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ANTHOCYANIDINS AND RELATED COMPOUNDS-XI 

CATECHIN-FLAVYLIUM SALT CONDENSATION REACTIONS 

L. JURD 
Western Regional Research Laboratory,* Albany, California 94710 

Abefrwt--Fiavylium salts and date&in condense oxidatively to yield ctystallinc ~~~y~~~~ 
solo. Aerial oxidation is not involved in these function rcactiorts. A ~~~y~~ is first 
formed and then oxidized by P second molecule of the fiavylium salt, which is reduced to a monem& 
ffw24nc. Thii conclusion is supported by studii on tbc oxidation of mode1 phenolif flaw2-aw. 
~~o~jo~tion of a ilavcne, viz VIII, to a ~~iiurn salt and the corresponding Anvan has been 
dcmortJtmted unequivocally for the first time. 

DRACORUBIN, a complex anhydro base present in the resin of the palm Drucaenu 
&ucor+s has been assigned structure Ia or Ib .a*‘ With acids it forms orange-red 
dracorubylium salts (Ha or IIb). Until recently dracorubin was the only clearly 
recognized example of a natural bisflavonoid in which the flavonoid nuclei are linked 

Ia, R = Me, RI = H Lla, R = Me. R, = H 
Ib, R - H, RI - Me IIb, R - H, R,-MC 

by a carbon-to-carbon bond from the Qposition of one nucleus to the &(or 6) 
position of the other. In 1965, however, natural dimeric proanth~yanidios of 
type III were reported. 

Dracorubin and model compounds of similar structure have not yet been success- 
fully synthesized,8 although it has be-en suggested* that its phytochemical formation 

*A laboratory of the Wcwern Utilization Ruearch and Denlopmcnt Division, Agricultural 
Reearch Scntia, U.S. Department of Agricultufc. 

1 H. Brockmann and R. Haase, Chem. Ber. 69, 1950 (1936). 
a G. Hcssc and W. Klingel, Lie&&s. Ann 524,14 (1936). 
* D. A. Ceilins, I--. Haworth, K. l- and A. Robertson. f. Chew. 5&c. 1876 (19u)). 
’ A. Robwtsor~, W. B. Whaliay and J. Yates, f. Ckm. Sot. 3117 (1950). 
l T. A. G&sman and H. F. K. Dittmar, P/t~m&mis~ry i, 3S9 (l%S), 
l K. Wcinga and K. Frwdu~berg, Chm. Commun. 11,220 (1965). 
? L. L. Crcasy and T. Swain, Nurwe, LonJ. ZM, 1 SI (1963). 
* Ch. B. Rae and V. Vcnkatewarlu, Terr&&oon 20,551 (1964). 
* M. Blackbum, G, B. Sankcy. A. Robertson and W. B. Whalky, J. Chm. Sot. 1573 (19571. 
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must involve an oxidative ~ondcn~t~on of a flavylium salt with a flavan. On the 
other hand, it was recently proposedto that dracorubin-type compounds probably 
arise by oxidation of 5,7dihydroxyfiavans, since it was observed that 4’,5,7-trimethoxy 
Aavan darkens to a red resin in the presence of air and light.” For some time we 
have considered that the biosynthetic mechanism propose@ might be adapted to 
effect a laboratory synthesis of dracorubin-type compounds. In this connection 
preliminary studies ‘* showed that phloro~ucinol and fiavylium salts undergo a 
nonotidative condensation to form colourless Csubstituted flavans of type IV, A 
natural proanthocyanidin with a similar oxygen-bridged structure has just been 
reporMLra 

