hydrolysate 5 and
rhamnose In addition, the assignable methyl proton and
carbon signals of rhamnose mozety present in the 'H and
3C NMR spectra of 1 had disappeared in the correspon-
dent spectra of 5. The linkage of the rhamnose 1n 1 to the
C, position of the xylose moiety was decided on the basis
of the 13C NMR spectra of 1 and 5 which showed glyco-
sylation shifts [7, 8] of the xylose carbons for 1, com-
pared with 5 at C-3(— 1.6 ppm), C-4(+4.2 ppm) and C-5
(—29ppm) (Table 1) On enzymatic hydrolysis with
naringinase for 4 days, 5 gave a hydrolysate (6) and
xylose. The hydrolysate (6) was alsc prepared directly
from 1. The '*C NMR spectrum of 6 showed the dis-
appearance of the xylose moiety when compared with
that of 5. The glycosylation shifts [9, 10] of aglycone
carbons for 5, compared with 6 were observed at C-1'
(+66 ppm), C-35(+49ppm) and C-4(—04 ppm)
suggesting that the xylose moiety in § was hnked to the
4’-hydroxyl group of the aglycone (myricetin) (Table 2)
Comparison of the **C NMR spectra of 6 with myricetin
(3) revealed glycosylation shifts of the aglycone carbons
for 6 at C-2(+103 ppm), C-3(—0.3ppm) and C-4
(+2.2 ppm) indicating that the three sugars 1n 6 were
attached to the 3-position of myricetin Mild enzymatic
hydrolysis of 6 with hesperidinase [11, 12] for 26 hr. gave
caffeic acid, hydrolysates 7 and 8 and myricitrin(9)
[10, 13] The structure of 7 was confirmed by analysing
the '*C NMR spectra of 6 and 7. Thus, the '3C NMR
spectrum of 7 showed the disappearance of a glucose
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Table 1. '3C chemical shifts and assignments of sugar moieties of montbretins A(1), B(2) and related compounds (CD,0D)

1 2 4 5 6 7 8 9
3-0-Glycoside Rha 1 102 6 1025 1026 1027 1027 1028 1028 1037
2 842 843 837 843 845 837 830 720
3 7217 721 723 722 723 719 720 720
4 739 739 740 740 741 738 738 735
5 718 718 718 719 718 719 719 721
6 177 178 178 178 177 177 177 177
Gle 1 1054 105 4 1056 1055 1056 1073 1072
2 846 846 852 847 847 754 754
3 777" 777" 779° 778° 7170 7117 778
4 714 716 704 714 710 716 708
5 75 3¢ 75 3¢ 777 754 753 753 779
6 64 1 643 62.1 642 639 642 622
Glc 1 106 5 106 5 1067 1065 106 5
2 759 759 760 760 760
3 791 791 792 792 792
4 708 709 709 708 710
5 77 8° 77 8° 777° 77 8° 779
6 624 624 624 624 624
4'-0-Glycoside Xyl 1 1071 1072 1072 1073
2 748 749 74.8 747
3 756 756 756 772
4 752¢ 752¢ 753 710
5 645 646 645 674
Rha 1 999 999 999
2 721 721* 722%
3 724* 724 724%
4 739 739 740
5 701 701 702
6 180 180 180

