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Abstract-Two new acylated flavonols, montbretins A and B were Isolated from the corms of Crocosma crocosrm- 
flora Their structures were estabhshed as myrlcetm 3-O-[~-D-glucopyranosyl(l+2)-6-0-caffeoyl-~-D-glucopyrano- 
syl( I -*2)-c(-L-rhamnopyranoslde]-4’-0-[a-L-rhamnopyranosyl( 1+4)-/?-D-xylopyranoslde] and 3-f%[&D&copyrano- 
syl( l-+2)-6-0-p-coumaroyl+D-glucopyranosyl( 1~2)-a-L-rhamnopyranoslde]-4’-O-[~-L-rhamnopyranosyl( l-+4)-/?- 
D-xylopyranoslde] by spectral and chemical methods. 

INTRODUCTION 

Crocosma crocosmujiora N E.Br. (Montbretla) is well 
known as a garden plant and is used as an antitumour 
agent m Japanese folk medicine 

We report here the Isolation and characterlsation of 
two new acylated flavonols, named montbretms A(1) and 
B(2) from the corms of this plant. 

RESULT AND DISCUSSION 

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

Montbretm A(1) was shown by elemental analysis and 
FABMS (m/z 1229[M+H]‘), to have the constitution 
C,,H,,O,,. It showed UV maxlma at 265 and 326 nm 
and IR bands at 3400, 1695, 1660 and 16OOcm-‘. The 
‘H NMR spectrum of 1 showed the presence of myri- 
cetm, a caffeoyl group and five sugar moieties. Myrlcetm 
was mdicated by the appearance of three aromatlc pro- 
ton signals at 66.16 (lH, d, J=2Hz), 6.21 (lH, d, J 
= 2 Hz) and 6.91 (2H, s) The caffeoyl group was sugges- 
ted by the appearance of ABC-type aromatlc proton 
slgnalsat6665(lH,d,J=8Hz),6.74(1H,dd,J=8,2Hz) 
and 6 85 (lH, d, J=2 Hz) and two trans-olefimc proton 
signals at 6604 (lH, d, J=16Hz) and 738 (lH, d, J 
= 16 Hz). The appearance of five anomerlc proton slg- 
nals at 64 56 (lH, d, J=8 Hz), 4.61 (lH, d, J=8 Hz), 4.83 
(1 H, br s), 4.84 (1 H, d, J = 7 Hz) and 5.66 (1 H, br s) showed 
the presence of five sugar moieties. Furthermore, the 
appearance of five anomeric carbon signals at 699.9, 
102 6, 105.4, 106 5 and 107.1 m the 13C NMR spectrum 
of 1 suggested the presence of five monosaccharide units. 
Acid hydrolysis of 1 with 4% sulphurlc acid gave myrl- 
cetm (3) [l], glucose, rhamnose and xylose (2:2.1) by 
HPLC and TLC Alkalme hydrolysis of 1 with 4% 
potassium hydroxide ylelded descaffeoylmontbretm A(4) 
and caffelc acid. The structure of 4 was confirmed by a 
comparison of Its IR and lH NMR spectra with those of 
1, which showed that the band at 1695 cm-’ m the IR 

spectrum and signals for the caffeoyl group in the 
‘H NMR spectrum of 4 had disappeared In the 
‘H NMR spectrum of 4, the C,-proton signals of glucose 
moiety were shlfted to a higher field compared with those 
of 1 [2,3]. Furthermore, m the 13C NMR spectra, acyl- 
atlon 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 mdicated that 
the caffeoyl group may be attached to the C,-posltlon of 
a glucose in 1. 

