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Abstracts-Eight flavone C-glycosldes isolated from rice plant were found to act as probmg stimulants for 
planthoppers They have been ldentrfied as the known compounds schaftoade, neoschaftoslde, carlmoslde, Isoonentm 
2”-glucoslde and the new constituents neocarlmoslde (6-C-~-~glucopyranosy1-8-C-~-L-arabmopyranosylluteolIn), 
lsoscoparm 2”-glucosIde (chrysoenol 6-C-/?-D-(2-0-/?-D-glucopyranosyl)glucopyranosIde) and Its 6”‘-p-coumaric and 
feruhc acid esters 

INTRODUCTION 

During a study of the feedmg behavlour of some plant- 
hoppers rice plant extracts were found to sttmulate the 
probing behavlour [l] of three species (Ntluparuata 
lugens, Sogatella fircrfera, Laodelphax strratellus) known 
as Important rice pests In Asian countnes Fractionation 
of the extracts led to the Isolation of eight active C- 
glycosyltlavones [2] Their structure elucldatlon Is now 
reported m the present paper 

RESULTS AND DISCUSSION 

When methanohc extracts of rice plant were dissolved 
m water and successively washed Hrlth hexane, chloroform 
and ethyl acetate, the probing stimulant was found to be 
present In the aqueous phase, which was passed through a 
column of cation exchange resin and extracted with n- 
butanol Three active fractions A, B and C were isolated 
from the n-butanol extract after column chromatography 
on polyamide (gradient H,O-EtOH) and cellulose (30 % 
MeOH) Further fractlonatlon on cellulose (H,O-satd n- 
BuOH) led to compounds 1 and 2 from fraction B, to 
compounds 3 and 4 from fraction C, whereas compounds 
5-8 required a further separation of fraction A on 
polyamide (gradient H,O-MeOH) 

Both 1 and 2 showed the same UV spectrum (AH o 270, 
338 nm) and dlagnostlc shifts [3] as aplgenm with p ree 5,7- 
and 4’-hydroxy groups and the chromatographlc be- 
havlour of aplgenm dlglycosldes A 6,8-d1-C-glycosyl- 
aplgenm structure was Indicated by the absence of signals 
for H-6 and H-8 and the presence of signals for two 
anomerlc sugar protons m their ‘H NMR spectra T’hls 
was confirmed by the electron Impact mass spectra of the 
pet-methyl denvatlves which showed the characterlstlc 
fragmentation pattern of permethyl 6-C-hexosyl-8-C- 
pentosylaplgenms [4] for both compounds [M]’ 704, 
[M-15]+, [M-31]+ (100x), [M-47]+, [M-63]+, 
[M-103]+,[M-119]+,[M-131]+,[M-145]+,[M 
-163]+, [M-175]+, [M-189]+ with [M-175]+ 
> [M- 131]+ Direct comparison with free and per- 

methylated standard compounds on cellulose and slhca 
gel TLC Identfied 1 as neoschaftoslde (6-C-fl+gluco- 
pyranosyl-8-C-B-L-arabmopyranosylaplgenm) [5] and 2 
as schaftoslde (6-C-#SD-glucopyranosyl-8-C-a-L-arabmo- 

OH 0 

1 R,’ = H, R6 = fl-D-Glcp, Rs = FL-arap 
2 R,’ = H, R6 = &D-c&p, Rs = ol-L-arap 

3 R,’ = OH, R, = fl-~-c&p, R, = P_L-arap 
4 R,’ = OH, R, = p-~-C&p, Rs = a-L-arap 

QR’ 

5 R’ = Me, RZ = H 
6 R’ = Me, R2 = feruloyl 
, R’ = R2 = H 

8 R’ = Me, R2 = p-coumaroyl 
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Table 1 PC (Whatman 3 mm) R, values of compounds l-g 

n-BuOH-n-PrOH-Hz0 
Compound 213 H,O-satd n-BuOH 

1 027 028 
2 017 017 
3 020 013 
4 012 007 
!i 030 032 
6 037 039 
I 023 025 
8 047 045 

pyranosylapigenm) [6], m agreement with the presence of 
two doublets (J = 10 Hz) at 64 73 and 4 79 for the 
anomenc sugar protons in the ‘H NMR spectrum of the 
latter and the presence of one singlet at 65 52 and one 
doublet (J = 10 Hz) at 4 60 in the spectrum of the former 

