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S ill'lMARY • 

The structural elucidation of condensed tannins, which are 

considered to consist of C15-flavan units, presents certain difficulties • . 

These tannins occur in extremely complex mixtures, and their isolation 

is complicated by their susceptibility to oxidative denaturation. 

Limitations in the formation of significant degradation products add 

to these problems. 

Si nce condensed tannins of black ~lattle bark yield antho-

cyanidins on treatment ~~th mineral acids, they are considered to be 

proanthocyanidin in character. For this reason the initial approach 

to the investigation of the structures of condensed tannins was by 

way of the synthesis of novel 7-hydroxyflavan-3,4-diols having a 1m. 

degree of hydroxyl substitution . Submission of these to modern 
n\lclear m4'3r\~tlc. 'tesOI1CU"c.~ 

physical techniques such as mYGleQP magB8tiG P868BaBee (n.m.r.) 

spectroscopy would yield valuable data r egar ding the chemical shifts 

and coupling constants of heterocyclic and benzenoid protons 1.;hich 

may be used for subsequent work on mor e highly hydroxylated diols, 

biflavanols and finally the condensed tannins themselves. 

Hence the four r acemates of 7,4'-dimcthoxyflavan-3,4-diol 

wer e synthesized - methyl ethers be ing chosen because of their greater 

stability than free-phenolic forms. Their preparation was abbreviated 

by synthesizing two r acemates by stereospecific reduction methods and 

obtaining the r emaining two from these by selective epimerization 

techniques. 
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The 2,3-trans-3,4-trans racemate was prepared from the 

corresponding chalcone dibromide via the 7,4'-dimethoxy-2,3-trans­

dihydroflavonol by cat alytic hydrogenation of the latter using Adams 

catalyst. 

7,4'-Dimethoxyflavonol on reduction with copper chromite at 

high temperature and pressure gave a good yie l d of the 2,3-cis-3,4-cis 

r acemat e. 

The 2,3-trans-3,4-cis racemate was obtained from the 2,3-

trans-3,4-trans isomer by selective epimerization at C-4 using boron 

trifluoride and sodium boronhydride in diglyme. 

Preparation of 2,3-cis-3,4-trans-7 ,4'-dimethoxyflavan-3,4-

diol was more difficult due to 7-hydroxyl substitution which confers 

greater r eactivity to the benzenoid A-ring, enhancing the possibility of 

inversion at the C-4 centre of the heterocyclic ring during the final 

stages of a difficult synthetic route. The diacetate of the desired 

2,3-cis-3,4-trans isomer was obtained through epimerization by pro­

longed acetylation of the 2,3-cis-3 ,4-cis diol, followed by preparative 

thin-layer chromatography of the reaction products on silica gel. 

Rel ative configurations of the four racemates of 7,4'­

dimethoxyflavan-3,4-diol were established by n .m. r. spectroscopy and 

paper ionophoresis by comparison with r esults obtained for analogous 

compounds by earlier workers. The spin- spin coupling constants, obtained 

from the n.m.r. spectra of the isomers, were correlat ed with the 

measured d~1edral angles using Dreiding models on the basis of the 

Kar plus r elation. 
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The n.m.r. spectral analysis of t hese r acemates enabl ed 

assignment of the r elative configtUations of the natural guibourta-

oacidi1G (7,4'-dihydroxvflavan-3,4-diols ) from Guibourtia coleosperma. 

Comparison of spectra shO'.<ed the natural product to consist of a 

mixture of three diastereoisomers of which the 2,3-cis-3,4-trans isomer 

Has predominant, with low concentrations of 2,3-trans-3,4-trans and 

2,3-trans-3,4-cis diols. 

Biflavanol components B (C3d'26012) and D (C30H260l3) from 

black wattle bark contain leucorobinetinidin nuclei. Epimerization 

of natural (+)-2,3-trans-3,4-trans-leucorobinetinidin was therefore --- ---

attempted to enable chromatographic comparison with Band D. (+)-

Leucorobinetinidin on autoclaving yielded the (+)-2,3-trans-3,4-cis, 

(+)-2,3-cis-3,4-trans, and (+)-2,3-cis-3,4-cis diastereoisomers. 

Paper chromatography of these epL~erization products showed them to be 

distinct from the bark constituents B and D, and indicated the 

complexity of the latter. 

The biflavanols Band D wer e isolated from the ethyl acetate 

extract of fresh black wattle bark. Due to the complex nature of the 

mixture and lack of adequate r esolution from associated compounds 

during chromatography, even under optimum conditions, their isolation 

required a long succession of enrichment procedures. A large-scale 

manual countercurrent separation of the bark extract , followed by 

fractionation using an automatic Craig cOQ~tercurrent machine yielded 

enriched fractions of Band D. Preparative paper chromatographic 

purification using both absorption and partition procedures gave these 
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products in chromatographically pure form. 

Both B and D showed strong tendency to autoxidation in the 

free-pl:nnolic forms and 1 ere consequently stabilized by methylation 

prior to their final purification by thin-layer chromatography on 

silica gel. Pure samples of the fre e-phenolic forms of B and D were 

obtained by preparative paper ionophoresis using a borate buffer 

solution. 

Alkali fusion of B yielded the degradation products resorcinol, 

phloroglucinol, protocatechuic acid, gallic acid and ;3 -resorcylic acid . 

Apart from protocatechuic acid, D gave the same products under similar 

conditions. 

Both B and D on treatment with 3N hydrochloric acid and iso-

propanol gave robinetinidin chloride and an orange pigment. These 

anthocyanidins were formed in relatively low yields (robinetinidin 

chloride, ~. 3- 4%) canpared with the higher yield from (+)-leuco-

robinetinidin (~ . 25%) under corresponding conditions. 

Acid-induced fission of B with 3N hydrochloric acid and 

ethanol gave, amongst others, (+)-catechin, the or ange pigment , 

resorcinol and phloroglucinol. Similar fission of D yielded (+)-

gallocatechin, resorcinol, phloroglucinol and the or<'.nge pigment. 

- , 0 
The octa-methyl ether (C38H42012)' Lo(" J D =-98.8 , octa-

methyl ether diacetate (C42H46014)' [~JD =-71.90
, and deca-acetate 

(C50H46022)' [oG.JD = -51.3
0

, derivatives of E were prepared. 

Corresponding nona-methyl ether (C
39

H
44

0
13

), [cx:;JD = _86.00
, nOnll-
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methyl ether diacetate (C43H48015)' f"LJ D = -65.7°, and undeca­

acetate (C52H48024)' [~J D = -42,7° derivatives of D were also 

prepar ed 0 

The relative configurations of B and D were determined by 

high-resolution n.D.r. spectroscopy of derivatives by ana logy with 

spectra of monomeric flavan-3 ,4-diols. Spin-decoupling assisted in 

the assignment of proton coupling. The coupling constants of the 2-, 

3- and 4-protons of the heterocyclic ring of the leucorobinetinidin 

units (J2 ,3 = 9.5-10.0 c./sec. ; J3,4 = 9.0-10.0 c./sec.) of B and D 

indicated a 2,3-trans-3,4-trans relative configuration of substituents 

for these ,Jortions of the molecules. The catechin moieties of the 

biflavanols reflected coupling constants (J2 ,3 = ± 7.0 c./sec.), 

consistent with a 2,3-trans arrangement. 

The leucorobinetinidin unit showed an ABX system of heterocyclic 

proton coupling, while the catechin portion gave a typical ABJS syster" . 

The acetyl signals of the methyl ether diacetates occurred upfield 

relative to the 4-ncetyl of flavan-3,4-diols showing that both ,,,ere at 

C-3 positions. The above served to confirm the hypothesis that the 

link between the two moieties occurs through the 0-4 position of the 

het erocyclic ring of the l eucorobinetinidin unit. 

Mass spectrometry of the methyl ether diacetates of B and D 

reflected moleculor weights of 774 and 804, respectively. The pres ence 

of prominent fragments (M = 210 and 180, in the case of the derivative 

of B, and M = 210, in D) was consistent with a linkage to either the 

c-6 or C-8 positions of the catechin moieties. This is supported by 
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the presence of resonance signals due to the uncoupled benzenoid 

protons ( T = 3.60 and 3.76 c./sec. for B and D, respectivGly) in 

the n.rn.r. spectra of these derivatives. 

Knowledge of the relative configurations of Band D, and 

their association in black wattle bark with monomeric flavonoid 

analogues of corresponding relative configuration and known absolute 

configuration, l ed to the assumption of a 2R, 3S, 4R absolute 

configuration for the leucorobinetinidin moiety and a 2R, 3S con­

figuration for the catechin unit. 

The biflavanols B and D therefore f all into a ne .. class of 

compounds where "resorcinol" flavonoids ar e carbon-linked to members 

of the "phloroglucinol" series. They show limited tanning properties 

and are known as "phenolic half-tannins". 

Degradation of B and D by treatment with mineral acid yields 

ru, orange pigment in both cases. A "benzotropolone structure is proposed 

for this pigment by analogy with similar pigments previously obtained 

from the fermentation products of tea. 

Apart from monomeric flavonoids and condensed tannins black 

wattle bark also contains a heterogeneous mixture of associated non­

tannins. 

The predominant carbohydrate components of the bark were 

sucrose and the cyclitol, (+)-pinitol, with lower concentrations of 

gl ucose and fructose. These carbohydrates were separated from the 

nitrogenous acids by cation-exchange chromatography. Sucrose was 
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obtained in crystalline form from the carbohydrate fraction on 

concentration of the aqueous solution. Hydrolysis of sucrose yielded 

fructose and glucose 'Ihich were identified by paper chromatographic 

comparison with reference hexoses. 

Crystalline (+)-pinitol was isolated from the mother liquor 

of sucrose. It was identified by preparation of the diisopropylidene 

derivative. 

Preparative paper chromatography of the acidic fraction 

yielded the nitrogenous components which consisted mainly of the imino 

acids (-)-L-pipecolic acid, trans-4-hydroxy-(-)-L-pipecolic acid and 
Dl-­

(-)-L-proline. Accompanying these were lower proportions of th~amino 
o.to..nin e.. 

acids ~ alaaine, ar ginine, aspartic acid, glutamic acid and serine. 

The iwino acids were characterized by the preparation of derivatives 

and comparison with authentic samples of these acids, while the amino 

acids were detected by means of paper chromatography using reference 

compounds. Paper chromatography also showed the presence of trace 

amounts of shikimic and quinic acids. The nitrogenous acids together 

constitute approximately 3% of the bark extract. 

After their isolation from the bark, the distributions of 

carbohydrate, amino acid and imino aci d components in the leaves, twig 

bark, stem bark, root bark and heartwood of black 'tfattle "'Iere compared 

by paper chromatography . 

The petroleum ether-soluble portion of the bark (0.2% of 

dry bark weight) consisted of a nunIDer of constituents including 

alkanes. Of thvse only a novel long-chain ~ -diketone, stigmasterol 



-viii-

and ~ -sitosterol were present in sufficient concentration to warrant 

their isolation. 

The ~ -diketone (C32H6402) formed a complex with cupric 

acetate and could be regenerated readily from this complex by acid 

treatment. N.m.r. spectroscopy of the ~ -diketone showed the presence 

of a vinyl proton, methylene, and terminal methyl protons, . while 

infrared spectrometry indicated strong ketonic stretching vibrations and 

absorption due to O-H deformation. Mass spectrometry failed to give a 

molecular ion, possibly as a result of the instability of such long­

chain products. 

The two steroid alcohols could not be separated readily by 

chromatographic means. Mass spectrometric analysis of the mixture 

indicated that they were closely-related, probably differing only in 

the number of side-chain double bonds. From the fragmentation pattern 

of the mixture and its n.m.r. spectrum it was possible to deduce that 

the mixture was comprised of ~ -sitosterol and stigmasterol. Selective 

hydrogenation of the acetylated mixture converted the stigmasterol into 

~ -Sitosterol, giving a homogeneous product. 

The presence of traces of shilcimic and quinic acids in the 

non-tannin fraction of black wattle bark is of significance, since they 

are representative of a known pathway of biogenesis of flavonoids. 

Monomeric flavonoid components of wattle bark may yield 

biflavanols by biogenesis, and these in turn may give rise to more 

highly condensed tannins. 
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REVIEMl. 

PART I 

THE STEREOCHU\ISTRY OF CATECHHJS, DIHYDROFLAVONOIS AND 

IEUCOhNTHOCYANIDINS. 

The flavonoids are derived from the chromone nucleus I which 

is planar in structure and stereochemically inert. In chromones which 

are substituted at carbon atoms 2 and 3, such as flavanones (flavan-4-

ones) II, dihydroflavonols (flavan-3-o1-4-ones) III, and in catechins 

(flavan-3-o1s) IV and leucoanthocyanidins (flavan-3,4-diols) V, centres 

of assyrnmetry are introduced and stereoisomers may thus occur. 

~',,/ 0 "'-Ph 

i II I 
~,/'-, C/ 

! I 
o 

(I) (II) 

f~""~/O r ' Ph 

~,/~OH 

(IV ) 

The Catechins. 

I~O"_Ph II I 

~"" C )"'OH 
Ii 
o 

(III) 

(V) 

The flavan-3-o1s, generally termed "catechins", were the first 

flavonoid compounds to have their stereochemistry investigated, The 

relative and absolute configurations of flavonoids, such as dihydro-
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flavonols and flavan-3,4-diols, may be established r eadily by converting 

them into their corresponding flavan-3-ols. The configurations of the 

r esulting catechins may t hen be det ermined by methods analogous to those 

used in the case of catechin and epicat echin. The stereochemistry of 

the cat echins is therefore of great significance in studying the 

st ereochemistry of the flavan derivatives in gener al, and of the 

flavan-3,4-diols in particular. 

The planar ~ -pyrone ring of the chromone nucleus I becomes 

distorted on reduction in order to give derivatives of the t ypes II to V. 

Barton, Cookson, Klyne ahd Shoppee l showed that the geometry of the 

double bond in cyclohexene r equir ed carbon atoms 1, 2, 3 and 6 t o be 

coplanar and hence the pucker ed or "half-chair" conformat ion VI was 

pr oposed. 
ax 

15 eq _ _ .. , 

eq', /1 ""-_ 2 .. ax' 
6 ) 1 .__ _ ___ ( 3 

, / - eq' ax'" ...... / '-.. 
4'!---eq 

h 

(VI) 

ax = axial 

eq = equatorial 

The C-H bonds at C-3 and C-6 ar e not genuinely eguatorial or 

axial i n char acter but appr oximete t o these positions. They suggest 0d 

that such bonds be designeted quasi-axial (ax ') and quasi- equator ial (eq '). 

Th~ conformation of t he heterocyclic ring in catechin VII was 

2 consider8d by Roberts to r esembl e that of cyclohexene . He visualized 

the oxygen ring as hewing a h~_lf-chair shape VIII, with the carbon atoms 
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between C-4 and the heteroc;\'clic oxygen coplanar. The benzene ring which 

is attached at C-2 w~s expected to be in the more stable eguatorial 

position, while in the t~to epimeric forms of catechin the hydroxyl group 

attached at C-3 would be in the axial nnd eguatorial forms,respectively. 

(VII) 

ax 

eq __ ~'" 
~--. <)!-:q 

ax 
(VIII) 

ax 

(IX) 

The ene rgy barrie r bet ween the two half-chair conformations VIII 

and IX is small and when conformatione.l inversion occurs groups which are 

2 (~) and 3 (g) in VIII become 2 (~) and 3 (£9.) in IX, and vice VGrsa .. 

By means of molecul~.r models King, Cla rk-Lewis and Forbes3 

demonstra ted that the heterocyclic nucleus in the fla.vans was puckered, 

and hence repre s ented catechin and epicatechin by X and XI r Gspectively. 

They also showed tha t catechin is the trans-isomer (as will be describGd 

l ater), while epicatechin has thG cis-configuration, thus confirming 

4 HO Freudenberg's earlie r deduction. , __ . OH 

HO H <,-, -'--'),--,0\ 
\. r .. ----/ • \ <: '~' - -+O He' \H /\-~------~',. - OH 

'~ ___ 7 I \ V H ,-""'----'( 

H6 yc' \ -·~I----;~. · ~_ OH ~ H OH 
OH" " 

H '.. ~H 
H 

(X) (XI) 
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The half-cha.ir confonnation for the cat echins wo\s also 

f avoured by lk~esh and Seshadri5, while Joshi and Kulkarni6 implied this 

mode of r epresentation in their synthetic work on the 6-methyl-4'-

methoxy-fl~van-3,4-diols and r e l at ed cat echins. 

j,n exalJlination of molecular models by v/halley7 m1'.de him awar e 

that chroman and chromanone systems could be represented by ~n alternative 

"boat" conformation XII. This vms more strnined than the half-chair fonn 

and was therefore less likely. ~lhen the 2-hydroxyisoflavones XIII and 

flavanones II wer e represented by the boat form the plane of the carbonyl 

group was situat ed at an angle of approximately 350 to that of the 

benzene ring. This condition would effectively destroy the conjugation 

between the two systems. ShrM 1?nd Simps on' s 8 infrar ed dat a on the 

ax 

/~=. 2l--eq 
/ ax / 
\\ /)-H- Ol 
\i ~ 3JL. eq 

'- " <)4 
Ii 

o 

(XII ) (XIII) 

flavanones clearly indicated that the carbonyl group and the benzene ring 

were conjugated and thus the half-chair r epresentation for chromanones 

. ms proved valid. 

After consider ation of the infrared absorption data of 
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Shaw and Simpson8, Philbin and vJheeler 9 concluded that in the fl",vanones 

such as XIV the atoms 1, (l , ~, 4, Q and 3 were cople.nar end C-2 was 

the only out-of-pl ane atom. This led them to their proposed "sofa" 

conforme.tion XIV. From", study of bond ?ngles of the sofa form, by 

ax 

\ 2 
l~---- eq 

)---0. 

3/'eq 

ax 

(XIV) 

means of molecular models, they found that no steric hind¢r ance would 

arise in XIV if C- 3 and C-4 carried hydroxyl groups in any axial-

equatorial combination. The model would readily "flip" to the opposite 

conformation in which the axial and equatorial bonds at C- 2 and C-3 were 

interchanged. 

Freudenberg et al .10 investigated the catechins since the early 

nineteen twenties and concluded that catechin and epicatechin were 

epimers. Epicatechin was synthesized by Geissman and Lischner ll .!ho 

12 proposed the 2,3- cis configuration for it . Huckel et al. ,on the other 

hand, presented evidence supporting a 2,3-cis structure for catechin. 

{8ng3 , Clark_Lewis13 and vJhalley7 eventually proved that 

catechin is the 2, 3-trans compound, while epicatechin is the 2,3-cis 

diastereoisomer. Freudenberg et al. 4 indicated the possible 2,3-~ 

configuration of epicatechin by the elimination reaction occurring when 
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(-)-epicatechin tetramethyl ether 3-toluene-£-sulphonate XV was heated 

with hydrazine to yield the flav-2-ene XVI. A similar elimination with 

synthetic (±)-2,3-cis-7, 8,3 ',4'-tetramethoxyfl avan-3-toluene-£-sulphonate 

gave the corresponding 7,8,3',4'-tetramethoXYflav-2-ene14• 

O
OCH

3 

o ___ Ij '\ --OCH 
I 3 
I -

(xv) (XVI) 

The r eactions above were considered to be trans eliminations 

(JS) which probably occurred in conformations with 2(~)-H and 3(~)-OTs 

permitting the four centres taking part in the reaction to be coplanar. 

Contrary to the (-)-epicatechin derivative, (+)-catechin tetramethyl 

ether-3-toluene-£-sulphonate XVII did not undergo the above reaction, 

but instead resulted in a fission to phloroglucinol dimethyl ether and 

3-(3,4-dimethoxyphenyl)-pyrazoline XVIII. 

(XVII) (XVIII) 
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(+)- Catechin was therefore considered to be the 2,3- trans 

compound while epicatechin was the 2,3-cis isomer. Support for these 

conclusions was given by the two mol ecular rearrangements which (+)-

catechin tetr amethyl ether undergoes. These were interpreted as 

1,2- rearrangements of trans gr oups. The fir st of these occurr ed when 

(+)- catechin tetramethyl ether 3- toluene-E- sulphonate XVII was heated 

with potassium acetate in ethanol at elevated temperature to yield the 

2- et hbxy-isoflavan XIX15. This r earrangement is of interest because it 

proceeds with retention of optical activity, and cl early indicates that 

inversion occurs at C-3 due to neighbouring- group participation?, The 

product XIX was regarded as the 2,3- trans-compound formed by inver sion 

at both C- 2 and C-3 centres such as occurs in certain cases of the 

Wagner-Me8rwein transformation16 • 

(XIX) 

The second rearrangement occurred when (+)- catechin tetramethyl 

ether WPS treated "ith phosphorus pentachloride14,l? yielding a reactive 

2- chloro-isofle.van which in turn r eC\cted with ethanol to give the srune 

optically active 2- ethoxyisoflavP.n XIX. Epicatechin derivatives did 

not undergo these r earrangements. 

(+)- Catechin and (- )-epicatechin tetremethyl ethers wer e 

therefor e assigned the 2,3-trans Dnd 2,3- cis structures XX and XXI, end 
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were at that time repr esented by conformations XXII and XXIII, 

respectively. 

CH
3

0 

OH 

(XX ) 

" O....--H 

3 . I 

H "H~ 

(XXII) 
(XYII ) 

-/' "" 
V " OH 

I 
OH 

(XXI) 

(XXIII) 

The observed higher ~ value on cellulose sheets of (+ )­

catechin compared with (- )- epicatechin "/"as ascribed to '- measurable 

difference in molecular size and shape , and Robert s18 thought that this 

was due to (- )- epicatechin possessing a more compact molecule than 

(+ )- catechin. 

The conformations XXI I and XXIII have subsequentl y been shown 
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to be inaccurate when compared with the absolute configurations of the 

flavan- 3,4-diols . Recent chemical evidence19, confirmed by nuclear-

magnetic-resonance studies, has shown that the 2-phenyl group in flavan­
€'l. "",to';a! 

3,4-diols assumes the more stable o~uatioBal position due to its greater 

bulk, compared with other substituent groups . 

Infrared spectra of flavan-3,4-diols by Philbin et al .
20 

strons a b.orptlon 
showed that in the case of a 2,3-trans-3,4-trans-diol a ~,sigHBl at 

3608 cm.-l resulted from two different O-H str etching frequencies. One 

involved the TT-bonding of the hydrogen atom of the 3- hydroxyl group t o 

the phenyl ring, ;Ihile the other sho,,!ed the wenk bonding of the hydrogen 

atom of the 4-hydroxyl group to the oxygen atom at C-3. 

The cgtechins under go eniroerization and r acemization in hot 

aqueous solutions21 • Thus (+)-catechin may be epiroerized to (+)-epi­

catechin and (-)-epicatechin to (- )-catechin. This r eaction could 

proceed via inversion of the 2-aryl group and might conceivably involve 

the formation of an intermediate quinone XXrv22 

Birch, Clark- Lewis and Robertson23 proved that the inversion 

involved the 2-aryl group, leaving the 3-hydroxyl group intact. This 

was done by r educing (+)-catechin and (-)-epicatechin t etramethyl ethers 

with sodium in liquid ammoni8. Ring opening, through the splitting of 

a benzyl ether linkage, occurred to yield diphenyl propanols which we r e 

methylated. (+)- Catechin gave the pentamethoxy 1,3-diaryl-propane-2-01 

XXV with an excess of the (-)-enantiomer and (-)-epicat echin yielded 

1-(3,4-diroethoxyphenyl)-3-(2,4,6-triroethoxyphenyl)-propane-2-01 XXVI, 

with an excess of the (+)-enantiomer . These r eductions established that 
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the 3-hydroxyl was of opposite configuration in (+)-cat echin and 

"b.o\vie. 
(-)-epicatechin. Hence the pelativ9 configurations of these two 

OH 

HO n 
"'("1'( 0 "1-\=)-~~ 
~"OH +H+ 

I 
OH 

i 
OH 

(XXIV ) 

compounds could be deduced . 

OH 

were 

The absolute configurations of (+)-cat echin and (-)-epicatechin 

initially proposed by Freudenberg24 who had assumed that epimeriza-

t:ion involved the 2-llryl group. This assumption hv.s subsequently been 

proved correct. (+ )-Cdechin .,hich has a low rotation in ethanol, 

formed a strongly dextr o-rotatory (+)-epiclltechin on epimerization. 

Proof of the absolute configurations of (+)-catechin and 

(-)-epicatechin was pr ovided23 by t he application of Prelog 's25 

atrolnctic acid method t o the 5,7,3',4'-tetramethyl ether of (-)-

epicnt echin. This consisted of treating the 3-phellyl glyoxylat e XXVII 

with methyl magnesium iodide and hydrolising the r GSult8.nt e.trolactic 

est er XXVIII to give ntrolllctic acid with an excess of the (-)-isomer 
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XXIX. This indicated that (-)-epicatechin had configurat ion XXX, 

HO·- C-- H 

, 
CH

2 
I 

CH3~~''-v-'' OCH3 

U 
i 
OCH

3 
(XXV) 

, 
H-- C -- OH 

CH3""O~ OCH3 

! 
OCH

3 
(XXVI) 

while (+)-cctechin would then have the configuration XXXI • 

• ' CCH3 H .-

CHO.--........ r-' j/n 
3 'y:> ~/ u i--\=.1_ \ - CCH3 

i . ~ I 
~/ "'./I" !::c - l'l '0 --c -C-Ph 

H3 Ii II 
Ii ' 
o 0 

(XXVII ) (XXVIII) 
COOH 

HG--C-OH 
3 l 

Ph 

(XXIX ) 

o 
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HO 

H /OH 

(O~O_OO 
\ . H 

OH 
, 

OH 

(xxx) (XXXI) 

The absolute configuration of (+)-catechin was confirmed 

26 independently by Hardegger , Gempeler and Zust .Tho proved that 

exhaustive ozonolysis of (+)- catechin gave the dicarboxylic acid XXXII. 

This acid was esterified and then reduced with l i thium aluminium hydride. 

The resultant tetrahydric alcohol XXXIII was characterized as tetra-

phenylurethane, identical with an authentic compound prepared f r om 

2- desoxy- D- ribose XXXIV by r eduction with sodium boronhydr ide . 

COOH CH20H CH20H 
I ! I 

HO - C - H H _. C - H HO - C -- H 
I 

LiAUi
4 NaBH4 

I 

HO - C -H H-C-- OH HO -- C - H 
I -<--- i 

H - C --H H - C-OH H - C -H 
I 

COOH CH20H CHO 

(XXXII) (XXXIII) (XXXIV ) 

The configuration assigned to (- )- epicatechin by Freudenberg24 

has been confirmed by Zust , Lohse and Hardegger27 by exhaustive ozono­

l ysis similar to that used for (+)-catechi n. Hence t he configurations of 
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the as symmetric centres C-2 and C-3 were established for (+)-catechin 

and (-)-epicatechin, and their absolute configurations proved. 

BJr using the Rand S nomenclature of Cahn, Ingold and Prelog28 

it follows that (+)-catechin is (2R, 3S)- 5,7,3',4' - tetrahydr oxyflavan-3-

01, while (- )- epicatechin i s (2R, 3R)- 5,7 ,3',4' - tetr ahydroxyflavan-3-01. 

In recent years the geometr ical configurations of flavan 

derivat ives have been est ablished with certaintJ~mainly as a result of 

the application of physical methods , notably nuclear-magnetic-resonance 

spectroscopy. 

The cis and trans stereochemistry at C- 2 and C-3 of the 

catechins is clearly correlated with the low spin-spin coupling constants 

(J2, 3= ° - 1 c ./sec.) for the 2,3- cis compounds and t he much higher 

value (J2,3= 6 .5 c ./sec . ) for the 2 ,3-trans isomers29 ,30. Thus, assuming 

a half-chair conforITk~tion, the l ar ge 2-aryl group is equatorial in both 

inst~nces, while the hydroxyl gr oup at C- 3 is axial in (-)-epicatechin, 

i . e . (2,3- cis)- type compounds, and equatorial in (+)-catechin, i . e . 

(2,3-trans )- types . ---

Recent ly Clark- Lewis et a1.31 measured the dihedral angles for 

the h&lf- chair and sofa conformations by means of Dr eiding mode ls, and 

compared the coupling constants for 2,3- trans - and 2,3- cis- flavan-3- o1s 

with those c~.lculated from the Karplus relation32 • Unfortunately the 

approximnte n~ture of the Karplus equation did not allow them to 

distinguish between the alt ernative conformations . 

For the 2,3-trans compounds it was shown that conformations 

where the 2-aryl group was equatorial, was favoured. In the case of 



-14-

2,3-cis compounds it was found that the agreement between the coupling 

constants and the observed values was poor, and it was thought that this 

was due to distortion of the conformations in which the 2-aryl group was 

eguitorial, or a high percentage population of conformations where this 

group was~. If conformational inversion is considered, the 

sitlk'\tion grises where it becomes difficult to decide which of tho four 

conformations (2 equivalent h8.lf-chair gnd 2 equivalent sofa) is 

preferred. 

The Dihydroflavonols. 

The 3-hydroxyflavanones III, commonly termed the 

"dihydroflavonols " , occur naturally and several synthetic r epr esentatives 

have also been pr epared. These compounds may be successively r educed to 

flavan-3,4-diols and catechins. Theoretically the dihydroflavonols could 

exist, like the cgtechins , in cis- and trans- forms. However, the 

natlITal dihydroflavonols which have been investig~ted so f ar gll have 

the stable trans structure. 

(+)-Dihydroquercetin XXXV on trertment with acids33 or bases34 

did not yield the expected cis-trans mixture but gave instead a single 

racemate. Hydrogenolysis of the tetramethyl ether of this r V.cemate gave 

(+)-catechin tctramethyl ether XXXVI15. This proved the trans 

configuration of (±)-dihydroquercetin. Simi18rly, hydrogenation of 

(+)-dihydrokcempferol trimethyl ether XXXVII yielded (+)-afzelechin 

trimethyl ether XXXVIII. 

These results were in agreement with Mahesh and Seshadri 1s 5 

conclusions that the natural dihydroflavonols all belonged to the trans 
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OH 

(xxxv ) (xxxvI) 

ser ies because t hey may be easily dehydrogenat ed , but not r eadily de-

hydrated . Certain synthetic dihydroflavonols such as nar ingouin 

(XXlt\TII) (XXXVIII) 

(5 , 7, 4' - trihydroxyflavan-3- o1-4-one ), however, belong to the cis series5• 

These ar e readily dehydrated to flavones, but not easi l y converted to 

the corresponding flavonols . 

Catalytic hydrogenation of (+ )-dihyctrorobinetin35 XXXIX with 

platinum oxide to the flavan- 3,4-diol and subsequently with palladium, 

yielded (-)- robinetinidol XL which is an analogue of (+)-cat echin. 

From the experimental r esults above the absolute configurations 

of the dihydrofl~vonols wore deduced . Thus (+)-dihydroquercetin, (+)-
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dihydrokaempferol, (+)-dihydrorobinetin and (+)-fustin all h~ve the 

" 2R, 3~ configuration, while (-) fustin was found to be 25, 35. With 

OH 
H /' 

HO,('y0"4u 
() OH 

~~· ' H · OH 

o ./ 

I 
g OH 

(XXXIX) (XL) 

the except ion of (-)-fustin, obtained by Fr eudenberg and Weinges36 from 

the wood of Cotinus coggrygria,all the n~turally occurring dihydro-

flavanols a r e dextrorotatory in most solvents. Hence it may be sta.ted 

that all, except (-)-fustin, have the a.bsolute configuration simil~r to 

(+)-catechin, while (-)-fustin is simil~r to (-)-c~techin. As such 

(-)-fustin is therefore an optical antipode of the (+)-dihydroflavonols 

and with (+)-fustin it forms an enantiomeric pair of dihydroflavonols. 

Reduction of dihydroflavonols with zinc and hydrochloric acid 

yield flavanones through the hydrogenation of the 3-hydr oxy group . 

The Leucoanthocyanidins . 

The flavan-3,4-diols V, representing one class of "leuco- or 

pro-anthocyanidins", contain three centres of assynunetry in comparison 

with two such centres in the flavan-3-o1s. Each flavan- 3,4-diol may 

therefore yield four r acemates and hence eight optically active forms. 
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tozingo and Adkins37 obtained the first leucoanthocyanidin, 

(±)-flavan-3,4-diol V, by reduction of (±)-3-hydroxyflavanone with 

copper chromite at high temperature and pressure . 

King and Bottornle~8 isol ated melacacidin XLI, the filst 

flavan-3,4-diol to be obtained from natural sources, and also synthesized 

one of the four possible racemates of its tetramethyl ether by hydro-

genation of the corresponding flavonol with Raney nickel. Catalytic 

reduction of a flavonol would give 2,3-cis addition, hence melacacidin 

was expected to have 2;3-cis configur ation . 

(ALI) 

The reduction product formed a high yield of a cyclic 

carbonate a.nd an isopropylidene derivative , indicating that the hydroxyl 

groups at C-3 and C- 4 were pr obably cis . Hence melacacidin was regarded 

as the 2,3- cis-3,4- cis compound, and this has subsequently been confirmed 

from nuclear- magnetic-resonance data39 • Reduction of (-)-melacacidin 

tetramethyl ether XLII over a palladium catalyst produced (-)-7,8,3',4 '-

tetramethoxyflavan-3- ol XLIII which is an analogue of (- )-epicatechin. 