Reactions involved in the condensation of a model flavylium salt with &a&chin 
have now been investigated. Thus, in dilute aqueous acetic acid solutions quimolecu- 
lar quantities of d-catechin and 8-me~oxy~‘-hydroxy-3-methyl-fla~lium chloride (V) 
rapidly deposit colorless, crystalline 8-methoxy-4’-hydroxy-3-methylflav-2-ene (Wl) 
and simultaneously form an orange-red pyrylium salt. Optimum yields of the pyrylium 
salt are obtained by reaction of d-catechin with two equivalents of V. The amorphous 
pyrylium salt crystallizes from acidified methanol-ethyl acetate solutions and can 
then be recrystallized easily from aqueous mineral acids. Elemental analyses on the 
chloride of the condensation product established the presence of one methoxyl 
group and a molecular formula, C,H,O,CI. Its visible and UV spectrum (Fig. 1) 
is almost identical with that of V in aqueous HCi solutions, except that the absorbance 
at the Rmu (429 rnp) is, as expected, only about one-half that of V for solutions of 
the same concentration (in g/l .). In ethanoiic HCl solutions the pyrylium condensation 
product is stable and its log E value at i3, 439 rnp is identical with that at its irrnu 
in aqueous acid solutions. V, in contrast, is unstable in ethanolic HCi solutions and 
partially decolorizes due to formation of an equilibrium mixture with the ethyl ether 
of the colorless carbinol base, From these data the reaction product contains both 
flavylium and catechin nuclei. Since it is stable to boiling, aqueous acids and. as 
described below, forms a hexahydroxy reduction product, an ether linkage between 
the nuclei is excluded. By analogy with the p~oro~ucinol,l* djrn~oncl’,l~ and 

I* A. J. Birch and M. Salahuddio, Tcwkfron Lcrrers No 32.2211 (1adQ). 
*I In contrwt to Birch and !klahuddin’r obsanntions we have detccwd no discoloration nor change 

in m.p. in a specimen of pure synthetic ~,S,~-~~OX~~, exposed to air and light for one 
month fJurd and Waiss, unpublished ruults~. 

‘* L, Jurd and A. C. Waiss, Terr&&on 21.1471 (1965). 
I* W, Mayer, L. Golf, E. M. van Amdt and A. Manrwhrcck. T*trr&edroR Lerrr No 4,429 (1966). 
11 L. Jurd and B. Bcrgot, Terrukkw~ 21,3697 (l%S). 
I* L. Jurd, Terralvdron 21. 3707 (1965). 
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malonic acid0 condensation products the flavylium nucleus is linked at its dposition 
with either the 8- or dposition of catechin. As in the case of proanthocyanidins of 
type III, the position of catechin su~titution (i.e., 8- or 6-) has not been established. 
In this discussion &substitution is arbitrarily assumed, leading to formula VII for 
the pyryiium condensation product. 

Compound VII is reduced by sodium ~rohyd~dc to an amo~ho~ product, which 
yields a colorless crystalline monomethoxy-hcxaacetate, C&H&,,, Mcthylation of 
this hexaacetate yields a crystalline hexame~oxy-monoaa~te, C&H&,,. The 
reduction product, therefore, contains six free OH groups and an oxygen-bridged 
structure of the phloroglucinol type IV is excluded. It displays typical flav-2-cne 
proper&s, e.g., ease of oxidation to a p~lium salt in acid solutions, and is fo~uIat~ 
as the flavenyl flavan Via. The NMR spectrum of the hexamethoxy-monoacetate 
(Fig. 2), which shows the presence of eleven aromatic protons, the vinyl methyl and 
the bridged proton of the flavcne nucleus, and the four aliphatic protons of the catechin 
nucleus, is in accord with structure WC. 

The flavylium-flavan reaction leading to VII is an oxidative condensation. Aerial 
oxidation, however, is not involved (cf. Ref. 9), since formation of the p~linm 
salt VII occurs as readily in an inert atmosphere. The simultaneous formation of the 
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FIG. 1. Spectrum in 1% HCtaq of (A) V chloride (6.0 X l@’ g/l.) and (B) VU chloride 
(1146 x lo-’ g/l.). 

. . t ‘7 

FIO. 2. 60 MC NMR spectrum of VIc in CDCI,; TMS aa internal reference. Asign- 
ments of structural features and proton integration arc shown. 

flavene VIII, a reduction product, indicates that the flavylium salt V is the oxidant 
and that the flavylium-fiavan reaction sequence involves (a) initial condensation to 
yield the flavenyl-flavan Via and (b) rapid oxidation of Via by a second molecule of 
V to form VII and the monomeric flavene VIII. In agreement with this interpretation 
it has been determined that 4’,7dihydroxyilav-2cne IX is rapidly oxidized by 8- 
methoxy4’-hydroxy-3-methjlflavylium chloride (v) in aqueous acetic acid solutions 

IX X 

to yeild the 4’,7dihydroxy-Uavylium salt (X) and 8-methoxy4’-hydroxy-3-methylflav- 
2cne (VIII). This model oxidation-reduction reaction,thereforesupportstheproposed 
condensation sequence. 