*7¢ Assignments may be reversed n each column
Rha a-L-rhamnopyranosyl, Glc' f-D-glucopyranosyl, Xyl f-p-xylopyranosyl
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Table 2 '3C chemical shifts and assignments of the aglycone of montbretins A(1) and B(2) and related compounds (CD,0D)
1 2 3 4 5 6 7 8 9
Aglycone 2 1579 157.7 148.3 158 6 1579 158.6 158.4 1594 159.7
3 1361 136 1 137.2 136.2 136.1 136.9 1369 1367 136.5
4 179.6 1796 177.6 179.6 1795 179.8 179.8 1798 1799
5 163.0 163.1 1627 1632 163.2 1631 163.2 1632 163.3
6 100.0 100.0 99.5 1001 1002 99.9 99.8 100.0 1000
7 166.0 1659 165.8 166.2 166.4 1659 1657 166 0 1660
8 95.0 950 946 95.0 95.1 949 94.8 948 94.9
9 158.4 1583 1585 158.7 158.5 158.7 1587 1586 158.7
10 1061 106.1 104.7 106.1 106.0 106.0 106.0 1060 106.1
iy 128.7 128.6 1234 128.6 128.7 1221 1221 122.0 1222
2 1098 1098 1089 109.8 109.8 1095 109.6 1096 1095
3 1517 151.7 146.9 1520 1518 146.9 146.9 1470 147.0
4 1373 137.4 1379 137.1 1374 1378 137.8 1379 1380
5 1517 151.7 146.9 152.0 1518 1469 1469 147.0 1470
6 109.8 109.8 108.9 109.8 1098 1095 109.6 1096 1095
Caffeic acid and 1 1276 1270 1276 127.7 1278
p-coumaric acid 2 1151 131.0 1151 1150 115.1
3 1494 1167 1495 1494 1494
4 146.6 1610 146.7 146 7 146.7
5 1166 116.7 1164 116.4 1164
6 122.9 131.0 123.0 1230 123.0
Iy 168.9 168.9 168.9 1690 1691
2 1147 1148 114.8 1149 1149
3 147.1 146 7 1470 1471 1471

moiety when compared with that of 6 and the glycosyl-
ation shifts of glucose carbons for 6 were observed at C-1
(—1.7ppm) and C-2(+93 ppm) compared with the
spectrum of 7 suggesting that the terminal glucose in 6 is
linked to the C-2 position of the inner glucose. The 'H
and '*C NMR spectra of 8 showed the disappearance of
the caffeoyl group as compared with those of 7. The
position of the caffeoyl group in 8 was decided from the
acylation shuft in the !3C NMR spectrum. The acylation
shifts of glucose carbons for 7 were observed at C-4
(+0.8 ppm), C-5(—2.6 ppm) and C-6(+ 2.0 ppm) as com-
pared that of 8 suggesting that the caffeoyl group in 7 was
attached at C-6 of the glucose A comparison of the
13C NMR spectra of 8 and 9 showed the glycosylation
shifts of rhamnose carbons for 8 at C-1(—0.9 ppm), C-2
(+11.0 ppm) and C-3(—0.2 ppm) indicating the glucose
1n 8 was attached at C-2 of the rhamnose. On enzymatic
hydrolysis with hesperidinase for 2 days, 6 yielded caffeic
acid, hydroiysates 8, myricetin and myricitrin,

With regard to the anomeric configuration of the
glycosidic linkage, the S-orientations of the glucopyrano-
side and xylopyranoside were indicated by the corre-
sponding anomeric proton signal patterns (d, J=7
—8 Hz) in the "HNMR spectrum of 1, 4-8 The anom-
eric configuration of the rhamnose in 1 was assigned as a
by the application of Klyne’s rule [14]. [M]p of 1
—[M]p of 6= —355°. From these results, montbretin
A(l) was characterised as myricettn 3-O-[3-D-
glucopyranosyl (1 —2)-6-O-caffeoyl-f-D-glucopyranosyl
(1 - 2)-a-L-thamnopyranoside]-4'-O-[ a-L-rhamnopyrano-
syl (1-4)-p-D-xylopyranoside]

The molecular formular of montbretin B(2) was
confirmed as Cs3Hg,0;, by elemental analysis and
FABMS (m/z 1213[M+H]") It gave UV maxmma at