Slrmlarly both 3 and 4 showed the same UV spectrum 
(dx 255 sh, 270, 348 nm) and diagnostic shifts [3] as 
luteohn with free 5,7,3’- and 4’-hydroxy groups and the 
chromatographlc behavlour of luteolm dlglycosldes 
Agam a 6,8dlC-glycosylluteolm structure was mdlcated 
by the absence of signals for H-6 and H-8 and the presence 
of signals for two anomerlc sugar protons m their 
‘H NMR spectra This was confirmed by the electron 
Impact mass spectra of the permethyl derivatives which 
again showed the same charactenstlc fragmentation pat- 
tern of permethyl 6-Ghexosyl-8-Gpentosylluteolms 
[Ml+ 734 for both compounds Co-TLC with free and 
permethylated standards showed 3 and 4 to be different 
from lucenm-3 @-C+Dglucopyranosyl-S-C-B_Dxylo- 
pyranosylluteolm) and 4 to be ldentlcal with carlmoslde, a 
natural 6-Ghexosyl-8Gpentosylluteolm (from the mass 
spectrum of its permethyl ether) isolated from Carl~nn 
&garzs and assumed to be 6-Gglucosyl-8Garabmosyl- 
luteohn [7] The strlkmg parallelism of their chromato- 
graphic properties m the free and m the permethylated 
states strongly suggested 3 and 4 to be the luteolm 
analogues of 1 and 2, respectively This hypothesis was 

supported by the slmllarlty of the signals observed for the 
anomerlc sugar protons m the ‘H NMR spectra of 3 (one 
singlet at 65 51 and a doublet J = 10 Hz, at 4 58) and 1 
(see above), and of 4 (two doublets, J = 10 Hz, at 64 72 
and 483) and 2 (see above) In order to extend the 
comparison to the other carbon-bound sugar protons, 3 
was perdeutenomethylated and the ‘H NMR spectrum of 
the denvatlve was found to be superimposable with that 
of perdeuterlomethylated neoschaftoslde m the field of 
sugar protons, between S5 60 and 3 00. As shown m 
previous studies of perdeuterlomethylated C-arabmo- 
sylflavones [8] and neoschaftoslde [S], this part of the 
‘H NMR spectrum affords a clear dlstmctlon between 
the possible structures of the C-arabmosyl residue Fmal 
confirmation was obtamed through a comparison of the 
‘“C NMR spectra of 3 and neoschaftoslde which revealed 
near ldentlty of the spectra m the sugar carbon regon (see 
Table 2), and a comparison of the CD spectra of PDM 3 
and PDM neoschaftoslde which showed that arabmose is 
m the L form in both compounds [9] On the basis of the 
above data, 3 was considered to be 6-C-j-o-glucopyrano- 
syl-8-C-/3+arabmopyranosylluteohn and was named 
neocarlmoslde [lo] Acid treatment of both carhnoslde 
and 3 led to the same mixture of three Isomers, mcludmg 
the startmg products and a third compound showing a 
lower rmgratlon m BAW and 15% HOAc on two 
dlmenslonal paper chromatography (as did lsoschaftoslde 
when compared to schaftoslde and neoschaftonde) This 
third isomer was therefore named lsocarlmoslde and later 
ldentlfied by comparison with a natural compound lso- 
lated from Lespedeza cuprtata [l l] This acid lsomenz- 
atlon result also provided indirect evidence for the 
structure of carhnoslde (6-G/I-D-glucopyranosyl-8-C-a- 
L-arabmopyranosylluteolm), which has now been con- 
firmed by the near Identity of the 13C NMR spectra of 4 
and schaftoslde m the sugar carbon region (see Table 2) 

Compounds 5 and 7 showed the same UV spectrum of 
luteolm type (A= 255 sh, 270,348 nm) Diagnostic shifts 
[3] characterlzed the presence of free 5,7- and 4’-hydroxyl 
groups m both compounds, the absence of a free 3’,4’- 
dlhydroxy group m 5 and its presence in 7 Their 
chromatographlc behavlour suggested a dlglycoslde 
structure No change being observed on alkalme treat- 

