
PLANT ~L~~~~LS --XI. 
THE STRUCTURE OF ACYLATED ANTHOCYANINS 

INTRODUCTION 

ACYLATBD or “complex” anthocyanins, i.e. pigments containing covalently IinkedT acyl 
(e.g. buys residues, were First described by Wade and his co-workers in 1915.l 
For example, delphinin, isolated from DeZ@nitlm CMH&&Z, was found to give on hydrolysis 
delpbinidin, glucose and phydroxybenz& acid in the ratio of 1:2:2l Later Karrer and 
Widmm2 exambed a number of similar pigments, particularly Born the Labia&e; one such 
compound, mom&k, was reported to be a pelargonidin 3,!Higlucoside acylated witbp 
coumari~ and malonic acids. In recent years, several se&s of acylated ~~~~ have 
been~~~~fromarangeofplants,notablyfromtheVi~3Solanaoaae4andCtuciferae;Z 
over fEty pigments of this type are now known. For a long time acylated ankqanins were 
the only class of flavonoid known to have such substituents but in 1959 an acylated flavonol, 
tiliroside, was reported6 to occur in fknvers of Tika urgentea and several other acylated 
flavonols have been isolated since then.‘& 8 

Acylated ~~ are pklarily of ill&l-e!@ because of their festxicted taxollom@ 
debuting and their biogenetic relationship to other classes of hydroxycbmamic add 
ester, particularly to the sugar esters. ldll Furthermore, they are of gen& interest, since 
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Mend&an factors controlling acylation have been demonstrated in the cultivated diploid 
potato,’ in the aubergine, S&mum melongena,12 and in the garden stock, Matthioka incams 

Work on the structure of acyhted anthocyanins has been hindered by the difhculty of 
purityiugthem and because of the rehtive lability of the acyl-anthocyanin linkage. However, 
for most acylated anthocyanins, the nature and position of attachment of the sugar residues 
and the nature and number of acyl substituents have been determined.*3~ l4 The last remaining 
structural feature requiring confirmation is the position in the molecule of the acyl group or 

groups. 
A structme involving linkage of pcoumaric acid to the phenolic hydroxyl group in the 

7-position of pelargonidin was favoured by Karrer2 for monardein and a similar linkage has 
been proposed recently for the attachment ofpcoumaric acid to kaempferol3glucoside in 
tiliroside.6 By contrast, other pigments, e.g. ensatin from Iris ensata,1s were considered to 
have their acyl groups linked through the sugar moieties and all acylated flavonols, except 
tiliroside, have been shown to have such a linkage. The spectral properties of a range of 
acylated anthocyanina*4 also suggested that the acyl groups were linked to sugar. 

The present paper provides experimental evidence in favour of the view that acyl groups 
are indeed always attached through the sugar unit present in the 3-position of both antho- 
cyanidinsandflavonols. Otherworkreportedhereindicatesthatonlythreeacids(p-coumaric, 
ca&ic and ferulic) occur as acyl substituents in these complex pigments. 

RESULTS 

General procedures for the puriiication of acylated pigments by paper chromatography 
and S by their chromatographicbehaviour before and after alkahne treatment 
andbyspectralmeasuremeu ts have aheady been described (e.g.‘* i4); these were used through- 
out this work. In all cases, special care was taken during puriftcation to remove other cin- 
namic acid derivatives, especially sugar esters, which have very similar &‘s to acylated antho- 
cyanins in some solvents; repeated paper chromatography (6-g separations was frequently 
necessary. Some anthe e.g. negretein, were isolated on a larger scale by chromato- 
graphy on cohmms of polyamide.16 

The spectra& chromatographic and colour properties of most anthocyanins studied in this 
paperhavealreadybeenreportedinthelitcrature;datafortheremainderaregivenin 
Table 1. This table includes some pigments which were not further characterized by H202 
oxidation (see below); detailed comments on these pigments are given in a later section. 

Hz02 Oxialztion: Isolation of Acyiated Sugars 

Fif’teen purified pigments were oxidized with H202 in methanolic solution, using the pro- 
cedure developed by Chandler and Harper,” and the acylated sugars formed (see Table 2) 
were isolated by paper chromatography and characterixed by the usual method~~.~** UJ The 
properties and hydrolysis products of the seven sugar esters obtained variously from these 
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four positions (2,3,4 and 6) in the gl- molecule contain the acyl suhstimt in these 
esters; this de@rmination awaits the isolation of larger amounts of the appropriate acylated 
sue;ars. 

