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SHORT COMMUNICATION 

A FLAVONE FEEDING STIMULANT IN ALLIGATORWEED* 
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Stanford Research Instuute, Menlo Park, Cahfomra 94025, U !I A. 

(Received 4 January 1971) 

Abstract-A compound partially responstble for the feeding of Agasrcles beetles on alhgatorweed has been 
tsolated and Identified as 7-a-L-rhamnosyl-6-methoxyluteohn (I) 

INTRODUCTION 

A CONSIDERABLE body of evidence associates the feedmg preference of phytophagous Insects 
with the presence of specific chemtcals m host plants. I*2 Thts study reports on the mechanism 
that accounts for the feedmg of the chrysomehd beetle, Agasicles sp nov , on alhgatorweed 
(Alternanthera phylloxerozdes, Amaranthaceae) We Isolated and identtfied 7-a+rhamnosyl- 
6-methoxyluteolm (I) as one of the compounds responstble. 

RESULTS AND DISCUSSION 

The tsolatton steps were monitored by a bioassay procedure designed to detect the pres- 
ence of chemicals responsible for the feeding of Agasdes on alhgatorweed. The plant 
extracts were dissolved m dtsttlled water and the resultmg solutions apphed to leaves 
(spinach) not normally fed upon by Agasdes Controls consisted of spinach leaves treated 
with distilled water. The treated spmach leaves were then exposed to Agasdes beetles over- 
nrght and the leaves were examined for feeding damage. The presence of feeding damage 
was posmve evidence of the presence of a feeding stimulant m the parttcular extract apphed 
to the leaves 

Alhgatorweed was uutlally extracted with distilled water followed by freeze-drymg of the 
aqueous extract to give a powdery, green solid. The green solid was extracted with tetrahydro- 
furan (THF) and then extracted with methanol The methanol extract contained all the 
feeding activity The green solid remaining after evaporation of methanol was dissolved m 
water. This aqueous layer was extracted with ether, leavmg the feedmg activity remaining m 
the yellow aqueous layer. Purtfication via lead acetate treatment gave a yellow solid contam- 
mg all the feedmg stimulant activity Further purtficatton was achieved by column 
chromatography on polyamide and on cellulose. 

* Performed under Contract 12-14-100-8935(34), Crops Research Divtston, Agrtcultural Research 
Service, U S Department of Agrrculture. 

7 Present address State Umverstty College of Forestry at Syracuse Umverstty, Syracuse, New York 
13210, U S A 
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The UV spectra and colour reactions of the pure material showed it to be a flavonold 
glycoslde 3--5 Furthermore, spectral analysis indicated it to be a flavone, and not a flavonol, 
and to have free hydroxyls at the 5-, 3’- and 4’-posltlons 5-g 

The glycoslde was hydrolyzed with 2 N HCl and gave rhamnose as the only sugar The 
hnk between the sugar and the aglycon IS beheved to be a, and the sugar L-rhamnose This 1s 
supported by the fact that L-rhamnose 1s found m nature, and that all naturally occurring 
L-rhamnosldes have the a configuration l”*ll The sugar usually assumes the r_-pyranold form 
m L-rhamnose derlvatlves m plants I1 As further support, the glycoslde had a negative 
rotation [fz]&O - 67” (c = O-10, H,O) Quercltrm, a known a+rhamnoslde of quercetm, 
gave [u]h3 - 156” (c = 0 050, H,O) m our laboratory The hteraturel’ also reports a 
negative rotation for quercltrm Addltlonal support comes from the fact that methyl 
a+rhamnoede has [~]o - 62~5” m H,O and methyl P-L-rhamnoslde has [u]D + 95.4” m 
H,O I3 Also, the ORD curve for quercltrm had a negative Cotton effect at 350 nm and a 
posltlve one at 250 nm Our glycoslde also had a negative Cotton effect at 350 nm and a 
positive one at 270 nm, which mdlcates a slmllar configuratlon of sugars 

The sugar IS believed to be attached at the 7-posltlon, smce this 1s the most common 
pomt of attachment of sugars m flavones l4 Also, the UV spectrum of the glycoslde showed 
the presence of hydroxyl groups at 3’, 4’, and 5, and a shift of the 270-nm band of the aglycon 
upon addltlon of sodmm acetate mdlcated a hydroxyl at posltlon 7 l5 The NMR spectrum 
of the glycoslde and the aglycon, when compared with that of authentic luteolm, shows the 
presence of the 2’, 5’, 6’, 3, and 8 protons The proton at posltlon 6 IS mlssmg If the sugar 
were at 6, hydrolysis would give a 5,6,7-tnhydroxy aglycon, but the aglycon has a different 
spectrum from 6-hydroxyluteohn l6 

The NMR spectra of the glycoslde and the aglycon showed a 3-proton singlet at 6.15 T, 
mdlcatmg a methoxy attached to an aromatlc rmg l7 Since the proton at posltlon 6 1s rmssmg 
and all other posltlons are accounted for, the methoxyl group must be attached at the 6 
posltlon This 1s confirmed by the fact that the UV of the aglycon 1s identical to that reported 
for 6-methoxyluteohn la 

