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Abstract-The acylated anthocyanms of Ives grapes have been lsoldted usmg column chromatography on 
polyanude and polyvmylpyrrohdone Controlled hydrolysis with Dowex SOW-X8 Ion exchange resin, KOH, 
peroxide oxldahon and spectroscopic characterlzatlon revealed then structure as the 3-(6-0-p-coumarylglucoside> 
S-glucosldes of cyamdm, peomdm, delphmldm, petumdm, and malvldm and the 3-(6-O-p-coumarylglucoslde)s 
of delphmldm, petumdm and malvldm On cellulose TLCs m the five solvent systems used, no clear-cut 
separation of these pigments could be obtained without their prehmmary separation on polynmlde and 
polyvmylpyrrohdone columns 

INTRODUCTION 

IN RECENT years a number of acylated anthocyamns have been reported m the fanuly of 
Vltaceae ‘-I3 The most commonly found acyl groups are p-coumar~c’~3~5~6~s~‘0~‘2~14 and 
caffelc3~8,‘2,‘4aclds These are attached, snmlarly to other identified acylated anthocyanms 
of the Plant Kmgdom,15 to the 3-glucose of the five common I/ltls anthocyamdms 
(eg cyamdm, peomdm, delphmldm, petumdm and malvldm) Only m two cases m the 
above farmly have acyl groups other than p-coumanc and caffelc acid been reported 7S11 

Few reports have appeared on the occurrence*,’ and ldentlficatlon’4 of acylated 
anthocyamdm-3,5-dlglucosldes m the genus I/l&s The position of the acyl group on the 
glucose has not been determmed 

In this paper we wish to report the lsolatlon of the acylated anthocyamns from Ives 
(I/&s labrusca x I/ aest~l~?)‘~ grapes and the posltlon of acylatlon on these pigments 
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RESULTS AND DISCUSSION 

Column chromatography of the Ives anthocyanms on polyamide with gradlent aqueous 
EtOH separated three pigment fractions (A, B and C) Fraction A, which was eluted with 
900 ml solvent, contained the residual 3,5-dlglucosldes of cyamdm, peomdm, delphmldm, 
petumdm and malvldm, identified with authenhc reference compounds” Frdctlon B, 
eluted between 1500 and 2700ml showed 5 pigment components on cellulose TLC m 
solvents 1, 2 dnd 3, with R, values higher than the anthocyamdm-3. and 3,5-glucosldes 
Prehmmary experiments showed that the pigments of this fraction were strongly adsorbed 
to the polyvmylpyrrohdone (PVP), and the use of one column for the separation and 
elutlon of the mdlvldual pigments would have been time and solvent consummg, with 
consequent loss m the yield Therefore, the separation was carried out usmg two PVP- 
columns (2, 5 x 15 and 5 x 35 cm) After elutlon of the 3 faster-rmgratmg pigment bands 
(B1-B3) from the first column onto the second, the columns were dlsconnected and eluted 
separately Bands B, and B, were obtained pure, bands BZ, B, and B, reqmred addl- 
tlonal chromatography to obtain them m pure state 

Fraction C of the polyamide column appeared on the chromatogram as a diffuse spot 
with the highest Rf value ( x 100) (70, 69, 68 m solvents 1, 2 and 3) This pigment fraction 
was separated into 3 components (C,-C,) on a PVP column (2 x 20 cm) using 50”/, aq, 
EtOH as eluent C,, present only m a small amount, was concentrated and chromato- 
graphedon celluloseTLC (solvent 1) to remove breakdown products of the pigment formed 
during evaporation Pigments Cz and C, were obtained pure 

TABLE 1 SPECTRAL AND CHROMATOGRAPHIC PROPERTIES OF mr AC YLA~ED ANTHOC~ANIIUS FROM Ivts CRAP~S 

R, x 100 
,,,,,nm ICI SolvLnt 

Anthoqxtm MaOH MLOH + AICI, 1 2 3 4 5 

B, Mdlwdm 3 (6 0 p coumdryl 540 (32 800) JO8 (21 700) 61 63 50 9 45 
@ucosldetJ glucoslde 303 (21600) 281 5 (20900) 

