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Abstract-Three new flavone bisulphates have been found in the leaves of Bixa orellana. They have been 
identified as the 7-bisulphates of apigenin and luteolin and the 8-bisulphate of hypolaetin; the identities 
of the first two have been confirmed by synthesis. Related flavonol bisulphates have been detected un- 
iversally in the Tamaricaceae and Frankeniaceae and occasionally in the Guttiferae and Cistaceae. More 
detailed examination of Frankenia pulverulenta yielded five new flavonol conjugates: the 7-bisulphates 
of kaempferol and isorhamnetin and the 7-bisulphate-3-glucuronides of kaempferol, quercetin and isor- 
hamnetin. By contrast, bisulphates were not detected in other families of the same order, notably in 
Cochlospermaceae, Violaceae, Turneraceae and Flacourtiaceae. The occurrence of bisulphates seems to 
be correlated at the family level, with one exception, with the presence of ellagic acid. In relation to the 
various existing classifications of the above families, the chemical data generally fit in closer with the 
arrangement of Cronquist rather than with any other. However, Cronquist’s suggestion that Cochlosper- 
mum and Bixa should be placed close together does not accord with the chemical evidence. 

INTRODUCTION 

The tree Bixa orellana, apparently the only known 
representative of the family Bixaceae, is notable 
phytochemically for the production in the fruit of 
the unique Cz s carotenoid bixin, used as an orange 
colouring in food [ 11. Taxonomically, the affinities 
of Bixa are a matter of some conjecture but it is 
usually placed close to the Cochlospermaceae in 
the order Parietales [2]. In an earlier leaf survey of 
the angiosperms by Bate-Smith [3], this plant was 
shown to contain ellagic acid and two unidentified 
flavonoids one of which appeared from its colour 
reactions to be a 6- or S-hydroxylated flavone or 
flavonol. In view of the relative rarity of such com- 

* Dedicated to Dr. E. C. Bate-Smith, C.B.E., on the occasion 
of his 75th birthday. 

pounds in nature and of our own interest in their 
systematic distribution [4, 51, a more detailed exa- 
mination of the leaf flavonoids was initiated. 

A preliminary study of the leaf aglycones of Bixa 
indeed revealed the presence of small amounts of 
hypolaetin (8-hydroxyluteolin) but the major con- 
stituents were apigenin and luteolin. Examination 
of the direct leaf extracts then indicated that each 
of these two common flavones occurred in two 
combined forms, as the 7-glucoside and as a new 
type which lacked sugar. Electrophoresis at pH 2 
revealed that this second form was a conjugate 
with potassium bisulphate. Since such flavonoid 
bisulphates as a class are relatively rare, at least in 
the dicotyledons [6] (their frequent occurrence in 
two monocotyledonous families has recently been 
established [7-9]), a detailed search was made for 
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these compounds in families related to Bi.u. The 
present paper therefore records the structures of 
the three new flavone bisulphates of Bisu and the 
discovery of related flavonol derivatives in Fran- 

kcr7iu and several other related plants. A brief 
account of some aspects of this work have already 
been reviewed elsewhere r IO]. 

KESI LTS 

In the earlier leaf survey, Bix-u or~llar~~ was 
reported to contain leucocyanidin, ellagic acid and 
two unidentified flavonoids with dark colours in 
UV light changing to dark olive with ammonia, of 
R,. values 0.44 and 0.64 r3]. The occurrence of ella- 
gic acid was later confirmed by Lebreton and Bou- 
chez rl 11 and also in the present study. 

Two dimensional chromatography in butanol- 
acetic acid-water and 5”: acetic acid of a direct leaf 
extract showed the presence of only two major fla- 
vonoids, with a third minor component with a 
dark colour in UV unchanged by ammonia 
vapour. On purification, the two major com- 
ponents, with the usual flavone colour on paper. 
each further separated into two. Two of the four 
were readily identified as the 7-glucosides of api- 
genin and luteolin from the results of acid hydroly- 
sis, spectral analysis and by direct comparison 
with authentic markers. 

