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m-3-Desaxyanthocyanine which sTllmu3cri.u the sub-family Geslcrioideae of the - have 
becnreporkdonceinthe&selyrelatedBi~ oniaceae, in Arrobi&ea. A much of ti npnsantative 
npa5uhaanowfailcdtorcvcalanyfurthcroaxm?wu of thcsc rare plant pignsnta in tha Bigaoniaus. 
~commonantbocyanin,cyanidin3-Rltinoeidewasfound,instead,inCampslsrodlcmu,,Corrrlprrb~Idu, 
kixremocqpus scaber, Incarvi.&a makei and Tecoma ganocha petals. Orange and yellow petal coloum in 
Anemvw &mb+ynU and &wstegia vemuta wcm found to he due to auvtcnoids, not to 3dasoxyan- 
thocyank An cxamuution of the other llavonoida in leaf and petal of bignoniad8 showed that moat special 
contained flavonca rat&r than llavonola. Anew pigment, 5,6,7,3’,4’-pcntahydroxyllavonc (~hydroxyluteolin) 
was identitkd in fresh leaves of Cata@ b&no&&i& and C. speciosa and in herbarium material of C. bm@ 
and Tecama azutralis. An earlier chcmotaxonomic aurvcy of fiavonoids in leaf and flower of the closely 
allied Gesneriaaas has been extended to a further twenty-tive species and the previously noted differences 
in tlavonoid pattern at the sub-family level have been conkned. 3-DcwxyanthocyaGns wereidentifiedina 
further eleven species of the Gcsnerioidcae and the yellow chakone isosalipurposidc or the yellow aurona 
ccrnuoside noted in a tkther six species of the Qrtandroideae. Preliminary evidence was obtained that a 
C-glycosylqanidin derivative occurs in sepals of Cyrtamfra penakh 

INTRODUCTION 

THE Tubiflorae, as defined in the latest edition’ of Engler’s Syllabus, is one of the largest of 
all plant orders including as it does some twenty-six phyletically advanced families. Certain 
families are so closely similar to each other morphologically that classification is ditBcult 
and some taxonomists prefer to regard the order as a single super-family, containing a large 
number of tribes within its bounds. This is the kind of situation in which chemical data might 
be of assistance in classification and already, Damley-Gibbq2 using simple colour tests, has 
carried out a brief chemical survey of the group. Since families comprising the order are 
known to be rich in unusual flavonoids (for refs., see Ref. 3), surveys of the various families 
are being carried out in order to extend the chemical approach. 

In an earlier paper on the Gesneriaceae flavonoids,’ it was reported that the rare 
34esoxyanthocyanidins apigeninidin (I, R=H), luteolinidin (I, R=OH) and columnidin 
(6 or 8-hydroxyluteolinidin) occur as regular constituents in leaf and petal of members of the 
New World subfamily, the Gesnerioideae. Following this discovery, it was of interest to 
see whether this unusual class of pigment, responsible for the orange-red petal colours 
favoured by bird pollinators, occurred at all regularly in any other Tubiflorae family. The 

* A. ENOLHR, Sylbabus &r PpanznfktdUen, 12th ain (edited hy H. MELCHHIR), Vol. II. Born-, Berlin 
(1%). 

2 G. DARNIZY-G~M, Zkw. Roy. Sot. Cmr. Ser. 3 56,161(1%2). 
3 J. B. HARWRNB, ComparaHve Bfocbemfefry of the FbzwmMak Academic Press. New York (1967). 
4 J. B. HARKSME, Phyrochem. 5,589 (1966). 
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1644 J. B. HARBORNE 

Bignoniaceae are of especial interest in this respect since they are mainly New World plants 
known to be widely pollinated by birds. In addition, related pigments carajurin [II, R= Me)* 
and carajurone (II, R = H)* have been reported once, in the leaf of Arrabiduea chica (formerly 
Bignonia chica). 