On acid hydrolysis of the pcoumaroylrutinose obtained from the Sokum pigments, 
p-conmaroylrhamnose is formed; the same is also obtained during acid hydrolysis of the 
~~~~~~. Thisp~v~thattheacylgroupinthis~~~islinkadtothetenninat 
su~~t~~~~d~~~~~~. AsimiIarlinkageisprobableinothetpi~~~, 

TASS 2. OXIDA. PRODUCKS OF ACYLA'IED ArXmOCYm 

Peblnin 
~~~A 
RubrobrwkinA 
f&dvianin 
RapllamwinB 
Rubrobrasich C 
Rubrobraasicin B 

Matthioladu 

3,EDigllicosi& 
3-G~ac 
3,sD@cdde 
3,EDigld~ 1 

* Abbmiaticms: Pg, pehugddh; Cy, q&din; Pn, pwnidm; Dp, dephhidin; Pt, petunidin; Mv, 
=lvidkIEm.WmPfi=ol. 

but it has not been possible to prove this; thus the fact that acid hydrolysis of the acylated 
sophoroses yiekis acylated glucoses does not indicate which glucose unit in the sophorose 
carries the acyl substitue&. Similarly, in the two disaccharides carrying more than one acyl 
substituent, it has not been poss~%le to determk whether these acyl substituents are both 
present on the terminal sugar unit or not. 

H 

cbrtadlra suad Harper” have shown that Hz@ oxidation specifically removes the 3- 
substitWat flKm3 a#hocyanins and fiavonol glycosidesy so t&at the isolation of these aeylated 
sugars provBs that all the sfteen acylated anthoqanins examked have their acyl groups 
attached to the 34mgar, ad not to the 5-O-sugar or to one of the pheuolic hydroxyl groups 
of the anthocyanidin molecule. The structure of negretein is thus (I) and similar structures 
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may be written for all the other anhcyanhs studied. Birkofer et al. have recently derived 
formulae similar to I for six acylated anthocyanhs present in the peb& of Petunia.1g 

Structure of Tilirosiak 

H&hammer et ~2.~ proposed structure II (7-~umaroylkaempferol ~glucoside) for 
tiliroside, an acylated 4Iavonol present in flowers of the lime, 2%~ urge&u. This structure 
was partly based on the fact that the long wavcband of the U.V. spectrum of Woside did not 

Rfvalucs in,+ LU. in 95% EtoH 
, . I- \ 

Acylateaww BAW BN HZ0 PhOH Alone With 
alkali 

+ On Whatman No. 1 paper; solvents are: BN, butan-l-al-2 N ammonia(l:1);PhO~pbmolsatd.wi~ 
HzO. Valuesinpamtheuerefartofiomasforcomqm&u l-glucose eatclu. 

t-pyacidbydrolysisofe OylNtinose. 

show a bathochromic shift in the prc~nce of sodium acetate. However, it is well known (cf. 
Jurd20) that it is the lack of a shift of the short wavehand in the pmsence of sodium acetate 
that indicates that the ‘I-position in liavonols is blocked. Both our own spectral measure+ 
ments (a Experimental) and those of Swain21 show that the 7-hydroxyl group in tihosidt? 

19 L. BIRKOPBR, C KAISER, W. Koa, M. D~NIKB and D. WOLF, Z. Natwjiiscb. 18b. 631(1963). 
m L. JURD, Arch. Biodmm Biopbys. 66,284 (1957). 
2’ T. SWAIN, unpublished results. 
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~~o~~tborpoarP1~~~~ow~t~eS-~d4’~~o~~~~,~a~y~~ 
~tofthcp-corrmafDylresidwisthospgarintbe3-poaition. Thatsuch 

a linkage is present in tiliroside has been confirmed by isolating a pcoumaroylglucose after 
either acid hydrolysis or HzOz oxidation. The acylated sugar obtained was identical in 4 
val&r with that produced from monardein and hyacinthin. Tiliroside must therefore have 
s+uctum III and it thus does not differ in this respect from any of the other acylated flavonols 
(or a&icyanins) so far described. 

H H 

43-H: H 
0 

m 

2% AcyI Groups of Complex Anthocpins 

amuatcd with anthocyanins, more recent work has indicated that only a few common 
hYdr=Y cinnamic acids are, in fact, present in these acylated pigments. Several of the pig- 
ments descrii earlier have therefore hem reaamhd and the results are recorded below. 
A number of new acylated pigments and some new occurrences of known pigments are also 
described. 

