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ALrblct-- Flavyltum salu are reductively dlmcnxd by Zn or Mg In neutral or ocldlc media to ylcld 

colorless. cryrtallinc x- and bbttflav-2m of cyp VI and VII. The s- and b-forms undergo faalc 

thermal werconvcnion. 

METAL reduction is commonly used in a number of diagnostic tests for flavonoid 
compounds. The types of reduction products so formed are still largely obscure, 
although bisflavenylidenes or type I, flav-3cnesL-’ of type II and tlav-2-enes’ of 
type 111 have recently been identified unquivocally among the zinc reductive 
acetylation products of flavooes and flavonols Flavylium salts have been isolated 
in small yields by metal reduction of flavones and flavanooes in acid solutions. 
However, Geissman and Clinton’ have shown that the chief pigments usually formed 
under these conditions distinctly differ from flavylium salts in both stability and 
absorption maxima Flavyliutn salts, in fact, are highly susceptible to reduction 
by metals. Hitherto only amorphous reduction products have been isolated, e.g. 
from ‘I-hydroxyflavylium chloride,’ and on the basis of the limited experimental 
evidence it was considered6 that zinc-acid reduction of flavylium salts may yield 
(a) colorless monomeric flav-3-enes’ which are rapidly reoxidixed on contact with 
air to the original flavylium salts or (b) colorless products which are stable to air.” 
Structures have not been proposed for the stable reduction products We have now 
isolated crystalline reduction products in high yields from a series of flavylium salts 
by reaction with metals in both acid and in neutral media The products are dimetic 
bis-flav-2cnes. These flavylium salts, therefore, behave similarly to 24.6trimethyl 
pyrylium perchlorate, which with zinc yields’ 2,2’.4,4’,6,6’-hexamethyl4,4’-bis-4 
H-pyran. 

8-Mcthoxy-4’-hydroxy-3-methylflavylium chloride IVa, treated briefly in ethanol 
solution with zinc, yields approximately qua1 quantities of two colorless, crystalline 
isomeric compounds, C,,H,006. Both of these compounds rapidly become pink 
on exposure to air and light and on heating they melt to deep red liquids at 188” 
and 159” respectively. With benzoquinone the isomers are oxidized almost quan- 
titatively to the llavylium salt IVa This behavior is identical with that of the known 
llav-2cne” Va, which melts to a deep red liquid at 15&152” due to the formation’l 
of the anhydrobase of IVa, and with benzoquinonc quantitatively yields” IVa. 
However, the isomcric xinc reduction products form a series of well defined diacyl 
and dialkyl derivatives whose melting points distinctly differ from those of the cor- 
responding acyl and alkyl derivatives of Va, so that there is no doubt that neither 
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II 

AcO OAc 
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of the metal reduction products are, in fact, identical with the monomeric flav-2cne. 
The UV spectra of the zinc reduction products (e.g. isomer m.p. 188”. A’,. 271, 
241 rnp (log e 4.25, 452); diacetatt m.p. 190”. Ih, 276 rnp (log e 4.14). inflection at 
241 mp) arc closely similar in detailed shape and relative intensities of peaks to the 
spectra of Va derivatives (Va, A,,,_ 270, 243 mp (log E 390.4.33); acetate (m.p. 129”). 

u&k$oR M&p$oR 
IVa: R-H Va: R-H 

IVh: R = MC Vb: R 0 MC 

1 275 rnp (log E 3*82), inllaztion at 240 mp). From these observations, therefore, 
trzinc reduction products arc considered to be the isomeric S- and &bis flav-2cnts 
VI and VII, although it is not known which of the isomers corresponds to the a- and 
to the &form. 

The isomers, m.p. 188” and 159”. form dimethyl derivatives, m.p. 198” and m.p. 
170”. respectively. Comparison of the NMR spectra of these dimethyl derivatives 
with that of the monomeric flav-2-cne Vb (m.p. 121”) confirms the proposed bis- 
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flav-2cne structures.* The NMR spectrum of monomeric flav-2cnc Vh (Fig. la) 
consists of a vinyl methyl absorption at 8.20 r. a mcthykne singlet (H,) at 654 T, 
two aromatic O-Me singlets at 6.17 and 6.15 7, and a typical Al doubkt portion 

(248 7, J = 90 c/s; H,. and H6.) of an A,B, system, with the B, peaks overlapping 
with absorptions from other aromatic protons In general appearance the NMR 
spectra of the two isomcric dimers (Figs lb and lc) are very similar to that of the 
monomer (Fig. la). Their vinyl Me (8.18 and 8.16 7) and allylic hydrogen bands 

- T I I ’ I r 

q 

0 
T'l 

0 -C-C.,, 

(0) 

1 
-1_ 1 - 1 

(b) 

-2 1 1 
. . 

