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Abstract-Kaeznpferol and zsorhanmetm 5-glucoszdes have been zdentztied for the tit tizne m plants m 
flowers and leaves of Cot& species (Composztaa) A number of new sources of related 5-ghzcoades have 
been detected. Thus, quercetzn S-glucoszde, prevzously reported m Lamzzun (Labzatae), has ti zdent&ed 
in Anthemis cot& and m seven other tsu(a m the trzbe AnthemzdeaeComposztae. Luteorm 5-glucoszde has 
been found m Cotula tzu&zmta and in Leycestera formosa (Caprzfolzaceae) Trzch 5-glucoslde, prevzously 
found m Trztzczzm (Grazmneae) has been detected m two Carex spenms (Cyperamae) A study of these 5- 
ghzuxzdes has shown that they are readzly dzstzngmshed from more commonly occunmg glucoszdas by R,, 
colour and spectral properties and by their mstabzlzty. The labzllty of the 5-O-glueoszde lmk I indicated by 
the fact that flavone and flavonol 5-glucoszdes are hydrolyzed by actd szxQ tunes more rapidly than the 
corrcsPondmg 7-glucoszdes 

INTRODUCTION 

FLAVONOID Sglycosides are interestmg taxonormc markers m higher plants both because 
of their relative rarity and their ease of detection. In a previous paper,’ the properties and 
systematic distribution of luteolin 5-glucosrde were described and the provisronal rdenti- 
fication of the first flavonol 5-gluconde, that of quercetm, was reported. In the course of 
contmumg chemotaxonomic studies m famihes of the Sympetalae and particularly m the 
Composnae,2 a number of new sources of 5-glycosrdes has been uncovered. As a result, it 
has been possible to co&m the identrlication of quercetm 5-glucosrde, m addition, two 
new 5-glucosrdes, those of kaempferol and rsorhamnetm, have been discovered. These 
results are reported in the present paper. 

RESULTS 

In the course of a two-dzmensional paper chromatographic survey of members of the 
Anthemzdeae-Compositae,2 a number of plants were found to have yellow fluorescent 
flavonoid constztuents. Because of the very Intense fluorescence, it was very easy to score 
plants for their presence/absence and thus these compounds appeared to be convement 
markers worthy of further study. The only known flavonords with comparable fluorescent 
propertzes were azaleatm (quercetm 5-methyl ether) and related flavonol 5-methyl ethers3 
and a compound provisionally identzfied as quercetm 5-glucoside m Lamzum album petals. 1 
Smce none of the fluorescent compounds was present m acrd hydrolysed extracts of the 
composite plants, the possibility of their being 5-methyl ethers was ruled out and all these 
novel compounds therefore appeared to be flavonol 5glycosides. This was confirmed by 
detailed studies of the more promment fluorescent constituents. 

* Part XV m the serzes ‘Comparatzve Lochemistry of the Flavonoids’ 
’ J B Wm, Phytochetn 6,1569 (1967) 
* J B -BORNE, V H HEYWOOD and N A M SALEH, Phytochem. 9,201l (1970) 
3 J B HARLUDRNE, Phytochem 8,419 (1969) 
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The major fluorescent constituent m leaves of Anthemzs cotula was isolated and character- 
ized as quercetm 5-glucoside on the basis of Its R,, colour properties, spectral characteristics 
and hydrolytic products (Table 1) It was also identical m every way with the compound 
previously detected m Lamium. l Smular studies of several Cotula species revealed the pre- 
sence of two new flavonol 5-glucosrdes, those of kaempferol and uorhamnetm, and these 
were characterized m the same way as the quercetm denvative. 

The location of the sugar on the 5-hydroxyl m these flavonols was based on the close 
smnlarity m fluorescence and spectral properties (Table 1) with the analogous 5-methyl 

TALU 1. R,ANDSPB~~RAL CHARA- Cs OF I’LAVONE AND FLAVONOL 5OLUCOSIDES 

R,(XlOO)rn 
Glucostde* BAW 15% HOAc Hz0 Phenol 

Isorhamnetm 5glucosrde 08 01 68 
Kaempferol S-glucosnie 

;: 
34 10 45 

Quercetm 5-glucostde 22 Quercetm 7ghrcostde 23 :: :: :; 
Luteolm 5glucostde 36 12 01 56 
Trrcm 5glucosrde 26 08 00 89 

Ghrcoade 

&u. (nm) AA (nm)m 
m EtOH NaOAc Al& NaOEt HsBOB 

Band1 BandlI Band1 BandIIBandIIIBandII 

Isorhamnetm 5-glucosrde 255 370 0 

Raempferol 5-ghrcoade 263 359 

1; z 1; 