HO~N&~~ ;I@oM= 

HO 
(1) (IT) 

A survey has therefore been carried out of all available members of the Bignoniaceae, 
especially of species with yellow, orange or orange-red flower colour. At the same time, the 
other flavonoids were examined to see whether the leaves predominantly contained flavones 
(e.g. luteolin) or flavonols (e.g. quercetin). This is a point of some phylogenetic interest, 
since it has earlier been shown that the ratio of species with flavones to those with flavonols 
is an indication of evolutionary advancement among families of the Tubiflorae.6 The oppor- 
tunity has been taken here to report a further survey of members of the Gesneriaceae. which 
confirms and extends the earlier chemotaxonomic findings in this family.4 The general bearing 
of the flavonoid results reported in this paper on the systematics of the Tubiflorae has already 
been considered briefly elsewhere3 

Flaronoids of the Bignoniaceae 

RESULTS 

The Bignoniaceae, a family of some 100 genera and 650 species, arc mainly climbing plants 
growing in the forest vegetation of tropical South America, and fresh plant material for 
phytochemical study is generally inaccessible. The present survey has perforce been limited 
largely to the handful of species grown in this country as ornamental plants, e.g. the tree 
Catalpa bignonioides. The survey has, however, included petal material of a West Indian 
species Pyrostegia venusta (formerly Bignonia venusta), a plant which is probably bird- 
pollinated and which has a flower colour (orange) which could be based on 3-desoxyantho- 
cyanin. The survey was extended by using dried leaf from herbarium specimens of six further 
species; analyses of floral tissue taken from herbarium sheets were unfortunately not satis- 
factory because petal pigments are usually destroyed during the drying process. 

The combined results of surveying these sixteen species for flavonoids are presented in 
Table 1. The very common anthocyanin, cyanidin 3-rutinoside was identified in five species. 
This is a pigment new to the Bignoniaceae; the only other anthocyanins that have been fully 
identified in the family are the 3-glucoside and 3,5diglucosidc of delphinidin, in petals of 
Jacaranda acutifolia.’ Three other species with orange and yellow petals were found (Table 1) 

l Pigments are wrltten in the flavylium form to emphasize their relationshlp with other desoxyantho- 
cyanidms; they are more tsually given in the quinone form. 

5 E. CHAPMAN, A. G. PERKIN and R. ROBINSON,J. Chem. Ser. 3015 (1927). 
6 J. B. HARBORNE, In Comparotrrr PI~~lochcmbtr~ (edited by T. SWAIN), pp. 271-295. Academic Press, 

New York (1966). 
’ J. BILLOT, Co~npr. Rend. 258,2X36 (1964). 
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to have carotenoids, not anthocyanins. Thus, the present results, combined with those of an 
earlier survey* in which pelargonidin, cyanidii or Delphi glycosides were detected in 
seven species from seven genera, indicate that 3desoxyamhocyanim such as apigeninidin or 
luteolinidin are apparently absent from the family. The cosmetic pigments carajurin and 
carajurone of Amddiaeu chicu leaf, with their unusual structures based on 5,6,7,4’-tetra- 
hydroxyllavylium, remain the only known 3desoxyanthocyanins in the Bignoniaceae. It 
may be noted in passing that 3desoxyanthocyanins have not been found in any other Tubi- 
florae family as yet. An earlier suggestion9 that such pi~en~ occur in petals of ~o~kio~~ 
sanguinea (Verbenaceae ) has not been confirmed by a detailed analysis; the anthocyanin has 
been identified as the acylated pelargonidin glycoside monardein and there is no trace of 
other pigments. 

TABLE 1. FLAVO~KD D -NINTKBkWXIM3WE 

Tribe, genus and species Source’ Fetal fbwonoids Leaf flavonoid a&c~ms 

T- 
Campsi.TradIcmuscQm. 
Cata&a bigmmioldts Walt. 