The aroma& portlon of the NMR spectrum of the aglycon was not as clear as one would 
hke. Therefore, sodmm hydride m DMF with methyl lodlde was used to completely methy- 

3 L JURD, m Tie Chemzstry ofFIavonord Compounds (edited by T A GEISMAN), p 108, Macmdlan, New 
York (1962) 

4 M K SEIKEL, zbzd p 51 
’ M K SEIKEL, zbzd pp 36, 37, 42 
6 J B HARBORNE, Comparatzve Bzochemzstry of the Flavonozds, p 49 Academtc Press, New York (1967) 
’ L JURD, m The Chemistry of Flavonozd Compounds (edtted by T A GEISSMAN), p 126, Macmdlan, New 

York (1962) 
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lateI the aglycon The permethylated aglycon was punfied by preparative TLC and its 
NMR spectrum showed the presence of five methoxyl groups. The permethylated aglycon 
showed a much cleaner aromatic region m the NMR spectrum m comparison with the 
aglycon itself. In particular, comparison of the NMR spectra of the permethylated aglycone 
and permethylated luteohn clearly showed the absence of the proton at posltlon 6 m the 
former compound. 

Thus, the structure of the feedmg stimulant IS 7-a-L-rhamnosyl-6-methoxyluteolm (I). 

EXPERIMENTAL 
Ootlcal rotations were made with a Perkm-Elmer 141 Polarnneter Paper chromatography was done on 

Whatman No 1 paper and TLC was done on slhca gel G-coated plates 
Extractton of all~atorweed Whole alhaatorweed (50 lb) was harvested from the Pasadena, California 

area, extracted &th &O, qmckly frozen, and then fre&e-diled to gve a powdery, green sohd (303 g). This 
sohd was stirred Hrlth THF (7 pt) and the THF msolubles were dried overmght m a vacuum oven The ohve- 
green THF-msolubles were extracted with MeOH (3 1) The MeOH solution was evaporated to a green sohd 
(75 g), which was active m promotmg the feeding of Agasrcles on spinach leaves 

Leadprecrprtatwn of methanol solubles The green sohd (75 g) obtamed by evaporation of MeOH was 
dissolved m Hz0 (2 1) and extracted with ether The ether layer was dark green Lead acetate (1 50 g) m 
Hz0 (300 ml) was added to the yellow aqueous solution to gve an Immediate yellow preclpltate The 
precipitate was collected by centnfugatlon, washed with distilled H20, suspended m dlstdled HzO, and treated 
with H2S (g) The PbS was separated by centnfugatlon The yellow solution was freezedned to gve a bright 
yellow sohd (4 3 g), A,,,,. 212 5,272 5, 349 nm, dark green FeClj color Color reactlons of the compound on 
filter paper are vnlble, light yellow, UV, brown, vlslble or UV/NHJ, yellow-green The yellow solid possessed 
feeding activity for Agasrcles beetles on spinach 

Polyamide column chromatography A column of polyamide powder (Brmkman CC-6 60 g, 3 x 36 cm) 
was prepared m dlstdled Hz0 A sample (1 5 g) of regenerated lead-preclpltated alligatorweed extract was 
&ssolved m Hz0 (30 ml) and apphed to the column The column was first eluted with dlstdled H,O (3 equal 
fractions, 200 ml each) followed by elutlon with Hz0 contalmng mcreasmg amounts of MeOH The three 
fractions (7-9) eluted with 50% aq MeOH contained active feeding stimulant material for Agasrcles beetles 
The remammg fractions were mactlve 

Examrnatzon of fraction 7 The yellow-orange solid (212 mg) obtamed from the polyarmde column 
fraction 7 was dissolved m dlstdled Hz0 (3 ml) and placed on a column of cellulose powder (Brmkman MN 
100,23 g, 1 7 x 47 cm) The column was eluted with HzO, two lOO-ml fractions and fourteen 5-ml fractions 
were collected The column was then eluted with Hz0 contammg mcreasmg amounts of methanol and 
finally eluted with abs MeOH Exammatlon of the fractions on cellulose TLC developed with Hz0 showed 
that fractions 5-l 1 and 12-17 could be combined Only combmed fractions 5-11 and 12-17 were active when 
bioassayed with Agasrcles beetles Fractions 5-l 1 contained 112 mg of material 

Exammatron of fractrons 5-l 1 Evaporation of water gave a yellow-orange sohd AzgH 215, 273 5, 351 5 
mn, hz:FEt 418 mn, h$$‘3 407 nm, &,,,, w3B03 388 nm NMR (DMSO) 2 35-2 72 7 (2 H, 2’-, 6’-proton), 2 90- 
3 20 7 (2 H, 5’- S-protons), 3 30-3 50 7 (1 H, 3-proton), 6 15 7 (3 H, aromatlc-OCH,) [a]g -67” (c = 0 10, 
HzO) ORD (EtOH) 350 nm (negatrve Cotton effect), 270 nm (posltlve Cotton effect) 