B. Peomdm 3 (6 0 p coumervi 527(3lRWJ) 308 ch(176M)) 61 65 54 I2 50 

glucos,de)_5 glucoslde 294l21000) 281 (23000) 
B, Pctumdm 3-(6 0 p coumdryl- 519(77200) 302 (19WO) 585 114 2x2s ~8 60 44 6 37 

plucoslde) 5 glucos,dr 281 5 (2OXoo) 
B, Cyxudm 3 (6 O-I, wumdql 511 110 29h 2815 546 310 29x 2x2 59 61 4X X 43 

glucovdek5 glucovdr 
B, Delphmidm 3 (6 O-p-coumdrvl 5% (21 6W) 308 (I 3 300) 585 314 283 57 5x 41 < 33 

glucosldet5-glucoslde 102lI?i00) 2Xl5(14lcQ) 

C, M.dwdm 3 (6-O p cm maryl 540 310 ,h 100 sh 2R7 5 74 73 70 i 22 
glucoslde) 

C1 Petunldm 3-16-O p-coumdr\l 540 (20 700) 3(x) rh , I5 30) 573 312 2845 70 69 68 3 20 
glucoudr) 283 5 (17 100) 

C, Delphlmdln 1 (6 0 ~xoumdryl 542 5 (33 COO) 308 sh (22 200) 567 314 2X65 65 68 61 2 I7 
gluco\tdr 1 100 rh (23100) 287 5 (262003 

Spectral characterlstlcs of the isolated pigments (Table 1) having a dlstmct peak or 
shoulder m the 3 10 nm region indicated acylatlon with p-coumanc acid I8 Alkahne hydro- 
lysis of the above anthocyanms produced p-coumanc acid as the sole acylatmg agent from 
all 8 pigments The anthocyanms produced upon sapomficatlon of the B,-B, pigment 
fraction were identified respectively as the 3,5-dlglucosldes of malvldm, peomdm, petumdm, 
cyamdm and delphmldm Sapomficatlon of the C,-C, fractions gave the 3-monoglucosldes 
of malvldm, petumdm and delphmldm 
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I8 HARBORNE, J B (1958) BIOL~YITI J 70, 22 



Acylated anthocyamns from Vms species 227 

Since the absorbance of the acylated anthocyamdm-3,5-dlglucosldes (B,-B,) m the 
3 10nm region exceeded that of monardem’ 8 and was equal or near equal to the 280 nm region 
absorbance, It was of interest to determine quantitatively the p-coumaryl moiety of the 
pigments The p-coumanc acid of both the B- and C- fraction pigments (5 x IO-’ mol) 
after alkaline hydrolysis was found to be 3 7 x 10m5 mol p-Coumanc acid (5 x 10m5 mol), 
subjected to the same treatment as the pigments, gave 4 2 x low5 mol concentration The 
differences between the original p-coumanc acid concentration and those found after 
treatment apparently derive from the breakdown of the acid under alkaline condltlons 
Thus, an anthocyanm-p-coumarlc acid ratio of 1 1 1s established 

The pigments, when subjected to peroxide oxldatlon” and alkaline hydrolysis, produced 
6-0-p-coumaryl glucose as the sole acylated sugar Mild aa&c hydrolysis on Dowex 
50W-X820,21 produced 6-0-p-coumaryl glucose, glucose and p-coumanc acid, found to be 
identical with authentic compounds on both TLC and GLC analysis 

4-0-p-Coumaryl glucose could not be detected among the reactlon products neither 
during acidic hydrolysis, nor during H202-oxldatlon of the pigments Hence, the identified 
6-0-p-coumaryl glucose 1s assumed to be genume and not produced as an artifact by acyl 
migration 22-24 