C. bungei Mey 
C. qxctosa Ward 
ChiS2p.h safi.. Don 
Incawi&?a maid 
PohlnulrlwroI&ma 
Tecoma austrah R. Br. 
T. garrocha Hkon. 
Tecoma qndca 
T. stm 3uss. 

*BG=bobnic garden (h3h matmial); LH=Univeroity of Liveapool bwbarium (dried material); 
WI= West Indies (supplied by Dr. Adams, Jamaia). 

A study of Ieaf and petal flavonoids in the family indicates that luteolin is a common 
constituent, being present in at least seven species. This fiavone, provisionally noted by 
Bate&nith1o in hydrolysed leaf extracts of Campsis r&W, was fully identified in this plant 
and the glycoside in unhydrolysed extracts determined as luteolin ‘I-glucoside. The same 
ghtcoside also occurs in the leaf of Cara&a bignoniofdes, from which Birkofer and his co- 
worker@ isoIated it as a pcoumaryl ester very recently. These authors also overlooked as 

*W.G.C.FORSYIM and N. W. thmmas, Am= Roy. Sot. Bl42,549 (1954). 
* J. B. HMBORNE, In C&mica1 Plant Taxonomy (edited by T. SWAIN). pp. 359-388. Academic Ptess, New 

York (1963). 
10 E. C. BATE-Smmr, J, J&I. Sot. (&tony) St,39 (1962). 
11 L, BIRKOFER. C. Kmzut and H. KOSMO~, 2. Nafrrrforsch. 2Gb, 605,923 (1965). 

Eccremowputsmber 
Ruiz&Pav 

None (auotenoids) 

- 
None (~t~oi~) 
None (carotenoids) 

Cy8llidiIl3-NtillOSkk 
cyanidin 3-Ntino5i& 

- 
- 

-din 3-rutiddC 
- 

Cyanidin~rutinoside 
- 
- 

czyanidin 3-rutinoaide 

Queratia 
- 

Methyl&d flavone 

LutcQlin (as 7-gldde) 
Lutcoliu (as 7-ghxmida) and 

dhydroxylutcolin 
Lute& an-d dhydroxylutcolin 
Lute&a and 6.hvdroxvIut&in 
Lute&n and apib- 
z kacmpferol and Savoncs 

Luteolin and 6-hydroxyluteolin 
Lumlin 
Fhvonu 
Qucrcetin and kacmpfcrol 
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a major glycoside of the same plant a new flayone, here identified as 5,6.7,3’.4’-pentahydroxy- 
flavone (III) or dhydroxyluteolin. Identification of the aglycone as a &substituted flavone 
was based, in the first instance, on the characteristic dark absorbing colour on paper in U.V. 
light and the unusual short U.V. band in the spectrum at 285 nm, instead of at 275 nm. The 
R, data when compared with known flavones indicated that it should be the 6-hydroxy 
derivative of luteolin and this was confirmed by analysis and by comparison with synthetic 
material obtained by demethylation of the pentamethyl ether. sinensetin.” 

ftJ1) 6-Hydroxylutcolin 

6-Hydroxyluteofin is also present in C. speciosu leaf and a search of the herbarium showed 
it to be present in C. bungei and in Tecoma australis. Leaf material from a specimen of the 
latter plant collected in 1881 was used for this analysis and it is noteworthy that a flavone 
with the unstable pyrogallol nucleus should be retained unchanged for so many years. 
6-Hydroxylation is clearly a common structural feature of the Bignoniaceae flavonoids, for, 
besides the luteolin derivative now found in Bignotziaand Tecoma, the simpler 5.6.7~trihydroxp- 
flavone and its CFmethyl ether have been known for some time as bark and seed constituents 
of Oroxyltun indkum. l3 6-Hydroxylation is, of course, also part of the structures of the red 
pigments carajurin (II, R= Me) and carajurone (II, R = H) of Arrabidaea. ft is of systematic 
interest that dhydroxyflavones are also known in the Labiatae, ~rophulariaceae and 
Verbenaceae (cf. Ref. 3). 