Batlimanardsinand~arereportedtocontain,besidcspcoumaricacid,two 
molecular equivalents of malonic acid.* On mtion of the pigments purified by paper 
chromatography, no malonic acid could be de&ted in the alkaline hydrolysates and, fiuther- 
more, there was no indication from chromatographic behaviour or from controlled acid 
hydrolysis of the presence of any acyl group other than p-coumaric acid in these pigments. 
Monardein is thus pelargonidin 3+coumaroy1glucoside)+glucosi& and salvianin the 
corresponding catI& derivative. Monardein, originally isolated from Moncr& di#ymu 
(Labiatae), has also now been found in the petals of Gilia coromp@dia (Polemoniaceae) and 
in the petals of red colour forms (e.g. “ scarlet O’Hara”) of the garden Hjx4ciuthus @aceae). 
Mauve and blue hyacinth flowers (e.g. “ Mauve Queen ” and “ Delft Blue “) have the related 
cyanidin and delphinidin derivatives respecuvely. Surprisingly, the pigment in the bulb 
scales of “ Delft Blue ” is cyanidin 3-U+coumaroylglucoside) (hyacinthin in Tables 1 and 2). 
The malvidin analogue of momudein has not been described before but has now been isolated 
from T&n&&a semidecmtdra (Melastomaceae) and called tiboucbinin. 

Delphanin, previously reported in S~lmnan,~ l&P and Petunia,1g has now been found 
in flowers of the garden Iris. It is present as the only antbocyanin in all of 19 cullivars 
examined and also occurs in seven wild species. In two of these, I. &ysogrup&s and 

= T. u B&m. M&q. Tdyo 7& 10 (1959). 



I. de-i, it is accompanied by a malvidin derivative, but this is not surprising, because 
ensatin [a malvidin ~~oy~~y~~~&~] has aheady bsen noted in the genus.rs 

Studies of tbe &ments, ~~~ A and 8, of red forms of the radish ~ 
safivus haveakeadybeenreported. r3* *& 23 With the results of HzOz oxidation of raphanusin 
B (see p. 154), they may be formulated as the 3-(feruloylsophoroside)4-glucoside and 
the 3-@oumaroylsophoroside)-S+coside of palargonidiu. Two cyanidin derivatives, 
raghanusinsCandD,havenowbcen.foundinp~leradishts(thclFIp~~ofa~betwesn 
red and white forms). The properties of the two pied are shown in Table 1 and it is clear 
that they are structumhy analogous to the pebqonidin derivatives. 