Therefore (-)-melacacidin has the 2R, 3R, 4R configuration40• 
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'OH 
H 

(XLII) (XLIII) 

(- )-Teracacidin (7,8 ,4'-trihydroxyflavan-3 ,4-diol) .Tas shown 

by Clark-Lewis and Katekar41 to be stereochemically and structurally 

similar to (- )-melacacidin. Hence (- )-ter8.cacidin was also assigned 

the 2R, 3R, 4R configuration. 

Weinges42 showed that (-)-leucofisetinidin 1: (-)-7,3 1,4'­

trihydroxyflavan-3,4-diol_; was an am,logue of (- )-catechin and therefore 

had the 2,3-trans configuration. He assigned the absolute configuration 

2R, 3R, 4R to this compound. This has subsequently been shown to be 

inaccurate and has been revised to 2S, 3R, 4S43 • 

(+)-hollis~cacidin is the enantiomorph of (-)-leucofisetinidin . 

Hydrolysis of the trimethyl ether of the former compound gave (-)-

fisetinidol trimethyl ether, an analogue of (+)-catechin tetramethyl 

ether. Hence Clark-Lewis and Katekar41 proposed the 2R, 3S, 4S 

configuration for (+)-mollisacacidin. Synthetic (+)-leucorobinetinidin 

[( + )-7 ,3' ,4' ,5'-tetrahydroxyflavan-3,4-dioJ] 43 is an analogue of (+)-

mollisacacidin and was thought to have the same 2R, 3S, 4S configuration. 

These assignments of absolute configurations of flavan-3,4-
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diols44 depended on two factors - firstly, the established absolute 

configurations of (+)-catechin and (-)-epicatechin which both possess 

the 2R configuration as shown before, and secondly, the assumption that 

certain 3,4-diols were cis-g~cols because they readily formed iso-

propylidene derivatives. This assumption has been found to be r ather 

unreliable45 , although generally accepted at that time. 

As has already been indicated , the stereochemist~' of 

flavan-3,4-diols at C-2 and C-3 may be determined fairly readi~ by the 

conversion of the diols t o their corresponding flavan-3-o1s. Investiga-

tLon of the molecular rotations of these flavan-3-o1s and their derivatives 

enabled Weinges35 to determine whether the compound belonged to the 

(+)-catechin (2,3-trans) or (-)-epicatechin (2,3-cis) series. Since 

the absolute contigurations of these two catechins were known, it was 

possible to assign C-2 and C-3 configurations to the flavan-3-o1 formed, 

and hence to the original flavan-3,4-diol. 

The 3,4-cis or -trans nature of the diol groups of flavan-3,4-

diols may be established with some certainty by observing the cleavage 

rate of the 1,2-g1ycol unit with either periodic acid46 ,47, or with lead 

tetra_acetate47 ,48,49; fission of a 3,4-~ diol group being faster than 

that of a 3,4-trans di ol grouping. 

Brown and co-workers46 showed that 3,4-cis diols usually formed 

higher yields of isopropylidene derivatives than 3,4-trans dials. 

Dr ewes and Roux45 , on the other hand, found that the yields of iso-

propylidene derivatives formed by methylated flavan-3,4-diols did not 

clearly distinguish between the 3,4-cis and 3,4-trans diols. 
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Formation of high yields of cyclic carbonates by 3,4-cis 

diols appears to be more diagnostic in differentiating between 3,4-cis 

and 3,4-trans diols50, but cannot be r egarded a.s absolute proof since 

cyclic carbonates of 3,4-trans compounds have been synthesized by 

Bokadia et al.48, Corey, Philbin and Whee ler50 and Fujise,.Hishida 

51 et al. • 

React ion with 2,2-dimethoxypropane was used by Bro,lI1 and 

MacBride 52 to assign relative stereochemistry to five pa.irs of 2,3-

trans-flavan-3!4-diols. They reacted (±)-2J3~tran2-flavan-3,4-diols 

.dth 2,2-dimethoxypropane in the pr esence of toluene-£-sulphonic acid 

as catalyst to give high yields of isopropylidene derivatjves from 

or 
cis-isomers and no yield , ~only trace quantities, from the trans 

isomers. The same diol pairs were examined by thin-layer chromatogr aphy 

on silica gel ; cis diols having higher RF values than the trans diols. 

This effect was interpreted as being due to the formation of stronger 

hydrogen bonds with the stationary phase by trans diols than by the cis 

diols. 

In recent years a study of the configurations of flavan-3,4-

diols has been made with the aid of nuclear-magnetic-resonance spectro­

scopy by Horkers such as Corey, Philbin and Wheeler50, Clark-Lewis et 

a1. 30,39, Roux andet a1. 47 ,53 and Vickars54 • 

Conroy55 used the valence bond calculation of Karplus to 

correlate the dihedral angl es of neighbouring protons and their coupling 

constant s , and showed that coupling is highest at dihecral angles of 

00 
(J = 8 .0 c./sec.) and 1800 

(J = 9.2 c./sec.), and lowest at an angl e 
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of approximately 900 (J = 0 c./sec., or less). 

By measuring the spin-spin coupling constants of the C-2, C-3 

and C-4 protons of fully substituted flavan-3,4-diols it therefore 

becomes possible, in most cases, to interpret the nuclear-magnetic-

resonance spectra of such compounds and to assign their stereochemical 

configurations. 

Roux et al . 53 ,56 examined the configuration of diol groups in 

flavan-3,4-diols by means of paper chromatography and paper ionophoresis. 

Correlation of paper chromatographic and paper ionophoretic behaviour 

of methylated flavan-3,4-diols with their stereochemistry, as determined 

from n.m.r. data, offered simple but fairly r eliable criteria for 

differentiating between certain cis and trans diol configurations. --- -----
On paper impregnated with aqueous sodium borate buffers the 

isomers of 3,4-cis diol configuration exhibited lower ~ values than 

those with 3,4-tr~ns arrangement. Only the former groups showed positive 

ionophoretic mobility. These simple methods heve been found useful for 

determining the purity of geometrical isomers, and also for differentia-

ting between 3,4-cis and 3,4- trans glycol arrangements. 

Paper ionophoresis has been used on a prepar ative scale by 

Drewes and Roux57 for the separation of the methyl ethers of isomeric 

flavan-3,4-diol components extracted from Acacia auriculiformis heartwood. 

The mixture of methylated isomers was resolved on Whatman no.3 paper 

which had been pr eviously impregnated with sodium borate-boric acid 

buffer. By applying a potential across the electrodes the 2,3- trans-
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3,4-cis isomer gave a large positive mobility, while the 2,3-cis-3,4-

trans racemate resulted in a lower negative migration. Elution of these 

bands ,,,ith 50~; aqueous ethanol yielded pure isomers; 

Stereospecific Syntheses. of Flavan-3 .4-diols j 

Comparison of physical and chemical properties of flavan-

3,4-diols, synthesized by stereospecific or epimeric methods, with their 

naturally-occurring counterparts greatly facilitates the elucidation of 

the stereochemistry of these compounds. This is of even greater 

significance in the case of free- phenolic forms of flavan-3,4-diols 

where direct chromatographic comparison with the natural products may 

be made. 

Nuclear-magnetic-resonance spectrometric studies of flavonoid 

compounds showed the potential value of this technique for the deter­

mination of the geometrical configurations of flavan-3,4-diols. In 

order to achieve this a complete set of four race~.tes of a synthetic 

flavan-3,4-diol is necessary to enable interpretation of the spectra of 

analogous naturally- occurring compounds. 

(a) Flavan-3.4-diols from Flavonols. 

In 1938 Nozingo and Adkins37 synthesized the first l euco­

anthocyanidin, (±)-flavan- 3 ,4-diol, by catalytic hydrogenation of 

(±)-3-hydroxyflavanone. 

King and Clark-1ewis58 prepared the first crystalline 

synthetic leucoanthocyanidin, 7, e ,3',4'-tetramethoxyflavan-3,4-diol, by 

catalytiC reduction of 7,8,3',4'-tetramethoxyflavonol in ethanol over 
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Raney nickel catalyst at 1000 and 100 atmospheres of pressure. This 

diol was thought to be the 2,3-cis-3,4-cis compound because it formed 

an isopropylidene derivative and gave a high yield of a cyclic carbonate. 

Also, it was known that catalytic reduction of ethylenic double bonds 

of planar flavonoids l eads to cis addition. The synthetic diol was 

therefore regarded as the cis-cis racemate and this had subsequently 

been confirmed by n.m.r. spectroscop~9. 

Hore recently Fujise, Fujise and Hishida59 , Clark-Lewis, 

Jackman and Vlilliams30, and Roux et a1.47 ,53 used this method for the 

synthesis of 2,3-cis-3,4-cis-flavan-3,4-diols. 

(b) Flavan-3.4-diols from Dihydroflavonols. 

Isolation and syntheses of the dihydroflavonols occurred long 

after those of flavones and flavonols. In 1934 Oyamada60 found fustin 

(7,3',4'-trihydroxyflavan-3-o1-4-one ) occurring with fisetin (7,3',4'-

trihydroxyflavone-3-o1) in Rhus asp. He found fustin to be 2,3-dihydro-

fisetin. All the known natural dihydroflavonols which have been isolated 

since are regarded to have the C-2 phenyl and C-3 hydroxyl groups 

equatorial and trans to one e,nother, and hence they belong to the 

2,3-trans cat echin series. Flavan-3,4-diols obtained by reduction of 

these dihydroflrvonols will therefore have the 2,3-trans configuration. 

~~he sh end Seshadri5 and Kulkarni and Joshi6 made a det ailed study of 

the stereochemistry of the dihydroflavonols lU1d found thp.,t they were 

useful starting ~~terials for the synthesis of flavan-3,4-diols, due to 

the f act that they ar e more r eadily r educed than the flavonols. 
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(i) CataLytic Hydrogenation of Dihydroflavonols. 

The first successful catalytic reduction of a free-phenolic 

61 dihydroflavonol was achiev~d by Roux and Freudenberg who hydrogenated 

dihydrorobinetin (7,3',4',5'-tetrahydroxyflavan-3-o1-4-one) with Adams 

catalyst to give 7,3',4',5'-tetrahydroxy-flavan-3,4-diol (leuco-

robinetinidin) in a crystalline form. Initially this compound was 

thought to have the 2,3-trans-3,4-cis configuration62 • 

Bognar and Rakosi63 synthesized one of the stereoisomeric 

r acemat es of flavan-3,4-diol in high (70-80% ) yield by the reduction of 

flavanone-3-o1 (a) by palladium-charcoal in ethanol or acetic acid 

solution, (b) by trec.tment with sodium boronhydride in methanolic 

solution, and (c) by the reaction of an ethereal solution of the 

dihydroflavonol with lithium aluminiu.'ll hydride. From considerations of 

Barton's rules64 for the reduction of ketones it was inferred that the 

resulting unsubstituted flavan-3,4-diol had the 2,3-trans-3,4-trans 

configuration. 

Hydrogenation of 7,8,3',4'-tetramethoxy-trans-flavanonol by 

Kulkarni and Joshi65 over a platinum catalyst in acetic acid yielded a 

flavan-3,4-diol which was regarded as identical with the t etramethyl 

ether of (±)-melacacidin (2, 3-Ci s-3,4-Cis)58. This compound has 
2 3-t"Q~S-l4-ci< 

subsequently been shown to be the 2;3 ~3,4 ~fiB racemate59 • 

Keppl er 66, and also Roux and Freudenberg6l, r educed (±)-fustin 

obte.ined from Rhus glabra and Rhus succedanea with itdams cat alyst in 

, 

methanol to give (±)-leucofisetinidin (7,3',4'-trihydroxyflavan-3,4-diol). 
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Similarly, (+)-fustin from Acacia mearnsii67 and (-)-fustin from Rhus 

cotinus36 on reduction with platinum oxide gave (+)-leucofisetinidin 

and (-)-leucofisetinidin, respectively. Due to the fact that these 

compounds all formed isopropylidene derivatives in fair yield they were 

originally regarded as having 2,3-trans-3,4-~ configur~tions. 

The relative configurations of (+)~ollisacacidin, 

(-)-leucofisetinidin and (+)-leucorobinetinidin were subsequently 

r evised by Drewes and Roux47 to the 2,3-trans-3,4-trans arrangements. 

This was done by comparing the oxide.tion rates and n.m.r. spectra of 

these compounds with synthetic 2,3-trans-3,4-trans and 2,3-trans-3,4-cis 

analogues. 

Hydrogenation of 7,4'-dimethoxy-2,3-trans-dihydroflavonol over 

Ad~s catalyst afford~ d the 7,4'-dimethoxy-2,3-trans-flavan-3,4-trans­

dio153 • Fujise et 0.1. 68 , 69 ,70 used the catalytic hydrogenntion of 

3-hydroxyflnv~.nones to synthesize tra!lS, ~ isomers of 5,7,3',4'­

tetremethoxyflav~n-3,4-diol, 5,7,3',4',5'-pentamethoxyflavan-3,4-diol, 

7,3' ,4' -trimethoxyflo,van-3 ,4-diol, 4'-methoxyfBv~n-3 ,4-diol and 7-

methoxyflavan-3,4-diol. 

Catalytic hydrogenation of dihydroflavonols with Adams catalyst 

is stereospecific and affords flavan-3,4-diols with the 2,3-trans-3,4-

trans configuration. 

(ii) Reduction of Dihydrofle.vonols with Netal Hydrides. 

In 1950 11irza and Robinson71 reduced kaempferol (3,5,7,4'-

tetrahydroxyflavone) to l euco-pelargonidin (5,7,4'-trihydroxyflavan-
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3,4-diol) using LiAlH
4

• Birch et al. 72 used the same catalyst to --
reduce the acetate of quercetin (3,5,7,3',4'-pentahydroxyflavone) to 

leucocyanidin. These workers regarded the action of lithium aluminium 

hydride, through the donation of hydride ions, to be closely allied to 

the mechanism of reducing coenzymes. 

Swain73 hydrogenated taxifolin (5,7,3',4'-tetrahydroxyflavan-

3-o1-4-one) from Douglas fir bark with sodium boranhydride to yield non-

crystalline 5,7,3',4'-tetrahydroxyflavan-3,4-diol. The product was 

found to be very labile and on treatment with 2N hydrochloric acid it 

gave a white amorphous polymer. (+)-4'-Nethoxy-6-methylflavanonol, 

(+)-7, 8,3',4'-tetramethoxyflavanonol and (±)-7,3',4'-trimethoxyflavanonol 

have been reduced by Kulkarni et al.6,65 with lithium aluminium hydride 

to give mixtures of 3 ,4-cis and 3,4-trans diols. From a consideration 

of the von Anwers-Skita rule74, which postulates that the lower melting 

isomer should be the 3,4-cis diol, they regarded the higher melting diol 

obtained from 4'-methoxy-6-methylflavanonol as the 2,3-trans-3,4-trans 

racemate, while the lower melting diol would then have the 2,3-trans-

3,4-cis configuration. 

These diols were re-examined by Brown, Bokadia et al.48 • 

From the formation of cyclic derivatives, their rates of reaction with 

lead tetra-acetate and their n.m.r. spectra they concluded that the above 

assignments should be reversed. 

Fujise et al.68,69,70 formed mixtures of 2,3-trans-3,4-cis and 

2,3-trans-3,4-trans-flavan-diols, methylated at 7 ; 4' ; 7,3',4';5,7,3',4' 

and 5,7,3',4',5' positions, from the corresponding trans-dihydroflavonols 
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by the reduction with lithium aluminium hydride. No indication was 

given regarding the separation of the mixture of stereoisomers. 

trans-Dihydroflavonols, possessing the 2(~), 3(~) conformation, 

usually yield mixtures ~ epimeric diols with 4(~)-OH and 4(~)-OH on 

reduction with complex hydrides. 

(iii) Reduction of Dihydroflavonols with LiAlH4 + Ale1
3 

Reagent. 

During 1961 Bokadia, BrOl~ et al. 48 hydrogenated 3-hydroxy­

flavanone with a mixture of LiAlH4 and Lle1
3 

to yield a flavan-3,4-diol 

identical with that obtained by Bognar et a~.19 from 3-hydroxyflavanone 

oxime via the 4-amino-flavan-3-o1. The former workers investigated 

the stereochemistry of the diol. From considerations of the formation 

of a cyclic carbonate, the yield of isopropylidene derivative and the 

r at e of reaction with lead tetra-acetate, they concluded that the diol 

possessed the 2,3-trans-3 , 4-cis configuration. :.n examination of the 

n.m.r. spectrum of the methylated diacetate of the flavan-3,4-diol 

confirmed t his arrangement. 

Clark-Lewis, Jackman ~nd Williams 75 synthesized pairs of 

2,3-trans-flavan-3,4-diols from racemic trans-dihydroflavonols. The 

4'-methoxy-6-methyl-2,3-trans-flavan-3,4-trans-diol was obtained qy 

reduction of 4'~ethoxy-6~ethyl-2,3-trans-dihydroflavanol in acetic 

acid over platinum-charcoal, and by its r eduction with sodium boron-

hydride or with the lithium aluminium hydride . The 4'~ethoxy-6~ethyl-

2,3-trans-flavan-3,4-cis-diol was initially found as a by-product in the 

reduction of the above dihydroflavonol, but was more r eadily synthesized 
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by hydrogenation with LiAlH4 + AIC~ reagent. 

The reduction with the "mixed reagent", LiAlH4 + AlGI], was 

successfully applied by Drewes and Roux?6 in the synthesis of (+)­

?,3' ,4'-trilIlethoxy-2,3-trans-flavan-3 ,4-cis-diol from (±)-?,3' ,4'­

trilIlethoXY-2,3-tranS-dlhydroflavonol, and by Lillya, Drewes and Roux?? 

in the preparation of (+)-5,3',4',5'-tetramethoxy-2,3-trans-flavan-3,4-

cis-diol from (+)-5,3',4',5'-tetramethoxy-2,3-trans-dihydroflavonol. 

A possible explanation of this reduction mechenism with the 

"mixed reagent" was advanced by Clark-Lewis et al.?5 They considered 

that the co-ordination of aluminium with the 3-o1-4-one XLIV could lead 

to the formation of 3,4-~-diols with LiAIH4 + AICI
3

, just as a hydride 

ion attack on a keto-alcohol system XLV ought to yield the cis-glycol 

co~plex XLVI. 

(XLIV ) 

I 

'" C'-
C -H 

" 
I -H 

\ ~/ c'" H-/~ . 
, C 0 H /1 0 

'h' I + CI-

/ ~ 
0 __ Al 

"'-Cl Cl Cl 

(XLV) (XLVI) 
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2,3-trans-3,4-cis-Flavandiols may also be prepared by the 

method of Bognar, Rakosi, Fletcher, Philbin and Wheeler19 ,78, who 

converted 3-hydroxyflavanone XLVII to the oxime XLVIII which was reduced 

to the amine XLIX, which in turn yielded the 2,3-trans-flavan-3,4-cis-

diol L on reaction with nitrous acid. 

~~ 
II 
NOH 

(XLVII) (XLVIII) 

OH 

(XLIX) (L) 

The above method is, however, more laborious than the more direct 

"mixed reagent" synthesis of 2,3-trans-3,4-cis-diols. 

(c) Flavan-3,4-diols from 3-Bromoflavanones. 

The preparation of flavan-3,4-diols via the 3-bromoflavanones 

provides the only synthetic course to diols with the 2,3-cis-3,4-trans 
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configuration . These diols are the most difficult of the four racemates 

to synthesize, and the only alternative synthesis is by epimerization of 

the 2,.3~-.3,4-cis isomer to the diacetate of the 2,.3-~-.3,4-trans 

racemate (see later). The synthetic method has been applied by Kulkarni 

and Joshi79 to the preparation of the third racemate of 4'-methoxy-6-

methylflavan-.3,4-diol . They cyclized the chalcone dibromide LI with 

acetic acid to give the .3-bromoflavanone LII (R=H) which was reduced 

with LiAIH4 to the .3-bromoflavan-4-ol LIII (R=H). This was in turn 

acetylated with acetic anhydride and potassium acetate to yield 

4'-methoxy-6-methylflavan-2,.3-cis-.3,4-trans-diol diacetate LV (R=H). 

(~0" .. 1: )-- OCH.3 

~ II I' - " R 
CH.3 ~r 

1 i 
d 

(LI) (LII) 

---O-OCH.3 

r " R 

> 

(LIII) (LIV) 

,0) Q- OCf~ 
- {)GOCH R 

.3 

(LV) 
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The same method was used by Clark-Lewis, Jackman and Williams 75, 

with some difficulty, for the synthesis of 6-methyl-3',4'-dimethoxy-2,3-

~-flavan-3,4-trans-diel-diacetate. The preparation was based on the 

reduction of the lower-melting diastereoisomer of the 3-bromoflavanone 

with lithium aluminium hydride. This 3-bromoflavanone was found by 

Clark-Lewis, Spotswood and Williams 80, from n.m.r. spectroscopic data, 

to be the 2,3-trans isomer (m.p. 1380 ) which on reduction yielded the 

2,3-trans-3,4-trans-bromoflavan-4~01. The latter compound was converted 

to the 2,3-cis-3,4-trans-diacetate presumably by trans-opening of the 

intermediate cis-cis epoxide LIV (R=OCH
3

) with inversion at C-3. 

Opening of the epoxide ring by fission of the C-4 oxygen bond rather 

than the C-3 oxygen bond occurs as expected during the formation of the 

final diacetate LV. The 2,3-cis-3-bromoflavanone (m.p. 1580 ) was also 

formed during cyclization of the chalcone. It was observed that the 

2,3-cis isomer was less stable on storage than the 2,3-trans-3-bromo-

flavanone . 

Doifode8l showed that the 2,3-cis-3-bromoflavanone LVII could 

be formed by cyclization of 2'-hydroxy-5-methyl-4'-methoxy-chalcone LVI 

with cupric bromide in dioxane. Initially the cupric bromide in dioxane 

added a molecule of bromine across the double bond in the chalcone and 

then cyclized the molecule with an elimination of a molecule of hydrogen 

bromide to give the 3-br omoflavanone . 

The failure of 7,4'-dimethoxy-3-bromoflavanone to yield the 

required 7,4'-dlinethoxy-3,4-trans-2,3-cis-flavan-3,4-diacetate53 appears 

to be due to the C-7 substitution of the A-ring which is in the meta-
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position with respect to the ether oxygen of the heterocyclic ring. 

Electron release at C-7 is possible and this confers greater reactivity 

to the A-ring, causing facile inversion at C-4 of the heterocyclic ring. 

;;­
~./ OH H~ -_// ~ '-OCH.3 
I II Ii \=/ CuBr 

Cll ~ 
/~/ ...... / -'-,. 

CH.3 -.....:./ C Dioxane 

II 
o 

(LVI) 

,~/ O 

I I 
C(~ 

.3 i i 
o 

(LVII) 

(d) Flavan-.3.4-diols by Epimerization. 

- --( ~- OCH.3 

Br 

In an attempt to assign definite stereochemical configurations 

to synthetic catechins, Kashikar and Kulkarni82 attempted the synthesis 

of the trans isomer of 6~ethyl-4'-methoxy-.3-hydroxyflavan by hydro-

genolysis of the corresponding flavan-.3,4-diol with sodium boronhydride 

and bor0ntrifluoride. Instead of obtaining the required catechin they 

isolated an epimeric flavan-.3,4-diol which they r egarded as having the 

.3,4-trans configuration. From the r evised configurations of Bokadia, 

Brown et al. 48 this compound is now known to have the .3,4-cis 

configuration. 

This method of epimerization of the hydroxyl group at C-4 

therefore leads to the facile synthesis of 2,.3-trans-3,4-cis-flavan-

3,4-diols fr om corresponding 2,3-trans-3,4-trans-diols. hS such, this 

technique provides an alternative to the reduction of dihydroflavonols 
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with the "mixed reagent" and "oxime-amine" methods for giving 2, 3-trans-

3,4-c is-flavan-diols . 

(-)- mdQCQcic1in 
Clark-Lewis and Mr rtimer44 observed t hat ( ) melaeielin was 

converted into (-)-isomelacacidin under mild acidic conditions. Treatment 

of (-)-melacacidin with 0.5N acetic acid gave a 5ry~ conversion in 1 hr. 

at 1000
, while 0. 0 IN HCl gave a 90% conversion in 10 min. at t he same 

temperature . Both of these compounds gave the same 2.nthocya.nidin which 

means that they both have the same hydroxylation pattern of the A and B 

nuclei. Ilelacacidin and isomelacacidin wer e r egarded as being epimers 

differing only in configuration at the C-4 position. The epimerizat ion 

appeared to be a.n equilibrium reaction favouring (-)-isomelacacidin. In 

this case we ther efore have conversion of a 2,3-cis-3,4-cis compound into 

a 2,3-cis-3 ,4-trans epimer. This r eaction was only effective with the 

fre e- phenolic compounds. 

Sel ective epimerization at C- 4 of (+)-7, 3 1 ,4' - trimethoxy-2,3-

trans-flavan-3,4-trans-diol by Saayman and Roux83 afforded the 2, 3-trans-

3,4-cis opimer with sodium boronhydride and boron trifluoride under 

Kashikar and Kulkarni's82 condit ions . Similarly (±)-7,4 ' -dimethoxy-

2,3- trans-flavcn-3 ,4-trans-diol was epimerized to (+)-7,4' -dimethoxy-

2,3-trans-flavan- 3 ,4-cis-diol . An interesting observation was that the 

2, 3-cis-3,4- cis diastereoisomer of the l atter compound could not be 

induced to epimerize to the 2,3-cis-3 ,4-trans form (see later). 

Clark-Lewis and Williams84 referred to the work of Fujise 

68 69 70 . et &1. ' , who had found thct acetylat~on of flavan-3,4-~-diols 

with acetic acid, acetic anhydride and sodium acetate at elevated 



temperature for ext ended periods of time , could lepd t o the formation 

of 3 ,4-trans-diacet at es through inversion at the C-4 position. This 

method wes used by Saayman and Roux53 ,83 for synthesizing the still 

outstahding 2 j 3- cis-3 ,4-trans isomer of (±)-7 j 4'-dimethoxyflavan-3,4-

diol diacetate from the 2,3-cis-3,4-cis-diol by boiling with aceti c 

anhydrid8, sodium acetate and acetic acid under controlled conditions 

(see l at er). 

Epimer ization of 2,3-cis-3,4-cis-glycols to 2, 3- cis-3 ,4-

trans-diacetates subsequently provided to the most convenient route to 

3',4'-dimethoxy- and 4'-methoxy-6-methyl-2,3-cis-flavan-3,4-trans­

diacetates84 • The diacetates of 2,3-cis-3,4-trans-flavan-diols are the 

least accessible of the four r acemat es and this novel synthesis by 

inversion at C-4 during acetylation of cis, cis-diols is a f ar superior 

method of preparation of the cis , trans-diacet ates than the only 

pr eviously available route via the 3-bromoflavanones and 3- bromoflavan-

4-01s. This method may also be used to convert 2,3-trans-3,4-cis-diols 

into 2,3-trans-3 , 4- trans-diacetates in l ow yield85• 

Drewes and Roux86 ,87 epimerized the free-phenolic form of 

optically pure (+)-mollisacacidin, of 2, 3-trans- 3,4-trans configuration, 

by heating in st eam under pressure to give three diastereoisomers -

identified as the 2,3-trans-3,4-cis, 2, 3- cis-3 ,4-trans and 2,3-cis-

3,4-cis isomers, the latter only in l ow yield . The free-phenolic forms 

of optically active isomers related to natural flavan-3,4-diols wer e 

thus available by epimerization of an optically pure form8S • Similarly, 

epimerization of optically pure (+)-leucorobinetinidin yields three 
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diastereoisomers89 • 

The mechanism of epimerization of (+)-mollisacacidin and i ts 

88 diaster eoisomer s has r ecently been discussed by Drewes and Roux • 

The inversioh mechanisms at C-2 and C-4 were examined by following the 

epimerization of each diastereoisomer by means of' two-'-dimensional paper 

chromatogra.phy in 2)<, acetic acid and water-saturated ~.-butanol. 

These solvents separ ated t he mixture of four diaste r eoisomers. 

It appear ed that the 2, 3- cis -3,4-cis isomer was the least 

favoured conf iguration under t he r eaction conditions , while t he 2, 3-cis-

3,4-trans and 2, 3- trans- 3,4-trans wer e more stable and therefore more 

favoured. 

The epimerization mechanism may be vizualized as the formation 

of two diQstereoisomers r esulting from the invers ion of the original 

2 ,3- trans- J ,4-trans s t arting material at C- 2 and C-4. The third product 

might be f ormed by inver s ion at the r emaining of these two asymmetr i c 

centres of one or both of the intermediate products . Thus the 2 , J -trans-

3,4-tr ans isome r yields initially the 2 ,3-trans - J ,4-cis and the 2,3-cis-

3,4-trans r acemate s by inversion at C-2 and C-4, r espectively . The 

2,3-cis-3,4-cis product i s f ormed mainly f rom the 2 ,3-trans-3,4-cis 

isomer as this route appears to be the favoured course of the epimeriza-

tion. 

Methylation of the free-phenolic hydroxyl groups inhibited 

opimerizct ion ?S evidenced by a ser ies of epimerizations under similar 

conditions of the trimethyl ethers of the four diaster eoisomeric (+)­

l eucofisetinidins. Onl y slight inversions at C-4 occurr ed of 2 , 3-tr~ns-
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3 ,4-tr2~S to 2,3-trans-3 , 4-cis and 2, 3- cis-3,4-cis to 2 ,3-~-3,4-trans 

forms. 

Summary of th ~ Syntheses 01 Diastereoisom~ric Flavan- 3 ,4- diols . 

1. 2,3-trans -3,4-trans- Fl avan-diols ar e r eadily obtained by catalytic 
f\dQms' 

reduction with ~ catalyst of 2,3-trans-dihydroflavonols. These 

may also be formed from the 2, 3-trans-dihydrofl avonols by reduction 

2 . 2, 3-trans-3,4-cis-Flavan-diols ar e prepar ed by hydrogenation of 2, 3-

~~-dihydroflavonols with LiA1H4 + A1C1
3

• An alt ernative route is 

from the 2 ,3 .. tralls-dihydroflRvonol via the "oxime- amine" intermediate . 

2, 3-trans- 3,4-trans- Diols also yield the 2, 3-trans-3 , 4- cis isomers by 

epimerization at C-4 with metal hydride - metal halide r eagents such 

3 . 2,3-cis-3,4-cis-Flavan-diols arc formed by catalytic h>~rogenat ion of 

flnvonols with Raney nickel or copper chromite at elevated t emperatures 

and pressures. 

4. 2,3-cis- 3 ,4-trans -Flavan-diol-diacetates may be synthesized from 3-

bromoflavanones via the 3- bromo- flnvan- 4- 01s. Flavan- 3,4-di ols 

substituted in the 7-position ar e except ions to this rule . The cis, 

trans-dicr.et E.tes rrw.y a lso be prepE.red from 2 ,3- cis-3 , 4-cis-diols by 

~cetylrtion with acet ic anhydride , potassium acetat e and acetic acid. 

By me~ns of this r eaction the 2,3-trans-3 ,4-trnns-flavan-diol-

diacet ates may be formed in low yield from the corresponding 2, 3-

trans - 3 ,4-cis-diols . --- --



-37-

5. Epimerization of optically pur e , free-phenolic forms of flavan-

3,4-diols yie ld the remaining thre8 diaster eoisomers by inversions 

at C-2 and C-4 of the par ent compound, followed by further inver sions 

of these t wo products to give the third. The r eaction i s effected 

at high t emperature and pressure by ~utoclaving aqueous solutions 

of the free-phenolic diols. 
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PART II. 

THE DIl .ERIC PROANTHOCYANIDINS. 

The name "proanthocyanidin" Has pr oposed by Freudenberg and 

I'Teinges90 to designate a group of colourless compounds >lhich ar e capable 

of fOrming coloured anthocyanidin pigments . Proanthocyanidins Hould 

t herefor e include the flavan- 2,3-diol s , - 3 , 4-diols, - 2 , 3,4-triols and 

their possible glycosides . Dimeric proanthocyanidins may be divided 

into (a) synthetic pr oducts formed by condensation of catechins or flavan-

3 ,4-diols , for example , (b) natural products ~lhere the t , 'o moieties are 

linked by an ether bond , and (c) naturgl pr oducts having a carbon to 

carbon linkage betHeen the tvlO nuclei. 

Fr eudenberg et al .91, 92 investigated the self- condensation of 

catechins in aqueous solution, under the influence of heat , with mineral 

acids . HydroJ<;Y1 gr oups at C-3 , C- 5 and C- 3 ' were found to be unnecessary 

for such self-condensations , Hhile all catechins which were prone to 

condensation possessed hydroJ<;Y1 groups at C-7 and C- 4'. These hydroJ<;Yls 

ar e in pOSitions para t o the attachment of the A- and B- rings to the 

carbon atoms of the heterocyclic ring. 

During the polycondens ation of hydroJ<;Ylated flavans the number 

of hydroJ<;Y1 groups increase . Freudenberg and ~k~itland93 suggested that 

t his was attributable to an opening of the heterocyclic ring. Subsequent 

condensation r eactions with 7,4'-dihydroJ<;Yflavan strengthened this notion 

and on this basis they ass i gned structure LVIII to the primary 

condensation product. 
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(LVIII) 

Catechins .dth substituents at C- 6 and C- 8 failed to condense -

indicating the.t these positions Nere involved in the reaction. The other 

partici p,.ting position ,,,as cons ide red to be ~-2, :md the 7,4'-dihydroxy 

compounds , rere therefore regarded as bifunctional molecu18s with ree.ctive 

centres at C-2 and C-6 or C-8. 