Several unidentified flavones were also detected during this survey. One found in leaf of 
C&osroma cullislegioides appears to be an O-methylated flavone (high R, in Forestal, dark- 
brown colour in U.V. light unchanged by ammonia). Although similar in spectrum to acacetin 
(see Experimental) it was chromatographically different and could not be equated with any 
known fiavone. Flavonols were found in only three species and of the sixteen species surveyed, 
no less than eleven contained flavones. This result links the Bignoniaceae with families such as 
the Acanthaceae and Gesneriaceae, which also have flavones as regular leaf or petal 
constituents and separates it clearly from predominantly flavonol-containing families. such 
as the Solanaceae and Convolvulaceae (see Refs. 3 and 61. 

F~ovo~o~ds of the Gesneriaceue; a Further Survey 

In an earlier survey of forty-six gesnerads drawn from nineteen genera. the distribution 
of flavonoids was shown to be correlated with systematics at the sub-family level.4 Thus, 
3-desoxyanthocyanins were found in eighteen of the twenty-one species of the isocotylous 
New World Gesnerioideae, but were reported absent from twenty-five species of the aniso- 
cotylous Old World Cyrtandroideae. A further twenty-seven species have now been examined 

12 L. J. SWIFT, J. Org. Chem. 30,2079 (1965). 
13 P. K. BOSE and S. N. RH~TTACHARYYA, J. fndiarr Chem. Sot. 35,311(1938). 



ComPamtivc biockhtry of the ihonoids-VI. 1647 

(Tables 2 and 3) and desoxyanthocyanins have been isolated from eleven of fifteen Gesnerioi- 
deae, but could not be found in twelve more Cyrtandroideae. These results bring the total 
figures for 3desoxyanthocyanins in the Gesnerioideae of twenty-nine in W-&y-six species, 
for their absence from the Cyrtandroideae to thirty-seven species. At the generic level, the 

Tribe, genus and qnxks Sour-$ Anhcyanh 

NCW World Species (sub-family Gczmerioidarts) 

-piementst 

columncac 
‘Chrysothemi.lpurcAcUa Dame. 

l Columnua crassifoUa Hook. 
l c. lkwi.l oerst. 
l c. rutilmu SW. 
+c. woodil 
l Epi.da cupretta cv. 

“Metal&a” (Hook) Ham. 
l E. melit@oUa Mart. 

l &pocyrtagh6ra Hook. 

coNxlantbercao 
Rhabththatmuusolaadri 

A. Cumm. 

Rhyticbphyuum tonentosilm 
Mart. 

Kohlaicac 
+Kohhh bogotawia Fritsch. 

F&&f& au8~ali.l A. GuM. 

l Sarmienta rqww Ruiz & Pav 

tGlUli&M 
+ihhstdneria mauorhiza 

Tribe? 
Tita?totrichum oklhamii 

(H-wSo- 

Diosmdin and/or 
luteoli& Petal 
=ot=JJ(=-t) 

Luteol&l 

C.2930 Cyanidin and ~&ugonidin Luteolin 
3-NtiXloai&8 (pstal) 

cald. l’ewnidin 3-NtiXIOSide None 
(petal) and ahmain (leaf’) 

C.4625 Abant 

C. 5165 Luteolinidin &xxi& 
(patal) 

Luteolinand 
unim fiavollol(s) 

Luteolixl 

Cald. Lutcolinidin 5-glwosida Luteolin 
mdo*lllain(petal) 

C.m -din 3-NtiXloaids Luteolin and carownm 
(_-dpstal) (in petal) 

+spe&awitll3dwoxyantb~ 
t Flawme oaxr in Petal and/or kaf as 7-&cosi~ 
$ Cald. danotca Plants which were obtained from Caldorstones Park, Liwzpool. All other plants 

were obtained from Eklinburgh Botanic oarden and the C. number is Burtt’s referem? number; herbarium 
qechcns are available. 
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two surveys have covered thirty-two genera, nearly 40 per cent of those described. The 
additional data thus confirm strongly the correlation between chemistry and systematics in 
the family and indicate that the 3-desoxyanthocyanin is useful as a sub-family character. 

