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Structure of gentlodelphln IS determined to be 5,3’-dl-O-(6-O-trans- caffeoyl- 
B-D-glucosyl) -3-O-(8-D-glucosyl)delphlnldln The anthocyanln 1s stable in 
dilute neutral aqueous solution This stablhzatlon may be caused from lntra- 
molecular hydrophobic interactions among the aromatic nuclei, the anthocyanldln 
being sandwiched in between two caffelc acids 

Anthocyanlns are usually unstable in neutral or weakly acidic aqueous solutions, but recently 

a few acylated anthocyanlns have been found to be stable in such aqueous solutions, they are 

platyconin, cinerarin, 2 
1 3 heavenly blue anthocyanln, etc 4,5 For clarlflcatlon of the cause of 

such stablhzatlon, complete structure and stereochemlstry of the pigments must be determlned, 

but structure of none of these pigments has been clarified completely The anthocyanln of 

Gentlana maklnol (Japanese name oyama-rondo) 1s one of such pigments We report herewith 

the complete structure of this anthocyanln which we named gentlodelphln 

Gentlodelphln (&) was isolated as Its chlorlde6 from the flower petals of Gentlana maklnol by 

extraction of the fresh flower petals with 0 1% HCl-MeOH The extracts were concentrated and 

washed with ether to remove ether-soluble materials, and the residue was absorbed on a column 

packed with Amberhte XAD-7, which was then eluted with aqueous methanol to give crude 

pigment It was purlfled by ODS (Nomura Develosll) HPLC’ to give pure gentlodelphln (&) 

chloride [mp 189-190 OC, FD mass m/z 1114 (M+l), 951, 790, UV-VIS (0 01% HCl-MeOH) nm 

(lOgE) 538 (4 49), 328 (4 45), 297 (4 42), 280 (4 40), E328/E538 = 0 933, E440/E538 = 0 153, 

PMR* (Fig l), CMR8] Complete acid hydrolysis of &afforded delphlnldln, glucose and caffeic 

acid This result coupled with its physlcal data8 indicates that & consists of delphlnldln, three 

molecules of glucose and two molecules of caffelc acid 

Gentlodelphln (A) chloride was hydrolyzed by treatment with 4% NaOH In 50% MeOH at 0 Oc 

under Ar atmosphere for 30 mln The mixture was acidlfled with 5% HCl-MeOH and evaporated 

to dryness The residue was treated with 0 1% HCl-MeOH and centrifuged to remove NaCl 

The resulted supernatant was diluted with ether, when red pigment precipitated The super- 

natant was evaporated and fractionated by preparative HPLC (ODS) to afford methyl caffeate 9 

identical with the authentic sample 10 The precipitated pigment was desalted by passing It 

through a column of Amberhte XAD-7 using 1% HCl giving crude bls-deacylgentlodelphln (4) 

chloride, which was purlfled by HPLC (ODS) [ mp 165-166 Oc, FD mass m/z 789 (M+) , 626 (M - 
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C6H1105), UV-VIS (0 01% HCl-MeOH) nm (loge) 528 (4 64), 340 (3 49), 295 (sh 3 98), 274 

(4 27), E440/E528 = 0 144, PMR (100 MHz, 1% DCl-CD30D) 9 ppm 16 (lH, s, H-4), 8 12 (lH, 

d, J = 2 Hz, H-2’ or 6’), 7 98 

(1H. br s, H-6 or 8), 5 30, 5 

(1H. d, J = 2 Hz, H-2' or 6’1, 7 17 (lH, br H-6 or s, 8), 7 08 

17, and 5 02 (each lH, d, J = 8 Hz, 3 x anomerlc H)l 
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Fig 1 PMR spectra of gentlodelphln (A) 
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Acid hydrolysis of bls-deacylgentlodelphin (2) chloride with 1 5N HCl In 50% MeOH at 60 Oc 

for 7 h afforded 3,5-dl(B-D-glucopyranosyl) delphlnldln (2) chloride [mp 188-191 ‘C 

(dec ) , UV-VIS (0 01% HCl-MeOH) nm (log E) 538 (4 29), 345 (3 30)) 300 (sh, 3 68), 275 

(3 96), E440/E538 = 0 111, PMR (100 MHz, 1% DCl-CD30D) ppm 9 04 (lH, s, H-4), 7 79 (2H. 

s, H-2’ and 6’1, 7 04 (2H, s, H-6 and 8), 5 34 and 5 14 (each lH, d, J = 8 Hz, 2 x anomeric H) I. 

whose structure was confn-med by comparison of these spectra as well as mp with those of 

authentic sample prepared from awobanln ($,)11 chloride by deacylatlon with 4% NaOH-50% MeOH 

Non-equivalence In the chemical shifts of 2’-H and 6’-H of B-ring of 2 deduced the structure of 

x to be 3,5,3’-trl-0-glucosyldelphlnldln 

The structure of gentlodelphln (A) was determined as follows 1) the pigment consists of bls- 

deacylgentiodelphln (2) and two molecules of caffelc acid as evident from FD-mass and PMR 

spectrum, 2) posltlon of attachment of each glucose moiety was determlned by measurement of 

NOE between one of the anthocyanldln protons and the anomerlc proton of each glucose moiety, 
12 

3) complete analysis of the PMR signals (Fig 1) corresponding to protons of the sugar moieties 

using spin-spin decouphng technique including INDOR method Indicated that the all three 

glucoslde moletIes cxclst in B-pyranosyl form, and 4) the methylene groups at 6-position of two 

glucose moieties show PMR signals lower than 4 3 ppm, indicating that two caffelc acids are 

attached at the 6-posltlon of two glucose moieties, which are asslgned to be l and n , 
A glucose being not acylated Thus, the structure of gentlodelphln (,Q is determined to be 

5,3’-dl-O- (6-0-trans-caffeoyl-O-D-glucosyl) -3-O- (B-D-glucosyl) delphlnldln 

OD . 

Gentlodelphln 

Fig 2 Stablllty of gentlodel- 

phln (A) and bls-deacylgentlo- 

0.6 
delphln (2) In aq solution at 

pH 6 50 (cone 4 27 x 10e5M In 

1115 M phosphate buffer, 0 D 

at i 

591 
‘max’ 2 

nm) 

at 618 nm and x at 

Fig 2 shows stability of gentlodelphln (2) and bls-deacylgentlodelphln (2) In aqueous 

solution It indicates that the acyl groups In gentlodelphln (,$,) qulnonold base strongly stabll- 

lzes the anthocyanldln chromophore as has been polnted out in the other acylated anthocyanld- 

Ins, intramolecular Interaction between anthocyanldln and the orgaruc acid moieties has been 

suggested 
13 

We propose that intramolecular hydrophobic InteractIon among the aromatic 

nuclei IS an important factor for the stablllzatlon, the anthocyanldln nucleus being sandwiched 

In between two benzene rings of caffelc acids Similar hydrophobic InteractIons have been 

proposed for stablhzatlon of co-plgmented complexes and self-assoclatlons of anthocyanlns 14 
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