The condensation of cat echin r esulted in the isolation of 

"dicatechi n" which they considered a true t annin because it precipit, t ed 

gelatin. The condensation product yielded a crystalline acetate . 

;.ccording to Freudenberg36 , during t he acid- c<talysed 

polymerization of catechin, thv molecule reacted bifunctionally -

el ectrophilic at C- 2 e.nd nucleophilic P.t either C-6 or C- 8 . Dicr tcchin 

LIX still posses sed both t hese functions ~nd could ther efore undergo 

further condensation to yield branched polymers94 • The crystalline 

1'.cet e.te of dic1'.t echin w~s the condensl'ltion product of t wo molecules of 

cntechin without the loss of 1,<'.t er. 
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(LIX) 

The polyhydroxyflavan-3,4-diols unden18nt self-condensation 

more rapidly than catechins, this greater r eactivity being due to the 

dir ect participation of the 4-hydroxyl group in the condensation. It 

l,as thought that this hydroxyl group reacted between the 4-position of 

one molecule and the 6- or B-position of the second with the loss of 

one molecule of water thus giving r ise to dimers such as LX. 

Mayer and ~,erger94 investigated the reactivity of certain sites 

for the a cid condensation of catechin nuclei. Polyphenols such as 

phloroglucinol .!er e reacted with catechin to give condensation products 

which served as models f or the condensation of catechins and catechin 

tannins. They considered that during self-condensation (+ )-catechin 

was converted by epimerization to (+)-epicatechin in the initial stages 

and finally formed t wo epimeric d:iJners, one of ,'hich • as isolated in a 

crystalline form, thus being the first c~'stalline dicatechin isolated95 • 

No loss of ';;cter occurred and from the composition, C3 0H26011' of the 
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dicatechin they proposed two alternative structures LXI and LXII for 

these dimeric catechins. 

(LX) 

(+)- Catochin was considered to be epimerized to (+)-epi­

catechin, which takes part in the r8action. (+)- Catechin r eacts as the 

electrophilic component and reversal of substituents at C-2 and C-3 

yields the iso-derivative . Ring contraction during condensation may be 

r esponsible for the formation of t he benz- pyran structure LXII. 

In 1953 Forsyth96 isolated a "leuco- cyanidin" f r om cac?o beens 

in chromatogr~phically pure form . Acid hydrolysis of this compound gave 

cyanidin and a r ed- brown precipitate as major products. Leuco- cyanidin 

(5,7,3 ' ,4 '-t ctrahydroxyflavan-3,4-diol ) under similar conditions yielded 

a cat echin and a brovlll precipit~te . (- )-Epicatechin under acid hydro­

lysis produced 64% unchanged starting material , 16% (-)- catechi n and a 

polymeric "phlobaphene " . These r esults led Forsyth to believe that a 

very close r el ationship existed between (-)-epicatechin and an integral 
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part of the "leucocyanidin" molecule. He further suggested that the 

production of cyanidin from the l euco-compound by strong mineral acid was 

due to a secondary r eaction between two parts of the mol ecule . 

(LXI) 

OH 

(LXII) 

For syth e.nd Roberts 97 formed crystalline dec a- acetat e and 

octamethyl ether (M = 710 - 725) derivatives of t he cacao "leuco-

cyp.nidin". Oxidation with period<:.t e and lead tetra~ .. cetate of the 
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leuco-compound suggested the presence of a ditertiary !!. -glycol, 

indicating that a flavan- 3 ,4-<Uol structure was unlikely . They tentative-

ly proposed structure LXIII for th e "leucocyanidin" and suggested that it 

was composed of (- )-epicut echin and 5,7,3 ',4' -tetrahydroxyfle.van-2,3-diol 

joined by an acetal-type of lir~age between the alcoholic oxygen atom of 

(- )-epicatechin and t he C-3 at om of the fl?.van- 2,3-diol. 

(LXIII) 

In 1960 Forsyth ~ nd Roberts98 revised their s tructure for the 

cacao "leucocy?nidin" i n the light of >lOrk by Gr~mshm!, Johnson and 

King99 on 5,7,3',4' -tctrcmethoxyfl avan- 2,3-diol, and proposed bro 

~lternntive structures LXIV and LXV. 

F d b d '·r · 100. 1 t d t d th r eu en e rg an "elnges lSO a e wo compoun proan 0-

cyc.nidins from hawthorn berries (Crataegus oxyc.cantha ). One of these 

gave (- )- epi catc chin o.nd cyanidin on a cid hydroly·sis. It contained e ight 

phenolic und t wo aliph~tic hydroxyl groups in addition to three ethe r 

oxygen ~toms. The octamethylether on hydrolysis yielded t " tramethyl-
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epicat echin and tetramethyl-cyanidin. On this basis they proposed LXVI 

for this compound. 

(LXIV ) 

(LXV) 

The other compound proanthocyanidin was regarded as being 

constituted of (-)-epicatechin and l euco-del phinidin. A related pro­

anthocyanidin was isolated from the fruit of Gl editshia triacanthoslOl • 
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(+)-Catechin and cyanidin resulted from its acid hydrolysis. 

(LXVI) 

102 
In 1964 Lewak reported the isolatj on of a 11e1'[ dimeric 

"1eucocyanidin" from the leaves of hawthorn. The reactions and 

properties of this dimer differed from those of the compound ~~I 

isolated by Iveingesl03 from hawthorn berries. 

The dimer was found to be very unstable in the free-phenolic 

form and evaporation of solutions of chromatographically pure compound 

resulted in the formation of a substantial amount of polymeric or oxidized 

material. Changes in the ultra-violet spectrum were also detected . For 

t hese r easons all structural studies were carried out with derivatives 

of the dimer. 

Results of mol ecular weight determinations and elemental 

analyses of derivatives of t he "1eucocyanidin" showed that th e molecule 

comprised h'o flavan (C15 ) units. Methylation showed the presence of 



eight phenolic hydroxyl groups. Acetyl ation yielded a deca- acetate 

indicating two alcoholic hydroxyl gr oups, while th e r emaining three 

oxygen atoms .Iere located in ether " systems.. I.ewak assumed that one of 

these oxygen atoms formed an ether link beb'leen the two flavan moieties. 

Reaction of the methylated dimer with ~-toluenesulphonyl 

chloride resulted in the formation of an octa-~ethyl-di-2-tosyl 

derivative which confirmed the dimeric structure of the compound . 

These results all owed I.ewak to propose a dimeric structure 

LXVII consisting of hlO 5,7,3',4' -tetr ahydroxyflavan- 3 ,4-diol units 

linked by an ether bond between the secondary alcoholic hydroxyl gr oups 

of the heterocyclic ring systems . 

(LXVII) 

Alternative structures for the dimer were also propueed with the l ink 

between C-3 and C-4' and C-3 and C-3'. This was claimed to be the first 

isolation of a dime ric leucoanthocyanidin consisting entirely of two 
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flavan- 3 ,4-diol moieties. 

Geissman and Ditt mar l O4 isolated an amorphous pr oanthocyanidin 

from the seeds of the avocado (Persea gratissima Gaertn.). Controlled 

hydrolysis in acid media yielded catechin, epicatechin and pol ymeric 

mat erial. The compound gave amor phous deca- acetate , octamethyl ether 

and octamethyl ether diacetate derivatives. Analysis of these derivatives 

i ndicated a parent compound r esul t ing from the bonding of a tetrahydroxy-

flavan-3 ,4-diol with a t8trahydroxyflavan-3-ol, with the accompanying loss 

of one molecule of wat er. 

The nuclear-magnetic-resonance spectr a of the deca-acetate 

and the octamethyl ether shm. ed appreciable line-broadening. From a 

consideration of avail able data they proposed structure LXVIII for the 

avocado proanthocyanidin . 

(LXVIII) 



-48-

Recently Weinges and Freudenbergl 05 obtained crystalline 

derivatives of two condensed proanthocyanidins and thus laid the 

foundat ion for a more accurate study of t his class of compounds. 

From cranberries (Vaccinium vitis-idaea) a condensed proantho­

cyanidin was isolated which gave a crystalline heptamethyl ether 

diacetate, m.p. 189-1900
, of molecular weight 758, by mass spectroscopy. 

The free-phenolic form contained seven phenolic and two aliphatic hydroxyl 

groups, three ether oxygen atoms, and an olefinic double bond. The 

corresponding nona-acetate was also crystalline. Assuming that two of 

the oxygen atoms wer e allocated to the heterocyclic r ing systems, the 

r emaining one was assigned to an ether link between the two flavanoid 

units. One half of the molecule afforded a product which resembled 

cyanidin (chromatography). The n.m.r. spectrum of the heptamethyl ether 

diacetate indicated the presence of a methylene group suggesting that 

the other half of the molecule consisted of a catechin. 

The second condensed proanthocyanidin was isolated from cola 

nuts (Cola acuminata). On treatment with acid the compound decomposed 

into catechin and cyanidin. Analyses of derivatives indicated that it 

contained eight phenolic and two aliphatic hydroxyl groups and two ether 

oxygen atoms, thus suggesting structure LXIX for the parent compound. 

The bond between the t wo flavanoid nuclei need not necessarily be between 

C-4 and C-8', but could well be between C-2 and C-8', C-4 and c-6' or 

C-2 and C-6'. 

Creasy and Swainl06 studied the physiology of tannin formation 

in the leaves of wild strawberries (Fragaria ~) and showed that 
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besides (+)-catechin and catechtn tannins a condensed proanthocyanidin 

was formed. This compound yielded (+)-catechin and cyanidin on acid 

treatment and was thus similar to the avocado "dimer,,104 and the 

OH 

(LXIX) 

proanthocyanidin from Gleditschia triacanthos lOl • Although certain 

physical constants of the avocado "dimer" and the proanthocyanidin from 

strawberry l eaves were very similar, they showed significantly different 

~ values in most solvent systems. Hence it was assumed that the two 

compounds were stereoisomers. This assumption was supported by the 

observation that on epimerization of the strawberry proanthocyanidin in 

wat er at elevated temperature, six components were formed. These were 

separable on thin-layer cellulose plates and three of them showed Rr 
values identical with the epimerization products of the avocado "dimer". 

Condensation r eactions in acid media of (+)-catechin and 

flavan-J,4-diol racemates and subsequent thin-layer chromatography of 
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the condensates led Crecsy and S;;ain to believe tha t the str awberry 

proanthocyanidin was t he 2,3-tr ans- 3,4- t r ans- 2',3'-trans isomer LXX. 

(LXX) 

Their assignment of this relative configuration to the 

strawberry biflavanol appears to be based on insufficient evidence. The 

resolution of stereoisomers on thin-layer chromatoplates was r egar ded as 

sufficiently diagnostic for proving the identities of the epi merization 

products. Experience has shown that thin-layer chromatography on silica 

gel could possibly be a misleadir~ criterion, and further proof must be 

pr ovi ded to ascertain the identity of components. However, a significant 

contribution by these authors was the series of condensation r eactions of 

catechins ~~th flavan-3,4-diol isomers to yield biflavanols. 

Mayer et al . 107 isolated a nove l double-linked condensed 

proanthocyanidin from unripe seed pods and bark of horse chestnut 

(Aesculus hippocastanum). In concentrat ed hydrochloric acid the component 



yielded cyanidin, while with dilute acid (-)-epicatechin was detected 

by chromatographic methods. 

The product cryst~llized from water and had the composition 

C30H24012' 2H20. The absence of carbonyl groups was sho;m by infrared 

spectrometry. Acetylation gave a nona-acetyl derivative, while methyla-

tion with diazomethane yielded both heptamethyl and octamethyl ethers. 

Further methylation with methyl iodide and silver oxide gave a nona-

methyl ether. ~~ss spectrometry was used to determine the molecular 

weights of these derivatives. 

The above reflected the presence of seven phenolic and two 

aliphatic hydroxyl groups. The remaining three oxygens were therefore 

involved in ether linkages, carbonyl groups being excluded. From the 

above and from considerations of the n.m.r. spectra of derivatives, 

they proposed structure LXXI for the condensed biflavanol. In the double 

link between the two nuclei one bond was regarded as a C-C link, while 

the other was thought to involve an ether linkage . 

OH 

HO 

(LXXI) 



Synthetic proanthocyanidins have recently been prepared by 

Geissman and Yoshimural08 • Under acidic conditions they condensed 

phloroglucinol, and (+)-catechin, with 5,7,3',4'-tetramethoxyflavan-3,4-

diol to give proanthocyanidins. The n.m.r. spectrum of the condensation 

product of (+)-catechin and the diol showed appreciable line-broadening 

and rendered the allocation of benzenoid and heterocyclic protons 

impossible. Hence the proposed structure for the product was purely 

hypothetical due to lack of significant structural evidence. 

It is evident that, apart from compound LXXI, the chemistry 

of the condensed proanthocyanidins still r emains to be elucidated. Bonds 

between flavan moieties appear to be variable and open to speculation. 

The stereochemis try of this cla ss of compounds has thus far r eceived 

scant attention. 



· 53--

PART III. 

THE NON-TANNINS. 

1. The Imino Acids. 

(a) Pipecolic acid and its Derivatives. 

Piperidine-2-carboxylic acid, also known as pipecolinic or 

pipecolic acid LXXII, was originally synthesized by Ladenburgl09 by 

reduction of picolinic acid with sodium in ethanol. Racemic pipecolic 

iro acid was resolved by Mende using optically active tartaric acids, 

while a partjally racemized L-pipecolic acid was prepared by oxidizing 

conhydrine. 

From the water-soluble fraction of Rhodesian teak (Baikiaea 

pluri,juga : family Leguminosae) King et a1. III isolated baikianin LXXIII. 

This proved to be a tetrahydropicolinic acid containing one double bond 

and showing strong negative rotation in aqueous solutions. Baikianin 

was also synthesized from L-glutamic acid, and its dihydro-derivative 

was prepared by catalytic reduction. The latter was identical to 

(-)-pipecolic acid. 

,(4~ 
I~ 1 ;LCOOH 
'w 

I 
H 

(LXXII) 

I~ 
I 1 __ COOH 
'-._, N ·./' 

i 
H 

(LXXIII) 
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112 11-
Steward and Thompson ' ~ first reported the natural 

occurrence of (-)-pipecolic acid in green beans (Phaseolus vulgaris). 

This was isolated as the hydrochloride by means of ion-exchange 

chromatography. They subsequently showed the presence, by paper 

chromatography, of (-)-pipecolic acid in fresh fruits and dry seeds 

of several leguminous plants. 

~sine was shown by Grobbelaar and Stewardl14 to be the 

precursor of pipecolic acid in the developing green bean. Radioactive 

tracer techniques were used in 'lhich labelled lysine was injected into 

the ovules of young green beans. 

4-Hydroxy- and 5-hydroxy-pipecolic acids were or iginally 

isolated by Virtanen and Karill5 ,116 from Rhapis, Albizzia and Acacia 

species. Positions of the hydroxyl groups were determined by permangan­

ate oxidation of t hese compounds. Virtanen and Gmelinll7 reduced 4-

hydroxy-pipecolic acid LXXIV with hydrogen iodide and r ed phosphorus to 

pipecolic aCid, which on subsequent oxidation with potassium permanganate 

yielded aspartic acid LXXV and ft-alanine LXXVI. 

CHOH COOH COOH 

,./' ~, I I 
I I 

H2j 
9H2 HI/P. CH2 + 

CH2 

I ) I I 
i KMn0

4 CH-COOH 

[: H2C CH-CDOH I 
''-N'/ NH2 

I 
H 

(LXXIV) (LXXV) (LXXVI) 
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Clark-Lewis and Mortimerl18 isolated trans-4-hydroxy-pipecolic 

acid from the heartwood of Acacia excelsa, and subsequently showed its 

presence in sever al other Acacia species. Acacia oswaldii l eaves proved 

to be a particularly r ich source . The acid had a trans configuration as 
hyd,"",y p;recoli c 

shown by chromatogr aphic comparison with cis-4-fiyapeyp~~8e 81iG acid 

prepared by r eduction of 4-hydroxy-picolinic acid. The imino acid 

fraction, isolat ed as N- nitroso derivatives, consisted mainly of proline , 

(- )- pipecolic acid and ~-4-hydroxy-pipecolic acid . The latter was 

epimerized with bar ium hydroxide t o a mixture of trans- and cis- 4-

hydroxy-pipecolic acids . The position of the hydroxyl group was 

determined by decarboxylation in acetophenone t o give dimorphic 4-

hydroxy- piperidine LXXVIIl19. 

OH 
I 

/ ''-..., 
i 
I 

-', ,/" 
" N 

H 

(LXXVII) 

The tran~-L configuration of 4-hydroxy-pipecolic acid was 

proved by the transformation of (-)-4-hydroxy-pipecolic acid LXXVIII, 

via the keto-L-acid LXXIX into (-)-cis-4-hydroxy-L-pipecolic acid ~XX . 

Compound LXXVIII ~:as also converted to (+ )- cis- 4-hydroxy- D- pipecolic 

acid LXXXII by way of the N-acetyl-lactone LXXXI . In this way t hr ee of 

the four possible optically active forms were synthesized. 
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(LXXIX) (LXXVIII) (LYY.XI ) (LXYJm) 

The conformation of 5-hydroxy-pipecolic acid LXXXIII was 

established by Shoolery and Virtanen120 using high-resolution nuclear-

magnetic-resonance spectroscopy. Protons Hl and H2 were shown to be 

axial as evidenced by their l arge coupling constants. Hl occurred as 

a septet arising from its coupling with two vicinal axial and two 

neighbouring eguatorial protons. 

(LXXXIII) (LXXXIV) 
The spectrum of 4-hydroxy-pipecolic acid LXXXIV showed a 

quintet due to Hl which has four vicinal protons . Since all four are 

equally coupled to Hl , it could only be eguatorial. H2 has only 2 

neighbouring protons and occurred as a quartet having l ar ge coupling 

which showed that H2 was axial. Their conclusions r egarding the structure 

of 4-hydroxy-pipecolic acid is therefore in agreement with those of 
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Cl k Le " d ' " t" 119 ar - Wl.S an Nor JJller • 

The natural occurrence of pipecolic acid and its hydroxylated 

derivatives is widespread, but little is knOlm r egarding their functions 

in plants. 

(b) Proline and its derivatives. 

Proline is an imino acid constituent of proteins, while 

hydroxy-proline is unique to collagen . Hydroxyproline has been sh01m to 

be derived biosynthetically from proline. 

" ' 121 tl Fl.scher and Zempl en elegan y r esolved synthetic DL­

proline into its two optically active forms. 
l22 Kapfhammer and Eck 

first isolated L-hydroxy-proline and L-proline from hydrolysed gelatin 

solution by precipitation with Reinecke's salts. 

The synthesis of DL-proline LXXXVI from pyrrole LXXXV was 

carried out by Signaigo and Adkinsl23. Pyrrole was treated with ethyl­

magnesium bromide and ethyl chlorocarbonate at 00 to form 1,2-dicarb-

ethoxypyrrole which was first hydrogenated and then hydrolysed to give 

a 57~ yield of crystalline DL-proline . Synthetic proline was also 

prepared by Gaujry and Berlinguet124 who cyclized the dihalogenated 

valeric acids. 

Fowden125 detected both proline and 4-hydroxyproline in 

aqueous extracts of Armeria l eaves . They occurred in association with 

4-hydroxy-pipccolic acid and th e amino acids aspartic acid, glutamic 

acid , serine , threonine and homoserinc. 
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Proline was first detected in the heartwoods of Acacia species 

by Clark-Lewis and Mortimerl18 who also showed its concurrence in Acacia 

oswaldii leaves with (- )- pipecolic acid and 4-hydr oxy- pipecolic acid. 

l~hill and Jackson126 separ ated proline and hydroxy-proline, 

from hydrolysed protein, on cellulose substrates using thin-layer 

techniques . Nitrous acid was used to destroy amino acids in the protein 

hydrolysates. 

From Afrormosia elata heartwood Morgan127 isolated 4- hydroxy-

N-methyl-L-proline LXXXVII . Although its infrared spectrum was 

char acteristic of an amino acid, it showed no colour with ninhydrin 

r eagent. On heating, the product gave a str ong pyrrole reaction. 

Analyses showed the presence of a methyl group and its physical constants 

showed close identity with those of 4-hydroxy-N-methyl-proline isolated 

from the bark of Croton gubourgia by Goodson and Cl ewer128• 

Recently Saayman and Roux129 isolated amorphous proline from 

the ethanolic extract of fresh black wattle (Acacia mearnsii) bark. It 

occurs in association with the imino acids (-)- pipecolic acid and 4-
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hydroxy-pipe colic acid, and yielded a crystalline picrate. Although 

proline was previously detected in Acacia oswaldii leaves1l9, this is 

the first isolation of the compound from Acacia species. 

(LXXXVII) 

Patchett and Witkop130 examined L-hydroxy-proline obtained 

from collagen, which is chemically distinguishable from all other 

proteins by its high percentage of hydroxy-proline. They prepared the 

N-carbobenzyloxy derivatives LXXXVIII and LXXXIX of natural L-hydroxy-

proline and of D- and L-allohydroxy-proline in crystalline form. These 

were oxidized to N-carbobenzylOXY-4-keto-L- and D-proline XC and XCI. 

Stereospecific reduction of 4-keto-L-proline with sodi1.Ull boronhydride 

yielded a high percentage of the allohydroxy-L-proline derivative. 

From these and other results they deduced configuration XCII for 

natural L-hydroxy-proline. 
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2 . (+)-Pinitol. 

OCOCH
2
C

6
H

5 
! COOH 

/N"'-J 
\OH~~ 
'I . 
'--- H 

H 

(LXXXIX) 

(XCI) 

(xcrr) 

Pinitol, a monomethylcyclohexanhexol, was first discovered 

by Berthelot13l in the exudat e of the sugar pine (Pinus lambertiana 

Dougl.). It was isolated subsequently as sennite from ~ leaves132, 

as matezite from the juice of Mat eza roritina133 and from the mother 

liquors resulting from the crystallization of coniferin134 • wiley135 

recognized these compounds as being identical to pinitol isolated 
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from the sugar pine, while Griffin and Nelson136 prepared its penta-

acetyl derivative. 

Sherrard and Kur~h137 isolated pinitol from the heartwood of 

the redwood (Sequoia sempervirens) tree as white, r hombic- hemihedral 

crystals (m.p. 185 0
). It showed a large positive rotation and its 

physical properties were closely related to those of (+)-inositol XCIII. 

Analysis of the fully acetylated compound showed the pr esence of one 

met hoxyl and five alcoholic hydroxyl groups. Thus (+)-pinitol was shown 

to be a monomethyl ether of (+)- inositol. 

HO OH 
I ' /-----_!,"" 

, "'-. 

(XCIII) OH 

Since 1950 numerous sources of (+)-pinitol have been cited in 

the literature. The compound is the most widely distributed methyl ethe r 

of the inositols and its pr esence has been shown in six families of 

Gymnospermae and thirteen families of Angiospermae138• Plouvier 139, 

in recent reviews , indicated the widespread occurrence of (+)- pinitol 

amongst the Leguminosae. 

(+)- Pinitol XCIV was first reported in Acacia species 

(A· longissima liend!. , A. stolonifera Burch . and A. lasiopetala Oliv.) 
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by llilllington140 in 1935. Stephen141 isolated it from the hearhlOod of 

the black wattle (A. mearnsii) and showed its identity with a sample 

isolated from Lotononis laxa by de Waall42 • Its characteristic penta-

acetate was prepared and it was also demethylated with hydrogen iodide 

to (+ )-inositol143 '. Sodium ~-periodate oxidation indicated that C-l 

and C-4 were the least likely sites for the methoxyl group. Stephen141 

concluded that a study of the oxidation rate of (+)-pinitol was not 

sufficiently diagnostic for the determination of its structure. 

Keppler66 confirmed the presence of (+)-pinitol in black wattle heartwood. 

! ". 

HO 

(XCIV ) 

'. CCH 
", ' 3 3 "Ll ~ __ 

OH 
i 

/ OH 
? / 

OH 

(+)-Pinitol was first isolated by Saayman and Roux129 from 

fresh black wattle bark. It occurs as a mixture with sucrose in the 

acetone extract of the bark, and was isolated from the mother liquor of 

sucrose. Its presence in the bark extract was not obvious due to poor 

r esponse to spray r eagents. The product "as shown to be identical with 

(+)-pinitol isolated by Appel and Lob as 144 from the naranjillo 

(Adeemia species: family Leguminosae ) of northern Chile. 
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Posternak145,146 originally est ablished the configuration of 

(+)-inositol by physical t echniques. Consider at ion of the t wo str ain-

free conformations of the cyclohexane ring - the "boat" and "chair" 

forms, allowed him to conclude that inositol assumed mainly the l atter 

conformation. 

From the knmm conformation of (+)-inositol Anderson, NacDonald 

and Fischer147 and Angyal et al .148 pr oceeded to det er mine the structure 

of (+ )-pinitol. This entailed location of the methoxyl group in the 

cyclitol. The r eaction of (+)-pinitol XCIV with acetone and hydrogen 

chloride under mild conditions produced a diisopropylidene derivative 

XCV in high yield . ~jethylation with sodium and methyl iodide gave the 

dimethyl diisopropylidene-(+)-inosit ol XCVI which was hydrolysed to 

yield a dimethyl-(+)-inositol XCVII. Ring cleavage with periodic acid , 

followed by oxidation with bromine produced dimethyl-D-(-)-tartaric acid 

XCVIII. 

H3 C CH 
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Shoole ry et al. 149 ,150 used nuclear-magnetic-resonance 

spectroscopy for studying the structures of diastereoisomers of 

quercitol XCIX in deuterium oxide . They synthesized the t en possible 

diastereoisomers, six of which were optically active , giving a full 

series for configurational study. This enabled assignment of stereo-

chemical configurations to the various isomers by n.m.r. spectroscopy. 

(XCIX) 

1,4-Dinitro-inositol t etra-acetate, which has a 

fourteen isomers, was subjected to n.m.r. spectroscopy by 

possible 

151 Shoolery • 

knalysis of the spectrum clearly showed that the molecule has a centre 

of symmetry because only two acetate and three multiplet r esonance 
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signals, originating from the six ring protons, were observed. From 

the large spin couplings of two of the multiplets it was deduced that 

there were four axial protons, each having one axial and one equatorial 

vicinal proton. The only possible structure for 1,4-dinitro-inositol 

tetra-acetate was therefore C. 

N02-, , , 

3. The Long-chain f -Diketones. 

(c) 

The first isolation of natural long-chain f1-diketones was by 

Ha'Il and Lamberton152, who found that the (1-diketones constituted 50% 

or more of the l eaf and stem waxes of a variety of plants such as 

Eucalyptus (J..yrtaceae), Acacia (Leguminosae), the grass (Festuca glauca) 

and the carnation (Dianthus caryophyllus). 

The /'J. -diketones which conform to the general formula CI were 

estimated by spectroscopic methods and isolated from petroleum-soluble 

waxes as insolUble copper complexes153 • 

(CI) 

The mos t commonly occurring (l-diketone was found to be 

n-tritriacontan-16,18-dione CII. It gave a copper complex of formula 



-66-

C66H12604Cu, and alkaline hydrolysis yielded Q-hexadecanoic ac id 

and ~-heptadecan-2-one in approximately equal proportions . 

n-C15H31-CO-CH2-CO-CI5H31 

(Cn) 

Compositions of jJ. -diketone mixtures were determined by gas 

chromatography after hydrolys is and esterification of the resulting acids. 

The chain lengths of jl-diketones were determined by r eduction with 

lithium aluminium hydride to give mixtures of unsaturated alcohols . 

These were further r educed and convert ed to their iodides which were 

again hydrogenat ed to yield fully saturated hydrocarbons suitable for 

analysis by gas chromatogr aphy. 

All the Eucalyptus species investigated showed the presence 

of ,@ -diketones. The waxes of Acacia s pecies, 1::.. prominens, 1::. . 

brachybotrya and 1::.. cultriformis contained j1-diketones, while in A. 

aneur a, 1::.. suaveoleus and 1::.. iteaphylla these were absent. 

From the warm,light-petroleum extract 0" cabbage leaves Horn 

and co-workers153 isolated a highly crystalline hydrocarbon f r action 

which was identified by means of gas chromat ogr aphy as ~-nonacosane . 

Further elution of the ",ax fraction on a lumina yielded a fraction 

consisting of a mixture of ketones and esters . From the unsaponifiable 

fraction a cryst alline ketone , m.p. 80-80.50
, was obtained. The break­

down pr oduct s of this ketone consisted mainly of ~-pentadecanoic acid 

with t r aces of ~-C12 ' n- C14 and n- C18 acids. 
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A chemical examination of l~~acia caesia bark by Nigam, Mitra 

and Kaull54 showed the presence of stigmasterol, a triterpene alcohol 

and a waxy product with m.p. 76-780
• No attempt was made to identify 

the latter compound, but from its properties it is quite likely to be a 

member of the !3-diketone series. 

The light-petroleum extract of fresh black wattle (Acacia 

mearnsii) bark yielded among other components a white crystalline 

fractionl29 with a waxy appear ance and m. p. 80-20. This compound was 

initially isolated from the unsaponifiable fraction of the bark wax, 

but later also obtained as the copper complex. 

The plant waxes consist almost entirely of saturated 

hydrocarbons, long-chain fatty acids and their ester~and long-chain 

(1-diketones. The latter group of compounds constitute a major portion 

of the waxes of several Acacia species. 

u 
Keto-enol taptomerism is very prevalent in these~-diketones 

and there is resonance stabilization of the enolic form (see Discussion). 

4. The Steroid Alcohols. 

St eriods are colourless natural products which occur widely 

and possess the tetracyclic carbon skeleton CIII. The main variations 

between steriods, apart fram the degree of unsaturation of the ring system 

and the presence of nuclear substituents, are due to differences in the 

structures of the side-chains RI ' R2 and R
3

• Generally RI and ~ are 

methyl gr oups while the side-chain RJ may be absent, or may consist of 
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(CIn) 

from two to ten carbon atoms. 

Early structural investigations of the steriods were mainly 

concerned with the nature of the nucleus and were carried out with 

cholesterol and the bile acids. Cholesterol, C
27

H
46

0, was shown to be 

a monohydric seconda~J alcohol with one double bond and a side-chain 

containing eight carbon atoms. Systematic degradation, by oxidative 

methods, showed that cholestane, C
27

H
48

, the parent hydrocarbon of 

cholesterol, has a tetracyclic structure. 

Rosenhe±m and King155, and vleiland and Danel56 proposed that 

the nuclear structure of cholesterol was derived from 1,2-cyclopenteno-

phenanthrene CIV. This structure was found to accommodate all the 

available experimental evidence and the proof of its correctness was 

supplied by the total synthesis of cholesterol CV from 1,6-dihydroxy­

naphthalene by Robinson, Cornforth et al.157 • 

(crv) 



j3-sitosterol and Stigmasterol. 

Stigmasterol was first discovered by j'iindaus and Hauth158 in 

the phytosterol isolated from calabar beans and was a.lso found in soy 

bean oil by Matthes and Dahl e159 and in the fat extracted from carrots 

160 by Beschke • 

161 In 1923 Anderson and Noore made a study of the phytosterols 

isolated from corn, cottonseed and linseed oils. It was found that corn 

oil contained a relatively high percentage of unsaponifiable matter which 

consisted of the plant sterol, sitosterol. Cottonseed oil contained a 

mixture of at least two phytosterols which could not be separated by 

recrystallization techniques, while linseed oil consisted of a complex 

mixture of phytosterols. 

lillderson and Shriner162 isolated a saturated sterol, dihydro-

sitosterol, from corn oil. Dihydrositosterol was found to be a 

constituent of the fat extracted from the endosperm of corn and wheat. 

After removal of the dihydrositosterol, ~ - ,f3 - and i -sitosterols and 
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a small quantity of stigmasterol were isolated. 

Windaus et al. 163 found that stigmasterol contained two carbon 

atoms more than cholesterc-C. Ozonolysis of stigmasterol by Guiteras164 

yielded a volatile aldehyde which formed an optically active semi-

carbazone, while dr ast ic oxidation of the sterol with chromium trioxide 

gave acetone. It was therefore concluded that the a ldehyde contained 

an asymmetric carbon atom and a terminal isopropyl group. The aldehyde 

was identified as~-ethylisopropylacetaldehyde and this proved the 

presence of a C-24 ethyl group in stigmasterol, and showed the existence 

of a double bond between carbon atoms C-22 and C-23. 

Fernholz165 brominated stigmasteryl acetat e and subjected the 

dibromide to ozonolysis to give <:f - ethylisopropylacetaldehyde amongst 

other products. This showed that the first molecule of bromine entered 

the nucleus and not the side-chain. Debr omination of the main ozonolysis 

product gave t he acetyl derivative of 3-hydroxybisnorcholen1c ' acid CVI. 

Catalytic r eduction of this acid and subsequent saponification gave 3-

hydroxybisnorcholanic acid CVII. 

(CVI) (cvn) 
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The position of the nucle~r double bond in stigmasterol was 

determined by FernhOlz166 who converted stigmasteryl acetate to the 

acetate ofc":-stigmasterol oxide. The latter on heating with hydrochloric 

acid gave stigmastenetriol which was oxidized with chromium trioxide in 

acetic acid to dionol. On treatment with hydrochloric aci(' gas in 

chloroform a dienedione was formed. The compound was finally reduced 

with zinc in acetic acid to the dione. This proved that the nuclear 

double bond was situated between C-5 and c-6 as originally assumed, by 

analogy with cholesterol. Stigmasterol CVIlI therefore differs from 

cholesterol only in the structure of the side-chain. 