The fact that 3-desoxyanthocyanins could not be detected in seven of the Gesnerioideae 
species examined may not be a serious handicap to their use in systematics. In five of the 
species, lack of a positive test was either due to the fact that both leaf and flower tissue of the 
species in question were not available for analysis or because leaf or flower lacked cyanic 

TABLE 3. A RJRTHIR SURVEY OF FLAVONOIDS IN THE GESNERIACEAE:PIOUE~~OFTHE 

SUB-FAMILY CYRTANDROIDEAE 

Tribe, genus and species S0llrCe' Anthocyanmb Other pigments 
--- .-.-_. _-__.. - .._ ..-.... --.. -. 

Old World Species (sub-family C>rtandroldcae) 
_ ._ _.- -.. _.-_._-__--.._ 

Cyrtandreae 
Cyrtandru oblorrgifolia (81.) 

C.B. Cl. 
C. pen&la Bl . 

Rhynchotechum discolor 
IMaxIm.) B. L. Burtt 

R. parviflorum (Blume) 

Didymocarpeae 
Didymocarpus corchorifolito 

Wall. 
D. hrtmboldtianus Gardn. 

Jerdonia indwa Wight 

Trlchosporeae 
Aeschynanthrrs ellipticrcs 

Diels. 
rl. marmorutrts T. Moore 

A. tricolor Hook f. 

Agalmyla parasitica (Lam.) 
Kuntze 

c.5171 

C. 4038 

c. 3711 

c. 5111 

C. 5168 

Cald. 

c. 5133 

c. 5117 

Cald. 

c. 4042 

C. 2854 

None 

C-Glycosylcyanidin ( ?) 
glycosides (sepal) 

None 

Ccrnuostde (petal) and 
quinone (leaf) 

lso%lipurposidc 
(petal) 

Luteolm 

Petunidin 3-sophoroside None 

Cyamdin 3-glucoside 
(stem) 

Delphinidin glycoside 
(petal) 

None 

Cyanidin 3-sambubioslde 
(petal) 

Cyanidin 3-sambubioside 
(petal) 

Cyanidin 3-sambubioslde 
(petal) 

Cyanidin and pelargomdm 
3-sambubiosides (petal) 

Pelargonidin 3-sambubio- 
side-5-glucosldc 

Quinone (?) (leaf) 

1Jnidentltied aurone 
(petal) 

Cemuoside (petal) and 
quinone (?I (leaf) 

Luleolin 

lsosalipurposide (petal) 

None 

Isosalipurposide (petal) 

Qumone (?) (leaf) 

+ See Table 2. 

colour. The latter difficulty might be circumvented by inducing pigment synthesis in otherwise 
green leaves by altering the environment and there is good evidence that gesnerads would 
respond in this way to low temperatures or increased light intensities. Both leaf and petal 
of the other two species, Titanitrichum and Rhabdothanmts, were available for study and there 
seems to be little doubt that both lack desoxyanthocyanins but it is significant that these 
species happen to be taxonomically anomalous. i.e. ones which do not fit particularly well 
on morphological grounds into either sub-fami1y14 (see also below). 

