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SUMMARY. 

A new leuco-snthocyanidin, (+)-7,4'­

dihydroxyflavan-3:4-diol has be en isolat ed from the 

heartwood of Guibourtia coleosporma. 

The heartwood extractives were fractionated by 

enrichment procedures involving fractional precipitation 

and Craig partitioning, to g ive a high RF low molecular 

weight fraction contain ing thP above louco -anthocyan idin. 

This was further fractionater1 by "preparative" paper 

chromatography . 

The leuco-anthocyanidin was amorphous and pres en t 

in low proportion (0.004%) in the wood. On boiling with 

alcoholic hydrochloric acid the compound gave an antho­

cyanidin which was identified as 3,7,4'-trihydroxyflavylium 

chloride. The degradation products formed by alkali fusion, 

on a micro-scale, were resorcinol endp -resorcylic acid, 

~nd also ~-hydroxybenzoic aci~. This indicated r eso rcinol 

and phenol A ?nd B nuclei respec tive ly. The formation of 

amorphous dimethyl ether and tetra-acetoxy der ivatives 

indicat ed two phenolic and two alcoholic hydroxyl groups. 
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The above indicat es that the compound was 7,4'-dihydroxy­

flavan- 3:4- oiol and a molecular weigrt est imation showed 

it to be monomeric . Comparison of the infrar~d absorption 

spectra of the natural dimethyl ether with synthetic (±) ­

dimethoxyflavan-3:4-diol, to which a tentative 2:3- trans-

3:4-cis conformation had b er, n assigned (Phatak and Kulkarni 

94), showc.d closG ident ity. 

Crystalline (±)-7, 4 '-dihydroxyflavan- 3:4 - diol 

was synthesised by catalytic hydrogenation over platinum 

oxide of the corresponoing (±) -7,4'-dihydroxyflavanonol. 

The flavanonol was synthesised by sodium hyposulphite 

r eduction of the 7,4 ' -dihydroxyflavonol. The infrared 

absorption spectra of the natural and synthetic diols were 

similar but not identic a l. Chromatographic evidence showed 

the apparent ident ity of th e synth8tic and natural flavan-

3:4- d iols, and t wo possible configurations were assigned 

for the natural flavan-3:4-diol. 

The new leuco-anthocyani1in was observed to form 

an Q-othyl e th er derivative on ~anipulation in rthanol . 

A monomeric l euco-fis etinidin from the heartwood 

was i dentified , by two dimen9ional paper chromatography, 

as (+) - mollisacacidin. ThG con~Pnsed tannins found also 

in the heartwood of Q. coleosperma appear to be polymeric 
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forms of leuco - fis e tinidin and leuco - guibourtinidin. These 

polymeric tannins form a large pronortion of the heartwood 

extractives and furn i sh hir,h yields of fis nt inidin 8nd 

guibourtinidin chlorid es on boiling with a lcoholic hydro ­

chloric acid. Rxamina tion of some othe r members of the 

Guibourtia spp . by paper chromatography showed that only 

~. col e~erma contained t hr. new leuco - an thocyanidin as 

woll as a l euco - fisetinidin. Q. tessmannii ann ~ . deme us ii 

he a rtwoods contained only l euco-fisetin i din an~ the rel~t ed 

polymers and a clo se chemica l relationship to Q. coleospor ma 

i s thus apparent. Q. arnoldiana on the othor han~ is not 

chfmi cally i nterrela t ed with the above membors since it 

appe8 r Gd to contain only l euco -cyani~in . 

(+) - 7 , 4 ' -Dihydroxyflava n- 4-ol was synthesised by 

hydrogen ation of t he corresponding flavanone ov er p l a tinum 

oxide . Observations were made r egard ing its red~e ning and 

ease of condensation. 
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OF 

l~UCO-ANTHOCYANIDIN CHRMIST~Y. 

Compounos which arc converted into anthocyan i 0ins 

( I) by boiling with aq ueous or alcoholic hydrochloric acid 

are tcrmnd leuc o- anthocyRnins or l e~c o-anth6cyanid ins . 

Cl 

HO (~~;o-~1---< \/Vun 
OR 

I 

R=H, cyanidin chloride 
R=g lucosyl, cyanin 

chlorid e . 

OH 

HO ~~-/ 0 

. l 
~ 

OR II 
OH 

OH 

The t e rm l euco-anthocyenin was introduce0 by 

Rosenheim (l) in 19?0 to dosc ribe th o s upposPd l y glycosid i c 

substance which he isoletr~ from unripn purplP grapPs an~ 

from matur e white grapes . From prev ious vJork by '·'il l statt r r 

ho proposed that these compoun~R w~rA i nt0rmAdiates in thP 

syn th es is of Rnthocyani ns in the. pl:::tnt, durinf tho reduction 
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of flav onols to anthocyanidins , and, that they were 

glycosides of the pseudo - basns of the corresnono i ng 

anthocyanidins e . e . III . 

III 

Robinson and Robinson (?) ho~ever, showed t h i s 

was improbable because trn nsPurlo - bAse (JI) i tself is 

rapidly converted into the nar~nt anthocyaninin even by 

cold ac i d . Fur thermore the inflividual l8uco-anthocya nid i ns 

are much more stable than these nseudo - basos; cyani~i n 

pseudo-base, for example , is ra~idly converteo into a 

prorluct which requires boiling hy~rochloric aci~ for i t s 

reconversion i nto cyaninin crlori0e (3) . 

It was not until 1933 that ~osonheim ' s observations 

were clarifiFd. ~obinson and Robinson (?) un~ertook a sur vey 

of leuco - anthocyanidins and showed that those were widely 

distributed in the plant kingdom, the ma~ority yieldine 

cyanidin, ano the r est , with few exceptions, celphinirlin . 

They disarreed with the name g i ven by ~os~nhAim, their 
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contention being that 11 leuco 11 usu8ll.v means tbe reduction 

of a dyestuff, wherGas the l euco -anthoc~anin an~ its Bntho -

cyanidin were probably in the same oyiAation state . To 

avoid the difficulty containe0 in ~osenhAim 1 s pseudo - base 

theory they suggested that the lPuco - anthocyanins contained 

the flavan -2:3~4-trio l structurr. IV . 

. · .'\. /0 "'- uH ..... ~---.. OH 
HO. / '\., ? 'jL'----./ / - ·-· ~ OH 

I 
~ H ~. ~/ / '--- - / 

~/ ."\._ / .. ''o H 

HO /""-
H OH IV 

ronversion to -the anthocyanicin thus ~ornands only 

dehynration, through loss of an hyo rox;vl at C- 4. and hyc'lroe:en 

at C-3. They furthermore suggr-sted that the hynroYvl groupA 

may bear carbohydrate residuPs or bP. acylated . 

leuco - anthocyanins i nto three classe A a) Those that are 

insoluble in water an0 th P. usu8l orfanic solvents . 

b) Those r eadily soluble in water but not 

extracted from solution by means of ethyl acetate . 

c) Those capable of extraction from aqueous 
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s olution by means of ethyl acetate . They suggested that 

class (b ) probably consis ts of relative ly simple glycosidos 

or diglycosides , whfreas mrmbers of class (c) are suear-free 

and shou l d be regar ~ed as l ~uco-anthocyanidins. 

Choice bet\•'ocn the terms l ouco- anthocyanin and l c.: uco-· 

antnocyanid in s ~ams to be conf used and both terms havn bern 

used rathe r indiscriminantly. Sinc e all the compounds of 

thi s class and known const itution so far discovered i n nature 

arP leu?o-anthocyanidins (aglycones) it woul~ serm better to 

use only thi s t nrm. Thl~ t8rm 11 proanthocyanid in'' suggested 

by FreudonbGrg and Weinges (90) has not yet been adopt ed 

for ge neral uso. 

Hitherto tho anthocyani~inP gonrrated from l euco­

anthocyanidins had be en identified by m •. ans of qualitativ e 

t 8s ts and by comparisons in solution. In 1937 , however , 

Mrs. G . ~ . Robinson (3) i solated cy8nidin chloride in crystal­

line form from a l euco-anthocyaniAin found in th e gum of 

]utea frondosa . Tho h:uco - anthocyaninin it self prov ed 

difficult to isolate but on prr.limina ry oYi dation of tho gum 

with picric acid, and subsG~ucnt treatmEnt with hot a lcoholic 

51 hydrogrn chlorido, a max i mum yiElfl of cyan i din chloride 

was obta i ned . This lod to t he r r coen ition that the leuco ­

anthocyanidins have , in many cases , thG state of oxidat i on 

of flavan -3 :4- diols ( e .g. V) rathfr than flavan - 2:3:4-t riols 

( e . g . IV) • 
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HOr:~~O~ H dHOH 
~/- ~ OH 

HO OH 
v 

Prev i ously ~~ltoavno) (ft) Bnrl cvanom8clur i n 

( 6 , 7) had been examined by Robinson and co - workers . These 

compounds were founo to yield anthocyanidins (although not 

naturally occurring ones) unoer c Grtain conditio ns . Thr.y 

suggested that pP.ltogvnol had the structure VI and structure 

VII was proposed for cyanomaclurin. 

-r_OH OH 

// 
OH ~---/ 
""- o ___ cH2 

VI 
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Both these compounds were described as leuco- anthocyanidins 

(5) although neither conform to either structure IV or Vas 

postulated by Robinson and Robinson. Although interest was 

shown in the leuco - anthocyanidins as precursors of anthocy­

anidins in autumn leaves (8,9,10) and a number were isolated 

from, or demonstrated in, widely different sources (11-15), 

little was done to solve the problem of their structure 

until recently. 

In 1953 Bate-Smith (16) drew att ent ion once more 

to the widespread distribution of the leuco-anthocyanidins 

in nature, especially those yielding cyanidin and n.elphinidin . 

Later work (15 , 44) confirmed this observation. Bate-Smith 

showed, ho\<~ever , that they vJere mainly confined to "woody" 

plants as opposed to herbaceous plants . This confirmation 

of the >T idespread occurrence of leuco - anthocyanidins in 

natura caused Bate - Smith and Swain (17) to speculate on the 

si~ilarity in chemical behaviour botween l euco -anthocyanidins 

and condensed tannins . Robinson and Robinson (2) and Bate­

Smith (16) have discussed the near relationship, from the 

chemical point of view, of the leuco-anthocyanidins and the 

catechins. Condensed tannins (distinct from hydrolysable 

tannins) are characterized by the ir forming a red-brown 
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precipitate when boilPd with mineral aci~s. It is generally 

supposed that catechins (flavan-3-ols) are responsible but 

both Bate-Smith ancl S'1ain (17) as well as Robinson and 

Robinson (2) thought that leuco - anthocyanidins were 

responsible. Bate-Smith an~ Swain (17) demonstrated tha t 

lcuco - anthocyan i dins arc easily 9dsorbed on hide powder, 

give procipitat0s with alkaloids, give usual phenolic colour 

re3ctions, and are ma r kea r y astringent . ~urthormore t he 

leuco-anthocyani~ins from pinus an~ cacao ~jve similar 

ultraviolet spectra in ethanol and in 0 . 002M ethanolic 

sodium ethoxide , which closely resemblA that of (~) catechin. 

These spectra are qu i te diffcr Pnt from those of other classes 

of flavonoid compounds, and in accord with the structures 

proposed by Robinson and Ro~inson (?,lR) . rate - Smith and 

8··7ain (17) thus suggested th8t all these con~iderations 

take n together sugrest that thr l euco - anthocyanidins a r e 

clos e ly rol8ted chemically to thE. catrchins, and a r o, as 

well as these, to be rrgarde0 as prototypes of th0 cond0ns cd 

tannins . 

Decisive chemical evidence for the structure of 

a natural l y occurring leuco - anthoc yanidin was fi r st obta i ned 

by King and Bottomley (19,20) in elucidating the ·structure 

of me l scacidin (VIII) , which they isolated from the heartwood 
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of Aus tralian blackwood (tcqcia rnelanoxvlon). 

OR 

#'\;0" ~ 
ROI/ ' " ~OR 

! II r:-· ~ 
\V~/ 

OH 

VIII R=H 

v r: l g c a c i -1 in "'a s i::; o 18 t r:H'1 a s r:n1 a Yl!O r ph o us 

compound 1•Jhich gave <:~ crystalline tetra\!letryl flrr ivat iv c 

(VIII . R=CH~). The totramethyl ether for~en a ~iacetate 
-' 

indicating two alcoholic groups, na~Aly, in thn 3!4 positions . 

From the r eady production of a cyclic carbonate th8y con-

eluded that the diol system hPs thP. cis configuration. 

::e l acac ioin on tr('atmr.nt with hot F.l.cifl yiolclP.o a crimson 

solution, latPr (21,?2) shown to contAin thR corresponAing 

anthocyanidin , an(l a oar~ r~~~ish-hrown R~orphous sol id . 

They regardP.d the presence of this amornhous so lid as being 

v ~ry significant and they concluned , in thP light of 

observations by Bate - Smith and Swai~ (17), that th0 properties 

of so-called l euco - anthocyanidins aro indist inguishablA from 

those of condensed tannins. They imnli ed tha t the hithrrto 

vaguely definer) 11 phlobF.l.tannins 11 al~o erG r1Priv8tives of 
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flavan - 3:4 - diols . 

Freudenberg and Roux (40) synthosisen the first 

crystalline flavan - 3 : 4-diol, l euco-robinetinidin ( (±) -

7,3 ' ,4 ' ,5 '-t otrahydroxyflavqn - 3:4 - diol) (Tv) , by hy~ro -

genation of dihyn r orobinetin with platinum oxid P.. l euco -

robinotinidin forms a r ed insolubl e product , thr. qntho -

cyanidin 7,3 ' ,4 ' ,5 ' , - 3- pcntahydroxyflavylium chlorid e , with 

hot d ilute hydrochloric acid . 

