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PLANT POLYPHENOLS-XV 

FLAVONOLS AS YELLOW FLOWER PIGMENTS+ 

J. B. HARBORNE 

JohnIawlInstitu&Eayfordbwy,Hcztfo&Hea%& 

(RccsW6 Fehury 1965) 

Lotus, z+lpmer, z%imlkl and 
ithuxmide. Iti8acculnpaniediim##8 com&&t~byits7rmethylether. Ailavonoltentativclyidenti6edaatl1~ 
related6-hydmxykaempferolhasbculfomdiu-lure~. QmMagehisaccmpmMinP~ 
n~bynudicaulin,a~~b~yellowpipmrmtearlierconsi~tobea&vylimnsalt;spectrPl 
&udknowindicatethattltisismlikely. Syrhgetinandiso&mwthhavebemfoundaayellow~wcr 
pigment5 in hthjms pmrms&. Whiie the above compounds, Mike the CQmmon lIavollobh tmdoubtcdly 
contlibutetoyellowflowercolour,they wompanyyeuowcarotaloidsinmanyoftheplantsthathavebcal 
examhed. Durinptha~tsurvey,awatasolub~carotenoidhasbeenfoMdintha~doalyowplant, 
Nsmcsiastrwnmz. ‘Ihie~twasreadilydistinpu~byspectral~fromtheyallowtlawrnolsond 
wasidentilkdascrucein. 

INTRODUCTION 

LITTLZ. is known about the contribution of flavonoids to yellow colour in higher plants, 
although Seybold’ has shown that the majority of yellow-petalkd plants have flavonols as 
wellascarotenoids. Thewidely4ccmThQ flavonols (i.e. kaempferol, quemetin and myricetin) 
do not contribute to yellow colour, since they are more or less colourless at the pH values 
normally found in cells and are often abundant in white, ivory or cream flower petals. Again, 
chahxmes and aurones, two groups bf flavonoid which are distinctly yellow, are relatively 
rare.2 Flavonols were therefore isolated from a range of yellow-pet&d plants in order to 
assess their contribution, if any, to flower colour. 

Attention was l%st drawn to this problem when an unusual flavonol was found in Rko- 

--Yl-m(E ricaceae) as the principal yellow pigment. 3 It had a chamcteristic 
dark brown colour on paper in U.V. light, and appeared yellow in daylight but was not 
identi&l. Similar sub&nces had been noted earlier in the &nvers of several other plants, 
~~lyintheprimrose,PfimulaPulgmis,,rela~s~ Thesepigmentshavenowbeen 
identied as derivatives of quer&agetin (I), previously known in Ezgetes (Compositae) ‘* s but 
hitherto thought to be a rare petal constituent. The present paperdescribestheidentilication 
of quercetagetin derivatives and related flavonols and d- their importance as flower 

pigments. 

l PartXIV.J.B. Elmmu% m- 4 107 (1965). 

’ A. SEYBOLD, Sitzber. l&d&erg A&ad. W&s. Mztbaaturw. Ki. 2, (l%M). 
2 M. t9nuamwM, In c%admy of the HawnoidC~in~&(EditedbyT.A.G- 1, pp. 28631% 

Pcrwuon prssa, oxford (196% 
3 J. B. HmBolw& Arch. Bbchem. lHt@.w. 96 17lww. 
4 LATinJR and MmNn?n LIE LA !souRcq Bull. sot!. afm. Park 22% 337 w7’1), 
~P.S.Ru,andT.R.-, Proc. II&m AC& ski. MA, 289 ww, 
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Iden@ati of Quercetagetin 

RESULTS 

Quemxtam was identiiied~ in acid-hydrolysed extra& of the bvcrs of Cotonilla, 
Lotus, Papaver, Prim& and Rh&&&f~ species by &ect comparison with authentic 