14 B. L. BURT~, Notes Roy. Botan. Garden Eiiinb. 24,205 (1962); and unpublished observations. 



Comparative bhcbunhy of the fkvonoids-W. 1649 

In the earlier survey,’ chalcones and aurones were reported in six genera of the Cyrtan- 
droideae and the suggestion was then made that yellow tlavonoid pigments were characteristic 
of this sub-family just as the 3desoxyanthocyanins were characteristic of the Gesnerioideae. 
This has now been confirmed by the discovery of iso~p~oside (IV) in petals of two further 
Aeschymmthus species (Table 3) and in Cyrtardrapedla, of cemuoside (V) in C. obiongifolia 
and in Didymocarpus mahayanw and of an unidentified aurone in D. humbotitiamu. me 
correlation with systematics is good in that cl&ones and aurones have now been found 
in a third of the Cyrtandroideae taxa examined (i.e. twelve out of thirty-seven species) but 
have not been detected in a single Gesnerioideae (thirty-six species examined). What is more, 
there is now evidence that these water-soluble flavonoids (IV) and (V) are replaced as yellow 
pigments by lipid-soluble carotenoids in the sub-family Gesnerioideae. Thus, carotenoids 
have been detected in many Cobmzea q&es, e.g. in the bright yellow corollas of C. kucyniakii 
and C. tilde var. Java and (mixed with the anthocyanidin columnidin) in the orange-red 
corollas of C. x banksii, in AIloplectus ambigws and in Titanotrichum oklhamii (all Gesnerioi- 
deae). 

HoeoH H”T+JJ.-dH 
ca-0 0 

(IV) Jsosalipurposide (V) CCmuoside 

Evidence is accumulating during these surveys that the glycosidic patterns of the 
anthocyanins may be related to systematics, especiagy at the generic or tribal level. For 
example, the common 3-rutinoside (3-rhamnosylghrcoside) is replaced by Zsambubioside 
(3-xylosylglucoside) in Aeschynanthw; pelargonidin and/or cyamdin Isambubioside were 
found in both Aeschynanthtrs species examined previously and have now been found in 
three further species. Other occurrences of 3-s~bubiosides or related types are in AgabnyZa 
(same tribe) and in Jerdonia (same sub-family). Another glycosidic type different from the 
3-rutinoside has now been found in Rhyncotechum parvijiora and a pigment which appears 
from R/ data to be the so far undescribed 3-sophoroside of petunidin is present in the petals 
of this plant. The most interesting glycoside found during the present survey occurs in the 
sepals of Cyrtandra obZongzfoZia. This is a cyanidin derivative with unusual chromatographic 
properties; it has a rather low Rf in butanolic solvents but an exceptionally high mobility 
in aqueous solvents (Rr O-74 in 1% aqu. HCI). On prolonged acid treatment, it loses some 
sugar but yields a pigment which is still mobile in water, indicating that a C-glycosyl sugar 
is present in the original pigment. Lack of plant material has prevented further study but 
there is a strong suggestion that a pigment with both 0- and C-glycosyl attachments occurs 
in this plant. C-Glycosyl derivatives of most tlavonoid classes are now kn~wn,~ but no 
C-glycosylanthocyanin has yet been reported. 

From the earlier survey,’ it appears that Uavonols were absent from the Gesneriaceae 
and this has generally been conSrmed by the present studies in which the fiavones luteolin 
or diosmetin have been detected in most species. Three compounds behaving like tlavonols 
were, however, noted exceptionally in the cream petals of Fiekfia australis, a New South 

104 



1650 J. B. HARB~RNE 

Wales plant which is included in the Gesnerioideae because it is isocotylous. The three 
compounds in the petals differed in RJfrom any of the common flavonols, but had the typical 
bright yellow colour in U.V. light on paper of Aavonols and one had U.V. spectral maxima at 
259 and 378 nm, indicating that it was a flavonol not a flavone. The leaves of Fieldiu contain 
a more usual flavonoid constituent, luteolin 7-glucoside. Several other unidentified yellow 
pigments were noted in the Cyrtandroideae. From their general behaviour (they have high 
R, values in Forestal, dull u.v.-absorbing colours on paper and atypical u.v. spectra), they 
appear to be related to the chalcone quinones, pedicellin and pedicin, isolated earlier from 
the orange deposits on leaves of ~~d~mocar~uspediceilata. Is This supposition is strengthened 
by the fact that they were present in two of the three Didymocarpxs species studied and one 
of the two, D. corchorifofius, had pigment granules on the leaf surface. These quinone-like 
substances were also noted in Asa~myia and Cyrtandra, and are thus. like chalcones and 
auroncs, confined to the Cyrtandroideae. 