The other two components were apparently new 

derivatives of apigenin and luteolin but failed to 
give any sugar on acid hydrolysis. Howe\,er. their 
structures became clear when they were discovered 
to be anionic at pH 2 on paper eleclrophorcsis and 
also they gave bisulphate on hydrolysis. Spectral 
measurements showed they acre clearl? substi- 
tuted only in the 7-position so the) VICI‘C immedi- 
ately formulated as the 7-bisulphates of apigenin 
and luteolin. These identities were confirmed bq 

comparison with synthetic samples. prepared hb 
reacting the parent flavones with sulphamic acid in 
pyridine. The major products of synthesis were the 
4’-bisulphates as expected from previous studies of 
sulphation in the flavonol series [I 1.1. but small 
amounts of the 7-bisulphatcs were readily scpar- 
ated from the reaction mixtures: significant 
amounts of the 7,4’-his-bisulphatcs wcrc also 
formed (see Table 1 and Experimental). 

The properties of the new natural and synthetic 
flavone bisulphates are listed in Table 1. The close 
similarity in R, values in many of the solvents 
between the pairs of 7-glucosides and 7-bisul- 
phates should be noted. The best separation is 
given in water or in phenol- water. By contrast. the 
his-bisulphates can be readily distinguished from 
monobisulphates in all solvents; furthermore. thcq 
migrate much further from the origin M hen sub- 
jected to electrophoresis at pH 1. 

Table I. K, and spectral propcrtics of natural and synthetic flavone b~\ulphatcs 

F-lavone* BAW 
K, ( x loo) in kzlectrophor~tlc ~,,~,,,McOll: 

HEW H,O I SHOAc PhOH mohilit!f (111 nml 

Apigenin 
7-glucosidcb 
7-hisulphateb 
Cbisulphatc 
7.4’.hi\-blsulphale 

Luteolin 

Tglucosidc? 
?-hisulphate? 

.3’- and I’-hlsulphate 
7.4’.hr\-bisulphatc 
7.3’~hi\-txsulphate 

8-Hqdror)luteolin 
7-hisulphate$ 

58 
52 
55 
14 

41 

41 
53 
2s 
I 9 

30 

71 
74 

72 
JO 

55 

62 
57 
21 
32 

26 

OS 24 85 

34 24 58 

34 2x 58 

76 6X I2 

05 IS 64 

25 I7 14 
22 35 
64 I3 
so II 

12 39 17 

* Apigenin and Iutcolin 7-glucosldes arc included for comparative purposes. Colour reactions of tla\one bisulphates arc \1m11a1 
to those of the correspondlnp glycosides. e.g. apigcnin 7-bisulphatc IS the same as the 7-glucosidc. the 7.4’-/~i\-hl\~llpl~~itc a\ the 
7.4’.diglucosidc. stc. 

t Mobiliticb arc relatlvc to cluercetin 3.blsulphatc. run at pH 2.2 for 2 hr at 400 V!cm. 
: Flavone bwlphates gibe the same shifts II- the prcscnce of NaOAc. NaOAc-H,BO,, AIC‘I, and NnOITt a~ the corrcapond]ng 

glycosides. 
? Natural compounds isolated from Riutr wcllo/~r: other samples are synthetx 
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The fifth and minor flavonoid in Bixa was only 
found in the leaves in any quantity during certain 
times of the year. On acid hydrolysis, it yielded a 
mixture of 6- and 8hydroxyluteolin and was 
clearly based on 8hydroxyluteolin (hypolaetin) 
since acid treatment of this compound is known to 
give increasing amounts of the 6-isomer [13]. No 
sugar was found in the hydrolysate and formula- 

tion as a bisulphate followed from its mobility on 
electrophoresis at pH 2 and from its yielding bisul- 
phate ion on acid treatment. Spectral analysis (see 
Experimental) showed that the bisulphate was 
attached, not in the expected 7-position, but to the 
8-hydroxyl group. Thus, it was identified as hypo- 
laetin X-bisulphate. 

