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Jll:FI:UTIOH OF T~ 

Some cc.nfue:l.on le caused by the runbiguona 
nse of va:~ioue te·rmg in the l.eather-chemlcal lltl!l a
tureo 

In 'thl.E theele the ter.n 11 extrnc t 11 refPru •;o 
r .. L. the 1-later-Bolub.le extractives obtained from 1;.tte 
verloue portions of plants; the term 11 1;ann1na11 Hpec1-·· 
1' i(lally em bract~ a only the polyphenol1c consti tuenta 1n 
tl1~ extract as 1~ !· 11 as their esters w1 th cnr·oohyc.x·a ten , 
a.nC. the ter!l" tluor - tannins" refers to the remaind£1!' of' 
thv extract~ 11h1.c h normally conslsts of mlxturE;e c:i' 
CllJ·bohydratea tocether ~r1th ot'le·r cone'Cl'l.;uente wb:.ch 
y1etld only carho.t.ydrates on hydrolys1a. 
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SUMltlARY -
Four species of acacia of Auatr a linn origin are 

aseocirted w1 th the 1·r~ttle i ndustry in South Africa. Bla.ck 

wattle, Acacia molliasima \.Vllld., ie the most important of theae.., 

and 1s today almost exclusively cultiva.tad. The tree grows 

s uccessfully only in =1 limited area of rich soil and .high r&.5.nf a1:. 1 

and is easily 9.ffeotei by o.dveree condit:tone caused by 1neec1~ 

peats~ f~ost damaGe a1d drought c Expana1on of the ares. WlCl.er 

cul tivat ion is/) therefore, not feas ible, althous;h the world-6.~"'1an.d 

for vegete.ble extre.ct 3 . far exceeds the avai lable supply. 

The re!I1R.1n1:1g &peciee such as green ( AOac1a dacurrr-n u 

v-a ~ld . ) and a 11ver wa:ctle s (Acacia dealba.ta Link.) po ssess rrumy 

o.a e1ra.ble character1Eracs "\-th1ch resist such fl,dverse factors~ 

Their barks a however, g1 ve reddi eh extracts, t.qhich are coneider·ed 

unsuitable for tanner:r usage because of the red colour they 1mpa.rt 

'to the lenther. Hyb:.' id1aat1on studies, involving the crossi ng ot 

g:r-·een and silver wat·t:Lee with the blf.lck. and aimed at nroduc1ng 

pl .. ogen1ee containing nany of the desirable chara.c terl etice of the 

"1:..::-·ent plrnts, are thus a natural result~ and. hR.ve bJen in pz.ogre ~e 

at ~"ifda.ra · and the i·ln.t1;le Reeee.rch Inst1 tute for a considerable 

pe1'1od. 

Due to the t~loee relet1onehi.p betto~een the various ldp acleG 

of' wattle~ such genet~. c \·Tork requires the aesi~ta.nce of chemJ.cs.l 

e f..ttd1es which show up chP.racter1at1c differences in t he compl e;... 

I:!Xtt•ncte obtf3.1ned fror.1 the ·oarke~ From the present inveatlg~J; .i.on 
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1 t appears that chemic1al g'enetice m1sht possibly be applied 

successfully in this field . 

A fundamentl.l knowledge of the nn.ture and chemical 

behaviour of black wat t l e extra.ct ie also eeaentia.l i n view of 

ic e a.lrer'.dy larg e and increasin~ a.pplice.t1on in industry. 

In order to place the present 1-vorlc in its corr ect pe:rs~· 

;>e otive , P..nd to serve n..s a be.eis for reference and di scussion, a 

comprehenei ve revievl c f t h e chemistry of all the import ant t annins 

i A i ncluded ., 

Commercial l•lacl~ wattle 10M1moea11 extr n.ct contains 

tannins , non- tannins G.nd \·later in the ratio of 3 g 1 g 1 0 and may 

be frRctione.ted into gums, e~a.re t:tnd polyphenolic tannins. 

r.rhe r,ume ( 77< of the commercial extr n.c t) are separ n·r. a C. 

from the remainder either by f.tddi t1on of alcohol to aqueous solu

\.tlone of the extract , or· by extrnctins the solid mater i e.l 1..'li th 

95% eth P..nOl o The gun a e.re le.rge-moleculnr uri1 ts of remarke.blf:> 

3Welling power, which give on hydrolys1s,galnct6se e arabi nose , 

~h~~no ee and a uronic acid. They thus appear i dentical 'lti 'th the 

nntural exudate of thG bo.rl{. Rlready inveat1p;P.ted by s t ephen \377 >. 

Four method~ 'I.·Iere examined for 'the Bepe.ra.t ion of tb~ 

Bt1jP..r' A f rom the polyphenolic tannins, which t ogether form Ch0 

"'""e!llainder of t he extr~ct. These a.re 

( t:.) a lead-eRlt method 

(b) 8 aalt i ng=o ut method 

(c) a hide=powder method 

i; n·J. {d) mixed sol ven t methode .. 
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The three f~.ret~mentioned methode e;ive tannins of 

91 = 9S.% 11 pur1ty11 
0 ~?he lead=ea.lt method, by 1·Thich almost quan

titative recovery of t he polyphenole 1e poes1ble 9 was preferred o 

The snlt1ng=out and h;.de~powder methode c;1ve only p:1rtial 

recoveries of the tannin fraction~> and are 9 therefore» l ees autt= 

able. The ealting=out and mixed solvent methode are useful for 

fractionating the tannins. 

The sugars, eepar~ted by the lead~salt procedure were 

identified e.s sucrose 1 glucose, and fructose . sucrose 11ae found 

to be the only carbohydrate constituent of the fresh=bark ext:r~_ctt 

and it thus appears that the invert sugars are produced during the 

dr-ying of the bark, ar~d/or the commercio.l extraction pr ocess u 

The polypher.ol1c tannins nre a complex mixture of 

simile.r amorphous high molecular-weight bodies , and were in·.reEti= 

ga. ted both by pe.per ct.roma tography and as a group 0 

p~_per chrom:::,tography of the condensed tannins presenta 

special problems and the use of conventional Aolvent mixturefl is 

often lees effectiveo A detailed study tvas therefore mp_de o'l a 

uide variety of solvent mixtures and the beet of 'the·se utilised 

?or a one= and two=dimenaionC~.l chromatographic study. n=But anol= 

acetic e.cid-water mixture was suitable for resolving three p.henolit~ 

bodies8 which are associated with the tonnine 1n very low propor= 

t1on., and which fluoresce brightly when the developed chromatc>gt>am 

ia viewed. under ultra-violet 11ght o One of theee 9 RF ~ 0 , 72 ,. 1<1a s 

:l. eolated and identified ae fieetin for the first time$ and another 

1F ·=. Oo90c appeared to be aphlorogluclnol derivativeo These 
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could be separated fl.~om the tanni n by repeated ether extra.ct 1onp 

or by the method whioh Perkin and Gunnell {120) used for 1 eola:t1ng 

fi setin from quebrac.ho extr act., Gallic aci d and resor cinol nlsc) 

r e s ul ted from the action of concentre.ted sulphuric a ci d on the 

extract during the lEtter procesa o The abnormal behavio ur of 

yel low fluorescent bodlea on pa.per cb.romatograma was obeerv od o 

One=d1mens1onal chromatography was not suff i c i ently 

effect i ve for the reE:ol ution of the complex polypheno11c ml,x'tu.re 

in the ta.nn1no Tt>~o--dimeneional chromatography 8 usi ng water-~ 
. 

saturated eec=butanol for the first dir ection and rt~nt er= eatu.:•a.ted 

phenol for the second 9 gave excellent separations o This co.n= 

binat1on appears to l:·e superior to those recently ~ 1952) U S t3d. by 

\vhite and co~workere (l.6S), and the developed chromatogram shows 

the pres ence of at least nine constituents in the mature fresh= 

bark ext racto Five of these predominate and occur in a pa tcern 

characteristic of black wattle tann1no 

Chromatograms of the tannins obtained from the cqmue:r= 

cie.l extrHct differ fZ'om the above in that the spots» although 

evi dent as areas of high concentrat1one are joined by a more 

pr onounced and dark ·trail to the point of applica.t i on 9 and nle~ 

to each other 0 The appearance of this chromatogram could be 

e:imu.l ated by subjecting the :t'resh=bark extract to atmospht:·rin 

ox1da.tlon before chro·natography" 

As oxidation of the tannin mainly during the drylng of 

the bark) appears to hnve a marked influence, a stud y was made of 

the effect of a.tmoepher1c oxidation on pure catech1ns at elevated 
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temperatureeo From pure ge..mb1er-cateoh1n a variety of a.ddl .;i,onE~i 

compounds of lower m- values were formed, and could be aepa.1'ated. 

on a two=dimenelona.l chromn·togre.m, A epot at the origin as ·;.;ell 

s.e e. pronounced trail 1-raa prominent., The oxide..tion~procluc 'cs of 

highest concentration 1vere tvio discrete spots in close p:roxiltlty 

to t.ha.t of ca.techino Cs.aua.rin from the bark of Casue.rina. 

equ1aet1fol1as identified by Osima ( 200) aa n gallocatech~nb but 

now :found to contain a.n admixture of catechin, behaves e1m1lt-.r·l y , 

and condenses to form a s ingle spot at the polnt of applir.~at ~.on 

of the mixture ~ 

It is evldent that the unheated and unox1d1sed fre F.h= 

bark extract provides the be st etar't1ng- mater1al for further 

inv~stip;atione which calla for the sepa.ra.tion of all the 1.nd,vl...-. 

d.nal c ompounds constituting the te.nni no The 1ndic.lt1one u:r£ 

hat these may be closely related, and they could conce1ve.bl;y 

represent oxidation o~ condensation-stAtes of at leaat two 

nuclear species , resulting from enzymatic act ion. Fraotlona"~-~on 

or the tannins by the c>...fore- mentioned methode has been at tern; t i?d 

by ~ih1te and co=worke:ra (loc. c1t.) » and also in the present 

lnveet1gation. 

The above ind1ca.tlona are supported by a study of the 

t~.nn1ne aa a \ihole /) which preceded the above work. The t~mnin 

fr·aotion , freed of sug8.ra and gums, has 1n the past at the b311'1 A 

~ f nuMerous lnvestiga·cors, g1 ven abnormally low yields of degra= 

iat i oP products and some s1gn1f1cance he.s been attached to t :.LJ 

phenc 11enon . An 1mprt)Ved ox1dat1on technique hns nov been f 0 1..m<i 
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to increase the yield of veratric and 0=trimethylgall1c acid to 

A study of carefully controlled alkaline fua1ona of 

the tannins has been made 1 and under optimum conditions a 43~ 

yield of ether~ aoluble phenolic degradation products :>~as ob'i;a1necl, 

'l'hese included j1 =resorcylic acid (l.L 2.(1), resorcinol (10 . 5% ) ~ 

gallic acid ( about lq~) , pyrogallol (about 1~) 1 protocatechui c 

acid (low proportion), phloroglucinol (tr~ce)l and some oxid1eed 

material. Op.9oaed. t:) this, stephen previously obtained. resor~ 

cinol {1 - 2%) and gallic acid (trAce) only. j3 -reeorcylic 

acid , pyrogal lolD protocatechuic acid and phloroglucinol were 

obtained directly fro~ the tRnnine for the f i rst time 9 and the 

high yield of phenolic bodies isolated has cleared away much .of 

the uncertainty "Vlhich resulted from the prcvioualy-obtn1ned lo·w 

y~ elds. The phloroglucinol is considered to originPte from ·· 

ge.llic acid!) and the :;>henols are believed to be formed from the 

decarboxylation of the corresponding phenolic carboxylic acids ? 

Only three nuclear types, potential ~ -rf)sorcylicj) ~allic and 

protocD.techuic acids, appear to be present 8 of Hhich the first"" 

mentioned pair form the maJor proportion. The pyrogallol and 

catechol nuclei survi·~re permanga.ne.te oxidation ~..rhereae the 

resorcinol moiety 1s destroyedo In thia respect the tannin 

resembles catechins in behaviour. A spraying rea~ent for id.enti

fy:J.ng phenols was dev·eloped during the course of this deGrade.tive 

investigation., 

'fhe tannin ·f'ra.ction as a. 't'lhole hs.a an average composi ... 
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About two 

oxygen e.toma do not ncetylate and methylate even under drastic 

ccnd:l tiona and about four hydroxy groups a.re present per hypo~ 

thet1cal cl5 . unit. 

Diazomethane has been foundJl contt'ary to Stephen~ e ( 149 ) 

findings, to react eeLSily and rapidly "t.r1 th the tannin to produce 

an almost fully substituted methylf'.ted derivative. From a 

pttrallel met.hyle.tion study of other phenols.» it appears that 8.l:I. 

t h e reactive hydroxy groupe are phenolic 1n cha.ra.cter. From · 

this evidence the prE·dominant presence of catechin bodies ox· 

their condensates appears doubtfulo 

Termin~l methyl groups 8 ethylenic links, and carbonyl 

g.r~~ups vrere shown to be absento From a color:1metr1c study 1-:.tth 

buffered ferrous tartrate re2.:~ent~ a high proportion of 11 free11 

pyror,nllol nuclei~ (one per hypothetical cl5 unit) appears 

present in the tannineo The tannins condense in the presence of 

mineral acids to form red insoluble phlobaphenee which differ· 

only slightly analytically from th~ starting=material. 

Previous molecular~i·Tei:ght determinations 1-1ere e.hol>m to 

give ~n erroneous impression of average ~alues ~or the tanni n 

. f:: .. a.ction~ and also for other tannins. The hitherto accepted 

value of 1700 for the tannin probably represents an average va.lue 

fo~ the highest molecular=weight f~act1on 8 which could also 

include some gums» due to the method af "purification''. The 

me 'IJhylated and aoetylated derivatives represent far more eatls= 

factory material for such determ1nnt1ons 8 as these are benzene-
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Values of 1133 - 1173, 131g :t: 55 and lcgl.j. for tht> 

molecular weight of the methylated tannin, have been obtained 

by one accurate ebull1ometr1c and two different and approx1mut9 

cryoscopic methods . ·\.f1th the gentle methods of methylation and 

acetylation now available , accurate and reproducible reeulte 

should be obtainable. 

Ttv-o photometric methods of tannin anA.lys1 s he.ve bF:en 

evolved and found to ;ive accurate results. One depends on an 

absorption peak 1n tha ultra-violet region (250 IDJl) caused b~ 'the 

phenolic chromophoric groupe 1n the extract. The other O.epenQ.e 

on a blue=violet complex formed by buffered ferrous tartrate 

solutions with ortho=.:lydroxy groups in the extro.ct ( ~~ max. :;o 

The non- ta:1s (gwne e.nd S\18a.rs) do not interfere 0 Both 

methods e.re rapid and should supercede the laborious hide powder· 

method where large nunbere of estimations are necessary. 

As previously ment loned,· the green uattle tree has 

numerous advant ages o·\Ter bln.ck wattle p but affore station has b-een 

di.scont1nued due to t .:1e red colour of the extractso Freoh 

green wa 'ctle bar k sho·..re higher peroxidase activity than that of 

b:ack vrattle, and green wattle tannin also O.ark.ens more rapidly 

over a wide pH range. IdenticD..l degradation products are pro--

dnced f rom the tannins and their methylated derivat ives 8 and th.e 

tviO tannins also agre'3 s.nalytice.lly o Green wattle tannin j ho1<W~ 

e~..rer~ differs from bl,:.tclt wattle in (a) that i t contains no 

associated yello-w flUt)rescent bodies such as f 1 set1n, (b) tht£ 

a);Jpee.rance of it s ~fo.~d1mens1onal chromatograms and (c) its 
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slightly greater astringency. From two-d1roens1ona.l chromatogram.3 

it appears that many identical tannin constituents are common t o 

both extracts. 

Silver wattle bark has a lower tannin content t!uw 

b l aclt and green wattle barks. The tree 1s reputed to be frost

r esistant and capable of growth under relatively ari d condit i one. 

Tt:ro- d1mens1onal chrom!ltograms of silver and green wattle tanni ns 

cl osely resemble each othero Silver wattle tannins also contain 

no yellol-r fluorescent constituents, bl!t identical degradatior

products were iaolatei from both black P.nd silver wattle tannins . 

Many e1m1le.r tannin and non~tannln constituents are present i n 

these extracts. 

Golden we.'ctle bark has a higher tannin content than 

blaclt 1vattle ll but the golden wattle tree produces a lower Y1ti1d 

of bark per acre 9 and the extract has the further disadvantage of 

rec.nees also common t,, green and silver wattle extre.cta. The 

t wo--dimensional chromatogram of the extract appears to be d1a

t:'lnct1veo 

Chromatogr~)hic studies have SlOWn many differences ~ 

which it is hoped will assist genetic investigations $ when com

pari ng the green , ail,rer and golden wattle tannins w1 th black 

wa t tle . l4any tannin and non .... tannin oonst1tuente~ ho\'rever 9 appea;.:• 

to be common to all the extrncte and thie re-emphas1ees the cl ose 

:::elat 1onehip l~hich obviously exists between the various epecleao 

The effects of various non-tan constituents on the 

pi:'' act 1cal tanning proc:eee may be studied ae e. direct result of 
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th1e ·worko The h1gl.. proportion of gums seems likely to exer t 

a retarding effect on the penetration-rate of the polyphenol1c 

t~mnina because of tf:.e1r large molecular \'Teight and swelling 

properties. The tannins may be eepa.re.ted in a "pure11 state ty 

the lead-salt method 8 and the effects of v~rious admixtm•es of 

non~tannine assessed by trial tanna.gee. The s&pRrat1on of the 

tannin into mellow ard astringent fractions is also feasible and 

le receiving attention n.t this Inet1tuteo 
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THE DEVELOPl·mNT ,ill,P_,.ll1,EORT,~ O}:i"' THE 

From the sustained -Jultivat.ton of eho·t~.c ecac1as in 

the Union of south Afr1cs.. t.here ha.s de:velopecl e.:n organised forest 

industry covering over half a rr:Ltlion acres and l,r,:,v~Lding annual 

export a exceeding ,~6, ooo, ooo in ·~-e.lue c r.f'he ... -et ilo lndns t ry . 

concerned prbna1"1l;r i·ii th the pro6.uct1cm r 1 -vra t ·tlo hark ..1nd .1-:te 

manufacture of sol.Ld extract ~ he .- for many J3cro m~ ... !1tt:..ineJ. 1 tt'3 

pos1tlon :':!.S pl"odnc ~r a.nd expo·?'te:!' of ( ne of' .;h e "~Jn10!::. · a r:.oat 

valuable agrlcul tu::-n.l crops" 

mainly to the- sterling area {1) with .. _n Hhjch 1t. .;onsti."tut e a the 

c·vt· ·!'"!r• f• 'PXC • • -, i""~ IV'i 1 "J ' ·-··-··)·1 .. ···•11 .,. • --~~-.' ·• .r... ,\- c.... ..... ~ I • ~ .; l...l' (.; ... ; .:..· ..... . ~ • .. ..__. t • I ... _ ~, ~J: .. :., a., J. .. ~ ~. , i, ,J 1 

:J ._, 

• I 
I 

I' .... _, ' 1 J, ~ ~:.~ a ... ~ ... 1 · t ! l·; • t ·,_ 1-' 



t:annin ~onten·t and. ~,:..ei.d of bark pel" ac::-e 0 TheEJr pr:; bl eme . r-.c 

·Hell ~s othere occaeioning tannin loaseB cona·t1tut~3 the reLG;!l"'C.h 

prograi;tmc o:r the re(amtly ... estnbl~.shed ·.r:~.t tlll R.3~:.ei).:.<-Oh Xn6t ltt;t,e ( 2)" 

Other l nYesti·je:aone cc,.1oerning tho praot ict".l v.ppl:lcr>. ~ion of i..he 

e:xtrc .. ct dU.l'ing ·~a~1na5e ere carried out n .. li 'the Lr~n.the:r. Ind-zur~ (\E:s 

Resea:r-ch Inst1 tute as 1\•ell r!.B eleeHhe:re . 

such u ork ~rotild be facilltated by :funrlr-mental 'n"9·c etiga-

tiona into the nature of the ex~racto A 'thorough knllwledg., c·f the 

chemistry of the exti:-~.t·ta produced by the d1ffe:t~enT a9ecieB <lt" 

acacia 1e of 3.mporliar.ce not only to the tanner and e~ttrp_ct W·Hi.U

fa.cturer 1 but also t:> tboae investigators conoe::r,neO. w-U;h ·?;tndj.ng 

new a.nd improved c.pplica.tiions of the :rau m~.terial» ar. 't!ell C:l3 c thc,~B 

engageu in hybr.t.d1snt1on stu.d1ea o 

fully at a later sta~e~ 

These aspents ~111 be d1;cuss3& 

ln the past» fou:.r epecles of r\ca.cla hove be~Hl s.~Ro.JrntG:L 

\':lth the tV'ctttle 1:-1dt~etry. These are ~, 

Ac acta molliasima ',·11110 .• , thH bl~~cl\:. we.t·tle ; 

Acacl.a. dec urr·ene ~41lld., , the green t..ro.t t.le; 

Acacin des.lbata Link. ~ the s~~~lver' 1-.re:ttl.e ; 

and Acn.c~,a pycnar(cha. Bentho 1 ·the golden '!.v:.lt·>:le. 

In order t :> convey tne rr.3lnti ve importGr(:e oJ' t.he 

difre:ren l. spec~ es a oriel' histor,.cal aw·\·ey follcJJG~ 

Alth( ng 1 a wi.dr3 -n~.r~:)-;j~- of ,.md ger-ou:~ tanrl 1. i· .,-.,:.n: ·a 1- L · 

I·lant::. a:t·e to ·he ·"or ·d_ ~. l Bo•,th J:.t:·'ic~.~. ' ~.:;~.:~ ,·~~:! .. !.c-• iJ >·1 ~ un ~ 



-3-

have been utilised from time to time by farmers er1d :amall~Bcalu 

tanaers, their econc mic exploitation is not warranted due e1t.h8r 

to the dark colour <. f the extracts, to their relatively elo1'1 

grol-rth or to thelr c.:>mp~_ratively lo-t-v tannin contento The moat 

prom1s1ne of these ~1·e Elephantorrh1za burchell1 (the 11 elanda

boontjie11) , a leguminous p lPnt 'N'.hich contai ns high proport:,_ons of 

eoluble tanning and non--tannins .tn both rhi zomes and le~_ve l.; and 

grows plentifully over the wide and arid nortb=~1estern regtons, Pnd. 

also the Rhus tunbe:rgi1R or so- cal led 11 kliphout11
o 

Exotic E'.CE.clas of Australian origin belonging t o this 

i mportant genus o:f 1 eguminous plpnts included in t he f~_m1ly 

l~imoeo..cae, thus forn, the basls o~ the Un1on 6 e wattle 1ndustryo 

rrhe term 11vJattlee11 E.B applied to these trees, originates from the 

Anglo-Saxon 't-IOrd 11 ws.tel" meaning a wicker hurdle, and is today 

used for fencing, rc1of1ng or building walls 0 As the acacias were 

employed largely fo1· tt1e construction of such structures in 

Australia the term 11wattle11 became by common usage a local name 

for the trees themsE·lvesQ In British and Continental leather 

trade the term 11 m1mcaa11 1s also freely used for tanning ma.ter1ala 

originating from the various acacias, although ita use should. be 

restricted to the fem1ly of that namea 

Of' the abcve-mentioned, Acacia dealbata. 1>tae prob~tbly the 

first to be introduced into south Africa during the middle of the 

last century (l~) 11 closely follo't-ved by Ao moll1ee1rnao The seeds 

of the latter ~1ere :r·eputed to have been brought f rom Australia by 

t he brothers Vanderplank P.nd firat plnnted at Camperdo·wn, Na.·Gal in 
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A pycnn.ntha and AQ decurrens t..rere 1ntrod.uced shortly sJ. tel"~ 

l.rarde nnd the seeds from the or1gin~.l plRntinBs were distributed 

throughout Natal in later years. These rapidly-growlng t:ree£J wcl"e 

then primarily used for ornamenta l purposes , a.s shelter- belts fo:r 

stock and the 't·rood for fuel and fencing . 

The ut111eat1on of 't¥attle be..rlc:. a.s a tanning agent bE-.13 

been tro..oed as fa.r back aa 1S21~ from c.rticles p ublished i n 1\U.fl'tr!l.··· 

11an and Tasr.lt!ninn journals. Long bet'ore ite value a.s a tann:..ng 

material t-ras kno,-;n in South Africa , l'lattle bark. was already a 

r ecogni sed article of commerce in Australia, and had been exported 

as euch to Europe. Its use f'or this purpose in Natal v1aa , there-

fore, not long delayed af'lier 1 te f1ret introduction. Sir Gee :i:"ge 

sutton, generally regarded e.s the pioneer of the wattle ind.uel;:.~y in 

South Africa, t-ras the first to encourage the large=acale planting of 

lva.ttle trees and supplied s mixture of black and silver Hattl.e barks 

to Lyle 8 s tannery in Pieterm~r1 tzburg in 1gg1+. As yet t he euperior 

qualities of blrtck wattle bark 't>rere unknown, but these soon l:'e':.ull'·~ 

evident from trial tannagee. Today the sale of silver t-rn.ttle b ...... rl! 

under the name 11 black wattle 11 is prohibited by government prcwla.

mat1on in order to obtain a uniform product for foreign trade .. 

Plantat i ons of silver wattle previously establlahed in northet•n. 

Natal were partly eradicated due to the very inferior quelttiElS of 

the bark P.nd extract, and afforestation discontinued. 

quently black uattle was almost exclusively cultivated. 

At that time the local price for b l ack vrattle ba:r<l.~ Fa.a 

far bolow the London quotations fo:r- Australian bark, ana. a a·,.al 
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shipment 'tvas conaequontly sent to England in 1g~6., This real1aet1 

only £11 8 but in the following year excellent prices were obtained 

and large=ecale commercial aff'orestat;ion was started almost iill--

mediately a The phenomenal growth of the industry can be gaugec1 

fro:.n recent production figures {Tabla I) and available values o1' th~t! 

export trade (Fig D l and Table !I) . 

~TITY AND VALUE OF \iATTLE __ BjJUC, 

CHO~~-OR GROUND IN THE UNION 

-= ' 

Year Quantity Value ( 

Short Tone £ I =- ' - t i 194-3/44 52,4-26 436,6oo 
\ 

l9lt4/45 54,552 492,543 ' f 

1945/4-6 551)517 499,So4 I i 1946/4-7 6ollooo ~ 672v000 ~ • 
I 

I 
l947/4S 62,000 ~ ggg/1000 ~= ' 

!I 

194g/4-9 67~000 :X 11)o56Dooo X r 
~} 

~ :Preliminary. 

Source ot above information Industrial census bulle~ine 

compiled by Bureau of Census and Statieticeo 

In 1915 ext~act factories 'lrrere established for the fir:3t 

time, 't>fi th the result that the solid extract expor·ta today fill' e;.;:cc eL 

tlte.t of the ·bark 1n v~:tlue (Fig. XL The value of local cc. \!i:!U'ilJOt;lon ... 



TABLE li u 

EX?ORTS OF ~TTLE BARK l~D BARK EXT~I 

~IATTLE BARK 1.1 ATTLE BARK EX TRAG;-~~ 
YEAR 

Quantity Value Q.uantity Value 
lbo .£ lb. ~ .. 