Table 2 Assignments of sugar carbon signals m the ‘)C NMR spectra of 3,4,6 and 8 

DI-C-glycosldes 2”-O-Glucosyl-C-glucosldes 

Carbon Schaftoade Carlmoslde Neoschaftoslde Neocarlmoslde Carbon Vltexm 2”-O-/?-p Compound Compound 
number 151 4 c51 3 number glucopyranoslde 8 6 

G-1 736 73 5 729 73 2 G-l 714 71 1 712 
G-2 707 708 708 710 G-2 81 7 815 818 
G-3 78 7 789 790 792 G-3 78 2 78 5 788 
G-4 698 704 698* 700* G-4 ‘0 1 70 1 703 
G-5 812 817 816 818 G-5 81 1 815 812 
G-6 615 612 616 619 G-6 609 614 614 
A-l 747 744 714 715 G-l’ 105 1 1054 1057 
A-2 68 8 689 63 1 63 3 G-2 743 74 3 745 
A-3 75 1 753 72 3 726 G-3 76 1 764 766 
A-4 688 693 699* 702* G-4 69 3 68 8 690 
A-5 707 708 67 1 672 G-5 76 1 73 3 734 

G-6 603 622 622 

*Assignments bearmg the same supermpt may be reversed 



C-Glycosylflavones from Oryza S~IIUU 1063 

ment, 5 and 7 were permethylated The derivatives showed 
the same R, on slhca gel TLC and gave the same electron 
impact mass spectrum The observed fragmentation pat- 
tern was charactenstlc of a permethyl 2”-O-hexosyl-6-C- 
hexosylluteohn [M]’ 764, absence of [M - 15]+ and 
[M - 31]+ replaced by [SO]+ (M -219) and [S]+ 
(M - 235), 100 %, correspondmg to the loss of the 2”-O- 
glycosyl and 2”-0-glycosyloxy residues, presence of 
[SO,]‘, [SO,]‘, [SO,]‘, [S - 14]+, [S - 32]+ and im- 
portance (53 %) of [1] + 371 (see [ 121 for symbols) Acid 
hydrolysis of 5 gave glucose (ldentrfied by GLC of the 
aldltol acetate) and a 6Qlycosylflavone, identified as 
isoscoparin (6-C-j?-D-glucopyranosylchrysoerlol) by 
direct comparison with an authentic specimen Com- 
pound 5 1s thus defined as lsoscoparm 2”-glucoslde, a new 
natural compound 

Acid hydrolysis of 7 led to glucose, identified as above, 
and a 6-C-glycosylflavone ldentlfied with lsoorlentm (6-C- 
fi-~glucopyranosylluteohn) by duect comparison with an 
authentic specimen This defined 7 as lsoorlentm 2”- 
glucoslde, a conclusion confirmed by direct comparison 
with the known compound previously isolated form 
Cucumrs me10 [ 133 

Compounds 6 and 8 resembled 5 and 7 m their 
chromatographlc behavlour m aqueous acetic acid, but 
their UV spectra showed a much more intense long 
wavelength band 6 (A:;: (rel mt ) 271 (lo), 295 sh, 334 
(1 3) nm), 8 (1% (rel mt) 271 (1 0), 295sh, 323 (1 24) 
nm) Diagnostic shifts disclosed m both compounds the 
presence of free 5,7- and 4’-hydroxy groups and the 
absence of a free ortho-dlhydroxyl group When per- 
methylated, 6 and 8 gave denvatlves which showed the 
same R, and gave the same electron impact mass spectrum 
as those obtamed from 5 and 7 All these data could be 
explained by the results of alkalme hydrolysis which 
yielded feruhc acid and compound 5 from 6 and p- 
coumarlc acid and compound 5 from 8 It followed that 6 
and 8 were lsoscoparm 2”-glucoade feruhc and p- 
coumarlc acid esters, respectively 

