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Abstract-A survey of 255 species from 57 genera representing all the tribes in the Iridaceae has indicated considerable 
heterogeneity in the distribution of flavonoids and other phenolics in the leaves. Thus the Iridoideae and Tigrideae can 
be distinguished from other tribes by the regular presence of mangiferin, whereas the Trimezieae and Sisyrincheae can 
be separated by the absence of flavonols. Again, the Aristeae and Nivenieae are distinguished by the presence of 
plumbagin, although this quinone does occur in isolated instances in two other tribes. These two tribes also rarely have 
glycoflavones, which are otherwise almost universally present. Members of the Watsonieae are separated by the fact 
that only flavonols are present, while the Ixieae have a number of distinctive flavones, notably tricin, acacetin, 6- 
hydroxyluteolin and scutellarein derivatives. Isophysis tasmanica, the only taxon of the Isophysidoideae, is unusual in 
having the biflavonoids, amentoflavone and dihydroamentoflavone, with only traces of glycosylflavones. Anthocyanin 
patterns in the flowers also vary at the tribal level, with acylated pigments being apparently confined to the Irideae. 
Syringetin, larycitrin and myricetin 3-galactosides were identified in flowers of Gladiolus tristis (Ixieae), whereas 
glycoflavones were found to predominate in flowers of Iris species (Irideae). These varying patterns may be helpful in 
placing uncertain genera into their correct tribes. The phenolic pattern of the family as a whole is heterogeneous and 
shows only a few chemical links with any neighbouring families. 

INTRODUCIION 

As the culmination of a chemotaxonomic survey of 
flavonoids and related phenolics in families of the 
monocots [ 1,2] we now report the results of investigating 
the Iridaceae. This ornamental family of about 1500 
species and 85 genera is most richly represented in South 
Africa and tropical America but has an almost worldwide 
distribution. The genus Iris, for example, inhabits the 
northern hemisphere with a centre of origin in Asia. A few 
genera show markedly disjunct distributions in different 
continents, notably Libertia and Orthrosanthus (Australia 
and S. America) and Dietes (Africa and Lord Howe 
Island). Taxonomically the family is related to the 
Liliaceae (sensu stricto [3]) and Colchicaceae but its exact 
affinities are presently obscure. In a recent treatment 
Goldblatt [4, 5 and unpublished work] has divided the 
family into three subfamilies: the monotypic 
Isophysidoideae and the Iridoideae and Ixioideae, which 
are further divided into five and two tribes, respectively 
(see Table 1). The positioning of genera within the tribes 
however is still under active investigation. 

Although the chemistry of the family has been reason- 
ably fully investigated [6], relatively few surveys have 
been undertaken. Thus, various meta-carboxy substituted 
aromatic amino acids and glutamyl peptides have been 
reported widely in the subfamily Iridoideae, but not in the 
other subfamilies [7]. The pioneering survey of Bate- 
Smith of leaf phenolics showed that a wider range of 
constituents were present than in any other neighbouring 
group [8]. The major flavonoids detected by him were 

flavone C-glycosides and the flavonols, kaempferol and 
quercetin. Additionally, the unusual C-glucosylxanthone, 
mangiferin, was found to be characteristic of certain 
groups of Iris species, especially section Pogoniris [9]. Iris 
is also unusual in producing isoflavones, especially in 
rhizomes, although these compounds have only so far 
been positively identified in ten species and in the closely 
related Bekzmcanda chinensis [lo]. Floral tissues of some 
ten genera have yielded a range of anthocyanin pigments 
[l l] and Iris flowers have furnished C-glycosylflavones 
with 7- and/or 4’-methylation [12] and occasionally with 
additional acetylation [13]. 

Some parts of the present investigation have been 
recorded briefly in two earlier papers [14, 151. Here we 
provide full details of a survey of 255 species representing 
57 genera. 

RESULTS 

Leaf constituents 

The results of a leaf phenolic survey of 255 species of the 
Iridaceae are presented in Table 1. Both fresh and her- 
barium material was used. The data refer largely to 
flavonoid aglycones identified in leaf tissue after acid 
hydrolysis by direct comparison with authentic markers. 
The results were confirmed by 2D-PC of direct leaf 
extracts and by the identification of flavonoid glycosides 
in representative species (Table 2). Flavone C-glycosides 
were confirmed by their resistance to four hour acid 
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Tribe, species 

C. A. WILLIAMS et al. 

Table 2. Flavonoid glycosides identified in the leaves of some Iridaceae species 

Flavonoid glycosides identified 

Aristeae 

Klattia partita 

K. stokoei 

Nivenia fruricosa 

N. stokoei 

Patersonia Jragilis 

P. glabrata 
(R. Coveny 11834) 

P. longijolia 
P. sericea 

Wsenia maura 

Irideae 

Moraea beliendenii 
Watson&e 

Pillansia templemannii 

Ixieae 

Crocus chrysanthus 
cv. Cream Beauty 

C. corsicus 

C. minimus 
C. tommasinianus 
Gladiolus tristis 

My 3-glucoside and 3-galactoside, My 3-arabinosylgalactoside*, My 3-rhamnosylarabinosylgalactoside* 

and 3-rhamnosylarabinosyIglucoside*, Qu 3-glucoside and 3-galactoside, Qu 3- 

rhamnosylarabinosylgalactoside*, Isorh 3-glucoside and 3-galactoside, Km 3- 

rhamnosylarabinosylgalactoside* and 3-rhamnosylgalactosylglucoside’ 