:t9l~o 162,~50,324- 5lt-7,2Sl 1)1,4-038 185 
I 
I 
I 960)281 

1941 122,723,309 421 .9 go2 115,779,g76 s6G, 76c, 

194-2 1141 3!+g 1330 4oo,6l+2 162~717,106 111249,037 

194:~ 110,022,076 424,960 141/)4~,141 1,160,077 

19411- 97,464-,732 410,142 132,4-66,293 1, 16o » 01'5 

19'+!) 95,S76,592 ~·2), 325 147,196,053 l,lt-l:l,OJl I 
1946 118,227,gllt 54-7j)82lJ. l4)e556o572 1»4lHDOl5 

1947' 112,234-' ~·5g 634- 0 84a 174l)169D 713 2ol92,lfll.?\ 

l94B 135,432,669 1 0 04.o,S54 201&185/)593 ),)59c l)LJ. I 

1949 139,845,1.99 l.ol80 8 gg2 209,513,54.2 3»779,793 
1950 112,073,925 9S2,809 183»5649203 3,386,017' 

1951~ 90,379,621 1,111,500 186,259,030 4,995.198 
I 

__ J 

~ Provisional f1gureso 

source g Trade and Shipping 0 

of wat tle extracts in south Africa outstripped that of imported. 

vegetable tannins since 1944 (F1go II). An index of the ~n~ 

'}rea.s S.ng use of uattle extract in the Un1 ted Kingdom 1e reflH01ted 

1n Table !II (5) ~ 
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IN lqo.Q_ TONS, 

I Year_ 
I -

Hyr~~~~l'S I Q,uebraoho 
! 

Mimosa 1 'l'otal 

1945 21.5 15.3 6.) l~ .• l ~-7 .2 

1946 lS.o c. ''3 iJ:-. 3 .. 2 ..,.. . ' 4-9<5 

1947 22.5 21.5 6.4 6.5- 56.9 

194~ 30.1+ "{.J 5.9 ~ 6 ~. ~~.2 

1949 25.3 3.9 7.2 2.6 L~.o 
11950 29.5 5c9 ?.g 5 f") 

- 4S.Il-_ J oG 

t--. ... --.1:1111 

11 Othe1•e1~ include oal:, chestnut and valon1ao 

Since 1944' a noticeable increas e 1n the 1mpo:rta.t1on of 

wattle t1lld a cor-resi,ond1ng decrease in the use of quebracho .haH 

occurl'ec1., 

south Afr5.ca, nlthour,h the l nrgest prod .. tce:P and expol"ter 

to wo~:--ld markets at preaentll 1a not entlrely free frot~J pot;ent'-.a.l 

compei; 1·~1o:n., At au early date 1t10.ttlee were also introduced into 

other countries 't'11 th aul table c11ma.tic condi tiona J nnd rel.r?.tlvely 

large plantations e:.~1st 1n Br~1zil, Ind1a 1 Ceylon and f-1ad,""gascar.. 

On the African cont:~nent the maj.n competition ie cen'i;red 1.n Kenya 

where a l>Tell~esta.bl:'.ehed wattle 1ndust:r-y produces bol.;h be.rlr. and 

More renently extenei·ve plantations h!lve bee! 9eta·!O-

lished in southern Hhodea!.a and othe:!'s projected. !n Bouthe1•n 

A.t.s·t:.re.lia na Gt.trally led the 



par·tl;r· ·t;o '~he dcplo·ao 1 ot· n~tt.n:--al forests on Hhtch ~;.t\e f .. uetz·al' anG 

mainly depended: m1<t pt~rtly P..lso 'to innrev.sed la.'b~tt.u~ cost;H. :3u~~h 

fa.cto:ra .ha.,r-:; not l>E.um Bl!rmount cd Ftni An s'lll'D}.ia 0 althnv.gh 'il b.e h oi.!!-:; 

of' thtC:~ ).;a.nntn=produo ir·.~ a ca. -11a.1 s ls toc.o.y or..c oi' t he l arr,e lmpcn~t e::oe: 

of the Un ion u a ·t-ta.ttle ba.rko a.n.d extraot s., being unn:ol~ to produ .. ~e 

s•J.ff1c t ent fol" hex .. o·Hn requiremonta. 

Dt.Ae to "Ghl~ lac.k of mechan1ca:'. methodo :fo:r. nt~1:ppl.ng ·che 

ba rk, the J.abotU" requiT·~·mcnts in ':J('Ittle production a :•:>& cone~~a.e:rDbl~~. 

The Afr .}an contint9nt ta uerti onJ <;~.rly fortunat e 1n poestHHJ~ng 

lar~e .1.rul chesp ln.bow. .. reeErve s at preaont. 

w1 th iihs.' itl:)al u:• 1mn'te and e:<·~ollent nondi ticne t)f g: •o11th ch:n1J.6. 

e. fl.'bl r:;~ ;Le :.:outh AfJ.'ican 1-rat tlo in0ustry to cor~.Joltd~lte the e."G:rong 

posltiol! RlJ:>eo.dy es·;no1:tehedo 

Hl11ck wat·~le tre€e ~:ro~r moat ePcce ~e:f'ully 1 1s ln~.:r i n ~.l'.!.e 

d e ep fe;.•t1.le FJoj.l o :: '~~he tiO~oulled 11 m1st-bult 11 a:re;as o"f Na t al 

loca.t_:l w11;.h1n 't•.ho nH;itud,na.l range of 2,coo t o 4-,50G f t-.eti al)ov.·~ 

aea·~level~> and hn..vlng a minimum r.:.mm.a.l :cainfalJ. of 3~ inchfH3, 

.t-.t h1t5H!l ..... nltltuo.es frc,tit and snow dailUlge llm1ta {Scouthp 't-t:1i1e 111 

the mil d er coa.st:a~ r-eglone recurrent cyolee of 1naoc; psuta a ::;:-:j 

d1f1'1 ·}UJ.t ':o cont.~.~u:Lo A fa.i:t" propoz-tlon ( r.-.b0ut 25%) :1 a t:tloo 

culti~;ated i n the eouth-eae"torn corner of t.he Trans •..tn.l~ Ft'!ld 1n 

·tbe Capo Sll)B.ll pla.n:;a.t1ona a re confined 11ainly t o tho ee.f.l1;ern 1-n."'e~ 



e.r-ana unde~ cult1vp.t1on ie re!lecte~1 in ':.:'ables IV (ilCl.& S'lo:=·:s."'-r (4) 

~.wi Craib ( 6 ~) and 'i 0 

r:.:J"W7-- .w==:::=:: ..... _mao --~-=........... cuae:~....;c: -:mrw:::x:.m:::S&::OJI;::i~~~~.oc:::::.;rm:::z::=u;w;::ao~ ... ~ 

.i?1··t')v1nce Year 
=-~~~~=, = ~~-~~m,lAmw~~"-.c.~i=~- ~~-~les---'l"l:IL..~ . 

I 19og I 1921 1926 I 19jo ! 19~ 1 \ 19~~6 
1 ::;62 E E J]. : 402: j) •12g 

l'.?:r·anavn.e.l j l~.9.163 '1 lt-9t05!. !111~866 1136.1HJ9! l);J,~!6b 
I l I I f 

1·::nps 1 15,071 27: Tf6 36 I o!J. 3 ,; 5, L 1:~ i In. 1~~2 
I') F 5 I , 2, t.: 1 93c;; ~ ".t~q J ,. - 0 ·z. ~~{;;C r ? ~ I - [} 'T:.J •• & (..") .... b ,./0., , . ; c , .:.1 i ·' f ..r~·"" 

[otala E~~~2S7 ,1'90 1309, 3!1~,:.529 .. ~:~ J 5::~ 97 L~.:~ ~ ; 

FY"om the <:"oove lt 1E e71dent trA..?.'i:; aftur 192 0 the 

o.n.a to n ar:~.e ·ty of fn.v· m:·s t·1.hi ch not only aeriouGly limit ::i~~nl= 

ficant expansion bu'l a2.so a.ctunlly te:..1d .. Go .... educe tt·.(. area un(lt:l" 

nultlva"v:ton (2), 

~~ [.J;tle to frost damFg And in~ect a t;tn.ck, aa 1·:elJ. Sti poor acL!.u 

~rulnf~.ll, Yet the reddish coloara.t.ton of the Hx·;~rc:c t ae H 11 !.l f 



- 12-

Jll STRIB{!U.QU OF:_ \iA,TTLE ? LANTATJ:Q.NS I N THE UNION 

( ·slat August, 191+6 ) 
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af:foreetat1on. Hybr1d1eat1on studies have tnus been instituted, 

aimed at producing rrost-ree1etant strains from the progenies of 

black and silver wattle crosses. 

The green tvattle tree~> due to lts vigorous growth~ 1s 

kno1m to be more resistant th~n black uattle ·to bagw .. orm attack. 

Th,.a tree is, thererore~ also receiving atten'G1on in genetic stu.ctl~::e 

at the \Jattle Resea:rch Instltuteo 

A fundn.me·1tal knot·7ledge of the extract of each of tf1e 

acacie. species 'tvoul·i assist in, and might even provE nn essential 

prerequisite fo~ eu~h work. 

(c) D1str1but1ot.L.£.r Ta.nnln in the Bla.gk Uattle Tre~ 

In all ac-'lc1a.a the tannins and the1:r- asaociated non~ 

tannin a e.re concentr-ated mainly in the bark.. 

the tannin content t)f the leaves, tw1ga 1 wood (7), roots (B) and 

pods (9) from matur 3 trees (Table VI)~ 

i 

VI 
' 

TAIDUN CONTENT o··i' V @!OUS PORTIONS__Q~rHB . .J-iATURZ _Jil~A, 

\'IJ\TTLE TRfd§. 

I 

iportion of Tree 1% •re.nn1n % Non=tannlns d 
liJ Insolubles : 'I 1-:oisttU .. t; · 

I ,J 

I -~ 
4 

' 
4.9 S.4 44.S 4-1,9 

l 
Leaves only I 

I 

3.6 lt-4.6 I 4-5.9 'Leafless twigs 5.9 
' 0.4 6.7 92.9 Upper stem 
I 

!stem Base 1.6 3.3 95.1 
' 12.,7 4-.2 73.1 lo.o :Roots 
i 

')l r ~tt_s 1- "0 13.5 5l.S 13,1 
#---=- ~-...,...--~ 1 



D\i.e to the low t a.nn1n cont ent n1' ne o f these portions of 

t he tree a.re utilised f or extract mr?.nufac·J:;ure . The pl~oport1on of 

~cannins to non· · ttHh'11ne in the l eave s t:>.nd ·~\vige ie ren:arke.b l y lO't'l. 

Mature bla :lk Nattle bark ( g - 10 y e a ·"' a: e;r o't-Tth} conts.~ .. n& en 

an average 35% tennin. The tannin con1;ent o f the bark va.r 1e :J Hj.th= . 
i n a single tree, be lng h 1e;heat in the cfuck basal ba.l'li: ana. g:coadu.s.lly 

d ecr ea s i ng with 1ncr~aa1ng height , Tho bark of lowe st tannin 

con·t; ent ie ~ therefor·~ ~ to be found i n the youngest portion s of t hf; 

trun:r~ and branches , Tannl n content usua~~ly lnc:r~nsee w11;h in-

creaHi ng c:ge ( 7} { 10) and th1ckne sA of the bark J but V.!.l~'lnt ion~? in 

so1::.. conclit1ona , ra1~1fall and other envJ. rnnmen·;al ft,cto:r. s a lso 

exe:rciee s. marlced in:~luence. Sherry ( J~) recently f ow16. a a1gn1f1 .. 

cant a.l t ho ugh not ve::-y high correlation betwe en a.ge nnd ·t~.nn1 i.l 

contunt , 

t ree s.t breast he:lgh·~ , a.nd tar~n1n content . 

Black 'tiattle ·~ree s after r eaching mn"';urit y Al~e f elled end. 

s tripped of bark durlnfS t he per iod octobe::· t o .rune when the c;oj.l 

~o1ature-content i s ~lgh. The t r ees atr~.p ea.:~lly r:nd u l r.1ost oon-

t 1nuousl y 1n e.reas o:~ h:lr,h rainf all, but 1,·T1th d1fflcul~;y- .tn c:.Py 

area.s , or after a. s ud.den drop or t emper a.t•tre . 

rrhe str1pp 3d 'bark may e i 'ther be sent directly t o t he 

ext r ac t ff.l.ntoriea , 1vhera bark 1 s preferred in ··;h e g r een ~;ond1-

ticm~ o~· t:·lee prepn.r· ~d. fo r s t orage or e:;"J)or t by d1 y1.ng., F.t·e·· 

J..l.mi n[' r y o ry1ng !s U.3ua1ly carri ed o..tt in the plantations fot• 'i.t'lo 



or t h r ee dayso Th~ colour of dr ied bH.rk is of great tmpor~;ance 

1n gradi ng (10) . )pen- air drying is t hus sat isfact ory under 

fine conditions, bu t as the stripping of the t rees uqunlly takes 

place i n the t'let se 'iSOnJ the drying bark may b e s ubJ ected to r a 3n 

i f not covered. Cc)nt i nued moist conditi ons c a.u6e seri.ous c'Us~ 

color a t ion of the bark , especially on t he i nner surfa.ce s 11 and mo.y 

resul t i n non~tan losses (\-lilliams (7) ). Dir ect sunlight; also 

ac cel er ates d1scolo:~a.t1on, and shade=dr yi ng i s r ecommended. 

Once t,Poroughly dr1 3d the ta.nn1n in the bark appears etabil~. scd to 

oxida t i ve darken1nr; and any subsequent colour incr ea se i s ~·e:-ry 

gradual" 

Black wat·~le bark ext:r-actives are solubl e in hot water 

and their removal i 3 easily effectedo I n tanneri es t he bark 1 e 

broken up nnd extra,~ted by a hot countercurrent leach. Al t er-

natively, the bark 1 :3 f l ret cold-leacheo. and finall y hot ... J.e a.che :l to 

remove all solublea., The hot and cold extractives are said t o 

have different tann:Lng proper tie e. 

The commePcial IDP..nufacture of the extract may be 

divided into three phases : 

1) The mcchnn~ .. cn.l conversion of the dry stick bark into 

small chipu nnd coarse powder . 

2) The extraction or the solublee u1th superheat ed \va.t t l e 

extract anct water, and 

~) the concen'ijra1aon of the liquid extracto 

The air-d1•ied or relatively moist fresh bark 1~ r a.p1dly 

broken 1nto small p~.ccee suitable for extracti on by mechanlca.l 



The c~xtr.a.ction of the chips occui's 't·ri·:;J::. wnter ae 

lined autoclaveso :en 1;h1s proceeR the fresh. chips a.:.:-e brought 

lnto contact "i·Tith ho·; solutions already concentrated ·~)Y the 

::repeat~d leaching of partly extracted barks, while th~ 3oluble 

ex";;ractivee from the almost c_ompletely leached bark a:,"'e removed by 

f:r'esh w·ater 3 constit,lting the first stage of extract1cmo :rhe 

I'esultant solution 1t3 concentr?-.ted 1n copper evaporators under 

Th .. e 11 thin llquor' contains about 15.% solld 1~ and afte:." 
., 

passing continuously through multip~e-effect evaporators, it is 

toncen·':;ra.tcd to a "th:lck 11quo:t>11 conta.ining 50.% solidB ~ 11), 

Flnally a1n~le-etfec!; e1rapore.tors reduce the rooisttn"'c content to 

about 17'/oo Calcium oxalate normally deposits from the liquor 
. 

during the first sto.ges of evaporation, but in pract1•:e 1 ta de:)l}ai~· 

tion \3 largely prevonted by the addition of ood1um hexa metac, 

phosphate ( Ce.lgon) to the system (11) Q 

The final ooncentrate is discharged in Ghe hot ot~lte :.:'rom 

th~ laat evaporator ~.n 'iihe form of c. thick pli~.bL') so:. ldv .1).1to ,ju t e 

tags holding on an average 112 lbs. After coolL1g o~re:r )6 hou:-c•~::~ 

the ex!iract sets into a hard mass, and is ~ultable for Ahipmen Ol" 

transport in this couditiono 

St;rlct ~.na:Lytical control is exercised both as regards 

tannin content and the colour of the producto It 1s guars:ntee<l 

to contain not leas than 60% tannins (62% in the case of export·3 to 
' 

tht1 United States (l:l) by the manufacturer. The comuercio..l ex~~:t>a<1t 

break~ up into an amorphous maus, and is easily solub:·.c 'ln hot 



watero The solution cl.oee no"; sludge appreciably and contains a 

very low proportion of 1nsolubleso 

day production is :~, 

Tanntne :; 61.7% 
Non·M ~;ann1ns ::; 19.1% 

InsoJ.ublea . fill 1.2% 

Mo1s1;ure a lS.,o% 

A typical o.nnlyu1s of present~ 

A portion of the moisture is lost on further exposn.:re 

to the atmosphere rHsult1ng in a.n extract ~<Th1ch crumbles e . .1sily to 

the toucho 

Extract manufacturers use a slightly mod1fted version 

of the standard hido"'·powder technique of tanni n estimation, wh5 .. ch 

is slow and laborious. 

{e) ~rodtt_Ct,!. of the Black. H a·t tle Tree 

The exploltation of the black wattle has bt1en jt.H:ftif~~ed 

solely by the valuable bark it produceso Hattle t1lilber 0 hot-lever~ 

is a valuable by-product which has been used on a lal~ge scale for 

ma.ny years as pit p1•ope in the mine shafts of the Reef gold=fielda
0 

a nd also as fuel. More recently ".'Tattle tlmber has fot.md a neu 

use 1n the manufacture of hardboard, but t.hi a utiltses only a 

fraction of the total p~oduct1ono The size of the tree t..rnen 

felled (about 4- ... 5 inches diameter) unfortunately 15.mita the usee 

to which 1t may be puto Parquet flooring manufactu1~e fox· wh1 oh 

1 t 1a ideally auitecL 9 and also paper making/) are two proje.}ted 

industries~ Plaatlc produ.cta have been formed by incorpo~atlng 



a proportion of grou:nd bark into a ta.nnln~foriil8.ldehyd ~ mixture (12} 

and the la.t·ter a.lso forme an excellent 't.rater=realstan t o.dheei ve f'or 

wood. ( 13). 

(f ) Q,ompar1son or \·Tattle Tann~ns '(ofith Other Vegetablt~ Ext rac t s 

It 1e comm,:m lmowledge that the quality of l eather 

produced during any ·tanning process depends on the ch ~mical con

eti tut1on of the ext:r>e.ct as 't-7el l aa the manner in ,.,hi•}h it i e 

S1gn1f1can·t chemical and physical properties of extr a ct s 

may be listed as rollows := 

1) The const1 t ·L.fcional nnture of the tannins . 

2) The etab111·ty of the tannins to enzymatic and ntmosphe c-ic . 

oxidation1 '·Tbich also determines their colou:~ .. =eta.bilit:y ~ 

3) The etab111·ty of the tannins to condensation at dif f erent 

pH values and temperatures. 

4) The reln.t ion between average molecular weigh·~ , surf ac e 

tension and 

5) The affinity of the tannins for collagen. 

6) The chemical nature of the non= tannins» including their 

mineral con·tent; their acid content and acid types pre sent; 

and their s·tability to fermentation., 

7) The 1neolublee content of the extractp and ea se of formn~ 

t1on of ineolubles 1n relation to 'Gime, tempHre.t ure and 

concentration. 

S ) The v1ecoe1';;y of the extract solutionso 
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Some of those have alzoeady been relo.ted to i;he physical 

properties of the reHul1;ant leatherD but due to the complexity of 

the ex~racts the lea·;hei:- chern1a't still awa,.ta the ana .. yais and 

str-uctu.l'a l elucidation of almost all the commei c1nlly important 

vegetaole extracts n(ll'l i n useo 

vlattle extj•acts have a relt:d;1vely high pH vnlue (~06 a.t 

50 B..l):} ; low salt and RCld content ( 35 and 6o mgm. equlvs/11·tre of 

100 Bk. solution); rule.t1vely l oti viscosity (S.2 po1sos a t 16°0~ 

and 3.g at 37°c. for 100 Bk. solutions) and high aolu1)1l1ty. The 

l.ast .... mentioned prope:t-ty mekes wattle extract particv.lnrly useful 

for tanning blends, uhel•e by the e.ppropriate add1tionB~ the compos1= 

tion of the wattle lj.quora may be adjusted for rmy pu1•poee. Unlike 

other condensed tann:.nsr wattle extracts. do not read1J.y precipitate 

over the pH range 1 ,, 4 0 and compare favourably w1 th hydrolyaable 

tannins in this respect~ On account of their high ectlubility, 

wattle extracts are not easily precipita·ted from aqueous solution 

on the addition of snlte, as compared 1.Y1th other condHnsed tannins. 

Leather chumists have from time to time pub:.1shed tablea 

comparing the speed ctf tannage nnd the amounts of tanH1na fixed 

using various vegeta.l>le extracts.. Shuttleworth (2oS; hae reviewed 

this work and has demonetra:ted that much of it has f'a~.led to take 

into accoun1; the effects of pH and the various non=tann1ns {a.citls 9 

salte 0 sugars and gums) o He he.s sho1m tho.t vlhere ret:;sonable 

cognisance is taken of these dlfferences, wattle extrE~cYis compe.x•e 

favourably t,rtth ot~Aers uhen correctly used in the tannery~ X'c la 

evi dent s ho"l-lever, thf:•.t ~l thorough study of the compos :! tion of ncm~· 

tannins is desirable. 



Uattle=tE.nned leather tends to redden wher. exposed 

to atml1ght or ult:r·a.~v1olet 11ghto This d1sadvantcge 1a common 

to all cono.enaed tenn1na9 end some practical aepectf• of coloUl' 

contt•ol are d1acusE;ed in this theeiso 



The vegataole ta.nn1ne ::;.re amol"phous poJ.Y,Ph<3ncl:tc aub= 

~apo.ble of combining Hi"Gh the prG. teins p1· "' ssn·i; .. r. hide a and. ~!ri.rHI 

to f orm non=putre.3cj.b1e lea the_" 

:r'egax·ding the nt=fiiure of such com1>1n~J.tion but tlw hyd.t•cgen- tor,ti 

·iJheor:y· o-:" Shuttlevrorth and Cunni.ng.harL (:L!~~ is lltor.t generally· 

a.cceptad today D and :1ae :round the support of oti1er 1-7•1f.'ke:ra ~ l:;;j 0 

on eynthet:h; 't.t:tnn "'...:ns, groups the neJ;ura:..ly occru•:r·iu~ 1~n.nn:'l.na to·~ 

gw':h :JX' a~"! ,.i'later1nls ~;.rhich 

a) a.:t·tJ soluble in ua·~er becali..se of hydrogtJr .. bonft .fo~:mat:'l..on 

•.r1 th vTa.ter 'noJ.ecule ~ s 

b) a~ .. e capahle o.r forming strong h;vo.rogen l·.:.~ldB 1 .. rtth ct'lll!l~ .;:r 

p~otein, 

bonded to c~>J. la.gen protein to r emcve tt4e mo: ... ~culetJ f1·om 



dation of wattle tann1no The ecccessful tech.nic~ues used end the 

d:l.f:ficult143s encountered e.re also considered useful .:\B a. guide to 

'r'ann,,ns are 'tveakly ncidic 0 and have an astringent ·L;as te" 

They form coloured C•:>mple:xee t..Yith corta1n sal·tse roe prec~.pi'i~ated. 

by a:buminD gelatin xnd v~1ous alkaloids; and are used exten~ivoly 

1n the manufacture of leathero They o.re 1-1ldely distributed 1n 

nnture and occur in ~ra.rying p1·oport1or ~l.n alm.os ~i all p1~ntsc 'l'hoso 

of comme:rcia.l 1mportmce a.l'"e often highly concentrat'"ld in cer·1 ain 

portions o;" the pJ.a.nt 

hearttfOO<l of Sc.h1nopais 1orentzi1 Englo and So ba.ltmsae Engl" 

{qU9bracho ta.nn'-n) 0 .ln the leaves of Rhus coriana. ( sumac} UllJt T.ha.s. 

a1.nensia L (green te;!); in t .he :frui te of Term1J'"~al1e chebula Hotz. 

{t.lyrt:~.bola.m}; 1n the ~foda ox' certain legum1.I lOS!lrJ ( di v.i=dl-·ri and 

algarobilla.) and 1n galla prociucea. by the action of inaecte on 

p:tants {tannic acld).. 

al~e moert likely by=p::"'ducts of photosyn'Gh\3t1c processes at~d murely 

incidentally furn).sh a. prot ective action ag&iust ins~ctA and 

animals by virtue of their astringent taateo 

var1e.bly aosoc1ated Hith minor proportions of sugars a..;,d othor 

caJ.~bohydra.tes and a.r1~ considered (16) to e.riae from stuh augara 

by photosynthee1s" Shaded shoots are k.no-vm to have a. highe"' tannin 

content than those e:cposed to the sun (17) » and ta.nn.1ns dJ.say:~pear 

from sp1rogyra l'lhen l>.ept 1n the absenca of eunlj.gJ:rc (,1.5) ... 

T.he natural tannin a are const1 t.uted of onf; o c• mora of 



the fo11ow1ng phenolic nuclei g pheno~ ~ r esorcinol, phloroglu

cinol D catechol and pyrogallol 8 and yield these on drastic degra~ 

dations such as uncontrolled alkali fusions o Sugars ~ chlefJ.y 

glucose, also constS.tute part of the unit in some tann1n8 , The 

presence of a phloroglucinol nucleus mny be detected by the colour 

produced. with a pine shaving in the presence of hydrochloric acid; 

and catechol and pyrogallol nuclei by the green and blue complexes 

produced in aqueous solution tiTith ferric chloride or ferric: alumn. 

Where both ortho=hydroxy nuclei are presen\ t he more intense blue 

colour of' the latter masks the weaker g:reen or the former a.nd hence 

the colour reaction gives no clear~cut distinction ~ 

Tannins are precipitated t'lith gelat1n~ealt reagent (19) 0 

Their classification is based on chemical behav1ouro Some are 

hydrolised by mineral acids or enzymes to produce hydroxycarboxylic 

acids (eogo gallic and p-hydroxy=benzo1c acids) and neutral car= 

bohydratee (such as glucose); while others are not hydrolleed by 

mineral s.cids but converted to red insoluble prec1p1 tate a ter.ned 

nphlobaphenea11 or n tanners 0 rede11 
o 

Freudenberg {20) accordingly classified tannins into 

two main groups ~= 

( l) Hydrolyeable Tannins 

and (2) Condensed Tann1nso 

Freudenberg0 s hydrolyeable tannins inc.lude the :f'ollo'\iing 

principal types ~ 

a) the depe1des or mutual esters of phenolic carboxylic acidB. 



b) 

c) 

and d) 

esters of .phenolic carboxylic acids and eugara9 

glucoe1des of depeidee 

the ellag1tann1nao 

The condensed tannins are more complex and much leas 

information regard:Lng their nature hRs been gleaned from cb3I1lical 

investigation~ They include two types ~ . 

a) hydroxybenzophenones 

and b) compounds .ilitherto considered to be con et1 tutd.i of 

polyme=cs o·r condensates of catechinaJ tlith \vh1oh ·they 

are often associated in nature e., go in gs.mbie t• ext1. a.ot 

and othersn 

There are a few exceptions to the above subdivision. 

Moat notable of these are the r. tann1ns11 1n green tea which con tail• 

a galloyl eater of catech1ns hydrolysablc by tannase (21), and 

aleo by acid hydrolysis» to form n phloba.phene and gallic a:::ido 

The tannin from Quercus cirris (22) yields ellag1c acid &nd a 

phlobaphene on acid hydrolya1so 

Tannin chemistry represents a difficult field due to 

the amorphous natura of almost all tann1nso The conaequen~ 

lack of criteria of purity and purification difficulties, ~ogether 

'H'lth the large molecule.r e1ze and the ease of condensation o:t 

polyphenol1c compounds~ have a.ll cnused much confusion~ ~nd clee~~ 

cut reactions, analyses and conoluslons are rarely attainable, 

As a l"'esult much , .. tot'k has been done on material of doubtful 

un1form1tyo Th1e ;~a led to conflicts regarding analytical 

results 8 degradation products and the resultp....nt structt!:ral 



lmplioa tiona. 