R, value in’ 
, \ colourin U.V. 
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material isolated from Tqgetm. Idu~~tion was based on spcctnd B aed m 
paper chromatography and co-chromatography in six solvent systema (Tabk 1). Querwa- 
getin difkwin R/value from any of the other known flavonols and is unwual in appsadDg 
on paper chromatograms as a dull black spot in U.V. light unaffected by qonia vapow. 
The. isamcric gossypetin (3,5,7,8,3’,4’-hcxahydroxyilavone) had quite’ &l&rent R, values 
(Table 1) and appeared in U.V. light as a bright golden yellow. In its spectral proper&, 
qucrcctag&n is also quite distinctive, exhibiting as it does a double pe& in the short U.Y. 
and a broad band (A_ 364 mp) at longer wavelengths. Identikation of querc&@n was 
co&m4 in Papaver, Primula and Rhododmdion by reductive aatylation followed by 
hydrolysis to 6-hydroxycyanidin. 

-~~ ~ 

Lxio~om 
I I 

- +NaOAc +&BO3 +NaoIi 
Glrcoside Baud1 BandlI Band1 BandII BandH 2!2 

-F6 Et 352- 29d 363 403 375 

RimtllaF4 iii 350 30s 360 392 375 
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g., 

itii 260 400 dscomp. 4s2 

(Et) 

izzzl! E 347 352 E 390 - decQmP. 419 3as 
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ewKaadptin 34z&c* in Rhododendron 

The WCWWM% in l!WkWWr cumpyiocu#~ of a flavonol gala&aide (designated F6) 
wliieh ti hydrolysis gave an unusual aglyeone (F6A) has already heen de~&bed.~ F6A has 
now be& identitkd as quercetagetin (see above) and F6 has‘been ide&iBed as the 3galaeto- 
side (Table 2). Thus, the &and spectral data show that it is a 3glycoside and micro-analysis 
and oxidation with HaOz, which gave gala&se alone, conkmed that only one sugar unit was 
present. The only glycosides of quereetagetin previously reported are the 3-glueoside 
(tagetih# and the 7glueoside (quercetagitrin), s both of which occur in Tagetes erecta.’ 

=zzmm + f + f 
fizgim- , Frimmse + + 

-I-’ - f - - 
rris + -I- + 
wfwdii . + 

*- 

1 
+ + 

cv. “l_ady Yellow or 
chamberlain” ofatue - - + + 

wightii + 

ahercimwayi -I- + + - 
+ + 

c!mmloc - - _+ + 
white -I- + 

+ 

+ 

Unlike the common flavonol glyeosides such as rutin, F6 has a strong yellow colour when 
~tonchromatogramsandthissu~thatitisthemainycllowpigmmtinRkorlodenrbon 
tlowers. Its distribution in a range of yellow- and white-flowered e species are 
given in Table 3. It will be seen that q-n occurs (as the 3galactoside) in six out of 
the nine yellow-flowered species, but in none of the seven white-flowered species examined. 
Thus its occurrence is correlated with yellow flower eolour, irrespective of whether carotenoid 
also occurs in the genus or not. There are, in fact, no reports of earotenoids in Rhodo&&t~ 
(cf. Ref. 8) and none could be detected in two of the quer&agetin-eontaining species, i.e. R. 
war& and R. cm.pyZ1oc(ap11111. However, carotenoids are presumably present in the three 
yellow-flowered spedes which la& quercetagetin (see Table 3). It is sign&ant that ordinary 

6 N. Morur~, J. Allurmr. Sot. &WI n,31(1957). 
’ S. S. Smautmu~ aud M. N. SWAMY, Cumwt &i. hi& 32,308 (1963). 
a T. W. GOODWDI. Comparative &b&emu ~trYofthecI9Iute~,,pp.4554,c&apmM~~Loadopl 

(1952); and also Ch. A&r. 1951-1961. 
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~vO~~(~e.rhamnosidesofkaempferoZqueroetin,axaleatinandrn~)occur~~y 
in all sixteen Species eXamiw& so that their distribution is not r&cd to flower colour. 

