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Abstract-Acyldted anthocyamdm-3 5-dlglucosldes are oxldlzed with H,Oz under aclchc condltlons to dcyldted 
ortho-benzoyloxyphenylacetlc acid esters When the same reactlon 1s carried out under neutral condltlons, the 
reaction product 1s the 3-0-acyl-glucosyl-5-0-glucosyl-7-hydroxy coumarm 

INTRODUCTION 

HYDROGEN peroxlde oxidation of anthocyanms and other flavonolds has been used as an 
essential tool for the ldentlficatlon of the sugar substltuents m the 3-position of the above 
compounds 1 Upon nucleophyhc attack of the Hz02 at the 2-carbon of the molecule,2*3 
the heterocychc rmg IS cleaved between C2 and C3 to form ortho-benzoyloxyphenylacetlc 
acid esters (2) of the malvone type 4,5 These esters are easily hydrolyzed under alkaline 
condltlons to the B-ring acid, the sugar substltuent of the 3-posltlon, and the elusive 
2,4,6-trlhydroxyphenylacetic acid, or its sugar derivatives, depending on the nature of the 
orlgmal compound 

d-Glucose d-Gl"CW O-Glucose 
(31 (0 (2) 

When heated m neutral aqueous solutions, anthocyamdm-3,Sdlglucosldes break down 
to the 3,5-dl-(O-/?-D-glucosyl)-7-hydroxycoumarm6 (3, R, = glucose) This compound, 
having a strong UV-fluorescence and easily detectable on the chromatograms, has Its 
orlgmal A and C-rings intact and can be used for the ldenfificatlon of anthocyamdm-3,5- 
dlglucosldes Thus, the combmatlon of the method of Chandler and Harper and the 
degradation of the anthocyamn to the coumarm derivative can provide essential evidence 
for the structure of anthocyamns Anthocyamdm-3-glucosldes do not form coumarm 
derivatives 

’ CHANDLER, B V and HARPER, K A (1961) Austrahan J Chem 14,586 
z S~NDHEIMER, E and KERTESZ, Z I (1951) Food Res 17,288 
3 JURD. L (1966) Tetrahedron 22.2913 
4 KAR&R, P anh de MEURON, d (1932) Helv Chum Acta 15, 507 
’ HRAZDINA, G (1970) Phytochemrstry 9, 1647 
6 HRAZDINA G (1971) Ph~~rochenl~~hl 10. 1125 
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Based on the propertles of the anthocyamdm-3,5-diglucosldes to form the above com- 
pounds under acldlc or neutral condltlons. It wds expected that dcylated anthocyamdm-3 5- 
dlglucosldes, recently isolated m our ldboratory,’ would behave simdarly under the above 
described condltlons to form the acylated derivatives of the malvone dnd coumdrm 
dlglucoslde types respectively 

RESULTS AND DISCllSSION 

When malvidi~~-3-(6-O-p-coumarylglucoside)-5-glucos~de (1, R, = Me, RZ = OMe. 
R, = 6-O-p-coumarylglucose) wds oxidized under acidic condltlons the colour of Its solu- 
tion fdded considerably slower (4 hr) than thdt of the cot respondmg mdl\ldin-3 5-dlgluco- 
side (I 5 mm) The slower reaction rate IS most likely caused by (1 decrcdse m activity of the 
C-2 position by steric hmdranLe, or by the combmntion of both The oxld,itlon product(s) 
contrary to that observed blth mdlvidm-3,5-dlglucoside did not crystdllire from the 
reaction mixture TLC of the red&on mixture showed the presence of p-coumarlc aad, 
syrmglc acid. malvone, and 3 other compounds, presumably fragments of the orlgmdl 
oxldatlon product The purlficatlon and lsolntlon of the primary oxiddtlon product 
p-coumarylmdlvone (2 R, = Me, R, = OMe R, = 6-0-pcoumnrqlglucose) U‘L~ 

grcntlq hdmpered by the instability of this compound in neutral ,md acldlc solbents. 
producing continuously syrmglc and p-coumanc acids, malvonc and ‘i Gibbs purple 
compound during the work-up process With the combmltlon of column ,md cellulose 
thm layer chromdtography a smdll amount of the origmdl oxiddtion product p-coumaryl- 
malvone could be obtdmed for spectral character]Tatlon The I,,,~~ of p-coumarylmalvone 

