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Summary: Natural anthocyanidin 3,5-diglucosides show exciton coupling type of CD in neutral 
aqueous solutions, indicating the chiroptical stacking of anthocyanidin chromophores. A minor 
change of substituents on the anthocyanidin alters the chiral direction of stacking. Commelinin 
also consists of such chiroptically stacked molecules. 

Anthocyanins are generally unstable in neutral or weakly acidic aqueous solutions; quinonoidal 

base of anthocyanin hydrates easily via flavilium ion to form the corresponding colorless pseudo- 

base. 1 Nevertheless color of anthocyanins holds beautifully in flower petals, in which pH of cell 

saps is usually between 4 and 7. The factors affecting the stability and color variation of antho- 

cyanins in flower petals have been explained in terms of co-pigmentation 3.3 with flavone, etc. 

Complexation of anthocyanins with metal ions has also been suggested. 4 

Recently we reported that naturally occurring anthocyanidin 3,5-diglucosides such as cyanin,’ 

malvin, 6 etc. in neutral aqueous solutions form aggregates without any other components in the 

concentrations usually found in flower petals as evidenced by circular dichroism (CD) . Six 

common natural anthocyanidin 3,5-diglucosides listed in Table 1 show the characteristic CD 

around their visible absorption region in neutral aqueous solutions. 7’ * For example, the CD 

curve of cyanin quinonoidal base splits into a pair of positive and negative Cotton bands (Fig. 1). 

Very interestingly delphin shows Cotton bands similar in shape but opposite in sign to that of 

cyanin, although the structure of delphin differs from that of cyanin by only one extra OH group 

at 5’ position. These splitting CD curves belong to the typical exciton coupling type; 9 areas of 

the positive and the negative Cotton bands are nearly equal and both bands are found in the 

visible absorption band region of each of the anthocyanins. Thus, two or more anthocyanidin 

chromophores must stack in a right-handed or left-handed screw axis to cause this type of 

splitting bands (Fig. 3). 10 Magnitudes of [ 8 I in each of the anthocyanins are strongly inten- 

sified by increasing concentration, 6 thus indicating the formation of stacked molecules more in 

the more concentrated solutions. 

* Correspondence shoud be addressed to this author. 
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The factor determining the stacking to the right-handed or left-handed screw axis is not yet 

clarified, but it may say that 4’-monosubstituted anthocyanin stacks in a right-handed screw 

manner, while a left-handed screw axisis found in the cases of 3’. 4’,5’-trisubstituted antho- 

cyanins. The chirality of 3’, 4’-disubstituted anthocyanins is affected by minor changes in the 

structure (compare cyanin with peonin). Shifts of the visible spectra towards longer or shorter 

wavelengths by formation of the chiral aggregates are also noted (Table 11 . Thus, the stacking 

affects variation of the flower colors that consist of such anthocyanins. 

300 500 nm 700 

Fig. 1. Electronic and CD spectra of cyanin 

and delphin in aqueous solution at pH 7.0 

- Cyanin; ----- Delphin ( 5 x 10s4 M 1 

-+10 

” 300 500 nm 700 

Fig. 2. Electronic and CD spectra of 

commelinin in vitro and in vivo -- -- 
- Commelinin in aq soln. ( 5 x 10v5 M) 

----- A petal of Commelina (arbitrary units 

on both spectra) 

SUBSTITUENTS 

ANTHOCYANIN R1(7)* R2(39 R3 (5l) 

PELARGONIN OH H H 

6G 
G = !3-D-glucosyl 

* 4’-Hydroxy-7-keto form may be 

present in the case of R1 = OH 

CYANIN OH OH H 

PEONIN OH 0CH3 H 

DELPHIN OH OH OH 

HIRSUTIN’ 

MALVIN’ 

0CH3 0CH3 0CH3 

OH 0CH3 OCH3 
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Previously we proposed that commelinin, the sky-blue color of Commelina petals, consists in 

a stacked pair of awobanin (an anthocyanin) and flavocommelin (a flavone) molecules; the pairs 

may aggregate further to the dimer, trimer, and so on. 11 
The CD spectrum of commelinin (Fig. 

2) shows clearly an exciton splitting curve (though it is a little complex) , indicating that the 

pairs form further aggregates in a helical sense. 12 
A live petal of Commelina showed identical 

CD spectrum with that of commelinin in aqueous solution as shown in Fig. 2. 
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