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Among the several hundred in vioo absorption spectra of 
flowers that we have recorded, the biennial bellflower 
(Campanulu sp.. cv Rose) exhibited characteristics of 
special interest. The pH of epidermal cells was ca 6.4 
and the flowers had 3 distinctively sharp visible absorp- 
tion bands with lmax of 496, 532 and 571 nm. Antho- 
cyanins with sugars in the 7-position are rare [l, 21 and 
we now report one of the anthocyanins in Rose bell- 
flower as a new acylated 3,7_disubstituted pelargonidin. 

The absorption spectrum of the isolated anthocyanin 
in 1 ‘A HCl-MeOH showed l,_ at 513 nm (log E 4.34) 
and 250 nm (log E 4.48). Typical Rl’s ( x 100) were 42 
(1% HCl); 77 (HOAc-HCl-H,O, 15:3:82): 15 (n- 
BuOH-HOAc-H,O, 6: 1: 2); and 31 (n-BuOH-2 N HCl, 
1: 1). After alkaline hydrolysis, Rf’s in the same solvents 
were 64, 86, 18, 15, respectively and AmaX’s were 502 
(log E 4.45), 279 (log E 4.26), and 260 (sh) (log E 4.23) nm. 

The E$aOIEvis,*, (0.42), &vmaJEvismax (0.65) and the 
absorption spectra were characteristic of a 3,7-disub- 
stituted pelargonidin [3]. 

The mass spectral fragmentation pattern, chromato- 
graphic charactistics and absorption spectra of the 
acyl moiety obtained from alkaline hydrolysis were 
indistinguishable from those of an authentic sample of 
p-hydroxybenzoic acid [4]. Solutions in 0.5% HCl- 
MeOH that contained molar ratios of p-hydroxybenzoic 
acid to pelargonidin 3-rutinoside-7-glucoside of 0: 1, 
l:l, 2:l and 3: 1 exhibited E,,,/E,,, (UV and visible 
n,,,,,) of 0.40,0.96, 1.49 and 2.00, respectively. In the same 
solvent, E,,o/E,,3 (UV and visible A,,,,,) for the isolated 

anthocyanin was 1.47, which indicated that the molar 
ratio of p-hydroxybenzoic acid to anthocyanin was 
2:l. 

Complete acid hydrolysis of the deacylated antho- 
cyanin yielded pelargonidin, glucose and rhamnose, 
whereas partial hydrolysis with acid yielded four inter- 
mediate pelargonidin glycosides designated as Pg 1, 
Pg 2, Pg 3 and Pg 4 (Table 1). They were resolved by 
TLC with HOAc-HCl and BuHCl, respectively. The 
products of partial and complete acid hydrolysis, color 
in UV, R ‘s and absorption spectra of Pg 1, Pg 3 and Pg 4 
were in lstmgmshable from 3 of the 4 intermediate 

d. 

pelargonidin glucosides obtained from the controlled 
acid hydrolysis of pelargonidin 3-sophoroside-7-gluco- 
side isolated from Papauer orient& [S]. Pg 1 was identi- 
fied as pelargonidin 3,7_diglucoside, Pg 3 as pelargonidin 
3-glucoside, and Pg 4 as pelargonidin 7-glucoside. 
Pelargonidin 3-sophoroside and Pg 2 were chromato- 
graphically different. The disaccharide obtained from 
the H,O, oxidation of Pg 2 was chromatographically 
indistinguishable from rutinose (prepared from rutin) 
and could not be distinguished from rutinose by electro- 
phoresis on paper in borate buffer, pH 10, at 15 V/cm 
for 6 hr [6]. The disaccharide had a green color with a 
mixture of aniline, diphenylamine and orthophosphoric 
acid spray reagent [7], characteristic of a 1 -+ 6 linkage. 
Pg 2 was identified as pelargonidin 3-rutinoside. A 
rutinoside previously has been identified from Camp- 
anulaceae [S]. 