The discovery of these three bisulphates in Bixa 
represents the first report of simple flavone bisul- 
phates in nature. All the flavone bisulphates 

recently reported in the Palmae and Gramineae 
r7-9] are more complex in having either 0- or C- 
glycosidic sugars in their structures. The luteolin 7- 
bisulphate has however been more recently 
detected (J. B. Harborne, unpublished results) in 
two members of the Umbelliferae, Datlcus carota 
and Oenanthejistulosa. 

Flavonol bisulphates of the Tamaricaceae and Fran- 
keniaceae 

In his order Violales (~Parietales), Cronquist 
r 141 places the Bixaceae close to the Tamaricaceae 
and Frankeniaceae, although in some other treat- 

ments [15] these two families are referred to a 
separate order, the Tamaricales. That there is a 
chemical link between the Bixaceae and Tamarica- 
ceae is apparent from the above discovery of bisul- 
phates in Bixa and from two earlier reports of fla- 
vonol bisulphates in the latter family. Thus tamar- 

ixetin (quercetin 4’-methyl ether) 3-bisulphate has 
been isolated from Tamarix laxa [16] and a rham- 
netin (quercetin 7-methyl ether) 3’-glucuronide 
tris-bisulphate has recently been reported in leaves 
of Tumari.x clphylla rl7). That flavonol bisulphates 
are characteristically present in Tamaricaceae was 
amply clear when an electrophoretic survey of six 
Tamarix species and one Myricaria species showed 
that all contained from four to five bisulphate con- 
jugates. 

The species studied were: Tamarix africana 
Poiret, 7: aphylla L., 7: canariensis Willd., 7: gallica 
L., 7: hispida Willd. var. aestivalis, T. pentandra 

Pall. var. rubra, T smyrnensis Bge. and Myri- 
curia germunica (L.) Desv. On hydrolysis of leaf tis- 
sue, all gave ellagic acid, anthocyanidin (from pro- 
anthocyanidin), quercetin, kaempferol and at least 
two or more methyl ethers of quercetin. From 
colour reactions and electrophoretic mobility, 
components in the direct extracts were provi- 
sionally identified as the corresponding 3-bisul- 
phates and 7-bisulphates of the above flavonols; 
more highly substituted bisulphates were also 
present. Further work on the separation and iden- 
tification of these compounds is in progress. 

With regard to the Frankeniaceae, no previous 

detailed studies of the flavonoids appear to have 
been carried out [l S]. Electrophoresis again 
showed that all available species contained fla- 
vonoid components mobile at pH 2. The six taxa 
surveyed were Frankenia corymhosa Desf., F. erici- 
folia Chr. Sm. ex DC., F. laeuis L., F. laevis L. var. 
capitata, F. pulverulenta L. and F. thymifolia Desf. 
In order to confirm this finding, the flavonoids of 
F. pulverulenta were examined in more detail. Five 
new flavonol conjugates were identified: the 7- 
bisulphates of kaempferol and isorhamnetin and 

the 7-bisulphate-3-glucuronides of kaempferol, 

quercetin and isorhamnetin. The properties of 
these various compounds are given in Table 2. 

Two uncharged flavonoids were also detected, 
namely isorhamnetin 3-glucoside and quercetin 3- 
glucuronide. Two-dimensional chromatography of 

the other five Frankenia species suggest that the 
same or closely related conjugates occur through- 
out the genus. In addition, some species contain a 
presumed his-bisulphate. Each species has a 
slightly different complement of conjugates but in 
all cases most of the flavonoid in the leaf appears 
to be bound as bisulphate. 