In order to elucidate the linkage positions and glycosl- 
dlc lmkage between the constituents m 1, enzymatic 
hydrolyses were performed Thus, hydrolysis of 1 with 
narmgmase [6] for 1 hr yielded the hydrolysate 5 and 
rhamnose In addltlon, the asslgnable methyl proton and 
carbon signals of rhamnose moiety present m the ‘H and 
13C NMR spectra of 1 had dlsappeared in the correspon- 
dent spectra of 5. The hnkage of the rhamnose m 1 to the 
C, posItIon of the xylose moiety was decided on the basis 
of the ’ 3C NMR spectra of 1 and 5 which showed glyco- 
sylatlon 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 
(-2.9 ppm) (Table 1) On enzymatic hydrolysis with 
narmgmase for 4 days, 5 gave a hydrolysate (6) and 
xylose. The hydrolysate (6) was also prepared directly 
from 1. The 13C NMR spectrum of 6 showed the dls- 
appearance of the xylose moiety when compared with 
that of 5. The glycosylatlon shifts [9, lo] of aglycone 
carbons for 5, compared with 6 were observed at C-l’ 
( + 6 6 ppm), C-3’,5’( + 4.9 ppm) and C-4’( - 0 4 ppm) 
suggestmg that the xylose moiety in 5 was linked to the 
4’-hydroxyl group of the aglycone (myricetm) (Table 2) 
Comparison of the 13C NMR spectra of 6 with myrlcetin 
(3) revealed glycosylatlon shifts of the aglycone carbons 
for 6 at C-2( + 10 3 ppm), C-3( -0.3 ppm) and C-4 
(+ 2.2 ppm) indlcatmg that the three sugars m 6 were 
attached to the 3-position of myrlcetin Mild enzymatic 
hydrolysis of 6 with hesperldmase [l 1, 121 for 26 hr. gave 
caffelc acid, hydrolysates 7 and 8 and myncitrm(9) 
[lo, 131 The structure of 7 was confirmed by analysmg 
the 13C NMR spectra of 6 and 7. Thus, the 13C NMR 
spectrum of 7 showed the disappearance of a glucose 
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Table 1. ‘%Z chemical shifts and assignments of sugar moletles of montbretms A(l), B(2) and related compounds (CD,OD) 

1 2 4 5 6 7 8 9 

3-O-Glycoslde Rha 

GIG 

Glc 

4’-O-Glycoslde XYl 

Rha 

1 102 6 102 5 102 6 102 7 102 7 

2 842 84 3 83 7 84 3 84 5 

3 72 1” 72 1” 72 3” 72 2 72 3 

4 73 9 73 9 740 740 74 1 

5 71 8 71 8 71 8 71 9 71 8 

6 177 178 178 178 17 7 

1 1054 105 4 105 6 105 5 105 6 

2 846 846 85 2 84 7 84 7 

3 717b 77 7b 17 9b 77 8b 77 7b 

4 714 716 704 714 710 

5 75 3’ 75 3’ 77 7 754 75 3 
6 64 1 64 3 62.1 642 63 9 

1 106 5 1065 1067 106 5 1065 
2 15 9 75.9 760 760 760 

3 79 1 79 1 79 2 79 2 79 2 

4 708 709 709 708 710 

5 77 8” 77 8b 77 7b 77 8b 77 9h 
6 62 4 624 624 624 624 

1 107 1 107 2 107 2 107 3 
2 748 74 9 74.8 747 

3 15 6 15 6 75 6 77 2 
4 752’ 15 2’ 75 3 710 
5 64 5 646 645 674 

1 999 99 9 99 9 
2 12 I” 72 I” 72 2” 
3 72 4” 72 4” 72 4” 
4 73 9 73 9 740 

5 70 1 70 1 70 2 

6 180 180 180 

102 8 102 8 103 7 

83 7 830 720 
719 720 720 

73 8 73 8 73 5 
71 9 719 72 1 
177 17 7 177 

107 3 107 2 
754 75 4 

77 I 77 8 

71 6 70 8 

75 3 77 9 
64 2 622 

‘-’ Assignments may be reversed m each column 

Rha a-L-rhamnopyranosyl, Gk /?-D-ghCOpyranOSy~, Xyl fl-o-xylopyranosyl 
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Table 2 ‘% chemical shifts and assignments of the aglycone of montbretms A(1) and B(2) and related compounds (CD,OD) 

1 2 3 4 5 6 7 8 9 

Aglycone 2 1579 157.7 148.3 1586 157 9 158.6 158.4 1594 159.7 
3 1361 136 1 137.2 136.2 136.1 136.9 136.9 1367 136.5 
4 179.6 179 6 177.6 179.6 1795 179.8 179.8 1798 1799 
5 163.0 163.1 162 7 1632 163.2 163 1 163.2 1632 163.3 
6 100.0 100.0 99.5 1001 1002 99.9 99.8 100.0 1000 
7 166.0 165 9 165.8 166.2 166.4 165 9 1657 1660 1660 
8 95.0 950 946 95.0 95.1 949 94.8 94 8 94.9 
9 158.4 1583 158 5 158.7 158.5 158.7 1587 1586 158.7 