HO ~"" ./
0 

~) 
OH 

~ _ _//uH 
OH 

IX 

Swain ( ?.3) (1954) synthesised lnuco - cyanidin by 

reduction of taxifolin with sodium borohy~ri~ c . This 

amorphous l ouco - cyanidin yielded cyanidin and a b r own 

precipitate (phlobaphcne ) with hot aci~ . ~he n the t r Patment 

wa s carr i ed out under nitroge n ho wev er , only a faint pink 

colourat i on r e sult ed ind icating that oxidation i s a 

necessary step in the convPrsion . 7rAatmEnt with colo 2N . 
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hydrochlor ic ac i d gave a u~1ito prE'cipitate soluble in 

alcohol which appeared to be polymeric . This polymer was 

non-mobile on paper chromatograms and , unlike l euco-cyanioin, 

markedly astringent . 

Forsyth (11 , 12) similarly showed that in cocoa 

beans two compounds of the leucc-anthocyanidin ty~a were 

present , both based on cyanidin . Ono of these was mobile 

on papG r chromatograms ann on crllulose columns, whereas 

the sacond has a high affinity for cellulos0 . ThG former 

appeared to b e a leuco-cyanidin while the latter a compl e~ 

l euco -cyanidin g l ycoside . The glycoside gavP. glucose and 

arabinose on hydrolysis in the ratio of 3:1. 

In an endnavour to trace possible int ermed iate 

stages betwe en flavonoids 2nd anthocyanidins, ann to obtain 

indications of possible structures which would ExplRin thG 

properties of natural l euco - anthocyanioins, Bauer , Birch 

and Hillis (25) PXamincd thr r oduction products of som~ 

flavonoid compounds. They put forward the hypothr-sis that 

natural leuco - anthocyanid i ns may be derivatives of 3:4 

dihydroYyflavans, a possibility suggested earli~r by both 

BBte - Smith (16) and :-ing and Bottomley (19) . They 

suggGsted that dehydration of a l cuco - anthocyanidin would 

form a 3-ke to flavan whi ch coul~ the n d i sproportionate or 



- ll -

oxidize to tho anthocyanid in e . g . 

lF.UCO - CYf...:'TIDIN ~ 

King and Clark-Le·Iis (22) synthes i sed the t etra ­

methyl ether of melacacidin (VIII R=CH3 ) by catalytic 

hydrogenation of the corresponding flavonol ovrr ~aney nickel . 

Tho isolAtion of a single racemate uhor e four rac emic species 

arc theoreticallv possible was expl~inon by them as being due, 

in part, to stereospecif i c hydro~enation of the kino usually 

observed in the catalytic r~nuction of ethylonic bonds. 

Kul karni a nd Joshi (27) claimed to have synthesise~ an 

id~ntical flavan -3 ~ 4-diol (F=H) by hydrogenation of the 

corresponding dihydroflavonol ov~r a platinum catalyst in 

acetic acid . On r eduction of the same dihydroflavonol with 

lithium aluminium hydride a higher mGltin~ point racemat e 

was obtained . They sucrosted that the higher me lting roint 

racemate was thn trans isomer an~ that the lower ~eltinf 

point racemate v1as the cis isomer . They did not speculate 
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on whether m~lacacidin tetramethyl ethRr was one of thA 

antipodes of th~ Above racemat es or of the rAmaining t~o 

of the four possible r acemates . vi n~ and rlark-L ewis (2R) 

assumed that, since both thn synthetic an~ natural 

melac3cidins formen a cyclic carbonate , th e synthetic niol 

also possesses 8 cis configuration . ~hi s concluRion founn 

s trong confirmation from the formation of 8n isopronyli~rno 

derivative, since it was then consi~ereo that this 0rrivative 

was not formed by R flavan-3 ! 4 -~iol with a trans confieur-

ation . They sugfested the following st~r~ochemicPl for~ula 

for melacaci~in (Y) with the conformation 2(e)!3(a):4(e). 

OH HO OH r----

~-_/)--. ~-.0 
~H 

l 
H 

/~OH --<JOH 
H 

H 

X 

1957 saw the isolation of the first crvstalline 

l euco -anthocyanidin from natural sources . ~epnlor (?a) 

isolated this leuco - an thoc yan idin, which he called 
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mo ll i s ::1 c a c i d in ( '\ I ) , fro,..., t h f' h P R r tv/ o o d o f b c a c i a 

mollisima (black wattle). 

H0.~~/0 OH 

~ /~ 
OH 

l~ / 0!1 
OH 

XI 

Yepplor postulat ed the structurR of molli sAcaci~ in 

as cis - 3:4:7!'3 ' :4 ' - pentahydroxyflavan "''hich was confirmed 

by the formBtion of synthetic moll isac8ci~ in (leuco ­

fis ot inid i n) by catalytic rP~uction of thP corrPsnon~ing 

dihy0rof l avono l, fustin, using th r e8rlier motho0 of 

~rou~GnbGrg and Boux (40) . Both tho synth 8tic and tbe 

natural molliSBCaci0in yielc'le(l thr. corr·espo n~ing anthOCVBnidin, 

fis etinidin chlori~e , on trrAt~Pnt wi th '3~ . B~l in iso~ropanol 

( 30) . 

Chandor'kar a nn rulkarni (31) synthrsised t wo 

isomeric 7,3' , 4 '-t rimethoxyflavan- '3:4 - d iols , r elated to 

0-methyl-mollisacacidin, by tho methon of r~ulk3rni gnd 

Joshi (27) . 
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Roux (32) obtqined a monomeric substance from 

the wood of Schinopsis quebracho - colorado , which, from the 

beh~viour of its derivatives, optical rotat~on, and absorp­

tion spe ctrA, indicat ed that it hqd propertir.s similPr to, 

but not i dentical with , tho ~e of the 3' ,~' ,7- trihydroxy-

flavan-3: ~ -d iol present in thr heartwood of Ac acia 

molU.sima. re founc'l thF~t tho tannin mixture: associated 

• o~ ith this compound W8S E.xceptionelly rich in compl8x 

leuco-fisetinidin of varying molecular w~ight (700-2 , 300). 

Roux suggested that these results lend conclusivf: support 

to the conc ept of Frruoenberg an"l ~!a itl ~nd (33) that 

flavans are bas ic units for condensed tannins . They 9lso 

support the content ion of B8te-Smith an0 Swain (17) that 
I 

leuco-anthocyanidins in an~ition to cAtechins are proto ­

types of con~ensed tanninP. ~oux (~~ a lPo showed by 

chromatographic examination of r adia l samples of th~ wood 

tha t monomeric l r uco-fisetini0in grAnually disPppr arP from 

the out r:r sap1·1ood , where it is present in its highest 

concentration , towards the central pith . This wor~ 

provides further presumptive cv i rl once of the trFlnsformation 

of monomeric l ouco-fis ft inidin in th r sapwood, to thP 

var ious polyMeric forms in the heartwood. The louco-

fisctinidins can thus be regarced as the possible prPc ursor 
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of quebracho Gxtract. 

The first exampl e of the occurence of an 

enantiomorphous pair of flavonoids in nature was discovered 

by Clark-It. •is and noux (35). They founcl that (-)-leuco­

fisetinidin from Schinopsis quebrAcho-colorado (32, 3R) 

W3S cnantiomorphous vrith rnollis.,cAcir'lin (?.q) and gleditsin 

(36 ) which ar8 two names for a single ~Extrorotatory form (37) 

of 7,3' , ~ '-trihydroxyflavan-3:4-diol . The cnantiomorphous 

nature wp s apperent from thG i dentity of m~lting point and 

infrared absorption of e8ch rair of d&riva tives, equal but 

opposite rotations, and was conclusively prove~ by the 

~elting point e levqtions of race~ates from mixtures of 

derivAtives of the enantiomorphA . 

noux anfl Bvelyn (39) h8ve shmvn black \'q ttle 

bark to be r e lative ly rich in complr x l nuco-robine tinidins 

and leuco-fisotinidins, and quebracho heartwood tannins in 

compl ex leuco-fisetinidins. They exqmino~ thP heArtwood 

extractives of 1~4 ha rdwood species and demonstrate0 that 

33~ of tho sampl8A eive strongly positive reactionR for 

leuco-anthocyanidins . The lo wP r I\F polymeric forms 

prr=domim.=~tr ho~rev or, Fmd in only l2f, mBinly among the 

Leguminosiae,is evidsncG founr. of t.h€ presence of 

monomeric l Puco-anthoc ;v:1 nidips . 'l'hi~ ,,•ork by Roux (32, ) :1 ) 
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and by Raux and ~vGlyn (39 ) showe~ the association of 

monomeric an~ complex leuco-Pnthocyani~ins of similar 

structural pattern in those typicRl "condensed tannins" 

pr esent in 8XtrActivcs of blRc~ wattlr bark and quebrAcho 

h eartwood . ChromatogrAphic evidancA illustra ted the 

apparent convr.rsion of monomf·ric into the complE:.x polym.t>ric 

louco-anthocy8nidins . Raux and Bvrlyn (72) provided de tails 

of th8 chromatographic iden t if icA t ion , isolation and 

chRract~rization of so~0 of thrs~ n~w mono~eric leuco -

anthocyanidins. By means of a study of molrculRr weigbt , 

Gviiencc wa s also provided to support th P. conc ept of tb nir 

conv~rsion into complGX tannins ~urin~ ra~ ial translocation 

within th0 plant . ~oux and Paulus (gp) isolRt G ~ a conde nsrd 

tannin from black wattl~ hea r twood which resemble~ th0 

ac companying (+)-7 , 3' , Ll ' -trihynroxyflPvan-3~4 -diol in most 

c~ omical and physicQl pronertiPs, but which was trim1.ric on 

a cl5 basis . The y suggest ed that the opticelly Rctive t a~nin 

was a polymer of (+)7,3 ' ,4' - trihydroxyflAvan-3 · 4- oiol 

condonsed possibly through the hPtrrocyclic ring system . 

This \Tork was ox ten~ ed "'-'he n they isola t c rl , from the samP. 

sourc ~ , r e lated t~nnins of nroer ~ ssively higher molr:culAr 

v e i ght (96). Thes e tannins ?pproximated in molecul8r 

·~e ight to pentameric and decameric leuco -fisetini~ins and 
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their properties were compared with trimeric (-) - leuco ­

fisctinidin - tannin and (+)-7,3 1 ,4• -trihyctroxyflavan-3:~ -diol, 

which accompany them in the heartwoo~ . 

We ingos (l95R) (41) brie fly noted the presence 

of (+)-7, Y ,~· -s•-tetrahydroxyflav8n-3:4-diol i .n Robinia 

~seudacacia heartwood but cit ed no d~tails other than it9 

optical rotation . Ec dFmonstratod however that (+)-lGuco ­

robinetinidin was q 2:3 trans dial . RouY And Paulu9 (g6) 

oYtended the steroochomic2l identity of louco - robinc tinidin 

and assigned a 2:3 trans -3~4 - cis dio l configuration . 

The structur e of thr co~plrx lfuco - cyanidin fro~ 

fresh cacao beans (Forsyth 12 , 26) i~ still un~er investigat ­

ion. It gives an octg -acet~te and a non - phsnolic acta ­

me thyl e t he r which does not yie l d an ac~tAt e when· t req t f.d 

und er mild conditions with pyr idine - acAtic anhydride. ThA 

octamPthyl ethPr was convArt ~~ bv hot hydrochlori c acifl 

into cyPnidin t ft ramethyl ether , and und er mild er conditions 

it gpvo ( - ) - epicatechin tetramethyl ethrr and a no w leuco­

cyanidin methyl ethor . ThPse facts including the intensity 

of the hydroxyl absorption in infrared sunctra of the methyl 

ethors favours structure (Y.II). 
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Peltogyno l (4) was one of tbA firAt leuco-

anthocyan idins to be iso1At~~, characterized And investi-

gatod structurally. Chan , Forsyth 8nd Passall (~?,~3) 

modifi r d the structure of peltogynol v'hich relates it to 

tho flavan-3 ~1 -diols . They consi0t: rP0 that thr. structure 

proposed by Robinson An~ ~o~inson ( ~) wAs at varianco with 

th t. hypothesis that l euco -anthocyaninins Arn !lerivatives 

of flAvan-):1 - diols. Thoy ~ccordinr.ly stu~iAo soma furthr.r 

reactions of peltogynol an~ sugg0sted structure ( XIII). 



- 20 -

anthocyanidin pelto~ynidin on treatment with acid . However, 

unlike peltogynol , the isomer B turns r ed through formation 

of pc ltogyninin when h eated near the mAlting- point in air. 

This reaction involvrs trans ~limination of the 4- (axial) ­

hydroxyl group with a 3- (axial) - hydrogr-n atom so that 

peltogynol B is a cis- diol derivative . Pcltogynol B 

trimethyl othGr is also oxidized to peltoeynonG trimr thyl 

ether. Ho wGv er, r educt i on of peltogynone trimethyl e t~ c r 

with sodium borohydride gives exclusively pe ltogynol and 

not the B isomer . Thus poltogynol and pe ltogynol B diffrr 

only in the ir mode of attachment of tho 4 - hydroxyl group. 