267, 304 and 311 nm and IR bands at 3380, 1685, 1650
and 1600 cm ™!, The '"H NMR spectrum of 2 is similar to
that of 1 except for the A,B,-type aromatic proton
signals at 56.67 (2H, d, J=8 Hz) and 722 2H, d, J
=8 Hz) suggesting the replacement of the caffeoyl group
in 1 by a p-coumaroyl moiety in 2. In the '*C NMR
spectrum of 2, the resonances due to the aglycone and
sugar carbons are quite coincident with that of 1 (Tables
1 and 2), suggesting that 2 has the same sugar compo-
nents as 1 and that the p-coumaroy! group 1n 2 may be
attached to the C-6 position of the inner glucose as the
caffeoyl group 1s in 1. Acid hydrolysis of 2 with 4%
sulphuric acid gave myricetin (3), glucose, rhamnose and
xylose (2:2:1). Alkaline hydrolysis of 2 with 4% pot-
assium hydroxide yielded p-coumaric acid and the hy-
drolysate (4) which was identified as descaffeoylmont-
bretin A(4) obtained from 1

On the basis of chemical and spectroscopic evidence,
montbretin B(2) was 1dentified as myricetin 3-O-[f-D-
glucopyranosyl(1 —2)-6-0-p-coumaroyl-#-D-glucopyrano-
syl (1-2)-a-L-thamnopyranoside]-4'-O-[«-L-rhamnopy-
ranosyl(1 —»4)-B-pD-xylopyranoside]

Flavonoid pentaglycosides rarely occur i the plant
kingdom and this 1s the first report of a 3,4'-diglycosyl-
myricetin with either a caffeoyl or p-coumaroyl moiety
[1, 10, 15].

EXPERIMENTAL

Mps. uncorr. 'H and '3C NMR spectra were taken on JEOL
FX-270 and Varian XL-300 spectrometers. El and FABMS were
taken with JEOL DX-300 instruments equipped with a direct
inlet system.
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Isolation of flavonoids The fresh corms (4 5 kg) of C crocos-
muflora N E Br were extracted with MeOH The concd meth-
gxtract was. extracted successively vath n-hexane, C H,.
EtQAc and n-BuOH The »-BuOH extract was repeatedly
chromatographed on wlbca gel with the upper laver of n-
BuOH-EtOAc-H,0O (5 1 4) to give the fraction contaming 1
5 of Fr 1 by Sephadex LH-
mg). Montbhr
¢ 123) Anal caled for

and 2.{Fr 1) The repeated separat

20.chromatography gave 1 (634 mg)and 2.(15
A{L) Yellow powder [2]2! ~42. 1" (H

Exls !
3

LS, € GLTR, K 523 Bewmd € SEI6. B 535
UV AMOH nm 265, 326 FABMS myz 1229 'H NMR

(M+1)"
(CD,OD) 6107 (3H, d. J=6Hz), 128 (3H. d. J=6Hz). 420
(TH. dd, J=11, 5Hz), 448 (TH, d, J=11 Hz). 456 (1H. d, J
=8 Hz), 461 (IH. d, J=8 Hz) 481 (1H, brs}). 486 (IH, d, J
=7 Hz), 566 (TH, brs). 6 04 (TH. d, J =16 Hz), 6 16 (IH, 4, J
=2Hz), 621 (1H, d, J=2Hz), 665 (1H, 4, /=8 Hz), 6 74 (1H,
dd, J=8,2H2z), 685 (1H, d, J=2Hz), 691 (2H. +), 738 (1H. d,
J=16H2

Montbretin B(2) Yellow powder [al3! -711" (EtOH
¢ 137 Anal caled for €, H, Oy C. 5246, H. 532 Found C,
5212, H, 538 UV AMOUnm 267, 304(sh), 326. FABMS myz
1213(M+ 1 THNMR (CD,0OD) 5 108 (3H. 4, J Hz), 129
(QH Jd J=6Hz), 420 (14 dd J=11 SHz), 448 (1H 4 J
=11Hz), 459 (1H. 4. /=8 Hz). 461 (1H, d, J =8 Hz). 4 83 (1H,