Based on the above results, the structure of the acylated Ives pigments have been 
ldenttfied, m order of elutlon from the PVP column, as the malvldm-3-(6-O-p-coumaryl- 
glucoslde)-5-glucoslde (B,), peomdm-3-(6-0-p-coumarylglucosldeh5-glucoslde (B2), petu- 
mdm-3-(6-0-p-coumarylglucoslde)-5-glucoade (B3), cyamdm-3-(6-O-p-coumarylgluco- 
sldeF5-glucoslde (B4), delphm~dm-3-(6-O-p-coumarylglucos~de)-5-glucos~de (B,), malvidm- 
3-(6-0-p-coumarylglucoslde) (C,), petumdm-3-(6-0-p-coumarylglucoslde) (C,) and 
delphmldm-3-(6-0-p-coumarylglucoslde) (C,) With the exceptlon of petumdm-3-(6-O-p- 
coumarylglucoslde)-5-glucoslde, which to our knowledge has not been previously described, 
all pigments have been found either m the Vltaceae or elsewhere m the Plant Kingdom 

Malvldm-3-(6-0-p-coumarylglucoslde)-5-glucoslde was found to be the major acylated 
pigment m the Ives grape and It 1s assumed to be ldentlcal with the p-coumaryl 3,5- 
dlglucosldes of malvldm, which have been reported to occur m the Vltaceae y~14 It 1s of 
interest that the spectral data here reported of this pigment differs from those published 
for tlbouchmm, a malvldm-3,5-dlglucoslde acylated with p-coumanc acid, which was 
identified m the petals of Tlbouchma semuiecandra ls 

I9 CHANDLER, B V and HARPER, K A (1961) Australu~n J Chem 14,586 
‘a WATANABE, S , SAKAMURA, S and OBATA, Y (1966) Agnc Ed Chem 30,420 
” BIRKOFER, L , KAISER, C , DONIKE, M and KOCH, W (1965) Z Naturforsch ZOb, 424 
” HELFERICH, B and KLEIN, W (1927) Ann Chem 455, 173 
23 HELFERICX, B , BREDERECK, H and S~HNEIDMUELLER, A (1927) Ann Chem 458, 111 
*4 BIRKOFER, L , KAISER, C, KOSMOL, H , Rowsx, G , DONIKE, M and MICHAELIS, G (1966) Ann Chem 699, 
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Delphm~d~n-3-(6-O-p-coumarylglucos~de)-5-glucos~de and cyamdm-3-(6-O-p-coumaryl- 
glucoside)-Sglucoede, the mmor acylated anthocyamdm-3,Sglucosldes of Ives, have been 
found previously m Commelrna communly (awobanm)” and m Pet llla nankmenssZh 

respectively 
The occurrence of anthocyamdm-3-p-coumarylglucosides m the genus V~tl\ IS well 

documented2,3 5 ’ ’ I2 I4 and the position of acyldtlon has been in some c&es determined 1 3 
The threeisolatedanthocyanidln-3-p-coumdrylglucosldesof Ives, slmllarly to the mdlvidin- 

3-p-coumarylglucoslde obtamed from V’ltl\ zxnzfet a,' 3 had the p-coumaryl group attdched 

to the 6-OH of the glucose molecule The presence of anthocydnidm-3-monoglucosides 

acylated with acetic acid,” which have been reported to exist m L’I~I\ 2777rf~ro could not 
be established in Ives grapes 

FXPERIMENTAL 

Matrrd\ Iv_% grapes were grown m the elperlmental kmeyard of the N Y State Agrliulturd~ Evptrlment 
Stdtlon Gtnevd N Y The ripe grapt\ were hnrvestcd on 4 October 1971 hot pressed and the JulCe -cd\ kept 

frozen at -40 untd used Immtdtately befort chromatography the lulce was centrriugtd to rcmobe the 
preclpltatcd Fohds 

TLC Cdrrled out on Eastman cellulose sheets m the foIlowIng solvent Tystems 1 BAW (4 1 5) 
2 BAW (4 I 2), 3 BuOH-2N HCI (1 I), 4 I”,, dq HCI, 5 AcOH cone HClmHzO (15 1 X2) dnd 
6 2’$ aq AcOH The last wds used for ldentlficatlon of the aikahnt hydrolqsls products 