Pe ltog~nol may ther efore b e rAgardad as a flavan - trans -

3:4-diol derivative , and peltogyno l B as t he corr esponding 

flavan- cis- 3:4- diol derivativ e (38 ,3g) , 

Althoueh tho majority of naturally occurring 

l euco - anthocyanidins have be8 n shown to yi e l~ cyanidin 

and a less P. r number de lphinidin, v•hen boiled with hyilro ­

chloric acid (2 , 4A), it is only v ery r ~ c e ntly that th e 

first l eucQ - anthocyanidins correspon~ing to common 

an t-hoc·yan~d ins wer f i solated and c h8 rae tcr izod . - The 

fir s t lcuco - cyanidin was t hat ob ta ine~ from cacao b eans 

(26) . Ganguly and Seshadri ( -'1-5) isolated and charact P. r ­

izGd a l ouco - p r- largonidin (XIV) from the gum of ~ucalvptus 
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calophylla . It gave a laovorotary mothyl othrr ~uitablo 

for charactrrization and leuco -pelargoni~in was consi~er r d 

to be a flavan-3 :4-oiol . Ganguly and Sosha0ri (45) 8 l so 

succeeded in isolating a l euco - cyRni0in ( ~V) fro~ ButGa 

f rondosa gum, v'hich G. M. t;'orinson (3) han oarlic:r sho,,n to 

yield cyE~nidin under certain conditions. 

HO ~-v 0""._/~ 
I ~OH 

~ l / OH 

I " H OH 

XIV 

XV 

HO([(O 

'V""· H 

OH 

~ ~ 
OH 

XVI 

Iaumas and Sr-shaori (4-6) id -~ ntifi r. r1 a leuco - cyaninin i n 

Tamarind se~d tBst3 and thny consirlornd it a strreoisom0r 

of tho ono founc-1 in But G.§. f r onCI.osa ( 45). Tho leuco - an tr>o -

cyanidin of rarA~a bar~, Cloistanthus collinus, was isolat r0 
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by Ganguly, Seshadri and Subramanian (47) and shown to be 

a (~)-leuco-delphinidin (XVI), 5,7,3 1 ,4 1 ,5 1 -pentahydrox~­

flav8n-3:4-diol. An isomeric dextrorotatory form w2s isol" t nd 

from the gum of F.ucalyptus pilularis kino and also from 

Emblica officinalis. Leuco -delphinidins have also been 

isolated from cottonseed hulls (4R) and from oak bark (49). 

Clark-Lewis and Mortimer have isolated a new 

louco-anthocyanidin, isomolacacidin , which was found, with 

its 4-epimer melacacidin, in tho heartwood of three spPcies 

of Acacia (50). Crude extractives from these Acacia heart­

woods were shown by paper chromatography to contain mel­

acacidin and two oth~r monomeric leuco-anthocyanioins, 

isomelacacidin arid Q-ethyl-isomelacacidin. Isomolacacidin 

behaves as a reactive ~-hydroxybenzyl alcohol and roadily 

forms an ethyl e ther by reaction with ethanol, and this 

distinction from melacacidin facilitates separation. 

Isomelacacidin (XVII) has not yet br nn induced to crystallise 

and its structure was inferred l8rgcly from Q-ethyl~isomel­

acacidin, wh~ch was chBracterized by its tetramethyl ethor 

and sulphone rierivativ es. The anthoc : anidin formed from 

Q-cthyl-isomelacacidin was chromatographically indistinguish­

able from t hr. 3,7,8,3 1 ,4 1 -pentahydroxyfl8vylium chloride 

similarly derived from mnlacaci~in. Consequently they 
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considered the st ructure of Q-cthyl - isomrlaca6ifin to bA 

XVIII thP alternative being with thA ethoxy group in thn 

3-'Jo::>ition . Th0y E'Xclur1prl thn Rl tr>rnativo h0 ' '8V0.r because 

of the extreme lability of thn ethyl group . 

XVII 

'OH 

XVIII 

Cl8rk-I,ewis a nil l"ortimer inClicaton that thr-: 4 -h~rr1rox , l 

group in iso~elacacidin i s axial 3nrl that th e 2 (eq), 3 (ax), 

4 (px) conforiTlation is Tlrf'"'forrrt1 si11ce it pnrr11its maximum 

r esonance stabilization of the 4- carhoniuM ion . They 

cxplnincd t he comparatively unrPactive nature of the 4-

opimcr~ mclacacidin, aP hnj11r R C011RPQU"11CP of its confer~-

ational stability, sincE) the 2 (cq)~ 3 (ax), 4 (c:q) conforr1 -

ation of mrl?cacidin is unfavourable for resonance stRbili-

zation of the 4- carbonium ion. 
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Clark-Lowis, Yatokar and Hortimer (51) isolatad 

a no thcr new leu.co-an thocyan irlin, terac ac i<'.l in ( IY"X:) from 

tho heartwood of Acacia intertoxta . The y found it to be 

a. ( - )-7,8,4' -trihydroxy- 2,3 cis flavan - 3:4 - cis diol, an 

a nalogue of mPl acPcidin . The wood also contains a very 

small proportion of isot r. rBcacinin Pnd (+) - pinitol . 

Toracacidin a~d isotoracacidin appoa r to be rnlatod to 

oach oth or in the s amo way as nola cacidin and isomelacacidin 

and tho epimors thus niffor only in configuration at t he 

4- po s it ion . 

IXX 

Not r~orthy i s th o fact that t eracaci~in is tho first 

natural r epresentative of flavonoid s with the 7 , 8 ,4'-

n<3. ttorn of phenolic hyrlrox;v l a tion . The strP.cturo of 

toracacidin wPs established by oxidation and dfgredativo 

stur1i c s and the l euco -anthoc~rani d in pro-pr:rties of t r. r -

acacidin support the flavan-3:4 - diol formula tion. The 
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structure was confirmed by s yntrwsis of the 2:3- cis-3:4 - cis 

racem?t e of 7, 8 ,4' - trimcthoxyflevan-3:4-n iol by catalytic 

hydrog f. nation of thG 7 , 8,4 ' -trimethoxyflavonol. Tho product 

gave an infrarad absorption indis tinguishable from tha t of 

the laovorotary teracacidin trimethyl r- thor, but markr:dly 

diff r r cnt from the Bbsorption of th P. 2:3 - trans-3:4 - cis 

r acema te prepared from trans-dihydro -7 , 8 , 4 '- tr i~c thoxy­

fl avonol by r educ tion ~ ·lith sodium borohyClriCle or by hydro ­

g~ nation ov er pallad ium . T Gracaci~in (IXY R=H) is thus 

storeoch emic a lly id entica l wit~ m01Acaci~in (IYY R=OH) . 

The stereochemical r epr es entAtions a r c supportP.d by tho 

similarity in mol Gcular rotations of th ~ methyl others 

and sulphones of the t er8cacidin ~ ~ ri o s with those of the 

~elac3cidin s~ries . 

Since pnltogynol and peltogynol B occur in 

~c lto;ync porphyroca rdia and ter8cacidin 3nd isoterac a cidin 

arr found toccth8r in '.cacia int ertoxta, Clarl(-J.e\,Jis and 

co - 17orkcr s cons in ..; r ed tha t it ··ta s poss i blc for f lavan -

3:4 - diols to occur fr eq uen tly, or ev8n generally , as 

mixtures of 4- Pp i mrr s . Such ep imcrs clGarly could a r ise 

in the plant through non - spGcific r eductjon of a dihydro ­

flavonol although, from the ease of epimcr i zation , iso ­

rclacacidin mi ght also be form ed from mrl8cecidin . 



-26 -

Paper Chromatography of Flavonoid rompounds . 

Bate-Smith an~ Wrstall (58) investigated the 

chromatographic b8haviour of some naturally occurring c15 
compounds . They found a close relationship be twe~n RF 

value and chemical constitution, especially in r r spr. ct 

of th r nature and number of the particular substituent 

groups, name ly hydroxy-, m~~t~oxy-, and carboxy ~rrivativcs . 

Tho more highly hydroxylnted substances h8d in grn~ral 

lower ~Values than th r: l eSS hy~roxylatod. rhGy 

demonstrated that in the solvent sy~tcm butan-1 - ol: 

acetic acid: water (4:1:5v/v) tho weight of hydroxylation 

domina t e d a ll o t h c r fa c tors in i t s e f f ~· c t s on· RF v a l u e , 

but, th?t methylation of th ese hydroxyl groups reverses 

the effect of hy~roxylation, so that the grP8trr the 

number of methoxyl groups, the high ~r is the RF value . 

The increase in RF valur. brought about by methylation , 

ho"ov cr, is rath c: r less than th» decrr:ase cRusr.d by 

hydroxylation . Anoth~r factor influencing th E, migration 

of flavonoid substanc es on p8nr.r chromatograms is their 

s t ereochemical configuration . 

Roberts and ~ood (79) first showed that the 

optical antipodes of cat Gc hin ann gallocat~ chin Rnd the ir 

opimcrs could be rosolved using •·;atrr as irrigant. 
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Roux, Ma ihs and Paulus (80) showed that the optical 

antipodEs of fisGtinidol and of the fl avan - 3:4-diols , 

lcuco-fis c tinidin an0 leuco-robinetininin, may simil8rly 

be separat ed in water or 2% acetic scid, as may also thP 

2,3-dihydroflavonols, and, that this somPtimes occurs with 

a r eversal in thn sequence of mi gration of thG (+) and ( - ) 

forms. Thoy found t ha t amon~st thr flavan - 3- ols , those of 

2,3-trans confiruration of substituent groups always have 

an appreciably higher R;E than the r " lated opimer of 2,3 - cis 

corifiguration. Comparison of thP ?,3-dihydroflavonols with 

their storeochtmically r(lat~d flavan-3-ols (cat echins) , 

sho~s that introduction of a carbonyl group in tho 4-

position r educes the RF conf'idcrably . This lo~.>Ior RE of 

tho dihydroflavonols may bo duo to thn equato ria l arrange ­

ment of tho 2- phonyl group and also of th e· 3-hydroxyl group 

which would conf f r a nearly planar structure to 2 ,3-

dihydroflavonols , r c9ulting, as in th o ( - ) - epic a t cchins , 

in a r educ ed RF in Fater . Hydroxyla tion in the 4- position 

produc es a smalle r incrr·ase in RF than originally antici ­

pated (91) . This eff oct mgy be exp8~tnd as introduction 

of an aliphat ic hydroxyl on t he he t r rocyclic ring should 

contribute to the solubility of tho c15 unit as a whelP . 

Howovor , the introduction of aromatic hydroxyls in po~ition 
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5 and 5' ( phr::no l ic hydroxyl) produces la rgn and very 

small reductions in RF valuns respectively. Substitution 

of hydroxyls (aliphatic) in the 3-position in both flavancs 

and flavans produces largo RF increases in 2% ac e tic acid 

contrasting with tho small increase accompanying hydroxy­

l at ion (aliphatic) in the 4-position. 

Se l ect ive spray rGagents us ~ d in the flavonoid 

fi r ld a rc of consi0orable importance as diagnostic agents . 

Ammoniacal silv8r ·nitrat e r ragc. nt , due to P3r tridgo (52), 

is very wid ely used in chromatography. It is very u~ cful 

for detecting strongly r educing organic compounds such as 

carbohydrates, aldehyd es a nd phenols, and was introduced 

into tho flavonoid field by Bate - Smith (58,59) . Ortho ­

dihydroxy end ortho-trihydroxy phenolic groups r ~duce silve r 

nitrate: instantly in the cold and sho\•' up a s brov'n or black 

spots . 0n tho other hand mono- and mr:ta-hy0roxy phe~olic 

groups reduce silver nitrat e v ery slowly and consequently 

give uither no rt:action or a very weak r eduction . 

Bis - diBzot izrr1 br-nzirlin'" sprRV rragent, due to 

Lindstedt (60), is extremely sel0ctive and differ entia tes 

between a phloroglucinol nucl~us (ambP.r), and a r esorcinol 

nuclous (yellow). Roux and Pa ihs (61) correlated the 

colour r eactions, of various phenolic bodies, given with 
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bis-diazotized benzidine and they found that they arP. 

highly indicativA of variations in the distribution of 

phenolic hydroxyl groups. 

A spray r eagent of particular diagnostic valuP. 

in the flavonoid field is toluene - p-sulphonic acid, a 

reagent due to Roux (57) . It r enders possible the dir ect 

and easy r ecognition of l euco-8nthocyanidins. Ieuco­

anthocyanidins not hydroxylatcd in tho 5- po s ition 

(louco -robinetinidin, leuco-fis otinidin and mclRcacidin) 

give scarlet to pink spots, depending on thn anthocyanidin 

formLd , ~hil ~ l 0uco-anthocyanidins hydroxylated in the 

5- position (l Auco-cyenidin, l ouco-pe l a r gon i din) show up 

as ye llow r od spots after prolonged hcatinz. 

2:6-Dichloroquinonechloroimido spray r~ agent, 

duo to Bray, Thorpe ann '"hitr (71), was used in the 

detection of hydroxybonzoic acids . It was foun d to bA 

rathe r unspecific, howev er, s inc e it gav e a blue colour 

with a ll th e. acids t r.s t cd 'lith OD d Gxc eption. Gieror (81) 

us ed it to det ermin e the prrsonco of ~-b r.n zyl alcoho lic 

groupin~s in lignin but a lso found it to bP. unspecific. 
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EXPERIMENTAL AND RESULTS. 

General -'inalytical and Preparative Techniques. 

Determination of melting points. These were done in an 

insulated, electrically operated melting point apparatus 

which incorporates a coarse and a fine adjustment for both 

a rapid and a slow increase in temperature. 

All melting points are uncorrected. 

Determination of optical rotations. Optical rotations ' ·I ere 

measured with a Bellingham and Stanley Model A polarimeter 

0 with a glass circle and micrometer drum, reading to O.Ol . 

The material, normally about 20 mg., was accurately weighed 

and dissolved in 2.5 ml. of a suitable solvent. The rotat-

ion was measured in a 2 dm. Zeiss polarimeter tube and a 

minimum ~f ten readings taken . Vrom this data the specific 

rotations and standard deviations were calculated. 