Bisulphates in other,families of the Parietales 

The Guttiferae have been shown by Lebreton 
and Bouchez rl l] to contain proanthocyanidins 
and the common flavonols; in addition two of 24 
species examined were found to have ellagic acid. 
A survey of 12 Hypericum species showed the pres- 
ence of bisulphates in three: Hypericum coadnatum 
Chr. Sm., H. elodes L. and H. grandjflorum Choisy. 
Negative results were recorded from leaf tissue of 
H. aegyptiacum L., H. canariense L., H. caprjfolium 
Boiss., H. elegans Stephan ex Willd., H. empetr$o- 
lium Willd., H. glandulosum Ait, H. hirsutum L., H. 
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Flavonol 

R, ( x 100) in 
1 jcJ, 

HO& 
Electrophoretic i,,,,,\ MeOHI- 

BAW Hz0 PhOH mobility* (in nm) 

7-Bisulphate of: 
Kaempferol 
isorhamnetin 
qucrcetin 

7-Bisulphate-3-glucuronidc ol’ 
kaempferol 
Isorhamnetin 
quercetin 

Quercetin 3-bisulphateb 
Qucrcetin 3’-bisulphatc 

53 
G 

71 II 30 0.34 267,372 

I2 08 10 ~~25 254.269 inf. 374 

32 05 ox I I 0.1 s 

ii . 90 65 OX 144 767,352 
2x 90 54 I? I.28 253,367 inf. 3% 
I? x7 52 05 1.22 2.56. 266 inf. 360 

26 67 32 Ii I40 256.266.354 
44 26 I h I6 0.66 250. 266. 367 

* Relative to quercetin 3.bisulphate. run at pH 1.2 for 2 hr at 400 V,‘cm on Whatman 1 paper. 
t All compounds gave the expected shifts or lack of shifts in the presence of NaOAc. NaOAc-H,BOJ. AICI, and NaOEt. 
1 Colours in UV light: 7-bisulphates. very bright grew. ycllow+recn and yellow respectively: 7-hisLllphate-3-gluctlr[~llides. dark 

colours changing to intcnsc yello\vreen. ~ellou and yellow bro\\n In the presence of NH,. 
$ Data for thcw t&o compounds stven -l’or cornpal-atiw purposes. The 3-bisulphatc has been obtained from Ocrw~~riw ~IYXN~O 

and also synthetically : the 3’.hisulphatc is a synthetic specimen. 

Table 3. Plants in which flavonoid bisulphates could not be detected 

Plant examined Source* 
Flavonoid 
aglyconest 

Other 
phenols 

K 
J 
K 

R 

J 
R 

R 
R 

Qu, Km 
Qu 

My. Qu. Km 
L-C> 

My. Qu. Km 
L-C> 
N.D. 

Qu 
N.D. 

Lu. Ap 
N.D. 
N.D. 

Lu, Ap, Qu (:rl 
N.D. 

N.D. 
N.D 

Lu 
N.D. 

Unidentified 
flavonols 

011 

VU 
Qu. Km. Lu. Ap. 

L-C! 
(variously) 

Ellagic 
Ellagic 
Ellagic 

Ellagic 

Ellaglc 

Many C, 
compounds 

Many C, 
compounds 

* Sources: E, Edinburgh Botanic Garden; J. Rio de Janeiro Herbarium; K. Kew Herbarium; R. Reading University Herbarium. 
i- Key: Qu. quercetin; Km. kaempferol: M). myricetin: 1-u. luteolin; Ap, apigenin; L-Cy. procqanidin. 
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perfoliatum L., H. rejlexum L. fil and H. tetrapterum 
Fries. Further study of two of the three positive 
species indicated that H. coadnatum contains quer- 
cetin 3-bisulphate, while H. elodes has quercetin 7- 
bisulphate and another compound which from its 
electrophoretic mobility must be a flavone bis- 
bisulphate. 