Quercetagetin fGentiotrioside in Primula 

During dier survm of the flavonoids of the Primulacu~,~ two unidcmti&d flavonols 
were noted in acid hydrolysatcs of several yellow-flowcrcd prkntrla spccics, namely: the 
primroseS P. v&MS; the oxlip, P. eMor; the cowslip, P. verts; P. pdylmtrl#cg; and sweral k&i 
common yellow-kM specks, e.g. P. sino-lwvpurca and P. dwar0lrwna. These two 
flav~mls appeared to be important yellow pigments, particularly as m had not been 
identified in @esc plants. One of thcsc flavonols (Primula F4A) has now been idcntificd as 
qucrcctagctin (see above). The othtr (Primula F3A) has not been fully idcntigcd; it gives 
qucrcctagctin on dcmcthylation and thus appears to be a new methyl ether of this fh~onol. 

Two picccs oftvidencc indicate that qucrcctagctin derivatives contribute to y&xv fknvcr 
colour in Primula. First, both flavonols were found in P. polyunthw in yellow, brown and 
purple colour forms but were absent from white, purple-blue and blue varictics. By contrast, 
kacmpfcrol and quercctin were uniformly prcscnt (compare the situation in R/W&&&~ 
mentioned above). Second, an aqueous-alcoholic extract of primrose carom from which 
the dttptr yellow tyts had been excised, contained no yellow pigment soluble in pctrolcum- 
ether. On chromatography oftht aqutous txtratt, quercetagetin derivatives wcrc the only 
substances which were yellow in visible light. Thcrc was no cvidcnce for the prcscncc of the 
wa@-solublt croccin of C!rocae pollen, a sample of which was available for comparison. 
Carotenoidswere~tinthteyeofthe~andofP.~lneffslsandthroughoutthe 
corollas ofP. veriw and P.polyuntktk, but they wcrc not studied further. 

The major flavonol glycosidc of primrose flowus was then isolated by chromatography 
(primulaF4inTable2);itrequiredcarefulpurification,~~itwas~~yseparated 
fromscvcralclosclyr&cdglycosidcs. ThcpurifMmatcrialwasidcnti&xlasqucrcctagctin 
3-gcntiouiosidc. On acid hydrolysis it gives gcntiobi~ glucose and qucrc&@n and the 
s~dataindicatethatitharsasugaronlyinthe3-~~n, Thchigh~valucinwatcr 
indiWes that it co&tins a t. On oxidation with HzOs, it gives a sugar identical 
with that combined in the tIavono1 and anthocyanidin triglucosid~ previously isolated from 
Priiorula &e&r.9 That this trimdade is probably gcntiotriosc (O+-glucopyranosyl- 
(6~l>O~ll)-~~~~p follows from the facts that (1) 
it gives only gcntiobiosc and glucose on acid hydrolysis, and (2) it is not appreciably hydrolyscd 
by ~glucosidase but ncithcr it is attacked by maltasc. d%, values, calculated from the Rf 
values reported9 for the flavonoid monogl~, gcntiobiosidcs and trigluco&iea are also 
consistent with this suuctmc; e.g. in the pconidii series in 1% HCI dR, (3-glucoside to 
3gcntiobiosidt) is 0.37 and M,,, (gcntiobiosidc to triglucosidc) is O-38. 