The hydrolyee..ble tann1ns ll a few of v.:h:l.ch B.l""e ltnmm to 

exist in the crystalline state:~ have thus far r€~ce 1V'ed most -~tten= 

tion, This is so probably because their easy fi ssion Bave 

readily 1dentj.fin.ble products and the method of f 1as1on could be 

related t o simple ester linkages. 

Condensed tannins by comparison have ao tar presented 

an eve11 more complex f'1eld of investiga.tlon. ww yields of 

phenolic bodies are obtained only through drast ic degradat~on ~ and 

their mode of linkage is still subject to speculat,.ono A lnrga 

nwnber of ·theories have resulted~ some of whlch ha.ve been dig= 

proved while others appear improbable. 



HlDROLYSABLE TANNINS 

(a) -.To.;,HE......,.D_..EP......,..S.-.ID.._E--.;G .... RQlJE, 

The deps10.ea are structurally the simplest of the 

hydrolyeable tannin~. The term 11 depside11 was first introduced 

by Fischer {22) and represents those compounds formed by the 

mutua l ester1f1cnticn of hydrcxy=benzenecarboxyl1c a~lds o Thus 

I uhere t't.,ro molecules of p=hydroxybenzo1c acid are Joined by an 

ester bri dge is called a didepside s and l'lhere three or four such 

coot-t 

() -~-')> 

coot-\ 0~ cooH 

units are Joined the nnmee tri= and terta~depside ara usedo The 

terminology for each type is similar to that used f or polypeptides ~ 

A dedepeide formed from p-hydroxybenzo1c acid 1e ltnm.;·n a.e P= 

hydroxybenzoyl=p=hyo.ro:xybenzo1c ac1dp a.nd a tr1depsid.e as dicz> 

(p=hydroxybenzoyl) ~p=hydroxybenzo1o acid . 

m=digallic acid II (23)(24)b formed by the mutual 

eeter1f1cat1on of two gallic a.c1d nuclei, 1e a crystalline tannln 

HO 0~ fj OH 
cooH OH (,ooH oH 



~hic.h pl."J.ya an important part in tho consti tu:tioP of h:rdro lysable 

tannins uhere it is t..omb~ned '!.vlth glucose to form v.m.o ... ephous tannine , 

Luteo1c acid III (2:) and ellagic ucid IV (26) are al~o considerei 

to be d1'1.epsidf;s of gallic acld"' bu-o; Hill be c11sCl\usee. later under 

the gr·onps gallotanr..ina r-;.nd el1agi tannl.!Wo 

IIX IV 

lichen~i belong to t he d epsid e group" 

acid V nnd eryt.hri n VI (27) which poaaeas tann:'!..ng plope~tit?liJo 

C.hlorogenic acid VII {2SH29J is a Cl"'Y8tall1ne 4;rom!n 



HO c.ooH 
VII 

H1aec1n1c ac1d (30) an example of a tr1deps1de~ le 

found in the E~.cetone-eoluble portion of the extract of Cstrar1s. 

heaec1ns~ a lichen. I t forms e. penta ... ac;etyl, but only a · tetra-

methoxy derivative as one hydroxy group :La resistent to methyls-

t1on () The tetra-methyl ether forms 5-oh:rcirox:yorsellinic ac1d 

VIII, 1eoevirn1nic acid IX and its methyl ester on hydrolysis with 

ice~cold sulphuric acldo 

COOH c..ooti 

CH:J oc.H3 Cti3 )oeHs 
HO 

OC?H3 

VIII lX 

From this and other evidenca>the structure of the 

t2.nn1n 1 s considered to be X ot which thn hydroxy group~ 1s 



resistant to methylatton with diazomethane and methyl iodide/ 

potassium carbonateo 

(b) AQERTANNIN 

This is a crystalline tannin obtained from the leaves 

of Acer ginnala l·tax1m, the Korean maple~ and 1nveet1~a.ted by 

Perkin and Uyeda (31)(32)0 It crystallises from w~.ter in colour~ 

less needles C2oH2oo13o2H20; is opt1cully active [~~5° in 

acetone g + 20o 55; precipitates gels.tin and gives a. blue coloration 

\'11th ferr1o chloride solut1ono It forms an octa-acetyl derivative 

On hydrolysis t'11th 5% sulphuric e.cid 1 t 
.. 

yields two molecules of gallic acid and one molecule of a new 

crystalline sugar C6H1205 oalled acer1tol (33)o The latter 1e 

dextrarotatory[~]19° ~ t 39° 1n water, and gives a tetra=acetyl 
D 

derivative c6ago2(c2a3o2>4, but 1a neither an aldose or a ketoseo 

Acer1tol was provisionally represented as an anbydrohex1tol XI~ 

probably derived from the hexahydr1c alcohol aorbitolo 
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XI 

Methylation of the tannin with d.1azomethe.ne followed by 
~ 

hydrolysis yields only o-trimethylgall1c acid . The ttio gallic 

acid nuclei thel'efore take part in eater form.'1tion l·Tlth the accritol 

independently and not o.a a digallic ncid unit . Acertannin i s, 

t heref or e , a d1galloyl aceritol in which 1;he position of the 

galloyl groups and the exact constituti on of the sugar molecule 

has yet to be establi shed. 

Acertannin is accompanied by digall lc acid, t rR.ces of a 

glucoside of querceti n .and an e~orphoue tan~1n of unknown conet1tu-

It 1s used in Japan in conjWlct lon wi th an iron mordant 

for dyeing cotton and eilko 

A related tree, Acerspicatum Lain., contains a cr ystalline 

tanni n also consisting of independent gall oyl nuclei Joined by 

eater links to acerit ol, and is thus i dentical w1th or similar to 

acer tann1n. 

(c) HAJVU~ELI TANNIN 

A crystall i ne tanni n occurs i n .t.a.mamelis v1g1n1ca Linn. , 

which resembles acertannin in m~ny respects ~ As a result of the 



work. of Vol lbrecht ( '4) » F-reudenber g and BlWnmel (35) p Kur•me1er 

(:;6 ) and Schm1dt ( 3(') a tentative fonnula XII has been pl'opoeedo 

. QQ~ 
CH-- 0 -=--- C . OH 

a IJ I 0 OH 

coH-C HOH 

I ' ~_,OH 
c \-\0~ ~~~- Cr~a=- 0 -- c ~-~=01~ 
' / 'H II ~0~ "o o 

Xll 
It 1e considered to be a di=galloyl derivative of a. new euga.rp en 

aJ.dohexoee f) to t-lhich the Dl:lJlle hamameloee has been givano 

meloae fo~ros no osa~one, but on oxidation gives a hexuronic acid 

which is ·~"educed to methyl=n~propyl acetic acid X.I!X on boil ing 

with HI and phoephm~uao The isolation of a methyl hexos1de l'lhich 

behaves as a ;A=gluco91de 0 from "..:;he tannin, coupled with the above 

properties suggest ~ihe structure XIV for the hexoseo 

XIII 

C~=OH 
a 

HO=C=CHO 
a ~ 
CHOH 
I 
CHOH 
t 
CH20H 

XIV 

TH2=0H 

C{OH) CHOH 
I ; 
CHOH H-C=C~r~OH 

""', , / 
0 



Hydrol~·si£1 of the tannin uith tb.e enzyme taun~tae yields 

t1~o moleot:lee of ga.lllc acid and one of ha.mameloHe~ Hydrolya:ls of' 

the tannin after me1.hylat1on vTi th d:i..azomethane yl elds only Q ... 

trlmei;hylg;a.ll1o acit. nnd the suga-:r ns in the ue se of n.certr:..nnin ~ 

Fl"om the c.bove Fr·euc.enbarg et Al , silggesteo. the above conf~i tutlon 

XV 1n wh1c;h the €Xac. t cc..r~sti tut lon of tb.G sugar n.nli the pos:'.:tlons 

of the ga.lloyl rad1c als still requil"a proof 0 

Chebul1n1c a.c1d 1s a c:r.:retall1ne tannin which occUX'H 

together \\'1 th other emorphous tannins in my:robalana f1·om the :t'ru1 t 

of Term1nel1a chebule.o Fischer and Bergmann (3g) obt-;ained .glucose 

e.nd gallic acid frorr the ncid hydrolysis of ·t;hc tannin, They 

methylated 1;he tannin i·Tith diazomethane but the prodtw·t; wae 

capable of further r·eaction with p=bromobenzoyl chlo:d.de showing 

that some hydroxyl g·:rooups {probably of 'the al,.p.hntic type) rAma.1.n 

unmethyla.tedo 

Freudenbe:rg and Frank < ·;9} studied t;he ta.nnj.n more 

carefully and suggested a tentative fo1•mula baseo. on t·he following 

data 

Cheb~1n1c acid may be ~epreeented by the fo~mula 

c4-
1

n:
3

4-o27 o 9H2 0» and on hyd.ro1ya3.s it yields gluuooe 11 gallic 21.cid 

and a. second. acid to which tho nama 11 epal·~zaa.u.re1: was gi~reno The 

hy'Urolye3.e may bs represented by the rea.ct~.on : 
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gallic 
aci d 

glucose 

This 1' apaltzaau:r·e 11 :.s al so obta1ne.ble from chebulaglc nc1d, cmd 1a 

converted by dia.zome: t hane into a hexa.methyl det•1va.tive ( 40) 0 The 

latter when hydr·ol1Bed forme a. tl"'imethyl der1v·at1v·e .. Schmidt 

and l·1ayer ( 41) very recently e etabl1ehed 1 t a ccnsti tution as 

follol'le g 

The hexa.mf!thyl 11 spl1.t n.c1d11 gave very lou vn.luos with the 

Zerewitlnoff' determt nation o.nd therefore contains no free hydroxy 

group eo vlhen the tr1methyl derivati·'l'e ls treated \vith alkali, 

three equivalents ot' a lkali nre used 1n neutra.11eationo When 

trea ted '·rith excess NaOH at lo0°C. the presence of a fourth acilili~ 

group was indicated. by back-titration and on amorphous tet.ra-~salt 

This behaviour 1nd~cated ·the 

presence of an a.romr..t1c lactone 1n the 11 spa.ltzeaure11 
0 

methyl derivative ot the acid ,.,hen oxidised 'l'lith permnnganate 

under controlled cor:.d1t1ons , and the product methylated torith 

diazo methane yielded. XVI 

H 

C-COOMe 
1 

H .... C-COOMe 
I H-y- CH2 - COOMe 

c===o 
I 
0 

XVI 



The et ruc·t ure of the correspondi ng acid was proved 

by various met hode l ncluding alkaline degradation products. The 

11 epa.ltzeaure11 al so yiel ds pyrogallol on decomposition and the 

structure XVI I wa s proposed on the following gr ound s ~ 

XVII 

a ) The aci d corresponding to ~/I r esis ts decarboxylation; 

it is thus not n mal onic acid derivative and the three carboxyl ann 

one l a.ctonic group are associated wi th diff er ent carbon 8.t oms . 

b) The l aotoni c group i s derived f r om an~ ~hydroxy acid, as 

sodium cy~nate l s obtained by the nct1on of sodium hypochlorite on 

the triami de of the tr1methyl =• split aci d11 
0 

o) The PCi d f orm of XVI gave a mixture of nceticD oxalic, 

and succi nic aci ds on fusion with potassium hydr oxide . 

d) The proposed formula for the11 sp11t a.c1d 11 XVII was 

ettrac~G1ve because 1 t could be derived from e l l ng1c a<:.id on the 

oxidative f i ssion ot one of the phenolic rings . 

Conclus i ve support of this formula was furnlehed very 

recentl y by Ha:t-rorth o.nd de 311 va ( lt2) who o btaJ.ned 3 ~ 4- ~ 5-

tl'ime'iihoxy phthalic acid in yields exceeding ~O% by the oxidation 



=35= 

of the trimet.hyl dertvative of the u split ac1d11 w1 th alk.nl1ne 

potassium ferr1oyan1~e o 

Part ial hydr olysis of ohebul1n1c acid yields equi= 

molecular proport ions of a digal loyl glucose , gallic acid and 

The di Bal l oyl glucose oehavee as 

3,6.;..d1galloyl glucoso XVIII {44) r'.nd i t a conet1tu·t;ion -vrae provad 

by aynthes! a f rom di.4eopropy11dene glucose and tr;.benzyl gP.lloyl 

chlori de { 1~5) o The gallic e.cid i s attached by Rn e ster link.P.ge 

= - CHOH 
I 
CHOH 0~ 

H-~-o~ c ~00.0 
I ~~~H 

0 CHOH 

~~--~-~-H OH 

H - ~- o-j ~--<::::::i:o~ 
I o o~ 
H 

XVIII 

to one o"t phenolic hydroxyl position s on the tt spal t zaaure11 nucleuso 

The points or att achment of the 18 apaltzeaure11 to the glucose r ea1o.ue 

are most likely the 1 and 2 positions . 

( e ) CHEBUk\GIC ACI D 

Chebulag1c acid which might also be cl assified as an 

ellagit annin0 i a a c r ystalline tannin recently isolated by Schmidt 



and Nleewandt (4-6) from myrobalane nnd by Schmidt and Lt:tdente.n (il·O.l 

from d1vi-d1v1o · It occurs with chebulinic e.c1d uhich it resem·ole e-

in many reepect~o On complete hydrol;rsis it yields one mole each 

of ell:?.gic acid., glucose, gallic acid :~nd n split acid11 
0 The 

difference bettiecn chebula.gic and chebulin1c acid is thus obviotle ". 

\·Jith crystalline tannins P. fair amount of progress has, 

therefore, been m~de in recent years~ Dnd the structures of the 

major frAgments constituting such tannins , ho.ve been sat lsfacto:<'i:.y 

elucidated .. Their points of attachment to each other in most 

instances are not kno1-1n with certainty.. The transition from 

crystalline to amorphous tnnnine introduces uncertainty regarding 

the purity or homogeneity of the mater!·.al under investigation, 

and consequently also regarding the significance of degradation 

products isolated in low proportlono 

Two t?.morphous hydrolysablf~ tnnnins which hfl.Ve received 

much attention are tannic e_cid or Chinese tannin found in Chinese 

galls produced ·by the green fly) Aph1 s nh1nens1e> on the leaves 

of Rhus chinenais I·!illo of the family J\ne.cardiac1a.e, and Turkish 

t anni n found in Turkish or Alleppo galJ.e on the leaves and twigs 

of Quercus 1nfector:La 011 ver of the family Fagaceae, caused ?y 

the cynipid fly, Cynip a tinctoria .• 

( f) CHINESE TANNIN 

Attempts at the extraction o:f' gallotannlna from galla 

started towards t he end of the 18th cer.tury. Ktmeemiiller (lt7) 

was the f1rst to extract appreciable qc.ant1 ties uelng ethAAola 
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Pelouze in l S34 {4S) used a mi xture of water D alcohol nnd ather 

which i s still emplc·yed today l.n 1nduatr1a.l processes, The ex..,. 

tract obtained in t .b.1 s way was heterogeneousv cone1st~.ng of 

gallota.nnin contam1no.ted trrith gallic ncid, glucoseJ chlorophyll and 

mineral s alts 0 

Attempts lti:ere me,de to isolate a homogeneous substa.nce for 

const1tut1onRl 1nveet1gation f r om the earliest t1meso In 1S27 

Berzeliua (4-9) remov-ed the gallic acid by prec1p1 tat1ng the n.lcoholl~ 

extract with sodium carbonate and extracted the p~odu~t with 

alcoholo Other methode were also at;tempted but only the one used 

by Paniker and stiaEny (50) gave satiat'a.ctory :i'eaults a11.c1 was anb·~ 

eequently employed t ·Y Fischer and Freudenberg (51) o This conaia:t s 

of extl"'acting the ga.llotann1n 'ti1 th ethyl acetate, removing the 

acids from this eolu.tion with a.lkali, and finally removlng the 

solvent under vacuurr~o Even after such pur1f~catlon 8 however, the 

tannin reme..ined runorphoua and no definite proof of purlty could b~ 

eetabliehedo . fi.B tt:.e same material was obtained from various 

commercial samples from different sources, the purified sampl9 

was considered more or lees homogeneoueo 

Strecker (52) in 1g52J as a result of extensive research, 

concluded that the gallotann1n was constituted of glucose and gal~io 

acid nuclei in the ratio of l to 3/) and that the presence of glucoa.~ 

explained the optical activity of the tann1no 

strack.er 6 s findings we:re contested by Kawaller {53)~ 

Rob1quet (54), Wehmer and Tollena {55) and Pottevin (56 ) but 

supported by Freda (57) 8 Utz (5g) 11 Feist {59L Fisher a nd ) 'r-eu.rien-



berg (6o) , Ge.eke P.nd Nierenetein (61) and by Karrer et Al. (62). 

Hlasiwetz (63) and Schiff (64-) 't-lent f'ur'.Jher and cl~imed that 

gallotannin was related to gallic acid and consisted of a compoun-

ded gallic acid. Schiff' formed a digal lic acid 't-Thich behaved ver~r 

much like gallotannin but was eubsequen~ly proved to be m~ 

digallic acid by Maunther' a ( 66) aynthe t31B of the methylated 

derivative XIX from the methyl ester of 3,4-dimethoxygallic acid 

and o-tr~ethyl galloyl chloride ~ 

0 
ft 

0 
\ o-c 0 

" OH ct-C oc~ cty>e ( 
oc"+ 

~ 

)" 

'oc"~ 
OCH3 

XIX 

and by Fischer and Freudenberg's (65) s;{lltheeis of the digallic 

acid itself ~ 

+ 

c~bonyl gallic acid l tr1carllomethoxygalloyl chloride 



HOOC 

HOoc 
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~0 
o-c 

0 

o-Lo 

-oH 
'-oH 

Schitr •s d1gall1c Rcid formula>altbough it failed to 

explain the optical activity of gallotsnnin, was only questioned 

a quarter of a century lnter by iialden (67) who demonatr~ted 

many differences between the two mater·inls. 

Fi scher and hie school commenced work on ~allotann1n 

at the beginning of this century ?.nd J:·le.ced the chemistry of 

gallotannlns on F. sound basis. They purified (51) the tannin 

by Pe.n1ker and St1asny1 e (50) methodo Hydrolysis of the 

purified product ge.ve glucose P..nd gallic acid in the proportion 

of 1 to 10. From various data they concluded that as glucose 

contains only five hydroxyl groups, only five galloyl groupe 

could be Joined to the sugar by ester bridgeeo The remRining 

five gallic nuclei must~ therefore, be Joined to those ~Blloyl 

nuclei already a ttached to the nucleus, forming depside links. 



such a structure wot·.ld explain the ease of hydrolysis of ga.llo= 

tannin and the abeer..ce of free carboxylic groupso F!.soher con-

s1de:red thE{G the sin~plest etructureo based on the above reasoning, 

could be represented as a penta=m=digalloyl glucose. XX. 

~-- CHO-==- oc .. 

"~oH 

CHO - D , G~ 06={1 
I 
CHO--=-D . Go 

briO-==- D. G. 
o I 
~-CH 

I 
CH2 0-=D.G. 

such a structure would reqUire proof of the presence 

of ID=digall1c acid nuclei 1n the tann1no Attempts to 1sole.te 

this from the natural tannin failed at first~ but was accomplished. 

in later years by Herzig (6g) o Herzlg (69 ) alao isolated 0-

tr1methylgall1c ac1d D and 0=3,4=d1methyl gallic acid from diazo= 

methane methylated gallotannin. This provided addit ional 

indirect proof of the presence of m=d1gall1c acid. 

Fischer next approached the problem by using synthetic 

methode. He formed a methylRted gallotann1n by the reaction of 

pentametho.xy-m-digalloyl chloride with a! - or fJ; -glucose . The 

product obtained fro1a ~ =glucose resembled diazomethan.e met11ylated 
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Chinese tann1na The formation of ayn1;hetic Chinese tannin 

i tse l f was brough~; about by .the condenw;.t1on of pentaacetyl-m-

diga.lloyl chloride with {3 -glucose in a. similar way. After t he 

r emoval of acetyl groups penta-m-digalloyl- {3 -gl~cose resul t ed 

which proved to be simile.r to, 1t ·not identical w1 th natural Chines e 

gal lotannin by a compllrison of elementF..ry analysis, chemical 

behaviour, optical rotntion., solubilitles and degradation products 

of ·the tannins and their methylated :mo. acetylated derive.~;ives. 

Fischer regarded the natural and even the synthft t 1c 

gallotannin~ not t.>.a a.· single substance, but at least a mixture of 

ate r eo- isomers . As a result of the work of Fischer wi t.;h Freuden-

ber g (6o) (71) and with Bergmann (72) tt.e following an~.lytical 

r esult s were obtai ned for the natural tannin from the leaf- galls 

of Rhus chl ne sis ( Chinese tannin) g 

FoWld 

Reqd . by g 

Ootaga.lloyl
glucoae 

Nonagalloyl
gluoose 

Decagal loyl= 
glucose 

Hgl, Wt. 

11+6o-1700 

1700 

!...£.. . 
53-5 

5). 63 

Gallic 
Acid -

3.12 9S.9$ 

Gluco se 

10. 6% 

The percentages of gallic acid and glucose obt a ined 

on hydrolys is of the gallotanni n were corrected to a l low for 

l osses during hydr olysis. Blanks showed losses or 5% galllc and 



5~ glucose unflar id.entical conditions . 'l'he ·:.annln; the!.·efol"e J . 
corrsspo•1dH on t:J.n average moat closely to the nvno.e;alloyl Jlucoseo 

Iljin t73) fractl.onB.ted the tannin u1th ~1.nc1 acvta.t\'3, 

ana. Krarar et /\.1 (7C) used a.ltlDl1n1uxn hyc1roxldo , Optjcal rotati.on 

of Karrer n a fractions varied from [~) D :-:: +'30 to Jf~£J n :::: cif> 157') _ 

Karrer subjected the varlous frnct1una o'f h: c;.h ;;pe..:lftc 

ro,ta t 1on a to the act 1 on of HBr ln glacial ace ~t.ii ~ e cld 'llfher g.,_,.!.li c 

acid and tetragalloyl=l=bromoglucoee XXI were form~~o 

t.ra.s converted "t:.o tetra-( triacetylgalloyl)=l=bl·o:noslucosc XXII 

w3.th acetyl bromide a.nd then with sodium acetete t:md e..cet1o a.!l= 

hydr.tde ~.;o tetra= ( tria.cetylgalloyl)~l~ncl-tylgJ.t.DOaf- ._ X.Y..X:O,;o 

r-- =-yH-Br 
; 

H-C-O.CO-R 
i I H- ~ - 0 . co - R 

I c--a. co-R 
o I 
L C-H 

~ 
em..,- O. COR -

R = pyrogallol 

XXli R ~ tr1aoetylpyrogallol 

r~-?H---OAc 
~ 

H- - C- (., , COz-=R 1 

I 
L - -·- C ~ C·. CO--=Rb 

I 
! 

E -- C -~ 0 . CO· ·R' 
0 l 
L-~---c ~-a 

6H2 - · 0. GO -~ R o 

XXIII R' ~ triacetylpyx~gallol 

These products were not crystalline but the a.nalysiE 

of the bromine content indicated purity. Tetra-(triacetylgalloyl) 

=1-blomoglucose XXII yielded a methyl glucoside XXIV i~hen tre:tc'i 

uith methanol and silver carbonate. 



CH-.. ·oMe 
I 
C -· O, CO- R 
I 
C- O,CO -R 
I 
C- O.CO - R 

0 i 
L_C-H 

• CH2- O.CO- R 

R ~ Tr1acetylpyrogallol XXIV. 

Thls product ha.d a similar rotation to that obtained 

synthetically from the action of triac,~tylgo.lloyl chloride on ~"" 

methylglucoe1de and hence the glucose present is likely to .have 

the ~-configurationo 

Tetra- ( triacetylga.lloyl)-1-b:~moglucose 't-Tas a.lso formed 

from synthetic penta-galloyl glucose ~r the identical reactiona 

and could similarly be converted to the l • acetyl glucose and 1~ 

methyl glucoside derlvativeso It "t-rae concluded that the tannin 

fre.ctlons of hish speciflc rotation arr~ derived from pentagalloyl 

glucose, and that the individual fract.Lons differ from each other 

in the number a.nd arrangement of the d~pside 11 gallic acid linkinge 

or in the configuration o.bout the 1- C atom of glucose o 

The unfractionated Chinese tannin as well a.e fractions 

with low specific rotation give prepa.rB.tions of l-bromoglucoee 

and 1-acetyl glucose lihlch differ from that obtained from penta~ 

( triacetylgalloyl)-glucose probably du<~ to naturally occurrirtg 

1mpur1t1eeb Tetra- ( trlacetylgalloyl)·· l-acetyl glucose was 

obtained from fractions of high epecif':lc rotation in yields 
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which indicate 8 - 9 moles gallic acid per sugar molecule . It 

is concluded that Chinese tannin is a m:.xture of many ga~loylated 

glucoses of e1m1l~r constitution which •~e responsible for ita 

nmorphoue character. 

explain these facts . 

CH-0-001 

~HO-D . G. I 
I 
CHO- D. G. 
I 
CHO-..D. G5 
t 

O~C=H . 
J 
C~O...D. G,· 

OH 

1·1~my isomeric fOJ ·muls.e could be suggested tc. 

The two simplest are ! 

OH 

OH 

and 

OH 

OH 

OH 

DoG. ~ m-digalloyl nuclei G = galloyl nuclei 

(g) ELLAGITANNINS 

These differ constitutionally from other hydrolysable 

tannins in that they contain a diphenyl dimethylolid group , 

Inc luded i n this cl ass are tannins capal>le of depositing the so

called bloom on leather8 consisting i n L oat cases of el1a.g1c a.c1c,. 

Ellag1c ncid XXV genern.lly constitutes E. rel?.tively lo'\17 proportion 

of the extract and occurs in both free · ~.nd combined forme . 

The principal tannins of this class are valon1a ('74) 

which is exceedingly rich in ellag1c acjd, myrobal ans (75), dlvi~ 

divi (76), algarobllla (77) ¥ European o::.k: bark tannin (7S) and 

chestnut (79) , l·1any of these tannins l .ave received little 

attentionp but ellng1c acid was rec · .tlj· found to const1 tute part 

of chebulag1c acid 1solnted from myrobalans (46) and div1~divi {~·0) ~ 



. HO 

o-c 
~ 

Ellng1o acid c14H60g is most readily crystallised from 

pyrid.tne (SO) nnd converted by alcohol to a pale yellow powder" 

I t mGy be synthesised by ox1d1s1ng gallic acid with arsenic acid 

(Sl ) or with potaEsiwn persulphate and sulphuric acid (gOL 

Graebe (S2 ) found that when elltJ..g1o o.oid. is distilled t-rith zinc 

dust fluorene XXVII 1e obtained. Fluo r ene was alao obtained by 

tho zinc dust distillation of d1phenylmethylol1d XXVI, and he 

therefore suggested the structure XXV for ellag1c a.ctdo 

XX'VI XXVII 

Perkin and Ni•~renstein (SO) obtained rur·ther evidence 

by isola.ttng pente.hydro.xydiphenylmethyl:>lid XXVIII when boiling 

ellt>g~.c acid with KOH ~Jolution . 