My 3-glucoside, 3-galactoside, 3-arabinoside and 3-rhamnoside. My 3-rhamnosylglucoside, 3-rhamnosylgal- 
actoside and 3-galacrosylglucoside’ Qu 3-a-L-arabinopyranoside, Qu 3-rhamnoside, Qu 3-diglucoside, 3- 
digalactoside and/or 3-galactosylglucoside *, Km 3-rhamnosylarabinoside *, 3-rhamnosylglucoside* and/or 

3-arabinosylglucoside* 

Qu 3-glucoside, 3-galactoside, 3-arabinoside and 3-rhamnoside, Qu 3-galactosylglucoside* acylated ? (two 

compounds with different R,s) Isorh 3-glucoside and 3-galactoside Km 3-glucoside Km 3- 

galactosylglucosides* acylated? (two compounds with different R,s) 
My 3-rhamnoside, Qu 3-galactoside, 3-arabinoside and 3-rhamnoside, Qu 3-rhamnosylarabinosylglucoside* 

and two Qu 3-rhamnosylgalactosylglucosides’ 

Qu 3-glucoside, 3-galactoside, 3-arabinoside and 3-rhamnosylglucoside’ acylated? Isorh 3-glucoside, 3- 

galactoside and 3-arabinoside, two Isorh 3-rhamnosylglucosides’ acylated? 

Amentoflavone, Or, IsoOr, Vit, Lu di-C-glycoside 

My 3-glucoside, 3-galactoside and 3-rhamnoside 

My 3-glucoside, 3-galactoside, 3-arabinoside and 3-rhamnoside My 3-rhamnosylglucoside and 3-rhamnosyl- 
galactoside Qu 3-rhamnoside Isorh 3-glucoside, 3-galactoside, 3-arabinoside and 3-rhamnoside 2 unidenti- 

fied DK/DK aglycones 
My 3-arabinoside, 3-rhamnosylglucoside and rhamnosylgalactoside Qu 3-a-L-arabinopyranoside, Isorh 3- 

glucoside, 3-galactoside, 3-arabinoside, 3-rhamnosylglucoside and 3-rhamnosylgalactoside, Isorh 3-diglu- 

coside, 3-digalactoside and/or 3-galactosylglucoside* 

Tricin 5-glucoside and two tricin 7-glucosides 

My 3-glucoside, 3-galactoside, 3-arabinoside, 3-rhamnoside, 3-diglucoside and 3-rhamnosylglucoside Qu 3- 

galactoside and 3-rhamnoside lsorh 3-SO, and 3-galactoside 

6-OHLu 7-glucoside Scut 7-glucoside 

6-OHLu 7-ME 6-gfucoside Scut 7 ME 6-glucoside 

6-OHLu 7-rutinoside 6-OHLu 7 ME 6-glucoside Scut 7 ME 6-glucoside 

Or and IsoOr O-glucosides Vit and Isovit O-glucosides Tr diglucoside Ap O-glucoside Free Tr 

Qu 3-glucoside Lu and Tr 5-glucosides Lu and Tr glucosides with high R, in Hz0 (45) Tr-diglucoside IsoOr 
7-rhamnosylglucoside’ IsoOr 7-rhamnosylarabinosyIglucoside* 

*The order of sugars in these compounds was not determined. 
Key: My = myricetin, Qu = quercetin, Isorh = isorhamnetin, Km = kaempferol, Lu = luteolin, Ap = apigenin, Tr = tricin, Or 

= orientin, IsoOr = iso-orientin, Vit = vitexin, 6-OHLu = 6-hydroxyluteolin, Scut = scutellarein, ME = methyl ether. DK/DK 

= dark to dark in UV light plus NH,. 

hydrolysis and flavonoid sulphates detected by paper 
electrophoresis at pH 2.2. Both the xanthone mangiferin 
and the naphthoquinone plumbagin were isolated from 
methanolic leaf extracts and identified by comparison 
with authentic markers. Biflavonoids were detected by 
their appearance as dark to dark compounds in UV light 
plus ammonia and their position, high in BAW and just 
mobile in 15 % acetic acid, on a two dimensional paper 
chromatogram. They were purified by PC in BAW 
followed by preparative TLC (see Experimental). They 
were characterized by their UV spectra, R, comparison 
with authentic markers and, when possible, by FAB-MS. 

The flavone C-glycosides present were assumed to be 
generally of the normal type, i.e. derivatives of vitexin, 
isovitexin, orientin or iso-orientin, from their behaviour 
on 2D chromatograms when compared with these stan- 

dards. Additionally, in leaves of about 40 species, glyco- 
flavones were found with the typical mobilities of meth- 
ylated derivatives and these species are so indicated in 
Table 1. Glycoflavones based on apigenin 7-methyl ether, 
the 4’-methyl ether or the 7,4’-dimethyl ether have already 
been reported in the family, mainly from Iris [ 12, 131 but 
also from Foster& Rigideilu and Sessilnnthera [16] and it 
is likely that these compounds we have now detected are 
of a similar type. 