Quercetm 5ghrcosrde 254 18 59 
18 

Quercetm 7ghrcostde 257 ;z 
1: 

50 z5 
Luteohn 5glucostde Z+ 345 19 56 :‘: 

Tncin 5-glucosrde 265 348 - O$ 72 0 

l Monoglucostdrc structures for the new flavonol5-glucosrdes are advanced on the 
basis of R,propertres (compare smnlarrty m R/between quercetm 5- and Il-glucosrdes), 
of identrfymg glucose as the sole sugar of acid hydrolyses and of then ready &duco- 
stdase hydrolyses 

t Inflection 
$ Incorrectly recorded as a posthve shtft m a prevtous publlcatton,6 the error 

presumably bemg due to the presence of free trtcm m the 5-ghtcosrde sample 

TABLE 2 RATES OF 
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Famzly, genus and species 5-Glucoa1de of’ 

Docytzzopszs ts&ozzosIrz Kozdzumi (bark) chrysm4 
prunus serruta, P. speczosa (bark) Genkwarm (aplgenm ‘I-methyl ether)* 

Legummosae 
Amorpha frzztzcosa (leaf) 
Gulega o~cznalzs L (seed) 
Gencstu spp. (leaf) 

Umbelhferae 

Apzm4 
Luteolin’ ** 
Lute&n (see Note Added m Proof) 

Ctitosczu&m trzclrospermum (L.) Bo1sS (leaf) 
Torzb arzwzszs (Hudson) Lmk (leaf) 
T. no&u (L ) Gaertner (leaf, seed) 

Luteolzn’ 

Labzatae 
Lumzzun album L (petal) Quercetln’ 

Composztaet 
Anacyclw pyrethrum DC (leaf) 
Anthemzs cotula L (leaf) 
Cot& azzstrabs Hook f (leaf) 
C. burbata DC (leaf) 
C gozqhenszs Rudmose Brown (leaf, petal) 
C tzubztzutu (leaf) 
Detzdranthema arctzczon (petal) 

QUHCdlll 
Quercetm 

Quercetm, isorhaznnetm 

Kaeznpferol 
Quercetm, luteohn 
Quercetm 

Caprzfohaceae 
Leycesterzu formosa Wall (leaf, bract, petal, stem) Luteolm5 

Grammeae 
i’kitzcum dzcoccum, T. motzococczzm 
T polotzzcum 
Oryza satzva 

cyperaceae 
Care% acutzformzs Ehrhart 
C. rzparza Curtis i 

TlYCm6*’ 

* References to the hterature any gzven where appropriate,,“› entries wzthout mference numbers 
are new reports 

t Flavonol 5-glycoszdes have also been provls1onally detected m the followmg taxa: Chrysun- 
themz4m coronarzum (leaf), C segetum (petal), Coleostephur myconzs (leaf/petal), Leucanthemzlm 
stratum (leaf/petal), L szfvutzcum (leaf), L vzdgare (leaf) and i’kzplezzrospermzon znozkwum (leaf/patal) 

ethers. However, the most sign&ant indication that this linkage was present in these com- 
pounds was their very rapld rate of hydrolysis. These are shown, together with those of the 
s~rmlarly constituted flavone 5glucosides m Table 2. It can be seen that, on average, the 
rate of hydrolysis of a 5-glucoside 1s 60 trmes faster than that of the correspondmg 7-gluco- 
side. This lablhty IS obvious during isolation procedures, since these compounds continually 
break down durmg chromatography and handling. Another characterrstlc feature is their 
abrhty to absorb strongly onto cellulose and it proved very drfficult to elute them from 
chromatography paper. Both these factors prevented the rsolation of these compounds m 
suthcient quantity for NMR or i.r. spectral measurements. 
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The known distribution of flavonol and flavone S-glucosides is outlined m Table 3, 
and this mcludes results of earher studies4 as well as our own surveys. It IS clear that, within 
the tribe Anthemideae of the Compositae, these derrvatrves are widespread and occur m 
both subtribes. The only genus so far apparently lacking them is Tanacetum (absent from 
4 species). A new record outside the Compositae is of luteohn 5-glucoade m Leycesterza 
formosa, which represents the only occurrence of this type of compound m the Caprifoha- 
ceae after a survey of 57 species.5 Another new record 1s of tncm Sglucoside, previously 
known m Trztzcum (Grammeae): m Carex (Cyperaceae); the taxonomic significance of this 
finding will be discussed elsewhere.’ 