Wds found to be 10 nm higher thnn that of maltone (Tdbie 1) apparent14 caused b> the 
overlapping of the absorption curves from mdlvone (jbmdh 2X4 nm) .\nd p-coumdtlc ‘iad 

(/ ,,,dX 310 nm) A spectrum ldcntlccll to p-coumarylmdlvone uds obtained from n solutton 
of mdlvone dnd p-coumdric dad in cqulmoldr ‘imount? AlkL41nr h)drolqy\ of p- 
coumdrylmalvone produced the bdme frngments ns that of rn,ilvwic In addition to p- 

coumaric dcid identified bq both GLC dnd TLC Slmd,u-lq ncidlc hqdrolqs14 of the 
compound followed by cllkalmc hydl olys~s gave ldentlc,il breakdown products to malvonc, 
in dddition to p-coumarlc acid 

TAH I 1 ‘+~CT~~AL AND c ~~ROMATOGRAIWIC PROPI ICTII s OF IH~ AU IXOC YAWL OYIIMTIO\ WOD~ c TS 
__~ 

R, 
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Attempts were made to isolate and identify a Gibbs purple compound (R/ 0 20 and 0 83 
m solvents 1 and 6 respectively), presumably the 2-glucosldo-4,6-dlhydroxyphenylacetlc 
acid, present In both hydrolyzates (e g that of malvone and p-coumarylmalvone) Because 

of the mstablhty of the compound, only negligible amounts (< 1 mg) could be obtained 
The MS of this compound showed the molecular ion at 346 m/e and fragments at 181 m/e 
(346-glucose, the fragment havmg the p-qumold structure), 166 m/e (C8H606 the lactone 
form of phenylacetlc acid derivatives and decarboxylatlon, respectively decarbonylatlon 
products of this at m/e 139 and 138 

(181 ;z h 139, 166-CO - 138, m* 114 72), 

supporting the structure of the Gibbs purple compound as the 2-glucosldo-4,6-dlhydroxy- 
phenylacehc acid 

Upon oxldatlon of malvldm-3-(6-0-coumarylglucoade)-Sglucoslde or of a pigment 
mlxtl >ntammg the 3-(6-O-p-coumarylglucoslde)-Sglucosldes of cyamdm, peomdm, 
delpl n, petumdm and malvldm m a 0 1 M AcONa solution, a blue fluorescent 
compound in UV light, the 3-(6-0-p-coumarylglucosyl)-Sglucosyl-7-hydroxy coumarm 
(3, R = 6-0-p-coumarylglucose) was produced The spectral characterlstlcs of this cou- 
marm derivative (Table 1) differed from that of the 3,5-&-O-fi-D-glucosyl-7-hydroxy 
coumarm, (3, R = glucose) obtained from anthocyamdm-3,Sdlglucosldes 6 The difference 
m the &,,,, 1s caused by the superlmposltlon of the spectrum of p-coumanc aad on that 
of the coumarm dlglucoslde, as IS the case with p-coumarylmalvone Approximately 
equlmolar concentrations of the coumarm dlglucoslde and p-coumanc acid gave identical 
spectra with the reaction product Alkaline hydrolysis of the reaction product yielded 
p-coumanc acid and the 3,5-di-0-fi-D-glucosyl-7-hydroxy coumarm, both identified with 
authentic reference compounds by TLC m 5 solvents and spectral comparison 

Contrary to an earlier assumptlon,6 it seems now more likely, that the production of 
the coumarm derivatives IS not caused by thermal degradation of the anthocyamdm-3,5- 
dlglucosldes and then acyl denvatlves, but by a Bayer-Vllhger type oxldatlon of then 
anhydrobases mvolvmg the alternate rmgratlon of the B-phenyl rmg to the O+ on the 2- 
position of the molecule * In a later stage of the reaction, the B-ring IS subsequently lost 
and the coumarm derivative IS formed 

