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COMPARATIVE BIOCHEMISTRY OF FLAVONOIDSV. 

LUTEOLIN 5-GLUCOSIDE AND ITS OCCURRENCE IN THE UMBELLIFERAE* 
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Phytoehemical Unit, Hart19 Botanical Laboratories, The University, Liverpool 3 

(Received 17 May 1967) 

Abshct-A substance thought to be the S+lucoside of luteolin, which was isolated from petals of Dahk 
vurtiilis in 1953 and which agreed in its properties with a similar constituent in seed of Gulegu ofi&& the 
first known source, is now shown to be free luteolin. The genuine 5-8hxoside has now been discovered in 
leaves of Torib arvensis, T. noabsa and Chaetosciadurn trichospermum and rsexamination of Galega wed has 
confirmed that it contains the 5-glueoside as well as the free aglycone. Luteolin S-&coside has a very distinctive 
blue fluonxence in U.V. light, has chant&r tstic spectral properties and is unusually acid-labile. A similarly 
unstable compound in the petals of- album appears to be the analo8ous 5-$lucoside of quexetin. 
The natural diitribution of ilavone 5-glucosides and their value as taxonomic markers are discussed. 

INTRODUCTION 

5-GLYCOWLATION of flavones is probably a thermodynamically unfavourable reaction in 
plants since it presumably involves the disruption of hydrogen bonding between the 5- 
hydroxyl and the 4-carbonyl. Certainly 5-glycosylation appears to be a very rare event in . 
plant metabolism and only such derivatives of luteolin, apigenin, genkwanin and chrysin have 
been rep0rted.i The best-known 5-glucoside, that of luteolin, was isolated from the seed of 
Gukga oj’icinalis (Leguminosae) in 1923 by Barger and White? who named it galuteolin (I). 
It was also reported in horsetail, Qr&efum urvense (Equisetaceae), by Nakamura and Hukuti 
in 1940,3 and later it was identified by chromatographic and spectral methods in petals of the 
blue variety “Dandy” of Dahlia variabilis (Compositae).4 In seeking a source of authentic 
galuteolin for chromatographic comparison with the isomeric 7-, 3’- and 4’glucosides. the 
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+ For part IV of the series, see J. B. HAUMXM, Phytochem. 6,1415 (1967). 

1 S. HM-IYXI, In Chemistry ofthe Fknwwid Compounds (Edited by T. A. GEMSMAN), pp. 316-352. -on 
IYes& Oxford (1962). 

2 G. Bw and F. D. WHITE, B&hem. J. 17,836 (1923). 
3 H. NAKAMUM and G. HUKUTI, J. Phurm. Sot. Japrm 60,449 (1940). 
4 C. G. NORDSTROM and T. SWAIN, J. Chem. Sot. 2764 (1953). 
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present author5 used Dahlia petals and the identity seemed good since a compound with 
similar Rrvalues and colour reactions was obtained at the same time from Galegn seed. 

More recently the author. while studying the flavones of plants of the Umbelliferae as 
part of a chemotaxonomic survey of the family, found a luteolin derivative in the leaves of two 
Torilis species, the properties of which were very different from those of the Dahlia component 
but which nevertheless seemed to be the 5-glucoside. While a re-examination of the compon- 
ent isolated earlier from Gulega showed it to be the free aglycone. a comparison of the Torilis 
glucoside with a second component overlooked during the first examination. confirmed that 
it was indeed the 5-0-/?-D-glucoside (Il. As a result of the earlier mistake in identification, the 
chromatographic and spectral properties of (I) have been given incorrectly in a reviews and 
in a recent book6 and it is the purpose of the present paper to report the identification and 
true nronerties of this compound and to comment on its natural distribution. 