10 106 1 106.1 104.7 106.1 106.0 106.0 106.0 106 0 106.1 

1’ 128.7 128.6 123.4 128.6 128.7 122 1 122 1 122.0 1222 
2’ 109 8 1098 1089 109.8 109.8 1095 109.6 1096 109 5 
3’ 1517 151.7 146.9 1520 1518 146.9 146.9 1470 147.0 
4 137.3 137.4 137.9 137.1 1374 137 8 137.8 1379 1380 
5 151.7 151.7 146.9 152.0 151 8 146 9 1469 147.0 1470 
6 109.8 109.8 108.9 109.8 109 8 109 5 109.6 1096 1095 

Caffelc acid and 
p-coumanc acid 

1 127 6 127.0 127 6 127.7 1278 
2 115 1 131.0 115 1 1150 115.1 
3 149.4 1167 149 5 1494 149.4 
4 146.6 1610 146.7 1467 146.7 
5 1166 116.7 116.4 116.4 1164 
6 122.9 131.0 123.0 123.0 123.0 
1’ 168.9 168.9 168.9 1690 169 1 
2 1147 1148 114.8 1149 1149 
3’ 147.1 1467 147 0 147.1 147 1 

moiety when compared with that of 6 and the glycosyl- 
atlon shifts of glucose carbons for 6 were observed at C-l 
(- 1.7 ppm) and C-2( +9 3 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 13C 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 shift in the 13C 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- l( - 0.9 ppm), C-2 
(+ 11.0 ppm) and C-3( - 0.2 ppm) indicating the glucose 
m 8 was attached at C-2 of the rhamnose. On enzymatic 
hydrolysis with hesperldinase for 2 days, 6 yielded caffelc 
acid, hydroiysates 8, myrlcetm and myncltrm. 

With regard to the anomerlc configuration of the 
glycosldic linkage, the /%onentatlons of the glucopyrano- 
side and xylopyranoslde were indicated by the corre- 
sponding anomeric proton signal patterns (d, .I=7 
- 8 Hz) in the ‘H NMR spectrum of 1, &8 The anom- 
eric configuration of the rhamnose in 1 was assigned as CL 
by the application of Klyne’s rule [14]. [MID of 1 
-[MID of 6= -355”. From these results, montbretm 
A(1) was characterlsed as myricetm 3-@[p-D- 
glucopyranosyl (1 + 2)-6-O-caffeoyl+D-glucopyranosyl 
(1 + 2)-a-L-rhamnopyranoslde]~4’-O-[a-L-rhamnopyrano- 
syl (l-+4)-B-D-xylopyranoslde] 

The molecular formular of montbretm B(2) was 
confirmed as C,,H,,O,, by elemental analysis and 
FABMS (m/z 1213 [M + HI+) It gave UV maxima 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 66.67 (2H, d, .I=8 Hz) and 7.22 (2H, d, .I 
= 8 Hz) suggesting the replacement of the caffeoyl group 
m 1 by a p-coumaroyl moiety in 2. In the 13C NMR 
spectrum of 2, the resonances due to the aglycone and 
sugar carbons are quite comcldent with that of 1 (Tables 
1 and 2), suggesting that 2 has the same sugar compo- 
nents as 1 and that the p-coumaroyl group m 2 may be 
attached to the C-6 posltlon of the inner glucose as the 
caffeoyl group 1s in 1. Acid hydrolysis of 2 with 4% 
sulphurlc acid gave myrlcetm (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) obtamed from 1 

On the basis of chemical and spectroscopic evidence, 
montbretm B(Z) was identified as myricetm 3-0-[/&D- 
glucopyranosyl( 1+2)-6-O-p-coumaroyl-~-D-glucopyrano- 
syl (l-+2)-a-L-rhamnopyranoslde]-4’-O-[a-t-rhamnopy- 
ranosyl( 1+4)-p-D-xylopyranoside] 

Flavonold pentaglycosldes rarely occur m the plant 
kingdom and this 1s the first report of a 3,4’-diglycosyl- 
myrlcetm with either a caffeoyl or p-coumaroyl moiety 
[l, 10, 151. 

EXPERIMENTAL 

Mps. uncorr. ‘H and 13C NMR spectra were taken on JEOL 
FX-270 and Vanan XL-300 spectrometers. EI and FABMS were 
taken with JEOL DX-300 mstruments equipped with a direct 
inlet system. 
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Isolatton of&ronords The fresh corms (4 5 kg) of C crocos- 

rn!!fmra N E Br were extracted W!fh MeOH The mncd mett- 
d.nohc ext.ract was. eutracted successt.ve1.y att.h. a-hexaxe. C&L,, 

EtOAs and .n-!!kuIC?H The ?&&OH extract was repedtedy 
ch.roma.t.ogra.phed. on. sthca. gel. W!t.h. the Iqqxx !ayer of )I.- 