Products formed from the H,O, oxidation of the 

Table 1. Properties of the pclargonidin glycosides formed from partial acid hydrolysis of the deacylated anthocyanin from flowers 
of bellflower (Campanula sp. cv Rose) 

Pi?’ Color* 
Glycoside in UV l%HCl HOAc-HCI BAW BuHCl 1% HCl-MeOH (%) (%) 

Pg 1 OY 40 72 21 12 269 (sh), 279,501 41 69 

Pg2 OR 23 54 33 45 269,508 39 62 

Pg3 OR 10 38 34 41 269,507 39 58 

Pg4 OR 10 38 34 53 269,510 40 56 

Pg 
Glycoside Products of partial and complete acid hydrolysis Identified as 

Pg 1 Pg 3-glucoside, Pg 7-glucoside, Pg and glucose Pg 3,7-diglucoside 

Pg2 Pg 3-glucoside, Pg, glucose and rhamnose Pg 3-rutinoside 

Pg 3 Pg and glucose Pg 3-glucoside 

Pg 4 Pg and glucose Pg 7-glucoside 

* Abbreviations: Pg = pelargonidin; 0 = orange; Y = yellow: R = red. 
t HOAc-HC1 = HOAc-HCI-H,O (15:3:82): BAW = n-BuOH-HOAc-H,O (6:1:2); BuHCl = n-BuOH-2N HCI (1: 1, 

organic phase). 
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isolated anthocyanin were resolved by TLC with BAW 
[9, lo]. The disaccharide liberated from the C-3 position 
yielded p-hydroxybenzoic acid on alkaline hydrolysis 
and glucose and rhamnose on acid hydrolysis. The other 
oxidative products yielded no acyl moiety on alkaline 
hydrolysis and only glucose on acid hydrolysis, con- 

firming that p-hydroxybenzoic acids were attached to the 
sugars at the C-3 position [ll]. All the above criteria 
indicated that the anthocyanin isolated from the biennial 
bellflower (Campc~nula sp. cv Rose) was pelargonidin 
3-di (p-hydroxybenzoyl) rutinoside-7-glucoside. 

A 10m3 M solution of the isolated anthocyanin in tris 
acid malonate buffer, pH 6.47, had visible A,,,,, at 493, 
529 and 565 nm. Although the shape of the visible 
absorption spectra of the isolated anthocyanin and 
epidermal cells were similar, the I,,, differed by 2-6 nm. 
The isolated anthocyanin was unstable and lost 80% 
of the intensity of the absorption spectrum in the visible 
region within 30 min. The usual flavonoid copigments 
were not detected in flowers of Rose bellflower but 
they did contain several compounds that had blue 
fluorescence in UV. None of these compounds was 
chlorogenic acid but their absorption spectra were 
characteristic of caffeic acid esters [12, 131. Sufficient 
amounts were not available for complete identification 
or for a study of their copigment effects. 

EXPERIMENTAL 

Plant material. Seeds of a biennial bellflower (Campanula sp. 

cv Rose) were obtained from the Geo. W. Park Seed Co., Inc., 
Greenwood, South Carolina 29646, U.S.A. 

Authentic compound. Pelargonidin 3-sophoroside-7-gluco- 
side was obtained from petals of Papauer orientale [S]. 

Isolation and identification. Flowers were harvested dried at 
40” in a forced-draft oven, then ground to pass a 40-mesh 

screen. Ground tissue was thoroughly extracted with hot (M 

60”) citrate-Pi buffer, pH 3.0. The extract was filtered with the 

aid of celite and the anthocyanin absorbed on a 25 x 400 mm 
column of purified insoluble PVP [14]. All solvents used with 

PVP contained 5 ml 2 N HClII. The column was washed with 

ca IOOml of H,O and the anthocyanin was eluted with 30% 

aq. MeOH. The alcohol was evapd from the eluant at 40” with 

red. pres. and the pH of the aq. residue adjusted to 3.0. The 

isolation on PVP was repeated and the anthocyanin eluted with 
H,O. The isolated anthocyanin was further purified by passage 

through Sephadex LH-20 with 0.50:; HCI in 7O?i, MeOH. The 

aglycone, sugars and the intermediate products of controlled 

acid hydrolysis were identified chromatographically by the 

usual methods [15]. The acylated disaccharide at the C-3 

position was obtained by treatment with H,O, [16] and the 

acyl moiety after alkaline hydrolysis was identified by chromato- 

graphy al,d by the mass spectral fragmentation pattern. 
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