XXVIII 

Herzig P..nd Pollak (~3) obtainE:d reaults ~·rhich ftn"t: -t:r 

confirmed Graebe 8 a proposed constitution of allngic acid" \'fhen 

tetramethoxyellag1e acid is d1geat3d uith nlcchollc KOH or./i 

c,~:r diphenylhexane~Ghoxy-diphenyldicarboxyl:lte XXIX is ob< .. a1necl 

to3ether with a emnll quantity of pentametho~methyloJ.Jdea:.,·btJXY-

late XXX, 

XXIX 

{h) SYNTf1ETIC G4LIDTAUNIN5 

During t.t.e1r comparisons of synthetic Ch1It.JBe anti 

Turkish ga.llotann1n.s l<Tith the natural product s Fiar.hel' and. h~.e 

school synthesised a number of esters of m-d1gall1c und g~J.l:-... c 
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acid s with a lcoholic polyhydroxy compounds , 1n add1t1o, to the 

penta=m·..,d1galloyl .. , fo =gl uco ee a l r eady men tione'i ( 72) o syntheses 

l"rere p erformed in a :31m,~lar manner by the action of penta-acetyl~ 

digall oyl ch loride 0 1" t r1=acetylga.l loyl chloride l•T1 th ·various 

glyco l s and sugar s 0 Pent a.galloyl= ~ =glucose , pen ta.=m-digD.lloyl~· 

r:4 - g l ucose » pentaga1loyl - p =glucose and trigalloyl glucose were 

a.moJ:"phous p roducts a l though they appear ed anal ytically pureo 

D1gal loyl ethylene g1ycol9 digalloyl t rimet hylene gl ycol emd 

te·t1•agalloyl e r ythrit ol were 9 however 11 i aol p..ted i n the crystalline 

eta teo 

Russel and Tebbens (g4) also used Fi scher and Bergmann°s 

method for preparing a number of synthetic tannins~ 

subsequently tested :i.n a. number of emall-ac a.le t anna.ge e a.nd 'ths1:r 

ta.nn1ng~~abil1 t y compar ed \'Tith gallotannino jS =d=gl ucose p.mta~ 

galle.t e I) d=mannose pHntagallate D a.ldehydo=d=glucose p entagalla.te 

and d- a r abi noee tetrugallate showed good tanning properti es aPo. 

form leather comparable to that tanned by gallotannino Lea:there 

for med by methyl~d=glucoside t etraga.llo.te » d, l =erythri t ol t e tra= 

gallate » d- a.rabitol penta.gallate 0 mannitol hexaB"allP..t e and 

sorbitol hexagallate give fa~r tannageso 

A surprising result recorded lias tha't f ru.cto ae p en·ta = 

gallat e 1s not o. tanning ma.terial a.lthoue;h i t precipita·tee gL~lat1n. 

Ethylene g l ycol digallP..te ~.nd glycerol triga lla.te gave 

poor ta.nne.ges. 



The condensed or flavots.nnins const1 tute by fm"' t;he 

most important commercial vegetable extracts used ;;.n -~he tanning 

industry todayo Gambi er, cutch 0 quebre.cho 0 wattlez. Hangro-re, 

spruce 11 hemloclt, la1•ch, w1llow0 av~am, uruno.ay and t,.~erab. 

ex·tracte f'all under this group 11 of which queb::-acho D l'!attle tmd 

gru:abier are the mos~; important and occur most 3.bundnn"'" 1.y in n,'l.ture., 

All condensed tannins are amorphous, and do not break 

dcwn when hydrol1sed by acids or treated 1-li th enzymes . stx·o-,g 

m1.neral acida 11 on the contrary o convert these tannins to charac= 

t er1at1c amorphous l 'ed insoluble precipi tates k.noHn O.l3 1'phloba~ 

pbeneo11 or '1 tanners rede11 ~ Hence they are also khown as 

phlobatannins . \·lith ~err1o chloride they give cithel" gre~r- Ql" 

blue colora'c1ona .. and they invariably contain low proportlora of 

crystalline assoc1ated 2-phenylchrow.ane or relate:! nU<}lel " The 

result is the.t their structures have invariably been compa:~f;d with, 

and based on 0 that c1f the oa.tech1ns, although no concl usl .. ·ta pxooof' 

haa been obtained tc.• confirm or invalidate such an assumption., 

w~ry little 1a knot.Yn of their constitutions. 

Catech1ne also form red amorphous prec1p1tatP.a when 

treated 111 th mineral acid e . For th1s reason 9 and also becau,se 

they constitute e. lnrge proportion of gambier s.nd cuto.h extl'al;;tn, 

tho chemistry of the· catec.hine and their 1nte~-:-converatons wil:!. 

first be considered. 



Catechin is the crystalline principle in cube gambler 

obtained from the len.ves nnd twigs of Uncaria gambier Roxb. of the 

family Rubiaceae~ rt also occurs 1n Bengal or a.oa.c1a. ca.t £'chu 

obta i ned from the heart'\-TOod of Acacia catechu ·.i1lldo s pnd in cutch 

obtained from the burls: of the mangrove Cer1ops candolleana , 

chin occurs in these extr~_cta in various stereo1 eomertc modifioa= 

Gambier contains mainly d~catechin togJther ~1}.th "'a..racea of 

dl=catechin and d-ep1catech1n» whereas acacia catechu contains 

varying quantities o.r l=ep1catech1n and dl=cateohin (S5) 0 

Catechin wae first described by van Eeenbeck (S6) 1~ 

18)2 and also examin;d by Berzel uia (87) in 1637. During ~Ght1 

course of a century l.t was examined by numeroua emi.ne .lt; chAmhlts 

b tn; its cons~&itution ~-1a.s only conclusively established n.bout :-5 

years ago as the res·.11t of the work of Freudenberg and CO=l1orkers, 

Catechin obtained from gambier extract crystallises from 

It forms n green color at iov 't¥1 th 

ferric chloride and ~~1ves the phloroglucinol reaction with p1na= 

wood and hydrochloric ncid. Alkaline fusions produce phlo~o= 

gluclnol nnd protoca·teohUic ac1dj) and this process has baen used 

for the commercial preparation of the lattero 

From acacia catechu Perkin and Yosh1tnke (59) 1eolat~d 

a.cacatechin8 l'lhich gave the identical degradation products as 

catechin. Its melting point and ·cha·t of ita derivat1Yes, hJ'l.-leve:.. .. » 

differed from ~Ghat o~~ gambier catechin. 

In 1905 Pe~"kin (90) isolated verat:r·1o acid and pvse1bl;)'· 



phlo1 ogluo1nol- dlmethylether from the permn.nga.vE~.te ox:tda.t l on of 

catech1n~tetramethyletherp and considered catechin to be a reauc

t1on~produot of quer~etl.n (1·rh1.ch occurs in lo~f qunnt 1ty in acB.cia 

catechu (91)(92)), c:rrroeponding to either XXXI or X}Q(IIa 

HO-

HO 

XXXII XXXI 

Other formltlne proposed at the time "rere those of 

Von Koetaneck1 and L~rnpa (93) XXXIII» und Nierensteln ( 94) XXXIVo 

HO 

XXXIII XXXIV 

Reduction 1:>f tetramethoxyoatech1n l-Tith sodium 1n 

ethanol afforded~ after remethyl~t1on, a pentamethyl ether whlch 

Von Koatanecki oonaid.ered to be 2D4~6""'tr,.methoxy~_3=ethylphenyl 
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3r1 v tts .... d1methoxyphenylmethane XXXV. Based on Perkin's formulae 

such a reduction-product should be an c(,~-diphenylpropane 

derivative XXXVI And according to N1erenste1n~s formula. a penta

methoxy- ~ 1 ~ - diphenylpropane derivative XXXVII. 

XXXVI 

XXXVII 

This matter 1-ras only clar1f1e•i in 1920 by Freudenberg 0 a 

(95) synthesis of .2 . 4»61! 3° .JP=pentamethJ)xy-~ .. ~-d1phenylpropane 

XXXVI by the condensation of vera.tald.eh.~rde with C=tr1methyl= 

phloracetophenone~ and the subsequent r3duct1on of the 2,4~6-

trimethoxyphenyl-3 ~ ,1p ..... d1methoxyatyrylk ::·1;oneo 

2 84~6,3s s4°~pentametho:xy ... ·~ .Jf=diphenylpropnne proved 



to b e i dentical li i t h Koetaneoki and Lampe 0 e methylated reduction= 

product or catechin tetramethylet her and acacatechin tetram~thyl~ 

ether ' 96;(97) and :~ormulae XXXV' and XXXVII were, therefore 9 

incorrect., 

Two alternnt1ve structures XXXVIII wd XXXIX were 

still pos sible and t he position of the hydroxy group on the pyrane 

ring 01• on ·the a liphn.tic chai n Joining t h e two nuclei was not 

settledo 

XXXVIII XXXIX 

l t' t he h ycLroxyl group occupies po s ition {a) in both 

formulae catechi n coul d exist only in tt-To a ct ive and one racemic 

form, a s only one aElymmetr1c carbon atom would be present !f' a 

hm.rever , t he aliphat i c hydroxyl occupied either of t he two (b) 

position s 1n the ubcve formulae , tw·o asymmetri c car bone mus t be 
' 

present which t'lould result in two racemic and four act1 ve forme, 

The l a tter l·Tae founc. to be the case a.e r=ca.techin could b e partly 

transformed t o r=ep1.catech1n by boiling 1n eoc1iwn chlor .tde aolu~ 

tion D and Freudenbe:r>g and Purrman (98) (99 ) wer'e able to aeparo.ta 
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1~ and r~ca.techins End l~· and :r=ep1.catechins :from acacia ca:techu. 

The o·ther ra1;;em1c mod1f1cP-t1one t-vere also obtainable from various 

sources and could b;;l epime:rieed and racem1sed as follm>~e {100) ~ 

r-------~------~-~-~~---~, 

__ __li__~ ~-catechin 4----·--~ l-cateoh1n 

K, 

""" I 
1 

T 

d-ep1oatech1n r-ep1catech1n l-ep1catech1n 

i i ~ t ........ .,...,...,.~--~-------=--M _________ _j 

M <£ M:'lxture R ~ Racsm1eat1on Tr ansforma tion 

Four formula.e were thus a·till possible for· (:atechin 

( 101) 0 

HO 

XlJ:I XLIII 



Two courses were adopted to eliminate the incorrect 

formulae and to decide rthl.ch was correcto The toluene sulphonyl 

derivative of tetramethoxY-l=ep1catech1n when treated with hydraz1ne 

gave ·the following react1one 8 resulting in anhydroep1catech1n 

tetramethylether (102). 

I . I 
~N.NH"" ?- H HO = C = H 

8 -=-=~ 
H - C~O~ H-C~O-

~ ~ 

CH 
u c = 0 = 

i 
l.,.,ep1catech1n thus behaves as e. c1e-1eomer1de. \'lith tetramethyl-

d~~ca.tech1n a. trane~conf1guration was indicated. Formula XLII 

must, therefore, be rejected ae cis- trans isomerism i s not possible 

unles s the hydroxyl group is attached to the hydrogenated rlngo 

The follo~.r1ng e.nhydro=der1vat1vea based. on formulae XL~ 

XLI and XLIII could be formed 1n the above react1ono 



' -55-

·HO 

XLV 

Freudenberg and co-workers (103) synthesised XLVI by 

the condensation of 3,4-dimethoxyphloroglucinaldehyde with~= 

bromoacetoveratrone followed by the reduction of the coumar one 

formed a 

CHp-

CUO
~ 

OCH~ 

This substance was not 1dentina.l Wl th tetramethoxyanhyclrc·

epicatechin prepa.red from the natural source and strengthened the 

surmise that the correct formula f or catechin was XL with ~ydro-

derivative XLIV~ Additional support for the XLIV structure for 

the anhydro-der1va.tive was obtained front the fact that tetra~~ 



methoxyanhydroep1catuch1n 1n moist acetic acid t ook up one molecule 

of' water to :form 3 9 3 1 ~ 9 =d1metho:xyphenyl= p ... 2-hydroxy~-4, 6=dimethoxy

phenyle t hyl ketone Xl.NIIe the cons titution of which 'Has proved by 

CH 0 3 

XLVIII 

XLVII 

synthesis f rom the hydrogenation of p - 2=hydroxy=4 c 6-dlmethoxy~ 

etyryl ket one XLVIII ( 103){104L Moreover~ t he ket one XLVII and 

t etramethylanhydroepicatechin form the same hydr ochl oride, which 

yield s 5,7 , 3 ' 94 °~tetramethoxyflavane ~X on hydr ogenationo 

XLIX 

The structure assi gned to catechin was finall;1 confi r lned 



-57-

when Freudenberg, Fikentscher, Harder n.nd Schmitt (105) obtained 

d 8 l~ep1catech1n and pentamethoxy-d , l-ep~.catech1n by the catalytic 

reduction of cyani din chl oride (L) and its pentamethy~ ether r ee

pec t1velyo 

HO HO 

0 11 

L 

Simi larly Freudenberg and Ke.mnUl~er ( 106 ) obtain.:;d 

d,1~ep1catech1n pentamethylether by the catalyt ic reduc t ion of 

querce t inpentamethyl ether (LI), 

LI 

and daoxyepica.techi n t et:ramethyl ethel.' ( LII I ) f rom 1uteo11n tetra

methyl et her ( LII) " 
.,OCH~ o H · ~-

C!I,p y~c::)-ocu., 
fH 

C.'\0 8 
LII Llli 



In 1935 Appel and Robinson (107) were able to reverse 

tbe a.bove cyanidin chloride - ri , l-ep1c9.tech1n conversion by 07..1-

d1sing catechin tetra-methyle~her with bromine in dioxane? The 

intermediate bromo-derivativa was demethylat ed with HI to cyanidin 

iodide .which was finally co:1verted to Jyan:.d1n chloride (L) with 

silver 

OH 
L. 

CatecJ:in forms the me.Jor pro:?ol"tlon r>f the me.jorl ty 

of .catechu e~Gracts. These are l'mplo;red !"or ta.nn1n15 purposes, 

although t~.11e relatively small pher.oli(! body doe :J not precipita t e 

gelatin and is not considered ·to be a. true t anni n. It is , 

howe-r.·nr, absorbed by the hide and pai\ BOS over 1rito a tanning 

mr .. erl al gradually, possibly by oxidaY•Lve conderLeation., 

Because of their structural ::'elationsh.p, i t is i nterest.,. 

1ng to note that small quantities of q· tercetin LJV accompanies 

catechin present 1n catechu extracts rnH92L 

HO 

LIV 

Ordinary gambier catechu con·!iains a &llall amoun·t; ot 
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~~enning material) known ns catechutann1 J acid, in o.dd~.t1on to the 

ca·tech1n. In the browner variet i es of cutch, a considerable amoun1; 

of. this tannin is p:-:-eeentg uhich 1 e ins•)luble in ether, gives n. 

gPeen colour vT1 th fet'ric chloride, nnd che phloroglucinol re lOtion 

"ith pine=shavings. In contras t to ca·:;ech1n 1 t is a strong 

tanning ~.gent, resembling other condenfHd tannins , Catechut,mnic 

acid 1s considered to be a derivative o:~ catechin ( 36S), and .'. e 

said to be pronuc·ild from catechin by heating aqueous solutions <'.t 

l lo0 c. or by boi.J.ing alkal:tne sol utions of t he lo.tter : 

Gallocatechin LV la of epec1o.: . interest in the black 

:-Jat t l e tn.nn1n problem, and ita chem1atr:r, which is similar t o that 

of cater.:h1n, i.e very briefly reviewed ht1re. 

HO-

LV 

(Hlg) from Japanese green tea (rJ·hea s1nE·ns1a L.). It g1vea no 

}-.:eecip'i.tate vri th gf)lat1n, a viol et colot'r l.ilth ferric chloride and 

tJ\e p.'llorogluc1nol reaction l-ri·t h p1ne ... e.bavj.ngs and HCle 

c;a~e .;hin 1e a.'lao present in lo,, proportion (109) as well a.s ite 



ga~loyl ester (110). LVI. 

LVI 

Oeima also isolated (111) l=epicatech!n and ga.llocatech1n 

from Formosan teao The etTucture of gallocatechin was proved by 

the r eduction of pentamethoxygallocatech1n with sodium in ethanol 

followed by methylation to give at=2 8 4D6-trimethoxyphenyl-Jf-38 4,5 

tr1methoxyphenyl-propane LVII. 

LVII 

'l'he latter was synthesised by the condensation otQi·~ 

acetoxy~3 . ~. 5-tr1methylgalloacetophenone with phlorogluc1naldehyde 

trimethylether, followed by catalytic reduction of the resultant 

producto Further proof that LV was the correct structure was 

obtained by reducing the pentamethyl ether of delphinidin chloride 

LVIII to gallocatech1n pentamethyl ether ~ LIX. 



a--~OCH3 
oc~ 

OC"-' > 

LVIII LIX 

Bradfield end co=workere (llf )(113) used ps.rt1t1on 

chromatography on a silica gel, according to the method of Martin 

and synge (~14) for the seperat1on of the constituents of the poly-

phenolic fraction of Ceylon teao The follol·Tinc; catechin bodies 

were found present in the wet ether-soluble portion of the ethyl 

n.cetpte extr['_ct1vee ~ l=gallocatech1n, 11. 7%; dl-galloca.techin 

5Qg%; 1~-epicatechin 3o2%; dl-oa.techln l o2%; l-ep1catech1ngall~.te 

LVI 7. 5% and an 1- gallocatechin gallate 36.0~. 

l-ep1catech1n gall{l.te and 1-g'allocatechin gall:1.t e could 

be hydrolised into the catechin ood1.~s and eallic a.cid by acid 

hydrolysis, or more efficiently by the enzyme tannase. In l-

gallocatechin go.llp,te the point of c.ttE.chrnent of the gallic acld 

to the gallocatechin moiety is yet ~known. 

Tea 11 tan~1n" in green tea ia, therefore, a :rare instance 

Where 13% ( 350)of a polyphenolic fract.1.on of the unfermented leaf 
. 

consists of a mixture of low~molecular crystalline catechin bodies 

which may be resolved and identified b;y the use ot partition . 
chrome.tography. 



Q,UEBRACHO EXTRACT 
I 4UC W 

Quebrncho extract comes mainly rrom two species of the 

family Anacardiaceae (115) ~ 

Schinope1s balansae Engler, also known as Quebt•acho 
,., 

colorado "chaqueno" D the red quebracho tree, ~'1.d 

Schinopeia lorentz11 ~Griso) Engle or Quebra.cho colorado 

11 san t1agueno 11 
o 

These sloW=6TO't11ng trees occur 1n large natu.ral forests 

1n northern Argentina and in Pa.:;:•agunye The tnnnins · o.re concen-

trated ~lmost exclusively in the dense heart woods and are extrac~ 

ted on a commercial scale in the sarne ·way as black wattle extract" 

Quebracho extract is far less soluble in cold water thAn black 

wattle extract, and as a result the major proport1ol1 of the extract , 

eold are sulph1ted in order to increase their solubility and thus 

to el1m1nP..te practice.l difficulties durine; the tanning process ., 

Quebracho extracts are easily distinguished from other vegetable 

extracts by their brilliant yellow- green fluorescence under ultra

violet light (116) » and by the Jablonelt1=Pollak fluorescence test 

t-Tith phthalic anhyd.r1de and zinc chloride (117)" 

Quebracho extract contains a highly condensed tannin 

of average molecular weight 24oo, after dialysis (llg) , The 

average molecular ·neight of the extract ·aa a whole 1a 1160, The 

t annin has been examined by Arata (119) who obtained catechol from 

the tannin by pyrolyale, and phloroglucinol and protocatechuic 

acid by alkaline ruslono Perkin and Gunnel (120) isolated 

flt.et1n LX11 ellagi.~ and gallic acids from the action of strong 



sul phuri c acid on th1~ extra.cto 

LX 

Jablonski l:lnd Einbeck {121) confirmed the presence or 
f i aet1n and isolated resorcinol and protocatechuic ac1d 8 but no 

phlorogluc1nol 0 from alkali fusionso They also obtained etyphnic 

aci d LXI and 3 8 5- dinl tro- {J; .-.resorcyl1c acid LX! I from the n1 tr1c 

acid oxidation of th3 tannin ( 122). 

©" 
N~l NO~ 

Olr1 

NO~ 

LXII 

As the tan~ln was obviously only constituted of 

potential p ..,.resorcyl1c and protocatechuic nucl e1 8 and was a l so 

accompanied by f1set:ln 11 Freudenberg and Ma1tle.nd (123}, by P..na l ogy 

with catechin which is accompenied by the related flavanol quer

cetin, suggested that quebracho tannin might be f ormed b y t he con-· 

deneation of a catec~1n LXXIX similarly rel a ted to fiaetin~ 

Th is catec.'11n body. known as quebra.cho catechin Wa+i! 



syn t hesl eed by Freudunberog and Maitland ( 124) c The d ~ 1-epi~ 

quebr achocatechin oblia1ned by the catalytic reduction of f1setin1d1n 

chl or ide LXIV could be epimerieed to d~ l=quebrachocatef~h1n by 

heat ing u i th potassitun bicarbonate s:t ll5°C ~ 

H 

LXIII 

~uebrachocatechin, like quebracho tannin, for med r ed 

insoluble phlobaphenos easily with strong a.cida, and gave reaorco 

cinol on D.lkal!ne fuBion P.nd vera.tr1c acid from the permanganp..t e 

oxidation of the methylated derivativeo In spite of many a t t empts 

no evidence of the e;,1stence of quebracho catechin i n t he n;1tural 

extract could be foundo 

It is interesting to note in this connecti on t ha t t he 

flavanol myricetin U~V accompanies casuar1n, a gallocatechi n 1n 

the bark of Casuar1na equ1sel1fol1a L. (125). 

HO o 



Recently White (126) conducted a physico-chemical inves

tigation which showed the apparent complexity of quebracho extract 

and tended to negate much of Freudenberg and J.1aitla.nd' s 11 specula-

tion 11 regardins the constitution of the extracto 

a aolubili ty method ·which gave reliable reaul ts when UEJed by 

Northrop and Kun1tz for testing the purity of crystall11\e enzymes 

and other protein s o (127) (12S) o 

In order to interpret a la.ter cr1 tic ism of v/hi t~· 8 a 

methods e. brief revie,., follows. In th~ simplest case a si.'lgle 

component dissolves in a solvent at constant temperature and 

preasv~e only to a limited extent. Th·~ solubility curve of EiUch 

a syst em is represente.:l. by Fig o III, wh~re AB is the solubil1t~· 

curve of unit slope and B ie the point of saturation of the solut e 

i n the· solvento 

X 8 c. ----- --7-----~--·--

/ 
----·-? 

7.ft , of added solute 

F1go 1.IIo 



The solubllity curve of three solid phai:Jee in equ111= 

bri~~ with their stsndard solutions may be represented in an 

ideal case by Fig. IV. B» C and D where changes in elope occur 

each agree to pointE where 1, 2, and 3 reach their saturation 

pointe in the solvent usedo From the back- proJection of the 

\-Te1 ght added 

elopes the solub111t1es of the various components may be deter-

m1ned. By this method the number of components in a mixture way 

be ~eterm1ned (from the numbe~ of changes of elope) a s well ae 

their eolub111ties, without their actual 1aolat1ono Northrop 

further pointed out that each straight line section of the solu= 

bil1ty curve corresponds to an individual component , and has a 

elope which is a function of the solubility of that component and 

the extent to which it 1e present in the mixtureo It 1e thus 

possible to calculate the amount of each component pr~aent and 



Tho:rp (129) provided a. graphical ''component d1ngram'1 for th1B 

If 1n a rtgh~=Rngled triengle of unit side parallels 

to AB, BC and CD are dra~m through o, these out the ver tical aide 

ad at points a, b, a:1d c. The lengths ab, be and cd are a 

measure of the propOl'"t1one of components 1. 2 and 3 l'11th l'1h1ch 

the solution becomes saturRted at points B: C, nnd D on the solu= 

b1l1ty curve~ 

~ih1te appl Led this method to quebracho extract and 

obtaJ.ned the follO\<T1'lg eolub111 ty curve nnd component d1e.gram., 

Fig .. V. 
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He \'las unable to construct a complete curve as above 

75 grms tannin per 100 grms water separation of the 1nsolublee by 

centrifugation or filtration was uneatisfactoryn Changes ln 

slope at certain concentration levels in the solubility curve 

corresponded to similar changes in the elope of refractive index 

and light absorption curves obtained from the a,me solutions. 

,,ihi·te regarded this as an important confirmation of the validity 

of the solubility curve. 

From the solubility curve he constructed Thorp 0 s (129) 

component diagram. From this and the solubility curve he con~ 

eluded that. quebraoho tannin oone1ets or at least five components 

present to the extent A~ 2o%~ B G 33.6%, c ~ ~.85%~ D e 20.5% 
and E ,.. 210 05%. Component A conet1 tutes the eo- called "insoluble a· 

of quebracho extract~ which were found to be sparingly soluble» 

while component E represents the most soluble portion of the 

extract and 1 s probably itself heterogeneous~ 

White s ubJected the twelve solutions obtained in the 

construction of the solubility curva to one- dimensional paper 

chromatography on a single eheet o A series of successive 

pa.re.llel yellow f l uorescent apota were visi ble when viewed under 

ultra=violet light, after the paper had been developed with 

Ptt:r>tr1dge 6 e ( 130) butanol~acet1c acid-water ( lt ~ 1 ~ 5) mixture, 

The yellow fluoroacent spots which remained at the pointe of 

appl1aat1on of t he test solutions had a~ equal intensity for all 

aolutaons_ This spot ., therefore, constituted the inaolublea in 

the extract or component A. All the remaining yellow fluorescent 



components . (under ul·~ra.-v1olet light) lncrease;l ln int.:mn1ty up 

to eolution 7 and remained constant in intensity thereatteru 

Solution 7 representr~d the point where component B a.tta~!.ned eatura~· 

t1ono It appeared ";hue/) the.t B consisted of a. complex of tluorea~ 

cent eubstanc€s of wh.ioh f1satin was one. 

\·ih1 ta also claimed tha 1dent1f1ca.t1on of :.Lree galll.c 

acid (previously 1eo:la.ted by Perkin and Gunnell (120) j, glucose, 

arabinose and x:yloae 1n the extre.ct6 

Components D and E were known to be reddish ln colour, 

and it was presumed ·.;hat two red=brown (ordinary light) trailed

out "epote11 on the chrome.tograme of RFs -.:;>; 0 = Oo25 and 0" 55 -

Oo 70, whiob increased in concent ration t hroughout all 12 eolut1one, 

co""raaponded to thes n" 

\·ih1te cla iued t hat t he complexity of the extraotD as 

shown by tbe comb1na 1i1on of t h e se methods, modify the pl'evioue 

ideas of a quebr a cho t anni n based on Fr e udenberguo (loc. cit") 

quebracho catech1no I n def en ce of Freudenberg 0 how·ever1 1·t 

shoua.d be pointed out tha t he wa.a well a"trare of the complex..\ ty 

of the commercia l ext:ra.c ta, and that •.-lh 1te has failed ·to take 

advantage of knot-tn methode f or aeparati.ng tans from non tans prior 

to his experiment s. Freudenberg 0 e f ormula provides for a mix·ture 

of molecules due to various degrees of polymer1eat1on and in

numerable stereoi somura o 

DISCUSSION OF WHITE'S SOLUBILITY METHOD 

\•/hite ste.tEIS ( (126) p, 43) that the solub111'i:iy clll'Ve, 

in a.ddi tlon to demon Htrat:1ng the comple:xl.ty of th~ vegetable 
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extract 0 also prov1dos a quanti tB.tive bas1s for t he fractionation 

of the product, As this has an important bearing on the p:c-oblem 

of fraction of black vrattle extract, a critical revieu of the 

e.bove method is esser<tial. 

It must be noted that the solubility method of proving th~ 

purity or compl exity of a substance or mixture of eube~ances , had 

previously been appli.ed only to crystalline substances ., Kun1tz 

and Northrop {127) applied it successfully to c{ = and ~ = 

chymotrypsin» which l:.re enztmatic and also crystalline proteins, 

only Wlder conditionE. l'lhere no solid solutions were formed. 

Thorp (129) also applied it with success to dichlorodiphenyltri= 

chloroethane D 22 6 /) 41P , 66 u ... octachlorodiphenylurea and imp uri tie a 

closely related to tLese substances. In connection with this 

l-Iork Thorp states; lf'l.·he principle of the method depends on the 

various compounds not influencing one another 8 s solubilities. 

