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Abtraet--(+)-Catc&in and (-)epicakchin have been holated from the fruit of nine plant apeck usiq 
perlonpowdercohrmns. DrPinethccouraeofthisstudyitwasformdthatfreshpodsot(Sladt~~~ 
concainnotonty(+)-catccMnandaoondenssdprocyaaidinlbutalsoa~~ofqusroetin(m.p.#)4-~o) 
and an mown 0 (m.p. 213-2159 of formula C&Hzl_#,,. Neither 3-O-&o&-)-epi- 

G&hok&$ could be isolated or deteckd by chromatography. 
(7,3’,4’,5’-tetrabhxyflavan-3-ol) and of its tehnwhyl ether 

arealsodcscribcd. 

IN m with investigations of condensed (or compound) proanthocyanidins,l~ 3-5 it 
was observed that fruits, pods, rinds, etc. formed the best sources for their isolation from 
plants. Condensed proanthocyanidins have, in fact, been isolated as crystalline acetates 
from the fruits of various spefzies, but the elucidation of their structures is not yet complete. 

There are generally only minute amounts of proanthocyanidins in the various fruits; the 
main phenolic products which we found and isolated were (+ )-catechin or (- )-epicatechin 
or mixtures of the two. So far, we have not encountered any other catechins in the fruits we 
have examined. The catechins which occur in the various fruits are responsible for the red- 
brown coloration which occurs when the fruits are crushed or cut in the pmsence of air. Such 
treatmentca~thecatec~tocomeintocontactwithphenoloxidaseswhicharep~ntin 
the fruits and to form so-called &hydrogenation polymers. The catechins apparently do not 
come into contact with the oxidases during the normal metabolism in the living plant. This 
dehydrogenation of the catechins to give polymers observed in fruit and leaves is in contrast 
to the acid-catalysed intermolecular condensation of catechins to give flavonoid tannins 
observed in tanning wood~.~g’ These are two completely dilkent processes; there is nothing 
in common in the course of the reactions. Although the mode of formation of flavonoid 
tannins is well kn~wn,~~ the dehydrogenation of cat&ins has not yet been successfully 
studied. 

The fruit or rinds from which catechins have so far been isolated are listed in Table 1. It 
should be emphasized that various plants whose fruits are mported to contain catechins on 
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the basis of their detect& by paper chromatography and others whose wood and bark have 
actually been shown to contain isolable amounts of catechins have been on&ted. 

It has Iong been known that the only naturally occurr@ flavanols are those with 
the (+)-catechin or (-)-epicatechin cor@urations, e.g (+)-gallocatechin and (-)-epi- 
gallocate&n (5,7,3’,4’,5’-pentahydroxygavan-3-ol) ; ( + )-- and ( - )-epS?&chin 
(5,7,4’-trihydroxyflavan-3-01). (->Robidanol,’ (7,3’,4’,5’-tetrahydroxyflavan-3-o1), which 

TABLB~. I’LUIISFROMWHOVKFRURSCA- HAvBBEENlsoLATEia 

was origitdy synthesied by us l2 from the corresponding hydroxyflavanonol, robidanohme,3 
andwhich~a~~~ncomspondingtathatof(+~~~’jwasfoundinnsture 
by Roux and lvlaihs.r4 This is the first naturally occurring catechin without a hydroxyl 
group on C-5, and we have now converted it into (+)4@robidanol. It appears extremely 
likely that its antipode, (-)-epirobidanol, will also be found occur&g naturally. 

During the course of this study we had already isolated (+)-&e&in and a condensed 
proanthocyanidir? from the fresh fruit pods of GIeditwhia trimados; on hydrolysis, the 
second compound yielded catechin and cyamdin. Now we have obtained from the same 
source two crystalline compounds, one a diglucoside of querc&n (m.p. 204-206”) and the 
other an unknown glucoside of formulae 21 H r2-240r2(m.p. 213-215”). Gakhokidxe2 earlier 
described the isolation of 3-Gglucosyl-( - )-epicaW olmelin (4’~methoxy-5,7dihydroxy- 
isotIavenone),t and acrammerin (8-methoxy-5,7,3’,4’,5’-pentahydroxylIavenone) from this 
source. The structure allocated by GakhoW to,olmelin(cherry-red crystals, m.p. 289-291 O) 
is the same as that given by Ring et al. to biochanin A isolat.eG from the heartwood of 
Ferreireu spectabilis, and described aa a pale yellow crystalline substance of m.p. 212-216”. 
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Baker and onis’ SynM 4’-methoxy-5,7dihydroxyisonavenone andfoundittobe 
identical with biochanin A. ~M~o~-5,7,3’,4’,~-~~y~~~ was prepared by 
Se&adri et a1.l’ but was not identical with acmmmek Wewereunabletoisohueanyofthe 
three products described by Gakhokidxe from the G. triacanthos pods available to us or even 
to detect them by chromatography. Hence although it is still an open question whether 
catechin glycosides occur in nature or not, Gakhokidxe’s observations appear to be some- 
what doubtful 