FIG. I 60 MC NMR spectrum of (a) Vlb. (b) dmwhyl derivatwc. mp. 198 , of isomer A.(c) 

dimethyl derivatlvc. m.p. 159 . of isomer B in CDCI,. 

l The dlmcric nature of ~hc methyl ether. m.p. 170’. has been confirmed by 11s mass spectrum (m,c 562) 
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(646 and 6.36 r) are only slightly shifted from their parent compound. The presence 
of the onho coupled doublets from H,. and Hg. (260 and 2.55 r) clearly indicates 
the persistence of deshielding effect by the double bonds at Cl. Since the number of 
C-Me, O-Me, and particularly H, absorptions bands of both dimers are same, and 
not twice, that of the monomer it is reasonable to assume that they are quite symmetric 
at the point of dimerization. 

Ethers of the isomeric reduction products are easily interconverted. Thus, the 
dimethyl (m.p. 170”) and diethyl (m.p. 154”) derivatives of the isomer m.p. 159”. 
heated just above their melting points and recrystallized, yield the dimcthyl (m.p. 
198”) and diethyl (m.p. 195“) derivatives of the isomer, m.p. 188”. NMR spectra 
show that on melting either the higher or the lower melting methyl ethers form an 
equilibrium mixture of both forms (Fig 2). A similar equilibrium mixture is obtained 

-- -,- -- - 7 7 -1----‘-T ‘T 

-. i-. . 1 . . L__ :o -- -. - 
40 90 60 80 90 

r 

I 
I 

*’ -1 
FIG 260 MC NMR spxtrumdmcltcddimcthyl&rivativc. m.p. 198’.disotncr A in CDCI,. 

by heating either of the methyl ethers in solution in DMSO at 200’. The ease of this 
isomerization suggests that the bis-flav-2cnes readily undergo homolytic fission 
to monollav-2-enc radicals, which on recombination form both the Q- and g-isomers. 

The above reduction products are quite unstable in acid solutions. and in these 
media they are easily oxidized or hydrolyzed. Thus, as previously indicated, Me 
derivatives are almost quantitatively oxidized to the flavylium salts IVa and IVb 
when briefly warmed with bentoquinone in aqueous acetic acid. With perchloric 
or sulfuric acid in glacial acetic acid the product (m.p. 188’) rapidly yields (15%) 
IVa while in aqueous acetic acid-HCI it is hydrolyzed to an unidentified, crystalline 
tetrahydroxy compound, C,4H,307. In spite of the acid instability of these reduction 
products, however, the isomer (m.p. 188”) has been isolated in about 20% yields by 
reduction of IVa with zinc in acetic acid and with magnesium in ethanolic HCI. 

Crystalline reduction products corresponding to the above isomers have been 
prepared from the llavylium salts listed in Table 1. The properties of these products 
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generally agree with those described above so that they are considered to be analogous 
bis-flav-2cnes. It is noteworthy, however, that the reduction products* of ‘I-hydroxy- 
3-methylflavylium chloride dilTer from those of IVa in being more stable to acid 
hydrolysis. For this reason very high yields of these products are obtained by reduc- 
tion of 7-hydroxy-3-methylflavylium chloride with Mg in ethanolic HCI solution. 

EXPERIMENTAL 

Rcducrion of 8-nutkxv-4’-hpdror~3-nurhyl~arvltum chlorldc IVa in trbnol. A mtrture of IVa (20 g). 

%n dust (30 gl and FtOH 180 ml1 was heated on a steam-bath for IO mm and f~ltcrcd The 7n was 

washed wtth EtOH (40 ml) and the combmcd liltrate and washings were seeded wtth a spcctmcn of 

previously obtained product (m.p. 188’) Colorless crystals of this crude product thereby separated (bi) g). 

Raxyst~llized from acetone McOH the pure Isomer separated as colorku ncalk~ m.p. 188’(A) (Found: 

C. 76.5; H. 5.69; Me0 , I I.5 Calc. for C,,H,,,O,. C. 76.4; H. 5%; 2 Me0 , 11.69,). 

The alcoholic filtrate from (A) was heated to boiling and slowly diluted with water (IO0 ml). On cooling. 

colorless glistening pristnx separated (50 g) Recrystallized from acetone McOH the pure isomer scpamtal 

as colorless prisms which mptdly turn pink in air. m.p. I58- 159’ (B). (Found : C. 76.3; ti. 6432 Cak. for 

C,,H,oO, : C. 76.4; H. 566”;). 

