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Abshct~anidin 3-arattmoslde-54ucoside~ the first repmsentative of this glycosidic class, was isolated 
from flower8 of the azalea (Rho&de& 0n)cultwar“Redwing,, Otheranthocyallinspresentintllesetissua 
were cyanidin 3-glu&de, cyanidin 3+alactoside, cyanidin S-arabinoside, and cyanidin 3J-digl~de. 

INTRODUCTION 

THE occurrence of arabinose as the sugar moiety of anthocyanins is rare.l C&din 3- 
arabinoside, the only arabinoside of cyanidin that has been reported, was isolated from 
flowers of rhododendron (Rhododendron ~pp.~), cotyledons of cacao (Theobroma cacao 3), and 
husks of barley (Hordeurn vuZgare).4 This paper describes the isolation and characterimtion 
of cyanidin 3+uabinoside&glucoside, an anthocyanin with a new glycosidic pattern, 
obtained from the flowers of Red Wing azaleas. 

Purification and Characterization 

RESULTS 

The anthocyanins isolated from flowers of Red Wing axaleas resolved into two bands 
when passed through a column of powdered nylon5 When these individual bands were 
chromatographed with BAW (butan-1-ol-acetic acid-water, 6:l: 2 v/v) for 18 hr, band 1 
remained homogeneous but band 2 resolved into two components designated as bands 2.1 
and 2.2. The properties of the isolated anthocyanins are shown in Table 1 and Fig. 1. 

Unlike bands 2.1 and 2.2, the absorption spectra of band 1 did not have the distinct 
shoulder to the main absorption peak in the 410-450 run region. The absence of this shoulder 
is characteristic of an anthocyanin with sugar residues on the 5 hydroxyl gro~p.~ The 
shoulder was apparent for bands 2.1 and 2.2, a factor which indicated an anthocyanin with a 
free 5 hydroxyl group. Harborne7 also has shown that the short wavelength peak (at about 
265-280 run) of 3,5diglycosides is consistently less intense than that of 3glycosides. 

From the data in Table 1 and Fig. 1 it appears that band 1 is a 3,5diglycoside of cyanidin 
and that bands 2.1 and 2.2 are 3glycosides of cyanidin. 

1 J. B. -RNE, ChemiculPlrmt Taxonomy (Edit& by T. SWAIN), p. 359. Academic Press, London (1963). 
: J+B&FRNE, Arch. Biochem. Biophys. %, 171(1962). 

~RSYTH and V. C. QUESNEL, B&&em. J. 65,177 (1957). 
4 M: Mh& and E. UlUON, Compt. Rend. 252,356 (1961). 
5 M. K. SBIKBL, ZXe Chemistry of F&zvonoid Compoundp (Edited by T. A GEISSMAN ), P. 34. Iw=a press, 

Oxford (1962). 
6 J. B. -RN& B&hem. J. 70,22 (1958). 
7 J. B. -IWE, Phytochem. 2,85 (1%3). 
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TABLE 1. PROPERT(ESOFANTHOCYANINSISOW\~ED FROM REDWING AZALEAS 

h msx 
Color MeOH-i-f Cf 

m 0u-n) 

Compound 1g; GGG-TGZ 
. -. _... _..-_ ._ - 

Azalea anthocy~ins 
Band 1 Red 278 525 
Band 2.1 Purple 282 526 
Band 2.3 Purple 282 526 

Authentic anthocyanins 
Cyanidin 3,5-dt- 

gfucoside Red 278 52s 
Cyanidin 3-gfucoside Purple 282 526 
Cyanidin 3-rutinoside Purple 282 526 

AlCls 
shift 
dh 

(nm) 

Ratio ( 7;) 
E QiK)nm 
E m.% BAW* BH* WHF* AH* EFWt 

45 

z 

45 
44 
44 

14 @22 0.10 0.49 0.48 0 22 
22 0.35 o-30 0.19 031 060 
22 0.33 0.23 0.22 0.32 053 

; 0=34 0*2f 0.08 0.25 0.45 0.21 0 o-32 44 056 0.19 

23 035 0.26 0.41 0 50 O-39 

* Determined by thm-layer chromatography on ceiiufose (MN-300) pfates 250 rnp thick. BAW, butan-l- 
of-a&s acid-water (6:1:2 v/v); BH, butan-l-of-2 N HQ (1 :1 v/v); WHF, water-HCI-formtc actd (8:4:t 
v&t; AH, acetone-2 N HCf (1:3 v;V). 

t Determined by thin-layer ~hromato~aphy on silica gel-H-plates 250 rnp thick: m ethyl acetate-formic 
acid-water f70:15:15 v;v). 
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FIG. 1. AB~ORPTION~PECYRA OF ANTH~CYANINSIN MIZHANOLIC@O~~(W:V) HCf ISOLATED FROM 
FLoWERsOFREDWINGAZALEAS. 