Det ormination 0f U.V. and visible range spActra. The U.V. 

and visible range spectra were measured with a Beckmann 

:Iodel DU Photoelectric Quartz Spectro phometer with photo­

multiplier. The sample was dissolveri in ethanol and the 
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solution suitably diluted to enable the bulk of the optical 

density readings over the most accurate range of the scqle 

( ~ 0 . 1 to 0 . 5) . The measurements are made in silica cells 

against a blank containing the pure solvent . In the far 

ultraviolet range (200 - 240mf) v1ater must be used as a 

solvent due to absor ption by ethanol in that range . 

Determination of i nfra-red spectra. Infrared spectra measur~­

ments ··tere supervised by Dr . J . 1\. ~Tunn anr1 Dr. P.r . F.nslin 

of the National Chemical Research laboratory, C. S . I . F . , 

Pretoria . The spectra were determined from F Br discs 

over the range 2. 5 - 15 j-l· using a Perkin "Slmer Infracorc1 

spectrophotometer . 

Microanalysis . Analysis of carbon, hydrogen, methoxyl and 

acetyl were by F . Jones of the National rhemical ~esearch 

Laborato ry, C. S . I.R . , Pretoria . 

Paper chromatographic technique~ . 

Solyents and apparatus . "For t i·'O dimensional paper 

chromatoeraphy water saturated butan- 1- ol, the first 

direction, 2% aqueous acetic acid for the second direction , 

and Wha tman NQ l chromatographic paper (lSi" by 111; 11
) were 
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used. Up to eight chromatograms were suspended on stainless 

steel frames which were inserted into stainless steel trays 

containing the solvents. The chromatograms were developed 

by up~ard migration. 

For "preparative" paper chromatography, as described 

by ~ordstr~m and Swain (65), Roux (39 7 54) and Brownell, 

Hamilton and Casselman (55), ~atman No.3 chromatographic 

ls ~tl b 22 1 " d paper, ·,~ y 2 , \las use . For ascenning chromatography 

in 2% acetic acid the paper was used ~ithout prior washing, 

as minor impurities mi grated with the solven t front and ~id 

not interfere. Ho wever, for descenrlins "preparative" paper 

chromatography in partitioning solvents, butan -1- ol: 

acetic acid: water (6:1:2v/v)(B.A.V.), the paper sheets 

were prewashed for twelve hours with distilled and deionized 

vJa t e r. 

All chromatographic operations were carried out 

at 20° in a constant temperature room. 

Selective Spray Reagents Usoo . 

Ammoniacal silver nitrate. This reagent (52) consists of 

an approximately l~ solution of ArNo
3 

in distilled water 

to Hhich 6 N. ammonium hydroxide is added until the silver 

oxide formed just dissolves. 
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Chromatograms are sprayed in a fume cupboard 

using an all glass spray gun . They were washed with distilled 

\'ater in a stainless steel t ray , and fixed with a 0 . 01~' 

sodium thiosulphate solution . The thiosu lphate is removed 

by washing with tap water (20 minutes) and the chromatograms 

fina lly allowed to dry in the tray . 

Bis-diazotized benzidine . ThiP reagent (60) consists of 

two solutions: (A) Benzidine (5g) stirred wi th concentrated 

hydrochloric acid (14 ml) end the Ruspension dissolve~ i n 

water (980 ml) , and (B) l Of aqueous sodium nitrite . Two 

parts of (B) are added to three parts of (A ) and t he reagont 

is used immedia t ely after mixing . 

After spraying the chromatograms , l to 3 minutes 

i r allowed for full colour development before washing with 

t 9p '·'ater. By washing Clevelopment of a yel l ow b3ckgrounc1 is 

avoided. 

Toluene-p- su l phon i c ac i d . This reagen t (57) is a 3% solution 

of toluene -n-sulphonic acid in absolute ethanol. The 

chromatograms are sprayed lightly and then baked in an oven 

for five to ten minutes at 80° to 100° . 
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2:6 dichloroouinonechloroimide. This reagent (71) was used 

as a l - 2% solution in ethanol, sprayed on lightly , and the 

chromatogram fumed with ammonia . 
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THE EXTRACTION AND FRACTIONATION OF TANNINS 

FROM THE H:SARTVIOOD OF GUIBOURTIA COLEOSPER1'-1A. 

Strips of wood, suitable for parqu e t block making , 

but which had not been kiln-dried, were converted into small 

turnings with a large drill. Such disruption of the cell 

wal ls facilitates extraction. The wood turnings (13 Fg) 

wore extracted in 5 litre flat bottomed flasks at room 

temperature. 

Selection of solvent. ~ sma1l auantity of wooct drillings 

(5 g) was extractGd with methanol and examined by two 

dimGnsional paper chromatography. Tho prese nc e of a high 

proportion of low RF polymeric material was shovm by spraying 

with silver nitra te. A similar extraction was carried out 

using a mixture of ethyl acetate and ethanol (l9 : lv/v), and 

examin bd by t ~o dimensional paper chromatography. Spraying 

with silver nitrate showed a much lower proportion of polymeric 

backcround trail, and since the primary inter est is in the 

h i g h c·. r R.E f r a c t i o n s t hi s so l v e n t was s e l e c t e d for extra c t ion . 

Tho wood drillings were given four successive 

extractions , anct tho solvent evaporated un~ G r vacuum in a 

rotary evaporator at 65° to give 404g. of brown-rod solids. 

Bthylacetate is, howev er, also a good solvent for 
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natural fats and waxes . The solids were t herefore finely 

powdered and freed of waxes by Soxhlet extraction, with 

petroleum (b.p. 58° -65°) , prior to fractionation of the 

polyphenolic constituents . 

Th is de - waxing proces~ was repeated six times in 

all. After each extraction the material was dried, dissolved 

in methanol, and the methanol evaporated under reduced 

pressure . This exposes a fresh surface each t i me and ensures 

co~plete removal of waxr.s. 

Jnrichment of the high RF constituents . Two rtimensional 

chro~atograms of the ethyl acetate : ethanol extracts showed 

the presence of a low proportion of low RF tannins and a 

high proportion of tannins of i ntermediate RF. The toluene - p­

sulphonic acid spray reagent indicated the presence of two 

leuco-anthocyanidins , one at RF 0.53 (2~ aqueous acet ic acin) 

and the other at RF 0 . 55 . Further enrichment v1as thus 

essential to enable the separation of high RF leuco ­

anthocyanid ins. Precipitation with chloroform was used . 

Co nd i tions of precil?_itation. The correct proportion of 

chloroform to be used ~as determined by the following 

empirical procedure . 

Vary i ng quantities of chloroform as below , were 
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added to three flasks each containing l3.~g. extractives 

d is so lved in 100 ml . eth8noJ. 

Sample A = 25 ml. CHC 13' 

II 

II 

B = 35 11 

c = 45 II 

II 

II 

Each prec ipi tate v•as f i l tereo ra-pidly ( l·lha tman 

Jo . 54.1) and the filtrates examined by t wo dimpnsional paper 

chromatography . The chrom8tograms, on spraying with 

ammoniacal silve r nitrate (52) showed that the filtrate 

from sample C contained a npgligible amount of polymeric 

background trail compared with samples A and B. The 

proportion of chloroform used for C was therefore satisfactory, 

and the total extractive s were treated in this way . The 

precipitates were retained (l83g.) anc1 the combined filtrat es 

evaporated to dryness at 65° (221 g .) (Precipitate A) . 

Separation of the soluble components was attempted 

by r:1eans of "preparative" paper chromatography . The tannins 

(l&) were dissolved in 25 Ml . methanol an~ the solution 

streaked onto the origin of 5 sheets of ')hatman No.3 paper 

(200 mg. pe r sheet) and the chromatograms developed by the 

ascending t echnique in 2~ aqueous acetic acid . Deve lopment 

of the chromatograms was slov· ann uneven, due, apnarentl. to 
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the presence of an insoluble substance rema i ning on the origin . 

Removal of water i nsoluble uortion . Precipitate A ( l g) in 

5 ml . ethanol , was t reated with water (10 ml . ) , added slo~ly 

and wi th cont inuous shaki ng, unt i l a pr ecipita t e fo r med . The 

filtrate was evapo r a t ed to dryn8ss under r educed pr essure , 

and 200 mg . applied to one sheet of Whatman No . 3 . Cevelopment 

i n 2~ acetic acid vas rapid and even . The t otal precipitate 

A was accord i ngly treated in lOg . amounts by dissolving i n a 

minimum ethane l and ado ing ·-•ater ( 100 ml.) as before . The 

solutions wer e filtered through '"hatman No.54 l paper, the 

precipitates r e t a i ned and dried (101&) , and the f iltrates 

evaporated unde r r educed pressure as before ( pr ecipi tate 12 

( l20g. )) . 

The separation of the l euco - anthocyanid i n f rom precipita t e B. 

The separation of the leuco - anthocyanidins by "preparative '' 

paper chroma t ography at th i s stage ~as found to be too 

laborious and the Cr a i g countercurren t psrtition i ng method 

(56) was used for f urther enrichment. 

The Cr a i g mach i ne used was a f ully au t omat i c model , 

with 160 tubes , built by 11 Glasappar ateba u Gottingen, Helmut 

Rettberg ''· ~ach t ube holds 50ml . upper and l ower phase . 

First Cra i g Separation . 

Sixteen 1itres of th0 partition ing mixture , 
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butan-2- ol : benzine water (4 :1:5v/v ), was prepared . 

Precipitate~ (l20g.) was warme~ (60°) with the lower phase 

of the partitioning rnixtur8 (400 ml . ) , with shaking. Insolubles, 

\"hich separated as a brown sticky residue on cooling, were 

filtered off and dried (60g . ) . The filtrate was intr~duced 

into the first eight tubes of the Craig machine . The r Pmaining 

152 tubes ~ere filled with the lower phase an~ the automatic 

feeding flask with upper phase of the rar titioning mixture . 

The operation •:as started vJi th a three minute shakinf- period 

followed by a fifteen minutes rest perioa , during which the 

t wo phases soparatert. Th i s was fo llo1·•ed by a transfer 

operation, transferring t he upper phase of each tube into 

the next tube while · tho automatic f eeding fl as k refills the 

upper phas 8 of the first tube . After 160 transfers the 

machine was storped and the contents of every fifth tube 

examined by two dimens ional paper chromatography . 

(l) Tubes 75-89 contained a leuco - anthocyanidin 

of RF 0.53 (2% acetic acio) and 0.62 (water saturated 

butan-1 -ol ). Th i s l ouc o-anthocvani~in ~ave a grey spot wi th 

ammoniacal s ilver nitrate and a reddish pink vJith toluene -n­

sulphonic acid . 

(2) Tubes 90-109 contained \··ha t appeared to be a 

less complex mixture of the leuco-anthocyani~ins found in 
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fraction ( l). 

( 3) Tubes l.l0 - 12_2 sho\<~ed the presence of a leuco ­

anthocyanidin of RF 0 . 55 (2~ acetic acid) and 0 . 74 ( wate r 

saturated butan-l -ol) . The leuco-anthocyanidin d i d not 

reduce ammon i a ca l s ilver nitrate and -produced an oranee - pink 

colour v1ith toluene-_:Q-s ulphonic acid . 

(4) Tubes 130-145 contsinc:d ' Jha t a rpear c:fl to b e a 

mor e complex mixture containing the same l euco- anthocyanid in 

f ound in (3). 

The tubes werG groupAd toge t her as above, and the 

organic phase separated . ThG aqueous phasr was extract ed 

exhaust ive ly wi th ethyl acetate and the extract s added to 

t he organ ic phase . These v·or e evaporatPCI to dryne s s as before . 

Yields 

( l) Tubes 75- 89 = 2 . 4 g . 

(2) II 90 -109 = 5 . 1 g . 

( 3) II ll0 - 129 = 9 . 95g . 

(4) II 130-145 = 6 . 45g . 

Fractionation of the Cra ig Fr act ions by 11Pr enarative 11 

R~er Chromatography . 

Fraction (3) ( 9.95g.) wa~ dissolv ed in 250 ml . 

me thanol and streaked on the origin of 50 shrets Whatman llo . 3 

chrorrratog r aph ic paper ( 200 m~. per sheet) . These ~:~ere develope:• ~ 
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by the ascending method in 2% aqueous acetic acid . 

The sheets were dried in a curr e nt of air an~ 

examined under ultraviolet light . The leuco-anthocyanidin 

band was locatod at RF 0 . 61 by arnrroniRcal silver nitrate 

(\v Oak grey) anc toluen P. -.:Q-SUlnhonic FlCitJ (orange - -pink) 

spray reagents . The bands were cut and the strips eluted 

with 70% ethanol. The combined eluates were concentrAted 

under reduced pressure at 65° . 

The off white amorphous ~ow~er was examined by 

t "o dimensional paper chromatography and found to consist 

mainly of a single component together with a co~ponent which 

rat1 to a slightly hiz;her RF in both aqueous and- partition i gg 

solvents. Both components give a similar colouration 

(orange - pink) with toluene-n- sulphonic Rei~ spray r eagent. 

The powder , in methanol (100 ml. ), was st reaked on 20 sheets 

of -orevJashed '··lha tman No.3 paper ann the chroma to0rams 0 eve loped 

by the descen~ing method in partit i oning solv~nt (B.A . W. 

6 : l: 2v /v). The sheets 1.1e re dr i ed anrl the l euco - anthocyanir1 in 

fract ion id entifiPd as before , bands cut and eluted an~ tho 

eluate evaporated to dryness, under r educed pressure , at 60°. 

A li,zh t coloured amorphous no•.rr1Fr r esulteii (0.55g.) which 

was eas ily soluble in both water and a lcohol. It was 

examined by two dimensional paper chromatography using the 



-42-

following spray reagents . 