f~olat~ort of the prqmentb All solvents used m the column chromdtogrdphlc sepdratlon contdmed 1 ml 3 N 
HC1’1 The grape JUKX (3 1 1 ) wdq percolated through dn MN-SC6 polvamlde column (5 x 50 cm) which wd\ 
prepdred m H,O The Lolumn wds washed ulth H,O until tdStele\% and elutcd with d gradient dq EtOH \oln 
(2000 ml Hz0 m mixing flask 2000 ml FtOH m rcs‘l volr) Three fractions uere obt‘rmed L-r 4 (0 900 ml) 
Fr B (lSO@ 2700 ml) and Fr C (2800 3500 ml) brdctlon A contdmmg the rcsldu,d 3 5 dlglucoslde\ of mdl\rdin 
peonlchn petumchn cydmdin and delphmldm (Identified m the dbobe 5 solvent 5\\tem% with duthLntlc pigments) 
were only weakly adsorbed to the pol>amldL Fractions B dnd C wele evdporatcd to dl\ne\s dls\ol\cd III 

a small ‘Imount of MeOH (OOI”,, HCI) and prectprtdtcd with Et,0 Yield Fr H 3 ‘5 g Fr (‘ 0 X7 g 
Frdctlon B (2 Og) wdb &ssol\ed m 75 ml 30”,, dq EtOH ,cnd adsorbed to n PVP column (2 5 x 15 cm) 

which wds connected to d second PVP column (5 x 15 cm) both equllthratcd alth 10”,, ,~q EtOH 4ftc.r three 
farter-mlgrdtlng pigment bands B, Rz and B1 were eluted cmto the second PVP column (5 v 75 Lm) the 
columns were dlsconnected And eluted \ep‘lratL1\ with the ,thovt solLent Elutmn of thL 5 x 35 cm column 
pro~ldcd 3 (B, R3) pigment fractlon5 The frdctlons sere Lvdpordted to dlyncss dlssol\cd in d \mdll amount 
of MeOH (0 01”, HCI) and preaplt‘lted with Et,0 Thus, chromatogrdphlwllj pure (5 sollent\) ~~1/cril1~-3-(6- 
O-p-cuumrr~~lylu~o~1deI-5-ylu~o~1~~ 791 mg ,md petunrnrn-?-(6-O-p-( orr/t~~r~‘/ylut o~tdr)_5-~//1cto~rilC I39 5 mg 
were obtained from Frdctlonq R, dnd R, rrspectlrely Frdctlon BL provided dftLr rcchrcrm,ltogr,lph\ on PVP 
(2 5 x 40 cm) uqrng 70”,, EtOH 65 4 mg pc’o,7lt/rrr-3-(6-O-p-tourllcrrl lyluco,lJc,)_5-ill1rc r>\rtlt 

Elutlon of the short PVP-column (2 5 x 15 Lrn) gd”e ri nuwture (106 mg) of c\anldln-3-(6-~-p-coumdr}~- 
glucosldL)-5-glucosrdc ,md delphinid~n-i-(6-O-pcoumar4lglucocldt~S-g~~~~o~ide The fractions contammg thl\ 
pigment mixture were evaporated to dryness dl\solved In 10 ml JO”,, aq FtOH dnd rechromatogrdphed on d 
freshly prepared PVP-column (I x 18 cm) usmg the ,tbovc solvent The hr\t fraction of this column (B,) 
contnmmg only a small dmount of the pigment wc,is eldpordted to ‘I ~mdll volumL ((t/ 0 5 ml) ,md further 
purified on preparatlvc cellulost TLC in solvent 1 After elutlon from the ,Id\orbent with MeOH (25 ml 
0 01”; HCI), chromatographiLally pure (5 solvents) ‘ )an~ditt-3-(6-O-p-tot~i?~~~r~ lylut o,~rlr)-S-(~fut orrrle wd\ obtdmed 
Because of the small amounts found ( <I mg) ttus ptgmcnt wds chardcterired uvng Its methdnohc solution 
EVdpOrdtlOn ofthe secondplgmentfractlon(B,)dnd precipitation wlth Et10 qlelded 23 5 mg Lhromdtogr~phlcally 
pure (5 solvents) delphrnrd1n-3-(6-O-p-cou,na, I /ilIlfco,r~lctS-yluc ow/r 