Four of the twenty-seven new Gesneriaceae species studied-Fieldia, Jerdonia. Rhab- 
dotharn?~~ and Titanotric~~um-are taxont~mically “dificult”. i.e. they are difficult to place 
with certainty in either of the two sub-families. Taxonomic studies of Jerdoniu are still in 
progress and it is not clear whether it has been placed in the right family (it could be a member 
of the Scrophularia~ae). l4 The chemical data regrettably do not help much in placing these 
anomalous taxa. Thus, Titunotrichum has yellow carotenoid petal pigments characteristic 
of the Gesnerioideae, but lacks 3-desoxyanthocyanin, the most taxonomically significant 
pigment in the sub-family. Similarly, Jerdonia contains cyanidin 3-sambubioside found 
also in Aeschynanthus, which places it in the Cyrtandroideae. but this glycosidic type is also 
known in the Scrophulariaceae (in Nemesia strumosa). 3 One can only conclude. as BurttlJ 
has done. that difficult plants. both chemically and morphologically. tend to take up a 
neutral position with regard to what is otherwise a clear-cut natural division of the family. 

Plant Material 

EXPERIMENTAL 

Fresh leaves and flowers of Blgnoniaceae were obtained from plants growtng at Ness Gardens, Neston. 
Cheshire, or Calderstones Park, L&erpoot. Dried leaves of Bignoniaceae were obtamed from the Umversity 
of Liverpool herbarium by kind permIssion of Professor V. H. Heywood. Fresh petals of Pyostegia venusto 
were. sent by airmail from the West Indies by Dr. C. D. Adams, Jamaica, and of Holmskiolda sunguineu bv 
Dr. C. E. S&forth, Trinidad. Leaves and petals of most Gesnerlaceae were supplied by B. L. Bu&. R&l 
Botanic Gardens, Edinburgh. These plants bear C numbers, indicating that preserved specimens have been 
deposited in the herbarium, Edinburgh. Leaves and petals of the remaining Gesneriaceae were obtamed from 
Calderstoncs Park; most of these plants were raised from seed supplred by Edinburgh and therr identIty IF 
reitsonably szcurc. 

P&nent Identifications 

These were carried out as described in earlier papers in this series e.g.4 Chromatography solvent abbrevra- 
tions are as used in earlier papers. Spectra were measured on a Unicam SP 800 Spectrophotometer. 

6-HyaYoxyluleolin 

This pigment was isolated from leaf of Cutalpa bi~oniu~s 85 the 7-glucoside along with luteohn f- 
glucoslde. The 7-glucoside had hszH 255,285 and 345 nm, &Iau”‘-l-30 nm, .ihHaB”+20 nm and ,&NaoEt+ 
55 nm. R, values were (values for luteolin 7-glucoside in parenthesis): @24 (0.45) in BAW, 0.01 (@03) m 
H20, 0 08 (O-15) m 15 y’, HOAc and 0% (0.67) in PhOH. On hydrolysis, the glycoside gave glucose and 
5,6,7,3‘,~-~nt~ydroxy~avone (Found: C, 56.3; H, 3-9. C1sHt007.H:O required: C, 56.2; H, 3.8;;). 
The aglycone appeared on chromatograms as an intense black spot in U.V. hght. changing to dark brown with 
NHJ. It had A:$’ 285 and 349 nm, 3hA’“‘+26nm. &1~~~~‘+21 nm and .&\“PoEt$55 nm. R,valueswere 