RESULTS 

During a chromatographic survey of the phenolics of members of the tribe Caucalineae. 
family Umbelliferae, an unusual constituent was noted in the leaves of two of seven Tori/is 
species. It had a bright blue fluorescence on paper in U.V. light changing to yellow-green 
with ammonia, colour reactions usually associated with ca.lTeic acid esters such as chlorogenic 
acid. It differed from the caffeic esters, however, in the intensity ofthc colours and by the fact 
that it had low Rfvalues in both butanolic and aqueous solvents. On acid hydrolysis it yielded 
luteolin and glucose as the only components. Since it had an R, very close to luteolin 7-gluco- 
side (with which it co-occurs in Tori/is) and was hydrolysed by P-glucosidase, it clearly had 
to be one of the three other isomeric monoglucosides of luteolin. It was quite different inits 
properties from the 4’-glucoside, an authentic specimen of which was available,’ and the fact 
that the spectrumgave a boric acid shift (Table 1) ruled out the 3’-glucoside structure; it was 
therefore. by elimination, the 5-glucoside. This was confirmed by the fact that its spectrum 
failed to give the bathochromic shift in the presence of aluminium chloride shown by the 
other three isomers all of which have the 5-hydroxyl free. Additional evidence of 
5-substitution rested in its striking blue fluorescence which is characteristic also of flavone 
5-methyl ethers. The Tori& compound also differed from other flavone glycosides in being 
unusually acid-labile and in being very strongly adsorbed on cellulose. 

Since the Turilis constituent was clearly different in its properties from the “5-glucoside” 
reported in Dahlia4 and Galegu,5 which had a dull ochre colour in u.v. light and a high R, in 
butnaol-acetic acid-water, the flavones in these plants were therefore re-examined. Chromato- 
graphy of a Galega seed extract showed that there were two major components. one of high 
&similar to the Dahlia compound and a second blue-fluorescent substance (R, O-35). over- 
looked in the earlier analysis. which is completely identical with the Torilis compound and 
which is clearly the 5-glucoside (I) first isolated in crystalline form by Barger and White.’ The 
component of higher R,-in Galegn was readily identiiied as luteolin by direct comparison with 
authentic material. Reconsideration of the proper-tics of the Duhlirr petal ” band 3”” suggests 
that it, too, must bc free luteolin. Since no substance with the R/s, colour reactions and 
spectrum of luteolin 5-glucoside as now reported (Table 1) appears to occur in Dd~/icr,~ it 
can be assumed that this glycoside is in fact absent from this plant. 

5 J. B.HAREORNE,J. Chomatog. 2,581(1959). 
6 J. B. HARBORPU'E, Compurutivc Biochemistry of the Flavonoids. p. 46. Academic PKSS, New York (1967). 
7 A. H. WILLIAMS, Chem. Ind. (London) 1318 (1964). 
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TABLE 1. PRO-= OF LUTEOLIN ANDrrsIxxJR-- 
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Flavone+ ’ In U.V. In U.V. +NH, 

Lute&l Dullochre 
The S-glucoside Bright blue 
The7-gl~de Dullochm 
The 3’-ghlcoside 
The 4’-ghlcoside Dullochre 

Bright [p-een 
Yellow-green 
Bright yellow 

Dull &e 

R1(xlOO)in 
I 
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Flavone* 

AhlUll 
, \ 

, 3 NaOEt 
Band1 BandII Band11 k& 

NaOAc HsBOs 
Band1 Band II 

Luteolin 255,264 352 +51 +40 +14 +25 
The 5-gl~ide 250,260 345 +56 +13 +27 
The 7-glucoside 255,267 353 +54 +4! 0 +22 
The 3’-gl~ide 256,268 350 +52 
The 4’-gltide 270 337 +39 +45 +8 Tl 

* Sources: 5-glucoside from Galega o-is and Torilis mmbsa; 7-ghcosid0 from Sokznum stolonifcum; 
3’-glucoside was not available for study, data given here from the abstract of the paper by Litvhznko and 
Sergienko,s who isolated it from Dr~halum thym@mm; 4’-glucoside from Pyrus ussuriensis leaf’ and 
from Turgenia lattjblta seed (J, B. Harbome, unpublished results). 

Curiously, r-e-examination of both fertile and barren stems of the common horsetail, 
Equisetum urveu.~, has so far failed to yield luteolin 5-glucoside as a major constituent, as 
earlier reporux13 Neither could this rare glucoside be detected by twodimensional chromato- 
graphy in extracts of two other common horsetails, E. sylvatkum md E. tdmzteja. The 
di&ulty of detecting it in Equ&tum may be a question of the plants’ development or environ- 
ment, particularly since experience with Todis indicates that the synthesis of the 5-glucoside 
in vegetative organs fluctuates considerably with the age of the plant. Further studies of the 
flavonoids in horsetails are in progress. 