Flavone C-glycosides and flavonols were found to be 
the most frequent leaf constituents in the Iridaceae 
(Table l), present in 66 9; and 32 9, of species, respectively. 
The distribution of some rarer phenolics, namely man- 
giferin (in 17% of the sample), the quinone plumbagin 
(in 409 the biflavonoid amentoflavone in Putersonia 
ghbruta [15] and 6-hydroxyflavones in three Crocus 
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species [14] have been previously reported but some 
additional findings are given here (see Table 1). 

The results are probably best considered at subfamily 
and tribal levels (Table 3). Thus, the subfamily 
Isophysidoideae with its single species, Zsophysis 
tasmanica, is characterized by the presence of three 
biflavonoids: amentoflavone, 2,3-dihydroamentoflavone 
and what is probably sotetsuflavone (amentoflavone 7’- 
monomethyl ether) as major leaf constituents and only 
trace amounts of glycoflavones. This is the first report of 
2,3-dihydroamentoflavone in the Iridaceae and in the 
monocotyledons. 

glycosides were the main constituents and luteolin was not 
detected. Another Phaiophleps species, P. acaule, was 
distinguished by the presence of the quinone plumbagin, 
previously found in the Sisyrinchieae only in two 
Sisyrinchium species [ 151. 

In contrast, flavone C-glycosides are the main leaf 
flavonoid components in four of the five tribes of the 
subfamily Iridoideae: in the Irideae, Sisyrinchieae, 
Tigrideae and Trimezieae. However, the Irideae and 
Tigrideae may be distinguished by the frequent 
occurrence of the C-glucosylxanthone mangiferin and the 
Trimezieae and Sisyrinchieae by the absence of flavonols. 
Within the Irideae mangiferin was previously shown 
[8,9, 15, 17, 183 to be characteristic of Iris species of 
subgenus Iris section Iris, subgenus Limniris series 
Laevigata and Unguicularis and in the three Gynandriris 
species surveyed. It was also found in I. flavissima Pallas 
(section Psammiris) [8] and I. setosn (section Iris 
subgenus Limniris series Tripetalae [ 171. We now report 
mangiferin, often accompanied by its isomer 
isomangiferin, and sometimes an 0-glycoside from all the 
species examined in subgenus Iris, including 15 taxa from 
section Iris, 1. humilis from section Psammiris and 1. 
hoogiana from section Regelia. Amongst species of the 
subgenus Limniris section Limniris mangiferin was found 
as a major constituent in members of four of the ten series 
surveyed: in the Tripetalae, Laevigatae, Ensatae and 
Unguiculares. It was also identified in the two taxa 
examined from subgenus Hermodactyloides. Flavone C- 
glycosides were detected in all but two of the 58 Iris 
species surveyed but flavonols were found in only nine 
taxa, all except one in subgenus Limniris. 

The Aristeae, by contrast, was chemically very different 
from all the other tribes of the Iridoideae in the predomin- 
ance of flavonol glycosides and the occurrence of the 
quinone, plumbagin. The flavonoids of nine members of 
the Aristeae were therefore examined in more detail (see 
Table 2). In these plants myricetin and isorhamnetin 
glycosides were most frequent but quercetin and kaemp- 
ferol derivatives were also present. Four of the taxa 
examined: Klattia partita, K. stokoei, Nivenia fruticosa 
and Witsenia maura, all from South Africa, contained 
complex mixtures of flavonol monoglycosides, i.e. the 3- 
arabinosides, 3-glucosides, 3-galactosides and 3-rhamno- 
sides of myricetin, isorhamnetin, quercetin and kaemp- 
ferol together with unusual di- and/or triglycosides of 
these aglycones. In the triglycosides three different sugars 
were detected all attached at the 3-position, e.g. quercetin 
3-(rhamnosylarabinosylglucoside) and two 3-(rhamnosyl- 
galactosylglucosides) in Niuenia stokoei. Unfortunately 
there was not sufficient plant material to determine the 
order of the sugars although FAB-MS was tried on some 
of the compounds. The myricetin triglycosides were 
particularly labile, which added to the difficulties. Of the 
remaining genera of the Aristeae Aristeu is clearly distin- 
guished by the presence of plumbagin in all seven species 
examined. Quercetin and kaempferol were also more 
common in these taxa, myricetin absent and isorhamnetin 
rare. 

In the Tigrideae mangiferin was detected by us in some 
Eleutherine, Gelasine, Rigidella and Tigridia species but 
was absent from the other four genera surveyed [ 151. We 
have since found it also in Ennealophus boliuiensis. Ballard 
and Cruden [16] have also reported mangiferin to be 
present in the Tigrideae, in leaves of four Rigidella species, 
and of one Sessilanthera and one Fosteria species. 
However, in some taxa of Calydorea, Cipura, Cypella and 
in Tigridia pauonia (which do not synthesize mangiferin) 
and in two Eleutherine species and in Gelasine azurea 
(which do) dark to dark and/or dark to yellow (in UV 
+ NH,) negatively charged compounds were detected, 
which are possibly flavonoid sulphates. These 
constituents were otherwise only found in one Iris species, 
in one Trimezia species (Trimezieae) and in a few 
members of the Ixioideae. In Trimezia steyermarkii an 
apigenin C-glycoside-0-glucosidesulphate was partially 
characterized. 