This will be a.pproxlm.ately true of moat non-ionised compoWlds in 

organic solvents provided that the solutions never become very 

concentrated and that the compounds form distinct crystalline 

sol1ds11 ., 

None of the aforementioned conditione hold good in 

\>/hi te 0 e application of this methodo Intermolecular affects due 

to hydrogen bondage must be active in all but the most dilute 

aqueous solutions. trlhi te 0 s eolub111 ty curve by comparison, extend a 

to exceedingly concentrated solutions (75 gms extro.ct/100 gr•ms 

water ) and includes the solubilities of substances the great 

maJority of which are amorphouso 
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The validity ot White 0 s conclusions e.re based entirely 

on two factors 

{a)· the fact that light e.baorpticm and refractive index 

curves show changes in elope at the same concentration levels as 

the solubility curve and 

(b) the fact that the fluorescen1; components which . con

stitute component B attain apparent satt~ation {as Judsed on the 

pa.per chrome.to{;ram) corresponding to a ~:ery alight chnnge in slope 

1n the solubility curve h 

On the other hand component A, the 11 so-called "1nsolubleo11 
) 

should show increasing fluorescence over solutions 1 - ~ {where 

saturation is almost ach1eved) o 'l'hia ls not evident from the 

paper chromatogram. Furthermore, the <:·nly really marked break !n 

the solubility curve occurs just before solution 9 where tho con

centration (about 35 grma extre.ct/100 gr·ma water} is already 

excessively h1gh o 

In any c~ee)the presence of etgare and other non tans 

in the commercial extrRct 9 together witb po lymers of varying size 

each ¥lith a l~rge number •)f etereo1eomera , could give the results 

obtained by Wh1teo 

Other cr1 ticisms regarding the anomalous behaviour of 

fluorescent compounds on paper chromRtoBrama due to their h1gh 

af'fin11;y f or cellulose, e.re reserved for d1acuas1on ,.,i th ·the work 

on the paper chromatography of black wattle extract n {See page 1 ~~ ) . 

From the above :\.t -vrould appear that lrh1le certainly con-

firming the lmotm complexity of the commercial ext;ract , the use of 



the solubility method on a quantit~tive basis for t he fractionation 

of the extract ie not j ustified. 

A HECENT CHEMIQAL I NVESTIGATION OF QUEBRACHO EXTRACT . 

Putnam and Gensler (131) in November 1951, published 

much .e.na.lytical work on o. fraction of quebra.cho extract . 

The commercial extract wae pa.rt1 tioned bett1een water and 

an upper l ayer consisting of ethyl acetate, acetone and watero 

From the upper layer 62% of the extract '\'Ins recover edD and the 

solid product 1·1as continuously ether- extracted for one weeko The 

ether insoluble portion was tren:ted t1i th methyl isobutyl ketone, 

and the portion 't-Thich die solved (53%} tvas 1nvest1gatedo 

Chromatography showed that at least an admixture of 

fluorescent bodies were still presento The fraction was adsorbed 

on to calcium oxide and ~~ain desorbed, and also passed through an 

ani on exchange· resin for its further purif1cationo Both 11 p ur1fied11 

products agreed tvith each other in e.nalysis as Hell R.e 'Iilith the 

ori ginal fraction as a whole . The empirical formula corresponded 

to c31a2go11a and the molecular weight by Rast determination using 

camphor varied from 222 to 446 ; and by isothermal distillation 1n 

acetone from ~30 (14 days) to 746 (25 days)~ The theoretical 

value for the above formula is 5760 

'l'h1s fraction was thus considered to be the 11 ma1n con-

st1tuent 11 in quebracho extract and the aforementioned formula 

was preferred as 1t coul d accomodate more of the assembled data 

t.ban any other. 
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The me t hylated derivative wa s prepared both by m&thy= 

lai;lon with di azomet ::tane and d1met h3l=sulphate a'1d fractiona ted , 

Fo'~ f ractions 1nves ~1gated var ied in % C from 670~ to 65.5; 

in molecular tl1e1ght .from 54-3 to 6~5; and in the appearance of 

their 1nfra=red apec·trograme . Remethyl at i ona made the infra-red 

spec~;:ra i dentical ~.n:i narrowed differ ences i n ca.rbon content , but 

variation s in molecular weight 533 - 702 s t ill p ers i s ted. Ana

lytical r esult s of t he 11pureet11 product obt ained cor r esponded to 

\/hen t r ee.ted with mC;t.hyl 

iodide e.nd s ilver ox1de 9 this methyl ated p r oduct showed a re.duc~ 

t1on 1n methoxyl content and corresponded to the formula 

C31~205 ( 0CfJ ) 6• H20· 

Acetylnt ion was performed with an acet,.c e.nhj·d!'ide, 

triethylamine ~ zinc duet and t etra ethyl ammonium bromi de mixture. 

Th e product was nce tylated with acetyl chloride/dimethylamine 

mixt ure , and the fully a.cetylated derivative found to conta:1.n 

46.5% of acetyl groups. This corresponded to a formula . 
c31~7 ( ococH3 ) 11 , to which the determined molecul ar weight also 

agreed closely. An x- ray diagram showed that the compound 

which mel ted at 153=155°C·, was also '1 crystalline" o 

This derivative 1e important as 1t is the fi rst ins tance 

1n which a.ny phloba- tannin has been eube'tituted t o such a degl'e&, 

t hat all the oxygen was accounted for in function~! deriva tives . 

Put nam R.nd Gensler c laim that m1moea tannin ·might be slm11arly 

s ubst1tut ed. 

Refluxing the a cetyl derivat i ve 't·lit h pota ssium ac ~ .. ta.te 



causod a loss of eight of the eleven acetyl gt-.oupa. 'l1hose 

g-.roups hydrolieed were considered to be a.t'Ga.ched to p.tenolio 

hydroxylsJ) while three substituted non=phenollc hydroxyls rt1roatn· 

atable. 

The fully methylat ed derivative c31u21o4-(0CH
3

)7 could 

only be partially substituted under the nbove conditione, and 

corresponded to the formula c~1H19o2 (ocH3) 7 (oAc)2 after du8l 

acetyJa.tion~ 

ver atric acid was obtained 1n 15% yield by the porman~ 

gana:te oxidation of the methylated derivative. Alkaline degra= 

dation gave a 1.6% ~1eld of reaorcinolo 

From all the above evidence c31 H2s v.7as conslo.ere:i as 

rhe basic structure~ 

DISCUSSION 
~:c;:::s:c • 

Although 1 t is doubtful whether Putnem and GensleJ:• 

wer·e dealing with a pure phenolic ent1tYs especially when their 

efforts at showing homogeniety by chromatography and thelr 

purification methods are taken lnto accoW1t 8 their cla.lm of the 

complete subetltuticn of the tannin is of importance to the black 

wattl e problem 
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CONDENSATION MECfL\NIS?-IS IN COHDENSED TAllR.L '~§. 

Catechin» s;rnthetic quebracho catechin and ga.llote.nn).~ c 

ae previously stated, do not e1ve those chnracterist l c precipitates 

wlth gelP.ti n=aal t reagent normally associated witJ-l condensed 

tannins. Catechin nnd ge.llocatech1n c.re, nevertheless) usual ly 

associated Hith condensed tannins in nature~ and are easi ly con

verted by boiling in aqueous solution to amorphous compounds ':Thi ch 

tan and precipitate gelatine They further resemble condensed 

tannins by giving aim:Lla.r degrs.dat ion products Rnd produce insoluble 

red phlobaphenes uhen treated with hot mineral acids, 

BERGMJ\.NH _AND POLJ&"tLIEFF 0 S THE::ORY • 

As ca.techlns, therefore, ahow many of the quantitative 

reactions of condensed t~nn1ns, their condensation mechanism 11as 

examined by Bergmann and Poljarlieff {132). ln the ao=called 

11 phlobaphene reaction11 condenaat ion appears to occur without tho 

elim1nat ion of 't-rater , and Bergmann a.nd Poljarlieff tried to 

eatabl1eh which p~rt or the catechin molecule was responsible or 

functional in this condenaationo They stated that the simple 

phenolic bodies of which the catechina are constituted were not 

particularly aens1t1ve to condensation under conditione of high 

ac1d1tyo Catechin=tetramethylether on the other hnnd , when 

heated with concentrated HCl in ethanol at l05°C formed a red mass 

(C &10 67 .g5% H .a 6oo2%) . '.lhen compared u1th catechln~tetramethyl

ether (C g 65.9% H ~ 60~%) 9 it appeared that some water had been 



el1mine.tedl> e.nd as t he phenolic hydroxyle wel'e fully substi·tuted» 

they concluded that a py~ane ring structure containing at least 

one hydroxyl group t::.nd one double bond LXVI was reeponeible for 

condensation~ 

0 t--1 0 [;of H o \4 0 v,....H CH-OH HQ;CI{,_~OH 
cU3D l ~ 

\-% li H H 
0~ 0~ H OH 

H H- 0~1 H OH 

LXVI LXVII LXV! II LXIX 

Bergmann and PolJarl1eff obtained further positive 

evidence for their theory by the examination of glucal LXVII~> 

hydroglucal LXVIII and anhydroacetobutyl alcohol LXIXo \-iherea.B 

glucal was found to be extremely sensitive to mineral nelda and 

readily formed coloured condensation productsD the remaining 

pyrane structures appeared stable" The acetylation of catechin 

in the J=pos1t1on furthermore, tended to exert ~- eta.b111s1ng 

effect towards 1te conversion into amorphous mater1~.1 on standing 

in aqueous solution (133)o Bergmann and Poljarlieff finally 

assumed that condensed tannins eimilf'.rly contained the pyrane 

structure LXVI wh1oh they concluded was responsible for phlobaphene 

formation . 

Their work, based purely on ~nalogy, is open to the 

follo\v1ng criticism ~ 

(a) Many pheno11c compoWlds e .,g . salicylalcohol LXX possess 
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the ·tendency ·towards self-condensation, while othe~s e.g. resorcinol 

(134) and phlorogluc:lnol (135) condense under conditions of high 

acidity. 

{b) The forma:,aon of a phlobaphene may be Judged only by 

the 1neolub1l1ty of i;he product 1n hot l-Jater, its red colour and 

1.te amorphous nature .. As catechin-tetramethylether ia already 

insoluble 1n water the analogy is not a good one. 

(c ) Freudenbe:fg and Maitland ~.Yhile engaged in their con= 

stitutional rTork on tluebrachocatech1n (123) put Bergmann and 

Po1Jarl1eff 6 s theory to the teet by synthesising 7,3 6 8 4 8 ~tr1hy~ 

droxy flavane LXXI f~m J,4=d1aoetylphoracetophenone and ~ = 

resorcylaldehyde. 

LXXI 

Th1e compo\md contains no hydroxyl, but poseeaaes a. double bond 1n 

the pyrsne ring. It was found to be more sensitive to alkalis than 

catechin a and gave a phlobaphene on boiling ':ri th dilute aclda. 



Freudenberg ~md r~1Qitlund (124) concluded tho.t the presence of an 

hydroxyl s roup in the pyra~e rinG uas not f'.n essentinl requisi te 

for phlobaph enc formation. 

FREUDENBERG AND HAIT LAND 1 S THEORY 

Freudenberg and l-1ai tland also showed that uhen t heir 

syntheti c quebracho catechin LXI II iTr-ts her--.ted for a f eu hours u ith 

dilute a c i d, an insoluble amorphous product result ed, the elemen

tar y a nelysis of '!rhich did not differ appr eclnbly from t h a t of t h e 

original m~terial. 1·1ethylnt1on of the condensed mr..t er io.l followed 

by s ub s equent ox.id['.tion) produceU. vera tr:tc o.cid only , end a c etyl a

tion gav e an amorphous pro.duct of sli Gf1·:;ly higher A.cetyl content 

thnn the starting m~tcrinl • From t hiB evidence t hey con c luded 
. 

that condensation in the 1n1tinl s to..ges H D.s not nccompr.nied by 

water elimination, a nd that neither t he ca tec hin gro up n o r the 

nliphf!.tic hydroxyl g roup in the 3 t-posit i on took o.ny act i ve prtrt. 

In order to explnin t h e higher acetyl c onten t they assumed that 

in the pre s ence of uci d a t elevo.ted t ernpcr <'.t ur ee o.t le?..st some of 

the pyra.ne rings Ol)en, fol lmmd. by simu:.t~neous condensat ion u1 th 

a second unit 1 according t o the s ch eme .: 

HO 
O r==<_OH 
'f~OH 
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This condensation product st~.11 contains an oxygen 

br1dga, and the principle of continued condensation 1a possible 

w1th this mechanismc Such condensateB consisting of 5 - 6 cate-

chin unit s would correspond to the conrlenaed tannins. 

~-lhen henting occurs for a longer period, secondary 

3pl1 tt1ng off cf Hater tp.kes place, prc1bably involving the eecon-

dary ~ydroxyl eroups. Th1e stage of condensation corresponds to 

the rod phlobaphenee formed from condensed tannins and cntechins. 

To obtain further support for their theorylFreudenbsrg 

and Ma.i tland examined 'tJ.'le leaves and wc1od exhaustively for evi

dence of the quebrncho catechin 11 precm·sor11 corresponding to 

their synthetic product~ As this l'Tae not Etch1eved~ they con-

clttded that its absence must be due to its gres.ter sensitivity 

tm.;ards self=condensat1on than d-ca.tect.in, for example~ They 

next divided quebrncho extract into a cold water~eoluble fraction 

A, a cold \-tater insoluble but hot-water soluble fraction B3 and 

a hot~water insol uble fraction C. A 't";·as considered to be the 

small-, B the middle-, and C the high .... n.olecula.r condensation 

product of synthetic quebraoho oa.tech1r:.Q 1 grm of each was 

treated with 50 .mlo of 2% HCl on a waterbath. The following 
~ 

analyses resulted (Table VII). 
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TABLE VII 

% Acetyl Content or 
Heating Acetylated Product 

substance Period. ( Hr e ! H Found Reqd. 

Synthetic Quebracho 
65.7 39.6 Catechin 0 5.1 3g. 9 

\ 

Hypothetical conden-
65.7 sate ot Quebr. catechin - 5. 1 4-1.7 

Condeneat1on- product1 
of 4 65. 5 5.3 41 . 2 

Synthetic Quebracho J 
Catechin 12 67.1 5. 2 

Quebracho Catechin 
- H20 33·g 

Fraction A 0 63 . 6 5.0 4o.2 

II It 4 6lt.4 4 . 7 

Fraction s · 0 63.2 5.0 3g .9 
II II 4 61L3 4.9 
II II 12 64.3 4 . 7 

Fraction c 0 63 . 2 4. 9 3S. o 

d- Catechin 0 62 .1 4 .9 lt-3 0 2 43~0 

Condensation-produc~ 
62. 6 40. 5 of 1 5 . 0 

d=Ca.t ech1n 4 64.3 4.7 37 -7 

d~Catechin - H20 39.1 

I n cri ticiem of Freudenberg n.ni Mai tla.nd sa vrork the 

:follo\-l i ng are to be noted ;-

(a) Condensations of synthetic quebracho catechi n were 

carr i ed out under t he influence of 2% HCl at elevated t emperatures. 
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such conditions are hardly likely to occur in plants ~nd the 

assumption that the resulting condensation-mechanisms are similar 

to those occurr1ng1n the presence of en~ymes 1n plants seems 

unJustifiedo 

(b) Although there is good agl"eenent between the analytical 

values of condensed synthetic quebracho catechin and those re

qUired by theory, the condensation of docatechin does not follow 

a similar trendQ 

(c) Analytical values or the con~ensed quebracho catechin 

and the three fractions of quebracho tatmln do not agree wello 

(d} Their failure 1n obtaining d(Jgradation-products l arger 

than vera.tr1c acid and resorcinol, caste.1 doubt on the mode of 

linkage of the condensed producto 

RUSSEL' S THEORY 

Opposing views to the above W(~re advanced at the same 

time (in 193~) by Russel (134)(135) . Catechin was then the only 

)~hydroxyflavane kno~m to occur naturally, and although Russel 

considered that the condensed tann:tns 't-rere constituted from 

catechin- like bodies, he held the view that the aliph~tic hydroxyl 

group was more likely located 1n position 4 than in the 3=positiono 

These ideas were based on the folloidng considerations ~ 

(1) Chalkone or benzylideneacetophenone LXXII, when reduced 

LXXII 
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with zinc dust and dilute acetic acid forms a crystalline b1~ 

molecular reduotion-producto 

(2) 2~hydroxypolymethoxychalkones LXXIII on reduction 

give amorphous alkali-insoluble reduction products, while 2,4-

LXXIII 

dj.hydroxy-3 ° ~lJ.O-dimetho~ chalkone LXXIV gives an amorphous alkali= 

soluble reduction product 

OH OCH~ 

Ho-Q- ~,~cH=CH-6ocH3 b 
LXXIV 

(3) ~hydroxyohalkones on the other hand give crystalline 

reduction~products like chalkone itself. 

From the above evidence Russel concluded that the 2-

hydroxyl takes part in ring formation during the reduction procese
0 

and that the amorphous reduction products produced from 2-hydro~v

chalkonea were either 4-hydroxyflavanee LXXV, or else the corres-



ponding bi- molecular compounds called flavpinacols LXXVI (pre

sumably because chall~one itself and also benzophenone ( 136) :rorm 

bimolecular compounds)c 

Russel synthesised what he considered to be 4,7D3 6 R4 °=tetrahydroxy

flavane or the corresponding flavp1nacol from resacetaphenone di

benzoate and protocatechualdehyde dibenzoate ~ 

OH ~OOOH 
I OH 
: c.-c~c~·:~1 

ll .• ~ 
o H H 



Quali tatively the properties )f the product agreed with 

that of hemlock and mimosa ''tannin". 

Russel and Todd (135) measured. the amount of hydrogen 

absorbed by the chalkones during the red.uction process. The 

formation of a lt-hydroxyflavane require a 2 hydrogen atoms pel'" 

chalkone unit, whereas a pinacol struct·~e requires only one. A 

reduction of a number of chalkones reve~led that only one hydrogen 

atom per chalkone unit uas o.beorbed, ~.nd this ~1as used e.e further 

evidence of the formation of the pinacol structure. 

Russel synthesised a riumper o::' these flavpinacols and 

compared the amorphous products with na~~ural condensed ta.nnins .. 

Bis~(7 , g , 3 9 ,4 6~tetrahydroxy)-flavpinaco:~ was found to resemble 

Hemlock tannin (137) in qualitative rea<~tions, "tvhile others 

resembled mimosa, quebracho end other c<:tndensed tannins. Russel, 

Todd nnd Hilson (lJg) compared the ultra-violet absorption spectra. 

of some of these flavpinacols With m1mt>e;a, quebra.cho, ellag1c acid 

a.nd gallotann1n. The absorption spec·~ra of the synthetic plnacole, 

were indistinguishable from those of the nntural phlobata.nnins, but 

differed from those of ell~g1c acid and. gallotann1n. 

Russel' f:1 views gained wide e.cc:eptance at one time! and 

hie synthetic methods 1-1ere even used by Osima ( 364) to synthesise 

bis-( 5 ~ 7 ~ 3 8 ; lP -pentahydroxy)-fla.vpina.l'.ol \-lbich ws.s considered to be 

identi cal 1v1th the amorphous tannins '·:n Fo:rmosa.n tea leaves. 

He i ·Tas also severely critic1Ged by Freudenberg, Ke.r !-

mullah and Steinbrunn (139 ) . They declared that the reduction 

product s of the polyhydroxychalkonee could not be 4-hydroxyflavanee 



a s the latter vlOuld undoubtedly be crystalline. The alterne.tive 

p1nacol structure they regarded as unproved)as the synthesis of 

pina.col LXXVI occurred only with extreme difficulty from f 1aYanon.e 

LXXVII ( l4o) ~ 

lJOCVII 

Tht) formation of plnaool. which 1e crystalline and is one of manv 

etereoieomers, is accompanied by the formRt1o~ of much amorphous 

materl.al. Catechin penta:methylether and lutel, t1n1dol tetramethy:i. 

ether also for example, when :formed by the redu<~tion of the corres

pond1ng ctuercet1n and luteol1n methyl ethers g:tve rise to amor-

phou.a products vrh1ch 1:LX'e obviously more thr.;.n d1L,olecular. Russel 

die. not start from flavanonee, and the :90l~rhydrox:vchalkonee he 

uBod were even more nusceptible to self~condensation. From a 

compa..rati ve study Freudenberg concluded ·that structures containing 

phenolic nuclei sepnrated by a. carbon c:1a1n eog. catechine and 

,5allota.nnin ho.ve stnilnr ultra-violet absorption spectra to the 

nuclei themselves. 

More cr1.i1ciam of Russel & a 11 fla"lp1nacols11 has recently 

come from Finch and ~vhite (141L They have shmm that Russel~s 

dlmolecular reduction product formed Wh3n chalkone is treated lT1th 

zinc dust and acetic a~id is not the p1n&col (pres~"l.bly LXXVIII) 

but ( ±) -1, 3,4,6-tetrhphenyl hexane -1,6-dione LXXIX. 



HO - CF 1'? CH = Ph 
I 

L HO ~ r.,.. = CE g CH ~ Ph 
~ 
:?h 

LXXV:£!1 

Ph 
I 

H ~ C = 

I 
H = C-

~ 
Ph 

8 ~ 
c ,, 
0 

Ph 

?.n 

The etructu.:~. .. e of LXXIX vTa.s proved by t he f orns:tion of a 

d ioxime and i te synthesis rrom ( .!:: ) - p o p a ... d i ph enyladipoyt 

chl or ide; L,'QCX and diphenyl cadmium~ 

Ph 

H ... ~ - CHz = C - Cl 

I g 
H ... c· - CH2 - C = Cl 

I 

~ ~ 
Ph 0 

LXXX. 

'l'his finding, although not extended to ".;he 2-~h:rdroxychHl~

koP.es uhere t h e poae,.b111ty of r1ng=forma.tion doe s exi 3t 3 iiend s to 

cast more serious dm.bt on Rueeel 'J e hyPothesis .. 

In conclueton 1 t may be sai d that Russel'; e e<unpa.rl.son 

of the ultra=violet £beorpt1on spectra of different phenolic com= 

poWlda and tannins 1E. not juet1fied aa absorpt i on in t he ultra= 

v1ol~t; r egion i s governed by the chromophori c c onstlt ution o1 th tJ 



In tht~ tannins the ·phen·:>l:tc 

nuclei consti t ute the chromop.hor1c gro; pep a..-"ld t.h£-•i r spactra Hi :Ll 

therefore hFrve t he ge.nel'al resonance-chara..cteris't1ce of eu.ch 

None of ·the above condensation 'Gheorlee concerning 

condensed tannins appear free from mu,}h critici sm . Ghosh ( 142) 

however , states that the pyrane ring appears to play a ~reat pal~t 

i n the catech1n~tann1n tranaformationo 

S(ONCLUSION§ 

From this brief review of thfl considerable amount of' 

pa.et \vork on the ntructuree of the tannins,. the following pointe 

emerge ~-

{a) Altho~;h structures have bevn elucidated for the 

crystalline breakdown product a of some of the hydrolyeable tannlne; I; 

the amorphous nnture of the condensed tannins has hitherto createe. 

a baffling problem~ 

( b ) All the natural tannin a stuc.ied ~.ppea.r to be funda.~ 

mentally composed of polyhydroxy benzette un1tei elther condensed 

by ester formation tvith auga.rs t or conilens:;ed with each other\ or 

both 

( c) In addi.tion to the hydrogen bonding function of the 

fundamental polyhydroxy benzene unit s~ a mini mum size appears to 

be n~cessary fo r tanning properties ~ 

{d) The common denor.IinRtor of .utc•et of the tannins l s the 

presewce of ort.ho d i hydroxy o:.· tri.i'lydrc xy benzene un1 t e ~ and the 



rormat1on of an 1ns~luble lead salt by such units provides an 

obvious method for 311minat1ng those non tans which are chemically 

different~ such as 3Ugarso 



A DISCUSJ3ION AND SOME CRITICISM OF 

PREVIOUS CHEMICAL INVESTIGATIONS OF BLACK WATTLE EXTRACT 

For the ea~.:-11eet conat1 tutiona.l 'lfTork on the extracts 

of commerc1a.lly=1mportant acacias» the eo=called 11 m1moea extract11 

( the nomenclature applied particularly in European count ries ) was 

used. .From the pret~ed1ng h1etor1ca.l survey 1 t is evident t hat 

except f or a period during the last war when a low admi xture ot· 

green wattle tannin (Acacia decurrena Willd.) was preaent 1 t he 

commercial extract consisted entirely of tannin from the bark of 

Acacia mollisAima ~villd. Comparison of earlier work with that now 

i n progress ia D thereforeb justified. 

Einbeok and Jablonski in 1921D ox1diaed mimosa. extr act 

with nitric acid and obtained both atyphn1c acid LXXXI (143) and 

3» 5=d1n1tro= ~ =reeorcyl1c acid LXXXI! (l21L Von Hemmelmayr (144) 

LXXXI 

NOee 
Hof\'oH 

NMcooH z, 

LXXXII 



from h i e studies on the nitration of /~=resorcylic acid found 

tr~t when 3~5-d1n1tro=j9·oreaorcy11c acid was heated in the preF>enc~ 

of nitric acid 1t was quantitatively ccnverted to styphnic acid, 

E1nbeck and J ablonski thus postulated that 3, 5-dinitro-~ - reao:r·c· 

cylic acid was the primary and styphnic acid the secondary prodt,c t 

of ~he r eaction of concentrated nitric acid on mimosa extract? 

Xdent~cal products were also obtained from quebracho extract ~ 

Accor~1ng to them>both quebrncho and mimosa extracts gave the 

f lvnrescein=reaction with phthalic anh~dr1de and zinc chlor ide; 

a ree.ction not giv·en by flavanol=like rinB systems~ They con-

aidered that the Teaorcinol nucleus wae attached to the tannin 

unit as a metadih~droxybenzyl radicle, and that in both tannins a 

chalkone-type residue LXXXIII existedc 

LXXXIII 

Eggert ( 1l~5) ox1d1 sed me t hyl:=.ted ml mo sa. t annin w1 th 

alkaline permangar.a.t;e, He was unabl e t o separate the mixture of 

acide which l'eault;ecl, but suggested t.hs.t it might conai at of 

veratric and (}-..trl.mothyl gallic acid a., 
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A., RUSSEL 

Russel (13'5) obtained phlorogluci nol , cat echol and 

protocatechuic acid from the alkaline fusion of tannin from South 

Afr ican wattle bark. He feco:,..ded that the tannin was converted to 

a phl obaphene on aci•i trea.tmen·; , gave e. blue-violet col or ation w1 t h 

either alcoholic or ~queoue fe~r1c chloride and contains c ~ 6o -

These figures were not a.l tered b y lead 
.. . 

salt pur1ficat 1ono Russel compared the ultra=v1olet absorption 

spectrum and qual1ta·~1ve reactions of .2 ,4,3u ,4 9=tetrabydroxyc.halk.one 

with mimosa tannin» ::>ut 1n v1e· 1 of the cr1t1c1am levelled at hi s 

syntheti c work a.a well as his comparison of the ultra=vlolet ab

sorption spectra ( se,~ pp. 84- = 86) these results must now be re= 

garded with doubt . His isolation of phloroglucinol and catechol 

nuclei only . 1a aurp::-1s1ng 1n the l'-ght of more recent wo1"k .o cas'ii= 

ing doubt on the authenticity of his matel"ialo Even the compar1scn 

of his synthetic biec~(7 ,3' .,J.t..,tr1hydroxy) flavp1na.col LXXXIV with 

mimosa extract e.pperu~s to rest on confused reasoningo This com-

pound gi ves a. green no lour with ferric chloride ( compa·r>ed w1 th the 

blue of mimosa extra1}t) and contains a resorcinol nucleus 9 whel~eaa 

Russel actually isolated a phloroglucinol nucleus from m1moea 

extract ,. The ultra=violet absorption curve of mimosa tannin (13g) 

HO 

LXXXIV 



eho\<;ec. absorption pea.lte at 270 ID)l (minot' peak} and 2S6 (major peak)» 

and the methylated derivative similarly at 270 mp (minor peak) and 

281 ~ (maJor peak) 0 These curves differed from those of the 

parent chalconee but proved identical wit h their reduction-products, 

the eo~called flavp1nacols . 

ln 1937 Douglas and Humphreys (llg) attempted the 

11 m-;,lecular weight" dete:nn1nat1on of mime sa and other tannins using 

the conventional cryoscopic method and 1.;-ater ae eolvento The 

non=tw,nine were almost completely remo~ed by electrodialysis~ ar~d 

t ha tannin content of the material i ncreased from 70o3% before 
~ 

dialysis to 95o~l% afteniards3 Values obtained varied from 432 

to 603 before diaiye1s to 1570 ~ 170~ after d1alyeiso Mimosa 

tannin showed a much higher molecular W€1ght than gambier, (324-

before. and 520 aft er dialysis) which conta.ina catechin predomi

nantly, and a l ower oolecular weight than quebracho (1159 and 21+21 

respectively)~ Critic ism of this ·,york i s recorded in Chapter IX. 