(l) Ammoniacal silver nitra t e (52) . Th8 reduction with silver 

nitrate was very weak an0 8 light grey s~ot was only apparpnt 

when tho substance was run at rnlative ly high concentrations . 

This indicates the possibility of a single phenolic hydroxyl 

group on both A and B rings, s ince mono- and meta-hydroxy 

phenolic groups reduco silver nitrate very s lowly and 

consequently g i ve either no r eaction or a VAry weak reduction . 

( 2) Bis - d iazotJ zed benz ici.i ne ( 60). '·lith this r oagen t a very 

pale yellov develops aftf'r ten minutes. Thn ycllov.l colour 

indicates monohydroxy phenolic-nuclei anrt the slow development 

aeain points to tho presence of a singln ~henol i c hydroxyl on 

the Bring (61) . 

(3) Toluene-p- sulphonic acid . A relatively strong orange ­

pink JGvelops indicating the t the substance is probably a 

leuco-anthocyanidin. This would also suggest that it is not 

hydroxylated in the 5 position since such l euco - anthocyanidins 

show up as yellov' red spots and only after prolonged heating . 

(4) 2:6 d ichloroquinonr.chlo roimine. f. fter fuming "' ith ammonia 

thiq rr8gont gives a purplr, which fad es rapidly to a light 

bro 'n co lour . 

On all these two dimensional chromatograms a 
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second spot, which reactAd in an exactly similar way to 

all the spray reagents but with the exception that it gave 

no colour with 2~6 dich l oroquinonechloroimide, appeared at a 

sU.ghtly higher RF in both aqueous and partitioning solvents. 

Second Craig Separat i on . 

The leuco - anthocyanidin (0.39g.) was separated as 

before from 9 Kg. of ·vood drillings . 

Percentage yield of leuco-anthocyanidin from 

f i rst Craig separation, based on the total wood drillinrs 

extracted = 0.0042% . Percentage yield of leuco-anthocyanidin 

from second Craig separation = 0 . 0043~ . 

Investigation of the Leuco - anthocvanidin . 

The compound refused to crystallize from water, 

ethanol- water or acetone . It sinters at 127°, reddens a t 

150° and decomposes at 170°. Found: C,65 . 42; H,5.82. 

Calculated for c15 H14 u5 : r,65 . 6g; H,5 . l4%. 

The ultraviolet and visible range spectra were 

examined in ethanol, ,\ max . 280 m p. In accordance \vith 

predicted behaviour there was no shift to longer wavelength 

on tr.e addition of ethanolic aluminium chloride . The leuco-

anthocyanidin (8 . 40 mg./100 ml . ) in ethanol gave an absorption 

density, 0.598 at 280 mM . v i~m 71. 2, and [max . 1935 . 
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The infrared spectra of the leuco-anthocyanidin 

samples from the two separate preparations , were identical 

over the range 2 . 5-l5,.M (:;-'igure l and 2) . The infrBred 

spectrum showed the following absorption : 3450 em . - l (R) 

(-OH stretching frequency); 2940 em. - 1 (W) (C-H stretching 

frequency); 1525 em. -l (S), 1505 em. - 1 (S) and 1475 em . -l (m) 

(C=C skeletal in-plane vibrations); 135C em. -l (~ 1 ) ( -OH 

deformation); 1030 em. -l (m) ( -OH deformat ion secondary 

aliphatic OH); 1130 em . - 1 (S) (aryl-alkyl ether). 

Formation of the anthocyanidin from the leuco- anthocyanidin. 

The reaction was carried out according to the method of 

Pigman, Anderson, Pischer, Buchanan and Browning (30) . The 

compound (6 mg.) was weighed into an 8 ml . pressure tube 

and di~so lved in 5 ml . of a mixturP. of isopropyl a lcoho l 

3N.HCl (4:1 v/v). The tube was hPated on a waterbBth for 

one hour and the yelloH-orange pigment formed examined by 

paper chromatography on "hatman '·T o .l paper . 

The pigment was compare~ with the following 

synthetic anthocyani1ins:- 3,7,4'-trihydroxyflavylium 

chloride (85), 3,7,3~ , 4' -t etrahydroxyflavylium chloride 

(fisetinidin chloride) (86), 3,7,3 ' ,4' ,5 '-pentahydroxy­

fla,ylium chloride (robinetinioin chloride) (40) and witb 
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3,5,7,4 '-t e trahydroxyf lavyl ium chloride (pelargonidin 

chloride) . Pelargonidin chloride was obtained from flowers 

of Pelargonium spp. by boiling with 3N .HCl for 20 minutes, 

extracting with amyl alcohol (5ml.), and spotting on the 

chroMatogram. These compoun~s were compare~ because of 

their simila rities, in RF and absorption spectra, with the 

generated pigment . 

The chromatogram was developed one d imensionally, 

by t he descend ing t echnique , in a mixture of 901 formi c 

acid: 3N . HCl (l:l v/v) , and the R;E vRlues determined . The 

colours of the anthocyanidin were examined und er ult raviolet 

liGh t and t he change · i n colour not ed. The anthocyanid in 

spots were then cut out ann the light abso r ption measur ed 

from the pape r chromatorra~ by t he me t hod of Bradfield and 

Flood ( 69 ) before an d after applying a few dr ops of ethano lic 

aluminium ch loride (5~ w/v) (62, 63 ). The results are 

t abul a ted in Table I . 
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TABLE I. 

!~n tho cyanidin ~max. (\max. after Colour in Co lour in 
chlorides 

RF 
m;; . Al Cl

3 
addition visible light u.v . light. 

------
Generated 0.60 490 490 ora nee - int ense 

pigment yellow yellow 

3,7,4' 0 . 60 490 490 orange- i ntense 
trihydroxy yellow yellow 
flavylium chloride 

Fisetinidin 0.43 520 5l15 pink orange 
chlor ide 

Robinetinidin 0 . 26 532 500 pink-purple deep pink 
chloride 

Pclargonidin 0 . 33 530 530 reddish pink orange 
chlori'ie red 

From the table it is obvious that the pigment 

generated and the synthetic anthocyanidin 3,7,4 '-trihy0roxy-

fl::.wylium chlor i de are identical. roth have the same RF, 

A max . and there is no shift in wavelength on ad dition of 

c thanolic aluminium chloride, pointinr, to the absence of 

ortho - hydroxy groups on the A orB rings . This a~thocyanidin 

is readily recognise~ by its characteris tic and distinctive 

bright yellow fluorescence under ultraviolet light. In 

ethanol both synthetic 3 , 7,4 '-tr ihydroxyflayylium chloride 

and the anthocyanidin from the flavan-3:4-diol have a A max . 

of 512 m f . 
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0uantitative estimation of anthocyanidin generated. The 

leuco-anthocyanidin (4. 37 mg.) was dissolved in 25 ml. 

propan-2-ol : 3N.HCl (4:1 v/v) in a volumetric flask. 5 ml. 

of this mixture was pipette~ into a pre s sure tube and the 

anthocyanidin generated on a water bath for one hour. The 

contents of the tube was transferred quantitatively to a 

100 ml. volumetric flask by wa s hing with ethanol and the 

absorption density measured at 512 m~. ( = ·0.399, 0.394). 
I 

S y n t he t i c 3 , 7 , 4 ' - t r i hydroxy f l a v y l i u m c h l o r ide ( l. 7 mg • ) w a s 

similarly dissolved in 5 ml. of the propan-2-ol : 3N.HCl 

( 4 : l v / v ) , d i l u t o d to 50 0 m l. "' i t h e t han o 1 , and t h G 

absorption density measured as above ( = ·0.480). 

From the above the percentage yield of the 

anthocyanidin from the flavan-3,4-diol wa s calculated 

(32.36% and 31.93~). By comparison the percentage yields 

of anthocyanidin from (+)-leuco-fisetinidin and (+)-leuco­

robinetinidin (23.8f and 26 . 9% r es pectively), were lower (39), 

: licrodegradation of the leuco-anthocyanidin bv KOH fusion. 

Informa tion regarding the A and B nuclei of a c15 compound 

may be obtained from alkali fusion using an improved micro-

degradation technique by Raux (54). 

2 to 4 mg . of the compound was weighed into a 

15 x 1 ern. hard glass tube and fused for 90 seconds with 



molten KOH. The soluble 0egradation products were 

separated by the bicarbonatr technique into phenols and 

phenolic-carboxylic acids. These were identified on paper 

chromatograms by comparison with resorcinol, nhloroglucinol, 

P -resorcylic acid, gallic aci~, protocatechuic and ~-hydroxy 

benzoic acids as references. The chromatograms of the 

phenolic portion were developr d by the asc ending t Achnique 

in butan-1-ol : acetic acid : water (4:1:5 v/v), and the 

phenolic acids in 2% acetic acid. 

The degradation products of thG leuco-anthocyanidin 

.,,ere found to be resorcinol and (3 -rosorcyclic acid (A nucleus), 

and p-hydroxy benzoic qcid (B nucleus). The degradation 

products ran to the same RF values as the reference compounds 

a nd eave the same colour reactions with the spray r eagents 

used. Resorcinol showed a claret maroon spot (RF 0.86, 

R.E of degradation product 0.87) with "bis-diazotized benzidine 

(bO). The acids were identifie ~ with diazotized ~-nitroaniline 

spray reagent (71). Tris rragGD t, after overspraying with 

ethanolic cauRtic soda, gave a clear rose r od colour with 

~-hy0roxy benzoic acid (~F 0.59, RF degradation product 0.57) 

and a deep purple vli t h j} -resorcyl ic acid ( RF 0. 49, R.E 

degradation product 0.47). The dePp purple fades to an 

orange brown after ? short while. 
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Optical rotation . [9(.~! 21 + 11.7° + 1.7° in acetone 
D 

water (l:l v/v) (c = 0 . 66). 

H&thylat ion of the leuco -ant~ocvan idin. Diazome t hane in 

ether (250 ml. ) , generated from 20g . nitrosomethylurea , was 

added to a methanolic solution (50 ml.) of the leuco ­

anthocyanid in (100 Mg. ), and the reaction was al l owed to 

proceed for 36 hours 8t -15° . The excess d iazomethane was 

removed wi t h ace tic ac id, the solution concentrated under 

reduced pressure to 2 ml ., and poured into • ater (10 ml.). 

The white f l occulent pr ~cipitato fo r med was allowEd to stand 

ov ern i ght and sucked off . 

This methylated derivative proved difficult to 

crysta'l lise. After 3 weeks , howev er, a c r ystalline material 

was obt aine~ from ethanol/water. 

Found: C, 59 .36 , 59 . 26; H, 5 . 67, 5 . 34; (OCH3 ) 2 , 

14 .05 , 12 . 95 . Calculated c17H18o5 
C, ·67 . 54; H, G.O; (OCH3 )2 , 20 . 53%. 

From the analytical values it is obvious that 

this methylated derivativr- was probably impure . 

A second methylation attempt on the leuco ­

anthocyanidin (200 mg . ) r efused to crystallize from e thanol/ 

wate r . 
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In order to free the methylated derivative of 

suspected impurities the products of both methylations were 

combined and separat ed by 11 nreparative'' paper chromatography 

on 10 sheets of Yhatman No.3 paper. Development was by the 

ascending technique in 10% acetic acid, which was found to 

give better separation, with less trailing, than either 2% 

or 5% aqueous acetic acid. The methylated product was 

l o c a t e d ( RF 0 . 6 8 ) , on a t e s t s t r i p spray e d 111 i t h t o l u en e -12.­

sulphonic acid, as a pink band. These bands were cut an~ 

eluted with 70% ethanol and the eluates concentrate~ unde r 

reduced pressure. The purified methylated compound failed 

to crystallise and was accordingly dissolved in ethanol 

(2 ml.) and filtered into dust free water (10 ml.). A 

white precipitate was filtered off after a few nays (26 mg.) 

( m. p . 56°). 

Found:- C, 66.70 ; B, 6 .85 ; (orH
3

) 2 19.03 

Cqlculated for c17H18o5 : - C, 67.54 ; H, 6.0 ; (OCH
3

) 2 , 

20. 53%. 

The above methylated leuco-qnthocyani~in (l mg.) 

was dissolved in 5 ml. propan-2-ol: 3P.HCl (4:1 v/v) and 

heated, in a pressure tube, for one hour on a wat erbath. 

The dimethyl anthocyanic1in ( A max. 500 my) and the 

unmethylated anthocyanidin (A max. 512 mf) appear to have 
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the same colour, but the RF of the dimethyl anthocyanidin 

(in 90~ formic acid : 3P . PC1 (l:l v/v)) is higher (0 . 78) 

than the RF of 3,7,4'~trihydroxyflavyliun chloride (0.60). 

This increase in RF is consistent ···' i th the methylat ion of 

two hydroxyl groups as methylat.ion of phenolic hydroxyl 

groups reverses the effect of hydroxylation (58) . Therefore 

the anthocyaniuin from thP. methylated flavan - 3:4 - diol may 

be presumed to be the 7,4' - dimethyl derivative of 3,7,4' -

trihydroxyflavylium chloride. 

O~tical rotation of methv lated leuco - anthocyanidin. 

21 
(;(.} D + 9.2° + 0.7° in symm . tetrachloroethane (C = 0 . 6) 

The infrared absorption spP.ctra of the methylated 

leuco-anthocyanidin was compared with th8t of a synthetic 

sampl~ of 7,4' - dimethylflavan-3 : 4-diol (94), ~igures 3 and 4 . 

They were virtual l y superimposabl e over the highAr frequency 

range (4000 cm-1- 1000 cm- 1 ) but there were minor d ifferences 

over the lowe r fr equency r ange (1000 cm- 1- 700 cm- 1 ) 

particularly at 765 cm- 1 . 