Six species of the Austraiian genus Putersonia were 
previously analysed [ 151. Flavonol glycosides were again 
the main constituents in all species except four of the five 
samples of P. glubruta. However, only mono- and diglyco- 
sides were found although there was some evidence of 
acylation in P. fragilis. Myricetin and isorhamnetin were 
once more the most common aglycones with some 
quercetin but no kaempferol derivatives identified. The 
sugars were similar to those found in other members of 
the Aristeae: namely galactose, glucose, arabinose and 
rhamnose. The other three samples of P. glabrata were 
different from all the other taxa of the Aristeae surveyed in 
the presence of glycoflavones and the biflavonoid, 
amentoflavone, as the major leaf components [15]. 
However, some unidentified dark to dark (in UV + NH,) 
aglycones in P. sericea, P. occidentalis, Klattia partita, 
Nivenia stokoei and Witsenia maw-a from their R/s and 
UV spectral data may also be biflavonoids although they 
did not co-chromatograph with any of the readily 
available amentoflavone methyl ethers. In fact the spectra 
of some suggest they may be luteolin derivatives. As yet 
unidentified aglycones with similar R,, colour and spect- 
ral properties were also isolated from four Moraea species 
in the Irideae, a Cypella species in the Tigrideae and one 
sample of Trimezia steyermarkii in the Trimezieae. 

Luteolin, apigenin and tricin 0-glycosides occurred The remaining subfamily, the Ixioideae, has only two 
occasionally in all the tribes of the Iridoideae except the tribes: the Watsonieae and the Ixieae. All six members of 
Trimezieae and tricin was sometimes present in the free the Watsonieae that were examined gave similar flavonol 
state, e.g. in one specimen of Patersonia glabrata (P. Hind profiles with no flavones or glycoflavones. One of them, 
3557). In the Sisyrincheae it is of some taxonomic interest Lapeirousia fubricii, additionally produced mangiferin. 
that Phaiophleps blflorus subsp. bl$orus should exception- Quercetin was universally present with myricetin in four 
ally produce only luteolin glycosides and some free taxa and isorhamnetin and kaempferol in three species 
luteolin, whereas in P. b@?orus subsp. lyckholmii, which each. However, the South African taxon Pillansiu 
was once treated as a separate species [19], flavone C- templemannii was unique in the tribe Ixioideae (and in the 
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Iridaceae) in producing a flavonol sulphate. Isorhamnetin 
3-sulphate was characterized as a major leaf constituent in 
this plant together with several mono- and diglycosides of 
myricetin, quercetin and isorhamnetin and two 
unidentified triglycosides of quercetin and isorhamnetin 
similar to those found in some South African members of 
the Aristeae. The Ixieae differ from all the other tribes of 
the Iridaceae in the great diversity of flavonoids and other 
phenolics present. In this tribe not only were glyco- 
flavones and flavonols both frequent (in 44 % and 68 p/, of 
species, respectively) but they often occurred together. 
Myricetin was detected in species of six genera (19 % of 
the sample) but quercetin was the most common flavonol 
@resent in 47 y0 of taxa) with kaempferol (in 40 “/,) and 
isorhamnetin (in 15 %) also well represented. A number of 
flavones: luteolin, apigenin, tricin and acacetin and some 
more unusual 6-hydroxylated derivatives were also 
detected in the Ixieae. Most of these compounds were 
found in Crocus and Gladiolus species, although tricin was 
also identified in Anomalesia splendens and Romulea 
sabulosa. In a previous communication [ 141 we reported 
the characterization of 6-hydroxyluteolin 7-glucoside and 
7-rutinoside, 6-hydroxyluteolin 7-methyl ether 6- 
glucoside, scutellarein 7-glucoside and scutellarein 7- 
methyl ether 6-glucoside in three Crocus species (see 
Table 2). We now report a number of flavone C- and O- 
glycosides and free tricin from Crocus tommasinianus and 
luteolin and tricin 5-glucosides, quercetin 3-glucoside and 
two highly glycosylated iso-orientin derivatives from 
Gladiolus tristis. All the Gladiolus species examined gave 
very complex flavonoid profiles and warrant further 
study. A number of different patterns were found: (1) 
flavonols alone, (2) flavones alone, (3) flavonols plus 
flavones, (4) flavone C-glycosides plus flavones and (5) 
flavones, flavonols and glycoflavones. Other unusual 
constituents found in the Ixieae include mangiferin in 
Crocus aureus and plumbagin in Sparaxis tricolor. 

most frequent in the Trimezieae (in 63 “/, of species) and 
the Aristeae (in 39 y0 of taxa). They co-occur with either 
flavone C-glycosides or llavonols. Procyanidin was found 
most frequently. Apart from one exceptional Nivenia 
species, prodelphinidin was only detected in those taxa 
that also synthesized myricetin. Propelargonidin was once 
detected in the family, in Trimezia steyermarkii. 