o) 4.8 L] A9 (LW hrs) 605 (1H 4 I=16Hz),

8 Hz) 680 (OH ) 722 (2H, 4, I

3
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Acid hydrolysis of 1. A soln of 1 (51 8 mg) in 4% H,SO, (2 m})
was heated at 100 for 3 5 hr giving a ppt of myricetin (3, 4 5 mg),
ident by comparison with an authentic marker The filtrate was
passed through Amberiite TRA-43
the sugar fraction Sugars were identified by TLC [silica gel,
solvent CHCl;-MeOH-H,0 (6 4 ] and HPLC {[column
ERC-NH-1171 (6 x 200 mm), solvent 8§0% CH ;CN, flow rate
1 5 ml, detecter RI, R, {min) thamnose (4 7), xylose (5 4), glucose
(74}

Alkaline hydrolystis of 1 A soln of 1 {143 mg) m 4% KOH
(14 ml) was stood for 2 hr at room temp and then acidified with
02 N HCI The acidic soln was adsorbed by Diaion HP-20 and
eluted successively with H,O, 60% MeOH and 80% MeOH
The 60% MeOH soln was evapd and the residue chromato-
graphed on a sihica gel with CHCl,-MeOH-H,0 (7 3 05) to
give caffeic acd (97mg) and  descaffeoylmontbretin
A(4,860mg) 4 Yellow powder [«]3' —733 (H,O. 129
UV MOt nm 269,311,337 (sh) IR vKBrem ' 3400, 1655, 1600
'H NMR (CD;0D) § 098 (3H. d J=6Hz). 128 3H. d. J
=6 Hz), 449 (1H, d, J=8 Hz), 4 58 (1H, d, J =8 Hz), 483 (IH,
brs), 484 (1H. d. J=8 Hz), 562 (1H. brs), 6 20 (1H, d, J =2 Hz),
632 (1H, d. J=2Hz). 692 (2H. 5}

Enzymatic hydrolysis of 1 with naringinase A soln of 1 (21 mg)
and naringinase (2Z mg} in 10% EtOH (4 mi) was incubated at
37 for 1 hr The reaction mixture was diluted with H,O (25 mi)
and extracted with n-BuOH The concd BuOH soln was sep-
arated by CC on Sephadex LH-20 (MeOH). affording 5 (10 mg)
5 Yellow powder [x[5 —150 (H,O, 070 UVAiZkS*nm
256 (sh), 265, 305 (sh), 326 IRvihiem ™! 3350, 1685, 1650, 1600
THNMR (CD,OD). 2 107 3H. d. [=65Hz). 455 (1H. d. J
=8 Hz). 458 (1H, d, /=8 Hz), 482 (IH. d. J =7 Hz), 565 (1H,
brs), 605(1H, 4, J=16 H2). 6 17 (1H.d.J =2 Hz), 6 21 (1H, 4, J
=2Hz), 666 (1H. 4 J=%Hz), 6 TS (1H. dd.  [=8.ZHz). 685
(1H, d, J=2Hz). 691 (2H, s), 739 (IH. d J=16Hz) The
residual sotn was evapd to give thamnose ident by TLC and
HPLC with an authentic sample

Enzymatic hydrolysis of 1 with naringtnase A soln of 1(26 mg)
and naringinase (56 mg) in 10% EtOH (4 ml) was incubated at
37 for 4 days The hydrolysate was treated just in the same

formyand concd 1o give
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manner as in the case of 5, aftording 6 (128 mg) 6 Yellow
powder [all® +414 (H,0.c 106) Anal caled for C,,H, O,
C.5304 H_488 Found C.S5251 H._ S07 UV ;MO qm 249,
263 (sh), 304 (sh), 332 IR vKBrom ™! 3340 1695, 1660, 1600
FABMS m;z 951 (M4 1) THNMR(CD,ODYLS LO9 (3H. 4. T
=6Hz), 434 (1H, d, J=8 Hz), 461 (1H. d. J =8 Hz), 548 (1H.
br Q610 00H J. J=16Hz) 6 17(1H. 4. [ =2Hz2 624 (1H.J J
=2Hz) 668 (1H_d. J=XHz. 679 (LH_dd. ] -8 2Hz). 690
(IH, d J=2Hz). 699 (2H. ). 741 {1H,d. J =16 Hz}