Quercetagetin 7-Gltrcacide and Nu&ea&n in Papavcr nudicaulc 

A water-soluble yellow pigment was isolated by Price, Robinson and !Scott-Wmcridf’” as 
the principal colouring matter of petals of Papuver rzu&uuZe and Mecmph cambrica (both 
Papaver~). Thtpigmcn~nudicaul&wasnotfullycharacttrizedbutwas SuggWtcdtobe 
a diglucosidt of a fh&um salt containing nitrogen. price et al. had difkUltY in purifyiag 
nudicaulin and similar dithculties were encountered in the present work. when the crude 
pigmentwaschromatographedonthickpaperinwater,aminoryellow~gment~~O~)wa9 

‘J. B. Hmnoma and H. S. A. -m, Nature lSl,25 (1958); B&&em. J. 78,298 (1%1). 
~“J.R.PIux,R.R~BINwN and R. S~YIT-~~~WMEFF, J. c&m. &c. 1465 (1939). 
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separated from the main ‘SRbstRnce (Rf 090). The minor piem#lt. gave qucrcctagrctin on 
hydrolysis and other studies (Table 2 and EkperhrWtal) indicate that lt is the 7-gl&side of 
quercab;gfetin. 

W main pigmen& after further purification, agreed in all its propMties with those 
described for nndicaulin. On acid hydrolysis, it g&e glucose and an aglycone which did not 
end,with any known flavonlSid. On treatmcntwith anWcyana% (it was not attacked 
by /3+cosidase) it gave two intermediate glycosides, indicating that it is present as a tri- 
glucoshle. The pure nudicaulin and its aglycone have identical spectml properties; there are 
two maid absorption maxima at 258 and 467 w and a minor band at 33Omp. The absorption 
spktr&n in ethanol is mu&e&l by changes in pH or by the addition of AlClJ, indicating that 
there are no’fke phenolic groups present in the pigment. ‘Thus, the spectral data and solu- 
bihty properties indicate that nudicaulin is neither a flavonoid nor a carotenoid. The pos- 
sibility that it is a betaxanthin is ruled out by the facts that its spectral properties are different 
@etaxanthins have &_ at 476 to 485 w and show no absorption between 300 and 400 rnp) 
and that it forms no amino acid when degraded with 2 N acid. 

Flavotwh of the Lqmbqme 
FoiUowing the discmmy of 2’,4’,4Mhydrox~e in the yellow flowers of gorse, 

u&?X eiuopeaus,,” other yellow-flowered legtlnm wen blieny examined. Although no other 
spaoies~chalooneer,~contained~v~~~~appoarerttobey~owfnvivo. nese 
specieawerefiuthertested byshakingaque~holiepetalextmctswithpetroleumether; 
in~t~,anap~~eportion(upto30percent)ofthecolouPingm*tterremainadin 
the aqueous phase after exhanstive extraction. The ilavonols in three specks (CororfUuglauca, 
Lots continrlatus andLuthy~pmten&) were chosen for further examination. 

As expect+ q-tin was kkntikd in acid-hydrolysates of fresh p&als of Coronulrr 
gkauca. The glycoside present was not studied in detail but the +values and spectrum suggest 
that it has a di- or Mac&ride attach&l to the Ihydroxyl group. Anextract from Lotrcs 
flowers also gave quercetagetin on hydrolysis, but it was accompanied by a seoond flavonol 
(I&W Fl A). The q-tin glycoside was also isolated and was readily identihed as the 
3-gaktoside by direct comparison with the pigment in Rho&M (see above). .The other 
new glycoside (Lotus Fl) also gave galactose on hydrolysis and the new aglycone (Lotus Fl A) 
was identifkd as q-n 7-methyl ether on the following basis. It gives quercetagetin 
on demethylatlon and the RJvalues, spectrum and microanalysisshow that it must be a mono- 
methyl ether. It cannot be the known dmcthyl ether, patuletin, which has dilkent R@ues 
and oolour reactions (Table 1) and the spectral measurements show that the methyl group can 

be on neither the 3’- or 4’-hydroxyl (positive boric acid shift) nor on the 3- or ihydroxyl 
(cornPare spectrum in neutral solution with that of quem&@in). Hence, it must be the 7- 
methyl ether, a conclusion supported by the lack of a sodium acetate shift in the spectrum 
(Table 1). This is the first record of the occumnce of quercetagetin 7-methyl ether in nature. 