Hydrolysis of fractzons 5-l 1 Combined fractions 5-l 1 (39 mg) were dissolved m 2 N HCl(5 ml) to @ve 
a clear yellow solution The solution, after heating at 100” for 50 mm, contamed a green sohd m suspension 
The slurry was cooled to room temp and filtered, the solid was washed with Hz0 The filtrate was extracted 
with EtOAc, and this extract was combmed with MeOH solution of the green sohd that had been collected 
on the filter pad 

The aqueous layer was neutrahzed with Amberhte IR45 resm and exammed, along wth authentic 
sugars, by paper chromatography m n-BuOH-EtOH-Hz0 (40 11 19) The paper was sprayed with 3% 
p-amsldme HCl m n-BuOH and heated at 100 o 2o The aqueous layer gave one spot ldentlcal with rhamnose 
Exammatlon of the aqueous layer on Kleselguhr TLC plates 21 also showed the presence of rhamnose 

Evaporation of the MeOH-EtOAc layer gave a dark green sohd (23 7 mg) Thrs sohd was extracted 
with hot EtOAc, leaving a black residue (4 5 mg) Evaporation of the EtOAc gave a yellow sohd (16 5 mg), 
A”,n 213 5, 274, 351 5 nm Xmax NaoEt 420 nm, hk’E13 400 nm, hzfo3 381 nm NMR (DMSO) 2 35-2 65 T 
(2 H, 2’, 6’-protons), 3 00-3 20 7 (2 H, 5’, S-protons), 3 30-3 40 7 (1 H, 3-proton), 6 15 T (3 H, aromatlc- 
OC&) 

I9 D W THOMAS, FEBS Letters 5, 53 (1969) 
2o L HOUGH, J K N JONES and W H WADMAN, J Chem Sot 1702 (1950) 
21 K RANDERATH, Thm-layer Chromatography, p 236, Academic Press, New York (1966) 
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Methylurzon ofhydroZyszs product The aglycone (12 mg) was dissolved in DMF (3 ml) to gave an orange 
solution A NaH suspension (44 mg, 56 %) was washed with pentane and dned under N, The DMF solution 
was added to the NaH and the resultmg red solution was stnred for a few mm Me1 (N 1 ml) was added, the 
color became light orange, and the suspension was stirred for 3 hr The suspension was poured mto H1O, 
extracted with CHCI,, the CHCls layer was washed with HzO, and dried Evaporation of CHC13 gave an 
orange solid (12 8 mg) which gave a negative FeC13 test Analysis on sdlca gel G TLC developed with acetone 
showed one mam spot at R, 0 71 (UV, blue), a famt spot at R, 0 50, plus some material at the ongm The 
crude product was purified by preparative slhca gel TLC developed with acetone to give a light orange sohd 
(8 9 mg) showing one spot at Rf 0 71 on slhca gel G developed wnh acetone hg$ 21_5,243”&, 265Sh, 334 5 
nm There was no change m the UV spectrum when NaOEt or AlC13 was added NMR(DMS0) 2 20-2 50 7 
(2 H, 2, 6’-protons), 2 78-2 98 7 (2 H, 5, 8-protons), 3 10-3 25 7 (1 H, 3-proton), 6 10-6 20 I (15 H, 
aromatic OCH,) 

Luteolzn An authentic sample of luteolm was obtained from Dr R M Horowitz, Fruit and Vegetable 
Laboratory, Pasadena, Cahfomla NMR (DMSO) (for companson) 2 48-2 68 7 (2 H, 2’-, 6’-proton), 
3 01-3 18 7 (1 H, S-proton), 3 37 7 singlet (1 H, 3-proton), 3 57 7, doublet, (1 H,J = 2 Hz, 8-proton), 3 82 r, 
doublet, (1 H, J = 2 Hz, 6-proton) 

Methylatzon of luteolzn Luteohn (5 mg) was methylated by the same procedure as described above The 
product gave one mam spot at R, 0 50 (UV, blue), a faint spot at R, 0 74, and a spot at the origm The crude 
product was purdied by preparative TLC on sdlca gel developed with acetone S&a gel TLC developed with 
acetone showed one light orange spot (R, 0 50, UV, blue) The sohd product gave a negative FeC13 test 
AEzH 213,242 5,265,332 5 nm No change m spectrum upon addmon of NaOEt or AlC13 The UV spectrum 
agrees with that gven for tetra-O-methylluteolm ” NMR (DMSO) 2 30-2 62 I (2 H, 2’-, 6’-protons) 2 82- 
2 96 T (1 H, 5’-proton), 3 16 7 doublet (1 H, J = 2 Hz 8-proton), 3 30 Tsmglet (1 H, 3-proton), 3 52 7 doublet 
(1 H, J = 2 Hz 6-proton), 6 02-6 22 T (12 H, aromatic-0CH3) 
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