It is abundantly clear from the present studies that luteolin 5-glycosides have very distinct 
properties when compared with the much more common 7glycosides. They can be recog- 
nized by (1) their blue fluorescence in U.V. light, (2) their acid lability, (3) their spectral pro- 
perties (the lack of an aluminium chloride shift is especially diagnostic) and (4) their strong 
adsorption on cellulose (they are eluted with dithculty from filter paper). Other flavone 
5glycosides are clearly as distinctive; thus Plouvierg reports that apigenin 5-rhamnosyl- 
glucoside in the leaves of the plum yew Caphalotuxzu drupaceu (Cephalotaxaceae) is completely 
hydrolysed by 3 % H#04 at 100” in 10 min. Flavonol5glycosides are probably similar in 
properties and indeed a glycoside recently isolated in this laboratory from petals of the white 
dead-nettle, Lumium album (Labiatae), has properties which suggest it is the so far undes- 
cribed 5-ghtcoside of quercetin. In particular it has a bright yellow fluorescence on paper 
similar to that of azaleatin (quercetin Smethyl ether) and it is very rapidly hydrolysed by acid 
to qnercetin. Its instability and the fact that it becomes irreversibly adsorbed onto filter paper 

8 V. I. m and T. A. SEROIBNICO, Chem. Abstr. 63,10233 (1965). 
9 v. PLowxEa, cornpt. Rend D263,1529 (1966). 
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during chromatography have so far prevented isolation of suflicient material for ~on~rming 
this structure. 

DISCUSSION 

Flavone (and fiavonol) 5-glycosides may have been overlooked during earlier chromato- 
graphic surveys either because they are so easily hydrolysed by acid or else because they have 
colour reactions on paper different from other flavone glycosides. Nevertheless. present 
evidence is that Iuteolin 5-glucoside is very rare in the Um~iliferae. Thus a search of some 
300 species of this Iarge family, using both fresh and herbarium material, has indicated its 
occurrence in only one further species, in Chaetosckrdum tricltospermw~. a monotypic genus 
in the same tribe as Torih. Its occurrence in Tori/is is limited to two of the seven species so far 
studies, T. arse&s and T. nodosa. It was also detected in Ilerbarium mate&l of T. cue~ti~e.~~ei~~ 

and T. heterophyila but according to a recent tasonomic revisnm.‘” these plants arc probably 
best considered as sub-species of T. urreruis. It is too early to assess the taxonomic value of 
this rare glycoside character in the Umbelliferae. since only a third of the seventy-five odd 
species of the tribe Caucahneae have been investigated. However it is worth noting that 
Tori% and Chaetosciadum are the only genera in the group so far studied with a chromosome 
number of twelve and that the two genera have very similar seed anatomy. As soon as all 
seventy-five taxa have been surveyed, luteolin S-glucoside will be used together with other 
chemical and with biological characters in a numerical analysis of what is a particularly 
"dif%zult ” taxonomic group.’ I 

There seems to be little general systematic significance in the natural occurrence of 5-glyco- 
sides since they have been found so infrequently and in such widety scattered groups. Whether 

they occur in horsetails remains to be seen. but they have been reported once in gymnosperms 
(Cephalotaxus). twice in the Leguminosae (Amorpltu and Gulegu) and once in the Rosaceae 
(Pramus). The two reports in the Umbelliferae (C’/~aetosciad~tm and Tori/is) can now be added 
to this list. 

EXPERIMENTAL 

P/ant Material 

Leaf of Umbelliferae was taken from plants grown matnly from spontaneous seed at Ness Gardens, 
Neston. Cheshire. Voucher specimens are being deposited m the Untverstty of Ltverpool herbarium. under the 
accession numbers given below. Seed of Gafqu o_@icinaIis L. was obtained from the Botanic Garden. Johannes 
Gutenberg University, Mainz, Germany. Petal of Dahlia vuriabitis was taken from “Bonny Blue”. a variety 
either synonymous with “Dandy” or very stmdar to it. E4ui~et~~r arveme L. was collected locally. E. .qhvrtrr~ 
L. from near Stromstad, Sweden, and E. iehnutc$a Ehrhart. from Glastonbury Tor, Somerset. 