BuOH-EtOAc-H,O (5 1 4) to gave the fractton contammg 1 
ad 2 !_Fr ! !. The rnpe&d ~&pp~~.,,,, _ . . . . trnn nf I;r !. by Scphd!ex IH- 
28s~-~.-llo~~.togr~.~~.~ g&v5\ig 1 (.654 !sg).a?d. 2(! 55 rng). ~~r?t.bsP*!n. 
.4(l) Yrl!ow pox&r [z];’ -42 ! ‘(F&C). c t X3! Ad r&for 

. . . . CsoJJ~+&~. C, 4;; ?8, ‘r’.,. s 15 ::rr,,rr/t :-‘. F:; 76,. ‘Hi. ‘sqxs IC,LI_ _ 

UV 1;:;” nm 265, 326 FABMS M,‘Z 1229 (M f I)’ ‘H NMR 
(CD,ODj 6 107 (3H, d. J-6 Hz), 1 28 (3H. d. J =6 Hz). 420 
(II-i. dd, J=ii, 5Hzj, $48 (iii, d, J=ii Hzj. 456 (iH. d, J 

-8 Hz), 461 (IH. d, J-8 Hz) 481 (lH, hr \J. 486 (lH, d, J 
_ ., ;.. 

-7Hz). 566 (iH. hro. 604(iH. d, J=ibHrj, htu tori, d, J 

-2Hz),621 (1H.d. J=2Hzj.66S(1H,dT J=8H~).674(1H, 

dd,J=8,2Hr).685(lH,d,J=2Hz),h91(2H.\),738(lH.d, 

J= 16 HI) 

Montbretm B(2) Yellow powder [a]$’ - 71 1’ (EtOH, 
e 1 37: .An&L G&d br C’,;tc,&, (1. 5246 H. 5 32 Found C. 
52 !2, H, 5 38 ‘,!VI~~~” nm 267. 3@4(shj, 326. FABMS .?qZ 
!2!3(M+-lj &. + ‘” NMR (CD,ODj h ! Q8 (3H. d. J -6 Hz). ! 29 
(3-H. d., I - ,, & ‘,_,, r--.&x71. 420. (_f.H, & J,f.f.* 5&j< 448 (.!.H, d, J 

=11 Hz), 459 (1H. d. .1=8 Hz).461 (IH, d, J=8 Hz).483 (IH, 
6s ?j,.483 (.HQ+!=? H_.~j,5?69(?H.h, \j~.h!x (.!_H_d__J=?6 Hz!. 
&II;. i7y 0,. C.6.7 ,7H. .q r-Q UTI 6_pq. (3):. :j; 7 22 (.2H., d, 1 ” .” \” , .‘I, v “I !_ ., a-, “. -.,. rlr,; 
=8Ez).?42:!H,d, !=!6%! 

Aczd hydrolysrs of 1. A 50111 of 1 (51 8 mg) m 4% H,SO, (2 ml) 

was heated at 100 for 3 5 hr gtvmg d ppt of myrtcetm (3,4 5 mg), 

tdent by compartson wtth an authenttc marker The tiltrate was 
._ -.-a 

passed th:ougK Amherbte IRA-45 (CrH !orm j and- conco t1 a_ _ .. .?I Dl”P 
the sugar fractton Sugars were tdentjfied by TLC [sthca gel, 

solvent CHCI,-MeOH-H,O (6 4 lj] and HPLC [column 

ERC-NH-1171 (6 x 200 mm), solvent XO”,‘o CH,CN, flow rate 
1 5 ml, detecter RI. R, (mm) rhdmnose (4 7) xylose (5 4) glucose 

(7 4jl 
AIkrdrne hydrolytrc of 1 A soln of 1 (143 mg) m 4% KOH 

(14 ml) was stood for 2 hr at room temp and then actdtfied wtth 

0 2 N HCI The actdtc soln was adsorbed by Dtaton HP-20 and 

eluted successtrely wtth H,O, 60% MeOH dnd 80% MeOH 

The 60% MeOH soln was evapd dnd the restdue chromato- 

graphed on a sthcd gel wtth CHCI,~MeOH~-HLO (7 3 05) to 

gave caffetc dad (9 7 mg) and descdffeoylmontbretm 

A(4,86 0 mg) 4 Yellow powder [z];’ ~ 73 3 (H,O. ( I 29) 
UV j.f$m nm 269,311,337 (sh) IR v::: cm ’ 3400,1655,1600 