Although flav-2-enes are chiefly hydrolyzed to dihydrochalcones in aqueous acid 
solutions, in nonaqueous media they are oxidized to flavylium salts. It has not been 
established whether this oxidation is due to molecular oxygen or to disproprion- 
ation.10a17 Since a flavan or other reduction product has not hitherto been identified 

I0 K. Freudenberg and M. Harder, L/&&J AM. 4Sl,213 (1927). 
I’ J. W. Chmhaw, A. W. Johnson and T. J. King, J. Ckm. Sot. 4040 (1958). and nfercnm tlmrein. 
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in any of the reactions studied, it has been assumed that aerial oxidation is involved.Lb*l* 
Unequivocal evidence of facile disproportionation of the flaveae VIII has now been 
obtained. ?hus, VIII was almost quantitatively hydrolyzed in aqueous acid solutions 
to the dihydrochalconc XI, which was then reduced (sodium borohydride) and 
cyclixed to yield authentic 8-methoxy4’-hydroxy-Emethylflavan (XII). In benzene 
solutions with HCI gas, or in glacial acetic acid solutions with a drop of sulfuric or 
perchloric acids, VIII rapidly disproportionated to yield the flavylium salt V (50%) 
and the flavan XII (31%. recrystallized). 

s 1 I 

4’-7-Dihydroxy- and 4’,7dimethoxy-flav-2-ene were hydrolyxed to the corre- 
sponding dihydrochalcones and the dimethoxydihydrochalcone was reduced to 
4’,7dimethoxyIlavan. These aqueous acid reaction solutions assumed strong yellow- 
orange colors, indicating at least some oxidation or disproportionation of the flavenes. 
In nonaqueous media 4’,7dihydroxy- and 4’,7dimethoxy-flavylium salts were formed. 
Flavans, however, were not isolated and it appeared that both colored and colorless 
polymeric materials were formed. Disproportionation of these flavenes, therefore, 
is still questionable. It is noteworthy, however, that 4’,7dihydroxytlavan is known 
to undergo rapid self-condensation to dimeric and polymeric compounds in acid 
mediame” and it has also been reported ** that 5.7,3’,4’-tetramethoxyisogav-2cnt 
may demethylate and form phlobaphenes in acids. It may also be significant in 
connection with possible disporportionation that in the literature cited the yields of 
flavylium salts from flavenes were usually about 4&50x, but did not exceed 50%. 

Phenolic flavcnes do not appear to have been synthesixed and described previously. 
The flavenes VIII and IX and other 7-hydroxyflav-2-enes. e.g. 7-hydroxy4’- 
methoxytlav-2cne. are almost colorless when first obtained. In moist air or in acid 
fumes they rapidly become yellow or red. At temperatures above 100” VIII rapidly 
becomes red and finally melts to a deep red liquid. The red color in this instance is 
due to the formation of small quantities of the unhydro buse of V. When acidified, 
the yellow flavylium salt V is immediately obtained. 4’,7-Dihydroxytlav-2-ene. on 
the other hand, does not appear to melt. At about 175” it forms a highly colored 
solid, the &._ of which (475 rnp in ethanolic HCl) is identical with that of X. However 
chromatography shows the presence of only traces of X in this solid. The major 

” F. E. King, J. W. Clark-Lewis and W. F. Forbes, /. Ch. Sot. 2948 (1955). 
*’ W. Baker, 1. Chem. Sot. 1593 (1929). 
” K. Frcudcnbcrg and K. Wcingcs. Terrahdron Letters No 23, 1073 (lW2). 
** B. R. Brown and G. A. SornertMd. Tcrrahedon Lrrrers No 14,905 (1963). 
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portion of the orange pigment remains at or near the origin (streaking), indicating 
that at higher temperatures IX may oxidatively self-condense (possibly via dispro- 
portionation) to dimeric and polymeric flavylium salts. These observations provide 
experimental support for the theory recently proposeP that development of red 
colors in condensed tannins is due to dehydration of flavan-3.4diols to flavenes. 
which are oxidized to anhydro bases of flavylium salts. 