Solvents used for paper chromatography were: BAW, butanofacetrc actd-water (4: 1 :S); lSf, HOAc. 
aqueous acettc actd; and PhOH, water~tu~ted phenol. Solvent for thin-layer chromato~phy on sdica gel 
G was CEF, chloroform-ethyl acetate-formic actd (I: 1: 1). In general, TLC was not verv useful for the 
flavones. the luteohn dertvatives being parttcularly easily destroyed on sihca gel. Two-dtmensional chromato- 
graphy was carried out on Whattnan No. 1 paper m BAW and 5 “,; 
Unicam SP8Oq spectropbotometer. 

HOAc. All spectra were measured on a 

1s J. F. M. CAWON, In Flora Europeo (Edited by T. G. TU;TIK. V. H. HF\ WIOD ct ~l.1, Vol. Z. Camhrtdge 
Universtty Press (1967). In press. 

It A multtrartate approach to the taxonomy of the Umbelliferae IS bemg carrted out at thts Untverstty by the 
author m coilaboratton with V. H. Heywood, P. F. Parker and D. C. Stuart. 
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Isolation and I&ntification of Luteolin 5-Glucoshk 

This compound was isolated from fresh leaf of Torilis noa& by extraction with hot EtOH and chromato- 
graphy on No. 3 paper in BAW, Hz0 and BAW. It only just separated under this treatment from the co-occur- 
ring 7glucoside. It tended to hydrolyse during chromatography, particularly in acid solvents and was also 
strongly adsorbed on paper and was best eluted from fresh chromatograms. It separated during purification 
from a second blueflu orescent band with higher R,in aqueous solventswhich may be the 5-rhamnosylglucoside 
(luteolin 7-rhamnosylglucoside also occurs in Torilis leaf). The Qhrcoside was isolated from Galega seed 
after 70% EtOH extraction at 100” for 30 min and chromatography in BAW. 

The properties of luteolin 5glucoside from both sources are shown in Table 1. Co-chromatography in 
nine solvent systems showed no separation. Gn hydrolysis with &glucosidase or acid, the compound from both 
sources gave luteolin and glucose. The luteolin band in Galega had RIO*82 in BAW and O-02 in water and was 
identified by direct comparison with authentic material. 

Survey of the Tribe Caucalineae for Luteolin 5-Glucosi& 

Luteolm 5-glucoside was detected by paper chromatography in four samples of Torilis arvensis (Hudson) 
Link(~oan~.1749,1784,1817,2085)andthreesampl~ofT.nodosa(L.)Gaertner(nos.2084,3008,3009) 
and one sample of Chaetosciadum trickospermum (L..) Boiss. It was absent from T. japonica (Houth) DC, 
T. leptophyllu (L.) Reichenb. fil, T. tenella (Delile) Beichenb. 61. T. triradiata Boiss. & Heklr. and T. ucraniua 
Sprengel. It was also absent from species of Artedia (l), Astrodaucus (2), Caucalis (1). Duucus (9), Orluya (2), 
Psammogeton (2). Pseudorfaya (1) and lkrgenia (1). All the above taxa were examined as fresh and herbarium 
material. Herbarium material of some 200 species repmsenting genera in all the other tribes of the Umbelli- 
ferae was examined for the 5-glucoside with negative results. 

Quercetin 5-Glucosi& (?) from Lamium album 

A &won01 glycoside was isolated from EtOH extracts of fresh petals by chromatography in BAW. The 
band at RIO-38 which had intense yellow fluomscence in U.V. light (exactly like azaleatin) was eluted and puri- 
fied. Ithtldh,,at~6and373~anddhAL~+57nm,d~HaBoa+17nmanddr\N*oAC+2nm. Itdecomposed 
in alkaline solution. R,-s were (quercetin given for comparison): O-38 (0.78) in BAW, 0.25 (O-34) in PhOH and 
062 (O-45) in 50% HOAc. It was readily hydrolysed by acid to quercetin. It was rather close in &to quercetin 
7ghrcoside (quercimeritrin) but di&ed in the colour reactions (the ‘I-glucoside is dull yellow in u.v.) and in 
ease of hydrolysis. 
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