EXPERIMENTAL 

The 3-(6-O-p-coumarylglucosldej-Sglucosldes of malvldm, peomdm, petumdm, cyanrdm and delphmldm were 
Isolated from Ives grapes 

TLC was carried out on Eastman cellulose sheets m the followmg solvents (1) BAW (4 1 5), (2) BAW 
(4 1 2), (3) BuOH-2 N HCl (orgamc phase), (4) 1% aq HCl, (5) AcOI%conc HCI-H,O (15 3 82), (6) 2% aq 
AcOH 

p-Coumarylmuluone 100 mg malvldm-3-(6-0-p-coumarylglucosldet5-glucoslde was dissolved m 4 ml H20, 
2 drops of cone HCl was added and the pigment oxldlzed with 1 ml 30% H1202 for 4 hr At this time, the 
orlgmal dark red colour of the soln faded to very light pmk The above soln was applied to a polyannde 
column (17 x 2 5 cm, prepared m H,O), the column was washed with HZ0 and eluted with 30% aq EtOH Four 
fractions were obtamed Fr 1 (O-80 ml), Fr 2 (80-160 ml), Fr 3 (160-200 ml), and Fr 4 (220-640 ml) Fr 4. 
contammg the acylated malvone was evaporated to dryness, dissolved m 5 ml abs MeOH, precipitated with 
Et,O. filtered, and dried Yield 51 mg pmk powder This preparation (51 mg), contammg 3 lmpurltles m 
lesser amounts, was dissolved m 4 mi jO% aq EtOH, apilled to a freshly prepared polyamide column, 
washed with So0 ml 15”/_ aq EtOH and eluted with 500 ml SO”/, aq EtOH Fractions contammg the p- 

.I . 

coumarylmalvone (26C-400 ml) were evaporated to dryness the residue dissolved m 5 ml abs MeOH and 

* JURD, L (1972) Srrutt~r~al and Functional Asprcru of PII, tochemlstt I (RUWCKLES, V C and Tso, T C, eds), 
Recent Advances m Phytochemlstry Vol V pp 135-164 Acadetmc Press, New York 
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preclpltated with an excess of Et,0 Yield 23 mg TLC of the above compound m wl~~ni~ 1 4 md 6 \hohed 
that It wds contammated with small dmounts of syrmglc and p-coumarlc dads 

Sprctroscopw characterlzarlon 10 mg of the above compound was dissolved In I ml MeOH >trtaked on 
cellulose TLC plates (I per solvent) dnd further purified rn solvents 1 3 ,tnd 5-6 respectlvelq IR,I 0 72 076 
0 72.0 75 dnd 0 62 ddrk bdnd m lJV hght blue fluorescent after \pralmg with Nd2C 0,) After c&h purificdtton 
step the b,md conidmmg p-coum.tr\lm,~lvo~~~ U,I~ scr.rped elf cluted \*lth McOH .rnd the clu~~tc dpplled to ‘1 
new pldte Followmg the find1 purlfildtlon In solvent 6 the UV-quemhmg bdnd ulth R, 0 62 U.IS Wdped oil’ 
eluted with MeOH the eluate evaporated to dryness dnd redissolved III 4 ml dbh MeOH The 50 obtained 
soJuUon wds chromdtogrdphlcdJJy pure m 5 solvents ‘tnd wds used fol thL detcrmmdtion of the \peUra 
Reference spectra of malvone’ and m,llvone + p-coumdn~ dcld both ‘it IO-’ mol concentrntlon her‘ rc~~~dtd 
rn ,tb\ McOH 

4/ktrl1cw hit/~o/~ $1, 4 p-couorur I/W~I~LOII~ 10 0 mg of the compound oht,lmed \I‘, column ch~orndtogt~~ph\ 
was hydrolyzed m 1 ml lo’:,, KOH for 30 mm dt room temp under NZ in the dnrk The solution UPS dcldlhcd 
with 3 N HCl evaporated to dryness and extracted with 1 ml pyrlchnt 02 ml of the extract wds used for 
TLC ldentificatlon with synngic and p-coumdnc acids as comparison The remainder was nlylated’ and 
subjected to GLC analysis (1576 DEXSIL on Gds Chrom Q Xl&100 mesh, column dlmensrons 1 8 m x 3 mm, 
181’, carrier gas N2, 25 ml/mm, on column InJectron) Malvone (10 mg) tredted as above glucose syrmglc and 
p-coumarlc aads were used for comparison 