Amorphous mixtures of dimers similar to III have recently been obtained by acid 
condensation of d-catechin with flavan-3,4diols.‘~9 Although 3-hydroxy-flavylium 
salts have not yet been condensed successfully with katechin, the model reactions 
described suggest that a possible alternate approach to the synthesis of bisflavans of 
type III might involve a cyanidin catechin condensation and disproportionation or 
reduction of the intermediate flavenyl-flavan. In reviewing possible modes of tannin 
formation, it has been suggested U that similar reactions, viz. self-condensation of 
anthocyanidins or anthocyanidin-leucoanthocyanidin condensations, may beinvolved. 

EXPERIMENTAL 

Con&n.raUon of d-cattchin and 8-mc~hoxr_4’-hy&oxu-3_nwrlrylj&Dyli~ chloridr 

&Catechin (3.1 g) and Vix(6.0 g. 2 mok equivs) were dissolved in a mixture of glacial AcGH (20 ml) 
and water (80 ml) at 50’. Within 5 min creamcolomd crystals of 8-methoxy-4’-hydroxy-3-mcthylllav- 
2cne began lo separate. Coprazipitation of a red pyrylium salt began after about 1 hr. The mixture 
was kept at room tcmp for 24 hr and the solid flavcnc-pyrylium salt mixture was tilterul. The 
filtrate (A) was treated with 6N HCl(30 ml). 

The flavene-pyrylium salt mixture was warmed with glacial A&H (10 ml) and water (40 ml). 
The pyrylium salt diasolvai and the crystalline flavene was colkctcd (082 g>. The aqueous AcGH 
tiltrate was added to the acidified filtrate (A) and. after cooling, the crude py+ium chloride was 
colkcted. 

Theflawncwas 
“r 

stallized from aqueous MeGH to give VIII as colorkss needles. m.p. 152’ 
(lit.” m.p. 15&152”), &y.’ 270 (390), 243 (4.30) 222 (4.33) rnp (log c). It formed an ocrru~c. m.p. 
and m.m.p. with authentic VIII acetate. 129”. 

The crude pyrylium salt was dissolved in MeGH containing 2 drops of cone HCI. diluted with 
exass of AcGEt and conantrated until orange-red crystals separated from the boiling soln. These 
were colkcted and the tiltrate was further concentrated to give a total yield of 3.2U g of the crystalline 
chloride of the condensation product. It was dissolved in a boiling mixture of glacial AcGH (50 ml) 
and 1% HClaq (50 ml) and treated with 6N HCl(40 ml). The chforidc of VII thereby sepamted as 
Fred nadks (280 g), &.. 439,(440). 273 (4.39) my (log E) in EtOH containing 0.5% HCl, 
.-.x 429 (4.39). 472 (4.38) rnp (log e) m I % HClaq. The chloride becomes brown when heated. but 

does not melt below 320”. VII migrates as a singk substance, R, 0.86 (water-AcGHdN HCl. 80:40: 5) 
R, 0.73 (water-AcGHdN HCl, 80:20:5)). R, 084 (formic acid-3N HCl. 1: 1). V had R, @95, @83 
and 0.95 in these respective solvents. (Found: C, 65.2; H, 475; MeG-, 5.22. Cak. for C,,H,,O, Cl : 
C. 654; H, 4.61; 1 MeG-, 5.25 %.) 

Recrystallized from a mixture of AcGH and 5% aqueous pcrchloric acid VII forms orange-red 
needles of a perchlorare. which decomposes at 208-210” and melts with frothing at 235-237”. 

Sodium borohydri~ (040 g) was added during 5 min to a cooled suspension of the chloride of 
VII (a75 g) in MeGH (59 ml). The soln was acidifkd with 3 % AcGHaq (100 ml), cookd and Altered. 
The solid product was acctylated by warming for 5 min with Ac,O (l@O ml) and pyridim (I.0 ml). 
A soln of the crude aatate in acetone and excess of MeGH was conantrated until colorkss crystals 
sepatated. Razystallized from aceton+MeGH, VIb separated as colorkas ncedks 021 g), mp. 
198” r’b.“,” 272 (3.87). shoulders at 308 rnp (log 6). VIb migrated as a single specks on silkic acid 