The Cistaceae are similar to the Guttiferae in 
having proanthocyanidins and flavonols in their 
leaves, but differ in that ellagic acid is consistently 
present [ 11-J An electrophoretic survey of 22 spe- 
cies from five genera showed only one positive 
result. This was from Helianthemum squamatum 
(L.) Pers., a plant endemic to Spain. Five other 
Helianthemum species were negative: H. caput;felix 
Boiss., H. croceum (Desf.) Pers., H. hirtum (L.) 
Miller, H. lauand$olium Miller and H. viscarium 
Boiss. et Reut. Also negative were 7 spp. of Cistus, 
2 of Fumana, 5 of Halimium and 2 of Tuberaria. The 
bisulphates of H. squamatum were further investi- 
gated and two were identified as isorhamnetin and 
quercetin 3-bisulphates. The 7-bisulphate of iso- 
rhamnetin was provisionally identified and a fourth 
unknown bisulphate was also noted. 

Comparable sample surveys were carried out in 
four other families of the Parietales where material 
was available and the results for bisulphates were 
uniformly negative. The data are tabulated in 
Table 3, since flavonoid analyses of many of these 
taxa have not been previously published. In the 
case of Cochlospermaceae, a tropical family of 
three genera and 25 spp., only material of Cochlos- 
permum could be obtained. Analyses of two South 
American and three African species showed fla- 
vonols in most and ellagic acid in all samples. 
These data significantly supplement the similar 
results of the earlier survey of a single species, C. 
religiosum (L.) Alston, by Bate-Smith [3]. In the 
case of the Flacourtiaceae, another tropical family, 
9 species representing eight genera were surveyed. 
Only three had detectable flavonoids, the 
remainder being especially rich in cinnamic acid 
derivatives instead. There results agree with those 
of Lebreton and Bouchez [ 111, who surveyed eight 
species and recorded flavonoids (luteolin) in only 
three. 

DISCUSSION 

The present discovery of flavonoid bisulphates 
in four families of the Parietales considerably 

extends the known occurrence of these conjugates 
in the Dicotyledons. They have been detected here 
in 18 of 80 species surveyed, which represents a fre- 
quency of 22%. How reliable the bisulphate 
character is as a taxonomic marker is difficult to 
assess, because little is known as yet whether it is 
affected by environmental factors. Since the syn- 
thesis in the leaf must depend to some extent on 
supply of inorganic sulphate, it could be regulated 
by the availability of sulphate in the soil or within 
the plant. Considering the relative chemical labi- 
lity of the flavonoid-bisulphate linkage, particu- 
larly that in the flavonol-3-bisulphates, it is 
remarkable that these compounds are so readily 
detected in herbarium samples, as they have been 
during the present work. 

The results obtained here do suggest that bisul- 
phates may be useful systematic markers. At least, 
the nine families surveyed fall clearly into three 
groups: those which have bisulphate consistently; 
those in which it is occasionally present: and those 
where it appears to be absent. Perhaps the most 
surprising feature about the bisulphates of the Par- 
ietales is that their distribution at the family level 
is apparently correlated, with the exception of the 
Cochlospermaceae, with the presence of ellagic 
acid. This correlation in distribution of two bio- 
synthetically unrelated chemical characters may be 
a more general feature within the dicotyledons. 
Thus, in unpublished surveys, we have recorded 
bisulphates in the Rosaceae, but only in the Rosoi- 
deae, the one subfamily which also has ellagic 
acid [3]. 

The present flavonoid data, when combined 
with the results of earlier investigations [3, 111, can 
be used as a measure of similarity within those 
families of the Parietales which have been suffi- 
ciently investigated (Table 4). Obviously, wider 
surveys particularly of the larger tropical families 
are needed to confirm these findings. However, 
using the relatively meagre data available (seven 
characters) for calculating coefficients of associ- 
ation, one obtains by cluster analysis two main 
groupings: the Cistaceae, Guttiferae, Frankenia- 
ceae and Tamaricaceae with 50-83x similarity; 
and the Turneraceae, Flacourtiaceae and Viola- 
ceae with 5(r75% similarity. The Cochlosperma- 
ceae and the Bixaceae are somewhat isolated but 
show the greatest similarity with the first group. 
Thus, the Cochlospermaceae show 60% similarity 
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Table 4. Flavonoid profiles in some families of the parlctales 
- 

Presencclabscnce OR 

Family and 
no. of genera. 