CH
3 
'-. /CH~ 

CH / " 
CH CH . CH3 
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CH-CH 
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Marker et al.167 ,168 showed that!.2-sitosterol extracted from 

pine oil was identical with 22-dihydrostigmasterol . Stigmasterol and 

t[-sitosterol on dehydrogenation with copper powder at elevated 

temperature under reduced pressure yielded stigmastenone CIX and 

/?-sitostenone CX,respectively. Both of these on catalytic hydrogenation 

and subsequent treatment with sodium in boiling xylene gave 24-ethyl­

epi-copr ostanol CXI. 
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Stigmestenone CIX on treatment with sodium in amyl alcohol 

(CIX) 

(ex) 

gave 5,6-dihydrostigmasterol. Catalytic hydrogenation of the latter yielded 

stigmastanol which was found to be identical with~-sitostanol prepared 

from P- -sitosterol. Stigmasterol therefore differs from (i-sitosterol 

only in the presence of a double bond between C-22 and C-23 in the side-

chain. 

The absolute configuration of the C-24 ethyl of stigmasterol 

was determined by Kishida et al. 169,170• Ozone oxidation of the 6-

methyl ether of stigmasterol yielded 2-ethyl-3-methyl butanal CXII 

which on reduction with lithium aluminium hydride at room temperature 

gave the corresponding alcohol, 2-ethyl-3-methyl butanol CXIII. The 
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tosyl derivative of this alcohol on mild reduction with lithium 

aluminium hydride in ether finally produced laevorotatory methyl -ethyl-

isopropylmethane CXIV. From these degradative studies they concluded 

CH
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that the C-24 ethyl group of stigmasterol has the <it -configuration. 

Nuclear-magnetic-resonance spectroscopy has been applied in 

171 structural determinations of steroids. Shoolery and Rogers measured 

the angular methyl proton shifts of stigmasteryl acetate. The spectrum 

showed methyl peaks at 216 c./sec. (C-19) and 22$ c./sec. (C-l$), an 

acetyl at 175 c./sec. and a signal at 42-4$ c./sec. Slomp and 

HacKellar l72 found t hat for !1-si tosterol the C-l$ methyl signal was 

at 239 c./sec., the C-19 at 220 c./sec. and the C-21, C-26 and C-29 

resonance peaks in the range 223-234 c./sec. 

Mass spectrometrJ has been applied in recent years to a wide 

variety of steroi ds173 ,174. The mass spectra of hydroxylated steroids 
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are characterized by the presence of a large peak 18 mass units below 

the par ent peak, while the length of the side-chain at C-17 may be 

calculated from the mass of the most prominent peak in the r ange 205-245. 

After the loss of one molecule of water in the case of steroids 

containing an hydroxyl group at C-3, or acetic acid in the case of 

acetylated steroids, the loss of methyl groups at C-18 and C-19 occurs. 

This is followed by loss of side-cha.in substituents at C-17, after which 

rupturing of the B- and C-rings takes place. 

Fitches175 determined the molecular weights of both stigma-

sterol and fi2-sitosterol by means of mass spectrometry, and studied their 

fragmentation patterns. 
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EXPERIMENTAL AND RESULTS. 

PART 1. 

STEREOSPECIFIC SY,:ITh'ESES OF THE_ FOUR IS0l:~RIC_!:'i'PEl<iATELQLLlL.:: 
PIMETHOXYFLWAN-3,4-DIOL. 

Synthesis of (±)-7,4'-Dimethoxy-2,3-cis-flavan-3,4-cis-diol. 

Peonol (2-Hydroxy-4-methoxyacetophenone). 

Peonol was prepared by a modified version of Adams,176 original 

method. Resacetophenone (20g.) was dissolved in the minimum volume of 

cold aqueous 1070 (w./v.) NaOH and treated with dimethyl sulphate (16 ml.). 

The reaction mixture was heated for 1.5 hr. at 900 with frequent shaking, 

while the solution was kept alkaline (litmus) by the addition of more 

10% NaOH solution when required. The mixture was cooled, acidified with 

dilute lICl and the organic phase extracted with ether. The ethereal 

extract was concentrated under vacuum to about 10Gml. and the unchanged 

r esacetophenone removed by extraction with aqueous Na2C0
3 

solution. The 

ether fraction was concentrated at 400 under vacuum in a rotatory 

evaporator to give a red-brown oil which crystallized with difficulty 

from ethanol after treatment with charcoal. Recrystallization from 

ethanol finally gave colourless needles (15g.),m.p. 500
• Tahara177 

recorded an identical melting point for peonol. 

2 '-Hydroxy-4.4'-dimethoxychalcone. 

The synthesis of 2'-hydroxy-4,4'-dimethoxychalcone was based 

on the original method used by von Kostanecki and OSius178, as modified 

by Crabtree and Robinson179 • To a warm solution (800
) of peonol (15g.) 
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and anisaldehyde (14g .) in ethanol (200 ml .) under a nitrogen atmos­

pher e , was added aqueous 5a; (w./v.) KOH solution (25g.) . The mixture 

was shaken at frequeht int ervals and maintained at 60-700 for 4 hr. under 

nitrogen. After cooling the mixture r apidly under running water, it was 

diluted with wat er and acidified with dilute HCl when the crude 

chalcone precipitat ed. This was crystallized from ethanol as bright-

yellow needles (7.5g .), m. p. 113-40
• (Found: C, 72 .0 ; H, 5.9 ; OCH

3
, 

21.9. Calculated for C17H1604: C, 71 .8 ; H, 5.7 ; OCH3 , 21.8%). 

von Kostanecki and Osius178 r ecorded a melting point of 113-1140 for 

the chalcone . 

7,4'-Dimethoxyflavonol. 

The pr eparation of 7,4'-dimethoxyflavonol was achieved by 

methods s imilar to those used initial ly by Juppen and von Kost anecki180 

and l ater by King and Bottomle~8 for analogous compounds . 2 '-Hydr oxy-

4,4'-dimethoxychalcone (7.5g.) was dissolved in aqueous 5~ (v./v.) 

et hanol (300 ml.) and NaOH (15g .) added with .,arming to 800 to give a 

clear solution. The solution .,as al lowed to cool to 700 when 28~ (v ./v . ) 

H202 (50 ml.) .ras added slowly with shaking. The r eaction >las exothermic 

and the solution, after initial >l£.ter-cooling , we.s ,.llo>led to come t o room 

temperature over a period of about 3 hr. The soluti on wo.s acidified with 

o concentrated Hel and allowed t o cool to 10 when the flavonol separated 

as pal e-yell o>l needles . These were r ecrystallized from aqueous ethanol 

(2. 25g .), m. p . 195-60
• (Found : C, 68.4 ; H, 4 .7 ; OCH

3
, 21.8. 

C17H1405 r equir8s: C, 68 .5 ; H, 4 .7 ; OCH
3

, 20.8%). A melting point 

of 196-1970 was r ecorded by Juppen and von Kostanecki180 for the flavonol. 



-77-

7,4'-Dimethoxy-2 .3-cis- flavan-3.4-cis-diol . 

7,4'-Dimethoxyflavonol (200 mg.) in a mixture of e thanol : 

methanol (3: 1, v .Iv.) (40 ml.) wr.s hydrogenated for 2 hr. a t 1250 end 

2 181 
120 kg./cm. in an electric e.utoclave using copper chromite catalyst 

(300 mg .), prepared by the method of hdkins182 The r esidua l flavonol 

was filte r ed off and t he flave.n-3,4-diol crystallized from aqueous 

ethanol as white needles (67.5 mg.), m.p. 86_880 (with wat e r of 

crystallization), and m.p . 154-1550 af t er drying under va cuum over 

CaC1
2 

fo r two days . (Found: C, 68.1 ; H, 6.2 

r equires: C, 67 .5 ; H, 6 . 0 ; OCH
3

, 20. 5%). 

R<:>.ney nickel catalyst ,;hich had been aged for 2-4 weeks 

afforded the snnG flavan-3 , 4-diol, but i n lower yield (about 3%, compar ed 

with approxi.rnnte ly 35~ using copper chr omitc catalyst ), even under 

optimum conditions. 

7.4'-Dimet hoxy- 3 ,4-cis-diacetoxy- 2 ,3-ci s-flavan (Fig. l). 

7,4 t - Dimethoxy-2 ,3-cis-flavan-3 ,4-cis-diol (108 mg .) was 

acetylated by dissolving in pyridine (0.4 ml.) and acetic anhydride 

( 0.6 ml.) and leaving the mixture at room t emper ature overnight . The 

product was r ecovered f r om water (15 ml.), and crystallized f r om ethanol 

i n white needles (117 mg .), m. p. 143- 1440
• (Found : C, 65 .2 ; H, 5.7 ; 

OCH3 , 16 . 1 ; CO.CHy 22 . 6. C21H2207 requires C, 65 .3 ; H, 5 .7 ; OCHy 

16~1 ; CO . CH
3

, 22 . 3 ~~ ). 

The 2 , 3- cis- 3 ,4-cis- flavandiol -diacetate was shown, from its 

nuclea r-magnetic-resonance spectrum, to have this configuration 
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FIG. 1. N.M.R. Spectrum of (±)-7,4 '-Dimethoocy-2 ,3-cis-flavan-3 ,4-lli-diacetate. 
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by comparison of the chemical shifts and analysis of the spin- spin 

coupling constant s of the 2-, 3- and 4-protons of the heterocyclic ring 

(cf. Table 1). 

Synthesis of ( t )-7 ,4'-Dpnethoxy- 2 ,3-trans-flavan-3 ,i,-tra.n.s-diol. 

<! '-Ace'Lox:y-4 ,4 ' -dime'tnoxycnaluolJt:. 

The 2' - acetoxy- 4,4' -dimet hoxychalcone was synthesized accordi ng 

to the method of von Kostanecki and Osius178 • 2- HydroxY-4,4'-dimethoxy­

chalcone (16g .) was dissol ved in the minimum volume of p;YTidine (30 ml. ) 

and acet ylated with acet ic anhydr~de (60 mI .) at r oom t e@perature. After 

l eaving t he solution to s t and overnight, it was poured i nto a large 

volu~e of water when a thi~k,yellow oil resulted. The oil was t riturated 

with CC1
4

, when the acetate crystallized as light- yellow needles (20g.), 

m. p. 1070
• (Found: C, 69 .9 ; H, 5. 8 ; OCH

3
, 19.4 ; CO.CH

3
, 13.5. 

Calculated fo r C19H1805: C, 69.9 ; H, 5.6 ; OCH
3

, 19.0 ; CO.CH
3

, 13 .2%). 

von Kostanecki and Osius178 recorded a melt ing point of 103-40 for this 

chalcone . 

2'-Acetoxy-4,4'-dimethoxychalcone dibromide . 

2 '-Acetoxy- 4,4' -dimethoxychalcone (20g.) ,laS dissolved in CC1
4 

(350 mI .), and bromine (lOg.) in CC1
4 

(40 ml.) added cautiously in small 

portions . TI1e solut ion was left standing overnight at r oom t emperatur e 

and evapor ated to a small volume at 500
. under r educed pressure. On 

cooling the crude chalcone dibromide pr eCipitated as or ange crystals . 

These wer e recrystallized from benzene: light petroleum et her (b .p. 

40-600
) (1:1, v.lv.) to give clusters of colourless needles (23g.), m.p . 

147-8
0

, with decomposition and r eddening. (Found: C, 47.0 ; H, 3 .9 

Br, 33.4 ; OCH3, 12 .9 ; CO . CH
3

, 8.9. C19H18Br205 r equires: C, 46.9 ; 
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H, 3.7 i Br, 32.9 ; OCH
3

, 12.8 ; CO.CH
3

, 8.9%), 

7.4'-Dimethoxy-2.3-trans-dihydroflavonol. 

2'-Acetoxy-4;4'-dimethoxychalcone dibromide (5g.) was 

dissolved in aqueous 80;. (v ./v.) acetone (100 ml. ), boiled for 15 

minutes and then for a further 3 minutes with aqueous 10~ sodium carbonate 

(50 ml.). The mixture was cooled and dilut ed with water when an oil 

settled out. On standing the oil hardened to form light-yellow needles. 

These were recrystallized from ethanol giving pale-yellow needles (1.5g.), 

m. p . 1350
• (Found: C, 67 .8 ; H, 5.4 ; OCIl

3
, 20.6. Calculated for 

C17H1605: C, 68.0 ; H, 5.4 ; OCHy 20.7~n. The dihydroflavonol was 

previously synthesized by Kulkarni and Joshi184 who recorded a m.p. of 

3- Acetoxy-7,4'-dimethoxy-2 ,3-trans-dihydroflavonol (Fig. 2). 

7,4' - Dimethoxydihydroflavonol (123 mg.) was dissolved in the 

minimum volume of pyr idine and acetic anhydride (0.65 ml.) added. After 

standing overnight at room temperature the acetate was recovered from 

water as before and crystallized from ethanol in large shiny plates 

(60 mg.), m.p. 129-1300
• (Found: C, 66.4 ; H, 5.4 ; OCH

3
, 18.0 ; 

CO.CH3 , 12.4. C19Hle06 requires: C, 66.7 ; H, 

CO.CH
3

, 12.6%). Kulkarni and Joshi184 quoted a 

compound. 

5.3 OCH
3

, 18.1 ; 

m. p . 140-1420 for this 

The nuclcar-magnetic-resonance spectrum of the dihydroflavonol 

acetate showed, on analysis, that there was a 2,3-trans arrangement of 

substituents. This was deduced from the large coupling constants 

(J2,3 = 12 . 0 - 12.1 c./sec.) of the 2- and 3-protons. The chemical 
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FIG. 2. N.M.R. Spectrum of 7.4'-Dimethoxy-3-acetoxy-2,3-trans-dihydroflavonol. 
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shifts and spin-spin coupling constants are r ecorded in Table 2. 

7.4'-Dimethoxy-2.3-t rans-flavan-3.4-t rans-diol. 

7,4'-Dimethoxy-2,3-trans-dihydroflavonol (800 mg.) in methanol 

(40 ml.) was hydrogenated with Adams catalyst (79.86% Pt02 ; VI.C.Hereaus, 

Hanau, Germany) (550 mg.) for 4 hr. under conditions used originally by 

Freudenberg and Roux185 in 1954. The catalyst was filtered off and the 

solution concentrated to a small volume under vacuum in a rotary 

evaporator at 600
• The crude 2,3-trans-3,4-trans-flavan-diol crystallized 

from this solution, and was recrystallized from aqueous ethanol in 

colourless needles (452 mg.), m.p. 119-1200
• (Found: C, 67.1 ; H, 6.3 ; 

OCH3, 20. 8. Calculated for C17H1805: C, 67.5 ; H, 6.0 ; OCH3, 20.5%). 

A similar compound was obtained by Phatak and Kulkarni186 from 

t he reduction of the dihydroflavonol (m.p. 140-142
0

) with LiAlH
4

• The 

3,4-diol, m.p. 114-1150
, wa,s regarded to be the 2,3-trans-3,4-cis-

flavan-3,4-diol. 

7.4'-Dimethoxy-3.4-trnns-diacetoxy-2.3-trnns-flavan (Fig. 3) 

7,4 'Dimethoxy-2,3~-flavan-3 ,4-trans-diol (105 mg.) was 

acetylated with pyridine (0.4 ml.) and acetic anhydride (0.6 ml.) as 

before. The product was recovered from water and crystallized from 

ethanol as colourless needles (100 mg.), m.p. 135-1360 with sintering 

107-108°. (Found: C, 65.2 ; H, 5.6 ; 

C, 65.3 ; H, 

16.0 ; CO.CH
3

, 22.0. 

OCH
3

, 16.1 ; CO.CH
3

, 

Confirmation of the 2,3-trans-3,4-trans arrangement of 

22.3%). 

substituents and purity of the compound was provided by the analysis of 

its nuclear-magnetic-resonance spectrum (cf. Table 1). 
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Synthesis of (±2-7.41-Dimethoxy-2.3-trans-flavan-3.4-cis-diol. 

7,41-Dimethoxy-2,3-tran~-flavan-3,4-trans-diol was epimerized 

selectiv~ly at e-4 using Kashikar and Kulkarr~ls82 method, NaBH
4 

+ BF3 

in bis-(2-methoxyethyl)-ether (diglyme). 

To a suspension of NaBH4 (280 mg.) in dry diglyme (20 mI.) 

was added an ethereal solution of BF3 (45%) (1.5 ml.). A solution of 

7,4 I -dimethoxy-2 ,3-trans-flavan- 3,4-trans-diol (300 mg.) in dry diglyme 

(15 ml.) was added to the suspension with stirring. The mixture was 

o kept at room temperature for 2 hr., heated at 70 for a further 2 hr. 

and finally left to stand overnight at roam temperature. The excess 

reagent was decomposed with glacial acetic acid (5 ml.), the mixture 

diluted with water and the product obtained by repeated ether extractions. 

The ethereal extract was washed with water, dried over anhydrous Na2S0
4 

o and evaporated to dryness under reduced pressure at 40. The product 

crystallized from ethanol as colourless needles (130 mg.), m.p. 138-1400
• 

(Found: C, 67.5 ; H, 6.2 ; OGH
3

, 20.7. Calculated for C17H1805: C, 

67 .5 ; H, 6.0 ; OGH
3

, 20.5%). 

7.4 1- Dimethoxy-3,4-cis-diacetoxy-2,3-trans-flavan (Fig. 4). 

7,4 I -Dimethoxy-2 ,3-trans-flavan-3 ,4-cis-diol (100 mg.) .TaS 

acetylated with acetic anhydride (0.4 ml.) and pyridine (0.5 ml.) as 

before, and the product recovered fram water (10 ml.) as an amorphous 

white powder (114 mg.), m.p. 80-3 0
• (Found: e, 65.4 ; H, 5.9 ; OGHy 

16 .4 ; COCH3 , 22.0. C21H2207 requires: C, 65.3 ; H, 5.7 ; OGH
3

, 16.1 

eOGHy 22 .3%). 



FIG. 4. N.M.R. spectrum of (±)-7,41-Dimeth~-2,3-trans-flavan-3,4-cis-diacetate. 
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Phatak and Kulkarni186 synthesized a diol, m.p. 1360
, which 

they regarded as the 2,3-trans-3,4-trans isomer. N.m.r. spectrometric 

analysis of their diacetate showed, however, that it was a mixture of 

2,3-trans-3,4-trans and 2,3-trans-3,4-cis isomers (cf. Fig . 5). 

The nuclear-magnetic-resonance spectrum of the amorphous 

?,4'-dimethoxy-3,4-cis-diacetoxy-2,3-trans-flavan confirmed its 2,3-

trans-3,4-cis arrangement of substituent groups (cf. Table 1; Discussion). 

Synthesis of ?4'-Dimethoxy-2.3-cis-flavan-3.4-trans-diol. 

Att"lfipteu l!;p1lllerizat~on 01· 7 .4'-Dimethoxy-2 .3-cis-flavan­
l..!ccis-diol. 

An ethereal solution of boron trifluoride (1.5 ml.) (45%) 

was added to a suspension of sodium boronhydride (290 mg.) in dry 

diglyme (20 ml.). A solution of ?,4'-dimethoxy-2,3-cis-flavan-3,4-cis­

dio1 (300 mg.) in dry diglyme (15 ml.) was added to the above suspension 

with stirring. The reaction was carried out as before for the conversion 

of the 2,3-trans-3,4-trans into the 2,3-trans-3,4-cis isomer. The 

product crystallized from an ethanolic solution to which water (2 drops) 

had been added, and formed colourless needles on recrystallization 

(106 mg. ), m.p. 155-60
• A mixed m.p. 1<ith authentic 2,3-cis-3,4-cis­

diol was undepressed at 155-1560
• The mother liquor was examined by 

paper electrophoresis (cf. Table 5) and by thin-layer chromatography 

on Kieselge1 G (E. ~ierck A.-G., Darmstadt, Ge:nnany ) (cf. Table 3). 

This indicated that the desired 2,3-cis-3,4-trans isomer had not formed. 

A trace of a high ~ (0.94) component was evident, possibly the 4-ethy1 

ether of the 2, 3-cis-3 ,4-trans compound . Darker~ng of the reaction 



FIG. 5. N.M.R. Spectrum of Phatak and Kulkarni IS Mixture of Two Racemic 
(±)-7,4

'
- Dimethaxy-flavan-3,4-diol-diacetates. 

.. ,. .. .. .. .. .. ... T ..... rl' 

,"'0 . J 
" 100 

)->oil>: 
~ 

,., ocifl o '" 

I COC~ I ;' ,v--4'Yh4 I I 4~ ;, 
• "r 

: i 1:1 

r 4~X~/ ~~ :1,,--
I I r ' I I 

i i' I 
'i 
I I 

r" 
I! 

H~ , tt~l 
ii o! 

" I ':;:'1 : " I 
:: I I ~r\ ! I I ' I 
I I 

11~\ I I' I' : 
'U I I ~~~-.• '-

.. ~ u .. I. 



-83-

~~ure was observed during heating and therefore milder conditions were 

attempted . A r epetition of the reaction at 500 for 1 hr. again gave the 

2,3-cis-3 ,4-cis racemate with higher recovery (84%, compared with 32;0 

for the first attempt). 

Epimerization at C-4 of the 2,3-cis-3 ,4-cis diol evidently 

does not occur under the same conditions as for the conversion of the 

2,3-trans-3,4-trans diol to the 2,3-trans-3,4-cis isomer. 

Attempted Total Synthes is of (+)-7,4'-Dimethoxy-2,3-cis-flavan­
lJ±::trans-diol. 

Using 2'-acetoxy-4,4'-dimethoxychalcone dibromide as starting 

material, an attempt was made to prepare the 2,3-cis-3,4-trans diol by 

way of the 3-bromoflavanone and 3-bromoflavan-4~-01. The synthetic 

route developed by Kulkarni et al. 184,187 as modified by Clark-Lewis, 

Ja.ckman and Williams75 was used. 

3-Bramo-7,4'-dimethoxyflavanone. 

2'-Acetoxy-4,4'-dimethoxychalcone dibromide (lSg .) was 

dissolved in aqueous acetic acid (S5%, 200 ml.) at 60-700 and left 

overnight at room temperature. The solution was diluted with water 

when a. yellm" oil formed. After r epeat ed changes of wa,ter the oil 

hardened and the product crystallized from ethanol as light-yellow 

plates (5g.), m.p. 156-1580• (Found: C, 55.1 ; H, 3 . 6 ; Br, 26.7 ; 

OCH3, 17.5. Cl~15Br04 r equires : C, 56.2 ; H, 4.2 ; Br, 22.0 ; OCH
3

, 

17.1%). 

The product on being sprayed ''lith a 1% solution of NaBH4 in 

isopropanol gave a light-magenta colour on paper, indicating the 
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convers i on of t he chalcone dibr omide t o the corr esponding flavanone. 

J - Bromo- 7,4'-dim3thoxyf lavanone (5g .) in dry tctra~ydrofuran 

(100 ml . ) was added slowly to a stirred mixture of LiAlH4 (1.5g . ) and 

A1C1
3 

(10. 5g . ) in dry tetr ahydrof urD.n (60 m1. ) at 00• The excess 

r ecgent wc,s decomposed with wat er after 1 hr . 8nd t he gr eenish- gr ey 

mixt ur e acidified wi th 1.511 HCl (30 m1. ). The mixture Has extr acted 'lith 

ether (3 times) , dried over anhydr ous Na2S0
4 

and t he ether eal solution 

o taken to dryness under r educed pr essure at 40. A br own r esidue of 

cruie 3- bromo- 7 , 4 ' --dimethoxyflavan- 4,@ - 01 r esulted. This crystallized 

f r om et hanol in buff-coloured needles (900 mg . ) , m. p . 185- 70• The 

product Has spot ted on filter paper and s~rayed wit h a soluti on of 

toluene-£-sulphonic acid in ethanol . After heating at 1000 for 2 

minutes a blue col our appear ed , slowly fading t o a pi nk on standing , 

188 indicating a positive r eact ion fo r flavan- 4-o1s (cf . Roux and Paulus 

and Row et al . 189 ). 

3- Br omo- 7 , 4'--dimethoxyflavan-4 4 - 01 (500 mg . ) "as boiled f or 

70 hr . in a mixture of acetic anhydr ide (5 ml .), acetic acid (25 ml. ) 

and anhydrous potassium acetate (2g . ) . Afte r reactio~ the mixt ure was 

diluted with ice-wat er (200 ml . ) and t he bro'[!1 oil left to harden . A 

dar k- brmm precipitate , which failed to crystallize f r om aqueous ethanol 

in the usual '-Jay, was subjected t o chr omatogr aphy on an activat ed alumina 

col umn using gr adient elution . A mixture of isohexane: benzene (5:3 , 

v./v. ) was used initially , the r atio changing to (1:1 ) and f i nally t o 
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(1 :2 ). Four main fractions wer e collected of "hich only the l ast sho>lod 

slight r eaction char acteristic of l eucoanthocyanidins. Concentration 

of this fraction affor ded a bro~m precipitate which failed to cr ystallize. 

3- Br omo- 7 .4 '-dimethoxyflavanonc . 

In order to investigate t he failure of flavan-4/i -01 t o yield 

the desired 2, 3-cis-3,4-trans-di ol, t he synthesis of t he corresponding 

flavan-4~-01 by the elegant me thod of Doifode81 was attempted . 

2 '-Eydr oxy- 4,4'-dillethoxychalcone (lg .) and cupric brcmide 

(2.415 .) in dioxane (60 m!. ) were r efluxed for 2 hr. The mixture vms 

cooled , diluted Ni th wat er and the pr eci pitate crystallized from ethanol 

giving br ight-yellow needles, m. p. 110-1130• Paper chromatography 

confirmed that the product consisted of unchanged chalcone . 

The reaction of cupric br omide wit h 2 '-hydroxy- 4 ,4'-dimethoxy-

chalcone apparently does not proceed along a similar route to that of a 

Chalcone met hylated in t he 5- and 4 '-positions. In the case of 2 '-

hydroxy-5-methyl-4'-methoxychalcone, under these conditions, 3-brcmo-

6- methyl-4'-methoxyflavanone was fo rmed. 

Failur e of the synthesi s of (±)-7,4'-dimethoxy-2,3-cis-flavan-

3 ,4-tr~-diol, via t he 3-brcmoflavanone and 3-bromoflavan-4~ - 01 

intermediates, appears to be due to methoxyl substitution at C-7 (see 

Discussion) • 

Synthesis of (±)-7,4'-Dimet hoxy-3 ,4-trans-di acetoxy-2,3-cis-flavan 
(Fig. 6) . 

The epimerization of the 2,3-cis- 3 ,4-cis-diol to yiel d the 

2, 3-cis-3,4-trans-diacetate by the acet ylation t echnique was performed 



FIG. 6. N.M.R. spectrum of (±)-7.4'-Dimethoxy-2.3-ili-!lavan-3.4-~-diacetate. 
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according to the method of Fujise et al. 68,69,70. --

(+)-7,4'-Dimethoxy-2, 3-cis-flavan-3,4-cis-diol (400 mg .) and - ----
anhydrous sodium acet1'.te (no mg.) ."er e added to acetic anhydr ide (4 ml. ) 

and acetic acid (1 ml.). The mixture was hea.ted under r eflux for 4 hr., 

poured i nto ice-water and a llowed to harden over night. The product "Tas 

examined by thin-layer chromatogr aphy on Kieselgel G (0. 25 mm . thickness) 

using 10 cm. migration and benzene: acetone (19 :1, v ./v.) as solvent. 

The compounds we r e detected by spr ayi ng with concentrated H2S0
4 

: 40;; 

formaldehyde (20:1, v ./v.) r eagent. The two main components had l1-
values of 0 .75 and 0.51, while at 101'ier f1, (0 . 25-0.42) four minor 

impurities "i8r e det ect ed . Tne pr oduct (f1, 0 . 51) was isol ated by means 

of pr eparative t hin- layer chromatogr aphy on six plates (20 x 20 cm.) on 

Kieselgel G (1 IITm .) in t he same solvent system. Development was 

extended t o 1 . 5 - 2 . 0 hr. to give 18 cm. migration to the top of the 

pl ates . The band at Rp 0.51 was located by spraying a strip along the 

s i de of the plate with a mixture of concentrated H2S0
4 

and 40~ formal de­

hyde (20:1, v . /v .) and heating for 5 minutes at 1100
• The product was 

stripped off the Kieselgel and extr acted with benzene: ethanol (9:1, 

v. /v.). It crystallized from ethanol as colourless pr isms (213 mg.) 

m.p. 109- 1100
• (Found: C, 65 . 3 ; H, 5.9 ; OCH

3
, 17.0 ; CO. CH

3
, 22 . 6 . 

C21H2207 r equires : C, 65 .3 ; H, 5.7 ; OCH
3

, 16.1 ; CO .CH
3

, 22 .3%). 

Analysis of the n.m.r. spectrum of the diacetate confirmed its 

2,3- cis-3 ,4-trans configuration of substituents . A small portion of the 

2,3-cis-3,4-cis starting material ~ras detectabl e . This was not r emoved 

by r epeat ed r ucrystallization. The chemical shifts and spin-spin coupling 

constant s for the four r acemates ar e given i n Table 1. 



TABlE 1. 

Nuclear-magnetic-resonance s pectra of 3 .4-D iacetoxy-7 .4'-<l:uncthoxy- flavan Racemat es. 

(a) Chemical S'lifts : T values (p.p.m. ). 

CH
3 

(Acetyl) I CH
3 

(Hetho:xyl)i H 

3- 4- i 7- 4 '~ 2- I 3-
i ! 6+8- 3 '+5'- ! 2 '+6' Racemat e 4- , 5-, 

, (s) (s) (s) (s ) (d) (q) (d) i (d) (m) Cd) , 
I 

2,3-trans-3 ,4-trans 8.15 8 .00 i 6. 24 6 . 21 
1

4•95 4.49 3,78 2 .91 3 .43 3 .13 
2,3-trans- 3,4-cis 8 .16 7.87 I 6 .25 6.20 

,4 .
82 4 . 53 3 . 84 2.80 3 .1,7 3 . 09 

I 
6.19 2 .65 2 , 3-cis-3,4- t rans 8 .11 7.90 ' 6 .23 4.70 4.77 h .15 3 .44 3. 07 

2, 3- cis-3,4-cis 8.08 I 7.92 6.22 6.20 4.73 4.40 3.73 2. 89 I 3 .43 3 .13 

Guibourtacacidin* 8.12 i 7. 89 6 .23 6. 19 4.70 I 4.70 4 .13 I 2 .65 I 3 .45 I 3 .11 
---

Cb) Spin-spin Coupling Gonstants f or 2-. 3- and 4·Pr~tons (c ./sec.) • 
... _ ---_. 

J2,3 _~~,4 __ Racemates 
._- -_. .._-_. 

2,3- trans-3,4-trans 9 . 0 6 .9 

2,3-trans-3 ,4 cis 10.3 3.1 

2,3-cis-3,4-t r ans 0.9x 2.8 

2,3- cis-3,1,-cis 
I 

1.2x 4.2 

Guibourt a.cacidin* L1. 0 2.7 , 
--'. 

s = s ingl et, d = doublet, q = quartet, and m = multiplet. 

"Natural product obtained from Guibourtia Coleosperma heartwood190• 

xValues obtained by analysis of the 3-proton quart et. 

Cd) 

2.65 
2.63 

2 . 56 

2.64 

2.62 
j 

6, 
I" 
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TABlE 2. 

Nuclear-magnetic-resonance Spectrum of 3-Acetoxy- 7 ,4'-dimethoxy­
~trans-dihydroflavonol. 

(a) Chemical Shif t s: I values (p.p.m. ). 

I I ' l CH3 (Acetyl) i CH3 (Hethoxyl) I H 

8.00 i 6 .19 i t- . 19 '14. 68 i 4 . 21 11 2 •16 13 .38; 3 . 55: 3 . 07 ! 2.58 
~. ________ ~ ___ IL-____ ~ ____ ~ __ -L ____ ~ ______ ~ ______ ~ __ ~ 

6 = singlet, d = doublet, and q = quartet . 

(b ) Spin- spin Coupling Constant for the 2- and 3-protons (c ./sec .) 

J 2,3 = 12.0, 12 .1 

Thin-layer Chromatography of (+)-7,4'-Dimethoxyflavan-3,4-diol Racemates. 

The ~rans-trans, trans-cis and cis- cis racemates of (±)-7,4'-

dimethoxyflavan-3 , 4- diol were chromatogra_hed on Kieselgel G (E. Lerck 

A.-JJ., Dal'Jnstadt , Germany) chromatoplates (0 . 25 mm. thick). A mixture 

of chloroform: ethyl acet ate (2:1, v ./v .) was used with 10 cm. 

migration. The chromatoplates were dried in a current of warm air and 

sprayed with toluene-E- sulphonic acid191 or concentrated H2S0
4 

: 40'(, 

aqueous formal dehyde (20:1, v./v.) . The colours were developed by 

heating the plates for 5-10 minutes at 1200
• The former r eagent gave 

pinks , v,hile t he latter spray gave deep-reds. Under ultraviolet light 

all showed gol den- yello", fluorescent spots . RF values ar e l isted in 

Table 3. 
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TABIE 3 . 

Thin-layer Chromatography of 7,4'~Dimethoxyflavan-3 ,4-diol Racemates. 