*’ D. G. Roux and S. E. Drewes, C/km. & Ind. 1442 (1965). 
y T. A. Geissman. Tetruhdon titters (in press) cf. B. R. Brown, W. Cummings and J. Newbould, 

/. C/urn. Sot. 3677 (1961). 
u F. M. Dean. Na:urally Occurr@ Ox~en R@ Comfu.wds p. 446. Buttenvorths. London (1963). 
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TLC (R, 0.32 (cthcr); 0.75 (MeOH)). (Found: C. 65.3; H. 4.98; McO-, 3.93; CH,C&, 33.9. 
Cak. for C,,bO,: C, 653; H. 499; 1 McO-, 3.84; 6 CH,CO--, 31.9.) 

VIC (050 g) was heated under refhx with Me,?&, (50 ml), etonc (45 ml). McOH (1s ml) and 
K,CO, (10 g) for 2 hr. The mixture was -trataI and diluted with water. The solid product 
was mprtcdly rcc+aIlizd from tioac_McOH, and wu thus obtained as glistening. colorkss 
prisms, m.p. 203-204”. czz 274 (4.1s). rhouldcr at 281 (4.13) mlr (log e); R, @54 (ctbcr), 041 
(cthcrSkclly-solvc F, 2: 1) on silicic acid TLC. (Found: C, 69.9; H, 6.06; MeCG. 27.2; CH&O--. 
644. Cak. for C,,HUOI,: C, 70.0; H, 6.03; McO--, 27.8; 1 CH,CO--, 6.43.) 

4’,7- DihydroxypOo-Z-me 

4’.7-DihydroxyfIavylium chlorickU was rccrystahired from S% aqueolu pcrchloric acid. 4’,7- 
dihydroxy/latylim p&&rare separated as orange necdks, m.p. 244-247” (dec) L.. 475 (4.76). 
2 82 (3.91), 260 (4-01). 243 (4.07) rnp (log e) in EtOH -05% HCI. 

Sodium borohydride (Sag) was added in portions during 10 mitt to a cookd soln of 4’,7- 
dihydroxytkvylium netchlorate (l@O g) in MeOH (SO ml). 1% NaHSO,aq (500 ml) was then added 
and the pink colored solid was colkcted. Rcaystallixcd from very dilute aqueous MeOH 4’,7- 
dihydroxyPrm_2-ene IX was obtained aa orange-red nadks which decompose to deep red solid at 
175-178” (Sag), g’&x 274 (399). 244 (4.26). & “t”.” 288 rnp (log E). (Found: C, 74.6; H, S.12. 
Cak. for C,,H,,O,: C. 75.0; H, S-03%.) 

Warmed with AqO and pyridinc IX formed a dbccfarc, colorkss nccdks ex MeOH, m.p. 1 IS’. 
(Found: C, 7OS; H. SO6. Cak. for C,,H,,O,: C. 70-4; H.4.98%.) 

Heated with Me$O, (SO ml). K&O, (10.0 g) and acetone (3&O ml) for 2 hr IX (1.0 g) gave 
4’.7-a%nerhoxy$u~-2-ene. This crystallized from ooctoobMcOH as colorh prisms, m.p. 137-138”. 
2:: 272 (493), 244 (4.3s) rnp (log c). In air or in acid fumes it rapidly became yellow. (Found: C, 
76.2; H. 5.98; 2 McO--. 22.5. Cak. for C,,H,,O,: C, 76.1, H, 6.01; 2 McO--, 23.1%.) 

Oxidorion of 4’.7-&ydroxy~2-e~ (IX) with 8-mcrhoxy-4’-hy&oxy-3-me~hyljkwylium chlorldc (V) 

An quimokcular mixture of IX (0.24 g) and V (0.30 g) was dissolved in glacial AcOH(39 g) and 
water (I.0 ml) at 50”. Water (lO.Oml) was then added. Within 1 min creamcolorcxl crystals 
separated. After 20min these were collected and recrystallized from aquocw MeOH. VIII was 
thus obtained as colorI= needles (OG7 s>. m.p. and m.m.p. 152”. cy’ 270,242 ~JJ ; accfafc, m.p. 
and m.m.p. 129”. 