The “C NMR spectra of 6 and 8 confirmed the 
presence both of the acyl functions and of the 2”-O-j- 
hnked glucopyranosyl residues In addition, analysis of 
the sugar carbon signals with reference to those of vltexm 
2”-O-j?-D-glucopyranoslde (Table 2) revealed that the 
only slgmficant differences occurred m the C-5 and C-6 
signals of the termmal glucose (G-S and G-6’ respect- 
ively) In the spectra of both 6 and 8, G-S had shifted 
upfield by 2 7-2 8 ppm and G-6’ had shifted downfield by 
1 9 ppm Such shifts typically mdlcate acylatlon at the C-6 
(G-6’) posltlon [14] Smce there 1s no mdlcatlon of 
acylatlon at any other sites m either 6 or 8, It IS concluded 
that both are mono-acylated Accordmgly, 6 IS asslgned 
the structure lsoscoparm 2”-O-/3-(6-O-feruloylgluco- 
pyranoslde) and 8, lsoscoparm 2”-O-/?-(6-O-p-coumaroyl- 
glucopyranoslde) 

EXPERIMENTAL 

Plant Oryza satwa cv Nlhonbare 
Isolutlon of compounds See ref [Z] 
6-C -tJ -D -glucopyranosyl -8- C- /i- L- arabmopyranosylaplgenrn 

(neoschaftosule, 1) ‘HNMR (~OMHZ, DMS0-d~) 613 41 (lH, 
br s, OH-5). 8 01(2H, d, J = 9 Hz, H-2’, 6’), 6 90 (2H, d, J = 9 Hz, 
H-3’,5’), 679 (lH, s, H-3), 552 (lH, s, H-l Am), 460 (lH, d, .I 
= 10 Hz, H-l Glc) 

6-C-b -D -glucopyranosyl -8-C- fi- L- arabmopyranosylluteolVI 
(neocarhnosuie, 3) ‘HNMR (!XMHz, DMSG-d,) 613 44 (lH, 

brs, OH-5), 7 51 (lH, dd, J = 8 and 2 Hz, H-6’), 743 (lH, d, J 
= 2Hz,H-2’),687(1H,d,J =8Hz,H-5’),664(lH,s,H-3),551 
(lH, s, H-l Ara), 4 58 (lH, d, J = 10 Hz, H-l Glc) 13C NMR 
(20Mm DMSO-11,) 61822 (C-4), 163 5 (C-2), 163 2 (C-7), 160 1 
(C-S), 153 0 (C-9), 150 1 (C-4’), 146 0 (C-3’), 1216 (C-l’), 119 2 (C- 
6’), 116 1 (C-S), 113 7 (C-2’), 109 3 (C-6), 103 1 (C-lo), 102 5 (C- 
3,8), for sugar carbon resonances see Table 2 

Permerhyl dewarwe of3 EIMS 70 eV, m/z (rel mt ) 734 [M] + 
(18), 719 [M-15]+ (30), 703 [M-31]+ (lOO), 687 [M-47]+ 
(7),673[M-61]+ (7),63l[M-103]+ (13),615[M-119]+ (3). 
603[M-131]+ (11), 589[M-145]+ (2),573 [M-161]+ (16), 
571 [M - 163]+ (28), 559 [M - 175]+ (32), 545 [M - 189]+ (8) 

Perdeuterlomethyl derwatwe of 3 ‘H NMR (250 MHz, 
CDCI,) 6776 (lH, dd, J = 8 and 2Hz, H-6’), 748 (lH, d, J 
=2Hz,H-2’),694(lH,d,J=8Hz,H-5’),662(lH,s,H-3),558 
and537(lH,2s,H-lAra),482and454(lH,2d,J=lOHz,H- 
1 Glc), 4 20 (1 H, m, H-Glc), 4 08 (1 H, m, H-Ara), 3 83 (3H, m, 3H- 
Ara), 3 58 (3H, m, 2H-Glc, 1 H-Ara), 3 40 (1 H, m, H-Glc), 3 25 (2H, 
m, 2H-Glc) CD (MeOH) [g],,, +5700, [&s - 16 100, [glZe5 
+ 14200, PDM neochaftoslde [g],,, + 19000, [g13,,, - 11700, 