Je P, CORBETT 
.-.rT m 

Constitutional work on the corrmerclal wattle extract 

started in 194o at Rhodes Univerait~r College 1-1ith the work. or 

Co~bett (146)o Corbett was the first to make a serious attempt 

at 11 pur1fying11 the phenolic fraction of non=tann1na for constitu

tional w·orke by ual.ng Rue~el~ a (136) salting-out nnd acetone extrac

tion method, Brown~ua (147) ultraf1lt~ation method ~ Gra saman 5 s 

(148} chromA.toe;raph1c technique, a.s \'Jell as a 11 lead sal t 11 purifies.-

t1on method., The ultra.fil.trat1on nethod, although the most 



=93-

sat1afactory ~' gave very low yields of llure tannin, Elemental' Y 

analysis of the tannin "purified" by various methode varied onl~r 

Averages o1~ 

wi t h a theoretical molecular weight of 291~0 Molecular \ieight 

e stimations of the purified eamples g b;r Beckman 8 e cryoecop1.c 

method in aqueous ·solution, varied fro1u 620 for the lead~sa.lt 

purified ma.terie.l) to 1010 for tannin s r3parated b~r ultrafilt:s•at.,.on . 

Corbett also prepared tannin derivat1v<3s aimed at obtaining 11 some 

1}ornpound which CO!.lld be more easily pu:~if1ed than tannin ~ taelf11 = 

The acetyla.ted de:r:-i.va.tive was prepl'.red from the crude tanni~ by 

the action of ncet:tc anhydride nnd aod tum ncetnteo It conta.1ned 

40oO% acetyl groupe (grpv1metric method ) corresponding to l~o 6 

hydroxy groups per cl5 unito D1methy.L sulphate and KOH in 

methanol was :found to be the most satisfactory methylating agen·t p 

yielding a derivative which gave the m1alyeie 

6025.%, ~ocH3 :.a 3!+.6%, molecular 1ve1ght (Rast) :. 6oo ... 650, A 

low proportlon of hydroxyl groupe, whl:~h oould be acetylatecL, 

::>emained unmethylnted in the methoxyl oierlvat1vep Acetyla.t.Lon o:~ 

~;he methylated derl vat1 ve also caused the eubet1 tution of me'iiho xy 

l1y acetyl groupe to a slight degree ., Oxidati vo degradation com.= 

p letely disrupted the tannin and its a.~etylated derivative, while 

t he methylated deriva.ti ve yielded 5% of an acidic mlx"c;ure w1 th 

proper ties intermediate between a di= and tri-methoxybenzoic aci{;. , 

Sepa:t'ation of the acids T¥a._, · effecte6. by the fractional c:ryetalli· ~ 

sation of. their e1lver saltsc One of these was positively 
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1d ent1f1ed a.s o-tr1me t h yl-gall1c aci d JJCXXV and the other 

corra sponded t o v-eratric LXXXVI on ana:Lysl s r.>.nd 1n propert1eu , 

LXXXV IJOOCVI 

Stephen ( 14·9 ) continued this con sti tutiona l wor k 

at the Leather I ndustri es Research Insti t u t e . He pai d lese 

attention to t he compl e t e eli mination of non- t annins f r om tha 

tannins and we. a content to perfc:>rm the bulk of h is work on mater'ial 

whi ch had been salt ed-o ut once n.nd then acetone extracted 8 a t}cox'Cl-

1ng to Rusael ~ e dir ections , 'l'hi A contained g6% tannin and !".0 
. 

eta·ted "results o1' analyses and ch emi cEJ. degradations have ~ th:::re ... 

fore , to be recognised a s prod uced from mixture s of tannins and 

non=ta.n.n1ne in varying prcport1ons11 
r He also concluded that 

" ..• no s t raightforward method , i . e . one not i nvolving chemi cal 

ch~~ge i n tannin, has yet been d evised t o produce a material wi t h 

g-rea.1;er than S6% tannin cc•ntent • . . 0", and thus overlooked some 

of t he ~-.rork b y Corbett , 

Elemente.rY a.ne..1Yfi1B on an ace:tone- extract gave the 

By corr·ect1one for gai n in weight 
. 

during weighing t heBe wer·e i ncreas ed t c C ::: 59 0 2%, H ~ lL 95%1 and 

finally the figures C ,.. €2 . 6%., H • 11. 5f were arrived at by making 
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further corrections ~or ash content (0 ,37%) and moisture content 

After desl.ccat1on in an Abderhalden gun (tol uene ) the 

same values varied from C • 57 . 5%~ H ~ ~. 37% (3 days~ drying) to 

C ;;; 6o .. O,% ~ H ~ ~e 9% ( 10 day• s drying) ~ From these figures and 

f r om subsequent work it was obvious the.t stephens ' acetone- salt 

extract contained larger admixtures of sugary non- tannins than 

Cor bett a a '~ purified" preparations. 1-iean figures of six analyses 

on t h e dry tannin corresponded to C _. 6o. 0% 1 H = 4., 92% or an 

empirical formula of C15H14.g06.6· 

Acetylated tannin was prepared using both acetic anhy-

dride/pyridine or acetic anhydride/eodiwn acetate mixtures . The 

former gave a product of 39. 3%, and the .latter 39, 01t acetyl groups . 

Because of the instability of the tannin, saponificution met hode 

or acetyl determination gave erroneous r~'~sulta . The trans= 

esterification method of 1-ia.tchett and Le,rine (150) proved satis-

factory,_ Acetylat1ons of l2..rger que..nti~aes of materie.ls gave low 

acetyl values varying from 29 . 3% to 3~% , which coul d be raiseo. 

by ree.cetylation to 37. O%~ 

Fractional preclpitatir)n of thls partly acetyle.ted (29 " 3%) 

·material (from t:.cetone extracted ·~ann1n) \·rae effected by the addi

t1.on f1rat of 6 N acetic a.cid, and then ,,rater, to a glacial acetic 

acid solution ., Analysis of various frac:tions obtained showed 

some va.riat 1on ~ 
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% Acetyl % 
, % H. ... 

Fraction A 29. ) 57 ,6 1L5~ 

ll B 29.3 58 ,4 4. 65 
li c 31.5 57 .3 ~i- e 60 

Original sample 29~3 5S ,9 4.,64 
-- .... - ~~.--.:7"'0 

The above fractions were reac,!ltyl ated twice . Fc·unil ~ 

F':"act1on A ;; 35.6% acet yl 

B ~ 33. 5% ace1;yl 

C :; 35. O% ucetyl 

As all these were below that obtt:tined on a single 

E1.cetylat1on oJ: the te.nni:r C:S9%)> some chunge vraa eu6pecte~'J. to :1ave 

occurred in the renntlve hydroxy groupe< 

Similar ;~1.'act1onations were r(!pee.ted on mater1F.l of 

~'O% ~vJetyl conten~G obtained from 'Ghe act·tyl at i on of <Dmme:t"cia.i. 

ext:rar;t _ After fu:ll acetylation the a.c:etyl content varied f j,"Om 

36..,256 to 3S.o% 1nd:.~.:at1ng littl e s eparat i on . Finally 8. r.·rodtJ.Ct 

C•f 23nS - 21L6% e.c•J t.~rl content was ft'aOM.onated into four fra1}~ 

t1ons1, the acetyl <~{I ntent; of 1.1hich vr.r1td as follm-rs on co:m;?lcte 

acetyla.t:lon ~ 

Insoluble Fra.r"G1on 

Sparingly Soluble 
F:t~act1on 

Modo Sol ~ Fraction 

:~oluble Fraction 

1 Acetyl after 
F:a.ctlonat1on. -·------

% Acetyl a.fte~~ comple'je 
Substitution 

---·---~ 

---------------------------------------·----------------=---~---.-. 
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The eolublt fraction apparent ly contains one acetyl 

group (per c15 unit) more than the insoluble fractiono Stephen 

claimed that the ln.tt.er fractionation Hns evidence of' the non-

homogeneity of the tc.nn1n, but the result must be cons5.dered 1n the 

light of the prev1ouely=mentioned difficulty !n obtaining high 

values; and the lo1., G.verage acetyl values obtained after t".-JO ~.cety= 

lations in the first fractionntion discussed , The acetic unhydrid~/ 

sodiwn acetate mixture used by stephen was evidently only partly 

effective in obta1n1r.g "maximum" values» and the effect of a known 

admixture of chemically disf11milP.r non~tannins {11+/Z) also requires 

considerationo 

Direct acetone extraction of the bark furnished tannins 

~mich could be acetylated to the mnximum values of 39o6D 40ol, 

These compp...red favourably with the maximum 

acetyl values of tannin similarly obtained f rom commercial sources~ 

Three fractions of acetyl content 38~7%, 38.4% and 39o4% 
-

were obtained from a cetylated (38oO%) freeh=bark acetone-extracted 

The least soluble of these had a molecular w~ight (cryo~ 

scopic ~ dioxane) of 3000, while that of t he remaini ng two ve~ied 

from 1500 to 2000. To determine if such molecul~r variations 

could be produced by extractions at different temperRtures, 7-day 

leachings of the bark at temperatures ranging from 6° to go0 c. \Jere 

effected. An incTeaee of acylatable groups and molecular weight 

occur~ed with increa.s'ing temperature . The s1gn1f1cance of this 

result will be discussed in the light of the more recent find:i.ngs 

of ·the present 1nveet1gationo 



The most effective methylations of the t annin (6c ~~a) 

wer e ca.:rr1ed out Fit .. 1 the use of dimethyl sulpho.te (1., 5 mol e s) and 

KOH ( l o 6 moles) 1n m.3thanol as recommended by Corbett . Th e 

pr oduc t ( SO% recover;r ) cont ained on Rn avel age 31"6% methoxyl group a . 
. 

Mor e drastic methyla.'~lons with l a rger proportion s of r eagen11.3 in· 

creased the methoxyl c ontent t o 3306 - 35,$%. This ma teri al could 
. 

be rurther methylr,_t e<l wi t h s ilver oxide and methyl .1od1de ( 151) t o 

a maximum of 36 . 5% me t hoxYl. 

Stephen e.l •:10 methylated b lack 1·Tattle tanni n ·.v1 t;h d ,,QZO= 

met hane , but f ound. t h e reaeent unsati sf actory as reacti on appear ed 

to occur w1th ext r eme difficultyo lg% methoxyl conte:at was . 
achieved only by r epHated r ee_ctlon, lV'hile that of already 33 - 34% 

methoxyl va lue (obta:lned with d i met hyl s ulphate ) l!Tae U.Ylreactive~ 

· Acetylated ta.nn1n con t ain i ng 4,2 acetyl groupe/ c15 unit r ea.ctet'. 

with diazometha.ne causing the hyd r olysis of 2 " lt acetyl groupe and 

the replacement wi th met hoxyl gr oupe of t he remainder (l~ S )o 

Element ary analysis of the met hyls. ted tannin ( 32 0 O% 

methoxyl) correspondod to C = 630 3%, H :06 5.61,:0 
. 

stephen compared the el ement ru-y snalysea of i ncomplet ely 

me thylat ed (321: methoxyl) and ace tyl c.t ed (2903~ acetyl ) derivatives 
-with that of' the origi nal tann1n o The empirical form~la of the 

t annin varied from C15H1~05. 9 ( correc t ed f ormala} to ClSHl406o6' 

and that of t he d eri,ratives corr espond ed to c15H10(0CH
3

J
305

o
209 

and c15H10 (0Ac )2 og3o3o6
7

o ApArt f rom the f ac t that agr eement in 

oxygen c ont ent wes observed in t he two derivat ive s and the latte~ 

tann1n f ormula, t he p.nalysea of the incomplete ly eubs t:1tuted 
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mat eri a l were mes.n1nglesao 

Oxldation :>f the methylated tannln vri "ch permangana.·t e 

i n var ious solvenl; a save va.ry1ng nmounts of veratrio and o- t rl

me'Ghyl gallic acicl 8 separated and i dentified by C;>rbett i s me·thod ., 

The best yiel d of mix:ed acids (7. 7%) was obtained by oxidi sing 

fi;.-et in a cet one and then in aqueous solution~ Oxidations of the 

tannin# t he acetylatad And brom1nated der ivat i ves gave no i denti

fiable end~pl"oduct s ·,.;1 th EJ. variety of oxidising agent a . 

Alkaline fusion of the tannin unde~ various condi tione 

pr oduced resorcinol (1 - 2% yield) and a t r ace of gallic a cid , 

stephen concl uded th?.t the low yields of degradation product s from 

a l :L degredat1one confirmed the complexity of the te.nnin structure . 

stephen studied the action of ac i ds on tannin, By 

bo1l l.ng with 5N HCl .n.e produced a water=lneoluble s.morphoua phlo~ 

baphene which could be acetylated to the same degree as the 

original ta.nnino i'/9.tel'l=el1min~t1on during phloba.phene forma.tion 

ther efore appeArs unlikelyc Red precipitates of phlobaphenee 

produced under mo~e drastic conditions (eogo HCl in glaciP..l acet ic 

acld) could not be substituted to the same degreeo 

Nit:rlc HCi:i oxidations of the tannin itself 9 ana. the 

acetyl and methoxyl aeriva.tives all yield etyphn1c aci d LXXX".-1. 

(previ ousl y isolated by Einbeck and Jablonski) and oxalic acid , 

Stephen attempted the formation of ant hocyani n=type 

stJ.'"'uct ur ee f r om the tannin by the bromlnat1on technique which 

Appel nnd Robinson ( 107) (See pege 5S ) used for t he conversion of 

d ,l-ep1catect ,1n to cyanidin chl o:r1de o No i dent1:t'1able producta 
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and none containing ionic chlorine cc :2lC. be isolo.ted e.nd it i s 

extremely doubtful ~rhether an aJ:1thocya.nld1n residue 1s produced by 

the bromination procedure ~ No concluston vlaa thus possible r egard-

ing the presence of catechin unite in mlmosa. tenn1n ~ 

The brom1nation of the tannin and its derivntlves occm~s 

easily , A portion of the bromine contEnt of the product could be 
.. • 

removed by silver nitrate, and the degree of bromin~tion varied 

with cnndit1onso In general it a.ppeared that a maximum of 4 to 

5 bromine atoms could be substituted in each c15 tannin unito 

stephen subJected the tennin to drastic hydrogenation» 

using copper chromite nnd RP..ney nickel catalysts for varyins periods 

at various presBureso Low proportions of .o1ls were formed and 

much charring was evident in most reactionsc The oil was frac-

tionated but no end-products could be identifiedc · 

The me.in feature of stephen g a ·vrork was the isolation of 

resorcinol and gallic ocid in low yield on · nlkaline fusion9 In 

addition he developed senera.l methods of forming derivatives as 

well es their analyses, and investigated many posP.ible lines of 

approa.ch8 although moat of these gave negative reactions. Much 

confusion was, however, caused by the use of impure starting

materiAls ae well as the presentation of an unsifted mass of analy

tical results mostly from partly eubst.\.tuted derivatives. 

Silk. ( l52f continued the hydrogenation study of black. 

wattle tannin along the lines successfuliy applied by Adkins, Frank 
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and Bloom {153) for the i sol at i on. of 4-n- propyl cyclohexano1=1D 

4=n~propylcycl:ohexa.ned1ol-1 82 D and 3-(4-c-hydroxy cyclohexyl)~ 

propanol~l from lignin (l54 )(155)(156)D but could not identify 

any products resulting from either hydrogenation or hydrogenolya1s, 

Partly hydrogenated tannin from these r eact i ons also yielded an 

oil on destructive cl1still8.tiono This was re-hydrog~nated and 

the product j -v;hich ::-esembled cyclohexanol in odour P..nd appear8nce s 

was fractionatedo The fractions VB.r1ed in molecul~.r weight from 

113 to 214 ~ in thei~' e·lementAry E~nalyses ( C -= 6go2 = 7lo9%~ H"' 

8Q7 = 11,4%); and a l so in RCetyl value (2304 ~ 25o4~) ~ No . 

empirical formul~ would fit the ~bove f1gures 8 and the various 

fractions were& ther efore , still mixtures of hydrogenated s truc

tures of low molecular weight due to inefficient fract1onat1ono 

More work employing both R~ey nickel and copper chrom1te as 

catalysts Rnd a varlety of organic solvents , similarly gave no 

identifiable hydrogenation products c 

J . Mo WILLIAMS 

Williams (157) claimed the prep11ra.t1on of 95% 11 pure11 

. 
tannin by the extraction of the fresh bark with ethyl acetate and 

with methanol (15S) o Acetylation of such fresh=bark extracts 

gave a product of the following composition g Acetyl w 4lo5%, 

C ~ 5So94% and H w 4o93%, Molecular weight (ebulliometric ~ 

acetone·) s 433 - 470o Acetyl ation of the tannin with a.cet.ic 

anhydride/ sodium carbonate gave a product of 35., 5% acetyl content., 

Williams confirmed stephenas finding that resorcinol 
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only D and no phlorog·luc1nol was obtained on alkaline fusion of 

the tann1n., He re~eated the bromine oxidation of t he tannin 

acco~ding to Appel F..nd Robinson a a (107) method.~ end considered 

that the resultant :red gum rep:z·e s ented e.n ':anthocyAnin!' pigmento 

He represented the i Teeh-bark extrnct a.e a mi:<{ture of monomers 

LXXXVII and LXXXVIIJ, whereas 

Ol-i 
./=~ 

~OH 

LXXXVII 

LXXXVIII 

the coiDillerc1e.l extract could be 

LXXXIX 
XC 

R..:>H 

R e OH 

represented by the corresponding dimeric structures LXXXIX and XGn 

These struct urea were presented \vi th no experimental 

support other than that listed ebove and Stepheng a work<> and mua·t 

be considered as purely speculative . ~1111ame W8B obviously 

Wlaware of Einbeck a.nd Jablonsk1 6 s earlier isolation of a ~ -

reeorcylic acid der1vat1veu 

Low1tt (159) made an investigation of various methylation 

and acetylation procadurea for phenolic compow1de and compared the 
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results with the.t obtained from blP.ck wattle tannino Acetic 

enhydr1defsofi1um acetate and acetyl chloride/pyridine used euccea

e1velyr were regarded PS the most effective PCetylpting ogents, 

The follo111ng Average result a were recorded 

Extraction Method of Tannin % Acetyl % c % H 

Ethanol-extract 4loO% 5S .. 4 4.7 
A.cetone~extract ltO. l% 5ge6 4.7 

Low1tt studied the replacement of a.cetyl by methoxyl 

gl"0\1.1.> 8 l'lith die.zometha.ne using Nierenetein 9 s method (l6o) ltlith 

plper1d1ne as base~ · From a comperativ~ study he concluded that 

a.cetyle.ted ortho-hydroxy groupe are slo\<~ly J and acetylP..ted 

tlliphe..tlc- hydroxy groups even more slowly 11 replaced11 by methyl 

In the aoetylated tannin two groups were easily replec~d 

and the 1•ema1n1ng t'liO slowly replaced U::lder Nierensteln 11 s condi-

tione., He thus concluded, lri thout f.ur·ther evidence~ that in a. 

postulated catechin unl t thane groupn rc3placed \'lith difficulty 

could be represented by a attrically h1;:tdered acetyl in position 

5, a.nd an a ce·tylet ed t:>liphRti•~ nydro.eyl in position 3o 

XCI XCII 

. I 
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The fresh=,)ark extr.9ct 'tvaa postulated to be s. mixture of 

the catechin monomer~ XCI and XCliD whereas the commercial extract 

could be represented by a mixture of dimers of the Russel typec 

No exper1mente.l ev1donce was given to substnntiate these cla1meo 

Lowltt \vas ob·-11ouely influenced by the erron'3oue 1deae 

of U1111ama and wa s :.1ls:ew1ae oblivious of Einbeck and Jablonek..1 6 s 

In addition he overlooked the fact that the or·tho=d1~ snd 

ortho~trihyd:roxy structures, known 'to be presei1tD would provide as 

much if not more eter1o hindrance ae the 5""'pos1t1on 1n hie postu= 

lated structureo Furthermore , l ittle 1s know'l of the nreplRcement11 

mech~.nism of N1erenet;e1nfls x-eaction~ . From LOl-T1tt 0 e data it is 

exceeding""y obvious that the ttrep1P..cement11 t-Tt=~. s eccompcnied or. even 

preceded by -the hydrt•lye1s of the acetyl groups, in the bae1o 

med1umo It wase for exampleQ necessary to reacetylate the tannin 

after methylet1on wi1;h d1a.zomethane/p1per1dine 1n order to obt.e.1n 

a fully substituted c.er1vat1veg The nreplncement11 met.}haniem of 

Nierenstein ~a method is open to serious dou·bt" 

In spite of much previous \>To:i"k Haugh (161} wae the first 

to prove the identity of vera.tric ACid e.s one of the oxidation 

products of methylated tannin conclusively~ He synthesised both 

0=d1methyl- ~ =resorcyl1c ~cid Rnd veratric P-Cid which have 1de~t1cal 
l .. 

elementt:~.ry nnalyaes, eqUivalent '\-re1ghta A.nd melting pointe,. The 

identity of the oxidE.tion product and the latter acid was further 

established by the formation and comparison of their methyl estereo 



Heugh eho"rred that the condi tiona o f oxida t i on of the 

methylAted t annin i nfluenced the proportions of the tHo ~cido 

produnedQ Drastic oxid~tione wi th nlkPline per mnngane t e d ecreased 

the proport ion of o-trimethylgalli~ ac id 1eolP. t ed 0 P.nd un1er 

extreme condi tions veratric ncid onl~resulted , 

He nl eo nitrated methylated b l P-.Ck 't·Tattle t annin 1n t he 

presence o f urea 0 a nd thus introduced t ·:m n i tro groups per c1 '-. untt;o 
... 

Alkaline permangane.t e oxid.ation of this product afforded vere.t t•ic 

acid e nd o. yellotv strongl y aci d i c gum tfhich c orresponded 1n 

elementary and equivalent weight a.nnlyA.l. s ·t;o r monon1trod1metho:;cy

benzoic RCido Thi s failed to r ecrysta lli s e ~nd further p ur1f1ca= 

tion 1\·e.s not attempted , 

He ugh n.t'tempted the r educt i on of the methyl a ted tt:~.nntn 

with sodium in eth anol according to Kos';a.necki P.nd Lempe 9 a ( 162) 

ruethodo This reduct ion i s CE!.p able of <'pening the pyt•ane ring in 

d~~ce.techin tetrame'thylether to form a ~~ 1 '6 ~-diphenylpropP..ne 

derivative o Reduct i on of methylated t nnnin in ethanolb n

propenol J) n- butanol r..nd n-penta.nol reeu:'.ted 1n the part1n1 

remo .. Ja. l of metho:eyl groupa t e.l3 even after· dras t ic r emet hyl ntion a 

5 = 9% reduct ion 1n methoxyl cont ent wa e observed,, (Molecular 

"'ei g;'l:; o f product ~:::~.ast) ; 410 - 1+.21~) ., St·.ch a reduced and re~ 

met.hyJ.~t ed product was f i n9.:i.J.y .oxid1aed with perme.nganate o :tn 

a.d.•l i l.5.on tv verat rl.c a.Dd o~trim~~thylgall ic acids D e.n P..Cidic gum 

Thts could he obtained c ;.1ly in a aem1=~ryotall1ne 

f~l"ma !lnd cor responded to ~- dimethoxyphenylproprionic ~cid on 

analyeis , No f UZ'ther sep.!!l'at ~t ,::m was at temp ted but oxi dation of 



Alknllne :filEJi on of tha methylt:!.ted ... c;ann1n p~'oduceo a small 

qi..~ant1ty of yellou o:I.J. ,.,hich co:rrespondfd in odour Pnd ane.lys1s to 

resorcinol monomethyl e·~her" 

shuttlewox ~;h ()69) CP.'l.'r1ed out e. conduct1met~ .. 1c study 

of 16 phenols P..nd conclUded tna·~ (a) the dlhydroxyphenole were 

stronger ~.cide than uonohvdroxyphenole and titrate an L1onobaato 

acids up to pH~ ll; (b) tr1hydroxy phenols give parti~l titration 

of the second .i:lydroxrl group below pH s; U ~ (c) i.n catech1ne and 

other unite where ph( nolle nucle:\. a.re well ee~arf.lted b~r a -carbon 

chs.inJ. the const1 tuent phenols i;i tra.te a a 1nde:,endent unl ta£ 

(cl) ~f it is to be aHeumed that the blu.ck 't-Ta.ttle taru"11lls co;-rta.1n P..n 

average of tl'ro phenolic nuclei per c15 tm1 t aeparetecJ. by a CE~.rbon 

chaine the ·tannins Fl:.ou a.bnormf):.tly lotl acidity., 

More t•ecenlly snuttlevrorth (232} examined the 1nc.n .. ea.sed 

acidity obtained from blat~lt r!la.t1;le tannins (observed by 'iioodbead. 

(370) during b.isulphtt1ng and by stephen during refluxing lvlth 

aU.:a.l.tL by potentiometric tltratione., By oompn.ring t,P.e :rasulte 

obtained from the tar.nins with varicus phenols on an equ~~va.lent 

basisv he concluded that the tannins closely resemble py:t .. oga.llol j,n 

behaviour whon. reflu:xed 1n. alke.J.1ne medium in the presence ot'' 

absence of air and e.lso when o:::idised una.er allt.e.l1ne cond:l::;ionc~ 

Oxidation and a1Ka11r. e hydrolysls caused an 1nn:reaae in the ultl'a· .. 



change in the shape t)f the curve 0 whilst the latter only effected 

an increase in the h~ight of the curve over the whole range 2~0 -

Kirby (163}(16~) oonductad an inves tigation on the 

acetone~ soluble port:Lon of the commer cial extract» which consti tucea 

abou.t 66~ of the ori g1ne.l extra.cto Oxidation of this with nitric 
. 

a~id produced styphn:ic F.l.nd oxalic ac1dso 

l4ethylat1on 1-ras effected "t-Jith dimethyl sulphate 1n 

meth~nol and t·Iith n.q_ueous KOH ., This process served ns the basis 

for the fr.nction::J.tion of the methyl~ted der1vativeD a nd wss ln= 

completely described in his thesis (163) and incorrectly represen·teft 

1n a subsequent publ:lca.t1on ( 16~) ~ ther~by causing mu~h ccnf uaion .. 

Tm>Iarde the end of the ,;~bove react l on a brol1rn resin separated 

together with i nsoluble potassium aulphateo 

The portio11 still soluble in aqueous methanol was f i l

tered off c s.nd the solvent removed> (Fraction A ~ 2o;t of starting ... 

material) " The ethanol- Roluble portion of this fractio.l.l wa.e 

adsorbed on a.n alum1IAa column from benzene e.nd eluted 1.<1ith benzen.o:t 

containing 2% ethanol. The main f.ra.ction (Anplysis ~ C ;-;>. 66)+5~i) 

H !Oil 6~54.% 8 =0CH3 :a 34 .. S%} from the column gave veratrtc a.o,.d on~.y 

.on permanga.nate ox1d£tt 1on ... 