Bzt bpdilsis. of T wirk mimmgnise Aot of 5666 magh
and naringinase (124 mg) n 10% EtOH (10 ml was incubated at
37 for 4 days, affording 6 (33 my)

Enzymuatic hydrolvsts of 6 wirl hvsperrdmase A sotn of &
{153 mg) and hespenidinase (76 mg) m H,O (30 ml) was ncu-
bated at 37 for 26 tir The reactiornr mxture was fittered througlr
a column of Dunon HP-20 and cluted with 80°% McOH The
coned MeOH soln was separated by CC on Sephadex LH-20
(MeOH). and sihca. gel (CHCL, MecOH H,0Q, 7 3 05) to give
caffeic aad (14 mg), 7 (10 mg) 8 (30 mg), and myricitrin (9, 8 mg)
7 Yelow powder [211° -988 (FIOH. (058 LV MO
249,262 (shy. 303 (sh), 332 [IRAKFr (m 1 3400 1695. 1660, 1605
"HNMR (CD,QD) o LO8 (3H d.J =6Hz), 436 (1H, 4. J
=8 Hz) 558 (IH hr. 608 (0H 4 J-16Hz 615 (1H_ ]
=2Hz), 622 (1H.d. J=2Hz). 667 (1H, d, J=8 Hz) 678 (IH.
dd . J=8_2Hz) 689 (1H d J=2Hz) 697 (2H. ) 734 (1H. d [
=16Hz) 8 Yellow powder [x1}Y —1307 (FtOQH . 117
UV AMOH nm 256,306 (sh). 353 IR vABrem ' 3380, 1655, 1605
'HNMR (CD;0D) o 102 (3H d. J=6Hz), 434 (1H, d. J
=7 Hz). 556 (1H, hrs). 620 (1H d, J=2Hz), 637 (1H, d, /
=2 Hz) 697 (2H. s) Compound 9 was tdentical with an authen-
s sarmpie of oy T ot Bas of ooxeed fosion and specteat
data

Enzymatic hydrolysis of 6 with hesperidinase A soln of 6
(153 mg) and hesperidinase (158 mg} in H,O (30 ml) was incu-
bated at 37 for 2 days and was filtered through a Diaton HP-20
column From the concd filtrate glucose and thamnose were
ident by TLC and HPLC comparison with authentic samples
Further elution of the HP-20 column with MeOH and separ-
ation of the concd cluate by CC on Sephadex LH-20 {(MeOH)
and silica gel (CHCl;-MeOH H,0, 55 1) gave myrnicetin
(3, 13 mg), caffeic aad (9 mg), 8 {25 mg). myricitrin (9, 7 mg)

Acid hydrolysis of 2 A soln of 2 (10 3 mg) n 2% H,S50, (2 ml)
heated at 100 for 2 hr gave 3 (1 7mg) The filtratc was passed
through Ambertlite IRA-45 (OH form) and concentrated to give
a sugar fraction Sugars were dentified by TLC and HPLC as
the same method used for 1

Alkaline hydrolysis of 2 A soln of 2 (21 4 mg) in 4% KOH
(3 ml) was stood for 2 5 hr at room temp and then acidified with
02 N HCI The acidic soln was adsorbed on Dialon HP-20 and
successively eluted with H,0, 20°6 MeOH and 60% MeOH
The concd 60% NMeOT soin was separated by CTC o sitiea get
(CHC1,;-MeOH H,0=731 lower phase and CHCI;-
MeOH-H,0=6 4 1) to give 4 (8 5 mg) and p-coumaric acid
(0 4 mg. ident by IR, MS 'H NMR and mp) Compound 4 was
identified as descaffeovimonrtbretin A {4y by drrect comparnonn
with 4 obtained from 1
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