species surveyed” Bisulphates 

Ellagic 

acid 

Flavotlol 

Proantho- Karmpferol. methyl 

cyanidins quercctin Myricetln cthcrs Flavones 

Cistaceae (.5,X) (+I 
(1, 

+ t I 1- I +~ _ 

Guttlfcrac (],‘I 3) (+I + Ii1 _ - 
Frankcniaccac ( I :6) + + & + _ + 
T,lm,lricaccac (7’8) ‘ ‘ + + _ i _ + _ 

Cochlospcrniaccae (I .:5) _ + _ + i __ _ 

Turncraceae (2.4) 
Flacourtiaccae (X3) 
Violaccae (2 ‘IS) 

_ _ _ (+I _~ (+) 
_ _ + (+I _ ._ (+I 
_ _ + + + + 

Bixaceae ( I ,’ I ) + + + - _ _. + 
_____ 

* Arranged in order of clusters, from a simple numerical analysis of similaritics. 
t +. Present In all or majority of species; (f 1. present in one or a few sprcics: -. not detected. presumably absent. 

to the Guttiferae, 5Oy, to the Cistaceae, while the 
Bixaceae show %QO similarity to both the Gutti- 
ferae and Frankeniaceae. However. when com- 
pared with each other. these two families only 
show 17”;: similarity. This is a very low figure, con- 
sidering that Biscl- was originally included within 
the Cochlospermacear; thus there is overwhelming 
chemical support for the correctness of the deci- 
sion by van Tieghem [l9] to separate them into 
two families. In the light of this figure, there can be 
no chemical justification for Cronquist’s recently 
expressed wish (with no reason given) for merging 
Biru back into Cochlospermaceae. 

How far this or any other chemical data [20] 
can be used to assess the validity of the many com- 
peting taxonomic arrangements of families within 
the Parietales xwsu laro remains for the future. It 
is worth noting here that the results so far fit in 
rather better with Cronquist’s arrangement than 
with any others. Thus. his Violales has one 
sequence Flacourtiaceae-Violaceae-Turneraceae 
and another Bixaceae+Cistaceae-Tamaricaceae- 
Frankeniaceac, which correspond approximately 
with the two chemical groupings mentioned above 
(see Table 4). Finally, it is satisfying to find that the 
morphological and ecological similarities between 
the Tamaricaceae and Frankeniaceae (members of 
both families have a heath-like appearance and 
prefer an arid or saline habitat) are reflected in 
their chemistry, since closely related flavonol bisul- 
phates and bisulphate-glucuronides have been 
noted in both groups. 

Plorit nluleritri. Leaves were collected from Bi.\-tr orc,/luntr 
growing under glass at Rcadq. Fr&r/lia /~ulr~r~rl~~~ru was 

grown from seed and a Loucher specimen has been depositod 
in the herbarium. For survey v,ork, material was mainly from 
herbarium sheets at Reading. Kcm 01. Rio de Janeiro and these 
have been appropl-iatelk labcllcd to indicate thrir use in this 

I\ ork. 
Xfcthoda of ide~rificatin~. Ordinar!, Havonoids were detected 

and identified by standard proccdurcs. Bisulphatcs wcrc 
detected in the first instance by their anionic mobilit! on paper 
clectrophoreais 111 formatc acetate huller. pH 2.2 for I 2 hr at 

400 V/cm. On 2D-chromatograms. tla\onol hisulphatcs could 
often be distinguished as elliptical spots of rclativsl> IOM K, in 

BAW and high R, in aq colvrnts The compounds acre purified 
by PC and h! preparative clectrophorcGs. They wore idcntificd 
as bisulphates by detection of thr bisulphate ion after acid hy- 

drolysis [X. 9 1 and by their read\ h>drolyuis when treated with 
sulphatase. The propertlcs of all the nen bisulphatcs are given 

in Tahlcs 2 and 3. Flavonc bisulphates \I;erc sjnthcsiLcd bq 

heating luteolin or apigcnln with culphamic acid and phrldinc 
at the h.p. for I.5 lit-. After pouring the reaction mixture into nq 
KOAc. the products wcrc scparatcd and purified h> PC‘ and 
identlficd from their R , and spectral propel-tics. 