A cetvla.tion of the leuco - anthocvanidin. The compound ( :-,1 mr . ) 

dissolved in 0.2 ml . pyridine was treated with ac etic anhy­

dride (0 . 3 ml.) . This was allowed to stand at room temperat­

ure for 4 hours and poured into water (10 ml . ). The milky 
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colloidal solution formed was stirred with a small glass 

rod , and the product allowed to harden overnight. The 

acetylated product ( 42.5 mg.) was filtered off and dried 

d C ('l 60:: 0 • un .er vacuum over av 2 , m.p. J Attempts to crystallise 

the compound were unsuccessful . It settled as a sludae 

from e thana l. 

Found ~ - C, 63.36: H, 5.54 ; (COCH3 )4 , 36.2. 

Calculated for c~3H22o9 : C, 63.44; H, 5.01; (COCH3 ) 4, 

38 .92%. 

Optical rotation. 

21 
,... -. 0 0 ) i ·X..J D + 40.4 ± 0.1 in symm. tetrachloroethane (r = 0.6 . 

Comparison of RF values of the amorphous lAuco-anthocyanidin 

with (+)-leuco-fisetinidin ~ (+)-7,3', 4 '-trihyd. roxyflavan-

3,4-d iol, from A.caci.§. 111 earnsii (2q) (35) and (+)-l euco­

robinetinidin, (+)-7,3' ,4' ,5'-tetr8hydroxyflavan-3,4-diol 

from Robina pseudacacia (40) (41). 

These were spotted on sheets of Whatman No.1 

chromatographic paper and examined by one dimensional 

chromatography in aqueous (2f, acetic) and partitioning 

(B.A. V.) solvents. Dev e lopment in aqueous solvent was by 

the a s cending technique and by tht: desc enoin8, technique 
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in part itioning solvent. The chromatograms were spr ayed 

with toluene -~-sulphonic acid reagent (57) . Leuco-

robinetinidin gave a scarlet colour, leuco - fisctinidin a 

reddish pink and the new leuco - anthocyan i din an orange 

pink . In these chromatogra~s the new l euco -anthocyani~in 

was always accompanied by a low proportion of a forwa rd 

runn i ng component which gave t he same orange-pink with 

the toluene-n-sulphonic reagent . This associat ed compound 

could apparently not be eliminated by repeated chroma tograph i c 

separation in sp i te of marked differences i n RF compared with 

t he flavan -3 ,4 - diol. RF values are tabulated in Table II . 

Tab l e II . 

.As c enil inf!' De~cennin.g 

RF ( 2oe ace t i c ) . RF ( '9 • A . 1',
1 

• 6 : l : 2 v / v ) 

Leuco-robinetinidin 0.51 0 . 51 
Leuco - fisetinidin 0 . 53 0 . 70 

Leuco-anthocyanidin 0 . 55 0 . 83 
Asso ciat ed spot . 0 . 66 0 . 92 

Fo rma tion )f the Q-othyl ~t hLr. The spontaneous generation 

of thE forwa r d running component iluring handling in methanol ic 

or ethanolic solution was analogous to the similar behaviour 

of isDmelacacidin (50) and isoteracacid in (51). The follO \•Tin:r 



,.I 

-54 -

experimental procedure w~s thereforR adopted . 

The leuco - anthocyanidin (10 mg .) was refluxed 

with ethanol (10 ml . ) an~ acstic acid (0.1 ml . ). Afte r 

two hours thG r ea ction product was examined by one d ime nsional 

ascending ~8per chromatography i n a partitioning solvent 

(B. ~ .~. 4: 1:5 v/v ) an~ the chromatograms s~ray£d with 

toluel:'!e-.Q- sulphonic acid . Thr: reaction was not complete 

and consequently refluxed for a furtbPr two hours. The 

product was similarly examinsd and the reaction was still 

r no t qua n t i t at i v e s i n c E: the l ower RF com po n e n t v' as s t i 11 

Dresent, although the Q- ethyl ether was no w the more 

prominent component. On spraying a similar chromatogram 

with 2:6 dichloroquinonr-ch)oroi~i~o it was observed that 

th~ Q-ethyl ether gav e no reaction but the lower RF 

component gave a purple colour . (RF values a r e cited in 

Table III) . The anthocyanidin gAnerat ed by the Q- ethyl 

~erivative was found to be identical to that from the 

leuco-8nthocyAnidin . 

Hydrolysis of the Q- ethyl ether . The Q-ethyl ~e rivativr 

forned abovo was evauorated to dryness un~Pr reduced 

presFure, and refluxed with 0. 1 ~. ac e tic acid (5 ml . ) 

for t •1en ty minutes. This was examinr.d similarly by one 

jimensional as cendine chromatography , in 2% aqueous acetic 
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acid, using the natural leuco-anthocyanidin as the reference 

compounn (Table III). 

Table III . 

RF value s of Q-ethyl ethe r de rivative and t hr. hydrolysect nro~ur t . 

~a tural l euco-antho cyan i din 

Q-ethyl ether de rivative 
Hy!!rolys ed (0 .lN . .Acet ic) 

product 

RF values (Ascending) 

2% Acetic. B.A. T-J . 4:1 : 5v/v(Uppor ) 
(I aver) 

0 . 55 
0.66 

0.60 

0 .77 
0.85 

Q~~ical rotation of hydrolys ed product. 

c ~ 21 
c:Lj D + 8 . 8° + o.go in ethanol. (C = 0. 6) 

[ J2l 
cJ_._ D + t1 . gO + 0 ~0 . "' in acotone:,atr:;r ( l: l v/v) ( C=O. 5) 

From the t abl8 (III) i t may be seen that the 

hydrolysed product has an RF intermediate b e twe en the natural 

louco-anthoc yan idin and its Q-athyl ether de riva tive. Ths 

o p t i c a l r o t a t ion i s of l o '··or v a l u e than t h a t e s t i r . .,.a t e d f o r 

the natur3l l euco - an t hocyan i din . 
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Potentiometric test for the presence of cis - hydroxyl f r oups . 
---------
The trimrthyl ether of (+) - lGuco - fisetinidin (20 rng.) was 

dissolved in 501· aqueous ethanol (50 ml. ) . Tb.e pH v•as 

determined = 7 . 4 and adjusted to 9 . 93 by tho addition of 

dilute sodium carbonate solution. Sodium borate (27 mg.) 

was d isF.o l ved in 50% aqueous ethanol ( 100 P'll. ) and the pH 

detennined = 10 . 18 . llliquots of this sodium borate solution 

were added, from a burette , to the solution (50 ml . ) of the 

methylated (+) - leuco - fisetinidin . Followinr rach addition 

the pH was determined . 

A reduct i on in pH from 9 . 93 t o 0 . 14 was observRd 

/ (0 . 8 ml . sodium borate) aftfr which the pH increased to 

9 . 63 (5 ml. sodium borate) . This could point to the format -

ion of an acidic borate complex and the presence of cis -

hydrox~l gr oups . However , when thE above reaction was 

repeated under conditions which pr eventrd the accPss of co2 

by employing an enclosed beakAr an~ a hydroecn bubbler , no 

reduction in pH was observed. 

This test, due to B~cse~on (89), was used by 

Veppler (88) for (+) - mollisacacidin ( (+) -l8uco -fisetinidi~) 

with positivr results . However, since thP possibility of 

co 2 affc,cting the 9H ···as not considerr>d by Yeppler the 

test appears to be of doubtful vali0ity . 
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m.p . 181°) was intirJJately mixed and molted ·:ith benzoic aci0 

(1 2 .1 mg.). The av erage m. p . (6 r~adings) was found to~~ 

151°, a depression of 30° . The molecular deprrss ion con~tant 

K vas c8lc ulat ed (376) . 

Similar ly the acetylated leuco - anthocyan idin 

(5 . 84 ng.) was mixed wit h camphor (72 .04 ~g.). The everage 

m.p . (6 r ead ings) waR found to b8 174.5°, a depr8ssion of 

c 50 0 • • From thG above the molf'cular weight of t be f.lco t~ l atod 

louco-anthocyanidin (four acetyl grours) ·;as estin2 t r-:c . 

Found: t1o lecul.qr ~'P. ifh t , 468 . 9 . 

Calculated mo l ecu l ar •.·e i?-"b t for r?
3

H2?.o9 , 44? . 4. 

~hromatographic examination of certain othAr Gu ibourtia 
Spec its . 

F in e drillings (5 g . ) from the heartwoods of 

G. arnold i ana , G. demeus c i and G. t essmRnnii were Rxtractod 

with me thanol (30 ml .) . ThA wood drillings we r e separat Ad 

by filtrDtion t hrourh 1lhatman r>Jo . 54l , and the methanol 

evaporR t ed und~r roduced pressurE. The extracts were 

eYsminod by two 0iMensional pa~er chrowatogrDnhy and by 

gener?. ting antho cyan i dins with pro:>an-2- ol : 3H.HCl (4~1 v/v) 

at 100°. The antho cyan i d ins formGd were examined by onn 

dimensional dcscendinc chromatorraphy in 90% for mi c acid: 

311. HC l ( l: l "/v) . 
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G. demeusei and ~ · tessmannii contain ed polymeric 

(low RF) and monomeric (RF 0 . 53 in 2% acetic acid, red-pink 

with tolueno -~-sulphonic acid) leuco-fisGtinidins , which 

y i r: l d f i s r t in i a in c h lor i de ( R;E 0 . 4 3 ) . ~ . a r no l d ian a 

diff t rcd in that it appnarcd to contain leuco - cyanidins 

only, in low proportion , ~hich gave cyanidin chlori~e 

( RF 0. 20). 

Synthesis of (±)-7,~ '-dihydroxyflavan-3:1 -diol. 

(+) -7,4 '-~ihydroxyflavan -3 :4 -~iol was synthAsisRd 

by hydrogenation of thr. corresponding dihydroflavonol, 

(±)-7,4'-dihydroxyflavanonol . The (±) - 7 , 4 '-dihydroxy-

flavanonol was synthesised by sodium hyposulphito reduction 

of 7,4 '-dihydroxyflavonol . 

Synth~sis of 7 . 4' - d ihydroxvflavonol. Robinson 8nd Shinoda 

(78) synthesised thE flavonol kaempferol by thP. method 

in~ic 9 t ed by Allan and Robinson (77). Utilizing this 

method thb 7,4' - dihydroxyflavonol was synthesised . 

w - ::othoxyrosacr· tonhr.non(". was nrsparr:>d according 

to tho mnthod of Slater and St ephen (75). An i sic anhydrirlc 

\!BS pr epar 2d (76) by rGfluxing anisic acid ( 20 g.) with 

acetic anhydride (40 g.) for 20 hours . The acetic acid 

formed and t ho excess acEJtic anhydride lt/BS rr:movcd by vacuum 
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distil l ation . ~he residue crysta~lizr.d from ethyl acetate 

in needles (15 g . ) m. p . 98° . 

UJ -~·ethoxyresac e tophenone ( 2 . 5g.) v1as condensed 

with anis i c anhyd.riite (10 g .) and sodium anisate ("'g.) unr'ler 

reduced pressure at 170° - 180° for three hours . The 

product was hydroly~P.d by refluxing (30 minutes) with 10~ 

a l coho l i c KOH ( 100 ml . ) . The a leo ho l ~:•a s removed by vacuum 

d isti llation and the re sidue dissolver1 in water (50 ml .). 

The brown solut ion was satur ated with carbon dioxide an~ 

the 7-hydroxy- 3,4 ' ,-d i methoxyflavone nrecipitated (4 .15 g.) . 

Demethylgtion with HI was accomplished un~er reflux for 30 

minutes in a stream of carbon- dioxide . Th0 mixture was 

added to dilute sulphurous acid and the resulting 

7,4'-·rlihydrox.'flavonol crystallised from a mixture of 

50% acetic acid~ ethanol (l9:lv/v) (50 ml. ) . Shiny , 

reddish bro~n noeolos were obtained (470 mg . ) ~.p . 

306° - 309° (sintered at 286°) . A max . (ethanol) at 

259 m;;., 319 m,p and 359 m }J.. Af t er adc'l itio n of sodium 

ethoxide (64, 65, G6) ~max . at 2g0 m)-l, 335 m;J. and 420 m.l..( · 

~ound : C, 66 . 5 ; H, 3 . 8 . Calculated fo r c15 H10 0 5 
c, 66 . 67 H , 3 . 7 3':'· • 

The 7,4 '-dihydroxvflavonol (50 mg . ) was 

acetylated with pyridine (0 . 2 ml . ) and acr.tic anhydr i de 



-60-

(0.3 ml.) . Yield= 42.5 mg. m.p. 159°. ~ound: C, 63.30; 

H, 4.19; (COCH
3

) 3 32.4%. Calcul3t8 d for c21H16o8 : C, 63.63~ 

H, 4 . 07 : (COCH3 )3 , 32.58f. 

\ 

The abov e flavonol was synthesised by Rao and 

Seshadri (97), the i r ' resoka empfrrol', but it had a different 

m. p. (280°) although the m.p. of thr acetyl ~erivativ8 

(l 59-lG0°) was identical to that above . 

The method of Algar and Flynn (24), which 

involves oxi~Rtion of t~A corrPRnon~ing chal~on~ with 

al~2 l. ine peroxide, was also used in an attempt to prepare 

the 7,4'-dihydroxyflavonol , but proved unsuccessful. 

SynthEsis of (±)-7,4'-dihydroxyflavanonol. The method due 

to Pew (8 2) as improved by Shimizu and Yoshikawa (83), was 

used. The experimental conditions wPre first t e st ed on a 

r Alated flavonol. 

Reduction of robinetin (7,3' ,4' ,5 '-tGtrahy~roxyflavonol 
to ~ihydrorobinntin ( (±)7,3',4' , 5'-tetrahydroxyflavanonol) . 