1s T. R. SESH#.~RI, Rev. Pure Appf. Chem. 1,186 (1951). 
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@alum for luteolin in parenthesis) 054 (078) in BAW. 0.53 (066) in Forestal and 0.42 (066) in PhOH. The 
a&cone ~89 identical spechahy and chromatogmphically with a sampk of 6hydroxyluteolin prepared by 
demethylation of the pentamethyl ether, sinensetin (kindly supplied by Dr. L. J. Swift, USDA, Winter Haven, 
Florida). On reductive cleavage, the Cut&a aglycone gave phloroglucinol and 3,4dihydroxyphenyl- 
propionic acid.16 

Methylated Z&vone in clytostoma 

A flavone was isolated from hydrolysaxl leaf extracts of C. cuflestigioirdcs which had the same colour 
reactions as acacetin (apigenin 4’-methyl ether). Its spectral propertieswem as follows: #jjLrr 273 and 336 nm, 
AuiNao”+60 nm, AAN-+ nm, A,IN*oAa+2 nm and AA - 0 llm. It however separated from acacetin 
when chromatographed in Forestal (R, 0.91, acacetin @97) but had the same RI in BAW (@89) and PhOH 
(0.95). 

Gglywcyaddin (7) Glywsiaks in Cyrtandra 

Two pigments, with colour reactions of cyanidin glycosides, were isolated from sepals and leaves of 
c. pet&la. They had Azn-nQ at 530 nm and Rf values @09 and 023 in BAW, and Q74 and Q44 in 1% 
HCl. They were combined and hydrolysed for 3 hr under Ns in 2 N HCl. The pigment extra&d into BuOH 
had ~~H-Ea at 545 run and the colour of cyanidin. R, valuea of the ?&cone” (cyanidin in parentheses) 
were 061(@49) in Forestal and @32 (022) in Formic. The pigment was mobile in 1% HCl and had an R, 
(0.09) between cyanidin (O-02) and cyanidin 3-&co&k (012). 

LqfQuiaoncs in Didymocarpus 

Several plants of the Cyrtandroideae (see Tabk 3) contained compounds in the kaf which had higb R, 
values in most solvents and appeamd on paper as yellow in visible light and as dark absorbent spots uncban@ 
by NH3 in U.V. li@. The substarxe in D. wrchor(tMus leaf had R, 0.95 in BAW and 0.04 in 5% HOAc 
and a cl&one-type qectrum with max. at 212,230 and 340 nm (I\- in EtOH-NaOEt at 290 with intkction 
at 370 mn). The substance in D. wt&yu~~ bad R,O*90 in BAW and @51 in 5 % HOAc and had a Bavano~ 
type spectrum with max. at 280 and 332 MI (Lx in EtOH-NaOEt at 222,300 and 384 nm). 

Carotenoids &I the Blgnoniaceae and Gesnenbxae 

Yellow and orange pigments were considemd to be carotenoids on the basis of (1) solubility in petroleum 
ether, (2) mobility in thin layers of silica gel in “carotenoid” solvents (e.g. 11% MeOH in benzene), (3) the 
instability of the colours to light and to oxidizing wts, and (4) the characteristic triplet of spectml peeks in 
the 400-500 nm region. None was fully identified but most species showed at least two components, one 
with an R,close to /I-carottnc and a second close to lutein. The carotenoid in TituncW&m, alter purification, 
had r\- at 422,447 and 475 nm in EtOH and could be lutein (which has peaks at 420,446*5 and 476 in the 
same solvent). The purilied major component in pVroste&a had h,, at 400,422 and (450) nm in hexane. It 
differed chromatographically from crocetin (400,420 and 445 nm) but could be @acarotene (406,428 and 
454 run). The purified major component of Columneu kucynfukii had a rather similar spectrum (A, 404. 
422 and 443 nm in petroleum ether). 
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