EXPERIMENTAL 

Isolation of ( + >Cdechin and ( - )-@catechin from Ruits 

The fresh fruits were homogenized in a blendor under ethanoc and the alcoholic extract 
Meredofffiomthesolidresiduethrough&ese-cloth,and concentratedat4o”invucuounder 
nitrogen. ~eresnltingaqueoussoluti~was~~u~saturatedwithNaclandextsacted 
repeatedly with ethyl acetate. The combined extracts were dried with Na&Q, f&red, and 
carefully evaporated to dryness in vocuo under nitrogen. The residue was dissolved in a little 
ethanol and chromatographed on a column of perlon powder (150 x 5 cm) with ethanol as 
eluant ; 25ml fractions were collected automatically, and each fraction examined for catechins 
by paper chromatography. Water was used as the solvent, the spots beii detected with 
ethanolic ferric chloride or methanolic vanilhn/HCl. The fractions containing pure catechins 
were combined, taken to drynem, and the residues crystallized from a little water. The 
catechins were identikd by m.p., specific rotation, and i.r. spectra of the &ee compounds and 
of their penta-Gacetyl derivatives. This general procedure was applied to all the species of 
fruits investigated by us (Table 1). 

Phenolic Constituents of Fresh Gledits&a Potls 

Fresh pods of Glediiackiu triucmb were beated accudng to the above general pro- 
cedure. The ethanolic extract obtained was chromatographed on a perlon cohmm and con- 
tained (+)-c&&in and the condensed proanthocyanidin previously described’ and also a 
quercetin diglucoside, yellow crystals from water, m.p. 204-206”. (Found : C, 52a; H, 4.96. 
Calc. for G7H&i7: C, 51.83; H, 4.83x.) The latter compound on hydrolysis by boiling 
in 2 N sulfuric acid yielded crystalline quercetm and the mother liquor contained glucose, 
identified by paper chromatography. The diglucoside was not investigated further. 

A large quantity of phenolic substances mmained dissolved in the aqueous salt sohrtion 
following extraction with ethyl acetate. Re-extraction of this solution with ethyl acetate for 
14 days in a liquid-liquid extractor, and subsequent purification of the extract by counter- 
current distribution between ethyl acetate and water gave a fraction after 800 transfers which 
yielded colorless crystals on concentration. After mcry&Uktion from water, this prodti 
gave colorless needles m.p. 213-215” of formula C 21 H aa-uOIP (Found: C, S14; H, 5.21. 
Calc. for CalHzaOlz: C, 54.12; II, 476. Calc. for CslHuOla: C, 53.89; H, 5.17x.) It gives 
a green-black color with FeC13 but no vanillin/HCl reaction. Its struatum is being investi- 

gated. 

( + )-Epirobidunol from ( - )-Robihol(7,3’,4’,S’-Tetrahydroq@nwn-3-ol) 
Five grams of (-)-robidanol, which was pmpared from robidan-3,4-diol,*” and w5 g Of 

sodium~~~~oraatatewete~l~in150mlofwaterundernitrogen. The&&was 

16 W. RAKER ad W. D. Oum, Natum 169,706 (l952). 
l’S.K.-,SN- ~~~T.R~~,J.SCI.IAa~brdirr661955); 

C. A. SO, 2558 (1956). 
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closed and warmed at 80” for 48 hr. On standing for further 24 hr at room tempemture, 2-2 g 
of unohanged (-)-rob&no1 precipitated out. The pale yellow supematant contained 
mainiy (+)-epirobidanol phts a Little (- )-robidanol. The isomers were separated by counter- 
current dktribution between ether and water. After 300 transfers, tubes 4060 contained 
pure (+)-epirobidanoL After concentration of the solution jn vacua under nitrogen, the 
residue obtained was dissolved in a little water. On standing, (+)-epirobidanol precipi- 
tated out as colorless crystals. After one more recrystallization, the product was pure, 
m.p. 219221”, [c&!&, = +86-4” (c = 2 in acetone/water 1: 1). (Found: C, 62.30; H, 5.11. 
Calc. for C15H1406: C, 62.12; H, 4-87x.) 

Tefru-O-methyl-( + )-epirobidmwZ 

Methylation of (+)-epirobidanol with dimethyl sulfate and 50% aqueous potassium 
hydroxide and subsequent purifkation gave colorless crystals from aqueous methanol, m.p. 
133-135”, [a& = +74” (c = 2 in ~yr&etracloroe&tne). (Found: C, 65.76; H, 6.43;OCHs, 
35.55. Calc. for C1@uOs: C, 65.95; H, 6.41; OCHs, 35.88 %.) 