Floral constituents 

In general, it has been difficult to combine a survey of 
leaf constituents with a similar survey of floral tissue, 
because of the limited availability of fresh flowers. There is 
little available in the literature on floral flavonoids, apart 
from studies of Iris [1 1,201 and our own earlier report on 
Crocus [ 143. Here we report briefly on the anthocyanins 
of four species and on the flavonol glycosides of two 
others. 

Earlier work on the anthocyanins of Iridaceae petals is 
summarized in ref. [ll]. The only major more recent 
study seems to be the investigation of the cultivated 
Gladiolus, where the 3-rutinosides, 3-rutinoside-5- 
glucosides and 3,5-diglucosides of the six common 
anthocyanidins have been variously identified in different 
colour forms [21]. We now report the identification of 
cyanidin 3-glucoside in the scarlet flowers of Schizostylis 
coccinea, and of cyanidin 3-rutinoside in the red petals of 
Anomatheca laxa. Two more unusual pigments, the 3- 
diglucosylrhamnoside and 3-rutinoside of petunidin were 
found in the deep blue corollas of a Sisyrinchium species 
currently being investigated at Reading by Professor 
D. M. Moore. Finally, an acylated delphinidin 3- 
diglucoside was detected in Lapeirousia corymbosa but 
lack of material prevented its full characterization. This is 
the only pigment in the family of some 20 species surveyed 
to be zwitterionic, but the nature of the aliphatic acylating 
acid is not yet known. 

Proanthocyanidins occur sporadically as leaf As will be seen (Table4), a number of different 
constituents throughout the Iridaceae, although they are glycosidic patterns are present in the anthocyanins of this 

Table 4. Anthocyanin pigments identified in floral tissues of the Iridaceae 

Genus and species Pigments identified* 

IRIDOIDEAE 

Iris spp. 

Sisyrinchium sp 

IXIODEAE 

Anomatheca laxa 

A. verrucosa 
Babiana stricta 
Chasmanthe ethiopica 
Crocosmia masonii 
Crocus spp. 

Freesia cv. 
Gladiolus gandavensis 

Lapeirousia corymbosa 
Schizostylis coccinea 
Tritonia cv. Prince of Orange 

Watsonia meriana, W rosea and ii! tabularis 

Dp and Mv 3-(p-coumaroylrutinoside)-5-glucosides 

Pt 3-diglucosylrhamnosidet and Pt 3-rutinosidet 

Cy 3-rutinosidet 

Cy 3-rutinoside 

Mv 3,5-diglucoside 
Cy and Pn 3-rutinosides 

Cy 3,5-diglucoside and Cy 3-rutinoside-5-glucoside 

Dp 3,5-diglucoside 

Mv 3-glucoside 

Pg, Cy, Dp, Pn, Pt and Mv 3-rutinosides, 3-rutinoside-5-glucosides and 

3.5diglucosides 

Dp 3-diglucosidet$ 

Cy 3-glucosidet 

Pg 3-gentiobioside 
Pg 3-glucoside, Pg 3-sophoroside and Pg 3-sophoroside-7-glucoside 

l Most reports from Harborne [ 111, for Gladiolus see ref. [21]. 

tNewly reported. 

$This pigment is acylated with an aliphatic organic acid, but other anthocyanins in Iridaceae are not zwitterionic [see 

Harborne, J. B., unpublished results]. 
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family. The subfamily Iridoideae would seem to be 
characterized by the presence of hydroxycinnamic acid 
acylation (widespread in Iris) and of 3-rutinoside 
substitution. By contrast, the members of the Ixioideae are 
more diverse, with rutinoside, sophoroside and 
gentiobioside having been variously recorded. However, 
wider surveys are still needed to confirm that there are 
differences in anthocyanin synthesis at the subfamily level. 

It is likely that there are also differences in floral 
flavones and flavonols between these two subfamilies, 
since glycosylflavones have been found in the Iridoideae 
and flavonol glycosides in the Ixioideae. Unpublished 
results on the flowers of 15 Iris species and of various 
cultivarp has indicated the presence in all cases of major 
amounts of C-glycosylflavones and the concurrent 
absence of flavonol glycosides. This is supported by the 
literature reports of particular glycosylflavones having 
been identified in flowers of Iris germanica, I. japonica and 
I. nertshinskia var. alba [12, 133. By contrast, there are no 
reports so far of glycosylflavones in flowers of the 
Ixioideae, but flavonol glycosides have been found. 

Thus, in flowers of ten Crocus species, kaempferol 
glycosides were recorded as major constituents [14]. 
Present examination of flowers of Gladiolus tristis and 
Lapeirousia corymbosa confirm this trend within the 
Ixioideae. Thus G. tristis yielded five Aavonol glycosides, 
the 3-galactosides of kaempferol. quercetin, myricetin, 
larycitrin (myricetin 3’-methyl ether) and syringetin 
(myricetin 3’,5’-dimethyl ether). This identification of 
larycitrin and syringetin is of some genera1 interest in as 
much as this is the first record of these two methyl ethers 
in the Iridaceae. Both have, however, been reported in 
relatively rare instances in other monocot families, 
notably the Zingiberaceae [22] and the Restionaceae [23]. 
Similar analysis of flowers of Lapeirousia corymbosa 
showed the presence of 3-glucosides, 3-galactosides and 3- 
arabinosides of kaempferol and of quercetin. Such a 
glycosidic pattern is a common one among the flavonols 
present in the leaves of related species (see Table 2). 