Although only one acylated pigmen “rubrobrassicin”, was isolated from red cabbae 
Brassicu ohxeu, by Chmielewska,” pigments, rub&m&ins A, B and C, have been 
obtained during the present work. None of these three pigments, once purified, contained 
sinapicacid,aulo~thisacidwasreportedtobepresentinmbrobraszli.dnby~~~” 
Rubro~ A contained onepeoumaroyl residue, Nab Chad two residues of 
pooumaric acid and the B isomer one of ferulic acid (see Table I). All gave cyanidiu S-gluco- 
side, 3isophoroside on alkaline hydrolysis;r3 and HzOz oxidation of rubrobrassicin C, the 
main component, gave a diferuloylsophorose (Table 2). There is no evidence that a sinapoyl- 
containing antbocyanin is present in red cabbage, ahhough only one commemial strain of 
~~~~~~~~. 

The only other report of acyhXted ADDS ~~ sinapoyl residues is that of 
~swho~tbeirpresenceinthefl~ofpinkand~u~shginsof114rittM& 
incmra. SiuceSey&rtdidnot takeanyspbcialprecautiona~topun‘fyhispigmenhp~ddidnot 
makespectmlm- tstodeterminetheantb ocyanirpaicyl ratios in these compounds, 
his mported sinapoylcontaining anthocyanins must be viewed with some reserve. We have 
noted that huge amounts of l-~~~~ are present in the petals of most forms of the 
gardenstock(~~artpres~ntinredcab~leaves~o)and~n~tion ofantbocyanin 
with this subsumce and with any sinapoyl w that may be present could easily 
lead to erroneous results. In order to obtain further information on this pohrt, tire acyh&d 
pigments of a crimson-red comme&l form of Matikiola krconag were exami&. In fac& 
onlyone~~~wasprccleat,~~o~~~~~~(secTabk#s1and2)as, 
pe~~~~~~y~~~~bu~~~~~~~&. Examination of blue forms 
~showedthtr~ofonfytwo~~~cyanidin~~,~~~~~describes 
the~of~~tenortwelw:s~compoun&sinhisvariouspb~o~ ftisconcluded 
that it is unlikely that sinapic acid is present as tbe acylating group iu any anthocyanms so far 
de!Krii. 

Finally, the first known acylated anthoqamn, delphir& has been re_examimd in order 
~see~itdid,~f~have~hy~~~~~t~i~s~. ~t~~~ 
axperiencadinp~de~froim~~~flowen,an&,evenafterrepeatedpaper 
chromatography, it could not be obtained completely pure. Hovmver, the best sample that 
could be obtained only gave delpbinidin, delphinidin 3- and S-gtucoside and glucose on acid 
hydrolysis. No~h~o~~acid~detectedinthealkaline~da~dhy~~and 
H,Os oxidation also failed to yield aphydroxybenxoic ghrcose ester. ft is conch&d that the 
major pigment of ~~p~~ is probably ~~~ 3,~~~; it certai@ does not 
appear to havephydroxybenzoic acid attached to it by an ester linkage. 



DISCIJSSIUN 

The rem&s desoribed iu this paper* together with those of other workers (e.g. Ref. 19jS 
show &at aI4 kmwn acylated fiavonoids are of the same general type, iu that the aoyi group is 
always a~~ to the sugar su~~~t~ iu the 3position. The p&se lotion in the 3- 
sugars to which the acyl group are attached has yet to be determined, and it is 
matter of ~nv~~~ that trivial names be retained for these pigments for 

re, it has been shown in the present work that only hy~o~~~, 
c, ca&ic and feruiic, are ~~0~~ present in these pigments. Previous reports of 

pigments unrig sinapic, ~hy~oxy~~oic and malonic acids have been found to be 
incorrect, While it has not been possible to examine all cases in which other unusual acids 
have been found, it seems likely that acyl groups of complex angles are, in fact, 
normally ~~ to the three types mentions above. 

Thieve results have ~p~~tio~ from b&h the bi~~~etic and genetic points of view. 
Bi~~~~y, it seems unhkely that acylated picks are directly related to any other type 
of hy~~~~c acid ester and the co-occurmn ce of acylated flavonoids and hydroxy- 
cinnamic acid sugar esters in a number of plants, e.g. in Pefmia, is perhaps fortuitous. It 
seems hkely that the enxyme system ~n~o~g lotion is 
or for flavonol, since such d~vati~ rarely ocenr to 
exception; even so, the acyl groups in the case of the an 
ca&ic acid4*19 and in the case of the ilavonols, f~ulic acid.’ 

fohoting three ~~e~~ steps in ~~~~n synthesis: (a) action of ghtcose to the 
5-hydroxyl; (a) acylation with p-coumaric acid, and (c) rne~y~~on of the 3’-hydroxyl.* 
Now that it is clear that acylation occurs on the rhamnose of the rutinose group in the 

not on the glucose in the 5 b~~~~d~~t~e 
~~Of~~~~~. is that AC is a complex 

locus of three closely linked genes. It is nobody that a sin&r association of ~~~~~y 
distinct function is known also in ~~~~~ ~~0~ and ~~~~~Z~, in which the genetic 
control of acylation is again associated with ~~sy~~on~ methybtion is not, however, 
involved in t&se ex~p~. 

Sow of most of the acylated pigments were given in earlier paper+= I4 The rubro- 
brass&& were ~~~ from ok; tJI@ 
radishpigmeuts from roots of cv, “Icicle”‘; 
hy~nt~n from bnlbs of ~~~~~ cv. *‘DeEt Blue”; and de~pha~ from flowers of && cv. 
“Red Rover”. 

AD small scale Mations were out by paper ograpby on Whatman No. 3 
~~~~r~~WorB~~. Thep~~~~~thenpuriiiedbyrprpeated~o~~~phy 
in these and in aqueous solvents. Larger scale ~~~~ of the ~~~~ of the Tongo” 
potato and of red cabbage leaves was carried out as foiiows. Plant material (2 kg) was 
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macerated in a blender with 500-800 ml MeOH-HCl(97:3, v/v) and the maeera& was 
centr&ged. The su~~t liquid, after concentration to 100 ml, was adsorbed on to 
powdered nylon (3 x 10 cc). The powder was dried in a desiccator and then eluted witb 
MeOH-HCl(3 x 50 ml). The eluab was conwn~~ and then dried in a desiaxttor over 
KOH. Tbe residue was puri8ed by extraction with M&H and ~pi~tion with dry ether; 
thisprocesswasrepeatedthreetimes. Theproductwas a non-hygroscopic intensely dark-red 
powder, which was contaminated with ci~amic acid derivatives (fluorescing blue and green 
in uv. Ii@). Tbe pure pigments were readily obtained from this powder by auceessive 
chromatography in BAW and 2% aqueous acetic acid. 