The third legume ‘studied, Luthywpratends, contained no derivatiwzs of quercctagetin in 
it8 flowers; traces ofkaempferol or quercetin were present, 85 reported by Pecw12but the 
War fkonol agl~conea of both flower and leaf appears to be a mixture of methyl ethers tif 
qmandmyricetin. AUattem~to~~thioom~~oftheaglyconefailedand 
the glyco~des in the unhydrolysed extracts were aIso difkult to separate. That two WIU- 

ponents arc Present is clear from the following experiments. Chromatography in phenol (but 
1’ J. B. HAIIBORNB, Phytochem. 1,203 (1963). 
I2 R. C. Pmm, New Phym 59,138 (1960). 
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innootherso~t)showsdshe~oftwothrvonol8,o~comspondinetoisorhrunaetin, 
theother(withahigherRf)toanewdimethylether ofmyricetin. Reductiveacetylationyielded 
two anthocyanidins, readily identifiable as peonidin (from isorhamnetm) and malvidin (from 
myricetm 3’,5’dimethyl’ether). On demethylation the aglycone mixture gave myricetin, 
quercetm and an intumediate,.which is presumably myricetin 3’-methyl ether. 

Myricetin 3’,Sdimethyl ether was synthesizd by Heap and Robinson in 192913 and 
named syringetin, but it has never been found in plants, although it has a close biogeneGc 
relationshipwiththewidely-occUr@ phenol&, malvidin and sinapic acid. A comparison 
of theLothyru9 aglycone with synthetic syrmgetin is needed to confIrm the identitication of the 
former and this is in progress. 

During a study of the distribution of aurones in the SkophuMaceae (cf. Ref. 14), water- 
soluble yellow pigments were noted in the petals of two species, hfimulus h&us and Nemesiu 
strumom. Neither were aurones but that in iWm&s &teas, called mimulin (Table 2), has 
similarprope&stothequerce@etinglycos&s. Mimulinappearstobeasimplegl~, 
and is accompanied by carotenoids which are presumably similar to those present in other 
lldimultcs speciea’s 

The~ne,mimuletin,hasunif~y~~valueclthanquercetagetinin~~lvcnts 
(Table1),whichsuggeststhatitistherelated6hydroxykaempferoll. However,htckofmaterial 
and the pigment’s instability have prevented further work on this substance. While at least 
two methyl ethers of 6-hydroxykaempferol are known in plan&l6 the substance itself has 
only been Eported OIlcc before in nature, in petals of G&F@ 0$icinfzlir.l’ Its identi6cation in 
thisplant~notunequivocalandst~areinprogr~toconfirmthnnaturaloccumnceof 
thissubstance. 

The water-soluble pigment in flowers of Nemesis atrvmera hadsimihuR/vahresonpaper 
chromatograms (O-27 in butanol-ac&c acid-water and 036 in water) to flavonol glycosides. 
However, its spectral properties showed at once that it was a carotenoid, not a flavonoid, and 
it was therefore compared directly with the only known water-soluble carotenoid, crocein 
(the digentiobiose ester of crocetin) from Crocas pollen. It proved to be identical (Table 4), 
asdidt.heNmeasia aglycone with crocetin. This carotenoid, because of its carboxyl groups, 
hasverydifferentchromatographicpropertiesftom~commoncatoteno~such~~ 
tene and is not mobile on silica gel plates in the solvent systems commonly employed for 
carotenoids. However, it proved to be mobile in solvents used for separating aliphatic 
dicarboxylic~~18.and~~emplo.y&dinthe~nt~~~~a~e4). Croatin, 
first isolated from petal and pollen of Croeu~ spp., is a rare pigment; l9 it is interesting that 
oneofthefewother~~ofi~occutrenceisY~~,aowhicbisinthearamef~as 
NfV?WSiU. 