A, band I ; B, band 2.1 or 2.2. 

Acid Hydrolysis 

Both bands 2.1 and 2.2 yielded only cyanidin (Table 2). The sugar moiety from band 2.1 
was arabinose, and that from band 2.2glucose and galactose in a molar ratio ofapproximately 
1to 1. 
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TABLE 2. Paouamm OP I?ii! mOcYANIum O~TAINBD PROM TL~B ACID HYDROLYSIS OF ‘rm 

ANTHGcYANxNs ISGLATED FROM R3D WING A!aLEAS 

&,,in AlClshift RI values in* 
MeUH-HCi AX , , 

COlllp0UlldS (nm) (nm) AEXW FHW BH 

Azaleaanthocyanidin 
Band1 
Band 2.1 
Baud 2.2 

Authentic authocyanidins 
Qanidiu 
Delphiuidin 
MalYidiu 
PehuBonidin 
Peonidin 
Petwlidhx 

535 45 0.62 @38 066 
535 @62 038 066 
535 

:z 
062 038 066 

535 45 0.39 0.65 
z 34 

:z 
023 - 

0 @72 
520 0 0+77 :g z: 
532 0 0.77 046 
543 39 0.58 034 049 

* On Whatman No. 1 paper; AHW, acetic acid-HCl-water (30:3:10 v/v); FHW, formic 
acid-HCI-water (5: 2: 3 v/v); BH, butan-l-01-2 N HCI (1: 1 v/v). 

Cyanidin 3-glucoside and cyanidin 3-galactoside are difficult to separate chromato- 
graphically but they can be resolved by prolonged development with butan-1-ol-acetic 
acid-water.8 When band 2.2 was developed on Whatman No. 1 paper with this solvent for 
48br,it resolved into two distinct spots. Band 2.2 is therefore a mixture of cyanidin 3-glucoside 
and cyanidin 3-galactoside, while band 2.1 is cyanidin 3-arabinoside. Cyanidin 3-arabinoside 
and cyanidin 3-galactoside have been previously reported in flowers of Rhododendron 
species.2 

TABLE 3. SUGARS FROM ACID HYDROLYSIS OF ANTHOCYANiNS ISOLATED FROM RED WING AZALEAS 

& values in+ Color with 
\ aniline hydrogen 

compounds BEW Phenol phthahxte 

Sugars from authoqauins: 
Baud1 

Band 2.1 
Baud 2.2 

Authentic sugars 
GahkCtose 
Glucose 
Arabhwse 
&ose 
XYlOse 

l-02 
1.52 
150 
@84 
1.00 

0.84 o-92 
1.00 1.00 
150 l-16 
2.13 1.35 
l-93 1.30 
2.84 1.72 

0.99 
l-15 
X.16 
090 
l*oO 

14lo 
1.42 
1.42 

::: 

;:g 
1.42 
1.34 
1.24 
l-62 

Brown 

g 
Brown 
Brown 

&OWll 

it2 
Red 
Brown 

* On WhatmanNo. 1 paper;EPW,ethylacetate-pYridine-water (8:2:1 v/v); BEW, butax& 
ol-&hanol-water (40 : 11: 19 v/v) ; pheuol, phenol-water (73 : 27 w/w). 

s B. BOBINsoN and H. Skrrru, Nature 175,634 (1955). 
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Band 1 was crystallized according to the procedure of Shibata and Sakai 9 and after acid 

hydrolysis yielded only cyanidin (Table 2). Sugars obtained were glucose and arabinose 
(Table 3). 

Hydrogen Peroxide Oxidation 

Karrer and de Meuron.r” and Chandler and Harper, l’ showed that controlled peroxide 
oxidation of anthocyanins permitted the specific identification of sugar groups at the C-3- 
position. Providing the pH of the solution was kept below 8.5, the reaction was very clean, 
no hydrolysis of oligosaccharides occurred, and sugar groups at positions other than C-3 
were not detached. The peroxide oxidation of band 1 yielded glucose and arabinose and not 
an intact oligosaccaride. This suggested that band 1 contained more than one component. 
When band 1 was developed on Whatman No. 1 paper with BAW for 72 hr. it resolved into 
two distinct spots designated as 1 .l and 1.2. A sufficient amount of each of the components 
of band 1 was obtained by preparative paper chromatography. The absorption spectra of 
bands 1.1 and 1.2 were identical to that of band 1 (Fig. 1). Acid hydrolysis of band 1.1 
yielded cyanidin, arabinose, and glucose in a molar ratio of 1: l-2: 1.2. The peroxide oxidation 
yielded only arabinose. Band 1.1, therefore, is cyanidin 3-arabinoside-5-glucoside. Acid 
hydrolysis of band 1.2 yielded cyanidin. and glucose in a molar ratio of 1 : 2-3. The peroxide 
oxidation yielded only glucose. Band 1.2, therefore, is cyanidin 3,5-diglucoside. 