Oxi&&m of Acyiizted Anthocy~: Isolation artd Cbatetiti of Acytated &gum 
Pigments were dissolved in MeOH and oxidized with HsOs by the procedure of Chandler 

and Harper.*’ The resuhing solutions were cbromatographed iu BAW and the bands con- 
taining the acylated sugars were cut out, eluted and p&&xi by c~o~~~phy. Oxidation 
of salvianin fsiled to give any acylated sugar, because the cat&&~ ester was further brokeu 
down by the reagent. C!a&oyl&cose was therefore obtained from salviauin by acid hydroly- 
sis (0.2 N HCI at 100” for 30 min or 10% HOAc at 100” for 2 br). ~~~~~0~ was 
obtained from negretcin by both HzOa oxidation and acid hydrolysis (@2 N HCl at 100” for 
20 min) in comparable yields. pCoumaroylrhamnose was obtained from psoumaroyl- 
r&nose by acid hydrolysis (N HCl at 100” for 20 min). 

The acylated sugars were characu&ed by RI values, c&our reactious, spectra and by 
identification of the products of alkahne and @&cosidase hydrolysis. Enzyme hydrolysis 
was car&xl out overnight at pH 5.0 and 37” with excess 13-glucosidase; aesculin was used as a 
control The resulting solutions were run on BAW and Ha0 ~~~ to test whether 
hydrolysis had e. In the three cases in which hydrolysis bad taken place (see Table 3), 
the products were co-chromatograpbed with the appropriate markers. 

The sugar esters from the di%rent sources (e.g. ~~oy~~~ from monardei~ 
hyacintbiu and tihroside) all had same Rf”s in six solvent systems (the four shown in Table 3, 
and also BJZW, Butan-lsl-ethanol-water (4: 1: 2*2), and 15 % aqueous aoetic acid). They 
thus appear to be identical; they were also individually character&xl from each source by 
spectral determination, by response to ~~u~d~ and by identi%ation of the products of 
alkalinebydrolysis. 

This pigment was isolated from petals of 2%~ urgenteu by extractiou with hot EtOH, 
followed by chromatography in BAW ($0*88), Hz0 (4O+I) and BEW (+087). Its spectral 
properties are as follows: 

e.&ou 267,305 (infl.), 317,357 (i&l.); 
hzFob 273,314,360 (in&); 
~~ 270*315,357 (infi.); 
hz?‘Aa 225 (in&), 277,304,320,392; 
ETY’ 377 m& 

(H&hammer et al. report ey 312; h-. a@wPaoU 310 m& Tiliroside was not hydrolysed 
byoverni&treatmentwitb/3-glucosidase. Oncontrolledacidhydrolysis(20 minat 1OO”witb 
N HC!& it ~ve~~oyl~~ (see Table 3),pcoumaric acid, kaempfmol, kaempferol 
?I-glueoside and someUxbanged material. 
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Tim pigment of a dark-blue form of Derphinhun consoRtib was isolated and puSed by 
chromatography in BAW, 1% HCl, BuHCl, 15 % HOAc and then BAW. It has &_ 272, 
543 w and E&E%3 13 %, E&Es~ 17 %, E&E5.+3 63 %. Its spectml &arac&Scs were 
similar to dielphin (delphinidin 3,5diglucoside) except that the main peak was shifted 5-8 rnp 
towards the visible region, indicating contamination with some co-pigment or inorganic 
material On acid hydrolysis (2N HCl for 35 min), “delphinin” gave delphinidin, glucose, 
delphinidin 3-glucoside and delphinidin 5-glucoside. On co-chromatography with delphin, 
it did not separate in BuHCl ($‘s 04l2,042 resp.), 1% HCl ($‘s 0.10,0@8) or in HOAc-HCl- 
H20(15:3:82)(R,‘s049,0~51); inBAWitgavetwospots,R, Os13and O~lS(delphin 4 0.11). 
On acid or alkaline hydrolysis, it gave no detectable aromatic acids (p-hydroxybenzoic acid 
was used as a control). Nophydroxybenzoic acid sugar derivative could be detected after the 
HzOs oxidation of delphinin. 


