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Abstract-Extra&on, pur&atlon and analysis of the anthocyanm pigments of ten taxa of the genus Centaurea ylelded 
cyamdm 3-0-(6-O-succmyl-j&-Dglucoslde)-5-U-j?-Dglucoside 

INTRODUCTION 

The classical ldentlficatlon of the floral pigment of blue 
cornflower, Centaureu cyanus L, was determined as 
cyamdm 3,5-O-j?-Ddlglucoslde [3] This work was re- 
peated later by two teams m Japan with more up-to-date 
methods [ 1,2] and the structure was revised as cyamdm 
3-0-(6-O-succmyl-fl-Dglucoslde)-SB_Dglucoslde We 
have now found that a range of other Centaurea spenes 
also contam this succmate ester of cyanm 

RESULTS 

The pigments were isolated from the flowers of the 
various Centaurea speaes (see Experimental) using very 
rmld acldcondmons to avoid hydrolysis of the labile ester 
linkage They were then compared directly with cy- 
amdm 3-(6-succmylglucoade~S-glucoslde isolated from 
Centaurea cyanus Identity was established by (1) cochro- 
matography m seven solvents, (2) detection of glucose, 
cyamdm and succmlc acid on hydrolysis, and (3) detection 
of all expected intermediates on controlled acid hy- 
drolysis All seven species (and subspecies) contained one 
and the same pigment Thus, the succmate ester of cyamn 
seems to be characterlstlc m the genus 

EXPERIMENTAL 

Plant materm Dried mflorescences of plants were used from 
the following taxa Centaurea cyanus L , C cyanus f plena Latour, 
C grlnensls Reuter subsp fntschu Sod, C lacea L , C macroptdon 
Borb subsp oxylep~s Sod, C mrcranthos Gmel, C pannonrca 
(Heuff) Slmk , C pannomca var semlfmbrmtn So6 et J& , C 
sadlerann Janka, C spmulosa Rachel, C spmuloso var haldom- 
calms Wagn The plants were ldentdied taxonomlcally by the 
authors 

Extractron and purlficatlon of the anthocyanrn The mflor- 
escences of plants were extracted in two steps at first with MeOH 
1% HOAc and 0 033 % HCl (at 22”, for 20 mm) and then residue 
was re-extracted with 1% HOAc m MeOH-Me&O (1 1) The 
resulted extracts were concentrated (at 40”, UI uacuo) and were 
punfied by column chromatography (Sephadex LH-20 m 2 5 
x 7Ocm column) The adsorbed materials were eluted with 
MeOH-Me,CO (1 1) contanung 0 1 %XOAc The eluates were 

collected and subjected to prep TLC on s~hca gel plates (Merck 
5745) and developed wtth EtOAc-HCO,H-H,O (14 3 3) The 
bands were resolved with MeOH and concentrated to small 
volume before further procedures 

Analysts of anthocyanms by TLC The concentrated solutions 
of anthocyanms were surveyed on cellulose plates (Merck 5716) 
m HOAc-HCl-HZ0 (3 1 S), BuOH-HOAc-HZ0 (4 1 2), 
BuOH-HCCH,O (7 2 S), H+HCl-HC02H (8 4 1) and 
BuOH-HOAc-HZ0 (6 1 2)and on slhcagel plates (Merck 5721) 
In EtOAc-HCO,H-H,O (14 3 3) and BuOH-HCO*H-HZ0 
(17 1 2) The anthocyanm solutions from several plants were 
apphed side by side on the one plate with different solvents 

alternately 
Determmatron of organrc acad The acyl group of the antho- 

cyanms was determmed usmg comparison with authentic mar- 
kers, succuuc acid and malomc actd on cellulose plates (Merck 
5716) with EtOAc-HOAc-H,O (3 1 1) hydrolysis the pur&d 

anthocyanms were dissolved m 1 ml MeOH contammg 1% HCl 
and reactlon mature was kept at 25” for 24 hr For the detectlon 
of spots the bromccresol green reagent was used [1] 

ControHed acrd hydrolyw The samples of anthocyanms were 
dissolved m MeOH and anddied with 2N HCl The reactlon 
mixture was heated tn a bolhng water bath for 40 mm and 
sampled at 5 mm Intervals Each sample was spotted on cellulose 
ttun layer plates (Merck 5716) wtth n-BuOH-H&I--HOAc 

(6 1 2) 
Chromatographzc analysis of anthocyamdm The samples of 

pure anthocyanms obtamed after PTLC were hydrolysed In 
MeOH-2N HCl (at 100” for 1 hr) The resulted aglycone was 
extracted with n-amyl alcohol and Identified on cellulose thm 
layer plates (Polygram Cell 300, Macherey-Nagel) agamst 
authentic cyamdm In HCO*H-HCI-Hz0 (10 1 3) and on slhca 
gel plates (Merck 5721) In EtOAc-HCO,H-Hz0 (85 6 9) 