l~T.HBAsaudR. lkoBlN+, J. alem. sue. 67 (1929). 
14 J. B. ISmmmx, Phytodm. 2,327 (1963). 
15 T. W. GOODWIN and D. M. THOMAS, i’&ytocff#n. 3,47 (1964). 
16 J. Gnmmmmo, In Chdstry t#rk -C~(EditsdbyT.AG- ),p.4apazpuaon 

presr,oxpord(l962). 
~~N.P.~~YMJ~N~v.I.~ Do&l. Akaa! Nat&. SSSR. 154,1123 (1964). 
1* K v. TRumll# 27dil mm Chromrr~, p. 175, clewor Hufm Pm& topdon (1963). 
1’ w. KAmE& Konsrltutlor mld VmM rhr org?mkh l=!mmwe, p. 743, Bhkbaw veIla& Bad 

(1958). 
7.0 L. Saam aud B. KOTISR, Mom&. 59,341(1932). 
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DISCUSSION 

Although our knowledge of the yellow flavonols is still scanty, two striking &cts emerge. 
First, a Ls&niiIcant proportion of the yellow-petahed planta that have been examined contain 
both carotenoid and flavonoid, pigments produced by quite umelated bie pathways. 
Second, it is clear that for a fiavonol to contribute to yellow flower colour it must possess some 
structural feature absent from the commonly-occurring fIavonols such as kaempferol and 

quercetm. 
Thefirstpointisevidentfromaconsiderationofthethreelegumesstudied. Alltbrcecontain 

carotcnoids in their petals and yet they also have appreciable amounts of ilavonols, which are 
yellow in colour. Similarly, the chalcone and aurone pigments are nearly always associated 
with carotenoids. These and other examples have been discussed in more detail elsewhere.21 
That llavonols alone can produce visible pigmentation is shown by such plants as the pr&ose 
and yellow-llowered rhododendrons in which, sign&antly, related white species lack the 
fIavono1 or flavonols that colour the yellow forms. 

The second point-that only structurally unusual flavonols contribute to yellow colour- 
is evident in every example so far studied. The commonest pigment found in the present 
survey is quercetagetin, so that the introduction of a hydroxyl group into the 6-position in 

21 J. B. w In &kw?mbtry of Pht Pigments (Edited by T. W. GOODWIN), pp. 201-232, AC&I& 
Pnw London (1%5). 



quemctin ha8 a profound cf&ct on ibi colour propertim. A 8imilar introduction of a hydroxyl 
group into lb4 llqositin gives go8qp& well bm a8 tJxl yellow pigment of cotton 
iIowcrfL~ Itiralsodwthametbylationofquctcetinarsdmyriodinaa~~~~ 
whichareyellowpigmen&asinI,u!hyJwspratens&. Althoughitmsnsatpreaentthatordinary 
~vonwand~vonole&notactivelycontributetoycllowpctalcdour,theymightconceiMMy 
do so if present in very high conccntratiom or aa metal chelam (analogous to the antho- 
cyanin-iron and -aluminium complexes in the cornflower.) 23 

Although carotcnoida and flavonoids arc the most important yellow colouring matters, 
other s&MluaJ contribute to yellow colour in rc8tricted groups of plant& chief among thcac 
aretheyalIowbetaxanthinsoftheccn tr0spennae.u oth.cryellowpignMntsarcthealkaloids 
bcrbcrinc, present in Be&e& flowers and roots, and flavm of the atcm bark of PI&- 
cmpamut~OWw== ).u TothisgroupmustnowbeaddedthepopWpigmentnudicaulin, 
aincc spectral studies have disposed of the eatlier sugg&ion that it is a ilavylium salt. 

‘EXPERIMENTAL 

Pla?lthfaterial 

Flowers of the Rh&&n&M opecieswerccollcctcdfrompla&growninthcRoyalPark, 
Windsor. Flom of P&n& eMor were kindly collected by Miss R. Brett in Cambridge 
shire. Other plants were grown from seed in the glasshouses or collected locally. 