Racemate 

2 ,3-.!-.F~-3 ,4-trans 

2 , 3-tra~-3 ,4-cis 

2,3-cis-3,4-cis 

Product of attempted epimerization of 
2,3-cis-3 ,4-cis racemate: 

(i) crystals 

(ii) mother liquor 

, 
I 
I 

! 
~ 

0.28 

0 .31 

0.43 

0.43 

0.46 1 
0.96' J 

• Possibly the 4-·ethyl ether of the desired 2,3-cis-3,4-trans racemate. 

Thin-layer Chromatography of the 3,4-Diacetoxy-7.4'-dimethoxyflavans. 

The four racemates of (+)-7,4'-dimethoxy-3,4-diacetoxyflavan 

were developed (10 cm. migration) on Kieselgel G chromatoplates (0.25 mm. 

thick) with benzene: acetone (19:1, v./v.). The plates were sprayed 

with concentrated sulphuric acid: 40% formaldehyde (20:1, v./v.) and 

heated at 1200 for 5-10 minutes. The 2,3-cis-3 ,4-cis racemate was the 

only derivative giving a pink colour with this spray reagent - all three 

other racemates showing brick-red spots. The ~ value of the 2,3-cis-

3,4-trans racemate was appreciably lower than the others. ~ values of 

the four r acemates and the colours produced with the above spray reagent 

are summarized in Table 4. 
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TAEIE 4. 

'l'hin-layer Chromatogr aphy of 3 .4-Di"cetoxy-7.4 l-<limct hoxyfl::vtHls . 

Racemate RF Colour 

2 , 3-trans-3 , 4-tr~,s 0 • .05 

I 
Brick-red 

2 , 3-tra~~-3,4~ C.GO Brick-red 

2,3-cis-3 ,4-cis 0 . 64 Pink 

2,3-Sis-3,4-t r tns 0.51 Br ick-red 

I Acetylation products of 0 .51 l : rick-red i 2,3-cis-3 ,4-cis isomer 0 .75 J Pink 
-,--_. 

Pi'per Ionophore2.is of (+ )-7 ,4 1-Dimethoxyflavvn- 3 ,4-diols. 

The apparatu~, used "'e.s of t he horizontal open-strip t ype (cf. 

19' Gr assman L:lU Hannig "- ) i n ~lhich the paper is allowed to dip at each end 

i nto cells containing O.lf, sodium Lorate' solution. The at mosphere '-as 

~.lr.into.in( d near saturation by cnclosin" thL qmari_tus 1"ith a tibht­

fitt ing "Persr:>ex" lid . The paper [ Sleicher and Schull brand 110 . 2043 

(4 x 41 en:.) J ws >Jetted "ith borate solution i. lid equilibra.ted in 

posit ion for 1 hr. before use . The con:pound Fas applied as a streak on 

t Le oric.in , locat ecl 17 Cl~ . from the one end of t he ps !,>er. :~ "Shandon 

Vokam" power supply , t ype 2541, I"!~s used to apply" potenti, 1 of 70-75 

vol ts across the cloctroues , ~' j virl[ a current of 5 n . A., for I E' hr. The 

strips Wer() dried r t 500 il1 v.n oven m:d heavily spl'a"ed vrith toluenc~ 

sulphonic acid to liberr t e t he diol s f rom the bONte complex . Ee~ting 

for 5-10 minutes " t SO-lOOo produced pink bonds on a [ r e;{ back-erouncl . 

The ionophor etic mobilities of t he 7,4 l-<l inlethoxc-flavan- 3 ,4-<liols &re 

lis ted in T~1.ble 5. 
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TABIE 5. 

Paper Ionophoresis of (±)-7,4'-Dimethoxyflavan-3,4-diols. 

Racemate Ionophoretic mobility (cm. ) 

2,3- t r ans- 3 ,4-t rans - 2 .1 

2,3-t rans-3,4-cis +3 .0 

2 ,3-cis- 3 ,4-cis +1.7 

Products of attempted epimerizationr 
of 2 ,3-cis- 3 .4-cis r acemate: I 

(i) crystals , m. p. 155-1560 +1.7 

(ii) mother liquor +1.9 } * -1.7 

*Possibly the 4-ethyl ether of the desired 2,3-cis-3,4-trans 
racemate. 

Paper Ionophoresis of t he Dimethyl Ether of Guibourtacacidin. 

Paper ionophoresis of methylated guibourtacacidin, the natural 

product extracted from t he heartwood of Guibourtia coleosperma 

(Rhodesian copalwood), in sodium bor ate under the conditions developed 

by Drewes and Roux56 showed a main ~~ at -2.10 cm. and a weak band at 

+3 .0 cm. These correspond to 2, 3-cis-3,4-trans and/or 2, 3-trans-3,4-

trans (-2.10 cm. ), and 2, 3-trans- 3,4-cis (+3 .20 cm.) isomers (cf. Drewes 

and Roux56 ). A band corresponding t o the 2, 3-cis- 3,4-cis isomer (+1.70 

cm. ) was absent. 

Nuclear~a netic-resonance S ectrum of the Diacet I-dimetho 
derivative of Guibourtacacidin 

The n.m.r. spectrum of t he amorphous diacetyl dimethyl ether 

of guibourtacacidin f r om g. col eosperma (cf. Table 1) showed that this 



J, 

FIG. 7. N.M.R. Spectrum of D:iJnethyl Ether Diacetate of (+ )~uibourtacacidin. 
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derivative of the flavan-3,4-diol has the predominantly 2,3-cis-3,4-

trans arrangement of substituents. 

i~hen the spectrum was run at high amplitude, however, weak 

signals of the 2- and 4-protons of the 2,3-tr~~s-3,4-trans and 2,3-trans-

3,4-cis isomers wore also observed. These were recognized from the 

signals of the corresponding protons of the pure r aoemates (cf. Table 1) 

9.nd from their mixture. Signals from the 2- and 4-protons of the 2,3-

cis-3,4-cis isomer .!ere absent. 

An exanunation of the integral curve of the signals from the 

4-protons, which were well separated, indicated t hat t he isomers are 

present in the proportions 2,3-cis-3,4-trans (5) : 2,3-trans-3,4-trans 

(1) : 2,3-trans-3,4-cis (1). 

Nuclear-magnet i c-resonance Spectrum of a LiAIH4 Reduction Product of 
(+ )-7 ,4'-Dinlethoxydihydrofkvonol. 

A mixed diol, m.p. 113-1210
, obtained by Phatak and Kulkarni 186 

through reduction of the above dihydroflavonol with LiAIH
4

, was resolved 

by them by acetylation and fractional crystallization of the diacetates. 

These diacetates were hydrolysed to give two diols, m.p. 114-1150 (also 

obtainable by reduction with NaBH
4

) and 1360
• 

The latter diol, kindly made available by Dr. A.B. Kulkarni , 

was acet;;rlated as beforE;, and its n.m.r. spectrum analysed (Fig. 5). A 

comparison of this spectrillfi wit h thO SE; of the 2,3-trans-3,4-}rans and· 

2,3-trans-3 ,4~ diacetates (Table 1) Sh01.,ed that the product consists 
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of these two r acGmates in the ratio 11:9. This was shovm by the signals 

of t he well-separated 4-acetyl protons. 

The EpLrnerization of (+)-7,3',4'-TrLrnethoxy-2,3-trans-flavan-
3 ,4-trans-diol at C-4 by NaB\ + BF 3' 

(+ )-7, 3 t ,4'-Trirllethoxy- 2 ,3-trans-flavan-3 ,4-trans-diol. 

(+ )-I.eucofisetinidin [( + )-7,3' ,4 '-trihyclroxy-2 , 3-trans­

flavan-3,4-trans-diolJ (2.085g . ), m.p. 126°, from black wattle heartwood193 

was methylated with ether eal diazomethane for 36 hr. at _10°. The 

° solution "as evaporated undor r educed pressure at 40 to a small volume 

(10 m1.) ::nd a fC~l drops of wat er were added when the (+)-7, 3 ' ,4'-

trimetho),."y- 2 , 3-trans- flav&l!- 3 ,4-trans-diol crystallized as colourless 

needles . The cOP.lpound ,,,as r ncrystallized from aqueous ethanol (1.5g .), 

l,l.p. 129-1300 . (lit. m. p. 1300193 ). 

Epimerization of (+)-7,3',4'-Trimetho~;Y-2,3-trans-flavan-3,4-trans-diol. 

Ethereal boron trifluoride (1. 5 m1., 45%) was added to a 

suspension of sodium boronhydr ide (273.6 mg .) in dI"J digl yme (20 ml.). 

A solution of (+)-7,3',4'-trimethoxy-2,3-trans- fl van-3,4-trans-diol 

(315 mg .) in dry diglyme (15 ml.) was then added with stirring to the 

suspension and the r Gaction carried out as for thu epimeriz[.tion of (+)-

7 ,4' -dimethoxy-2 ,3- trans-flavan-3 ,4-trllns-diol to the 2 , 3-trans-3 ,4-cis 

isomer. The r esidue , after re~ction, was dissolvod in the minimum 

volume of ethanol and the 2,J-trans- 3 ,4-cis isomer crystallized aft er the 

addition of 2 drops of wate r . The material was r ecrystallizecl from 

aqueous ethanol to give colourless m ,_dles (1561ll€.), m. p . 186-187° . A 

mixed m. p . with authentic (+ )-7,3' ,4'-tr:ilJ1.Gthoxy- 2 , 3-trans-flavan-3 ,4-
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cb-<ii:.J186 , kindly supplied by Dr . S .E. Drel,es, Vias undcpr ess ed , m. p . 

) ... . 20 0 rl I·· 1 20 0 
186-18e; " lex: J D + 2<' .7 (tetrac~loroethane; '{, 8.3) ; .. <x. . D + 47.2 

[acetone: water (2.25 : 1.25) ; q, 4.9J. (Found: C, 64.6 ; H, 6.2 ; 

OCH
3
,27.9 . Calculated for C18H2006: C, 65.0; H, 6.0 ; OCH

3
28 .0%). 
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,EPRT II. 

ISOLATION. STRUCTt:RE AW STEREOCHEMISTRY OF BIFLAVANOLS B Am D 
FRO;, r;LilCE ~'IATTIE (ACitCI;, i.E,llNSII) BAmc 

Two-dimensional paper chromatography of enriched low molecular 

weight fractions of black wattle bark extract (cf. Fig . 8) on spr aying 

with toluene-£-sulphonic acid reagent, show a number of component s giving 

ora11f,e (B and D) or orange~pink (C 'lnd F:) spots . These const ituents ar e 

therefor e considered to be l euc oanthocyanidins194 • From the positions 

occupied by B and D on these chromatogr~ns, i, e, higher ~ values than 

the highly condensed bark t annins and lower 11 than the monomeric .1" I s 

components, thesc t wo products Her e originalJ.;y- assumed t o be dimeric 

leucoanthocyanidi ns195 • 

Isolation of Band D f rom Fresh Bl ack Wattle Bark Extract. 

Fr esh black wattle bark (3 Kg .) from young trees (6-10 years 

old ) was cut into small sliver s ,·;ith a stainlesp steel knife and extracted 

with ethyl 2cdate (10 1.) fo r 4 days . Ethyl acetate extraction select-

ively excludes a considers.bl e percentage of t he highly condensed bark 

tannins and ther efor e has a certain fr~ctionating effect . Gums ar e 

absent in ethyl acet at e extr~cts nnd the percentage of extracted sugars 

is less than in t he case where alcohols ar e used . On t he other hr nd , 

et hyl acetate is a good sol vent for w~xes and hence the extr act has to 

be de-waxed pr ior to fract ionation. 

lSt er decantation of the sol ution, the bark cuttings wer e 

re-extracted with frosh et hyl :;cete.te (10 1.) for a further period of 
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5 days. The total extract (201.) was concentrated to dryness under 

r educed pressure i n a rotary evaporator at 60
0

, yielding a buff­

coloured solid (962g;), which was de-waxed by wanning and shaking with 

isohexane in small portions (2 1. total). 

The extract (lOOg.) was dissolved in the aqueous phase (11.) 

of an ethyl acetate: "ater (1:1, v./v.) mixture, and plt:ced in the first 

of a series of 10 s eparnting funnels each containing aqueous phase (1 1.) 

saturated with ethyl acetate. The extract '''~ S partitioned in the ethyl 

acetate-water system by countercurrent separation in \-Thich each funnel 

was shaken for 2 minutes and the phases al101!ed to separe.te for 10 

minutes. After a 10-stage separation the contents of fun.llels 1 to 4 were 

concentrated to dryness, while for the remaining funnels (5 to 10) the 

aqueous phase ",as extracted with ethyl acetate (J times), and this extract 

added to the organic phase for concentration to dr}'!less under reduced 

pressure at 60-700
• 

Typica l yields of the various fractions from lOOg. extract and 

the distribution of components a r e shown in Table 6 (cf. Fig . B). 

The mrulual countercurrent partition procedure was r epeated six 

tilnes to give ~pproxi.'Ilately 200g. of enriched low molecul~,r weight 

fraction from tubes 1 to 4, for further pt:rtitioning in the 8.utoll,<:tic Craig 

countercurrent machine using a different solvent system. 

A mixture of ~-butanol : isohexanc w,te r (4.5 : 0.5 : 5.0, 

by vol.) was shaken thoroughly to saturate the aqueous (lower) and 

organic (upper) phases. The 160-tube Craig machine was charged with 50 m1. 

lower ph~se per tube . The buff-coloured solids of the fra ctions 1 to 4 
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FIG. 8. Two-way Chromatogram of Fresh Black Wattle Bark Components. 
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( l OOg.) .rere dissolved in lower phase (400 m!.) am introduced into the 

first 8 tubes of the machine. Afte r 150 transfers thG upper and lrn 'er 

phases of ever y fifth tube >Tere examined by t>To-dimensional chromato-

graphy on Whatman no. 1 paper in .mtcr saturated ~.-butanol, and then 

in 2% aqueous acetic acid. Chrom~to[rnms wer0 run in duplicate, one 

being sprayed with ammoniacal AgN0
3

, ,.hilo bis-diazotized benzidine spray 

was used for th e other. 

T;.BLF: 6. 

The Distribution ,?f Com12onents and Yields of Various Fractions afte r a 
l.fimual Countercurrent Se12a;£a.tion of Black l'1l:\ttle Bark Extract. 

I Fraction 
I I 
I 1 2 3 4 5 6 7 8 9 10 
I I i i ; , 

17.9 : 5.4 15.5 
, 

Yield (g. ) I 5.6 ! 7.6 : 8.1 : 7.1 8.0 '10.1 , 6.1 
; 

Low RF tannins ! + + + + + + x x x 
- I 

A 

I + + + + + 

III i i - + + + I + x 
! 

A2 i I j x x + + + + x x I ! 

B x x + + + + x x 

C x + + + x x 

D + + + + x x 

E + + + + + x x x 

F i - + , + + x 

G " x x + + + x 

H , - x + + + x 

H = absent , (+) = present i l1 f nir cone .. , (x) = pre s ent in lOH cone. 

~= (+)-Gallocc t echin, G= (+)-Cat9chin, H = Robin~tinidol. 



-98-

The chromatograms , shmung the distribution of compommts , 

were us ed to group the contents of th" Craig tubes into sever,ll fr~"ctions 

(cf. Table 7). 

V.BIE 7. 

Distribution of Components and Grouping of Craig Tube Cont0nts. 

Craig Tubes Distribution of Component s . 

1-29 

30-40 

41-70 

71-80 

81-90 

Low ~ tannins 

D and E 

D, B, E and C 

E, B, C nnd li. 

B, C and ;\ 

The contents of the tubl.s \'lere further grouped togc,th8r to 

Give 3 mcin fractions: I - tubes 30-45 (D predominant), II - tubes 46-64 

(B and D in approximately equnl concentr ations) and III - tubes 65-75 (B 

predominant) • 

The fractions I to III wer e 1:.pplied to vihr,tman no. 3 paper 

(250 mg . per sheet in 5 ml. ethanol), and developed >lith 2;;; aqueous acetic 

acid for 15 hr. Strips along th~ side wer e cut and sprayed with toluene­

E-sulphonic acid . An orange band at ~ 0 .44 (1,.5 cm. wide) , corresponding 

to components B and D, and an orange-pink band at ~ 0.34 (5 cm. wide), 

corresponding to constituents C and E, were located. The higher ~ band 

>las cut, eluted with 70;:' aqueous ethanol and the eluates concentrated to 

dryness under reduced pressure at 60°. The fraction B + D (7g.) was light , 
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buff -coloured. 

In order to separate components E and D, t he f r action was 

applied to pre- uashed sheets of Whatman no. 3 paper at concentr ations of 

60-70 mg. per sheet. The fraction was partitioned in water-saturated sec.-

butanol for 24 hr., and after drying, side-strips wer e cut ru1d sprayed 

with toluene-~sulphonic acid. Bands at ~ 0.47 (4.7 cm • .,ride ), due t o B, 

and at R~ 0.32 (4.6 cm. wide), corresponding to D, were locat ed . These 
r 

were cut, eluted with 70% aqueous ethanol and the eluates concentrated to 

dI"'Jness under reduced pres ~'ure at 600
• Light-brown residues of r elatively 

pure (by paper chromatography) B (2g.) and D (3g.) were obtained . 

Neither B nor D crystallized and both t ended to condense on 

handling in the free-phenolic forms. The products Nere accordingly 

stabilized by methylation prior to their purification by thin-layer 

chromatography. 

Octamethyl ether of B. 

Compound B (900 mg.) in methanol (200 mI.) was methylated with 

ethereal diazomethane, generated from nitrosomethylurea (25g .), at _100
• 

After 48 hr. the solution was concentrated to dryness under reduced 

pressure in a rotary evaporator at 500
• The yellow r esidue was examined 

by thin-layer chromatography on Kieselgel G (0.25 mill. thick) using 

chloroform: ethyl acetate (1:1, v./v.). The chromatoplate was sprayed 

with concentrated sulphuric acid: 40% formaldehyde (20:1, v./v.) and 

heated at 1200 for 5-10 minutes. Three components at RF values of 0.70, 

0.36 and 0.21 were shown. ;.pproximately 30% of residue remained at the 

origin and an extensive trail at low RF was observed. The main component 
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was located at ~ 0.36, and shovled a brick-red spot having slight r ed­

brown fluorescence under ultraviolet light. 

Tne crude methylated B in ethyl ~cetate : ethanol (1:2, v ./v.) 

(30 ml.) was applied t o 30 chromatopl a t es (30 me; ./plate ) usine Heselgel 

G (llum. thick) and chloroform: e thyl acetate (1:1, v./v.). The main 

band was located by spr aying a side- strip on t he plat o \.;ith the s ulphuric 

acid- for maldehyde r eagent. The band was stripped mechanicully end the 

product eluted with 8thyl acct~te : ethanol (1:2, v./v .) . The solution 

was concentrat ed under reduced pressure at 500 to give a light buff-

coloured precipitate. This wr.s t aken up in e thanol and preCipitated wit h 

wat e r (0.05 Jul.). Further preCipit at ion gave a light- cr eam powder (212 

mg .). The canpound settled over the r ange 130-135° , after sintor ing at 

1260 • [otJ ;9 _ 98. 80 (c, 1.84 in a cetone ). (Found: C, 65 .3 ; H, 6 .3 ; 

OCH
3

, 35 . 2 . C38h42012 requires : C, 66 . 1 ; H, 6.1 ; OCH
3

, 36 .0;) . 

Dincetvl- oct amethyl et her of B. 

The octamethyl ether of B (52 . 7 mg .) was dissolved in the 

minimTh~ of pyridine (0.3 ml.) ~,d acetic anhydride (0 .3 mI .) added . The 

mixture was left over night at room temperature , and then poured into ,mter . 

The product was r ecover ed t o give an off-white precipitate . Sever!).1 re-

pr ecipitations Nith Nater fror,l 8than01ic solutions gave a white amorphous 

pOl'lder (43 mg .), settling at 120-1250 • [0<:] ;9 - 71.90 (c, 0 . 76 in 

acetone ). (Found: C, 64 . 8 ; H, 6 . 1 ; OCH
3

, 31 . 6 ; CO.CH
3

, 10.0. 

C42H&4014 requires C, 65 .1 ; H, 6 . 0 ; OCH
3

, 32.1 ; CO.CH
3

, 10.9%). 
4\1 

The mol ecul a r weight by mass spectrometry vlaS 774. 
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Deca-acetate of B. 

Component B (110.) mg.) was acetylated with acetic anhydride 

(0. 6 ml.) and a miniml.Dll (0.4 ml.) of pyridine. The product was recovered 

from water as above, and purified by thin-layer chromatography on 

Kieselgel G (1 mm. thick) using benzene: acetone (7:1, v./v.). The 

product was eluted with acetone and precipitated vrith water from ethanol 

acetone (9:1, v./v.). A white amorphous powder (83 mg .) which sintered 

o 0 . r) 19 . 0 at 168 and settled over the range 178-185 was obtalned. L 0(. D - 5l.3 

(c, 1.53 in acetone). (Found: C, 60 . 0 ; H, 4.7 ; CO . CH
3

, 41.8. 

C5d\6022 requires: C, 60.1 ; H, 4.6 ; CO.CHy 42.ln. 

Nonamethyl ether of D. 

Compound D (lg.) was methyl cted with ethereal diazomethane as 

above to give a light-yellmv precipitate. This was examined by thin­

layer chromatogr aphy on Kieselgel G (0 .25 nun. th j.ck ) using chloroform 

ethyl acet ate (1:1, v./v.). Concentrated sulphuric acid: 4Lf% formalde­

hyde (20:1, v./v.), followed by heating at 1200 for 10 minutes, was used 

for locating the product. The spray reagent shovred a major product 

(brick-red) at ~ 0.49 >lith extensive trailine at l ower ~ and an 

appr eciable residue at the origL~. 

The crude methylated D was dissolved i n ethyl acetate : ethanol 

(1:2, v./v.) (32 mI.) and run on 32 Kieselgel G (1 mm. thick) plates 

using t he same solvent as above. The main band was located with the 

sulphuric acid spray as before, and stripped off . Ethyl acet at e and 

ethanol Here used to elute t he product. The solution was concentrat ed 

to dryness under r educed pressure at 500
, giving a light-yello~l precipi tato . 
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o This was dissolved in the minimum ethanol, cooled to ° and 2 drops of 

water added when a \;hite flaky precipitate appeared. Several such 

precipitations yielded an amorphous cream-coloured product ()40 mg.) which 

sintered at 1400 and settled at 1610
• [0(. J ;9 - 86.00 (c, 2.08 in acetone). 

(Found: C, 62.5 ; H, 6.1 ; OCH)J )7.0. C)9H4401) requires: C, 62.9 ; 

H, 6.0 ; OCR), )7.5%). 

Diacetyl-nonamethyl ether of D. 

The nonamethyl ether of D (51.4 mg.) Vias dissolved in a minimum 

of pyridine (0.) ml.) and acetic anhydride (0.) mI.) added . The mixture 

was left overnight at room temperature and the product recover ed from 

water as an off-white precipitate. Several r e-precipitations from 

aqueous ethanol resulted in a light cream-coloured powder (39 rug.) which 

settled at 1400
• ['" ] 

19 - 65.70 (c, 2.4 in acetone). (Found: C, 63.9 ; 
D 

H, 6.1 ; OCHy 35.6 ; CO.CH
3

, 9.8. C4)H48015 requires: C, 64.2 ; H, 6.0 

OCH), )4.7 ; CO.CH), 10.5%). The molecular weight, determined by mass 

spectrometry, was 804. 

Undeca-acetate of D. 

CompolL.'1d D (106.5 mg.) was acety lated with acetic anhydride 

(0.5 mI.) in the minimum of pyridine (0.4 ml.). The product was recovered 

from .Tater as before, and purified by precipitation with water from 

ethanol: acetone (9:1, v./v.). A white, amorphous pOHder (91 mg.), 

sintering at 1)00 and settling at 1480 was obtained. [0(. ] ;9 _ 42.70 

(c, 1 .96 in acetone). (Found: C, 58.7 ; H, 4.8 ; CO.CH), 42.2. 

C52H48024 requires: C, 59.2 ; H, ~ .• 6 ; CO.CHy 43.8%). 

; 
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Qualitative Paper Ionophoresis of Band D. 

The appar1tus was of the open-strip, horizontal t ype192 in 

which the paper >las allowed to dip at both ends into cells conta ining 

-;196 
borate buffer I' sodium bor at e : boric acid : water (63 :15: 5, w ./w ./v. ).1 • 

'-

The at mosphere ,laS maintained near saturation by enclos ure of the apparatus 

with a "Perspex" lid. The paper r"Sleich8r and Schull brand no. 2043 

(4x41 crr, . J] was wetted with buffer and equilibrated in position for 1 hr. 

before use. The free -phenolic compound was applied as a streak on the 

origin, 17 cm. from the one end of t he paper. A "Vokam" pm<er supply 

(Shandon Co.) .rus used to apply a potentia l of 200 volts acros s the 

electrodes , giving a current of 5 m A. The ionophoretic development 

lasted 4 hr. The strips wore dried at 500 in an oven and hea.vily sprayed 

with toluene-£-sulphonic acid t o liberate the product from the borate 

complex . Ammoniacal silver nitrate proved a lnore satisfactory s pray 

r eagent , and ,laS only r educed during the w,,"shill[; of the papers afte r the 

excess buffer had been r emoved . 'fhe ionophoretic mobillties of t he free-

phenol ic forms of Band D are shown in Table 8. 

TABIE 8 . 

Ionophoretic Mobilities of Free-phenolic Forms of B and D. 

(cm. ) I I 
Ionophoretic :.obility \'fidt h of band (cm.~ , , 

+{) .O 

I 
2 .9 , 

I 
+8.4" 1.9 i 

B 

Product 

-t-{}.O I 1.7 

+8.4* 3 .0 , 
D 

*~anor impurities. 
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Preparative Paper Ionophoretic Purification of Band D. 

For the preparative paper ionophoresis of tho f ree -phenolic 

forms of B and D pre-washed sheets of ;'ih~· tm1ill no; 3 paper in the same 

buffer as above .ms used. A larger "Perspex" cabinet (45 x 52 cm.), with 

proportionately larger cells at each end, wa.s used to accommodate the 

paper (21 x 18 cm.). A potential of 100 volts was applied across the 

paper to give a current of 10 m.A. for 15 hr. The compound (30 mg .) was 

streaked on to each sheet, iihich had previously been wetted with borate 

buffer and equilibrated in position for 1 hr. before the start. ILft er 

completion of the ionophoretic run the sheets werE; dried in a war m current 

of air and side-strips cut and sprayed with silver nitrate . Bands , having 

mobilities 9.6 cm. (3.5 cm. wide ) for B and 7.5 cn. (3 .0 cm. ",ide) for D, 

were cut and eluted .Iith wate r for 24 hr. The. solutions were concentrated 

to dryness under vacuum in a desiccator over' calcium chloride , giving 
ctfter Ii ne,,,tion from the bo."t~ coml'l~xes 

light, buff-coloured precipitat es . The prod;-tct~".lere shmm to be pure by 

two-dimensional paper chromatogr aphy in vi, t or- saturat ed ~. -butanol and 

2% aqueous acetic aCid , on spr,.ying >Iith toluene-£-sulphonic a cid or 

ammoniacal. silver nitrate. 

Alkali Fusions of Band D. 

Components B and D, purified by paper ionophoresis, were fused 

with alkali197 • The compound (10 mg .) was placed in a hard glass test 

tube (15 x 0 .7 cm.) and tapped to the base of the tube. Holdil'll; the tube 

horizontally, 3 pellets of solid KOH were introduced c,nd pushed to a 

position 2 cm. from th", base of the tube. The pellets .Iere melted in a 

smail fla;n~ and the tube tilted upright so t hat the molten KOH fused ld.th 
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the canpoillld. The molten mixture was gently heated, wHhout bOiling, for 1.5 

mj.nutes, and then rapidly ceoled in a strong current of cool air. The 

contents of the tube >Terc acidified with sulphuric a.cid (6N) and the solu-

tion trea.ted uHh solid sodium bicarbonate illltil just alkaline to lit."!us . 

The phenolic fraction was extracted with ether (6 t imes), and after acidi-

fication uith 6lJ sulphuric acid the acidic fraction was also extracted 

with ether (6 times). Both et hereal extracts were dried over anhydrous 

sodi um sulphate for 2 hr. and evaporated t o dryness . The r esidues were 

exar.d.nod by one-dimensional paper chromatography (1ofnatman no. 1) with 

r eference phenol s and acids. The chomat oL,rams were dev\..loped with !l-

butanol: acetic acid: water (6:1:2, by vol.) for 16 hr . Chromatograms 

of the phenolic fractions ,..rere sprayed with ~-diazotized benzidine r e-

agent, while those of the a cidic fractions were sprayed ,·,ith silver 

nitrate &nd ferric alum r eagents (,,-f . Table 9). 

Cen~ration of Anthocyanidin Pigments fr~n B and D. 

Anthocyanidin pigments198 wer generated from products Band D 

after their purification by paper ionophoresis. The product (4 mg .) was 

dissolved in a mix.ture of 3N hydrochloric acid : iSQPropanol (1:4, v ./v.) 

(2.5 ml . ) and heat ed in a pressure vessel in a \'!~ter-bath for 1 hr. The 

r esultant colour of the solutions ,·,ere brownish-red instead of the usual 

bright r ed or pink-red of anthocyc.nidins. The solutions "10re spotted on 

Wtl1. tman no. 1 pape r and developed in 90% fonnic ncid : 3N HCl (1:1, 

v./v.)194 mixture for 2-3 hr., with solutions of anthocyanidins generated 

from refer once compoilllds. Product B yielded an orar~e pigment (R
F 

0.66), 

an impurity (~ 0.46) and robinotinidin chloride (Ilp 0.30), while component 

D only gav" the ora rlbe pigment (~ 0.65) and robinetinidin chloride (~ 0.33). 
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TABLE 9. 

Fission Products FO!,!!,Gd by Hicrofusion of the Free --phenolic Forms 
of Band D I<ith AlkalL 

I j 
, Product ! Fraction Spray Reagent and Colours produced 

B 

D 

Acidic iProtocatechuic 

! acj~~ =(§~ty) 
IGe.llic acid 
I (brmm) 

R.E ~ O·b!. 

i Ferric 1;1= 
iBis-diazotized 
Ibenzidine 

1p--reSOrCYliC I ! 
I acid (brick-red ) ! I 

rt£~O ' ~3 ' 
I Prot ocat e"huic i I 
I r..cid (olive-gree n i .1

11 i

l 
Gallic acid i 

(blue- grey)' ' 
~--~--------~----~-----r------------

Phenolic i I !I Resorcinol (&!!lber) I' 

Acidic 

I , 
I Phenolic I 
I 
I 

I , Rf~ 0·84 , I i Phloroglucinol ,. 
I I . (violet) R. f,: o ,1Z. 

Gallic acid 
I (bro,m) 

I 

!IP-resorcYlic 
acid (brick- r ed ) 

I Gallic acid 
(blue -grey ) 

*101< concentr ation. 

: Res orcl1101 (amber) i 

I, Phloroglucinol 
(violet) 

l'f:,el' to f"efe t-eo"'\ct.. 

Co", pounds. 

Generation of Anthocy,-,.nidin Pigments f rom the j·;e thyl ethers of Band D. 

The octnmethyl et he r of B and nonamethyl ether of D, previously 

purified by thin-layer chronlf'tography, were used for gene rating antho-

cyimidin pigments as above . The r esult ant pigment s "mrs barely discern-

able , but c18arly visible e.s fluorescent spots und~r ultrnviolet light. 

The t etramethyl ether of (+)-leucorohinetinidin ( f rom Robinia 

pseuctacacia
62

) WL S used as a r efe r ence compollild for the gene r et ion of 

pigment s. The octamcthyl ethor of E gave two pigments ; Ii" 0.43 (golden-
!" 



-107-

yellow fluorescence) and ~ 0.86 (brick-red fluorescence), while the 

nonamethyl ether of D showed similar pigments at ~ 0.40 and ~ 0.84. 

Acid-induced Fission of Products Band D to give Catechin Residue s. 

Samples of Band D, purified by paper electrophoresis, were 

used for acid hydrolysis. The compound (5 mg.) was dissolved in ethanol 

(1 ml.) and 3N hydrochloric acid (1 ml.) added. The solutions "rere kept 

in a test tube in a water-bath at 900 and the volume was kept constant 

by addition of aqueous ethanol. Aliquots were extracted at intervals of 

5, 15 and 30 minutes and spotted on two-dimensional vJhatman no. 1 papers 

"Thich were developed in water-saturated ~.-butanol and t hen in 2% 

aqueous aC0tic acid. (+)-Cat ochin and (+)-gallocatechin wer e run as 

r eference compounds. Results are summarized in Table 10. 

TABIE 10. 

Acid-induced Fission Products of E and D. 

Product Time (min. ) Fission Products. 
: 

B 5 I Unchanged B, (+ )-catechin-, oran~e pigment·, 
phloroglucinol, resorcinol and 3 unknown components. 

15 Unchanged B, condensed product and 4 unknown 
components. 

30 Condensed product- a'1d 2 unknown components. 

D 5 Unchanged D, (+)-gallocatechin*, orange pigment-, 
phloroglucinol, r esorcinol and 2 unknown components. 

15 Unchanged D and condensed product. 

30 Condensed product-. 

*Presont in high concentration. 
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Acid-induced Condensation of (+ )-Leucorobinetird.din w:~ ',h (+ )-Cat echin 
and (+ )-Galloc·atechin. 

In order to elucidate the structures of the biflavonols E and D, 

the acid-induced condensation products of (+)-leucorobinetinidin with (+)-

catechin and (+)-gallocatechin were examined by paper chromatography, 

using reference compounds. 