4ftwwtd r~olatlon of thtd phcnyla;rtu otrd qlucoxdr 300 mg malvon e wns hvdrolyzed m 3 ml JO”,, KOH nt 
100 for JO mln under N, m the dalk The roln was cooled dadkd to pH 2 3 Hlth 3 N HCI dlld cxfrdcicd 
with Et,0 (4 x 2 ml) and then uith BuOH (3 x 2 ml) to remove qyrmglc. &d The aqueous ldyer (da1 h broun) 
was applied to a Sephadex GJO column and eluted with HZ0 Tmo fractions were collected (Fr 1 0 125 ml, 
Fr 2 130-450 ml) Fraction 2, d mixture of 5 compounds on TLC (Folvents I dnd 6), wds evdpordted to 
dryness, the residue chssolved In 5 ml MeOH and preclpltated with Et20 Yleid 1 mg brown hqgroscoplc 
powder Ttus compound was dissolved m 0 5 ml MeOH, further purified on TLC m solvent 6 scraped off the 
plate eluted with MeOH and preclpitdted with Et10 to yield colorless flakes i I mg This preparation wdq 
ch~omdtograph~c~~lly pure m 3 solvents (purplt wrth Crlbbs reagent) MS over 100 ~I’Y M ’ 746 (6”.) 181 (loo”,,) 
166(24” ) 119(21” I 1%(18” i /I II 0 

i-(6-O-p-coLtr,w \ lylrlf 05, I-5-r)/lrto\, I-7-lr,r/r 01 I‘oLlnl‘l! 111 IO 0 mg m,~l~~d~n-~-(h-O-~~-~ot~rn~~r~lgl~~~~~~~~i~)-5- 
glucosrde wds chssolved in 0 5 ml MeOH 4 ml 0 1 M aq Nd-dcetdte added and the purple pigment solution 
ox&zed with 0 2 ml 3Oq, HzOz for 4 hr The dbove solution hds evdpordted to dryness tht resrdue extracted 
with 5 ml MeOH concentrdted dnd the blue fluorescent compound (m IlV) wds ptnd?ed on cellulose TLC\ in 
solvents 1 dnd 4 (R/F 0 65 and 0 27 respectlvelq) Followmg purlficdtion m solvent 4 the blue fuortscent band 
wdi \cr,lped off tluted with 10 ml ‘MeOH Lvdporrlted to drone% .md redl5solved In 3 ml .tb\ MeOH for 
spectrdt c.hdrdCterl/dtlon Fr,lLtlon B (10 mg) from the‘ J\t\ p~grnints‘ conldlnlng thL ^c-(h-O-l’-ioum‘tr\J- 

coumdrkigJucoslde)-%giuco\ldc \$d~ treated ‘4~ above the hn.tl meth,mohc elu,ltt t,rh& to drlnL>s ‘iid 
h!drolj/ed wclth I ml IO”,, ‘~1 KOH for IO rnln dt room temp under NL m the dark The hqdroJq7dtr &ds 
dctdthcd \IIth 1 N HCI ,md cxtr,lcted rccth Ft,O The Et?0 extract uas used for TLC ldentlficdtton of the 
acyl moiety The aq aoin %ds evaporated to dryness, extrdcted ulth 10 ml MeOH concentrated and chromdto- 
graphed on a celJulose TLC m solvent 5 The blue fluorescent hand (Rf 0 74) wns scrdped off, extracted with 
15 ml HZ0 the extract evaporated to dryness and the restdue dissolved m 4 ml db:, MeOH for spectral 
ChdldCteWatlOn 3 5-D1-O-P-r~-glu~osqi-7-hqdroxycoumdrln ” prepared from JO mg rn‘jl\ldm-3 S-dlglu~os~dr as 
dbove, wdb used for spectrdl comparison rn the presence and dbsence of p-coumdrlc ,icld 
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