The brown t'eein wa.e dissolved in e. water/chlorof·n .. m 

mix·t ure • The chlorCiform extracts yielded a dark brown po-:.rder 9 

the major portion of which Ha.s benzene~solt.'ble (Fraction B ~ 6o.% 



of atart1ng material ) t nnd a minor proportion benzene=inaolubla 

(Fraction C ~ 20%). 

Fraction B Wad chromatop;ra.phed as above on nn rJlumina 

colwnn end the major portion eluted tv1th benzene/ethanol {100 :o 3). 

Anolyeie of the product corresponded to C = 66~03%, H a 6.oS%, 
. 

=OMe ,.p 35.9% and oxidation gave trimethoxygallic acid only" Frac~ 

tion C ap~eared similar to Fraction B. 

These oxidations indicated that a true chemi cal aepara= 

t1on h~.d been achieved, but the analyeee of the tlvo :f:t"actions did 

not differ ~pprec1ably pnd certainly did not e.ccount f or the 

P..ppqrent replR.cement of Ft pyrogallol nucleus in Fractions B P..nd 

C for the catechol nucleus in Fraction A. 

As the yields of these flCids (S = 12%) were abnormally 

low ~ Kirby considered that they may represent an end=group eetima-

tion. The fully methyla.ted tanni n was found to react with aoid 

chloridesc 2nd Kirby thought that this was indicative of the 

presence of a.liphntlc hydroxyl groups. The attempted oxidation 

of secondary hydroxyl groupe to ketones by Oppenauer t s method 

proved uneatiafactoi·y . 

The oxidation of Fractions A and B with nitric acid 

gave stYPhnic acid, and also 2 ,4=d1methoxY=5=nitrobenzoic acid 

XCIII in 1~ yieldo The isolation of this acid showed that after 

XCIII 
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drastic methylation, aoroe resorcinol nuclei do not take part in 

benzopyrane=ring formatlono 

Analysis of Fraction B lias in good agreement with the 

formula c19H22o6 containing four methoxyl groupso AB both 

pyrogallol and resorcinol nuclei ~.re present in this fract1on 6 

representing a total of 5 hydroxyl groups, e.t least one phenolic 

hydroxyl g'l'OUp must be involved in an ether linkageo 

Roth determination on Fraction B indio~ted 2 ol% terminal methyl 

groups(. 

Taking into account all the above data Kirby considered 

the tannin to be represented by the for::nulP.tion XCIVll in 1-1hich 

the pyrogallol end-group :le replaced by a catechol unit in some 

OH 

T~OH 
CHoH o 
I 'c 
CH£t ~ 

~ -C·-C lei~ 

Ho 

XCIV 



=110= 

Kirby wae j.nccrrect in aesuming that a. methylated c~.techin 

unit l'f 'the type XCV gave a thearet:.ca.l (6o;O y1eld. of O=trlmt:lthyl 

XCV 

gallic acid~ I n actual f act d~ca.techin t etramethyleti1er gtveo 

h11lf t he theoretical yj,eld of veratr1c acid (165) vlhich l.s men··~ 

eta.ble to permFtnganat e oxidation than O=trimethyl gallic acid 

He was e..lAo incorrect in ae.sum1ng that because the fully~ 

aubAtituted tannin still acylatea 8 a. proportion of a.l1phn.t1c 

hydroxyl groupe ""vTere pr esento Corbett he.d already shown that .s. 

degree of replacement of methoxyl by a.cetyl groupe occurred under 

such conditions? These fact A have important structural Aignifi= 

ca.nce and t hey certai nly modify hie formulation~ 

l\IRBY0 KNO'i1LES AND 1<'1Eru and PUTNAM AND GENSLER. 

During the writing of this script , t wo pApers by Kirby! 

Knowles and '.'lhite (167)(168) on the chromatography of black wattle 

and other extracts~ and one by Putnam and Gensler (131) dealing 

inter alia with the acetylation of black wattle Rnd quebracho ex~ 

These will be discussed Wlder app:.-o~ 

priate headings in th1a thesiso 
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SUMMARY 

Synopses and d1scues1one 2 deaL.ng with the variou~; 

asp.Jcta of the s.ccumula.ted evidence t-Th1ch resulted f~om the pre

vious ~T:)'!'lt of s.ll ·t;hese 1nvestigators
1 

aJ:'e presented as tntro~ 

dnctory sections ln the va.r1ov.e ch~pters which follow, 



THE __ EX'l'RJ\CT OF' THE BARK OF ACACIJ1 

140LLISSIMA WILLD 

(Black w~ttle Extract) 

CHAPTER IV 

THE l?RAC1'IONA'l'IOU OF BLACK ~IA'ITLE E-"'<TRACT 

lo INTRODUCTION 
~ --= ...... 

The elucidation of the structures of vo.rioue phloba.-

tAnnins }:resents rnP.ny difficulties .. Chief of these has oeen the 

quanti ~ -a.tive 1soJ at ion in the pure state of those commerciR.lly 

importe'lt pol;rhydroxy compounds i~hich ccnst1 tutc the major frac= 

tton of the extracts ~,.nd whic,n. F~.ctually combine uith the hide or 

('kin 1r: the ta.:1.n1nr.; processo 

Vegetable extracts conte.in variable amounts of sugars , 

gw:.a., E•E.J.ts ~mfi. glucosides assof'!iated -o;·rith the polyhydroxy tannin 

un:c.ta , :ihen deter·rnining the molecul~r structure or cornpo ei t ion 

of the tanr.in1 the separation E"!nd identification of these eo~ 

called non~ t ~.ne ie l:l.ls0 of fundamental Lnportance? 

Black wattle extract produced by three comme:rcial f irms 

l7 ) Rve.rar.;ed en a dry b~;~.a1e 7:?~gS% t~nnin 0 23.10~ non=t~ne and 
. . 

tt., 05.% 1nsolubles ~ whilst a cold aqt-1.eous extrac ~ion of the fresh 

bark b t hie labo:rator·y containeG.. SO.l9% tannin and 19.,81;t non= 

Of all t he 1-rork.e:re t.;ho ha.ve 1n the paAt etudieu the 



com.pos1"Gion of black wattle extract 3 not one hn.e eo fa:r effected 

th~ quantitative isolation of the tannins or complete eep~ration 

of non=·ta.na from the polyh:-rdroxy tannins) H1th the result thP-.t no 

sa·tisl'actory agreement could be obtained betto;een analyses or: the 

tannin itself; its methoxy and its P-cetyl derivativeso This is 

probably due to the fact thaJG the 20% non ... tana consists chiefly 
. 

of sugars ~nd allied compounds~ lvhich ac.~tylate and methylate to 

va1·y1ng degreeo, Their p:resence also p:?ecludes the possibility 

of o.rrtving l'.t any definite conclusion rr~~arding the oompoeit1on 

of the tennine or the sie;n1f1cance end y:l.elds of degradation= 

produo't 3 obtai'lod, 

The 11. teratu:t:-e contains mention of dialysis ( 170) and 

dO.l~ent extraction (l71J methode to incr,wse the ta:m1n content 

Trimble (17~) Hh1le 1nves1ii~n.t1ng phlobatann1r·a,, 

introdu~ed the use of ~ceto~e for remov~L of sugars~ Th:ts 

solvent hns been shown to be only pP.rtia::.ly effect1vo for bla.ck 

Russ.;l (136) in hio paper en fla:vpinncols, v.sed ::. methon 

of sal t ng out the commercia: 11 M1moea11 e:~'~ract one€ ~Tith .aodium 

chlor:td •3 to free it from euga:r•s.l) ex'tract:.ng the :ir-1ed material 

1-11 th ac3tone to froe it from sa:' t. and ftnally Wt"~.eh1ng ths cru.ehsd 

produ.c-t ':11th ethe"~;" to 1'•emove eir "ple org:?nic 1mpur~.t 1es., H~ 

lll:llt:es ~1·.:> clalm as to the '1pur1 t~r'' of the product, ho'trH)Ver t stating 

~\ih~.t the method is empiJ.."'icals and ·that the tannin probably contttina 

la1•g e arnounts of impurl ttea, He aleo 11purified11 (ibid. p. 169' 

the tann.t ns tln'O r..'tg'h the~r 1en6. salt a i bu~; gave no details of 

exper1mi)ntal proca:J:u e , 'l'h~ u 1 pu:<:"if1ca·;ion11 he found did not 



alter the elementary anal~ees in any way. 

Corbett (146) found that ultrafiltration gave effective 

~purif1cat1on11 but the method was relatively uneatiafnctory due 

to ita tediousness and the low yields octained. 

stephen (149) did not improve on Russe1 6 e lrtorkft He 

followed the same procedure» as described above, utilising a south 

African commercial wattle extract which contains 73% t~an1n. 
ll.fter 11 purificationn he obte.ined a product which on a dry basis con~ 

On this 
. 

ne baaed the bulk of hls work. He also attempted a mj;Ked solvent 

"purification'' 1 but he abandoned this methodD on fa..il~ng to 

sepnrate off the precipitate cleanly. 

Williams (157) used eucceasively acetone8 eth;rl acetata 

nnd amyl acetate in that order, and aleo ethyl acetate alonep on 

freshly cut bark. He claimed a high de::sree of "purityn ~ 94 ~ 

95 g,%) by these methods, but .his reau.lts have since beei:l 1'ound to 
. 

be erro1eoua and abnormally high for the methods employ~d ., 95% 
11 purit y'' wa.s A-lso claimed (unpubll ehed) ~or the product obtained 

frcm ~he cold methanol extrpct1on of fresh bark. such ext~acta 

have been sho"tln by the author to conto.in only ~.bout BO.% tannin< 

As a reault Heilgh (161) based his work 0:1 this freE1h=b~:~k methanol~ 

leached product. 

Eleotrodialysi s nas been cone1·iered a useful method fol'" 

obtaining ble.ck wa~;tle tannin of high 11 p .:u"ity" . Douglas and 

Humphr eys ( llfS J when prepa-ring ";a.nn1n srunplee for molecular itTeJ.ght 

det el"m1na:li1ona produced a product o:f 95;~ 11 pur,:cya . Thie '"ras 
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repeated by Rich (l73l to obt a in a p r oduct of molec ulRr weigh t 

The me t hod is very elmot, y1c l d1n!; only 
1 

sma l l quantities of a dark hiGh molecular u e igh t product . I t ia 

therefor e obvi ous l y unsuitable for a quali t a.t ive and quant 1 t!_~_tive 

investigation of t h e u hol e tannin fract ion .. f:'.ml the use of sr~tt 

oxid i sed materia l i s :~n M Y case unde s irable. 

tige.t ed onl y the a cetc>ne=soluble port ion of 11 Mimosa 11 ext rac·t o 

From the above d~.ecuesion i t woul d seem t hat h1thart a no 

satisfactory method for the l arge scale quantit ative separation ry f 
-

we.ttle extr act had benn devised ,~~ and it appeared necessary to re ·· 

i nvestigate some of these methodso The pl"'oblem was then· t o <levi.1e 

an easy direct method CE~.pable of quantitative f r acti ona t ion o:~ the. 

extra'Ct \-Tlthout causins condensation or oxi dat i on of t he tannins o 

2" THE SEPARATION OF TANNINS AND SUGARS 

FROl~ THE GUMS. 

Bl ack wattle extract was found to consist of (a) gume 

{b) s ugar s and ( c ) polyphenolio tann1nso The ext r act wae frac~ 

tionated a c cor ding to two alternR.t1ve schemes ~ 

{ eee o ve:t· ) 



Fract ionation Scheme I . -
Black 'Ja.ttle F~xtract 

lQ% aqueous solution 

a<lcl.ition of lexcees ethanol 

f iltrate 

a l cohol removed unde~ 

gelatinous precipitate 

I 
puri fied by r epea.t,,d 

r eprecipita.tion 

I 
washi ngs 

I 

vacuum ------------------------~ 

I 
add1 tion of neutt-al J.ea.d 

acetate in excess 

lead tannate precipi t ate 
sol ution of 

SUGARS I 
addition of dil ute 

sulphuric acid 

I 
TANNINS 

The gum was precipitated from a dilute aqueous solution 

(500 mlo of 10%) or the extrRct by the slow addition of excess 

ethanol ( 500 ml. ·) dw:·1ng vigorous stirring. The gelf:!.t1nous pra= 

c1p1ta te was centrifuged {3500 r.p. mo f or 15 min.) e.nd then 

sucked to semi-dryne Es over 2~ hours on a Buchner f unnelo The 

product appear ed de.rh.=bro~m and obvi ously st i l l con t ained tanni11e. 

It was accor dingly r 6d i esolved l-11 th vi gorous s t irring in a m1n1mU!ll 
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This prccllea 

re:.uJZ>ed 4. = 5 :repetiti:ms for th) compl~tt3 el1m1nat1on of tannin.Go 

Yi0ld of gwn a 2 o 4·5 grmo or 4o 9~ of the eto.rting=rnaterial 

All supernatant solutions from the p rec1p1ta.t1cne ·Jere 

co11Gcted a..rld the alcohol removed under diminished pressi.'.re with 

th~ exclusion of oxygenQ The tannin "tva a precJ.p1 tat ed by the 

a.dd1 t.Lon of El. large excess of lead acetate ~ anri the lead 'ti\nna:~e 

removed by cent~ifugation~ 

An aliquot of the eupe:rnat&nt :~o:.utlon '\'fa.s eva.po .... ·aJ.:~d 

to dryness under reduce"l presoure end re:,eatedly extrpcted Wit;~ 

bo~.J ing methanol, The reaidt,.e afte:r removal. of the meth.~.nol c:m= 

taJ.ned traces of phsnol::a (Fec13 reaction and one=dimensional pape~· 

These 'Jere :removed by s.1[1k1ng w1 th pre=ch:rom3d 

hie. 0 = powder 0 

The t;~mnjns l lo:t·e libe:t•aJ;ed fr·vw t.he l.ea.d tannate 

according to the lead=s~lt purification method 1iecuseed latero 

Ar,. ~lternati v: me·i;hod in to ::-emove the euga:r E and 

tannins fl'om the gums \>Thich remalu as a. ::>edidue, by the ax'i~ra.ct1on 

of the commerr.J.al extract chips ~5 ~ 20 Jaesh) l/1(;h 90;.; ethe.nol in 

Al..,ter the 1 em0val of :;thrno~~ ~~rem the ext:rn.J , 



Blnck ~·1 attle Extract 

solid chips (5 = 20 meoh) 

I 
5 - 6 hour extraction in a 

Soxhlet with 90 = 95~ ethanol 

Ethanol extractives 

1 
Ethanol removed unde~ 
reduced pressure and 
extractives dissolved 

in water 

I 
Addition of lead 

in excess 
acetate 

Solid residue 

I 
GilliS 

( a.ccompe.ni ed bv low 
proportions of fibre 
in eome instances) . 

~-------, 
solution of 

SUGARS 
lead tannate precipitate 

I 
TANNINS 

The solid commercial extract (10 grm) in 5 = 20 meah 

particles was continuously extrscted in a Soxhlet for 5 6 6 hours 

with boiling 90% ethanolo This extraction effected the complet€ 

removal of both ~Garmins and sugary non=tannine from the gum which 

remains in the thimble in the same shape aa the o~iginal chips, 

Yi .... ld of gum g Oo69 g~·:m. o:r- 6o9% of starting=me.teri(.(l , The 

augaz-e and ts.nnlne extracted may be sepa:r•ated aa b .. ;low by the l.-aad~· 

sal t plecipitation, after removal of ethanol under reduced pz-e sam·e~ 

Th,.e method suffers the dieadvan1..age tbat the tanninb are bo11et.. 

in ethanol-wacer (9 : 1) solution fo:c a considerable perlod thus 
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possibly contributing to additional oon~eneat1on reactionso on the 

other hand it offers a superior and leas laborious eepa.r ation method 

for the gum when compared \'Ti t.h Scheme I 0 

). THE SEPARATION OF SUGARS FROM 

BLACK \'/A TTLE TANNINS 

Four possible methode were investigated in connection 

'VTit h the above separation, although 1 t was realised at the outset 

thA.'t not all of these give e. complete recovery of tannins o Some 

methods, for exe.mple, are Jtnotm to cn.uaE· the fra.ct 1(mo.t1on of the 

po ... yphenole, and have actually been used. for this pur pose recentlyo 

The compositions of the products and reEidues in ee.ch instance 

were assessed by the hide~powder method of tannin analysis. 

{a) Criteria of Purity 

For assessing the d egree of pt.rity of tann:tn sample~~~ 

the Society specifications (174 ) for the hide pmvd£Jr method were 

adhered to rigidlyc Since the method is empirical its ef'ficlency 

t11'hen dealing 't.Jith extrncts of abnormally high pur1 tJ calla for 

thorough 1nvest1gation o 

The purified tannin samples prepared by tt3 moat effective 

methods diecueAed !n this paper, contained less than 5% non=tane by 

the official methodo In such estimations the non=tun solutions 

ootained in the usual wa.y were colourlees 9 gave no precipitate with 

the gelatin=eo.lt reagent, but s. strong tlue colour with ferl"ic 

o.lum eolutiono On concentration in the courara of ·~he est1.ma.t1on 8 



the solution (50 ml.) slowly assumed a light yellow-brown colour 

l eaving 5 = 10 mgm. of brownish residue. This redis~olved readily. 

is.Jhen diluted to 5 ml. it gave a heavy precipitate, and to 50 ml. 

( the original volume) a mere turbidity with the gelntin=salt re

agent. ReA.ct1on 'Hith ferric alwn still produced a blue colour 

in both solutions. ·!/hen re-eh~ken w1 th hide .powder the non-tun 

solution loseR its brown colour, does not darken on concentration, 

and so causes a 4o% reduction in weight of non~tans. 

~:lhen est1mn.t1ng tannins in products of high pur1 ty the 

escape of a small but vital amount of phenolic hydroxy compound 

occurso Page (175)(176) shows that water is capable of causing 

slight but continuous hydrolysis of tannin from leathero The 

tannin estimation is therefore never completely quantitativeo In 

the estimation» where a standard proportion of water is used 8 an 

equilibrium between the tannin P.nd the p~otein of the hide pormer 

i s set up. Even if the escaping units lnclude a proportion of 

small polyhydroxy compounds wh1ch do not tan, they probably bear 

a simple structural relationship with the bulk of the tannin, since 

they apparently polymerise w1 th ease , and. rea.ct with hide= powder 

on concentrationo 

Values of 95.5 - 96.0% by the official method are thue 

at least equivalent to 97 = 98% purity. NeverthelesaD the results 

recorded here ore those obt ained by the official method. 

( b ) Preparation of Material 

For the separation of coromerci.:tl tannins and non~te.nnine 
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the aqueous solution Hhich resulted fron Scheme I after the l' e= 
. 

move.l of gums, ~'las used. 

Cold methanol=extrp.cts of frenh b~..rk, which ,.,ere nlso 

1nvestis~tedp t-rere prepP.red ?.B follol'IB, Tho barlc. vras stripped of 

0ll ox1dised P.nd discoloured areas; cut into f1ne slices \'lith a 

stainless steel knife., s-nd imi·ledla.tely c.ropped into methanol., This 

solvent onuses virtually compleJGe lea.ch~.ng of t.qnn1nfl Pnd sugars 

froo the bark by repeat;ed ext:::-a.ct 1on1 r;~.Ying f'. liiTbt arober=coloured 

solution" Gums remain behindo The ffi(:thanol~tann1n solution was 

rapidly filtered, then concentrated and taken to dryness under 

vacuumo The p:roduot t·ms 11~ht=p1nk, cc::nt[lining about So,% tannins. 
4 

I-tethanol was usec1 as solvent 1-·herever possible~ as 

wattle tannins ~.re kno\·m to da:rken as the resL;.lt of atmoBpher1c 

oxidation t..,hen d~asol·ved in water, In ore;ani.c solvents, p[l_rticu-

l~rly methanolD this effect is mlnim1aec\o 

(c) ~ethods of sc;e::;rat~Tannins and c;.aroohxdre.te Non-tannins 

The four methods diacuaAed, lll'I'PJ16ed in order of 

efficiency ~re ~ 

1. Lead Salt Method 

20 Hide Powder Method 

3. Salt1ng-Qut Method 

4. Mixed Solvent Method11 

Of these the first is the moa1: effective, ·while the 

last gives only pt?..rtial scpar8.t1ono 
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( ·~ ' 
~. , !1,2thod A. The_Lead .salt !~.chn:lg,ue, 

A:cata ( 177) and Russel (136) cle.~.med to have carri.eC. ou'~ 

purif.icatt')n of t~nnins by formr_tion of P lead salt ~ but gav:3 r.•J 

details The method was A.lao tried by Temple (17S), uaing hydrogen. 

sulphide to liberate t he tannin from its lead derivat1va. He we: . <;~ 

hmvevel• unab.,.e to fr-ee the tannin solution from the lead sul phide 

Th~ author e.t·tempted the latter proceaure but 1 ound onl:. ... 

small quan·ti t1.13s of te.nnin l i berated by hydrogen eul pbid.e tr.••:;atnn n··; , 

In ac1di't1onr 1~:. the pi·esence of tannin the lead sulphide f u.iled ,.o 

cent:r1fuge or t'il ter cff sa:t i sfe.ctor.tly. 

(i) Experimental 

10 g1t:. methc-nol fresh=ba.rk extrncted tannins c>f gO/·J 

tannin content 11a.s d1 £solved 1n 500 ml. d1et111ed '\vater. The tn.n.1in 

solution wa.e vigorously stirred f.lnd a strong solution of ~1eut:r•el 

lead -acetate (l:)t) slowly ~dd·ed in excess ~ A clean whits p:recipi~ 

ta.te of lee.d ta.:1nate formed instantaneously. The. lead t annr:.te 

va·s centrifuged dow·n end washed four or five times 7r1th emall 

quanti ties of ·water to remove non=tnna nnd excess lead P..ce'tate , 

The supernet:mt solution n.nd ~lashings Here kept for a non~tnni"'lin 

inveeti[;ation . Due to the semi-colloidal n~ture of the product ; 

the lead tr:~nnnte tv8.S carefully rnacereted Hith the 'lrrater on ench 

occ~s1on to ensure efficient washing. Under the above cond. M.ons 

the lead ta.nnate a.ppeared quite stable and showed no darkening i n 

colour. The final p1oduct was suspended in Hater, e.nd d i lu'i.;e 

eulphurlc 11c1d elc,-.. rly added, T.he pH decreased from 1~.8 'to 2 . o p at 



about which point the aqueous solution assumed a light tannin- like 

colour , e.nd lead sulph~te of low solubili t y 1 precipitated. The 

pr ecipitates were eas:Lly centrifuged or filtered off. Thel'e now 

remained a tnnnin solution contaminr,~.ted by small qurmtities of free 

sulphuric acid, and t:c'acee of s~tlts. Hith ver·y vigorous sti~·ring 

and careful addition of dilute NJ5 NaOH th.-3 pH was ra1aed to a'·:>out 

4 ~ o.:; well below the nattU"al pH of black tiattle extract (4.6 = 5,0). 

At ~Ghis pH all the H2S04 should have been neutralieed 1 and the. 

solutions were taken ·;o complete dryness under reduced pressure , 

The product was repea·;edly extracted With h ot absolute methe.no1 1 

e thanol or acetones H!:Uch left a residue of the salt a. The latter-

was separated off by -~entrifuging or filtering under anhydrous 

conditione 1 and the f.lltrate concentrated under reduced pressure . 

Analysis ~ Tan nine o 91J.. 51% and 94. S5.% 

None.. tannins g 5)+9% and 5.15% 

Repetition of Process : 

The fractionation was repeated on n lnrger scale yielding 

25 - 30 grma .. purified tannin .. 

Analysis ~ Tannins = 9~.36% and 93. 71% 

Non-tannins a 5. 64% and 6.29% 

The larger amount-s of material apparently only slightly decreased 

the efficiency of washing. 

The above product was rcprec1pitn.ted lfTith lead acetate 

and the purification ~~rocess r .epes.ted. 

Analysis ~ Tannins ~ 95.05% and 94oS2% 

Non-tannins e 4.95% and 5o1Sfv 



Duplication of' the method does not et'fect much improvement 

1n 11 pur1ty11 as determined by the official methodo 

(11} Discussion 

Puri!icati,m v1a the l ead salt affords an excellent 

method of obtaining quant itative eepartltion of pure ta.nnineu pro

vided the use of a large h1gh~epeed centrifuge 1e e.vailable, The 

lead tannate 1e fairly stable and does not oxidise easily, and 

oxl.da.t1on mt:tY be avo:1.ded by concentrat 1ng the aqueous solution undet' 

reduced pressure in an inert atmoephereo The resulting purified 

tsnn1ne are thus ver;r l i ght i n colouro 

The chief advantage is that the yield is almost quant1ta~ 

tive 1 eo that the product should conta.in both thq small and large 

molecular unitso No fractionation i s thus obtained a·a with Methode 

B11 C and Do The s~)ernntant solutions and washings could be con~ 

centrated for the exa.Iil1na.t1on of the carbohydrate non=tenninao 

Care must be exercised in the final st oge 0 when neutra~ 

lising t he slight exoess of acid presento Vigorous stirring should 

accompany the additi1>n of the dilute alkali/) or else the more 

astringent phenolic groupe tend to form a small amount of their 

sodium derivative. The recovery of tnnnine from commercial ex~ 

tracts of known anal;rsis was gg%, l-rithout accounting for ma.nipula= 

tive loaseao 

(2} Method B. Th~~ Hide Powder Teclmlque. 
5 

(1) Experimental 

75 grmeo h:.de powder was lightly chromed and then washed 

with distilled 't·Tate:r a.e in the Official Method of Tannin Analysis. 



The 1-0'ttTdor "-la.s ensp\:,ndec'. in Soo Bl. 'i'ate:.;:> ar,:J. vigot•ouely stlrred.., 

10 g:t<ms,. of the methanol=8xt:..~M.cted tnnn1n '~n 20Q rrl, water T'la.s 

l'apidly addE.d, end the F;a:cring continued fo:r 10 minutea. The 

partia.lly~tanned hid~ ~ pcwc:l.er was dried by sql"eezing in a ~.inen 

cloth and a~t?in susp .mded with agitation in Soo mlo distilled ··.r~\iel" 

to "ive.eh away non=tn.n·~. TheAe ~-:ashine;s lasting 15 rninu'Ges ;e..o.h, 

\-ter-3 repeated · ~ time 13 '\vith aucc .:s e1v, qual"tlti~t::! of d1st1lle0. 

The orig~n[>.:. Bc.. :J.utlon t-vhich was deta.nned 'by ·~he .i id::'~ 

poW'dSl" was reFJerved ;'or iuvestie;at5.ne; the ca:rbohydrat-J r.on~· i; r'llit1nc, 

A.:te:.t" comp:.etlng ~he 1vashiP~~, the ta.rm·~d po·Jder "'Ills 

squo"~eA.. t o d:coynese :.n <... l:l.n :m .Jlvth1 nncl. JV.sp --ndei ln. R mixt:.tr'~ 

of 300 mL acetone a.wi 300 mJ.. ""Tater o ·rhe sol u·i:;ion i mmediat t;l;y 

a8sumed a llgh'.~ tann~.n . oolour s but 1vas loft s cnnding ove~:n.1shi.l. 

The aqueous acetone uolnt1on wa.a filtered cff :J.nd concontr~~:ed 

\L"'lder rednc .. d preasw•e . On removal of the ac etone lihich vcpo't iuHs 

:n.rst, the a'!ueous t.p,nnin solutio.l remain1nro; became co7.loli.al tn 

appeP.rance o Small amot."nte of hidE- po~vder 8 appn.::-ent::.y solnble in 

the acetone=water ml~~turer but :'!.neoluble ~.n wat er only, se'ttle·i 0 11 

Those colloidal lmpuritiee ~..re:r e remov&.i ·): 

shakine. t'p "VT1 th kaol:.n "'nd 1ilter1ng through a No., ll :Jha..:~nw 

filtEr pP.pe:r. The <;oncent~:·ntion of the ~lsr ified 'tannin solut~.on 

:ras nm·.r continued, r.no it remRined clea:r tc dryness~ T"vro I.&o!·~ 

extrnction.e of the sc..rne h:tde pouder ..,.,i t.h 6oo ml lots of c. 50,~ 

acetone ··water mlxturE? f'cllmT(-;d~ 



let Extraction 

2nd Extraction 

bro. Extraction 

TABLE VIII 

rr'ime of Soaking 
(hre.) 