The aqueous A&H reaction Iiltratc was warmed and treated with 6N HCI (2,Oml). 4’.7- 
Dihydroxyflavylium chloride separated as orange nadks (0.18 g). Raxystallized from aqueous 
pcrchloric acid X perchlorate was obtained as orange tiks, m.p. 244-245”. 1,.. 47s. 280,260 rnp 
(EtOH-DS% HCI). chromatographically identical with authentic X. 

s-Merhoxy-4’-hy&oxy-3-nurhylfloon (XII) 

Water (20.0 ml) was added to a warm solution of VIII (I.1 g) in gkcial AcOH (IS0 ml) and lo’/; 
HClaq (S-O ml). The soln was heated on a steam-bath for 5 mitt arxi allowed to cool. The c+alhnc 
product was raa-ystahired from aqueous McOH to give the a?hy&ochalcon (XI) as colorkss. glistcn- 
ing aecdka, m.p. 143”. Gyz 279 rnp (log c 4.22), & xe* 328 w (I.0 g). It gave an immcdiatc 
intense blue color with Gibbs reagent. (Found: C, 71.4; H, 6.31; McO-, 1@5. Cak. for CItHIIOI 
C, 71.3; H, 6.34; 1 McC& 10-E%.) 

A suspension of XI (1.0 g) in McOH (109 ml) was treated with NaBH, (050 g). After 10 min 
the soln was warmed and acidifkd with 10% HCIaq (1W ml). The colorkaa ayatak which separated 
were rccrystahizd from aqtkous MeOH. XII acpuatcd as colorkss. felted occdka. m.p. 190”, 
cft 281 (3.n). 274 (3.58), 223 (4.30) rnp (log 6). L ‘:a’ 282 (3.92). 245 (444) rnp (log 8) (0.80 g). 
XII did not give a color with Gibbs reagent. (Found: C. 756; H. 6.6s; McO--. 11.4. Cak. for 
C,,H,,O,: C. 75.5; H, 6.71; 1 MG, 11.5x.) 

Compound XII formed a wwmmcc~are. which ayataUized from acetone-McOH as colorkss needler. 
m.p. 172”. ~‘~a 282 (3.32), 273 (3.34) mp (log c). (Found: C, 73.2; H. 6.36; McO--. 9.75; 
CHIC&. 13-5. Calc. for Ci,H~O,: C. 73.1; H, 6.4s; 1 McO-, 9.81; 1 CH,CO--. 13.8x.) 

- K. Frcudenbcrg and K. Weingu, f&b@. Ann. 590. 140 (19S4). 
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8,4’- Dimttlwxy+nwthylfkrwn 

8.4’-Din~hoxy-3-rncthyl-tIev-2-cnei~ (lag) was dissolved in warm glacial AcOH (IS ml) end 
5 % HCleq (lm ml). Colorkss needles scperatcd on cooling. Rccrystallizrd from aqueous MoOH 
the methyl ether of XI was obtained es colorless ncedks, m.p. 93-W”, g:F 274, 219 rnp (14 3. 
(Found: C, 724; H, 664; McO--, 2@S. Cak. for CI,HIIO,: C. 72-O; H. 6.71: 2 M&. #)6%.) 

Reduced with NeBH, (04 g) and ecidifkd es previously dcscribcd the above dihydrochakone 
(l.Op gave 8,4’dimcthoxy-3-mcthylflavan (0.86 3, colorless needles ex eatonc+McOH, m.p. 154”. 
c& 281 (3.50). 273 (3.53), 225 (4.35) rnp (log F). (Found: C. 764; H. 7.01; McO-. 21.7. Cek. 
for C,,H,O,: C, 76.0; H, 7.09; 2 McO--. 21-8x.) 

DisproporIionaIion of 8-methoxy-4’-hy&oxy-3-methyf@m-2-ene (VIII) 

(a) A stream of HCl gas was passul for 5 min into e soln of VIII (1.0 g) in benzene (50.0 ml). 
Yellow crystals rapidly xparatcd on scratching. After 1 hr ether (100 ml) was ad&d and the pptd 
8-mcthoxy-4’-hydroxy-3mcthylflavylium chloride was colkctcd (@49 g). Rccrystellizcd from HCleq 
V was obtained as ycllow-orengc nccdla, m.p. end m.m.p. 212-213” (dcc), 1,.x 443,272 rnp EtOH. 
0.5% HCI; spectrum mcasurcd immcdiatcly after mixing). 