The distribution of 5-glucosides within the plant has also been studied and is of some 
Interest. In general, these compounds seem to be restricted to one or at the most two 
different parts of the plant, mostly frequently leaf and/or flower m the case of the Composi- 
tae. In Galega oficznalzs, luteohn 5-glucoside was only detected m the seed and could not 
be traced m any other tissue. Again, m Torzbs, the same compound was generally restricted 
to the leaf; however, m T. nodosa, it was also noted m the seed. Exceptionally m bycesterza, 
luteohn 5-glucoside was found throughout the plant (flowers, bracts, leaves, stem) apart 
from the roots. 

DISCUSSION 

Present surveys show that the 5-glucoside character occurs sporadrcally m eight angio- 
sperm farmhes (Table 3) most of which are to some extent inter-related. Thus, two of them, 
the Rosaceae and the Legummosae, are generally accepted as belongmg to the same order, 
the Rosales. Agam, the present discovery of 5-glucosides m the Composnae IS not surprrsmg 
m view of the many other links, particularly m flavonoid chematry8*Q between the Legu- 
mmosae and the Compontae. Further, the Compositae and the Caprifohaceae, with a 
record m Leycesteria, are usually placed in adjacent order by most systematists. Fmally, 
the occurrence of 5-glucosides m the Umbelhferae and Composrtae is of interest, since these 
are both highly specmhzed fannhes which are already chemically hnked through the presence 
of polyacetylenes m both groups. lo One can conclude, therefore, that the presence of 5-gluco- 
sides is apparently restricted to phylogeneucally advanced plants and this character shows 
prormse of being a useful systematic marker m several plant groups. 

While the functron of 5-O-glucosylation of flavones and flavonols m plants is not known, 
it is apparently similar to that of 5-O-methylation m the sense that it blocks the normal 
5-hydroxyl-4-carbonyl chelatmg system and at the same time makes the flavone or tlavonol 
intensely fluorescent and thus possibly an attractant, at least when present m flowers, to 
insect polhnators. The distribution pattern of the 5-methyl ethers, however, is very different 
from that of the 5-glucoades since the former are restricted to SIX relatively primitive, mamly 

4 S IIAnmu, m Chemrstry of the Fbnwnod Compounds (edited by J. A GEJSSMAN), pp 316-352, 
Pergamon Press, Oxford (1962) 

5 C W. GLBNNIE and B A BOHM, m preparation 
6 J B HARBORNIX and E HALL, Phytochem. 3,421 (1964) 
7 J B WINE, m preparation. 
* E C. BATE-SMITH, J. Lmn Sot Botan 58,39 (1962). 
9 J B WRNE, Comparatzve Bzochemutry of the Flavonods, Acadenuc Press, London (1967) 

lo N A SORENSEN, m Chemrcal Plant Taxonomy (edited by T SWAIN), pp 219-252, Academic Press, 
London (1962) 
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woody dicotyledonous famihes. 3 The development within the angiosperms of the 5-O- 
methylabon process therefore must have preceded 5-O-glucosylation as a means of pro- 
ducing fluorescent flavonoids in plant leaves and flowers. 

PIont Materui 

EXPERIMENTAL 

The major@ of plants of the Composnae were grown from botamc garden seed at thrs Umverstty and 
voucher -ens have been deposited m the Department of Botany herbarmm Matenal of Cot& got&en- 
srs was kmdly provided by Dr. D. M. Moore from hrs collectmn of Gough Island and Trerre de1 Puego 
plants growmg at the Umversny Other plants studted were collected locally. 

Fkwonord Ident1ficat10ns 

Plavononls were extra&d, separated, punlied and nlentnkd by standard procedunz9 Rates of acid 
hydrolyses of the vanous glucosrdes were measumd as descrrbed earher,” except that chromatograms were 
run on thm layers of cellulose and the relatrve amounts of aglycone and glucostde present after a grven tune 
interval were e&mated by vrsual mspect~on m u v l&t 

Note Adfed rn Proof. In collaboratron wrth Dr. Dale Smrth, we have recently rdentnied the S-gluco- 
sides of quercetm and patuletm m leaves of the Polemomaceae, m Lmanthus (5 spp ) and m Lznanthastrum 
nuttaliii.la 

Ac&tww&&ement-One of us (C W G ) IS grateful to the Nattonal Research Councrl of Canada for linancral 
5UppOl-t. 

iI J B. IIARWIRNB, Ph~tochem. 4,107 (1%5). 
r2 J B HARBORNE, Phytochem 8, 1449 (1969) 