DISCUSSION 

The summary of the present data at subfamiiy and 
tribal levels (Table 3) clearly displays the great diversity of 
flavonoid and other phenolic structures found within the 
Iridaceae. All the main classes of flavonoids are 
represented, although glycoflavones and flavonols are the 
characteristic leaf constituents in the family. The three 
subfamilies appear to be both morphologically and 
chemically well defined. But the discovery of biflavonoids 
as major components in Isophysis tasmanica 
(Isophysidoideae) is particularly significant as it lends 
good support to the suggestion that this is a relic plant of 
ancient origin. Its floral structure and leaf form has led 
Goldblatt [24] to postulate that the ancestral Iridaceae 
resembled Isophysis. Biflavonoids, although characteristic 
constituents of the gymnosperms, are found only 
occasionally in the dicots and very rarely in monocots. We 
recently reported amentoflavone from Patersonia 
glabrata [t 51 but previously there was only one other 
mention of a bidavonoid, namely of a 3,8-linked 
biflavanone, from stems of Lophiola americana Wood 
(Melanthiaceae [3]) [25]. Our findings in Isophysis 
therefore represent the second report of amentoflavone 
and the first record of 2,3-dihydroamentoflavone in the 
Iridaceae and the monocotyledons. 

The Iridoideae are a large assemblage of plants with five 
chemically easily distinguished tribes. The phenolic results 
support Goldblatt’s latest arrangement [4, 5 and 
unpublished work] of this subfamily showing a trend 
from the flavonol-rich Aristeae, through the Irideae with 
increasing frequence of flavone C-glycosides and the 
corresponding decrease in flavonol constituents to the 
glycoflavone-based tribes Sisyrinchieae, Tigrideae and 
Trimezieae. However, the major complex of genera which 
form the tribe Irideae has radiated in the Old World, while 
the latter two tribes are probably more recent and have 
developed almost entirely in the New World. The 
Sisyrinchieae is distributed in both America and Australia 
whilst the Aristeae is largely of South African origin with 
the exception of the Australian genus, Patersonia. A 
number of the phenolic characters represented in the 
Aristeae, for example, biflavones, plumbagin. myricetin 
and flavone C-glycosides could be regarded as ‘primitive’ 
markers. Thus, the occurrence of biflavones, myricetin 
and glycoflavones in the genus Patersonia would suggest 
that this is a primitive group within the Iridaceae. Also the 
findingofamentoflavonein both Isophpsisand Patersonia 
and the possibility of the presence of bitlavonoids in other 
members of the Aristeae forms a chemical link between 
this tribe and the Isophysidoideae thus confirming the 
basal nature of the former in the Iridoideae. Similarly, the 
presence of the naphthoquinone, plumbagin, in all 
members of the South African genus Xristea supports this 
arrangement since this genus is regarded as unspecialized 
both florally and in its unmodified storage organs. 
Quinones were otherwise found only in three species of 
the Sisyrincheae and in Sparaxis tricolor (Ixieae). 
Biflavonoids on the other hand are possibly present in the 
Irideae and Tigrideae. 

Another unusual phenolic, the C-glucosylxanthone 
mangiferin does not apparently have any phyletic 
significance within the family but is of systematic interest 
in its linking of the Tigrideae with the Irideae. Thus, 
within the Tigrideae it was identified in Eleutherine, 
Ennealophus, Gelasine, Rigidella and some Tigridia taxa 
but was not found in Calydorea, Cipura, Sphenostigma and 
Herbertia. This distribution pattern unfortunately does 
not entirely agree with Goldblatt’s recent treatment of the 
tribe based on chromosome number [26]. However, the 
absence of mangiferin and the presence of possible 
flavonoid sulphates in Tigridia pavonia does distinguish 
this plant from the other Tigridia species surveyed, from 
which it is also morphologically distinct. Within the 
Irideae mangiferin forms a good chemical marker for a 
number of Iris groups as already mentioned above. 

The present evidence also supports the removal of the 
genus Bobartia from the Sisyrinchieae/Aristeae to the 
Irideae, where it fits in better both anatomically [27] and 
chemically. Similarly, the predominance of glycoflavones 
in Diplarrhena, another genus of uncertain affinity 
suggests that it should be placed in the Irideae near to 
Dietes. Also the two subspecies of Phaiophleps biporus, 
subspecies bifiorus and iyckholmii, are sufficiently disting- 
uished by their leaf flavonoid profiles to suggest that the 
latter should once more be treated as the separate species, 
P. lyckholmii, in agreement with recent morphological 
evidence [19]. 

The subfamily Ixioideae is distinguished in having the 
widest range of phenolic constituents with glycoflavones, 
flavonols and flavones all being well represented. Two of 
the most morphologically specialized genera Crocus and 
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Gladiolus also show the greatest chemical complexity. The 
presence of 6-hydroxylated flavones in Crocus is of 
particular significance since these compounds are gener- 
ally regarded as being chemically ‘advanced’. 