The ether-benzene filtrate was washed with 10% HClaq end water, dried (Ne,SOJ end con- 
centrated to 10 ml. Skellysolve F was added. The colorless crystals which separated (0.31 g) mre 
rccrystallixcd from aqueous McOH to give XII as colorless needles. m.p. end m.m.p. 190”. ezt 281. 
274. 223 my. Cochrometographcd with authentic XII the product migrates as a single spccics on 
silicic acid TLC R, 0.50 (ether-Skcllysolvc F. 2: I), end 054 (AcOEtSkcllysolve F, 1:4). (Found: 
C. 75.4; H. 6.57. Cak. for C,,H,,O,: C. 75.5; H, 6.71x.) 

The uccrurc of the product separated from aatone-McOH as colorless nccdlcs, m.p. and m.m.p. 
with XII aatatc, 172”. dE:xe 282. 273 rnp. 

(b) Compound VIII (040 g) was suspended in glacial AcOH (2.0 ml) and cork H,SO, (2 drops) 
was added. A yellow-orange crystalline mass scperatcd. After 5 min ether (25.0 ml) was added and 
the yellow crystals wcrc collected (0.20 g). Thcsc were recrystallized from HClaq to give V chloride, 
m.p. and m.m.p. 212-213’. The ether-A&H filtrate was washcd with water end evaporated. The 
product crystallized from aqueous McOH to give X11. m.p. 190” (0.12 g). 

4’.7- Dimerhoxy+n 

4’,7-Dimcthoxytlav-2ine (040 g) was heated on a steam-bath in 5Q% AcOHaq (20 ml) for 1 hr. 
2’-Hydrox~-4,4’-dinuf~x~~~~~oc~/co~ crystallized on cooling. Rccrystallitod from aqueous 
McOH it was obtained es color& ncedlcs. m.p. 78”. R,,, e”e 278.218 m/l (@31 g). (Found: C, 71.0; 
H, 6.39: McO--. 21.2. Cak. for C,,H,,O,: C. 71.3; H. 6.34; 2 McO--, 21.7x.) 

The above dihydrochakonc (040 g) was suspended in McOH (5.0 ml) end treated with NaRH, 
(04Og). Colorless crystals separated. Water was added and the product was rccrystallizcd from 
aqueous MeOH. l-(CMerhox~phennvT)-3-(2-h~~rox?~d~rhoxypheny~ propan-Is1 separated as 
colorless plates. m.p. 155” (0.30 g), i.&x 280mlr. (Found: C. 70.9; H, 7.03. Calc. for CItHuOI. 
C, 70.8; H. 6.99x.) 

Addition of a few drops of 6N HCl to a soln of the above carbinol in McOH formad 4’,7- 
dimcthoxyfkvan. glistening, colorloss nccdlcs cx aqueous McOH. m.p. 85” (lit.U m.p. 85”). (Found: 
C. 75.6; H. 6.71; McO--, 22.9. Calc. for C,,H,,O,: C, 75.5; H. 6.71; 2 McO--, 22.9x.) 

2’.4.4’-Trihy&oxydihydrochalconc 

Compound IX (04Og) was dissolved in a warm mixture of AcOH (I.0 ml) end I % HClaq 
(IO.0 ml) end allowed to stand ovcmight. Orangc-colorcd crystals scperatcd from the yellow-orange 
soln (0.37 g). Rccrystellizcd from dilute aqueous McOH 2’,4,4’-rrihydroxydihydrocholcorv separated 

m~gratcd slightly orange rkcdks, m.p. 162-163” (dried in wcuo over KOH); Gi.zE 281 (4.20). 

m.x 329 (4.38) rnp (log P). (Found: C, 69.9; H. S*SO. Cak. for C,,H,,O,: C, 69-75; H. 546x.) 
Wermcd with bcnzoyl chloride end pyridim it formed e colorless tribcnzoate. m.p. 83-84’ 

(ex MeOH). (Found: C, 75.7; H. 4.81. Cak. for C,H,O,: C, 75.8; H. 4.59x.) 
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