The glycosidic pattern of anthocyanins is remarkably variable. The characterization of 
cyanidin 3-arabinoside-5-glucoside from flowers of Red Wing azaleas represents a new 
glycosidic class and extends the total number known to eighteen.’ Other anthocyanins 
found in these tissues were cyanidin 3-glucoside. cyanidin 3-galactoside. cyanidin 3-arabino- 
side and cyanidin 3.5-diglucoside. 

Extraction and Isolation 

EXPERIMENTAL 

Fresh Red Wing azalea flowers were dried at 50’ in a forced-draft oven and then ground 
to pass a 4O-mesh screen. The ground tissue was extracted with light petrol (boiling range 
38-49’) followed by ethyl ether. Anthocyanins were extracted by blending 40 g of the ground 
tissue for 5 min with 1 1. of cold methanolic 1”; HCI. The extract was filtered and the volume 
of the filtrate was concentrated under reduced pressure at 40” to approximately 100 ml. The 
anthocyanins were precipitated with 3 vol. of ethyl ether and the precipitate dissolved in a 
minimum volume of 0.1 N HCI. The anthocyanin solution was then placed on a column of 
powdered nylon 5 (4 x 40 cm). The column was then washed with 0.1 N HCI until the leading 
anthocyanin band had moved the length of the column. The anthocyanins were then eluted 
with methanol-water-HCI (100: 400: 1 v;v). The anthocyanins passed through the pow dcred 
nylon column resolved into two bands. Each band was further purified by preparative thin- 
layer chromatography.” The solvents used were BAW (butan-l-01 -acetic acid-water, 
6:l :2 v/v), 10s; acetic acid, and the upper phase of butan-l-01-2 N HCI. The R,. values of 
the purified anthocyanins were determined by thin-layer chromatography.‘” I5 

Y M. SHIBATA and E. SAICAI, B&m. Mug.. Tokyo 71,6 (1958). 
1” P. KARRER and G. DE MEURON, He/v. Chim. Acta 15, 507 (1932). 
11 B. V. CHANDLER and K. A. HARPER, Ausfruliun J. Chum. 14,586 (1961). 
12 S. ASEN. J. Chromatog. 18,602 (1965). 
lq N. NYFUM, Fruchrsaft-Id. 8, 205 (1963). 
IA H. TANNER and H. RENTSCHL~R. Milt. (Kkxterncwburg), Ser. A: Rd~c urrd JVcin 13, 156 (1963). 
15 D. Hess and C. MEYER, Z. Akrturfor.wh. 17b. 853 (1962). 
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Acid Hydrolysis 

The purified anthocyanin was hydrolyzed with 1 ml 1 N HCl at 100” for 1 hr. The antho- 
cyanidin fraction was extracted with iso-amyl alcohol and the aqueous phase examined for 
sugars. The aqueous phase containing the sugars was deaciditied with di-n-octyhnethyl- 
amine16 and then concentrated to approximately O-1 ml under reduced pressure at 40”. 

Identitkation was made by co-chromatography on paper with authentic sugars. The 
sugars were located on the air-dried chromatogram by momentarily dipping them in aniline 
hydrogen phthalate,17 removing the excess by blotting, and then heating them at 100” for 
5 min. Determination of aglycone sugar ratios was performed as described by Harborne’* 
and I’ridhan~~~ 

Identification of anthocyanidin was made by co-chromatography with authentic com- 
pounds and spectral characteristics. 

Oxidation with Hydrogen Peroxide 

Anthocyanins were oxidized with H202 for the identification of sugars at the C-S-position 
by the procedure described by Chandler and Harper.ll 

Absorption Spectra 

Ultra-violet and visible absorption spectra were determined with a Carey 15 spectrophoto- 
meter in methanolic 0.01 y0 HCl (w/v). Spectral shifts in the presence of aluminum were 
measured by the addition of O-5 ml of a 1% solution of AK&. 6H20 in methanol to 2.5 ml 
of the anthocyanin or anthocyanidin solution. The solutions were allowed to stand for 30 
min before the spectra were determined. 

Preparative Paper Chromatography 

Chromatograms were prepared by streaking a methanolic 1% HCl solution of band 1 
in a band, approximately 1 k wide, across the narrow width of Whatman 3 MM paper 
(46 x 57 cm). The papers were irrigated for 72 hr in a chromatographic cabinet by the 
descending method, in BAW. The resolved two bands were cut out and eluted with 1% HCI 
in 50 % aq. methanol. 

16 E. L. SMITH and J. E. PAGE, J. Sot. Chem. Id 67,48 (1948). 
17 S. BAAR, Biochem. J. 58,175 (1954). 
18 J. B. HARBORNE, Biochem. .I. 74,262 (1960). 
19 J. B. PRIDHAM, Anal. Chem. 28,1967 (1956). 

80 