In most modern classification systems [e.g. 28.-301 the 
Iridaceae are placed in the same order as the Liliaceae and 
Amaryllidaceae and a comparison of the present data with 
that of these and some other monocot families previously 
screened (Table 5) indicates that there are some chemical 
links. But it is also clear that the Iridaceae can be 
chemically distinguished from these and the other 
monocot families in the diversity of its phenolic profile 

and the presence of several otherwise rare constituents, 
especially biflavonoids, quinones and mangiferin. The 
present discovery of plumbagin in four genera extends the 
number and type of quinone pigments isolated from the 
family [ 151. 

Lastly, the finding of biflavonoids in the Iridaceae may 
reflect the persistence of an ancient feature of the primitive 
tribes of the family and suggests considerable antiquity 
for the Iridaceae. The family is undoubtedly specialized in 
many ways but may have diverged very early from the 
basal stock of the monocotyledons. 

Table 6. R, ( x 100) data for some partially characterized flavonoid di- and triglycosides 
found in the Iridaceae* 

Flavonoid 

Solvents 

CAW 

BAW 15 “A HOAc H,O (1:l) 

Myricetin 

3-glucosidet 

3-rhamnosylglucoside$ 

3-arabinosylgalactosidet 

3-rhamnosylarabinosylgalactosidet 

3-rhamnosylarabinosylglucosidet 

3-galactosylglucoside$ 
(and/or diglucoside and digalactoside) 

Quercetin 

3-glucosidet 

3-a-L-arabinopyranosidet 

3-rutinoside 

3-rhamnosylglucoside acylated?$ 

3-galactosylglucoside acylated? (l)II 

3-galactosylglucoside acylated? (2))1 

3-rhamnosylarabinosylgalactosidet 

3-rhamnosylarabinosylglucoside~ 

3-rhamnosylgalactosylglucoside (l)v 

3-rhamnosylgalactosylglucoside (2)f 

Isorhamnetin 
3-glucosidet 

3-rhamnosylglucoside** 

3-rhamnosylglucoside acylated? (1)Q 
3-rhamnosylglucoside acylated (2)5 

Kaempferol 

3-glucosidell 

3-rhamnosylglucoside$ 

+ 3-rhamnosylarabinosidej? 

3-galactosylglucoside acylated? (l)/( 

3-galactosylglucoside acylated? (2)/l 
3-rhamnosylarabinosylgalactosidet 

3-rhamnosylgalactosylglucosidet 
Iso-orientin 

7-rhamnosylglucosidett 

7-rhamnosylarabinosylglucosidett 

28 14 03 16 

48 35 14 17 

25 52 17 20 

11 62 25 13 

11 62 25 13 

46 54 26 16 

50 23 06 37 

73 18 10 47 

42 49 22 38 

61 78 42 51 

68 59 29 63 

87 61 35 87 

38 75 36 28 

51 34 38 56 

21 88 70 42 

35 64 44 47 

50 23 06 13 
51 55 29 71 

65 53 78 71 

89 54 83 87 

66 15 03 43 

64 59 22 63 

68 59 29 63 

87 61 35 87 
45 79 45 46 
54 77 38 56 

55 71 49 51 

46 68 44 28 

*Rutin included for comparison of R,. 

t Isolated from Klattia pa&a. 

$Isolated from Klartia stokoei. 

§Isolated from Patersonia jiragiks. 

11 Isolated from Niuenia fruticosa. 

CjIsolated from Niaenia stokoei. 

**Isolated from Witsenia maura. 

ttlsolated from Gladiolus tristis. 
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EXPERIMENTAL 

Plant material. Verified plant material was received from 

various sources; see Table 1 for details. 

identification of phenolic constituents. Leaf jfaoonoids. 

Flavonoid aglycones were characterized from acid hydrolysed 

leaf extracts using standard procedures and in comparison with 

authentic markers. Direct 80% methanolic leaf extracts were run 

on 2D-PCs in BAW and 15 y0 HOAc. Known glycosides isolated 

and purified by standard procedures were characterized on the 

basis of UV spectral analysis, R,, acid hydrolysis to aglycone and 

sugar and where possible by direct comparison with authentic 

markers. Flavone C-glycosides were confirmed by 4 hr acid 
hydrolysis with 2 N HCI, extraction into iso-amyl alcohol and PC 

against vitexin in BAW and H,O. Flavonoid sulphates were 

detected by paper electrophoresis of direct MeOH leaf extracts at 

pH 2.2 (HOAc-HCOOH buffer) for 2 hr at 400 V. 

Flauonoid glycosides. The characterization of five 6- 

hydroxylated flavone glycosides from Crocus species (see Table 2) 

has been previously described [ 143. The R, data for some unusual 
flavonol di- and triglycosides listed in Table 2 are given in 

Table6. In these constituents the aglycone and sugars were 
identified after acid hydrolysis by standard procedures. UV 
spectral analysis suggested that the sugars were all attached at the 

3-position; however, the order of the sugars was not determined. 

Alkaline hydrolysis of a possible acylated isorhamnetin 3- 

rhamnosylglucoside (2) from Patersoniafragihs altered the R, in 

BAW from 87 to 60 but the R,s in 50% HOAc, Forestal and 

CAW (1: 1) remained unchanged. R, data of another 
isorhamnetin 3-rhamnosylglucoside (1) and two quercetin and 

kaempferol rhamnosylglucosides from Nivenia jkuticosa 
suggested these compounds were also acylated but there was not 

sufficient material for alkaline hydrolysis. 