The aqueous akoholtc filtrate from (B). treated with excess of water. gave a mixture of both isomers 

(3.5 8). 
.Mnhyfurion of A and B. Compound A (Ia g) was butad under reflux with Mc,SO, (30 ml). K,CO, 

(50 g) and acetone (50 ml). The mixture was concentrated. dtlutcd vitb water and the solid product was 
collcctal. Rarystallizxd from acetone McOH the dimcrhyl derirwriw of A separatsd as colorkss, glistening 

prisms. m.p. 198’(090 g). (Found: C. 76-9; Ii. 604; McO-. 21.3. Calc. for C,bH,,O,’ C. 76.85; H. 609; 

4 Me0 , 22V,;). 
Compound B (I.5 g), rnethylatal as described above. gave the dlmcfhyl dmitxarr[v. colorleu. brittk 

prisms ex acetone-MeOH. m.p. 170”. (Found: C. 770; H. 6.12 Calc. for C,,H,,OI: C. 76.85; H. 609”~). 

Erhy/u~ionojAundB.CompoundA(IOg).treated with Et,SO,(30ml). K,CO,andaatoncasdcscribed 

above, fomxd the dkrhyl ddr~fw. colorless, glistening plates ex THF-M&H. m.p. 195’. (Found: 

C. 77.4 ; tt. 6.47. Cak for C,,H,,O. : C, 77-3 ; H. 648”;). 

Compound B (I 0 g), ethylatal as above, formed the ditrhyf drrirarive. creamcolored prisms ex aatonc 

MeOH. m.p. 154’. 

&n.-y&lion o/A uad B. Compound A (D5 g) was bated under rcflux with benzyl chloride (20 ml). 

KI (05 g). K,CO, (50 g) and dry aatonc (30 ml), for 2 hr. The drbcnryl deriwriru of A crystall~zcd from 

THF McOH as colorless, glutcning nczdks. m.p. 185’. (Found: C. 808; H. 594. Cplc. for C,,H,,O,: 

C. 807; H. 5.9204). 

Compound B. bcnzylatal as described above. gave the diknzyl deriroticu. colorless prisms ex THF 

MeOH. m.p. 183‘. (Found: C. 806; H. 599 Calc. for C,,H,,O,: C, 807; H. 5.9204). 

Acrrylorion of A and B. Compound A (D5 8) was heated on a steam-bath wtth Ac,O (5 ml) and pyridine 

(I ml) for 5 min. The diocrtore:ol)taiaal on adding water, crystallti from acctontMcOH as colorless. 

feltcd ncaIk* m.p. lgS190’. (Found: C. 73.6; H. 5.57; MeO--. 101; McCO . 13.7. Calc for C,,H,,O,: 

C. 73.8; H. 5-54; 2 McO--. I@$ 2 McCO .-, l3,Y/;). 

Compound B formed a diuccrarr..colorkss prisms ex aatonc_McOH. m.p. 193”. (Found: C. 739; 

H. 5.52. Calc. for C,,H,,O, C. 73.8; H. 5.547,). 

Inrrocnnc~sti ojdmtlhyl and dierhyl dtriwfws oJA and R. The dimethyl denv of B (mp 170’; 020 g) 

washataijust above~tsm.p.for IOsaz.coolcdandcrystalliradfromaatontM~OH(Ol5g;m.p. 193-195‘) 

Recrystalltzzd from acztontMcOH the pure methyl dctiv of A was obtained, m.p. and m.m.p. 198‘. 

The diethyl dcriv of B (m p. 154’; 024 g). hated to lm in an o&bath. melted and rcsoltditicd. Re- 

crystallized from THF-McOH the dtethyl dcriv of A was obtained, m.p. 195’ (016 gb 

&n:oquinoru oxidorion oJA and B. Compound A (017 g) was heated to bowling for 30 see with bcruo- 

quinone (020 g) and W,, AcOHaq (4G ml). 57; HClO,aq (I5 ml) was added to tbc clar soln and the 

crysulhne IVa pcrchloratc was collated. washed wtth EtOAc and ether. and rccrystallixed from AcOH- 

5”,; HCIO,aq. m.p. and m.m.p. 241’(019 gL 

l tGMR spectra of these products arc In accord ulth the proposed bus-flab-2-ene structures The mas< 

spectra of the mcthylatal products shows m e 502. 



Anthocyaoldtns and rcls~cd compounds XIV 2807 

Compound B (020 8). oxidued wtth bcnroquloonc similarly. gave IVs pcrchloratc. m.p. and m.m.p. 

241” (023 e). 

Tbc dimcthyl ether d A (020 gk hated with bcnzoquinonc (020 g) in glacial AcOH (2 ml) containing 

one drop d water and treated with So/ HClO,aq. gave IVb pcrchlon~e m.p. and m.mp. 267-268 (022 8). 