Hypolaetin X-hisulphatc had i,,,,, m McOH at 260, 27 I and 
360 nm and showed the following shifts: A; alk + 56 nm (free 

4’.OH), Ai NaOAc + IOnm (free 7-OH). iii. NaOAc 
H,BO, + 1 X nm (free 3’.4’-diOH) and AL AIC’I, + 4X nm (fret 
S-OH). It appeared as a dark spot in liV light. unchanged 
ammonia. On acid hldrol>sls. It gave S-h)dl-o\tluteolin accom- 
panied by increasing remounts (with tlmc) of the isomeric 6-h+ 
roxyluteolin. These aplyconcs acre identified by direct PC and 
spectral comparison with authentic spcc,men>. 

A~k,fo~lc~/~/~,~)7~~1r.s~ ~The author 1s grateful to the following for 
generous provision of plant material: the Director of the 
Botanic Garden and Mr. Dimitrl Sucreb. Rio de Janeiro, Bra- 
zil: the Rcgius and Deputy Keepers of the Royal Botanic 
Garden. Edinburgh; the Keeper and Mr. C;. L. Lucas. the Hcr- 
barium. Royal Botanic Gardcnc. Keu. 



Flavonoid bisulphates and their co-occurrences with ellagic acid 1337 

REFERENCES 

1. Hegnauer, R. (1964) Chrr~~~a.xotiornir der Pfkmrr~ Vol. 3, 
p. 282. 

2. Lawrence, G. H. M. (1951) Taxonomy of I/ascular Plants, 
Macmillan, New York. 

3. Bate-Smith, E. C. (1962) Bot. J. Linn. Sot. 58, 39. 
4. Harborne, J. B. (1969) Phytochentistry 8, 177. 
5. Harborne, J. B. and Williams, C. A. (1971) Phytochrmistry 

10, 361. 

7. Harborne, J. B. and Williams, C. A. (1971) Z. Naturfbrsch. 
26b, 490. 

6. Saleh, N. A. M., Bohm, B. A. and Ornduff, R. (1971) Phyto- 
chemistry 10, 611. 

8. Williams. C. A., Harborne, J. B. and Clifford, H. T. (1973) 
Phytochrniistry 12, 2417. 

9. Williams, C. A., Harborne, J. B. and Smith, P. (1974) Phyto- 
chrnristry 13, 1141. 

IO. Harborne, J. B. ( 1974) In Cheruistry in Botmical Clmsijica- 

tion (Bendz, G. and Santesson, J., Eds) pp. 103-115. 
Academic Press, London. 

I I. Lebreton, P. and Bouchez, M. P. (1967) Phyfochernistrp 6, 
1601. 

12. Yamaguchi. S. (1960) Nippon Ku&u Zasshi 81, 1332. 
13. Harborne. J. B. and Clifford. H. T. (1969) Phvtochrmistrv 8. 

I I 
2071. 

18. Hegnauer. R. (1966) Chrrnotnxonornie der k’flanzrn, Vol. 4, 

14. Cronquist. A. (1968) The Evolution and Classijication of 

p. 171. 

Flowering Plur~ts, Thomas Nelson, London. 
15. Takhtajan, A. (1969) Flowering Plants: Origin aud Dispersal, 

Oliver and Boyd, Edinburgh. 
16. Utkin, L. M. (1966) Khim. Prir. Soedin. 2, 162. 
17. Saleh, N. A. M., El-Sissi, H. I. and Nawwar, M. A. M. (1975) 

Phytochemistry 14, 3 12. 

19. van Tieghem, P. (1900) J. Bat. (Paris) 14, 33. 
20. Darnley-Gibbs, R. D. (1963) In Chemical Plant Taxonomy 

(Swain, T.. Ed), p. 63. Academic Press, London. 