Mangiferin and plumbagin. The identification of mangiferin, 
isomangiferin and plumbagin has already been described [ 151 in 

a number of Iridaceae. However, the presence ofmangiferin and a 
mangiferin 0-glucoside in Lapeirousiafabricii and plumbagin in 

Phaiopleps acaule was confirmed in the present study using the 

same procedures. 

Biflauonoids. Biflavonoids were isolated from 80 % MeOH leaf 

extracts by PC on 3 MM paper in BAW, where they ran near the 

solvent front. They were purified on TLC silica gel in 

toluene-HCOOEt-HCOOH (5 : 4 : 1) followed by PC on’ 3 MM 

paper in n-BuOH-1 M NH,OH (1: 1) or TLC on silica gel in 

toluene-pyridine-HCOOH (100: 20: 7). Details of other solvents 

and supports used in the separation of biflavonoids are given in 
Table 7. 

The characterization of amentoflavone in leaves of Patersonia 
glabrata has been previously reported [ 151. However, the R, data 
for two constituents of the Iridaceae, 2,3-dihydroamentoflavone 

and an amentoflavone monomethyl ether (possibly sotetsu- 

flavone) are given compared with some authentic markers in 

Table 7. 2,3-Dihydroamentoflavone was identical in R, and UV 

spectral data with an authentic marker. UV ,J,!$FH nm: 285,325; 
+NaOAc 293, 315, 380; +H3B0, 286, 325; +NaOH 400, 

+ AICI, 285,309,350,390; + AICI,-HCI 285,309,350,390. The 

unknown amentoflavone monomethyl ether gave hexamethyl- 

amentoflavone on permethylation and had UV n$pH 270,335; 

+ NaOAc 270,360; + H,BO, 270,335; + NaOH 400. It did not 

co-chromatograph with bilobetin, podocarpus A or sequoia- 

&one, which suggests by elimination that it might be sotetsu- 
flavone (the ‘I’-methyl ether). However, the absence of any 

NaOAc shift would suggest that both the 7 and 7’-positions are 
occupied, although the R, data rule out a dimethyl ether. 
Unfortunately an authentic marker of sotetsuflavone was not 

available and we are awaiting more material of Isophysis in order 

to isolate sufficient of the unknown for FAB MS. 

Floral Javonoids. Known anthocyanins were isolated and 

identified from fresh flowers by standard procedures [ll]. 

Pigments were checked for the presence of malonyl acylation by 

extracting fresh tissues with MeOH-HOAc-H,O (19:2: 19) and 
electrophoresing the coned extracts in acetate buffer at pH 4.4 at 

10 V/cm for 2 hr [41]. The only species which proved positive 

was Lapeirousia corymbosa, the flowers of which were taken from 
a recent herbarium specimen of one of us (PC). The purified 

pigment was zwitterionic and gave delphinidin and glucose on 

hydrolysis. The deacylated pigment was formulated as 

delphinidin 3-diglucoside on the basis of spectral and R, 

properties. R, values (x 100) for the acylated pigment, the 
deacylated pigment and delphinidin 3-glucoside were: in BAW, 

4O,25 and 26; in 1% HCI, 06,08 and 03; and in 15 % HOAc-HCI, 

30, 34 and 16. Fresh petals of a Sisyrinchium species yielded two 

rare petunidin glycosides, the 3-diglucosylrhamnoside and the 3- 

rutinoside. These were so formulated on the basis of spectral 

measurements, partial hydrolysis and R, data. R, values ( x 100) 

Table 7. R, ( x 100) data for some bi8avonoids found in the Iridaceae* 

Solvents Microcrystalline 
Silica gel Cellulose Polyamide 11 polyamide 

TEF TPF T-MEK-MeOH Nitromethane-MeOH 
Biflavonoid (5:4:1) (100:20:7) (r.7) (4:3:3) (43) 

AmentoflavonetS 40 04 33 06 05 
7-Methyl ether (sequoiaflavone) 40 04 28 09 05 
4’-Methyl ether (Podocarpus A) 47 09 64 15 21 
4”-Methyl ether (bilobetin) 47 10 27 36 44 
Unknown methyl ether from Isophysis tasmanica 47 09 64 16 46 
2,3-Dihydroamentoflavone from lsophysis tasmanica 45 04 31 18 14 
2,3-Dihydroamentoflavone 45 04 31 18 14 
HinokitIavone 47 07 16 12 08 
Ginkgetin 50 21 74 

*Other bitIavonoids are included for comparison. 

t Identified in Isophysis tasmanica. 
*Identified in Patersonia glabrata. 

Key: T = toluene, E = ethyl formate, F = formic acid, B = n-butanol, N = 1 M ammonia, MEK = methyl ethyl ketone. 
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for the 3-triglycoside, the 3-rutinoside and petunidin 3-glucoside 

were: in BAW, 56, 36 and 39; in l:/ HCI. 30, 15 and 08; and in 
15 ‘<, HOAc-HCI, 56, 42 and 30. 
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