Robinetin (0.35 g) w3s intimat Pl y mixed ~ith boric acid 

(0.14 g) and sodium carbonato (3 .5 g.) an~ the mixture 

dissolved with warming, in w8tor (50 ml . ). Sorlium hypo ­

sulphite (7 c· 85% pure) was add8o and thn solution 

im~ersed in a boiling watrr bath for 20 minutes. The 

mixturl \las diluted with water (60 " 1.) and acidifi~d with 



- 61-

dilute hydrochloric Reid. T~e mixtur e was filtered and 

the filtrate extracted with four 50 ml . portions of ethyl 

acetate . The extract was conc entrat ed under reduc ed 

pressure and examined by one dimensional ascending 

chromatogr aphy in 2% ac et ic acid , but the conversion to 

dihydrorobine tin provGd unsuccessful . 

The reduct ion '.1as r epeated us ing the moCl if ierl 

me tho d of Geissman and Lischnor (P4). This involves 

conducting th o r eaction in an inert atmosphere of nitror.en 

or hydrogen. Under thes e conditions the for~ation of 

d i hydrorobinAtin from robin etin was successful . Tho ethyl 

acetate extracts \•'ere conc entrat ed to 20 ml. unrer r cr1uc ed 

pressure and separated by ''prerara t ive " paper chroma togranhy , 

by the ascend ing t echnique in 2~ acetic acid , on f our shPnts 

of "hatmfl.n No . 3 pape r . T'il--tyrlrorobin etin Fas located 

(RF 0.35) by sprayinr a t es t strip with ammoniacal s ilv er 

nitrate , bands were cut and elut ed with 70~ e thanol. The 

e l uates were concnntrated to a small volume (5 ml . ) und e r 

re duced pr essur e and d ihydrorob i netin crystall ized as 

granules fro m wa t er (26 mg ., m. p . 225° - 231°) . A mixed 

m.p. with PUthe ntic (± ) dihydrorobin et in from nobinia 

PseUd8ca cia gave no nepress ion. 
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Red uct ion of 7 , 4 ' - nihydroxyflavonol to (± ) - 7,4 '-di hydroxy­
f l ava nonol. 

7,4 '-Di hvd r oxyflavonol (0 . 45 g) W8R t r eated i n exactly the 

same way as above with boric aci~ (0 . 18 ~J , sodium carbonqte 

(4.5 gJ and sod i um hyposulphit e (10 . 7 g) . Separation was 

attained by "pr epa r a tiv e" paper chromatography, by the 

ascending technique in 2% acetic ac i d , on four shPetF of 

\·'ha t ma n Jlo . 3 paper . The (±) - 7, 4 ' - d i hy0 r oxyf lava no no 1 ~tas 

1 o c a t e d ( RF 0 . ~ 9 ) by spraying a t e s t s t r i p •.·Ti t h to 1 u e n e -

Q- 9ulphonic acid (pink), bands we re cut and e lut ed with 

70% c thanol. The e luates 1·'F:re concentrated to a smal l 

volume (5 ml.) un~ cr r educed pressure and the com~ound 

crystallized as colourles~ needl es fro~ water. (6 mg . ) 

(m . p . 212° - 215° afte r s int ering st r ongly at 205°) . 

Due to the low yi e l d it was not possible to 

f orm deriv3tives . 

Synthesis of (±) -7,~ ' -dihydroxyf lavan -3:4 -diol . 

( + ) -7, 4' - d ihydroxyf lavanono 1 ( 6 mf! . ) · ras hydrogn nat ed for 

six hours over a platinum oxide catalyst ( 100 mg . ) in 

methanol (50 ml . ) . ThP CR t Rlyst was r emoved by filtr~tion 

and the f iltra t e ~vaporated to dryness undor vacuum a t 60° . 

The product was dissolved in ethano l (5 ml . ) 

3nd examined by one dimensional paper chromatography both 
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in 2% acetic acid (ascenoing) Rnd in a partitioning solven t 

(B.A . W. 6: 1: 2v/v) (desccndine) . The natural leuco-anthocy-

anidin was compared on the same chromatograms . Afte r 

spraying with toluene -~-sulnhonic acid, both the natural 

and stnthetic flavan - 3:4-Jiols gave identical orange - pinks . 

The natural leuco-anthocyanirtin showed a slightly higher 

RF in 2~ acetic aci0 (O . S5, C.5: , 0 . 5S, 0 . 56) than t he 

synthetic compoun~ (0 . 52, 0 . 52, 0 . 52 , 0 . 51 , 0 . 52) . uowevcr, 

in partition i ne solvent th8 RF vqlue s were similar 

(0 . 2-3 , 0 . 83, 0.83, 0 . 83 for the natura l compound and 

0 . 61, 0.82, 0 . 82 , 0 . 83 for the synthetic) . 3,7 , 4 '-

Trirydroxyflavylium chloride was renorateo from both leuco ­

anthoc~·anidins when boiled \oTith propan - 2- ol: 3l1 .HCl (4:lv/v) 

as before , both giving an orange yellow piemcnt of id8ntical 

RF (0. 60) and characteri~tic bright yello11 fluorescence 

under ultraviol e t light . A brieh t grenn yellow fluoresce nt 

spot was observed at RF 0 . 15 (goo,t, formic aciA: 3N .HCl 

(l:lV/v) ) . When comrRrP~ by OD0 ~imensional descend i ng 

paper 9hromatography , in the above solvent, with synthetic 

7 ,4' -0ihydroxyflavonol they v1ere both identical in R~ (0 . 15) 

and green yPllow fluorescence. 

The reuaininc:- othanolic solution of (±) - 7,4 '-

dihydroxyflavan-3: 4-diol was ovaporat ed t o dryncRR ovor 
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CaCl2 in a vacuum dos iccator, dissolved in water (l ml .) 

and kept at 0° for one weok . Golourless needles crystall ised 

(l mg.) which decomposed a t 170° (a fte r sintering a t 105°). 

ThG infrared absorption spect rum of the synthetic 

(±)-7 , 4 '-dihydro xyflavan - 3:4- diol was simi l ar to that of tho 

natural compound. There worG , however , small but significant 

differences. Sev eral differences in peak height may be due 

to the greatGr purity of tho synthetic sample (Figur Gs l, 

? , 2a) • 

Synth esi s of (±)-7, 4 '-dihyd roxyflava n-4- ol . (±)-7 , 4 '-dihy-

drcxyflavan- 4-ol was prepared by hydrogenation of the 7, 4 '-

dihydroxyflavanone, obtained by ring closure of the corrcs-

pondin~ chalkone, 2:4- dihydroxy- phcnyl-4- hydroxys t yryl ke tone • 

.§.yn t hE! s is of 2: 4 - d ihydroxy-phe nyl-4 -hydroxys tyrvl kc tone . 

2:4-dihydroxy- phenyl -4-hydroxystyryl keton~ was prepared 

according to tho method of Nadkarni and Wheeler (74) . 

A mixture of p-hydroxybenzaldehydb (5 g) and 

resac e tophenone ( 6 . 25 g.) in ethanol (12 ml . ) was treat8d 

a t 0° with aqueous po tassium hyAroxidG (50 g . in 35 ml . 

water) in an atmosphere of hydrogen. Tho mixture was 

rofluxod for 30 minutos and kept at room t r.mperature 

ov~rni~ht out of contact with air . Wa ter (50 ml . ) was 
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added Find the mixturR cooled (0°) and ac idified with dilu t s 

hydroch loric acid . The r esulting pr 8ciritatc (2. 9 g) 

crystall i sed from dilu t e alcohol in brown-yellow clustPr~ 

m. p . l S'8° - 2(, 2° . 

SynthGsis of 7.~'-dihv~roxvflavanone . Go i ssman and Cl i nton 

(5~) prep~rPd fl3vanonGs by both ac i A and alkAli c~tAlys~d 

isomerization of the chalkone . Both methods wPrG Attempted 

And in G g c h c R s e t t"' r. f l ava non c ~.<n s for rna fl in l o"' y i c l ~ 

( 8-l .?~ ), but th e~ Al ka line i sor.rr i z>-~tion " ;.18 founn to be 

the simpler ~etho~ . 

2 ~ 4 -hyd rox:,: - phr nyl - t1 - hni ro x··s t vr:vl kr ton n ( l g.) 

waR disso l vLd i n slichtly more thqn tr'G amoun t of l~ 

sodiurrl hydroxide solution r quival r. nt to :::~lJ thP f r f (: 

hydroxyl groups (25 ml. ) . '-:tl1anol (4 n l. ) was ~drlAd , tho 

Rolution r r flux ed for one -h~lf hour an~ 8 llowo~ to Rtand 

ov r-r night. Pftr-:r Flcidificgtion -v·itll Rcr·t ic f1 Cio th!? 

solution was evapor8ttrt to ~rynrss un~rr reduc pd nrrssure. 

The product wgs suspr-nd0d in wet or, boiled anrl f ilte red 

hot to r emere the insoluble chalkonE . Tho so lutio n W9A 

dccolouris~d ~ith animal ch" rcoal , Bnl on filtrAtion a 

cream prccipit ~ te of th e f lAvanone w,s formed (35 mg . 

m. p . 204°) . Thn chalkone pr 0cipit8te wRs rrsuspondod in 

wat er (5 ml.) boil od , filtr·rRd and dEcolouris 8d 88 above 
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in ardor to recover morr fl?vanone . The flav8non r. wAs 

recrystallized from v•at Gr and the ~t i e ld from t he chalko ne 

( 6 gJ wa s 640 mg . of 7 , 4 '-dihydroxyfl3vanon e . 

Synthesis of thR (±)7,4 ' -d ihyd roxyfl2V3~ -4 -ol . 

7, 4 ' -rihydroxyfl~vaP Jn e (600 mp . ) , Bft 0r ctrying in A 

vac uum pistol (110° ) for t~o hours, was hy~ro ~r n a t o~ ov nr 

P pl8tinum ~xi~e c ntalyst (400 mg . ) . The catalyst was 

r emoved by fjltration and th e ~L thanol cvaporat ~ ~ to dry­

nes a under roduc od pressure (60°) . A white microcryst8l l-

in ~ powder rEsult ed which wqs r Y8minrd by two dimnnsionRl 

paper chromatogr:~phy . An im-purity VJ8S locA t ed a t RF 0 . 61 

(2~ 8C et ic acid) which eavG a blue colour wit~ 2:6 d ichloro -

quinonc.-chloroimiil c hut no r r: ection with t o lucnc- J2- s u l phon ic 

ac i.d spray r eAgent·. The· (±)-7,1l' - dihynroxyfl8van - 4 - ol was 

loc Fi ted at R.E 0.35 (2~, act ·. tic acid , strong mA.uv r.:: with 

to l uGnO-J2- sulphcnic acio) . 

Th E' po•·rCicr wf\.s dissolved in methano l (50 ml ,) 

?nd snpar:1t£cd by "pr t::p8 rRtivc" pRpRr chro'1l8tography on 10 

shee ts of ''7h:1 tmRn ~To . 3 v~per . The chromc:~tograms were 

dcv e lopPd in 2% acetic anid (qsconding) . ~anns were cut 

and r lut cd with 7Qo1, r, th8nol. 'T'hn flAvan - 4- ol e luAt e s vGr e 

concontrated to a sm3ll voluwr (5 ml.) un~rr vacuum , and a 

fino white sluc'lg~ SPparat ed . Thr solution w8s evapo r a t ed 



I 
4000 3000 

100 

__ so 
~ ---
w 

~60 
<( 
I­
t-

~40 
z 
<( 
0! 

t- 20 

0 

~ 

I 

I 
I 

\, 
I 

3 

I I 

fV 
~ 

rJ 
1 
f 

2000 
I I I I I 

.J v 1\ 
1v \ 

_L 

ll 

4 5 6 

1500 CM-1 1000 900 800 700 
I I I I I I ' I I I I j_ J. I I 

...,.., I 
W\t \ 1\ .. i' .... Ji~ ,_ 

II \ I \ _\ ],... \I r ~ 

J v \_ I v 

" A _\ /_ 
\ \ (\ \ r 
\ lrt ~ t f\ \ ~ I -
V\ '\ , . y II \ 

\.1 \ \ 
l J t fl v I 
I v \ ( 

\) ! 

IJ 

I 

' 

I INF~ACORD,~ 137-1281 

7 8 9 10 11 12 13 14 15 
WAVELENGTH (MICRONS) 

~~Q FIGURE 7. INFRARED ABSORPTION SPECTRUM OF 7 ,4'-DIHYDROXYFLAVAN-4-0L ------·--------------------------------



-67-

to dryness over C8Cl2 in 8 vacuum desiccator . (~ound: 

C, 65 . 9 ; H, 5.8 . CalculatAd for c15H14o4 .H20: C, 65 .2 

B, 5 . 8~). ThA compound sho~Gd n t Pnd Pncy to redden but it 

still gave tho flavPn - 1- ol t est (purp1 ~ with conc~ntratcd 

hydrochloric acid). 

Thr infrar~d absorption spectra of (±) -7, 4 '-dihy­

droxyflavan-4-o1 (~igurc 7) and of n8tural (+)-guibourt­

acacidin (figure 1 and 2) wc-re supr- rimposable over the 

range 2 . 5 - 9~, but were widGly ~iff G r s nt over tho r ang8 

9 - 15?, e specially at 1000 - 1100 cm-1 whcrr rbsorpt i on 

due to secondary hydroxyl groups occur. 
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DISCUSf'ION. 

Gui bourt ia co l eosporma common ly kno 1·m 8S 

"Rhodesia n copalwood ", or a lternative ly as "i1tjibi " or 

"Mu Zaulo", is en ev ergree n tr r:r: conspicuous in the 

deciduous forGsts , a nd more or l ess confined to thr 

southern parts of tropical Afr ica. 