Queratag& was Mated from petals of Tqgetnr erecta, the African marigold, anti pat* 
ktin from wtaln of Tcrrrcrcs panda, the French marigold. A sample of gossypctin, kindly 
provided by Professor T. R Mhadri, wan purilied by chromatography in 50% HOAc and 
BAW. CroceinwasisolatedFromthepollenofCr~lacvigatwandsenralotherCrocvrspp. 

!3olvcnts Used for paper chromatography were BAW, n-butanol: acetic acid: water 
(4:1:S);PhOH,watcr-aaturatedphcnol;Forestal,accticacid:conc.HCl:watcr(3O:3:10); 
PAW, n-propanol: aceticacid: water (1: 1: 1); BBxPW, n-butanol: benzene: pyridinc: water 
(5: 1:3:3); BBW, n-butanol: ethanol: water (4: 19-2); and various proportions of acetic 
acid-water. Spectra were measured on a Unicam S.P. 500. 

Red&tie Acetyidion of Qwcetogetin 
Authentic material and the aglm from Papmer nadicdk, Prbnah dgurk and 

Rho&de&m CmnpYlavupMt were heated with acetic anhydride, sodium acetate and zinc 
dust,usingthemethodofKingandWhite. 26 Thcproducts,aftcrheatingwithacidandextract- 
ing into pcntyl alcohol, were chromatographcd in Forestal. The clutai banda containing the 
&hydroxycyanidin all had eE-Hcl 518 mj~, E&E- 25% and R, values of 0.30 in 
FoiMal (cyanidin 048) and 0.3% in BAW (cyanldin @58). The pigment had a brighter red 
colour on paper than cyanidin, which is a dull magenta. 

az A. 0. P~UIN, 1. C%m. Sot. 109,145 (1916,. 
= E. BAG c* ib., 91.1115 (1958); pz, 1~62 (i959x 
24 M. PIArneu. L. IaNALl! and a. PluYrA$ Plrvroclum. r, 121(196$. 
~~G.Bww,R.E.hf~~mo8ndF.A.-, x Am arm. sue. y 3393 mm. 
2’ H. G. C, KpKt aa@ T. H. Wium, J. C&m. Sot. 3901(19J7). 
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nhthodsdesgribad~in~erpapershthisserjcswereus6d. QuysrcEtasatin*S~ide 
~~~ ~~~y~~0~~~~w~rn.p.~ 
(Four& c: +12; H, 4.78. C21H2,,01j. 24 H@ required: C, 484; ,H, 48YJ. Both ,this 
PigmwDt and #he quercetagetin 7-glucoside from Pupuver nndkauk were rapidly hydrolysed 
byj-glucosidaae, gawonty~seorgtu~oseonoxidati~nwithH~O~and werehydrolysed 
by acid dimctly to aglycone and sugar. 

Tire @sac&&de gentiotriose was isolated from Primula F4 by H& oxidation. It had 
the fog Rc values (values for gentiobiose in ~~): 028 @45) in SAW, 030 
(U-45) in BEW, 020 (O-35) in BBzPW and 053 (@61) in PhOH. On acid hydrolysis, it gave 
gentiobiose and ghxose and on &glucosidase hydrolysis, it gave traces of glucose; it was not 
attackedbymultase. 

I;otri.r F1A f@erceiqetin 74itvhyl Ether) 

This substamx was is&ad by ~~~~by from acid ~d~l~~ of Lonu &- 
c&m fkwers and on crystalhzation from aqueous ethanol gave 4.3 mg of pale yellow 
needles, m.p. 252-4” (Found: OMe, 9.1. Cr,#-Ir~O~ required: OMe, 9*4O%). On demethyl- 
stion with pyridinium chloride at 140” for 3 hr, it gave quer&age@ identified by co-chro- 
matography with authentic material. 

LctJ2ym &yccrre ~~~t~ tmd ~yr~cet~ 3,‘5’~~t~yZ ether) 

This mixture was obtained as a pale yellow solid, m.p. 250°, after paper chromatography 
ofthesolidaglyccne o~edbyhydrolysing~~~c~of~h~~~~flowers. 
~~paperc~~~~~phy~~toeeparatethetwo components present. The speatral 
data (Table 1) are con&tent with the suggestion that the mixture contains isorhamne$jn and 
myricetk 3’,Sdimethyl ether, except that the spe@mn unexpectsdly failed to show 8 shi& in 
the short U.V. band in the presence of NaOAc. However, the mixed glycoside Fable 2) gave 
a small shifk A pure sample of isorhamnetm also failed to give the expe&d shift (err 
255 mcs, dANdAc 0 mp), but isorhamnetin 3,4’digldde (dactylin) did (Err 255 and 
268 rnh giving a single peak at 270 nut in the v of NaOAc).* 

On demethylation with pyridinium chloride at 140” for 6 hr, Lcltkynr aglycone gave 
myricetm and quercetm. An intermediate, isolated after Layton for 2 br, had R, 
values of 0.55 in BAW and O-36 in Forestal and err 380 w, err-m 425 and 455 ~QS. 
On reductive acetylation followed by hydrolysis the mixture gave peonidin (in=’ 533 
m& and maXdin (hzH;nC1 543 q). These two antbocyanidins were further identified 
by co-chromatography on paper with authentic pigments in Forestal, Formic and BAW, 
and by etography on layers of silica gel-G) in ethyl-aceta~ormic acid-2 N HCl 
(85:9:6). 

NudCtlUhkl 