‘H NMR (CD,OD) 6 098 (3H. d I=6 Hz). 1 28 (3H. d, J 

=6 HZ), 449 (IH, d, J=8 Hz). 458 (IH. d, J:8 Hz), 483 (lH, 

hr~j.484(1H,d.J=8Hzj.562(1H.hr\j,620(1H,d.J=2H~), 

632(IH,d.J=2Hz).692(2H.<) 
Enzq~artc hjdrolyvr of 1 wth narw,wzuse A soln of 1 (21 mg) 

and narmgmase (22 mgj m fO% EtCIH (4 mI) was Incubated at 

37 for 1 hr The reactton mtxture was dtluted wtth H,O (25 ml) 

and extracted wtth n-BuOH The coned BuOH soln was sep- 
arated by CC on Sephddex LH20 (MeOH). affordjng 5 (10 mg) 

5 Yellow powder [x]:: - 150 (H20, < 0 71, iiV~~:~t’ nm 

256 (shj, 265, 305 (shj, 326 IR 1::: cm ’ 3350, 1685, 1650, Iho0 

‘F!NM’ ‘rDir_lDj 0 ! ‘17 !3H_~d. I=65 Hrj,455 (IH. d. J ,..._ I__ 

=8Hz).458(1H,d, J=8Hz).482(1H,d. J=7Hzj, 565(1H, 

br~!,60~(1H,~J=I6Hrr),617(1H_d~J:2~j,621(1H.d.J 
= 7 t+j _ _ __,) 6.66. (.f.H d, J = 8 HZ),. 6 7c (.r.H, (/I_ .l~= 8.. 2 i&j<. 6 85 

(IH. d, J-2Hz). 691 (ZH, A), 739 (IH, d J=l6Hr) The 
restdudt soln was evapd to gave rhamno\e jdent by TLC dnd 

HPLC wtth an duthenttc sample 

Enzjmcrlrc hydrolyrls oft wrrh nartnymuw A soln of I (26 mg) 
and narmgmase (56 mg) m 10% EtOH (4 ml) wds mcubated dt 

37’ for 4 days The hydrolyaate wds treated Ju\t m the same 

En~ymatrc hydrol\sls of 6 \ctrit Itecperrdmaue A aoln of 6 

(153 mg) and hespertdmase (158 mgj m H,O (30 ml) was mcu- 
bated at 37’ for 2 days and was filtered through d Dtaton HP-20 
column From the coned filtrate glucose and rhdmnose were 

tdent by TLC and HPLC compdrtson wtth duthentlc samples 

Further elutton of the HP-20 column wtth MeOH and \epdr- 

atton of the coned &ate by CC on Sephadex LH-20 (M&HI 

and sthca gel (CHCl,-MeOH HzO. 5 5 I1 gnve myricetm 

(3, 13 mg), caflejc acrd (9 mgj, 8 (25 mgj. myrtcttrrn (9, 7 mg) 
Aad hgdrol) us o/2 A soln of 2 (IO 3 mg) m 2% H,SO, (2 ml) 

hedted at 100 for 2 hr gave 3 (1 7 my) The filtrdte wab passed 
through Amberhte IRA-45 (OH form) and concentrated to gave 

a sugar fractton Sugars were tdentthed by TLC and HPLC ds 

the same method used for 1 

4lkalrne hydroly.trT o/ 2 A \oln of 2 (21 4 mgj m 4% KOH 

(3 ml) was stood for 2 5 hr at room temp and then actdttied wtth 

0 2 N HCI The actdtc soln wds adsorbed on Dtaron HP-20 and 

successtvely eluted v+tth H20, 20”; MeOH and 60?/0 McOH 
Tne coned 60% MeOH soin *a< aqxrrdted by CC err s~‘rrzd @Zi 

(CHCI,--MeOH H,O=7 3 1 lower phase dnd CHCl,- 
MeOH-H,O==h 4 1) to gjrc 4 (8 5 mgj and p-coumartc actd 

(0 4 mg. tdent by IR, MS ‘H NMR and mpj Compound 4 wd\ 

tdentthed as dcscatfeoyimonrbrcnn A (4~ by chrec~ ccrmp~+mon 

wjth 4 obtamed from 1 

AC Xnowirdqyrme~r~~ Tk 6iiih0iS ilt&lk Pr&ssor N MOiiia 

(Toydma Medtcal and Pharmaceuttc.d Umversctyj for authenttc 
.myrtcrrrm ,and myrxetm sdmpie\ Thmkh dre atso due hr Dr T 

Mtzogucht (Tandbe Setyaku Co, Ltd. 1 for suppivmg the crude 

hespertdmase 
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