Frdction C of the polyanude sepdratlon (120 mg) wds dissolved m IO ml 30”,, EtOH dpphed to d freshly 
prep‘lred PVP-column (2 x 20 Lm) and eluted with 50”,, EtOH After d smdll contdmmdtlon of the Fr 13 plgmcnt\ 
were rcmoted 3 pigment bdnds ICI C3) were separated ,md eluted from the column Frdction C w,ts 
evdpordtcd to d small volume dpphed to Cl prepdrdtlve cellulo\t TLC and further pullfied m Totvent I Thl5 
pigment Wd5 found to be Identical m the above 5 solvents with dn ,luthentlc \drnple of ,ncclcrrlrrl-i-(6-0-p- 
(ocrrf~arviy/uco~lde) and by spectral Lompdrtson Evaporation of the tmo other plgmtnt frdctlons (CL ,md C,) dnd 
preapitation of the pigments with Et10 yielded Lhiomdtogrdphlcd~i~ purt (5 aolkents) I’c,nrilrnrn-~-(6-O-p- 
cournar) Iglutos~dc) 1 5 mg and t/c/~h~nrd1~~-3-(6-O-p-~ OLIITILII I lylucodc) 37 mg No ‘ittempts wcrc mddc to 
cryatdlhze the pigments 
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Alkalzne hydrolysis of the pigments and ldentlficatlon of the hydrolysis products Alkdhne hydrolysis was carried 
out according to Albach et al 3 with 5 mg samples of pigment fractions and pure pigments The concentrated 
Et,0 and IsoPrOH extracts were chromatographed on cellulose TLCs m all solvents with reference compounds 
In the case of cyamdm-3-(6-0-p-coumarylglucoside)-5-glucoslde and malvldm-3-(6-0-p-coumarylglucoslde) a 
10 ml portion of the pigment solution was used it was found that d 2 hr hydrolysis destroyed the acylated 
delphmldm glucosldes, these were hydrolyzed for 10 mm, sufficient for a complete sapomficatlon 

Determmatlon of the p-coumarlc acrd content of the ptgments Pigments (5 x lo-’ mol) were subJected to 
alkaline hydrolysis as above, the p-coumanc acid extracted with Et,O, evaporated to dryness, dissolved m 
MeOH, and the concentration determmed spectrophotometrlcally using E 25 000 (determmed from the mono- 
hydrate crystallized from cold soluhon”) p-Coumarlc acid (5 x 10e5 mol), subJected to the same treatment, was 
used as control 

Hydrolyses of the pigments and zdentlficatron of the acyl sugar The acidic hydrolysis of the anthocydmns 
(10 mg) on Dowex 5OW-X8 (5 g, wet wt) was carried out according to Blrkofer et al 2’ After extraction of the 
free p-coumanc acid, the aqueous layers were evaporated to dryness and the acyl glucoslde further purified on 
steamed cellulose/slhca gel TLC plates’s with solvent 1 Followmg the elutlon of the compound (R, 0 77) from 
the adsorbent with MeOH, the solution was evaporated to dryness and the residue sdylated m 1 ml pyrlchne 
for GLC analysis (15% Dexsil on Gas Chrom Q, 80-100 mesh, column dlmenslons 18 x 0 32 cm stainless 
steel, carrier gas Nz, 25 ml/mm, oven temp 263”, FID) Authentic 6-0-p-coumaryl and 4-0-p-coumaryl 
glucose (see Acknowledgements) was used as reference The acyl sugar was Identified m all cases also on 
cellulose TLC in solvents 1, 2 and 4 

H,Oz oxldatlon--rdent$catton of the acyl sugars 10 Mg pigment WdS dissolved m MeOH (2 ml) and oxldlzed 
with 30% H,O, (0 4 ml) for 4 hr as reported by Harper and Chandler l9 After destruction of the excess H,02 
with Pd-C the soln was treated with NH,OH (0 5 ml) on a steam bath for 5 mm m N2 atmosphere and 
evaporated to dryness The residue was then taken up in a small amount of Hz0 for TLC or dissolved m 
0 5 ml pyrldme, sllylated, and subJected to GLC analysis usmg 6-0-p-coumaryl and 4-0-p-coumaryl glucose as 
reference 
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