P’l,,, + 26 700 
6- C-/3- w glucopyranosyl- 8- C- c+ I.- arabmopyranosylluteolm 

(carhnoside, 4) ‘sC NMR (20 MHz, DMSO-de) 6 182 3 (C-4), 
1640 (C-2), 1620 (C-7), 1598 (C-5), 1542 (C-S), 1500 (C-4’), 
145 8 (C-3’). 1216 (C-l’), 119 9 (C-6’), 116 2 (C-S), 113 8 (C-2’), 
1088 (C-6), 1042 (C-8), 1033 (C-lo), 1025 (C-3), for sugar 
carbon resonances see Table 2 

Isoscoparm 2”-glucostde (5) TLC (cellulose) R, 0 79 (15 % 
HOAc) UV $$$‘H nm 239sh, 252 sh, 270, 344, + AICl, 231 sh, 
261 sh, 278,296 sh, 360,385, + AIC13 + HCI 259 sh, 278,293 sh, 
353, 382, + NaOAc 234 sh, 277, 319, 365, + NaOAc + H3B03 
238 sh, 272, 346, +NaOH 259 sh, 269 sh, 278, 340 sh, 406 
Permethyldetwatwe EIMS 70 eV,m/z > 3OO(rel mt ) 764[M]’ 
(2), 589 [SO,] + (3), 575 [SO,] + (4), 559 [SO,] + (3), 545 [SO]+ 
(31), 529 [S]’ (lOO), 515 [S-14]+ (6), 497 [S-32]+ (8), 427 
[f]’ (5), 399 [n]+ (2),397 [h]’ (3),385 Cl]+ (8), 371 b]’ (53), 355 
[k[+ (18), 341 [l]’ (11) 

Isoscopann-2”-glucoade-6”-ferullc ester 6-C-jJ-~(2-0-/?-~+(6- 
O-feruloyl)glucopyranosyL)glucopyranosylchrysoe~~ol (6) TLC 
(cellulose) R, 0 75 (15 ‘A HOAc) UV AEH nm 273,299 sh, 33 1, 
+ AK& 281, 297, 334, 386, + AlCI, + HCl 282, 296, 335, 382, 
+ NaOAc 279,325, + NaOAc + HaBOa 273,330, + NaOH 279, 
327, 392 13CNMR (20MHz, DMSQd,) 61819 (C-4), 1664 
(Fer-CO,R), 163 5 (C-2,7), ca 161 (C-5), 156 5 (C-9). 150 7 (C-3’), 
149 3 (Fer-4), 147 9 (Fer-3, C-4’), 144 6 (Fer-fi), 125 6 (Fer-6), 
1230(Fer-1),1218(C-1’),1204(C-6’),1156(C-5’,Fer-5,a~1140 
(Fer-2), 110 3 (C-2’), 108 1 (C-6), 103 2 (C-3, lo), 93 6 (C-8), 55 7 
(OMe), for sugar carbon resonances see Table 2 

Isoscopann-2”-glucos~de-6”-pcouma~~c ester 6-Gj?-~(2-O-/S 
~(6-O-p-coumoroyl)glucopyranosyl)glucopyranosylchrysoe~~ol 
(8) TLC (cellulose) R, 0 74 (15 % HOAc) UV n=H nm 274, 
299 sh, 320; + AIC& 282,301,322,384, + AICI, + HCI 281,300, 
322, 382, +NaOAc 280, 311, +NaOAc+H3BOa 275, 319, 
+ NaOH 269 sh, 278,332 sh, 386 13C NMR (20 MHz, DMSO- 
d,) 61818 (C-4), 1662 (Cou-COIR), 1635/1633 (C-2/7), 1609 
(C-S), 159 6 (COU-~), 156 3 (C-9), 150 5 (C-3’), 147 8 (C-4’). 144 4 
(Cou-/?), 129 9 (Cou-2,6), 124 9 (Cou-1), 1216 (C-l’), 120 2 (C-6’), 
115 5 (C-S, Cou-3,s). 113 8 (Cou-a), 110 1 (C-2’), 107 9 (C-6). 
102 9 (C-3, lo), 93 3 (C-8), 55 7 (OMe), for sugar resonances see 
Table 2 
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