The dimcthyl etbcr of B (020 g). ~rutcd with bmzoquinonc (020 g) and pcrchloric acid as described. 

gave IVb. m.p. and m.m.p. 267-268” (020 g$ 

Acid hydrolysis o/ A. Compound A ((MO g) wax dissolved in boiling glacial AcOH (I 5 ml) and 10”; 
HCI l q (I 5 ml) and. after 30 sec. water (I 5 ml) was added. Cream-colored crystals rapidly -rated (042 g) 

Recrystallized from aatone McOH the pure hydrolysis product separated as colorleg granules. m.p 

260’. which give an intense blue color with Gibbs reagent. (Found: C. 73.7; H. 5-90. Me0 , 120. Cak. 

for C,,H,,O, : C. 739; H. 5.84; 2 Me0 . I l-23”<). 

Warmed with Ac,O and pyridine the hydrolysis product formed a fcrraaccra~c. colorless nasdlcs ex 

MeOH. m.p. 174 175’. (Found: C. 700; H. 5-61; Me0 -, X.57; McCO , 23-f. Calc. for C,,H,O,, 

C. 7(M; H. 560; 2 .McO ,8-61; 4 McCO.- .23,90;). 
A soln of A (030 g) in glacial AcOH (2a ml) containlog one drop of 7@< HCl0.q was heated briefly 

to boiling and diluted with ether Razrystalhred from A&H. 5”< HClO,aq lhc yellow product gave IVa 

perchlorate. m.p. and m.m p. 241’ (40 mg) 

Reducrion oflVa in ocrric ad. A mlxturc d IVa chloride (5a g). Zn dust (70 g) and giacul AcOH (25 ml) 

was healed rapldly to boilmg After 1 mm the Zn was filtered and washed with glacial A&H (IO ml). The 

warm filtrate was slowly drlutcd with water (20 ml), whereupon crystals rapidly braved. Recrystallized 

from arxtontMcOH the isomer A was obtained as colorless ncallcs. m.p. 188’ (I.5 gk TLC on silioc 

acid of the AcOHaq filtrate from A showed the prcscncc of 3 major unidcntifti components 

Reduction njlVa wrrh magnrsiw, in rrhmoI~c HCI. Cone HCI (71) ml) was added slowly to a suspension 

of IVa chloride (50 g) and Mg turnings (50 g) in alcohol (50 ml). After 5 min the Mg was filtered off and 

washed with akohol. The combmcd filtrate and washings (65 ml) were warmed and dduta! with water 

(40 ml). Tbc uomcr A separated. m.p. 188” (cx acetone MeOH) (1.27 g). 

Rtducrion of ‘I-hydroxy-3-nvrhy/floI,yltwn chloridr In crhonnl. A mixture d the flavylium salt (IO g), 

??I dust (20 8) and EtOH (50 ml) was heated for IO mm. filtered and the Zn washai with alcohol (20 ml). 

Water (50 ml) was added to ~hc warm filtrate. whereupon rhc virtually pure Isomer “A” crystallizal(5~2 g; 

m p 243‘) Rccrystall~xcd from THF-McOH (A) separated as colorkss granule which rapdly hccamc 

orange m air. m p 244 245 A forms a dlatiate lm p 16, ’ I63 1 and other derl\atlvcs llstcd m Table I 
The aqueous EtOH tiltratc from A was treated with cx~ d water The gummy orangccolorcd ppl 

was collectal and acctylatcd m warm Ac*O (30 ml) and pytidmc (IO ml). The crude aoctatc was dissolved 

m acetone. rbc soln was diluted with McOH and conantratcd. The diaatatc of isomer B. m.p. I79 180’. 
scparatal from ~bc hot soln (3.6 g). 

Dtacctatc of B was converted mto the dlmcthyl dcnv of B by heating it (3G g) with Mc,SO, (I5 ml). 

K,CO, (30 g), acetone (250 ml) and McOH (75 ml) for 2 hr The dmwrhyl dcrworar crystallized from 

acetone Me011 as colorlms prisms. m p 151” (2.5 g) 

The dlacctatc d B (I<) g) was dcrctcylatcd by hcaung 11s suspension in acztonc (10 ml) and McOH 

wth lo”/, NaOHaq (5 ml) for 5 min. The soln was dllutai with water. acichhcd with glacial AcOH and 

filtered Isomer “8” crystalli& from McOHaq as glistening orange-colored prisms. m.p 197 200 

W&rru,n o(7-h!dror)-3-mrrhyl~oryllum chlor~dc ~trh mogncrum in ~flWnohc HCI Cone tiCI (25 mlt 

was added to a suspension of tbc flavylium salr (IO g) and Mg turnmgr (IO g) m EtOH (100 ml1 After 

5 min the mixture was fil~crai and the hot filtrate wax diluted with water (70 ml). Isomer “A”. mixed with 

a littk ~somcr “B” separated The crude product was l celylatcd and the acztatc wax razrystalluul twice 

from accrontMcOH. The dlacctatc of Isomer “A” was thereby obtained as colorless pnsmr m.p. 162’ 

(5.7 g) 
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