The ldentlfcatzon of sugar After hydrolysis the aqueous lower 
phases of the rcactlon mature was concentrated (at 60”, m uacuo) 
and sugars were ldentdied on slhca gel thm layer plates (Merck 
5721) m EtOAc-HCO,H-H,O (8 1 1) Authentx samples of 
arabmose, galactose and glucose were used as standards 

The chromatograms after drymg were sprayed with the Llsboa 
reagent (0 5 ml amsaldehyde-50 ml HOAc-1 ml H2S04) and 
vlsuahzed at 100” for 10 mm 

Spectral analysts After punficatlon, hydrolysis and chromato- 
graphic treatments of pigments the present purdied anthocyanms 
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and anthocyamdms were extracted respectively m MeOH con- REFERENCES 

tammg 001% cc HCI and centrifuged and then absorbance 
measured The spectral values were compared with ht data [ 1,2] 

1 Takeda, K and Tommaga, S (1983) Bat Mag Tokyo 96,359 

2 Tamura, H, Kondo, T, Kato, Y and Goto, T (1983) 
Tetrahedron Letters 24, 5749 
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Abstract-Thirty three flavonold aglycones have been ldentlfied from the external stem and leaf resin of Huzarha 
squarrosa var grrndeltoldes by TLC co-chromatography with authentic samples The occurrence of compounds with 
oxygenation at C-6 and C-S, which are also found m the genus Haplopappus, supports the previously belteved close 
relatlonshlp between these two genera 

INTRODUCTION 

Hazardw (Compoatae) IS a genus of 13 species found in 
the western United States and adjacent Mexico [l] As 
part of ongoing work on the chemistry and systematlcs of 
Haplopappus and its segregate genera [l-9], this study 
was undertaken to initiate the elucldatlon of aglycones of 
the genus, beginning with the most widespread taxon, H 
squarrosa (Hooker & Arnott) Greene var gmdelzordes 
(DC ) Clark The flavonold glyconde profiles of the entire 
genus have been published [2], but the nature of the 
aglycones that are usually found m the leaf and stem 
exudates of these mostly resinous plants have remained 
undetermined on this point 

RESULTS AND DISCUSSION 

The following 33 known compounds were identified 
from the leaf and stem washmgs of the sample plant 
material the flavones aplgenm, luteolm, luteolm 7-and 3’- 
monomethyl ethers, 6-methoxyluteohn, scutellarem 6- 
methyl and 6,4’-dlmethyl ethers, the flavonols kaempferol, 
kaempferol 7- and 4’-monomethyl ethers, kaempferol 
3,4’- and 7,4’-dlmethyl ethers, kaempferol3,7,4’-trimethyl 

*Part 2 m the senes “Flavonmds of Hazardu?’ For Part 1 see 
ref [2] 

ether, 6-hydroxykaempferol 3,6,4’-tnmethyl ether, quer- 
cetm, quercetm 3-, 3’- and 7-monomethyl ethers, quercetm 
3,7-, 3,3’- and 7,3’-dlmethyl ethers, quercetm 3,7,3’-, 3,3’,4’- 
and,7,3’,4’-trimethyl ethers, quercetm 3,7,3’,4’-tetramethyl 
ether, quercetagetm 6-methyl ether, quercetagetm 3,6-and 
6,3’-dlmethyl ethers, quercetagetm 3,6,4’-tnmethyl ether, 
the flavanone erlodlctyol and its 7-monomethyl and 7,3’- 
dlmethyl ethers, and dlhydrotncetm 7,3’-dlmethyl ether 
(5,4’,5’-tnhydroxy, 7,3’&O-methylflavanone) It should 
also be noted that 13 additional compounds were ob- 
served which behaved chromatographically as llavonolds 
However, these compounds could not be isolated for 
further ldentlficatlon due to their low quantities, and they 
could not be co-chromatographed with known standards 
with any degree of confidence 

In summary, the Identifiable aglycones of H squarrusa 
var grmdelmdes are all oxygenated at posltlons 57 and 4’, 
with additional oxygenation occurring variably at C-3 (22 
compounds), C-6 (8 compounds), C-3’ (23 compounds), 
and C-5’ (1 compound) A preponderance of structures (28 
compounds) are methylated, varying from one to four 
methyl groups, thereby accounting for their distnbutlon 
m the hpophlhc external resin 

The number of different structures 1s relatively high for 
flavonold aglycones from a single taxon Although none 
of the other 12 species of Hazardla has been examined 
thoroughly for their aglycone profiles, species of related 
genera have been studied None of these, including species 