(+)-Leucorobinetinidin was obtained by reduction of (+)­

dihydrorobinetin isolated from Robinia pseudacacia heartwood62 , (+)­

catechin was extracted from Gambier catechu leaves199 and (+)-gallocatechin 

200 obtained from 'golaen wattle (Acacia pycnantha) bark • 

(+)-Leucorobinetinidin (1 mg .) and (+)-catechin (1 n~ .) were 

dissolved i n 0 .4N Hel (1 ml.), warmed to 60-700 for 5 minutes and left at 

room temperature for a further 15 minutes. The solution was made alkaline 

(litmus ) with trieth~-lamine in chloroform (1:10, v ./v . ). The aqueous 

phase was spotted on two-dimensiona l chromatograms and developed in water-

saturated ~.-butanol and then 2~ aqueous acetic acid . Silver nitrate 

spray showed five spots, two of which , at ~IS (0.57, 0.53) and (0.67, 

0.38) , corresponded to the stLrt~ mat erials (+)-leucorobinetinidin and 

(+)-catechin, r espectively. A component (~ 0.32 , 0.36 ) appeared identical 

with B, while the r emaininb two spots were in low concentration at R... --Fls 

(0.47, 0.54) cnd (0. 51 , 0.36) (cf. Fig . 9). 

Similarly, (+ )-lcucorobinetinidin and (+ )-gallocatechin ~18re 

condensed to [ ive a compound identicol by chromatography with D (~ 0.15, 

0.33 ). The (+)-callocatechin residue was detected (~ 0 .40, 0.30), but no 

residual (+ )-leucorobinetinidin shmred. An additional spot (RF 0.23, 
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0.32) was fou;1d in very 10.-[ concentration (cf. Fig. Ie) , 

These acid-·induced condensations shov[ed thut the biflavanols B 

and D could be formed by the condensation of (+)-leucorobinetinidin with 

(+)-catechin and (+)-gallocatechin, r espectively . 

Infrared Spectra of the Octamethyl ether of Band Nonamethyl ether of D. 

The infrared spectra of the methyl ethers of Band D were 

determined in chloroform (c, 0 .05) using a "Beckman I R-8" spectrophoto-

met er. For purposes of compar ison the spectra of (+)-leucorobinetinidin 

t etramethyl ether (c, 0.025) and (-)-robinetinidol t etramethyl ether (c, 

0.05) were also detormined in t he same solvent . 

The loR. spectra of the compounds showed the following 

characteristics : 

octamethyl ether of B (cf. Fig . 11). 

3700 cm.-l (weak ), 3600 cm.-l (medium ), 3000 cm.- l (medium), 

2940 cm.-l (medium), 2650 cm.-l (strong ), 1700 cm.-l (inflection), 1590 

cm.-l (strong), 1500 cm.-l ( s trong), 1460 cm.-l (strong), 1425 cm.-l 

(medium), 1350 cm.-l (inflection), 1320 cm.-l (medium), 1260 cm.-l 

(inflection), 1220 cm.-l (weak ), 1160 cm.-l (inflection), 1130 cm.-l 

(medium), 1070 cm.-l (inflection), 1035 cm.-l (weak), 1000 cm.-l 

(inflection) and 830 cm.-l (weak ). 

(medium), 3000 cm. - l (medium), 

lJonamet hyl ether of D. (cf. Fig . 12). 

3700 cm. -1 (weak), 3600 cm.-l 

2940 cm.-l (strong ), 2650 cm.-l (strong), -1 1700 cm. (inflection), 

1590 cm.-1 (strong), 1500 cm.-l (strong), 1460 cm.-l (strong), 1425 cm.-l 
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(medium), 1350 cm.-l (medium), 1320 cm.-l (mediunl), 1220 cm.-l (weak ), 

1160 cm. -1 (inflection), 1130 cm. -1 (medium), 1070 cm . -1 (inflection), 

1035 cm.-1 (wea~), 1000 cm.-1 (medium) and 830 cm.-1 (weru(). 

(-)-Robinetinidol t etramethyl ether (cf. Fig. 13). 

3700 em. -1 (weak), 3600 cm. -1 (medium), 3000 cm. -1 (mEJdium), 

2940 cm.-1 (strong), 2650 cm.-l (strong), 1650 cm.-1 (strong), 1590 cm.-1 

(strong), 1500 cm.-1 (strong), 1460 cm.-1 (strong), 1450 cm,-l (inflection), 

1425 cm.-1 (strong), 1350 cm.-1 (medium), 1290 em.-1 (inflection), l265 

cm.-1 (strong) , l220 cm. - 1 (~l8ak), 1160 cm.-1 (strong), 1120 cm.-l (strong ), 

1110 cm.-1 (inflection ), 1035 cm.-l (medium), 1000 CI:l.-
1 (medium), 945 

cm.-1 (weak) and 830 cm.-1 (medium) . 

(+ )-Leucorobinetinidin tetramethyl ether (cf. Fig. 14). 

3700 cm.-1 ("eak), 3600 cm.-1 (medium), 3000 cm.-1 (weak) , 

2900 cm.-l (weak), 2650 cm.-1 (weak), 1625 cm.-1 (strong), 1590 cm.-1 

(strong), 1500 cm.-1 (strong), 1460 cm.-1 (strong), 1450 cm.-1 (inflection), 

14, -1 () -1 () -1 ( ) 6 -1 25 cm. weak , 1325 cm. medium , l200 cm. weak , 11 0 cm. 

(strong), 1130 cm.-l (strong), 1040 cm.-1 (weak), 1000 cm. - l (inflection) 

and 830 cm.-1 (medium). 

The more prominent peaks in thE; above spectra may be ascribed 

to: 3600 cm.-1 (free CJ.-H), 3000 cm.-1 (CH=CH str etching) , 2940 cm.-1 

(C-H stretchi~), 1700 cm.-1 (C-O str etching), 1590 cm. - l (C=c, 

conjugated stretching), 1425 cm.-1 (aromatic stretching), 1350 cm.-l 

(OH deformation), l26CJ.-1160 cm. -1 (aromatic substitution), 1070 and 1035 

~ 1 cm. (aromatic substitution) and 830 cm.- (R-CHO stretching). 

stretching frequencies due to C=O were absent. 



FIG. 13. Infrared Spectrum of (-)-Robinetinidol Tetramethyl Ether. 
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FIG . 14. Infrared Spectrum of (+)-Leucorobinetinidin Tetramethyl Ether. 
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Nuclcar-magnetic-resor,ance SpectrD of Derivativcs of B and D. 

N.m.r. spectra of derivatives of B and D (cf. Figs. 15-20) we r e 

determined at 100 Mc./sec. in deuterochloroform on a Varians high-resolu~ 

tion HA-1OO spectrometer using trimethylsilane as internal standard. 

Spin--decoupling experiments were performed by Dr. J.A. Feeney, Varjans 

Associates, Walton-on-Thames , Surrey, Engl~nd. 

Chemical shifts and coupling constants of the derivatives of B 

and D are listed in Table 11. 

Derivatives of Band D are given by structure I. 

(I) 

B},es R=OCH
J

, Rl=OH, R2=f!· DMe
9 

R=R2=OCH
J

, R =Of! 
1 

BHee!'c~ 
. "-

R=OCH
J

, Rl=OCOCHJ , ~=H. m:s
9

Ac2 R=R2=OCHJ' Rl =OCOCH
3 

EAc
lO R=Rl =OCOCHJ , R2=H. DAc

11 R=R =R =OCOCH 1 2 3 



FIG. 15. N.M.R. Spectrum of Octamethy1 Ether of B. 
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FIG . 16. N.M.R. Spectrum of Nonamethy1 Ether of D. 
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FIG. 17. N.M.R. Spectrum of Octamethy1 Ether Diacetate of B. 
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FD}. 18. N.M.R. Spectrum of Nonamethy1 Ether Diacetate of D. 
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FIG. 20. N.M.R. Spectrum of Undeca-acetate of D. 
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Ring 

Protons. 

BHeg 

BEe8Ac2 

BAC10 

DMe
9 

DMe
9

AC2 

DAcll 

TABLE ll. 

N.m.r. Spectra of Derivatives of B and D. 
(a) Chemical Shifts i 1r values (p.p.m.) 

----

2 

d 
s· ss 

~i~l 
5.25 
(1) 

t~4 

fi3
1 

5 •. ~8 (1 

5.17 
(1) 

Heterocyclic Protons. Bensenoid Protons. 

C F - A Band E 

3 4 2 3 4 5 6 8 2+6 

t d d m m d q d s s 
S ·b l 

fi~~ 5.31 ~i~5 5.28 I2~3 '" ~i~5 ~i~O 3.~6 3.~1 3.63 
(1-) -(1) (l (2 (2 )-

fi~7 ,.,5.28 5.20 ,.,5.13 7.17 3.41 3.60 3.66 
f2)'9 

3.58 
(1) (1) (1)" (2) -(1) (1) -(1) (2) 

7i~9 "'fi~7 fi~3 "'7i~4 i2~ ~i~5 "'fi~$ "1i~0 12~1 1217 

5.26 
S·~z. .?~:> .... 5.22 7.18 3.38 3.69 fi~3 f2~5 3.58 

ell ~i15 ~i~7 (1) (2 ) (1) -(1) (2) 

fir ,.I~i~5 ~i)1 "'~i~O }2}5 1i~1 fi~6 fi~5 f2~4 3.65 
-(2 ) 

4.28 5.54 I 5.12 ,,4.97 7.231 3.18 (3.42 -,3.46 3.43 3.39 
(1) (1) (1) (1) I (2) . (1) (1) (1) (2) (2) 

s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet. 
Numbers in brackets denote the number of protons per signal. 

-Oli 

D E C and F 

6(8) 5 3 

s d i m 

ty I 7.92~.45 -1i~1 1 ~2 

~ 
I 

ii~ fi~l 
3.17 
(1) 1i~5 

i 

3.29 8.08-8.45 
-(1) (2 ) 
3· 75 

~if 
3.ll I ' (1) 



I 
I 

Ring A I 
Protons 

s 

BMe$ 6 .43 
(3) 

BMe8Ac2 6 .43 
(3) 

BAclO 

DNe
9 

6 .40 
(3 ) 

DMe
9

Ac2 6.40 
(3) 

DAc
ll 

I , 
s 

6 .35 
(3 ) 

6 .34 
(3) 

6.31 
( 6-) 

6 .33 
(3} 

TABlE II (Continued). 

H.m.r. Spectra of Deri vatives of B and D. 

(a ) Chemical Shifts i r values (p. p .m. ). 

hethoxyl Protons 

,~liphatic 

! I I s s s s s I s s 

6 .31 6 .29 6 .25 6.23 6 .19 ~3)6 I 
I 

(3) (3) en (3) (3) I 
6 .32 6 .29 6 .27 6 . 22 6 .19 ~j~3 8 .18 
(3) (3 ) (3) (6 ) (3) (3 ) 

8.35 I 8 .ll 
(3 ) (3 ) 

6 .23 6 . 22 6.21 6 .19 6.17 6 .11 
(3 )- (3) (3 ) (3) (3 ) (3) 

6 .31 6 . 26 6 .22 6.1$ 6.16 8.42 8 .1.4 
(6-) (3 ) (6 ) (3 ) (3) (3} (3) 

8.32 ~3~4 , (3-1 

Acet y l Protons 

Phenolic 

s 

7.81 7.74 
(24 ) 

I 

tf 7.80 
(6 ) ti~~ 

s = singlet, d = doublet, t = tripl et, q = quartet, m = multipl et. 

Number s in br acket s denote the number of protons per s i gnal. 

tjj2 

,!., 
~ 
I 
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(b) Spin~pin Coupling Constants of 2 .... 3- and 4-Protons of C-Ri 
and 2- and -Protons of F-Rin • J values 

Ring C F 

Coupling Constants J 2,3 J3,4 J2 ,3-hJ3,4 J 2,3 

BMeB 9.0 9.0 lB.O 6.0 

BMeBAc2 10.0 'V 9.B 19.5 rv 7.0 

BAclO 10.0 .. 9.5 19.5 ... B.O 

DMe
9 9.0 9.0 l B. O ,,7.0 

DMe
9

Ac2 10.0 9.B 19.5 .... 7.0 

DAc
U 

10.0 9 .5 19·5 ,..B.O 

Mass Spectr a of Derivatives of Band D. 

}~ss spectra of the octamethyl ether diacstate of B and the 

nonamethyl ether diacetate of D were recorded to obtain accurate molecular 

weights and fragmentation patterns of these derivatives. The mass spectrum 

of the t etramothyl ether diacetate of (+)-7,3 1 ,4',5'-tetrahydroxyflavan-

3,4-diol [(+)-leucorobinetinidin] was r ecorded for purposes of comparison 

,dth the corresponding derivatives of B and D. (+)-Leucorobinetinidin 

(m. p . 172-1750), obtained from th e methanolic extract of Robinia 

pseudacacia heartwood62 , was methylated with diazomethane and then 

acetylated to give (+)-7,3',4',5 1-tetramethoxy-3,4-diacetoxyflavan 

(m. p. 121_1220
). 
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The mass spect r a wer e r ecorded on an MS-9 double-focussing 

mass spectromet er by Dr . S.H. Eggers , National Chemical Laboratories, 

Pretoria, South Africa . Dr. Egger s kindly gave aid in the interpretation 

of these spectra . 

The spectrum of (+)-7,3',4',5'-tetramethoxy-3,4-diacetoxy­

flavan (cf. Fig. 21) showed a par ent peak (molecular ion) at mass 446 

and prcminent peaks at 386, 344, 328, 327, 210, 195, 181, 44 and 43. 

The oct amet hyl ether diacetate of B gave a mass spectrum 

(cf. Fig . 22 ) shoNing a mol ecular ion peak at mass 774 (relative 

intensity 5%) and pr ominent peaks at 714 (100%), 683 (15%), 654 (34%), 

623 (26%), 521 (8%), 503 (38%), 492 (34%), 491 (22%), 477 (18%), 473 

(16~ ), 462 (12%), 461 (18%); 447 (8% ), 431 (8% ), 327 (24%), 269 (60% ), 

210 (22%), 195 (20~), 181 (50%), 180 (50% ), 165 (13%) and 151 (32~). 

The mass spectrum of the nonaJllethyl et her diacetat e of D 

(cf. Fig. 23 ) gave a I!lolecular ion peak at mass 804 (rel ative intensity 

9~ ) with prominent peaks at masses 744 (100%), 713 (14%), 684 (21%), 

653 ( 22~~ ), 521 (l2%), 503 (37~ ), 492 (27%), 477 (18%), 461 (14%) , 327 

(14%), 269 (60% ), 210 (39%) , 195 (37p ) and 181 (80% ). 



FIG . 21. Mass Spectrum of (+)-leucorobinetinidin Tetramethy1 Ether Diacetate . 

100

1 ":" l ' 

j 
I 

~ . 

.... 
~ 

i ~ 
ai , • • 
~ j 
~ 
II J 

100 200 300 400 m/e 



8 ... 

------- ~ 
• 

III 

'8 8 
Q) ... 
~ 
+' 
Q) 
t> 
oj 
·rl 
~ 8 
M '" Q) 

.<:: 
+' 
f%l 

.-i 

E 0 
0 

+' 
.. 

~ 
+' 
8 ... 
0 

§ 
M 
+' 
t> 

8-
0) 

ell 
CD 

~ 

• ~ 
01 
01 

" 
f4 

, 
• 

~ 

0- ··- - ··~X- .-~ -~---, --

Q 3:)NYONnSY 3"11Y'311 



100 

.~j 
" I u 
z • o z 
:::> .. • .. 
> ;= 
• -' 
:I! 

FIG. 23. 

"'10 . U 

100 

Mass Spectrum of Nonamethyl Ether Diacetate of D. 

200 300 400 500 600 700 800 900 ~ 



-116-

NON-PHENOLIC C01'lPONENTS (IINON-TANNINSII) OF BLACK WATTIE (ACACIA NEARNSII) 
BARK. 

Isolation of Amino and Imino l,cids from Black lvattle Bark. 

The bark was stripped from young (5-6 year-old) black wattle 

trees and cut across the grain into thin slivers. These were air-dried 

for 4 days. The dry bark (2 Kg.) was successively extracted with hot 

petroleum (b.p. 60-700
) (4 litres, solution A) to remove fats and waxes, 

with warm (60-700
) acetone (2 1 . ) to remove some of the polyphenolic 

tannins, and finally with .. Tarm (600
) ethano". (J extractions, 6 1.). 

The ethanolic solution was concentrated under vacuum to give a 

viscous brown residue. This was diluted ~Qth water (2 1.) and the brown 

precipitate filtered off. The aqueous solution was extracted five times 

with ethyl acetate and concentrated to a small volume (200 ml.). The 

residual tannins were removed by shaking the solution with pre-chromed 

hide powder (lOOg.)201. 

The clear, tannin-free solution was passed through two 

sulphonated polystyrene cation-exchange resin columns (Permutit Zeo-

Karb 225, 16 x 2.5 em.). The amino acids and imino acids were adsorbed 

on the r esin, while the carbohydrates (solution B) were removed by 

elution of the columns .. dth water. The nitrogenous acid fraction was 

obtained by elution with dilute (6N) NH
4

0H. The ammoniacal eluates were 

concentrated to dryness under reduced pressure to give a dark-brown 

residue. 
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The residue ~ras dissolved in water (100 ml.) and the mixture 

resolved by chromatography on 20 sheets of \'lhatman no . 3 paper in !!­

bvtanol : acetic acid: water (6:1:2, by vol.) for 24 hr. Sever al bands 

were detected by spraying strips along the sides of the chromatograms 

with ninhydrin and isatin spray reagents (cf. Table 13). Bands at RF 
0.08, 0.16, 0.24 and 0.33 were cut. Due to the overlapping of bands at 

~ 0.16 and 0.24, these were re- run under si~ilar conditions for a period 

of 48 hr. 

The products ~lere stripped from the paper by elution with 20'fo 

aqueous ethanol and the fractions concentrated to dryness under r educed 

pressure, 

(-)-Pipecolic Acid. 

The product f r om thb band at F~ 0.33, when spotted on paper 

and sprayed with ninhydrin, gave a characteristic mauve and exhibited a 

red-purple fluorescence under ultraviolet light. It gave a pale, blue-

green >lith isatin spray. The residue recovered fran the eluates was 

dissolved in boiling ethanol (50 ml.) and an insoluble residue filtered 

off. The solution was treated with charcoal and concentrated, when (-)­

pipecolic acid crystallized in white micro-crystals (250 mg.), m.p. 260-

264°. Three r ecrystallizations from aqueous ethanol gave nl.p. 2770 

(decomp.). [01-"] ~5 - 27.40 (c, 0 .98 in water). 1J.xed m.p. with authentic 

(- )-pipecolic acid from I.cacia oswaldii leaves, kindly supplied by 

Professor J.W. Clark-Le~lis, gave no depression (m.p. 275- 2760
) . 

Clark-Le,,,is and ~,ortimer119 r ecorded 'l, m.p. 273-2750 and 

Ld. J D _250 for (- )- pipecolic ac id. 
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(- l-L-Prolitle. 

The residue of the eluates of the band at ~ 0.24 was dissolved 

in boiling aqueous ethanol (95%, 10 mli) and filtered from an insoluble 

r esidue. The solution was treat ed with charcoal, concentrated to a small 

volume (10 ml.), cooled to 00 and ether (3 m1.) added . J.fter 3 days at 

00 a w"hite amorphous mass separated. This was filtered off and r e-

precipitated from ethanol with ether, yielding a white powder (110 mg.) 

, 0 ( ) L' -' 1 26 8 0 (66 1) W' th whlCh settled at 225 decomp. "'- -' D - 3.1 c, 1. in ethano • 1 

ninhydrin spray r eagent the compound gave a yellow ,,11ich changed to grey 

on ageing. Isatin spray gave a bright blue. 

The picrate of proline was prepared by the method of Signaigo 

and Adkins123. Proline (20 mg.) and picric acid (40 mg.) ",ere dissolved 

in the minimum (1 ml.) of hot glacial acetic acid. The mixture was 

cooled to room temperature, ether (4 ml.) added and the solution cooled 

to 00• After 2 days at this t emperature long yellow needles of the picrate 

crystallized. These .,ere r ecrystallized from ethanol (3.2 mg.), m.p. 

153-40. The mixed m. p . with the picrate of authentic (-)-proline 

prepared by the same method was 152-1540. 

and m.p . 

Kapfhammer and Eck122 recorded [ oL J D - 84.90 for (- )-proline 

o 152-153 for the picrate. 

4-Hydroxy-trans-(-)-L-pipecolic Acid. 

The solids r ecover ed from the eluates of the band at RF 0.16 

wer e dissolved in aqueous ethanol (95%, 10 mI.) and an insoluble brown 

precipitate filtered off. The solution was treated with charcoal and 

concentrated to small volume (2 ml.). After a week at room temperature 
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a crystalline precipitate (245 mg.) appeared. This was r ecrystallized 

three times from aqueous ethanol, m. p . 2920,[06J ~5 _12.00 (c, 0.78 in 

water ). 

The product gave a characteristic green .dth ninhydrin spray 

that faded through khaki to gr ey, shovling a brick-red fluorescence under 

ultraviolet light . Isatin spray reagent gave no colour. ¥LLxed m. p . with 

authentic 4-hydroxy-trans -(-)-L-pipecolic acid from Acacia oswaldii, 

o kindly supplied by Professor J.W. Clark-Lewis, was 292-3 • 

. 116 117 0 ~ 1 0 Vlrt anen et al. ' r ecorded m. p. 270 , L "'. D -12 .5 , while 

Clark-Lewis and Mortimer l19 found m.p. 2940
,[ ~J D _13 .00

• 

eX - Alanine ! Arginine ! Aspartic Acid ! Glutamic Acid and Serine. 

The band at low Rp (0 .08) consisted of a mixture of amino acids 

which were all present in fairly low concentration. These amino acids 

.Iere not fully resolved in n-butanol : acetic acid : water (6: 1: 2, by 

vol.) and therefore the solvent system developed by Levy and Chung202 

was used. This consisted of f irst dipping the What man no. 52 paper in 

borate buffer (pH 9.3), drying, and then developing the chromatogram 

downward using phenol: cresol: borate buffer (pH 9.3) (25:25:7, by vol.) 

for 24-27 hr. 

Elf using this solvent system, and comparing with the Rp values 

of a large number of r efer ence amino acids, ~ -alanine , arginine, 

aspartic acid and glutamic acid could be readily identified in the 

mixture. An additional component , corresponding to serine, was found 

in very low concentration. 
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A number of solvent systems designed to separate complex 

~~ures of amino acids by one-dimensional paper chromatography was 

developed by Hardy, Holland and Nay Ie 1'203 • Of these a selected number 

~lere used to separate the mixture of amino acids (cf. Table 12). 

The colours produced by the amino acids and imino acids , .. hen 

sprayed "lith ninhydrin and isatin r eagents are sunrnarized in Table 13. 

TABIE 12. 

RF Values of Amino Acids in Various Solvent Systems. 

-
r , I Aspartic i Glutamic is' Solvent System 

Phenol:Cresol:Borate 
Buffer (25::'5:7 ) 

n-Butanol :" cetone :'Jater 
"[2:2:1). I 

I n-Butanol:Ethnnol:water I . . 
1

"[2 . 2.1 ). 

I 
n- Butanol:Ethanol:water 
Propionic Acid (10:10: I 
5:2). , 

! n- Butanol:Eethyl Ethyl I 
" 'jCdono :watc r:Cyclo- i 
I hexanol (10: 10: 5:2) j 

~fllanine 

0.26 

0.24 

0.26 

0 .41 

0.27 

Petroleum-soluble Components, ' 

i iu-g inine i , Acid Acid ! erlne 
I 

I 
i 

0 . 51 0.03 I 0.06 0.10 , 

I 
I 

0.04 0 .07 I 0.09 0.19 I 

0 . 09 r 0. 07 0.14 0.20 

0.17 0 .16 0 .29 0.23 

0.03 0.06 0 . 05 I 0 .35 

Solution A, the petroleum-ether extract of fresh black wattle 

bark, was concentrated to a small volume (200 ml.), when a .,hite, waxy 

precipitate (4g. ) fonned . This was filtered off, dried over CaC1
2 

and 

examined by thin-layer chromatography on Kieselgel G using benzene 

acetone (17:3, v.lv.). On spraying the chromatoplate with a mixture of 

I 
I 

, 
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concentrated H2S0
4 

and 40% aqueous formaldehyde (20:1, v./v.) it was 

noted that the precipitate consisted of six components, shown as grey-

black spots , of which t wo at ~ 0.97 (a long-chain /!. -diketone) and 0.63 

(a "steroid" alcohol ) predominated. The remaining 4 minor components 

were present in low concentration and were not investigated. 

TABIE ],3. 

C lours Produced by Amino and Imino Acids with Ninhydrin and Isatin 0 • 
Spray Reagent. 

Acid Ninhydrin Isatin 

(-)-Pipecolic Acid Mauve Pale, blue-green 

L-Proline Ye 110Vl-,> brown-;. grey "Bright blue 

4-0H-(-)-L-pipecolic ilCid Green"", khaki-l> grey -
gf-Alanine Purple Pink 

Arginine Purple Pink 

Aspartic Acid Blue -;, purple Blue-grey 

Glutamic Acid Purple Red-pink 

Serine Purple Pink~ blue-grey 

Long-chain f3 -Diketone. 

The crude extract (4g. ) 1"as dissolved in petroleum ether (b.p. 

40-600 ) (250 ml .) and shaken with 5~ aqueous (w./v.) NaOH solution and 

then with 'later. The petroleum solution 1"as dried over anhydrous Na2S0
4 

for 2 hr. and evapor ated to dryness under r educed pressure at 600• The 

I 

white residue was triturated with fresh petroleum ether and the remaining 

solids crystallized from a mixture of ethanol: benzene (2:1 , v./v.). 

Recrystallization from the same mixture yielded white micro-crystals, 

m.p. 80-820. (Found: C, 80.0, 80.1 ; H, 13.4, 13.5. C32H6402 r equires : 

C, 79.9 ; H, 13 .4%). A max 278 m/, (log ~, 2.99 in ethanol). 
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The infrared spectrum of the compound (cf. Fig' 24) was 

determined in Nujol and showed maxima at 3350 cm.-l (rounded, O-H 

stretching), 3100 cm.-l (inflection, O-H stretching chelate H-bonds), 

-1 ( ) -1 ( 2780 cm. weak, C-H stretching , 1730 cm. very strong, ketone C=O 

stretching vibrations) 1400 cm.-l (weak C-H deformation), 1175, 1100 and 

1060 cm.-l (strong, C-O stretching and O-H deformation) and 730 and 720 

cm.-l (strong, C-H deformations of alkenes). 

The nuclear-rnagnetic-resonance Spectrunl (cf. Fig. 25) showed a 

multiplet at T = 9.12 p.p.m. (protons of terminal methyl groups), a sharp 

signal at r = 8.73 p.p.m. and a multiplet at r = 7.70 p.p.m. (methylene 

proton resonances), and two triplets centred at r = 5.98 and 6.40 p.p.m. 

The downfield triplet is probably due to C-H protons, while the one at 

T = 6.40 p.p.m. may represent a vinyl proton, split by methylene 

protons. 

Thej.?-diketone was also obtained by treating the crude 

petroleum soluble fraction (lg.) in warm petroleum (b.p. 40-600
) with warm 

aqueous cuprous acetate solution. Just sufficient copper acetate solution 

was added to ensure that the aqueous layer remained blue after shaking. 

The copper complex formed more readily on addition of a small volume of 

ethanol (1-2 ml.). iuter filtration and washing with light petroleum, 

the complex was dried. The ~ -diketone was readily regenerated from 

the copper complex by shaking a hot petroleum solution, with added 

ethanol (2 mI.), with 6N hydrochloric acid. The petroleum solution, 

after separation from the aqueous fraction, was evaporated to give 

colourless crystals of the j1-diketone. Recrystallization fram ethanol 
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benzene (2:1, v./v.) gave colourless micro-crystals, m.p. 80-820. 

A mixed m.p. with the original J3 -diketone was undepressed . 

The copper complex shmved infrared absorption maxima in the 

carbonyl region at 1725 cm.-l (medium) and 1600 cm.-l (strong) in a 

Nujol mull (cf. Fig. 26). 

An attempt was made to determine the molecular weight of the 

~ -diketone by mass spectrometry, but due to the inherent instability 

of this class of compounds204 this was not possible. The peak of largest 

mass reflected a value of 448, which contrasted with the molecular weight 

of 480 calculated from the empirical formula. This suggests that the 

peak at M = 448 i s not a true molecular ion peak. The main peaks in 

the mass spectrum (cf. Fig. 27) occurred at: 420, 392, 364, 125, 111, 

97, 83 , 69, 57, 55, 43 and 41. 

Tae m.p. (80-820
) of the black wattle bark P- -diketone is 

higher than that of analogous long-chain jQ -diketones extracted from 

152 Acacia and Eucalyptus waxes by Horn and liunberton • Their diketones 

melted in the r ange 40--65 0
• 

The Steroid Alcohols. 

The residue (lg.) obtained by concentrating the Whole crude 

petroleum extract of fresh, air-dried black wattle bark was resolved on 

ten preparative thin-layer chrow~toplates (20 x 20 cm.) on Kieselgel G 

(1 IIUll. thick) \dth benzene : a.cetone (17:3, v ./v.) as solvent. The 

plates were developed for 2 hr. giving a migration of 18 cm. The steroid 

fraction was located by spraying a narrow strip along the edge of the 

plate with 20% (v./v.) phosphomolybdic acid in ethano1205 • A band at ~ 
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0.60-0.65 gave a blue on a yellow background, and was removed by 

scraping the silica gel off the plat e and eluting the product with 

petroleum b.p. (60-700
). A solid white residue was obtained on 

concentrating the petroleum solution. This was crystallized from 

ethanol as colourless needle s (98 mg .), m.p. 160-1620
• (Found: C, 82.5 ; 

H, 11.6. Calculated for C29H4SO : C, 84.4 ; H, 11.7 and for C29H500 : 

C, 83 .9 ; H, 12.2%). The Liebermann~Burchard206 reaction gavo a violet-

to-green colour characteristic of the common phJ~osterols . 

Tne nuclear-magnetic-resonance spectrum of the steroid (£f. 

Fig . 28) showed the follOwing characteristics: T=9.45 and 9.21 p.p .m. 

(singlets, tertiary methyl resonances), 8.98 p.p.m. (doublet, possibly 

secondary methyl ), 7.5-9.2 p .p.m. (meth;l'lene proton resonances), 5 .5-

6.7 p.p.m. (multiplet), 4.87 p .p.m. (multiplet, possibly two vinyl 

protons ). 

The infrared spectrum (cf. Fig. 29) of the product in chloroforrr, 

solution showed the follm-ring signals: 3600 cm. -1 (weak, O-H stretching ), 

3420 cm.-l (weak, rounded , O-H strLtchine), 2970 and 2870 cm.-l (strong, 

C-H stretching), 1710 cm. -1 (\-,eak, ketonic C=O stretching ), 1450 and 

1380 cm.-l (medium, O-H deformations), 1090 cm.-l (weak), 1035 cm.-l 

(medi~~ ) and 972 cm.-l (medium). 

The n.m.r. and infrared spectr a of the steroid and those of a 

"steroid alcohol", m.p. 160-1610
, obtained from black wattle wood by 

Stephen141, were superimposable. A mixed In . p. of these t wo steroid 

alCOhols from wattle wood and bark gave no depr ession, m.p. 161_1620
• 
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Steroid Acetate. 

The steroid (51 mg .) .ras dissolved in pyridine (0.3 ml.) and 

acetic anhydride (0.4 ml.) added. After 30 minutes at room temperature 

the acetate precipitated from solution and was r ecovered from water. 

Crystallization from a mixture of ethanol: petroleum ether (b.p. 60-700
) 

(9:1, v./v.) yielded colourless plates (45 mg .), m.p. 175-1760
• (Found: 

C, 80.7 ; H, 10.8 ; CO.CH
3

, 8 .8 . Calculated for C31H5002 : C, 81.9 ; 

H, 11.1 ; CO.CH
3

, 9.5 and for C31H5202 : C, 81.5 ; H, 11.5 ; CO.CH
3

, 

9.4%) • 

The mixed m.p. of the steroid acetate ,·rith the acetate of the 

black wattle heartwood steroid141 showed no depression, 173-1750
• 

Keppler 66 recorded a m. p . 160-1610 for the steroid from wuttle wood, and 

m. p. 167-1690 for its acetate . 

The n.m.r. spectrum of the steroid acetate was very similar to 

that of the alcohol, except that acetyl proton signals at 1r = 7.97 p .p.m. 

in the acetate r eplaced the hydroJ<;'ll proton signal at 8.48 p.p .m. in the 

alcohol . The signal of t he single proton at 5.5.-6.7 p.p.m. of the steroid 

alcohol was also shifte~ to 5.0-5.6 p.p.m. in the acetate. 

Tho steroid ccetatc was subjected to mass spectrometric analysis 

which showod thct the product. was a rnixturo of t wo components. ~ole-

cular ion peaks sho>:ed the molecular weights of the two components to be 

454 and 456 which corresponded to molecular forruulae C31H5002 and 

C
31

H
52

02 (cf. Fig. 30). 

From the m[1.SS spectrometric d~ta it '-,'pea red likely that the 

mixture consirted of stigm&.sterol (C
3
l

50
0

2
), a less common plant sterol, 
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and P- -sitosterol (C:n H5202), an ubiquitous phytosterol. These t>ro 

sterols are commonly associated in a variety of plants. 