The extractives of African Guibourti ?. spp., 

known before as CopaifGra (92) , were pr eviously examined 

by Roux (93 ) using t,,1o dimens ional papo r chrometogn:'lphy . 

Two l euco -antho c y~n idins we r e i dcnt ifiPd , a l euco ­

fis otinichn v1hich had tho same posi t ion on t•,,o-w':ly 

chromatograms as (+)-7,3', A'-trihydroxyflavPn-3: 4- dio l 

from Acacia mcarnsii (29) , Rn~ a new louco - anthocyanid in 

for which he proposed th r poqs ible s tructur e 7 , 1 ' -dihy­

droxyflav ~n-3, ~ -dio l (guibourtecacidin) . Th i s subs t anc e 

.q~pcarc;d to be the third mornb!W of t he "resorcinol snrirs " 

of flavan-3 :~ -diol s of 2,3-trans - 3:' Qis configuration, 

t he oth s r s bo ing (+) -louco - robi nr tinidin (11) and (+) ­

l cuco-fisc tinidin (29,32). Phatak Rnd f ulkarni (9 1 ) 

conseq u en tly synthusisPd 8 crystAl line d i rnGthyl othr r of 

guibourt8cecidin by r eduction of tho corr uspond ing 

flavanonol, to which thGy tentatively assignod tho 

2:3 tran s -3: t cis configurntion . 
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Roux's findings wGr e bF~sed on chromatographic 

evidenc e only, and tbe present vork r1c scribes t he isol8tion 

and ch8r8ctcrization of tho now l cuco-11nthocya nidin from 

Guibourtia coleosnf rma. 

The lnuco-AnthocyAni~in is p r r sent in low 

proportion in the heartwood , an~ migrgt r d As a single 

spot on two dimensionAl chromF~togrAms . IsolAtion was 

achieve d by prAliminary cnrichmPnt techniques to r cmovr 

bo th polymeric tC'l.nnins gnd a wCJ t E:r insoluble substance by 

fractional procipitCJtion. Further r nrichmont of the high 

R.E mat Lo, rial was by Craig s e.,Ar:=ltion and "preparAtive" 

~Rp• r chroma togra phy. 

The compound was no n- crys t All in L: and iso lPt cd in 

0.0042% yield from thr wood . Charact orizPtion was complicgtcd 

by its 8morphous ncturo 3t1d l.Jw yield. HicrodogrRdation 

gave r e sore ino 1, jJ -rosorcyl ic ac ir and _2-hyClroxybAnzo ic 

acid showing tho presence of r e sorcinol an~ ph Anol A a nd B 

nucle i. Abs once of ortho-dihydroxy groups was confirm~ d by 

tho lack of r cduction with ammonia cal silvLr nitrat e spray 

r eage nt. v'ith alcoholic hydrochloric acir the compound 

rave an orange-ye llow ::mthocyRnir'lin which ' ·Jqs proved to be 

identical with synth Gtic 3,7, ~ '-trihydroxyflavylium chloride 

( 85) by chromatographic and ligh t absorption· me t hods. 
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This anthocyanid i n was formed in greater yield than the 

anthocyaninins due to leuco-fisetinidin or leuco-robinet­

inidin . The above suggests a flavan - 3:4 - diol structure . 

Analysis gave an empirical formula, c15H14o5 . 

Dia?.omethane methylation and acltylation procedures gave 

amorphous dimethyl ether and tetra-acetoxy derivatives 

respectively, indicating the presence of two phenolic and 

two alcoholic hydroxyl groups . The above evidence indicatAs 

a 7,4' -dihydroxyflavan -3~4-diol structure and a molecular 

weight estimation on the acetylated derivative showed the 

compound to be monomeric . 

Furtrer evidence for this structure was provided 

by thr simi lar , but not supcrimposable, infrared absorption 

curves of the Q-dimethyl dPrivative with the (±) - 7 , 4' ­

dimethylflavan-3:4 - diol synthesised by Phatak and Kulkarni 

( 94) (Figures 3 and 4) . Additional confirmation was pro ­

vided by the synthesis of crystalline (±) - 7,4 '-dihydroxy­

flavan-3:4 - diol. 7,4'-Di hydroxyflavono l prepared by the 

method of Bao and Seshadr i (97), was converted in low yield 

to (±)-7,4'-dihydroxyflavanonol by reduction with sodium 

hyposulphite . The (±) - 7,4'-dihydroxyflavanonol was hydro ­

genated to (+) - 7,4' - dihydroxyflavan- 3:4- diol with ~latinum 

oxide as catalyst . The synthetic ann natural flavan- 3:4 - diols 
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had identical melting po ints and similar, but not identical, 

infrared absorption spec tra (Figures l,2 , 2a) . Chromate -

g r aphic compar ison of the natural and synthetic compoundR 

showed that except f or slight RF differences in 2~ ac etic 

acid, the compounds were identical . Howrver the synthetic 

flavan - 3:4- diol did not form an Q- ethyl ~er ivative and, 

unlike (±)-leuco - fise tinidin and (±)-leuco - robine tinidin, 

was not resolved into the (+) and ( - ) epimers by paper 

chromatography in 2~ aqueous acetic acid . The anthocyanidin 

formed by the synthet i c dial was ident ical to t hat obtained 

fro m the natural compound . Chromatographic comparisons of 

(+) -7,4 '-dihyd roxyf lav.gn-3 : 4-iio l , (+) - 7,3 ' ,4 '-trih}droxv­

flavan - 3:4-dio l and (+) -7 ,3 1 , 4 1 , 5 '-tet rahydroxyflavan-

3:4-diol shovs a regular increase of RF with docreRse in 

the number of substituent hy0roxyl groups (Table II) . This 

regular pattern is more apparent i n aqueous solvent (2f. 

acetic acid) where they al l occupy an int r.rmcd i ate RF r ange 

( 0 . 51- 0 . 55 ) . In part i t ion in g so l vent ( B . A . •:J • 6 : l ~ 2 v / v ) , 

hov1ever , the RF interval : is ereater and l ess regular, due 

possibly to a telescoping ef fect of t he compounds on t he 

solvent front. 

Comparisons of specific rotations shows that 

(+)-7,4 1 -dihydroxyflavan-3:4-diol has a much lower rotation 



- 72 -

( [~) 2~ + 11 . 7°) than e i thr-r (+) -7 , 3 ' ,4' - trihydroxyf18van-

3:4-dio1 ([o4J 2i + 30.7°) or (+) -7 , 3 ', 4',5'-tctrahyn roxyf1avan-
21 0 3:4-~io1 ((~] D + 33 . 9 ) . Tho lowor rotation may br. duo to 

partial rac emization. Poth (+) - 7,3 ' ,A ' - trihyo roxyflavAn-

3:4-~io1 and (+) -7,3',4 ' ,5'-tPtrahy~roxyflavan -3:4 -~io1 h3vc 

bcG n syntho8ised (73,96) by hydrogenat ion of natura l (+)-

2:3-trans dihydro flavonols, and both have been tontativr.lv 

assigned a 2:3-trans- 3~4 -ci s co nfigur ation by form8tion of 

isopropylidene ~e rivat ives. t.n attf'mpt t o establisr tho ci~ 

or trans configuration of thr 3:4 - ctio1 r roup ine in (+) -

7,4'-dihydroxyflavaD-3 :4 - 0io l, by t ho format io n of an ari 4 ic 

borate complex ( 68 ,89) \:as inconclusive s i nce this tc:Pt , 

vhich has boon used pr~viou~ly for (+) - 7,3' , 4' - trihy~roxy-

flavan-3:4-diol no~ appears to bo of ~oubtfu l valinity . The 

for~at ion of an isopropyl i~ono ~oriv~tivr coul0 not ho 

attGmpteo duo to th( amorphous nature of tho ~r-thylaten 

Jorivativo. 

~xam ination of thr wood ~ rill ings , colct cxtrAct Ad 

with methanol, by tFo dimensional chromato[!rBnhy n i t'l not 

s h o V' sign if i cant a moun t s of the Q- o thy l (I r. r iva t i v o . H o 'G v or , 

during tho subsoqu~nt enrich~r-nt nrocpnurr-s Ji th r ~ peet 0d 

manipulatiqn i n a l cohols, th~ Q-ethyl derivative did not 

app8ar to form as readily as with l ouco -anthocyani~ins 

isombla ceci 4i n (50) and isot eracac idin (51), sinco nro -

lon:cd rcfluxing in ethano lic acr-tic aci0 was necoss?ry 
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and even then the conversion was not quantitative . An 

Q-ethyl derivative was similarly formed by (+) - leuco ­

fisetini din but a l so not very r ead i ly . Th s hynrolysis 

of the Q- ethyl derivative with O.lN acetic acid was complete 

after refluxing for twenty minutes and a compound of RF 0 .60 

(2% acet i c ac i d) intermediate between t he parent compoun~ 

(0.55) and its Q- ethyl derivative (0 . 66) 1•as formed . This 

compound also had a lowor specific rotation than the natural 

dial . The signifi cance of t h i s d i f f Arenc8 is at present no t 

apparent but may be due to easy epimerization of the 4-

hydr oxy l group. 

From the above evidence i t would appeAr that thn r e 

are two possible alternativ es for the configuration of tho 

natural corr.pound . A 2:3-trans -3~4-cis configurat ion is one 

possibility (XX) and the ~econd possibilitv is the 2:3 -fis-

3 : 4-trans configuration (XXJ) simil~r to tha t found in 

i s omelacacidin (50) and isot8r8C8cidin (51) . The lattor 

configuration appears to be the strongt.r possibility due to: 

( l) The amorphous nature of the natura l compound 

compared with tho ease of crystallization of the synthetic 

compound . 

( 2) Differences in the infrared absorption 

spectra of tho synthetic (2~3-trans-3:4-cis configuration) 



and natural diols. 

(3) The ease of spontaneous formation of the 

4- Gthyl ether of the natural compound compared with the 

synthetic compound 8nd 

(4) the small but definite ~iffer Gnces betwe en 

the infrar~d absorption spectra of thG dimethyl ether 

derivative 8n~ the synthetic (±) - 7,4'-diMothoxyflavan-

3~4-diol of 2 ; 3-!ran~-3:4-cis confir ur3tion . The natural 

dimethyl ether is also non-crystal l ine vrhcr cas the ~ynth 0 tic 

compound was crystalline . A 2 ~ 3-ci..§.- 3: 4-_g_is configuration 

as in melacacidin would not be applicable sinc e such a 

structure will not form ethers. 

XX 

H0(¥0" ---OOF 
'\\:// '·,""' // /', .. . '0 H 

BH 
XXI 
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A leuco - fisetinidin is also present in the 

heartwood of Q. co l eosperma and chromatographic ev idence 

indicates that it is (+) - mollisacacirlin ( (+)-7 , 3' , 4'­

trihydroxyflavan- 3:4 - diol) . 

Condensed tannins form a large proportion of the 

heartwood extractives of Q. coleosrerma . These tannins 

appear to be complex polymeric forms of leuco- fisetinidin 

and leuco - guibourtinidin since on boiling with alcoholic 

hydrochloric acid they furnish hieh yields of both 

fisotin i din (86) and guibourtinidin (85) chlorides . 

Examination of some other members of the Guibourtia spp . 

by paper chromatography showed that only Q. coleospc- rma 

contained thG new leuco-anth~cyanidin as well ~s a leuco ­

fisotinidin . Q. demeusei and Q. tessmannii hoartwoods 

contained only leuco-fisetinidins , accompanied by polymeric 

louco-f i setinidins of loH RF , and a clof: e chemical rc-l.stion ­

ship to Q. coleosperma is thus apparent. Q. arnoldiana on 

the other hand was found to bb chemically unr elated to the 

above mt.mbt..rs since it appeared to contain only a l euco -

c yani<'l in . 

In order to investigate the influence of the 

4- hydr oxyl group in tho mol ecule the flavan - 4-ol was 

synthesised . (±) - 7 , 4 '-Dihynroxyflavan- 4- ol was synthes is ed 
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by hydrogenation of the corresponding synthetic flavanone . 

Tho compcund refused to cr ystallise and underwent eesy 

self condensation with marked reddening, a~ occurs with (±) -

7,3' ,4 '-trihydroxyflavan- 4- ol (98) and (±) - 7 , 3 ' ,1' , 5'­

t8trahydroxyflavan- 4-ol (100). The tannins of Q. coleospcrma, 

which constitute a major portion of the extract , also ext.ibit 

thi~ characteristic red colour. The absence of or tho-bydroxy 

groups in the new synthetic flavan- 4- ol would suggest thRt 

thes e aro not necessar y fo r colour formation, but t hat , as 

suggested by Roux and Paulus (98), the hydroxyl group in 

the 4- position is r esponsible for redn ess inh~rent in 

condens od tannins of the leuco - anthocyAnirlin t ype . The 

infrare d absorption spect r a of th o flavan-4 - ol an~ natural 

(+)-euibourtacacidin wer o similar ovor the higher freque ncy 

range (4000 - 1100 cm- 1 ) but, as was to be oxprcted, differed 

. ( - 1) w1doly over the lower frl.quency range 1100- 700 em . 

The isolation of the l euco-anthocyanidin , 

(+)-7,4 '-dihyoroxyflavan - 3:4-diol, from a member of the 

Leguminosiae londs further emphasis to the almost exclusive 

occur~once amongst the Lapuminosiae and two genora of the 

Anacardiaceae, of almost all those c15 'f lavonoid ' compounds 

of the resorcinol s erirs wh i ch have hitherto bEen isolet r d 

and identified in nature (Roux and Naihs 99) . 
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