~~~o~~~~~pcywder,~~~~p~offreshpcAalex~ 
of &!er nudacmJe in IhW, HrO, BAW and BAW. It had e-m 258,330 and 
~7m~and~~~340,4rlsrrnd458~;inBLaterandaqueous,allcaliit~y~weak 
amen ia the visible with max at 465470 rnp-. The aglycone, obtained by acid hy~l~, 
had identical absorption in EtOH-HCJ to the glycoside. On alkahne ftion, the aglycone 

* An~~lnckot~~~~shifthrslsobssnreportcdTorJ,7~~~~ 
3’$1’+‘=tbY~vone, hrcddia, by H. H. LBE and C. H. TM, J. clhrm. &SC, 2743 (1~). 
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failed to yield any recognixable phenolic fragments. On hydrolysis with anthocyanase for l+ 
hr at pH 4G and 37”, nudicaulin gave two intermediates with similar absorption maxima 
and the aglycone. R,values of nudicaulin, the two intermediates and the a&cone were : O-25, 
O-37.046 and 0.98 in BAW, and O-70,0+4,0-24 and O-00 in HzO. 

Croc& and Crocetin from Nemesia 

Fresh corollas were extracted with hot 95% EtOH and the yellow pigment glycoside 
present, which was insoluble in petroleum ether, was purifkd by paper chromatography in 
BAW, Hz0 and BEW. The algycone, produced on hydrolysis with 2 N HCl at 100” for 
30 minor 2 N NaOH at 15” for 10 min, was obtained as orange-red prisms, m.p. cu. 300” (lit. 
m.p. for croceGu 295”). The spectral and chromatographic properties of &coside and agly- 
cone, together with those of authentic crocein and crocetin from Crocus, are recorded in Table 
4. Maxima for crowtin are reporteda in CS1 and petroleum ether, but values could not be 
obtained in these solvents in this laboratory because of its insolubility. Values are given in 
four other solvents in the table; there was also good agreement between authentic and iso- 
lated pigments in the relative intensities of the three maxima in the 4OMOO w region. 

57 B. H. DAVIES, In ~&i’ht~(EditedbyT.W. GooDwIN), pp. 489-535 Acdmic 
press, Londan u%5). 