Selective Hydrogenation of the Steroid Mixture. 

In order to ascertain .rhether the mixture consisted of stigna­

sterol and f3 -sitosterol, the selective hydrogenation of thc double bond 

in the side-chain of the one component was attempted by the method of 

Bernstein and Wallis207 • This consisted of mild reduction of the mixture 

of acetates with a palladium catalyst. 

The steroid acetate mixture (145 mg .) Has hydrogenated over 

PdC12 (50 ITIL .) catalyst in anhydrous ethyl acet ate (25 ml. ) at room 

temper ature and atmospheric pressure for 5 hr . The reduction ,·ras 

terminated after one equivalent of hydrogen had been absorbed, the 

cat:;.lyst was filtered off and the ethyl acetat e solution evaporated to 

dryness under reduced pressure. The residue crystallized fram ethanol 

petroleum (b.p. 60-700
) (9:1, v./v.) as colourl ess plates (73 mg.), u.p. 

128-1290
• A mi.xed Ill .P. with (l-sitosteryl acetate, prepared from 

authentic (1-sitostcrol (Hann Assayed Chemicals), was undepressed. 

The lik" SS spectrum of the product of selective hydrogenation of 

the mixture of steroid acet~tes gave a parent pe2k at mass 456 and four 

main peaks at masses 396, 147, 81 and 43. other pro~~nent pe2ks occurred 

at: 459, 458, 398 , 397, 382, 381, 275, 216 , 215 , 213, 145, 133, 121, 120, 

109, 107, 105, 95, 93 , 71, 69, 67, 57, 55 and 41 (cf. Fig . 31). 

Carbohydrate Components. 

Solution B, the aqueous solution of c.wbohydrates obtained by 

elution of the cation-exchange resin with .rater, vms concentrated to 
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dryness under re.duced pressure. Descending chromatogr aphy of the 

r esidue on Whe:tman no. 1 paper in a mixture of n- butanol : acetic acid 

wat er (6:1:2, by vol.) with r efer ence sugar~indicated the presence of 

traces of glucose and fructose, \-lith sucrose and an unkn01lffi component as 

main constituents (cf. Stephen141). 

A 24 hr. dm'ffiward migration indicated the pr esence of sucrose 

(3.3 cm. migration, red ), together \"ith traces of g lucose (5.6 cm., blue) 

208 and fructose (8.9 cm., r ed) , with naphthoresorcinol-H
3

P0
4 

spr ay r eagent • 

The unknmm component was identified as the cyclitol, (+ )-pinitol, (7.5 cm., 

buff on a br01lffi background) with lead tetra-acetate spray reagent 209 • 

The main components wer e t hus sucrose and (+)-pinitol. 

Isolation of (+)- pi nitol was attempted on a l a rg8r scale . 

Fresh black wattle bar k (2 kg.) was cut into thin slivers and dried at 

room temperature for 4 days . The dry bark was extracted ,lith boiling 

9a,·~ aqueous (v .Iv.) acetone (3 1.) fo r 2 hr. After evapor ation of the 

acetone solution the solid extract (5 00g .) was dissolved in warm water 

(250 ml.) at 600 • An i nsoluble residue was filtered off and the filtrate 

evapora.ted to dryness uIlder r educed pressure . The dry , pov.'Clered r esidue 

was r efluxed \,ith dry acetone for 2 hr . 'tlhen the carbohydrates we r e 

pr ec ipit ated as white seni-crystallino lumps, and the t annins slm'lly 

dissolved in t he aC8tone . 

Sucrose . 

Sucrose (500;ug .) crystallized first fr Of.1 a methanol : acetone 

(4:1, v.lv.) solution (10 ml.) of the "hite lUl~T)S . T'ne sucrose was re-

crystallized fron aque ous ethanol as l a r ge cubic c~Jstals, characteristic 
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of sucrose , m.p. 189-1900,[d.J~0+66.4° (c, 0.92 in water). Amixed 

m.p. with authentic sucrose showed no depression, m.p. 190-192°. 

Hydrolysis of the natural sucrose ~rith 6N hydrochloric acid, by boiling 

for 10 minutes, gave only glucose and fructose (paper chromatography). 

( + )-Pini tol. 

Tne mother-liquor of the sucrose crystallization, on 

concentration, gave a white c~Jstalline precipitate. This was r ecrystal-

lized from methanol: acetone (4:1, v./v.) to give white micro-crystals 

(420 mg .), m. p. 185-186°.[oL ] ~5 + 67.9° (c, 0.67 in water). (Found: 

C, 43.0 ; Ii, 7.3 ; OCHy 16 .2. Calculated for C
7

H
14

06 : C, 43.3 ; 

H, 7.3 ; OCHy 16.0%). A mixed m.p. with authentic (+)-pinitol fran 

Adesmia spp.144, kindly supplied by Dr. H.B: Appel, was undepressed at 

186-1880
• Anderson, MacDonald and Fischer147 found Dl.p. 185-186°, 

CoL J ~3 + 66 .8° (c, 2.5 in water) for (+)-pinitol. Appel144 found m.p . 

186-187°, [01..] ~8 + 64.8°. 

The di-isopropylidene derivative of (+)-pinitol fr om wattle 

bark was prepared according t o the me thod of Anderson et ~.147, as 

210 modified by Adhikari, Bell and Harvey • To (+)-pinitol (15 mg .) was 

added acetone (12 mI .) and concentrated hJ~rochloric acid (0.15 ml.). 

The mixture was vigourously stirred in a stoppered flask for 20 hr. 

After 1 hr . all the (+)-pinitol had dissolved. The solution was left 

standing for 60 hr . , and then neutralized with triethylamine (3-4 drops, 

litnlUS). Long, needle-shaped crystals of triethylamine hydrochloride 

fonned first. These were filtered off and from the mother-liquor the 

di-isopropylidene derivative crystallized as white needles (4 mg.), m.p. 
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104-1060
• Ander son ~ al. 147 f ound m. p . 104.5-106.00 for this derivative . 

The Amino Acid and Imino Acid Contents of the Seeds , Seed Pods, 
Flowers, Leaves, 'l\1ig Bark, St em Bark, Root Bark ! Stem Heartwood 
and Root Heartwood of Black \"attle . 

The above portions of the black wattle tree (Acacia mearnsii) 

wer e extracted wit h aqueous 80% (v./v.) methanol and examined by two-

dimensional chromatography with n-butanol : acetic acid: wat er (6 :1:2, 

by vol.) (24 hr. do>rruoard migration) , and then E-butanol : methyl et hyl 

ketone : wat er (2:2:1) under the same conditions . Duplicate chromato-

grams were run on What man no. 1 paper,one of which was sprayed ~~th 

ninhydrin and the other wit h isatin, and heat ed for 5-10 minutes at 1200
• 

With the exception of variations in the r oot and stem heartwoods (cf. 

Table 14), pipe colic acid, 4-hydroxy-pipecolic acid and proline were 

pr esent in all the portions of the black wattle tree . In the flowers 

and seeds these compounds were accompanied by very high concentrations 

of a complex mixture of amino acids. 

Paper chromatography of ethanolic extracts using ninhydrin 

and isatin sprays showed the pr esence of pipecolic acids and amino acids 

in the leaves of the green wattle (Acacia decurrens) and silver wattl e 

(Acacia dealbata)l29. 

Semi:9uantitative Estimation of Imino Acids in Black Wattle 
Heartwoods, Barks and Leaf Extracts . 

Stem and root heartwood drillings, root bark, stem bark and 

twig bark which had been cut across the grain into thin slices, and l eaves 

which had been macer at ed i n a ''Waring Blendor" (lg. of each) were ex-

tracted with aqueous 80% (v./v.) ethanol (5 mI.) for 24 hr . Samples 
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(0.05 ml.) of each solution were run on Whatman no. 1 paper in the same 

solvents as before, and sprayed with the same spray reagents. 

TIIBLE 14. 

Percentage Concentration of Imino Acids in Fresh Black Wattle Barks, 
Heartwoods and Leaves. 

Portion of Tree (-)-Pipecolic Acid 4-0H-(-)- (-)-Proline 
Pipecolic Acid 

Leaves 1.0 (1.8) 0.6 (1.1) 

Twig bark 0.8 (1.3 ) 0.3 (0.5 ) 

Stem bark 0.2 (0.3 ) 0.2 (0.3 ) 

Root bark 0.6 (1.0) 0.3 (0.5 ) 

Stem heartwood 0.04 (0.04) 0.05 (0.05 ) 

Root heartwood 0.02 (0.03) N.D.* 

The values in parentheses are on a dry-weight basis. 

N.D.· = not detectable. 

0.2 (0.4) 

0.2 (0.3 ) 

0.1 (0.2 ) 

0.2 (0.3 ) 

N.D. * 
N.D. * 

Standard solutions of L-(-)proline, trans-4-hydroxy-L-(-)-

pipe colic acid and L-(-)-pipecolic acid were prepared by dissolving 

1.0 mg. of each in water (5 ml.) and spotting suitable volumes (0.1, 

0.2, 0.3 , etc.) on two-dimensional chromatograms. Comparison of these 

sprayed chromatograms with those obtained from the various extracts of 

black wattle bark, also run at suitable dilutions, enabled semi-quan-

titative estimations of these three imino acids and their average 

nitrogen content (cf. Tables 14 and 15). 

The Carbohydrate Content of Flowers. Leaves. Stem Bark. Stem 
Sapwood and Stem Heartwood of Black Wattle. 

The aqueous ethanolic extracts (as abrve for the imino acids) 

of the flowers, leaves, stem bark, sapwood and heartwood of the black 
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Ti\J3IE l~. 

The Average Nitrogen Content of Arr~no and Imino Acids. 

Compound ~; of Nitrogen % Nitrogen Average % 
Fraction Nitros:en 

.. 
Pipecolic acid 25 10.9 

4-Hydroxy-
pipe colic acid 25 9.7 

Proline 25 12.2 

i\.rginine 
. 

24.1 l > 12.7 

0( _Alanine 
I 

15.7 
I 

>- ± 25 > 14.75 
.~spartic acid 9.7 , average 

Glutamic ;wid , I 9.5 J 
I 

Serine I Trace I 13.3 I ~ 

wattle tree wer e examined. In the heartwood fructose, glucose and 

sucrose \'lere absent, but (+ )-pini tol was present. The sapwood contained 

mainly fructose, accompanied by 101-1 concentr ations of sucrose and glucose. 

Both the bark and l eaves contained mainly sucrose and (+)-pinitol, with a 

low admixture of glucose and fructose. The flowers contained fructose in 

fairly high proportion, with low concentrations of sucrose, glucose and 

(+ )-pinitol. 

The Leucoanthocyanidin Content of the Leaves, THig Bark, 
Stem Bark and Root Bark of Black Wattle. 

Root bark, stem bark (sampled at various positions), twig 

bark and l eaves were extr acted with methanol for 24 hr. The extr acts 

v'ere evaporat ed to dryness under r educed pressure at 600 and the antho-

cyanidins were generated from the solids (1-2 mg.) of oach by the method 

of Pigman et al. 198• This consists of heating a solution of the material 
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in isopropanol: 3N hydrochloric acid (4:1, v.lv.) for 1 hr. in a water-

bath using a pressure vessel. The r esultant red solutions of antho-

cyanidins were streaked on Whatman no. 1 paper and run in a mixture of 

90% formic acid: 3N HCl (1:1, v.lv.)194 for 2 hr. The ~ values of 

the resultant bands were calculated and the colours were noted. Details 

are contained in Table 16. 

Detection of Shikimic Acid and Quinic Acid in Bl ack Wattle Bark. 

The tannins were precipitated from an aqueous solution of 

fresh black wattl e bark extract using basic lead acetate . The l ead 

tannate was precipitated by centrifuging for 20 min. at 3000 r.p.m. 

The clear non-tannin solution WHS passed s lowly through an anion­

exchange-column (IIPermutit De- acidite F F") in the C0
3 
2~ form. After 

washing the column with water, the acids were eluted from the column 

using a 10% aqueous ammonium carbonate solution. Evapor ation to dryness 

on a wat er-bath removed the ammonium carbonate and l eft an off-white 

r esidue of organic acids. 

The r esidue was chromatographed on Whatman no. 1 paper in 

~-butanol acetic acid: water (6:1:2, by vol.). In addition to the 

amino acids and imino acids, detected by ninhydrin and isatin sprays, 

the presence of small quantities of other acids were shown by bromo­

cresol grecn211 which gave a yellow on a blue-green background. 

Chromatography ~~th r eference acids showed the presence of 

shikimic aCid, when sprayed with sodium periodate- aniline reagent 212 , 

and quinic aCid, using the sodium periodate-sodium nitroprusside-

. . 213 
p~peraz~ne spray • 



TABIE 16. 

The iU1thocyani dins Generated from Black Wattle Barks and Leaves. 

Anthocyanidi n i Colour Root Bark, Bark , Bark, Bark, Twig . Lec.ves 
6-12 11 below 5ft. above BEse of Be.rk 
Ground Level Ground Level Gr ound Level Main Br anch 

Delphinidin Red-purple - + + + + + I 
~ 
'" Cyanidin Red-blue - - - - - -

Robinetinidin Violet-pi nk +++ +++ +++ +++ +++ -
Fisetinidin Red-pink +++ + + + + -

I 

--- -- _ ._- -- - -- - - l ------

- = Absent, + = present, +++ = pr esent in high concentration. 
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Sodium periodate (160 mg.) was dissolved in [Cn acetate buffer 

consisting of a mixture of equal volumes of IN acetic acid and IN sodium 

acetate, prepared fresh daily. The chromatogram Wf'.5 sprayed with this 

solution, allOl.,ed t o dry and finally sprayed with a 3% ethanolic .:miline 

solution, when shikimic acid produced a cherry-red spot on a pale-yellow 

background. 

Quinic acid was detected by spraying the chromatogram with a 

saturated solution of sodium periodate diluted with t wo volumes of water. 

After allowing the paper to dry, it was sprayed with a solution consisting 

of sodium nitroprusside (50 mg.) and piper azine (50 lng.) in water (2 mI.) 

and ethanol (10 ml.) . Heating the chromatogram for 5 minutes at 1000 

showed quinic acid as an orange-yellow spot. The ~ of quinic acid (0.30) 

was fractionally l ower than that of shikimic acid (0.49). 
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DISCUSSION. 

The structural complexity of the natural condensed tannins 

is well known. They are .onsidered to be compr~sod of C
15

-flavan nuclei 

having 3,4-diol or 3-01 type substitution. Considerable attention has 

been paid to their chemistry since the 1920's, but significant progress 

in this field has only been possible in very recent years. 

Problems associated with the structural investigation of the 

tannins are essentially three-fold: their isolation in stereocher.dcally 

pure forra from extremely complex mixtures, their ease of denaturation, 

and difficulties encountered in obtaining significant degradation 

products. The advent of physical techniques, such as nuclear~agnetic­

resonance (n.m.r.) spectroscopy, paper ionophoresis, mass spectrometry 

and optical r otatory dispersion, have provided new methods of approach 

also in this field. 

Condensed tannins from black wattle bark yield anthocyanidins 

on treatment with acids, and are therefore proanthocyanidin in character. 

High resolution n.m.r. spectroscopy has proved to be a particularly 

powerful physical aid, providing data r egarding the chemical shifts and 

splitting patterns of heterocyclic and benzenoid protons of component 

flavandiol and flavanol units. Since the link between flavan-3,4-diol 

or catechin moieties wns suspected t o exist between heterocyclic and 

benzenoid carbon at~ns, detailed knowledge of the chemical shifts and 

coupling constants of protons in model compounds was essential for 

determining the structures of tannins. 
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In order t o establish accurate criteria for subsequent work 

on t he biflavanols a complete series of the f our possibl e racemates 

of a related flavan-3,4-d~ol was r equired . Since diols with a high 

degree of hydroxyl substitution on benzenoid nuclei are known to 

present synthetic problems, the synthesis of the four racemates of 

7,4 1- dimethoxyflavan-3,4-diol was attempted - the methyl ethers 

exl1ibiting greater stability than the corresponding free-phenolic forms. 

The synthetic routes leading to the se r acemates were abbreviated by 

preparing the two readil! available isomers, and attempting selective 

epimerization of these to give the r emaining desired r acemates. 

Syntheses of the Racemat es of 7.4 1-Dimethoxyflavan-3.4-diol. 

The 2,3-cis-3,4-cis and 2,3-trans- 3,4-trans diol racemates 

were readily synthesized by stereospecific hydrogenations. These were 

selectively ep~nerized at C-4 to yield the r equired 2,3-cis-3,4-trans 

and 2,3-trans-3,4-cis isomers, respectively. 

All the syntheses depend on the preparation of the key inter­

mediate, 2'-hydroxy-4,4'-dimethoxychalcone IV, obtained by condensing 

2-hydroxy-4-methoxyacetophenone (peonol) II with anisaldehyde III in an 

inert atmosphere. Oxidative ring-closure of 2'-hydroxy-4,4 1-dimethoxy­

chalcone with hydrogen peroxide in alkaline solution yielded 7,41-

dimethoxyflavonol X, while successive acetylation and bromination of the 

chalcone gave 2'-acetoxy-4,4'-dimothoxychalcone dibromide VI. Ring 

closure of the l atter using an aqueous sodium carbonate-acetone mixture 

gave 7,4 1-dimethoxy-2,3-trans-dihydroflavonol VII. 
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H 
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OH t.:H 
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OHc--0jOCH 
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OCH.3 

::::-.--.. -,H NaBH
It 

_ ::::-.--.. 
-_ H w- > 

OR .3 H 

(VIII) ( trans, trans-dio1). (IX) ( trans, cis-dio1). 
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o CH30 // 
OC~ ,.-

I 
Cu-chromite .~ " OH 

;) 

o 

(x) (XI) (cis, cis-diol) 

CH 0 NaOAc + Acetic 3 
anhydride 

HOAc '" 

(XII) (cis, trans-diol-diacetate ) 

Reduction of this dihydroflavonol VII viith Adams cat alyst 

under conditions first used by Roux and Freudenberg61 yielded the 

7,4'-dimethoxy-2,3-trans-flavan-3,4-trans-diol VIII. Assuming a half-

chair configuration vlith the 2-phenyl group in the equatoria.l position, 

this synthesis therefore gives the 2,3-trans-3,4-t rans (J2,3 = 9.0 ; 

J
3

,4 = 6.9 c./sec.) r acemate with a preferred 2(~), 3(~), 4(~) 

a.rrangement of substituents. 

The epimerization method of KD.shikar end Kulkarni B2 was used 

for obtQining the 2,3-trans-3,4-cis isomer of 7,4'-dimethoxyflavan-3,4-

diol IX. This involved the selective epimerization of the 2,3-trans-

3,4-~ r acemate at C-4 with sodium boronhydride and boron trifluoride 

in diglsme, giving only the 2,3-trans-3,4-cis diol in good yield. This 

racemat e (J2,3 = 10.3 ; J
3

,4 = 3.1 c./sec.) has the preferred 2(~), 
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3(~), 4(~) configuration on the above assumptions. 

7,4'-Dimethoxy-2,3-cis-flavan-3,4-cis-diol XI was prepared by 

catalytic reduction of 7,4'-dimethoxyflavonol X using copper chromite at 

high temperature and pressure. Raney nickel afforded the same racemate 

but in lower yield. Catalytic hydrogenation of the carbonyl and ethyl­

enic double bonds of planar flavonols results in cis addition214 • The 

Cis, cis dial (J2,3 = 1.2 ; J
3

,4 = 4.2 c;/sec.) has the preferred 2(~), 

3(~), 4(~) arrangement. 

Synthesis of the 2,3-cis-3,4-trans racemate proved the most 

difficult of the four, as anticipated. Attempted synthesis of this 

racemate, using methods previously employed for flnvan-3,4-diols having 

6-methyl substituted A-rings, gave the now anticipated negdive result. 

This may be due to electron release from the 7~ethoxyl group, allovring 

the formation of a quinone~ethide intermediate which would create an 

active electrophilic centre at C_4215 (cf. XIII). Side reactions arising 

from such a sittk'ltion ,"ould be f acile inversion at this point, and the 

possibility of polymerization as a result of linkage ~dth nuclei having 

nucleophilic centres. 

(XIII) 
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In relation to this difficulty it is interesting to note 

that Rao and Venkateswarlu2l6 showed how an ethyl group at C-6 of a 

7-hydroxyflavan has a stabilizing effect on the molecule - no 

explanation was given for this observ~.tion. 

A possible method of epimerization of 2,3-cis-3,4-cis diols 

by acetylation to give the diacet ates of 2,3~cis-3,4-trans diols was 

evident fram the work of Fujise et al.68,69. They found that acety-

l ation with acetic anhydride and RVridine of two flavan-3,4-diols, 

stereoisomeric at C-4, gave their respective diacetates, but that 

drastic acetylation with acetic anhydride and sodium acetate yielded 

the same diacetate. This suggested the epimerization of one of the 

diols under these conditions. Their method was successfully us ed to 

convert the 7,4'-dimethoxy-2,3-cis-flavan-3,4-cis-diol XI to the 

desired 7,4'-dimethoxy-3,4-trans-diacetoxy-2,3-~-flavan XII. At 

present this represents the only route whereby this r acemate may be 

synthesized; the reaction probably proceeding via an intermediate 

acetoxonium ion2l7 • Concurrent epimerizations by Clark-Lewis et al. 75 

of 6-methyl-flavan-3 ,4-diols served t o confirm these r esults. The 

2,3-cis-3,4-trans product XII (J2, 3 = 0.9 ; J
3

,4 = 2.8 c./sec.) has 

the preferred 2(~), 3(~), 4(~) arrangement of substituents. 

Mechanism of Epimerization of 2,3-trans~trans to 2,3-
trans-3,4-cis Racemate with NaBH4 and BF

3
• 

initiated 

The epimerization of flavan-3,4-diols with NaBH4 and BF3 

by Kulkarni ~ al. 2l8 who proposed no mechanism for the 

was 

inversion. Their stereochemical conclusions have also been shown to be 



-1.41-

inaccurate48,53. The reaction mechanism of the mixed reagent is 

apparently analogous to the LiAlH4 + AIC1
3 

epimerizations of alcohols
219

• 

2,3-trans-3,4-~-7,41-Dimethoxyflavan-3)4-diol XIV, having 

the preferred 2(~), 3(~), 4(~) arrangement of phenyl and hydroxyl 

substituents, was selectively epimerized at C-4 with NaBH4 + BF3 in 

diglyme to give a quantitative conversion to the 2,3-trans-3,4-cis 

racemate. In this inversion the H+ ions of the hydroxyl groups 

substituted at C-3 
. + 

and C-4 are presumably replaced by bulky BF2 ions, 

resulting in steric crowding of two vicinal and eguatorial -OBF2 groups 

XV. This unstable situation promotes a strong steric acceleration to 

inversion at C-4, causing the 4(~) -OBF2 substituent to swing to the 

less crowded 4(~) position XVI. Treatment with acetic acid yields the 

epimeric 2,3-trans-3,4-cis diol XVII. 

The correct stoichiometric proportions of NaBH
4 

: BF3 is 

essential for the epimerization to be QuantitativeZ19{cf. ~) below]. 

On this basis selective epimerization of 2,3-cis-3,4-cis 

flavandiols, with the mixed reagent, to the Z,3-cis-3,4-trans isomers 

was unsuccessful, although the mechanism involves a similar inversion 

of a 4(~) to a 4(ax) hydroxyl as above. Its failure is predictable 

when the eguatorial and axial arrangements of these two raca~ates are 

considered - entailing the rearrangement of 3(~), 4(~)- to the more 

crowded 3(~), 4(~)~ configuration. 

NaBH4 + 3BF
3 - NaF + 4BHFZ 

R-OH + BHF Z --.,. R-OBF Z + HZ 

let.) 
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HO 
(XVI) H (XVII) 

Mechanism of Epimerization of 2 ,3-cis~cis-Flavan-3,4-
diols to 2,3-cis-3,4-trans-diacetylflavans by Acetylation. 

Saayman and Roux83 suggested that selective epimerization at 

C-4 of 2,3-cis-3,4-cis diols to 2,3-cis-3,4-trans diacetates by acety-

lation proceeded via a cyclic intermediate. The mechanism is visualized 

to be analogous to that proposed by Angyal, Gorin and Pitman2l7 for the 

stereospecific epimerization of ~-glycol arrangements in cyclitols. 

This involves the formation of a cyclic acetoxonium ion intermediate. 

The 2,3-cis-3,4-cis diol initially yields the 3,4-cis diacetate, leading 

to the formation of a positively charged acetoxonium ion through the loss 

of acetylium ions (cf. XVIII). Nucleophilic attack on the acetoxonium 

ion by an acetoxy group involves the shift of an electron-pair to the 

positive centre. Steric effects cause the acetate ion to approach C-4 

from the less hindered trans-position, giving the 2,3-cis-3,4-trans-
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diacetoxyflavan. A small amount of the cis, cis Qiacetoxy flavan was 

also formed - probably due to inversion occurring at C-4 caused by 

the 7-methoxyl substitution, as shown before. 

CH) 0 CQ OH 
+e/ 

C~ /OH 
"<C~ 

C" / 
o -GOGH) lli l O-COGH) l O+-COCH) Ph OH. OH lli 0 Ph 

i I + ~ -t--+-+ -? I I + I 
--;;. I 

H H H H H H H H H H H 

C\ OH CH) C\ 0 

+6 
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C/ C 

/\ /\ / 
Ph 0 0 Ph O' 0 Ph 0 H 

tti I I i I 
I 

-';> I --7 I 
H H H,\ _ H H OCOCH

3 
CH)OCO 

(XVIII) 

Clark-Lewis and Williams84 came to similar conclusions 

regarding the mechanism of this epimerization. In their case the 

reaction proceeded more readily due to the fact that only the 6-

position of the A-ring was substituted by a methyl group. 

Nuclear-~ffignetic-Resonance Spectra of 7.4'-Dimethoxyflavan-).4-
diol Racemates. 

-~ .-
H 

The relative configurations of the methyl ether diacetates of 

the synthetic racemates were confirmed by n.m.r. spectroscopy (later 

correlated with paper ionophoresis of the methyl ethers) by comparison 

with data from analogous compounds. 
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Chemical shifts of the heterocyclic and benzenoid protons 

and coupling constants of the 2-, 3- and 4-protons of the racemates of 

7,4'-dimethoxyflavan-3,4-diacetate are summarized in Table 1 (cf. 

Figs. 1, 3, 4 and 6). 

Integral curves of these spectra allow the allocation of 

seven protons in the benzenoid region, three in the heterocyclic area 

and the remainder in the methoxyl and acetyl regions. 

The six protons of the 3- and 4-acetyl groups, situated furthest 

upfield at l' = 7.87 - 8.16 p.p.m., show two sharp three-proton signals 

which ar e unsplit by spin-spin coupling. Chemical shifts of these acetyl 

protons may be correlated with their stereochemistry in that ~ 

acetoxy-groups are shifted downfield in each case, when compared with 

equatorial acetoxy-groups which always occur higher upfield (cf. 

Bokadia, Brown et al. 48 ). 

At 1r = 6.19 - 6.25 p.p .m. the six protons of the 7- and 4'-

methoxyl groups occur as two singlets, the 7-methoxyl signal being at a 

higher field than the k'-meth~l peak. 

The 5-, 6- and 8-benzenoid protons of the A-ring are 
".. 

discernable as a doublet (5-proton), centred at i = 2.7 - 2.9 p.p.m. ; 

a quartet (6-proton), centred at 11 = 3.43 p.p.m. ; and a doublet (8-

proton), centred at l' = 3.50 - 3.54 p.p.m. ~~gnetic equivalence of 

the 2 ' and 6', and 3' and 5' benzenoid protons in the C-ring produces 

an A2B2 system, both pairs giving ortho-coupled (J = 8.5 c./sec.) 

doublets. 

1 
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Heterocyclic C-ring protons form an ABX system ~~th the 

2- and 4-protons represented as doublets and the 3-proton as a quartet. 

The spectrum of the 2,3-Eis-3,4-trans isomer is differentiated from those 

of the other three racemates by the relative upfield positions of both 

3- and 4-protons (T = 4.77 and 4.15 p.p.m., respectively) and by the 

far downfield position of the 5-proton (T = 2.65 p.p.m.) (cf. Table 1). 

The J 2,3 coupling constant of this racemate could be calculated from 

analysis of the 3~proton quartet at 100 Mc/sec. 

Presuming a half-chair conformation for the heterocyclic ring 

and a predominantly 2(£g) arrangement of the 2-phenyl group, the correla-

tion between the vicinal coupling constants and dihedral angles, as 

measured from Dreiding models on the basis of Karplus' valence bond 

equation55 , is good. These values for the 2,3-trans-3,4-t rans (J2,3 = 

9.0 ; J3,4 = 6.9 c./sec. ; &2,3 = 190°, &3,4 = 160°), 2,3-trans-3,4-cis 

(J2,3 = 10.3, J3 ,4 = 3.1 c./sec. ; &2,3 = 180°, &3,4 = 50°), 2,3-~-

3,4-trans (J2,3 = 0.9, J3,4 = 2.8 c./sec. ; &2,3 = 70°, &3,4 = 50°), and 

2,3-~-3,4-cis racemates (J2,3 = 1.2, J3,4 = 4.2 c./sec. ; &2,3 = 70°, 

&3,4 = 70°) are in general agreement with values obtained for analogous 

flavan-3,4-diol racemates by Drewes and Roux47 and Clark-Lewis et al.31• 

The relative configurations of substituents of the racemates 

are as follows: 2,3-trans-3,4-trans [2(£g), 3(£g), 4(!::g) J, 2,3-trans-

3,4-cis [2(£g), 3(£g), 4(~:~J J, 2,3-cis-3,4-trans [2(~.9)' 3(~), 

4(~) ] and 2,3-cis-3,4-cis [2(£g), 3(~), 4(£g) J . 



Paper Ionc?horesis of 7.4'-Dimethoxyflavan-3.4-diol Racemates. 

The paper ionophor etic behaviour of the methyl ethers of 

flav~-3,4-diols, on correlation with their ster eochemistry as established 

by n.m.r. t echniques , offer s a simple but r eli able criterion for differ-

entiating between certain 3,4-cis and 3,4-trans diol arrangements . 

Examination of the ionophorGtic mobili ties of 7,4'-dimethoxy-

flavan-3,4-diol r acemates (cf. Table 5) in sodium borate solution showed 

variable positive mobilities f or the 3,4-cis diols , the 2,3-trans-3,4-

cis is omer having a higher positive mobility than the 2,3-cis-3,4-~ 

compound. This may be due to an increase of affinity of the 2,3-cis 

isomer for cellulose in comparison with the 2 , 3-trans racemate, and may 

be r elated to mol ecular shape196 • Parallel affinity effects are shown 

by paper chromat ogr aphy in wat er or dilute acetic acid solutions220• 

The 2, 3-trans-3,4-trans is omer shows a negative migr ation 

possibly caused by el ectro-endosmotic flow. 

Paper ionophoresis in borate solution under standard 

conditions apparently affords a method for distinguishing between 

methylated flavan-3,4-cis- and 3,4-trans-diols without r esorting to 

the use of r eference compounds (cf. Drewes and Roux56 ). 

Uaman spectral studies and X-ray diffraction data on boron 

minerals22l have indicated that the borate ion has t etrahedr al symmetry 

and may be represented by B(OH)4-' Boric acid t herefore does not act as 

a proton donor, but r ather as a Lewis acid which may accept an electron 

222 pair of a base (e.g. OH-) t o form the t etrahedral anion B(OH
4

)-

, 
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The complex formed between borate ions and the hydroxyl groups 

of 2,3-cis-3,4-cis and 2,3-trans-3,4-cis diol systems may be represented 

by XIX and XX, respectively. 

\ 
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The Relative Configuration of Guibourtacacidin from Guibourtia 
coleosperma. 

Synthesis of the four racemates of 7,4'-dimethoxyflavan-

3,4-diol, and their n.m.r. spectral analysis, enabled the structural 

elucidation of the natural guibourtacacidins223 • Comparison of the n.m.r. 

spectrum of the diacetate of this product (cf. Fig. 7) with those of the 

synthetic racemates (cf. Figs. 1,3,4 and 6) shrn.Jed it to be a mixture of 

three isomers. The 2,3-cis-3,4-trans diastereoisomer was predominant, 

>lith 10VI concentrations of 2,3-tram-3,4-trans and 2,3-trans-3,4-cis 

isomers, these three occurring in the approximate ratio of 5:1:1. 

For example, the n.m.r. spectrum of guibourtacacidin shows a 

doublet at T = 4.13 p.p.m. >lhich corresponds to the uniquely high 

upfield (j = 4.15 p.p.m.) 4-proton of the 2,3-cis-3,4-trans synthetic 

isomer. Smaller signals at l' = 3.68-3.88 p.p.m. in the spectrum of 
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guibourtacacidin agree ~dth the 4-proton allocations of the 2,3-trans-

3,4-trans and 2,3-trans-3,4-cis synthetic r acemates. The some applies 

to the positions of the 2-proton signals. Protons due to the acetyl 

groups (T = 7.89 and 8.12 p.p.m.) of guibourtacacidin show close identity 

with corresponding peaks of the 2,3-cis-3,4-trans isomer (T = 7.92 and 

8.08 p.p.ln.), while the minor signals in this region (T = 8.00, 8.09 

and 8.15 p.p.m.) in the spectrum of guibourtacacidin r eflect the 

corresponding signals of the acetyl protons of the two minor isomers. 

Guibourtacacidin was initially assigned the 2,3-trans-3,4-trans 

configuration224• This prompted Phatak and Kulkarni186 to attmpt the 

synthesis of (±)-7,4'-dimethoxy-3,4-diols r elated to guibourt~cacidin. 

Reduction of 7,4'-dimethoxy-2,3-trans-dihydroflavonol (m.p. 1330
) with 

LiAll!4 gl!.ve them a mixture of 2,3-~ diols melting over the range 

113-1210. Resolution by acetylation and subsequent hydrolysis yielded 

diols, m.p. 114-1150 and 135-1360
, to which they assigned the 2,3-trans-

3,4-cis and 2,3-trans-3,4-trans configurations, respectively. 

The latter compound (m.p. 135-1360
), kindly made available by 

Professor A.B. Kulkarni, is no>! shown to be a mixture of two geometrical 

isomers by n.m.r. spectrametry53 (cf. Fig. 5). The structural assign­

ments of Phatak and Kulkarni for the diols, m.p. 135-1360 (presumed 

3, 4-trans) and m.p. 114-1150 (presumed 3,4-cis) were also shown to be 

erroneous and had to be reversed according to the r evised configurations 

proposed by Bokadia, Brown et al. 48 • 

Epimerization of Optically Active Free-Phenolic Natural Fl avan-3.4-diols. 

Structural and stereochemical elucidation of the 7,4'-dimcthoxy-

flavan-3 ,4-diol r acemates, having a low degr ee of benzenoid hydroxylation, 
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paved the way to the investigation of members in the series which have 

higher hydroxyl substitution. Phenolic hydroxyl substitution confers 

higher reactivi ty to the flavonoid molecule. Hydroxyl groups at the 

3',4' and 5' positions of the C-ring, for instance, enhance the 

sensitivity of the diol to oxidative condensation. This is probably 

due to the para-directing effect of the 3' and 5' hydroxyl groups, 

oreating additional nucleophilic sites at the 2' and 6' positions. 

The investigation of the stereochemistry of the 7,4'-

dimethoxyflavan-3,4-diol racemates ~.abled'~he structural 

and stereochemical study of the biflavanol components Band D. These 

contain l eucorobine.tinidin nuclei 226, and hence the epimerization of 

(+ )-leucorobinetinidin [(+)-7,3' ,4' ,5'-tetrahydroxy-2,3-trans-flavan-

3,4-tranS-diolJ was first investigated. The epimerization procedure 

developed by Drewes and Roux86 for (+)- and (-)-7,3' ,4'-trihydroxy-

flavan-3,4-diols of the same r elative configuration was followed. 

This entailed autoclaving aqueous solutions of the optically pure 

diols and separation of the four diastereoisomers by paper chromato-

graphy in 2~ acetic acid, followed by water-saturated ~.-butanol. 

(+)-2,3-trans-3,4-trans-1eucorobinetinidin under these conditions gave 

rise to its remaining three isomers. Limited amounts of the natural 

product and the ease of oxidation of its isomers, due to the pyrogallol 

nucleus, precluded their isolation. Results of the paper chromatographic 

investigation of these diastereoisomers were in agreement with those of 

Drewes and Roux86 for the corresponding trihydroxyflavan-3,4-diols. ~ 

comparison of the diastereoisomers generated from (+)-leucorobinetinidin 

with the leucorobinetinidin biflavanols B and D shov!0d the latter com-
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pounds to be distinct from these isomers. 

The epimerization of these monomeric natural products, having 

a high degree of hydroxyl substitution of the B-ring, coupled with the 

syntheses of the 7,4'-dimethoxyflavan racemates by total synthetic and 

epimeric methods, facilitat ed the approach to the structural determina-

tion of the more complex condensed tannins. 

Between the monomeric flavanoid components and tho highly 

condensed tannins of black wattle bark extract there is distributed an 

entire series of low molecular weight condensed products - the so-

called "phenolic half-tannins". Of these the leucorobinetinidin bi-

flavanols B and D were studied in some detail. 

Biflavanol Components B and D. 

Biflavanols B and D were isolated from the bark of young black 

wattle trees by Craig countercurrent separation and paper chromato-

graphy of enriched low molecular weight fractions obtained by ethyl 

acetate extraction. They had close ~ values by paper chromatography. 

The amorphous products B and D showed instability on handling in the 

free-phenolic forms due to oxidation, and their final purification was 

achieved by thin-layer chromatography of their more stable methyl ethers. 

Jiethylation with diazomethane resulted in t he formation of 

o an octamethyl ether of B, C38H42012 ' m.p. 130-135 , and a nonamethyl 

ether of D, C39H44013' m.p. 161
0

• Acetylation of these with pyridine 

and acetic anhydride yielded a diacetyl octamethyl ether of B, 

C42H460
14

, m.p. 120-1240
, and the corresponding diacetyl nonamethyl 

ether of D, C43H48015' m.p. 140
0

• Acetylation of the free-phanolic 
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o 
forms gave a dec a-acetate of B, C50H46022' m.p. 178-185 , and an 

undeca-acetate of D, C52H48024' m.p. 148
0

• These analyses account for 

eight phenolic and t wo aliphatic hydroxyl groups in the empirical formula 

C30H26012 of the parent compound B. Product D sinularly reflects an 

empirical formula C30H26013 with nine phenolic hydroxyl groups. 

The free-phenolic form of B, which had been purified by 

preparative paper ionophoresis in borate buffer, on fusion with solid 

potassium hydroxide gave the degradation products resorcinol, ph16ro-

glucinol, protocatechinic acid, gallic acid and ~ -resorcylic acid. 

Product D on similar treatment yields the same products with the 

exception of protocatechuic acid. This shows the presence of both 

resorcinol and phloroglucinol nuclei in the A- and D-rings of the 

products B and D, with 3',4' and 3',4',5' hydroxyl substitution in 

the B- and E-rings of component B and 3',4',5' substitution in both 

these rings of component D (cf. YJCI). 

Products Band D gave relatively 10\1 yields of anthocyanidins 

on treatment with acid - individual treatment of these with 3N HCl and 

isopropanol under pressure198 (for the generation of anthocyanidins) 

giving both robinetinidin chloride (RF = 0.30) and an orange-coloured 

component (rz = 0.65). Acid-induced ;ission of B with 3N EC1-ethano196 

(for the generation of catechins) gave, amongst other minor products, 

(+)-catechin, the orange pigment, resorcinol and phloroglucinol. 

Similar hydrolytic fission of D yielded (+)-gallocat echin, 

the s ame orange pigment, resorcinol and phloroglucinol. The action of 

acids on B and D therefore appears to cleave the molecule into an antho-
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cyanidin fraction and a catechin fraction under different conditions. 

Products B and D both yield the same antl10cyanidin, indicating 

identically substituted A- and B-rings. The observation that product 

B yields (-c)-gallocatechin, whereas D gives (+)-catechin, serves to 

indicate that in the latter case an additional hydroxyl group is 

substituted at the 5'- position of the E-ring. 

B R=H 
D R = OH 

(XXI) 

Condensation of (+)-catechin and (+)-gallocatechin with 

(+)-7,3',4',5'-tetrahydroxy-2,3-trans-flavan-3,4-trans-diol under 

conditions developed by Creasy and SwainlO6 yielded amongst others 

products which were identical by chromatography with Band D, r espective-

. ~. These condensations therefore indicate that the natural biflnva-

nols B and D may be derived from a (+)-2,3-trans-3,4-trans-leuco­

robinetinidin nucleus linked to a (+)-2,3-trans-catechin or (+)-2,3-

trans-gallocatechin unit. 
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Paper chromatography of the condensation product~ of B and D, 

obtained by this treatment with O.4N Hel, showed the presence of the 

same orange pigment as generated by degradative methods. The pigment 

is therefore a prominent degradation product of both biflavanols, and 

an attempt was made to isolate it from fresh black wattle bark extract. 

The marked instability of the pigment and its derivatives, however, 

complicated its isolation and structural determination. It is suggested 

that the pigment is formed from the degradation products by a process 

of rin.:; expansion of the leucorobindinidin lloi"tiQS t o eive '" 

benzotropolone structure XXII similar to the products isolated by 

Takino et al. 227, and Ollis et al. 228 from the f ermentation products 

of tea l eaf extracts. 

H 

OH 

H """""0 
OH 

:::::-.... 'OH 

./ \ HO, '/ 1(0 ~~~ 
::::-..... 
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OH 

(XXII) 

Thesu authors proposed the formation of an orange pigment 

from (-)-epicatechin nuclei during these fermentation processes. 

Saayman and Roux229 , however,showed that neither (+)-catechin nor 
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(+)-gallocatechin generated the orange pigment under ' the conditions 

of 'Pigman et al. 198, while (+)-2,3-trans-3,4-trans-leucorobinetinidin 

readiq yields it. The generation of the orange pigment has been 

correlated with the presence of (+)-2~3-trans-3,4-trans-leucorobinetini-- --
din or its polymers also in Robinia pseudacacia62 • 

Nuclear-Magnetic-Resonance Spectra of Derivatives of Band D. 

The n.m.r. spectrum of the octamethyl ether of B (cf. Fig. 

15) reflects the presence of seven metho~rl signals at T = 6.16-6.35 

p.p.m., the 7~ethoxyl signal of the A-ring being slightq upfield at 

I' = 6.43 p.p.m. 

A heaviq split multiplet at lr = 7.92-8.45 p.p.m. shows 

appreciable line-broadening and is attributable to two protons of the 

free-hydroxyl groups at the C-3 positions of the C- and F-rings. 

Five heterocyclic 

T = 5.13-5.80 p.p.m., with 

protons occur as a complex multiplet at 

a further two heterocyclic protons 

methylene multiplet at ~ = 6.76-7.65 p.p.m. consistent with a 

as a 

catechin 

structure ( c-t. Fi3S' 15 'Inc\ ,(, for o.\\ocQtions of heteroc~cl;c proton,) . 

The integral curve shows the presence of nine benzenoid 

protons in a complex multiplet at lr = 3.23-3.95 p.p.m. Meta-coupled 

2' + 6' protons of the B- and E-rings 

singlets at '/ = 3.63 and 3.81 p.p.m. 

, 
are distinguishable as broadened 

The n.m.r. spectrum of the octamethyl ether diacetate of B 

(£f. Fig. 17) confirms the analyses and shows two aliphatic acetyl 

signals at lr = 8.43 and 8.18 p.p.m., each r esulting fram three protons. 
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The former signal is further upfield than usual in the corresponding 

catechin derivatives, possibly due to the diamagnetic anisotropy of 

the adjacent benzene ring D. 

A 3-proton triplet of the heterocyclic C-ring occurs far 

downfield in the benzenoid proton region and partially overlaps a 

broadened singlet (i = 3.89 p.p.m.) of the meta-coupled 2' + 6' protons 

of the B- and E-rings. 

Four heterocyclic protons occur as a multiplet at lr = 5.07-

5.33 p.p.m., while the remaining two protons of the heterocyclic F-ring 

yield a methylene multiplet at I = 7.17 p.p.m. Spin-spin decoupling 

by irradiation of the four-proton multiplet above, accompanied by 

frequency-sweeps, resolved the methylene multiplet into an AB quartet 

exhibiting geminal coupling (J = 16.0 c./sec.) (cf. Fig. 32 and p.173). 

The spectrum of the deca-acetate of B r eflects the presence 

of eight phenolic acetyl groups occurring downfield (lr = 7.74-7.81 

p.p.m.) from the aliphatic acetyl signals. 

Het erocyclic protons of the deca-acetate of B are character­

ized by the upfield position of a doublet (T = 5.57 p.p.m.), a three­

proton multiplet (lr = 4.94-5.21 p.p.m.) showing a superimposed doublet 

(T = 5.24 p.p.m.), and a triplet dmmfield at T = 4.29 p.p.m. These 

two doublets and the triplet are spin-coupled as evidenced by the spin­

decoupling technique (cf. Fig. 33). Decoupling experiments accompanied 

by frequency sweeps resulted in a simplification of the multiplet due 

to the collapse of the upfield doublet (T = 5.57 p.p.m.) to give a 

singlet. The triplet ther efore represents a 3-proton, the upfield 



FIG. 32. 

FlO . l:l. 

N.M.R. Spectrum of Octamethyl Ether Diacetate of B Showing Geminal 
Coupling of Methylene Protons by Spin-decoupling. 
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doublet a 4-proton, and the doublet superimposed on the multiplet, a 

2-proton - all being attributable to the C-ring. The r emaining F-ring 

protons in the multiplet are : a 2-proton ( T = 5.12 p.p.m.) and a 

collapsed multiplet (T = ± 4.94 p.p.m.) due to the 3-proton. 

N.m.r. spectra of the corresponding derivatives of biflavanol 

D are essentially similar to those of B, except for a simplification of 

the multiplet resulting from the benzenoid protons. Here the 5
'
-position 

of the E-ring is hydroxylated, giving rise to a superimposed AB system 

of meta-coupled 2' + 6' protons of the C- and E-rings. This is 

r eflected by d,mblet s at T = 3.58 and 3.75 p.p.m. 

The 2-, 3- and 4-protons of the C-rings of components Band 

D form an ABX system with large coupling constants (J2,3 = 9.5-10.0 

c./sec. ; J3,4 = 9.0-10.0 c./sec.) indicating trans-diaxial arrangements 

in each case and a 2,3-~-3,4-trans [2(~), 3(~), 4(~)J arrange-

ment of substituents for the leucorobinetinidin portion of these 
• 

biflavanols. The 2-, 3- and 4-protons of the heterocyclic F-rings of 

Band D form an AB~ system (J2,3 = ±7.0 c./sec.), eonsistent with a 

2,3-trans [2(~), 3<'~.9.)1 arrangement of phenyl" and hydroxyl substituent 

groups. Both products B and D therefore have 2,3-trans-3,4-trans 

(leucoanthocyanidin) and 2,3-trans (cateChin) relative configurations. 

The clearly-defined uncoupled benzenoid proton (singlet, 
.,... 
I = 3.11 p.p.m.) in the deca-acetate of B shows that the link bebTeen 

these moieties is from C-4 of the C-ring to the 6- or 8- position of 

the phloroglucinol D-ring as in XXIII and XXIV, respectively. The 

corresponding uncoupled benzenoid proton in the undeca-acetate of D 
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occurs as a singlet at T = 3.17 p.p.m. Insufficient data regarding 

the chemical shifts of similar protons in 6- and 8- substituted flavans 

is available to enable distinction, at present, between the alternative 

structures XXIII and XXIV. (cf. p.173). 

Mass Spectra of Derivatives of Band D. 

Mass spectra of the octamethyl ether diacetate of B (M = 774) 

and the nonrunethyl ether diacetate of D (M = 804) were compared with 

the mass spectrum of (+)-leucorobinetinidin tetramethyl ether diacetate 

[(+)-7,31,41,51-tetramethOXY-3,4-tranS-diacetYl-2,3-~-flavanJ 

(M = 446) (cf. Figs. 21, 22 and 23). The fragmentation pattern of the 

latter was used as a basis for the study of the mass spectra of 

derivatives of Band D. Fragmentation schemes for these three products 

are given by (a) and (b) below. 

Molecular ion peaks of the derivatives of B and D allowed 

the accurate assessment of their molecular weights. Analytical data, 

used in conjunction with these molecular weights, enabled the deter­

mination of molecular formulae of B and D. 

Acetyl groups are readily lost in each case, followed by the 

loss of a number of methoxyl groups. Significant ions are formed by 

the operation of two retro Diels-Alder fragmentations during the fission 

of the heterocyclic C- and F-rings. 

Elimination of acetic acid from the molecular ions leads to 

ions of masses 714 and 744 for B and D, respectively. Rupture of the 

linkage between the diol and catechin moieties results in ions of mass 

327 for both Band D, indicating that their 3,4-diol units are identical. 
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Fission of the F-ring by the first retro Diels-/uder 

reaction gives rise to ions of masses 522, 491, 473, 462, 447, 431, 

252, 210, 195 and 181. The ion of mass 522, on suffering a second retro 

Diels-Alder fission through the cleavage of the C-ring and simultaneous 

loss of formaldehyde, gives rise to ions of masses 252, 210 and 195. 

In the case of D it is impossible to distinguish between these two 

retro Diels-Alder processes, since the same ions are formed, whichever 

one occurs first. In B, however, the fragments are different due to 

the difference in methoxyl substitution of the B- and E-rings of this 

product. Since both sets of ions are represented in the spectra, it 

appears that there is no preference as to which of the C- and F-rings 

is fissioned first. 

Fragments of mass 269, resulting from the double retro 

Diels-Alder processes, and which still retain the linkage between the 

A- and D-nuclei, are particularly significant and occur in high relative 

abundance. 

Fragmentation patterns of these derivatives of Band D can 

only be rationalized on the basis of a linkage of the 4-position of 

the 3,4-diol moiety to the 6- or a-position of the catechin unit, since 

alternate linkages would have resulted in ions of different masses. 

The 6- and a-positions of the D-ring are equally amenable to linkage 

with the C-4 position of the C-ring, no distinction being possible 

between these. 

Aspects of Biogenesis of Biflavananols B and D. 

Products B and D are found in association with the 2,3-trans-
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flavan-3-o1s, (-)-robinetinidol XXV (R = OH), (-)-fisetinidol XXV 

(R = H), (+)-catechin XXVI (R = H), (+)-gallocatechin XXVI (R = OH), 

(all having the 2R ; 3S absolute configuration) and traces of 2,3-

trans-3,4-trans-flavan-3,4-diols, (+)-leucorobinetinidin XXVII (R = OH) 

and (+)-leucofisetinidin XXVII (R = H) (both having the 2R, 38, 4R 

absolute configuration) in the bark of black wattle. 

OH OH 
H 

OH H",(:C - OH 

'" 1>4 R R 
I HOH 
OR 

(XXVI) 

OH 

0 
H 

Ij "\ . OH 
HO 

H 
-'R 

....... of!! 

(XXVII) 

These monomeric flavans represent the basic f l avonoid units 

present in the biflavanols. The fact that the monomers occur with the 

biflavanols, suggests that the former compounds serve as biogenetic 

precursors of the associated constituents B and D. 

Bifl avanols may be formed by dehydrogenation of two catechin 

nucleil05 , but more likely through the r eaction of a benzyl-carbonium 

ion at C-4 of a flavan-3,4-diol with a nucleophilic centre at c-6 or 
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C-8 of a catechin. The latter mechanism is preferred on the grounds 

of the condensation of (+)-leucorobinetinidin with (+)-catechin or 

(+ )-gallocatechin, .in~, to yield products showing chroJllCl.tographic 

identity with B and D, respectively. 

Biflavanols Band D therefore belong to a new class of 

compounds in which "resorcinol-type" flavanoids are carbon-linked to 

those of the "phloroglucinol series". Products B and D have very 

limited tanning properties230,as evidenced by their low affinity for 

hide-powder (collagen) or gelatin, and fall into the category of 

"phenolic half-tannins". 

Non-tannins of Black Wattle Bark. 

The significance of the non-tannins in the biogenesis of 

heartwood tannins of black wattle (Acacia mearnsii) was discussed 

recently by Saayman and Roux129 • Black wattle bark non-tannins were 

shown to consist of the carbohydrates : sucrose, (+)-pinitol, glucose 

and fructose; the imino acids : (-)-L-pipecolic acid, trans-4-hydroxy­

(- )-L-pipecolic acid and (- )-L-proline; the amino acids : ~ -alanine, 

arginine, aspartic acid, glutamic acid and serine; a novel 1-2 -diketone; 

and two closely related steroid alcohols : ~ -sitosterol and stigmas­

terol. 

Some non-tannins are undesirable constituents of tanning 

liquors in that the nitrogenous acids and carbohydrates often act as 

nutrients for bacterial and mould growth. Research into the fermentative 

aspects of these solutions may be of value in the field of industrial 

brewing • 
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Carbohydrate Constituents. 

The hexose sugars sucrose, glucose and fructose are present 

in relatively high concentrations in the bark and sapwood of !. 

mearnsii. Sucrose was identified, and isolated for the first time 

from the bark, after initial paper chromatographic detection of these 

related sugars. Fructose is the predominant sugar in the sapwood of 

black wattle, with lower concentrations of sucrose and glucose. Black 

wattle heartwood contains no sucrose, glucose or fructose, indicating 

that these may be consumed or transformed during the process of tannin-

formation at the sapwood-heart~lood transition zone. 

The cyclitol (+)-pinitol accompanies the hexose sugars in 

the bark and sapwood and surviVGS in the heartwood of black wattle. 

This indicates that (+)-pinitol is not utilized in the synthesis of 

tannins in the heartwood. Its simultaneous presence in the leaves, 

bark, sapwood and heartwood suggests a possible origin in the leaves, 

after which it is translocated vertically a.long the vascular tissues 

of the plant, as well as radially to the sapwood and heartwood. Due 

to the poor response of (+)-pinitol to spray reagents and its 

concurrence with sucrose on paper chromatograms, its presence as a 

major constituent of black wattle bark was previously overlooked. 

(+)-Pinitol is a cammon constituent of the 1eguminosao139, 

having been detected in or isolated from several Acacia ~.140,141. 

Biogenesis of (+)-pinitol is apparently from glucose, without frag­

mentation of the glucose molecule, via ~_inosito123l. The role 

of (+)-pinitol in the metabolism of the plant is not clearly under-
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stood; it may represent a stable end-product of carbohydrate 

biosynthesis. 

Nitrogenous Acid COIllpone .. 1ts. 

The imino-acids (-)-L-pipecolic acid, trans-4-hydroxy­

(-)-L-pipecolic acid and (-)-L-proline, isolated from the non-tannin 

fraction of black wattle bark extract by ion exchange and paper 

chromatography, are present in all parts of the tree. The stereo­

chemistry of these acids is known1l9,120, and they were identified 

by comparison with authentic samples kindly donated by Professor 

J.W. Clark-Lewis. Paper chromatography shows that the concentrations 

of these acids decline gradationally from leaf to twig bark and stem 

bark. Root bark, on the other hand, shows higher concentrations than 

stem bark. The high concentrations of these acids in the leaves and 

green twig bark possibly indicates their origins in these portions of 

the tree. 

0/.­
The~amino-acids 

ctic.ni ne 
~ alaniR8, arginine, aspartic acid, 

glutamic acid and serine are present in low concentrations in the 

bark and heartwood compared with the imino acids, but ar e prominent 

in the flowers and seeds of black wattle. These amino acids, amongst 

others, have been detected in Armeria maritima125 where they are 

associated with 4-hydroxy-pipecolic acid, and in the green bean 

(Phaesolus vulgaris)112,1l3 with pipe colic acid. Grobbelaar and 

Stewardll4 showed by radioactive tracer techniques that lysine is 

the precursor of pipecolic acid in the developing green bean, and 

that it may be converted into 4-hydroxy-pipecolic acid by direct 

• 
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hydroxylation232,233. 

The concurrence of these amino- and imino-acids in the 

leaves and other parts Of' !. mearnsii may indicate a similar biogenetic 

sequence in this and other related Acacia ~.234. The pipecolic acids 

have been isolated from Acacia oswaldii leavesl19 and!. excelsa heart­

WOodllS, and are now shown present in the leaves of !. decurrens and !. 

dealbata. They are therefore prominent constituents of certain of the 

I.eguminosae. 

These pipecolic acids may be functional in metabolic 

processes in the plant or may be end-products of the biosynthesis of 

amino-acids. 

Commercial Implications of the Nitrogen Content of Wattle Bark. 

Wattle bark extract has been shOlm to have a relatively 

high (± 0.3%) nitrogen content, reflecting the presence of approximately 

2.5% of the above nitrogenous acids235 • Bennett236 , however, noted in 

1916 that commerciai wattle bark has even higher (0.87%) nitrogen 

content. Holmes and Wollenberg237 showed that the nitrogen content 

of wattle extract has important implications in leather analysis where 

hide-substance is estimated by the Kjeldahl method. The error involved, 

according to them, is considerable - amounting to 1 part in 27 of hide 

SUbstance. This leads to an error of 7 units for a leather of 100 

degree of tannage. Recently Heidemann and Krol1238 reported a 0.35% 

nitrogen content for mimosa extract. 

Analysis of current production of wattle extract shows 0.25% 

nitrogen, respesenting 0.28% on a dry-weight basis235. This is shown 
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to make a small but significant contribution to the degree of tannage 

of 4 units for tannages in closed systems. 

Ii _Diketone • 

~-Diketones are prominent components of cuticle waxes of 

plants. Horn et ~.152,153 showed their presence in Acacia ~., the 

carnation (Dianthus caryophyllus), and a high content in the waxes 

front many highly glaucous species of eucalyptus. §. globulus leaf 

waxes were found by Hall et al. 239 to consist of 70-75% long-chain 

~ -diketones. Of these the principal member is n-tritriacontan-16, 

18-dione (n-C15H31 COCH2COC15H31)' m.p. 68
0

• 

Acacia mearnsii bark contcins a novel P- -diketone, m.p. 

80_820
, which occurs with a mixture of steroid alcohols in the 

petroleum-ether extract of the bark. The ~ -diketone was separated 

from the mixture by thin-layer chromatography on Kieselgel G. Its 

mol ecular weight from the empirical formula, C32H6402 (based on analyses) , 

\~as anticipated to be 480. The melting point was some~lha.t higher than 

those of natural P- -diketones (40-700
) isola.ted before. 

Infrared spectral analysis (cf. Fig. 24) shm.IS the enolic 

-1 character of the black wattle dike tone by the presence at 3350 cm. 

of O-H stretching frequencies. The nuclear-magnetic-resonance spectrum 

(cf. Fig. 25) shows the protons of terminal methyl groups occurring as 

a multiplet centred at ~ = 9.12 p.p.m., methylene proton resonances 

at l' = 8.73 and 7.70 p.p.m. and a vinyl proton, split by methylene 

protons, occurring as a triplet centred at 1" = 6.40 p.p.m. A triplet 

centred at 1r = 5.98 p.p.m. may also be due to a methine proton. The signal 
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of the proton associated with the hydroxyl group (enolic form of the 

diketone) is 

as in XXVIII 

probably shifted far downfield due to hydrogen bonding 

240 241 ( cf. Allen and Dwek , and Tulloch and Weenink ) • 

-C-CH=C­
II I 
O(---H-O 

(XXVIII) 

The ~ -diketone from wattle bark forms a blue copper complex, 

the structure of which may be r epresented by XXIX. Acid treatment 

r eadily r egenerates the diketone . 

ynH2n+l ynH2n+l 

C=O O=C 
/ ", /// -, 

H - C Cu C 

~ /", f' 
C-O O-C 
I I 
Cn ,H2n '+1 Cn ,H2n '+1 

(XXIX) 

Although Bo.ae, Williams, et al. 242 reported that simple 

j2 -diketones break down in a regular manner under electron impact in 

mass spectrometrY, the long-chain members appear to be relatively 

unstable243 • Thus the mass spectrum of the fi -diketone from wattle 

bark (cf. Fig.27) shows a peak at mass 448 which is consider ably lower 

than the estimated molecular weight of 480 fran the empirical formula. 

Since ther e is a significant IM_2" ion at 446, this suggests that 448 
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does not represent a molecular ion peak. Decomposition of the 

fragments (M = 446, 448) is obviously by successive eliminations of 

ethylene molecules. The fragmentation pattern cannot be readily 

correlated,at present,with obvious structural features243 • 

Steroid Alcohols. 

From an ethereal extract of black wattle heartwood Keppler 

isolated a "steroid", m.p. 160-1610
, for which he proposed the 

141 Previously Stephen had 

66 

separated the constituents of the isohexane extract of Acacia mearnsii 

heartwood into three fractions, ranging in melting points from 160-169
0

• 

He could not correlate the properties of these sterols with those of 

known phytosterols, and was not able to propose a definite empirical 

fonnula. 

The petroleum ether extract of black wattle bark yields a 

steroid fraction obtained by preparative thin-layer chromatography on 

Kieselgel G of the extract129 • Repeated recrystallization gives 

colourless needles, m.p. 160-1620
, which show a violet-to-green 

Liebermann-Burchard reaction. 

Mass spectrometric analysis of the acetate of the steroid, 

m.p. 175-176°, clearly shows that the product is a mixture of two 

components (cf. Fig.30). Nolecular ion peaks show the masses of these 

two constituents to be 454 and 456, corresponding to molecular formulae 

C31H5002 and C31H5202. Signals at masses 313 and 315 indicate cleavage 

of side-chains, while the peak at 255 represents the subsequent loss 

of an acetate ion from the nucleus. 
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The fragmentation pattern of the mixture shows the close 

similarity between the two components, suggesting that the compound 

with mass 456 differs from the one of mass 454 only through the 

presence of an additional double bond, possibly located in the side-

chain. These considerations lead to the assumption that the mixture 

consists of ~ -sitosterol XXX, an ubiquitous phytosterol, and 

s tigmasterol XXXI, a less common plant sterol. These ar e commonly 

associated natur ally. 

(XXX) R= 

H 

(XXXI) R= 

Selective hydrogenation of the steroid acetate mixture 

using the method of Bernstein and Wallis207 gave a homogeneous product, 

~ -sitosterol, which is fully hydrogenated in the side-chain. These 

mild reducing conditions leave the nuclear double bond intact. The 

mass spectrum of the product, m.p. 128-1290 (cf. Fig.31) shows a mole-

cular ion peak at 456, confirming the conversion of stigmasterol into 

P -sitosterol. 
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Biosynthesis and Functions of Steroid Alcohols. 

tuaimal sterols, such as cholesterol, are formed by the 

condensation of isoprene units via the intermediates farnesene and 

squalene, with the introduction of a hydroxyl group by oxidation at 

a later stage in the synthesis244,245. Although the biosynthesis of 

plant sterols has not been investigated in such detail, it appears 

that a similar scheme oper ates in this case. I soprene moieties have 

been sho.m t o be derived from acetic aCid, via the amino acids246
j 

The function of sterols appears to be closely connected with 

the growth of younger portions of the plant. Duperon et al. 247 showed 

that a modification in the concentration of sterols occurs during the 

germination of Phaeseolus vulgaris seeds. 

Shikimic Acid and Quinic Acid. 

Traces of shikimic XXXII and quinic XXXIII acids were 

detected in the non-tannin fraction of Acacia mearnsii bark. Ion-

exchange chromatography of this fraction gave an aCidic portion which 

showed the presence of these acids in comparison with reference acids, 

using selective spray reagents. 

COOH HO COOH 

"-. 
OH H HO 

H H 

(XXXII) (XXXIII) 
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the growth of younger portions of the plant. Duperon et a1. 247 showed 

that a modification in the concentration of sterols occurs during the 

germination of Phaeseolus vulgaris seeds. 

Shikimic Acid and Quinic Acid. 

Traces of shikimic' XXXII and quinic XXXIII acids were 

detected in the non-tannin fraction of Acacia mearnsii bark. Ion-

exchange chromatography of this fraction gave an acidic portion which 

showed the presence of these acids in comparison with reference acids, 

using selective spray reagents. 
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The presence of traces of both shikimic and quinic acids 

in the bark is of considerable significance, since these acids are 

known to be precursors of aromatic compounds in plants along the 

two l'lell-established biosyntpetic pathways - one based on the 

shiki'lic-prephenic acid pnthwp.y248, and the other on ncetRte 

synthesis249 • 

Biosynthesis of Condensed Tannins. 

Flavonoid moieties are derived from simple non-tannin 

molecules. The C6 unit of the A-ring is probably acetate derived, 

Nhile the C6 - C
3 

unit of the B- and C-rings most likely originate 

from shikimic acid via the amino-acids. Condensed tannins appear to 

be buil t up of flavonoid monomers, amongst which the catechins and 

leucoanthocyanidins are the most prominent precursors. These condensed 

tannins,which are responsible for tanning,may be composed of from five 

to ten such monomeric units linked together by C-C bonds. 

Low molecular weight condensed tannins, which have limited 

tanning properties, contain t1'lO to five such units. Examples of this 

class of compounds are the biflavanols Band D, consisting of (+)­

leucorobinetinidin linked to (+)-catechin and (+)-gallocatechin, 

r espectively. An analogous compound F, derived from (+)-leuco­

fisetinidin and (+)-catechin accompanies these in wattle bark226 • 

In these products the catechin moieties may be responsible for termina­

tion of condensation with further flavonoid units bece.use of the 

presence of a methylene gr·~up, at C-4 of the' heterocyclic ring, 

which is less amenable to linkage than an hydroxyl group. 
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The condensation of two flavan-3,4-diol moieties, as in 

bimolecular leucofisetinidin250, is not subject to the above phenomenon, 

and the product has a free-hydroxyl gr oup, at C-4 of one heterocyclic 

ring, available for condensation with a further flavan-3,4-diol or 

catechin unit. In this manner polymeric molecules may be formed bio-

synthetically, giving rise to the highly condensed tannins. 

ADDENDUM. 

Nuclear-magnetic-resonance Spectra of Derivatives of Band D. 

Analysis of the fine structure of the methylene protons of the 

methyl ether diacetates of B and D (J3(~),4(~)=8.5; J3(~),4(~)= 

5.5 c./sec.) confirms the presence of 3(~) protons. This evidence 

of an ABX2 system in the heterocyclic E-ring correlates with the 

degradative evidence and confirms the presence of a catechin moiety 

in each component. 

The additional hydroxyl group on the phloroglucinol D-ring 

of B and D restricts rotation about the 4 - 6(8) link and, therefore, 

rotational isomers could exist amongst the methyl ether and acetyl 

derivatives . Considerations of the number of asymmetric centres as well 

as optical isomerism loads to the possibility of 64 isomeric forms, of 

which only one is represented in these compounds. 
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