15 
g 

12 

Yi eld % Y9.eld 
(grms. ) 

2oSO 2S 

2ol0 21 

lo2) 12.3 

Total 61. 3 '------------------~--------------------------------------------
A total of 6lo3% tannin 1s thus removed by three coneecu~ 

t1ve extr~ctione, leaving about 15.=20;.~ ta:.rmin combined \vit.h. t he 

hi de powder. Thie falls in line with the findings of Innes (l79J 

who observed the stripping of leather by acetone and other eolvente . 

Ueing 70% acetone he found that 6 - 20% ta~nin re~~ined i n l eat her 

on stripping. 

The product from the first extraction was very li~ht i n 

colour and gave D on a.nalys1s ~ 

Tannins 95.62% --
Non~ta.n~ine = 4. JS% 

Treatment of the above non-tans with fresh hide powder, and making 

a l lo1vance for dilution, reduced the value to g 

(1i) Diecaesion of Method 

This furnishes an easy, direct method of separating 'the 

non-tannins :from the ·tannins without oxidteing the ·latter. 

Innes ( 179) found. that when stripping le[l.ther 1-rith acetone 

more tanni n wae remov13d from the middle than from the grain layer. 
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I n the above estimations also it was observed that the first 

stripping yielded thB lightest tannins and thn.t subsequent etrippinge 

with acetone tended 1;o yield da-rker products ~ It thus seems 

probable that the re~idual tannin retained in the hide powder tends 

to be the more astringent higher molecular Height fraction o 

Separation by th1e methods therefore .• tends to remove the 

highest molecular tannin fraction from the smaller tannin units o 

Should the astringent fraction roto.ined be [\. acpe.rr>.te chemical 

entity, this method uould not be entirely satisfactory? 

Accor·dinfj to Innes the stripped hide, still containing 

6 = 20% tannin is not putreecible, and the hide powder once tanned 

in the above process may be used repee.tedly. successive usage of 

the snme hide powder should furnish higher yields of tannin on 

stripping and this should partly overcome the above difficulty of 

partial fractionation. 

Suitable anionic resins may be more effective thnn hide~ 

powder for this purpose 8 but these h~ve not yet been tried, although 

used by Morris et Al (197) for the purification of marin. 

(3) Method c. The Salting-Out Metho~. 

As shown by Page (lSO), and applied by Russel (136) , 

Stephen (1~9) and Nur~n (lSl)~ the salting out of a dilute tannin 

solution with sodium chloride, brings about a fair amount of 
. 

"purification" of the tannins. Combined with acetone extraction it 

increased the tannin content from 74% to S6%, when using commercial 

nltf.1mosa11 extract o 'I'hese investigators only applied the method 

onceo 



Owing to the gummy nature of the salted-out tann1nab 1t 

was felt that a fair 9.IllOWlt of occlusion of non=tane took place, 

and tha.t repetition of the method would yield better results., 

(i) Experimental 

Fresh bark rae cut into thin slices and extre.cted with 

distilled Hater 1n th3 cold for lS hours. The 20 - 30 Bk. eolu'tion 

obtained after filtering~ was lighter than a commercial extract of 

equal strength, and g.J.ve a light=colour·ed solid, conta1nlne; So ~ 

Sl% tann:tn .. on concentration. The tannins separated out ae a . 
gummy mass on the elm.; addition of solid salt to the vigorously 

stirred solutiona T.i::t1s was dried in vacuum, extracted l'Ti th acetone D 

and analysed. Usin~ this product the process was repeated four 

times when no furthe:r incre!?.se in tannin content 1vae found (Table 

IX and Fig. III). 

Du~ probablJ to occlus ion of non- tans , one 11 purif'1cat1on11 

does not g:i.ve the sam•:! degree of separation as the two previous 

methodsu 

TABLE IX 

clTan! ~ Non=tana ......... 
~ 

Fresh Bark Extract g0ol9 19ogl 

let 11 Purificationn (SS.44 {11.:;6 
1s9.2o lOoSO 

2nd 11 Purifioat1on 11 92.70 7~30 

3rd 1
' Purifies tion11 94.10 5,90 

4th 11 Purificat 1on11 {94.22 
94oo6 

{5~ 7g 
5 .. 9·tt 
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The method thus reaches its maximum effectiveness after 

three applications. 

(ii) Discussion 

iihen coupled with further solvent separations (see latej:') 

the above method e1ves 8. product of 95.2~ tannin content. 

Chief disadvantage i s the atmospheric oxidation which 

can only be excluded with t he gr eat e st difficulty. 'l'he salt ec1 ... 

out pr~duct is always much darker than .thnt obtained by any other 

method diSCUSBed~ In addition no sharp sepP.rP.tion of non= tannins 

occurs. 

As it is known that black t~attle tannin consists of a 

gradation of molecular sizes (lgo), fractional separation of the 

tannin accordinEJ to molecv.lar size is inclined to occur, s.nd only 
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partial recovery of t.he tannin fl .. action i s obtained. A part of 

the total tannin mixtt~e of different chemical constitution m1~ht . 

be discarded in this v'aY. 

This poesibllity.D together with the oxidation caused, 

rendei e the method leets suita.ble thr:~.n eit.her of the previous onaen 

The snltlng=out tecJ.m~.que on the other hflnd, might be useful fo:r 

fractionnt 1ng the tanr,1ne. 

~4) Method D. Mixec>_Solvem Sepatation.ft. 

( 1) Previou~; Applications of Solvent .Methode. 

Purifications of tannins by usage of solvents he.ve bean 

attempted on numerous occaeionso 

Moeler (171~ found that "l'lhen tannins were extra.cteo. with 

~rater the extr acts cor.tained a much larger proportion of non=tane 

than when unspecified organic sol vents were used. Acetone was 

used by Russel (136 ) ~ Stephen (11~9) and Nunn (lel) p chiefly for 

the removal of contam1.nat1ng salt from black '\-tattle tannins., 1111-· 

liams (157), as previously mentioned a claimed erroneously high 

purities when using acetone ~ ethyl acetate and amyl acetate euoceo= 

sivelyc Also in n recent Journal of the American Leather Chemists & 

Associat i on (182) mention is made of ~uebracho tannin of 93% purity 

obtained through 11 m1X(;id solvents 11 • 

( 11) Solubility of Black ~ . .J'attle Tannins 

Since anhyd.I·oue medi a were used as much as possible, the 

conditions of solutior,. of black ua.ttle t annins wer•e examined< 



Unde~ strictly anhydrous conditione only ffiembere of the lower 

alcohols such ae methanol and ethanol are capable of effecting · solu-

tion. This limited solubility of "li1moea.11 tannin in anhydrous 

pure solvents 9 was also recorded by Ches1re (lS3). 

As propounaed by Shuttleworth and cunningham {14) in 

their discussion on ctr1pp1ng of tannins from leather, both these 

eolven1;s and water, in add1 tion to being of small molecular size, 

exhibit strong hydrogen-bonding ability. Dry tannins are probabl y 

very strongly hydrogen-bonded intermolecularly, and the un11;e 

possess a variety of functional groupe, some of which a.re pre~ 

dominantly proton donating and. others chiefly proton accepting. 

Solvents capable of opening up these intermolecular bonds and also 

preventing their reassociation, will cause solution. Water is 

unique in that it can function as donator and acceptor simultaneous

ly, but perm1te reassociation because water molecules can act as 

bridges. The lower alcoJ~le such a.e methanol and ethanolp 

although more proton accepting in nature than water, are still 

closely related to llater ae regarde size and function . Due to the 

presence of the al1pbat1c radicle there is leas tendency to form 

bridges, and their solvent power relative to water is thus enhanced. 

Other organic solvents such as ketones, esters and 

higher alcohols which are ·known to play a part in hydrogen bonding, 

do not cause solution of the dry tannins, probably because of their 

more exclusive an1ono1d (proton accepting) character. · 

Methanol ana ethanol were· thus empl oyed for dissolving 

the dry tannins in this mixed solvent methodo 



\~here 6 - 10.% of moisture is associated with the tanni n, 
. 

other solvents may be employed to obtain solution e.go amyl acetate 

(commercial), acetone (commercial purified and redistilled)~ end 

dioxane (commercial). The presence of moisture appears to supply 

the cationoid character required, thus enhancing the di ssolving 

powers of these solvents. 

(111) Separations using a Single Solvent 

The dried non=tannina from an analysis of the gO% methanol= 
. 

extracted product <t-Tere tested t·Tith various solvents, and the eo l u-

bili ty of the non~teJls compared l'Tith that of fresh barlt. ts.nnin 

extract. (See Table X). 

TABLE X . . 
Solvent Tannins 

Insoluble I nsolubl e 

10 II 

n II 

II 

II I~ 

v. sparingly sol. 

II II " v. apRringly sol. 

Sparingly sol. 

Soluble V. sparingly sol. 

II Moderately eel. 

II !I 

Easily sol. 



only., 

The r>.bove ·t;erms are relative and bP.~sed on observe.t ion 

No quantitntive estimp_tions were carried out i ?.nd a. host 

of higher moleculP.:r' Hei~:.ht solvents givinG no solution to either, 

are not listedc 

Prom the a.bove, commercial ethyl ncetr-1te » o.nd to a 

l~eser degree ethnnol nnd acetone, seem to bo the only ones capnble 

of preferentially cliseolvinp; the tannin fraction , 

;\Ccordin~ly 10 grms. of dry po11dered t~..nnins (cold 

methanol extract) 1-rae rapidly shaken l•Tith 200 mlo re=dlstilled 

commercial ethyl acetnte, After about 75/~ of the t?nninH had 

dissolved, the ethyl acetate solution uns rapidly filtered~ the 

filtrate concentrated under reduced pressure 8 e.nd the 60lid pr·oduct 

""-nalysed ~ 

Tannin ~ 90~ 13% snd g9"45~ 

Non-tannins~ 9~87% and lr.,)Z% 

This pi'ocedure <t..rae repeP..ted twice again on the above product 

TBnnin ~ 9lo03% nnd S9.S77. 

Non"" tannin a r.l g, 97% and lc c 13.% 

'l'hree euch solvent extractions were also repented on a different 

sample g 

Tannin ~ g9"63% and S9.Sly. 

Non=tann,.ns ~~ 10,37% and JOn 19% 

The :residues f r om thEJee extl'acti()ne {about 40% of the bta:rf.lng 

r.u~te:rial), gave on anp_lya1e ~ 

Tannin ~ 79.0S% 

Non~'Gannina ~ 20o 92% 

One extrac/Gion effects the optin;um sepal•ntions C\nd a 



value of close on 90~ seems the maximum obto.innble. r~:he met hod 

l.;ae thus <lbn.ndoncd c..nc. n mixed solvent sepDration atter.1pted. 

Locally c.vnllable commerc1c.l cth:y·J. accte.te contains a :Lm-; 

percentar,e of ethanol. 3ince the boiline;~points of pure ethanol 

ond pure ethyl o..cctC?.tc~ differ by l °C , distllln't ion of the comner-

c1nl sam})le gives llt1le fro.ctionf'_tion. The presence of ethanol 

is probably larcely rc s~)onsible for the ease ~rith uhich dry comme2,~· 

. cinl ethyl ncet~te diE solves dry to.nnin. 

(1v) Purlf1cat1on usin~ I-!ixed Solvents. 

As previously discussed, the method involves the solution 

of dry tannins i.n anhydrous methanol or etho.nolc To these -r.rore 

added purified ether cr pure ethyl ncetnte in uhich the tannins 

n.re very sparingly soluble or insoluble. A flocculant precipitate 

rich in non-tnns results uhich is removed by fj.ltration, and yields 

a filtrate richer in tannins.; 

In this 1nvEst1gntlon tuo combin::ttlons , methD.nol~eth.Jr 

r..ntl etho.nol-ethyl o..cetn. to , 11ere used. 

and similar results u~re recorded. 

They e.re similr-.r in pr1nc1ple 

(a) l1ethP..nol~Ethyl Ether Method 

The fresh-barlc extracted tannin (13 grme.) ttas dissolved 

in 50 ml. pure methanol. On the addition of dry ether, a trhi te 

l'locculnnt prec1p1 tt:..te formed Hhich settled slouly. •J.lhis we.s 

filtered but after initial rapid flltrntion, th~:prec1p1tatc 

oppee_red to assume a GUmmy nP,ture, :=tnd the rate of percolotion 



eloued down completelyo The moist precipitate now appea~ed to 

drip through into ths filtrate. Thie wns a lso observed by 

Stephen (1~9) as a r3sult of which he abandoned the method. 

!t was eur.nieed that the above phenomenon ia due t c t ho 

condensation of ntmo apherio WRter vapour on the tarnin0 caused by 

the rapid vapo:t•isat1 >n of the volatile ether from the f11 ter=pape~" 

The receiving flask, funnel and filter=paper were accordingly 

placed i n a deeiccat•>r (calcium chloride) and allow-ed to stand for 

10 minutes., The sol ution with partially settled precipitate was 

rapidly poured in th :-ough a second funnel in the lid of the de sic~·· 

ca.tor? The etheren.L-methanol solution ran through rapidly at an 

undiminished rnte» 13av1ng a white gelatinous precipitate (1 ~ 5 grmoJ 

on the f11ter=paper. 

This waa ~1alyeed ~ 

TanninG = 64.75% 

Non=tannine g;· 32.25% 

The filtrate we.s conoentrated Wlder r educed preseUI'e in the usual 

wayQ Analysis ~ 

Tannin 13 g 90. 29% and 90 o 24-% 
~ 

Non=ts.nnins ii 9o 71% and 9o 76p; 

In this precipitation, the particles formed originally appeared 

finely di epereed, bu1j they soon joined together to :form a floclt, 

After continued addition of ether o a sto.ge is r ee.ched vlhen no mo::t"e 

precipitate 1e formed, and ~nly milkiness reeul teo 

the process was usua~ly d1scontinuedQ 

At this stage 



The above ~ther=purified material ( 90 ~3% tannin ) wae 
. 

redissolved in a minlmum methanol to give a very concentrated eolu~ 

tion~ On addition t)f dry ether 8 only a milky suspension formed , 

uhich rapi dly eettle·i into a. gU!.il on the walls of the corked con-

tainer. After most of the m1lk1nees had disappeared on standing
2 

the solution was pou:~ed off and filtered. !\. cleal" filtrate 

Tesultedt yielding a light tannin on concentrat1ono 

Tannin g 91o2J% 

Non=ta;mine gg S . 'i'1% 

Malyeie ~ 

The gummy precipite.t ,~ on the walls of the flask was washed .; .. moe 

with ether and the solvents removed under reduced pressure. 

Analysis ~ 

Tannin IS 9lo1S,% and 90 QOS,% 

Non=tann1na ~ 8 QS2% and 9.92% 

Th1e shows that once milkiness forms on addition of excess athe~e 

the tannin prec1pita·~es together with a constant proport i on of 

non=tana 8 and no fur~her fractionation result s . 

{b) Ethanol~Ethyl ACetate Method . 

The exact principles applied in the methanol=ethar 

method were repeated here. Behaviour of the solutions and the 

tannin was exactly the eal1le 8 with the exception that after obtain~ 

ing the ueual precipitate, no milkiness wae observed on the addi~ 

tion or excess pure othyl acetate to the ethanol-tannin solution" 

Results _.....ID"FT ••• $!'111t 

0 
0 



:.?-.recipl.tate 

Tannina = 59.42% . 
Non-tannins Q 40o 5g% 

Filtrate 

Tannin F. gji 90 , 48,% 
. 

Non=tru1n1ns • 9o52% 

Tannin which had previ ous ly been thrice purified by 

commerc-tal ethyl acetat e ~ iS9 ) :S% ) • still gave a prec1p1 tat.;~ by the 

abov~ method ~ .Ana.l;ye1s ~ 

Tannin -= 

. 
Non-t annins ..._ g a 11% 

It was foun:J. tha t when a very concent 1 o.t ed solution of 

tannin 1n ethanol wa s made 9 the addition of p ur e e t hyl acetat1 

still caused a small amount of precipitation ~ The above tannin 

( 91.,59%) l>ras thus t l"'cg,t ed and t h e fl l t r a'te ga~re ~ 

Tanni n :.:. 91, 3S% and 91D 19.% 

Non-tannins ~ S ~ 62% and So Sl % 

(v) Di s cussi on of Solvent Separations 

The mixed a:nlvent method a.ppea:ra ver y slightly superior 

to the use of one so llfent only8 but both ar e sti l l unsatisfantoryo 

The preci p i "'i.Ja.te f ormed contains a h j,gh proportion of non~ 

tannins 1n1 tially 9 bu t t h e ratio probably decr eases to re~ch a 

constant value on rep& t i tion of the proceas o Some evidence ror 

this trend i s obta.ine~i f r om the treatment of gr een wattle tannin 

(Acacia dec urren a ',liJ. Ldo ) by the ethP...nOl =e·thyl acetate method ~ 



Prec1p1tats from let Purification (0.96 grme ,) 

Tannin s 57o59% 

Non- tanni n e a 42 o 41,% 

Precipitates from 2nd, Jrd and 4th Puri fications combined 

(Oa65 grmea) 

Tannin --
Non=tannins .., 33.73% 

The establ ishment of a oonetnnt ratio of tanni ns to non-tannins in 

the precipitate could thus be responsible for the l imitations of 

the method. 

In spite of exhaust ive teste and auccaesive precipitations ~ 

the solvent method was found at its best to give only partial 

separat ion of black or green wattle tannins and non~tannlna . During 

f r actionations a proportion of the tannins 1e removed wl. th the 

non- tannins in the precipitate, and these methods could t hun also 

be used for fractionating the ta.nninso Ae water is excluded all 

f r actions may be concentrated with the minimum amoLmt of oxidati on a 

Theoretically, aolvent purification may· be expl a i ned on 

t he hydr ogen- bond concept . In the impure tannins the hydroxy 

unit as a whole is far stronger proton donating than aocept~ng9 

al though both types of groupe are possibly present. The non= tane 

e .g. sugars, pentose etco, on the other hand are predomi nantly 

proton accepting (ani(~oid) in charactero Both are soluble in 

sol vents which can act ~s donora and acceptors simultaneous~y e . g o 

the loHer alcoholeo By the addition of a large excess of solvents 

such as et her and et.h.yl RCetate 8 which are exclusively aniono1d in 



character, most of the non=tannine are precipitateo. since tLey 

·themselves ax-e an1ono1d in character. The tannins are chlefly 

retained as they can still hydrogen bond t o the second solvent 

added~ whilst their proton-accepting groupe are satisf5.ed inter-

nally or by the ethanJl or meth~nol present. For the same reaAon 

a small proportion of the proton~accepting non=tons are still re

tained in the solutio~ when ethanol or methanol is present. This 

explains why no single hydrogen-bonding solvent appears capable 

of separating tans nnti non= tans . The comnercial ethyl acetate 

used as such is a mixture of ethanol and ethyl acetates and its 

function is precisely the same D.s the mixed solvent method d1a= 

(d) Combination of Separation Methods 

I n an effor·t to effect the even more complete separation 

of non-tannins from the tannins, combinations of the above methode 

were applied ~ the results are summex1sed in Table XI. 

The .4. 91% non- tans from one of the above determi nations 

was reehaken with hide powder8 causing a ~O% reduction in weight, 

and reducing th1e value to 2.93% 

(e) Combustion Anallees on Tannins freed from Carbohydrate Non~ 
t annins. -

Combustion analyses on black t·ratt le t annins .hn.ve been. 

performed by Russel (136>, Nunn (lSl) and s tephen (149L All 

three used the same m.~thod of 11 pur1f1ca.t1on({l • e.g. of ealt1ng out 

once » extracting the aludge with acetone , rtnd washing the t2nnine 



TABLE XI 

ethod Applied 
~3ample a.lready. 
purified by 

Purity% 
Bef(>re After 

Treatment Treatment 
Colour o~ 
Product 

r 
Hide Powde:c ~ .. ead Acetate 95.05 

94.H2 
Lead f:\Cetate Salting~out solvents 95. c~O 

95.73 
95.09 

97.2S 
96.92 

95.21 Dark. I 
95.01 

Mixed Solvents Halting-out 93.70 
Et hyl Acetate 

~M-1_x_e_d_s_o_l_v_e_n_t_e _______ h_·a_l_t_i_n_g~-o_u_t ________ 93--·i-
1

0 _______ 9_5_.2_o ________ D~'k f _ ethanol=ether 95.22 ____J 

with ether after remo,ral of acetone. stephen claimed 86% tannin 

content by this method Q The ltpur1f1cat1on'1 was repeated by the 

l-Tri ter on commercial extract , And the dark brown product a.na.lyBedo 

A compR.rieon of resul1i e obte..ined 1e given in TD.ble >-~I. 

TABLE XII 

Investigator % c % H Drying time at llc0 c 1n vacuo .. 

us eel 6o ~ 62 4.5 - 4.9 24 hours 

Nunn 5S.6- 59.3 . 4.7- 4.9 24 hours 

3tephen 57.4 4.,94 24 hours 

oux 57 0 ?5 4.54 2 hours 

oux 57.61 4.66 4 hours 

jRoux 57.Jtg lt-.54 9 hOUi."'G J 



Ruaeel 3 s reaul ts are high compa1•ed w·i th other 1nvest1gatore1
0 By 

various corrections of doubtful validity, stephen n.lso 1ncree.sed 

his figures to those given by Russel. 

Under the above condi tiona t-vro hours P. drying P.p:)eare to 

be quite sufficient :J~OI' black 'vattle tE~.nnin. The dark n~ture of 

the product suggests that a fair amount of oxidation had already 

.. cak.en _place. 

Comparison of fresh-bark extracted tannin before ar. ii 

after aepa:r•ation ; 

~a) A typical nnalys1a of methanol-extracted freeh-ba.~"'k 

tannins 1s the follolring ~ 

c 

c --
~;g.l5% 

~;7 .89% 

and H s 

and H ;:; 

This product was very light in colour D contained So% 

ta.nnin e and was driec. for 2 hours 1n an Abderhalden gun at llo0 c. 

The ash was negligible. 

(b) 11 Pur1f1ed 11 Samples . The analyses of various 'tannin 

pr..eparotione separate:d by different methods are shown in Table 

XIII. 
TABLE XIII 

Tannin Content I of Sample 
(Official Method) How Separated Po lour I% Ash ~c ·+&_H 

95. 6 
Very 

Hide Powder once Llght o.o 610 02 . 14. g 3 -95.,2 Sa.lting-out thrice Brown 0.) 6o.9o , 4.92 
and mixed solvents 61.04 4,9, 

60.90 4cS5 once 
95.7 Lead Acetate once Light 0.5 6o.11 4-. so 

and Hide Powder once Brown 
96.1 Sslttng- out t.b.I-ice Dark 0.5 I ~0 , 59 ?. ·08 

and Lead Acetate Brown I 0.73 ; 4·Q 96 
once . 

J 

f 
i 

I , 
I 
I 
I 

I 

I j+. 16 95.0 Lead /\Oetate twice Light 1.3 \ 60., 57 
1 6o. Sl+ I )~ = lg , 

60.50 Jl~ ~ !~J 
~..,. .-=-::o a :t:S:&:ll. ::u:::zaz ~~~.::::::::::zc::_ .. - ~· ·- ..... ~...J :cx:z.---::.... 



1~ 00,.., 
J. '"' 0 

bv.atlon for 30 mlnuto~J" 

t.ed I'or n eh onl y uhen JH'esento 

'l'ne pr.e cenct~ of mo:i:"e thr.n e. tra.c...: C:n' a.ah r3 ~ewe ~;o cauee 

appliedo 

11 t·tle et':fect on combtwt.ior;. figm-a s o 

the low :noleculq:r~.we1e:ht un1t a diBcar.'led ln aome pre._;nrat..A.o,~H~ , !1.\'t.t 

th~:rafort.. p1sa1bly clt• eelv :relat. a in chemical cha'l"'ao ·-C3xo 'l;c th~ 

bulk of the tann,.ns 0 

'lannin of 95 ~ 96% i;s.nnin con·i4er•t as j udgsl :o~- thG Q;ft"tc:ia1 . 

Method thus contains : 

C ';3 6oo 90 6:toOlt% 

H e L o g 3 = 4 o 94% 

taJrlng only the analyoea which oo ntain :.he least a eh" 

Vlhen compal'od vrith incompletely o~,parat eci na~·~r:'l a~. p~,~ 

v1oualy used ~ the car1~n values have in~reased by 5% 

b a !Sxpected as the nor:= tans have been founa. to uon 8:t nt; c)f av-ca.-ru _. 

and gums which h::tve Cttrbon values of 4o = 45% and t .b ..J f)Ombue'..;J.on 01 

a rich non=tan fract~.N' ((4-% non-tans) by Stephen (11+9 ; ga·\l'e C ·~ 

4 -e· . 6,1o and H ;.. 6 0 07 0 

( f ) D1scu.as1on 
~w • 

Xn the past constitutional reeearoh on bla~k wattle 



tannins was carried o.ut on samples stil l containing relativel y 

l arge admixtures of at iga.:ry non-tannins» and. also repre senting onl y 

a.' proportion of the pc l yphenol 1c extract. Vari ous methode J.la-ve 

now been investigated which yield tannins f~om whi ch t he car bohy

drate non=·tann1ne havt been al mo st complet el y eli mina ted. 

Of these the l ead= salt met hod per·m1 t a t he alruo a-t quar:.= 

t1t·at1ve separation o1 t~mnins and non=ta.nnina . The hld e powde!' 

method gi ves a clear Eepara.tion ·of n.on- tam: ine but t he most 

a.etringent tannins a.I'E unfortunately irreversibly fixed on the h1.deN· 

powder and cannot be r ecovered. Repeated uee of t he same hi de= 

powder should to a large extent eliminate this di ff i cul ty. The 

salting=out and mixed=eolvent methode ar·e lees effective but could 

be used for fractionating the tannin when 1nveet1gat1ng its homo= 

geneity. 

The eliminRtion of carbohydrate _ non~tannine from the 

tannin 1e reflected in the elementary analysis of 11 purif1ed11 tannin 

samples when compared w1th those in which a known admixture of non

tannins is still pree.ent. Analyses of tannins separated by 

various methods show little variation~ 

These separation schemes for the extract as a whol e t 

should al~o be applicable to other vegetable extr a.ctso They will 

be used for determinirg the effect of various non-tannins on t he 

commerci al tA.nning process as recently carried out by Kuntzel and 

Z1eeel ( 193) for oak bark ta.nnin, and also for determi ning the 

i nfluence of extraction conditions on the non=tann1ne , the poly= 

phenolaDRnd ultimately on the resultant le0thero Hagltmd (194) 

hae shown that spruce bark tannin p._lso contains an alcohol-indOl1lble 



portion of high visco 11 ty ·which is removed last ( 195) during 11he 

tractional extraction of the bar~o The commercial advantages of 

cold=leached bark ext:""n.cteil compared with commercial 11 m1mosa" 

extract thus also reqa1ree reinv~etigationo 

, ' ~ • g ~ E!. ummar ;{. 

a) In the past nll conet1tfltional research on bl ack l-Tattle 

was cax-ried out on sanples contaminated by non=tans 8 and repree ,mt~ 

1ng only a portion of the polyph~nolic extract. 

b) Two schemes hn.ve been d::;vised for the firot timt;; foT 

fractionating the ext::-ac·t into chemically dissimil.l.l" groupb of 

compounds e.g , gums, :mgare and polYPhenol1c tannins. 

o) Va.rioua techniques of esparP.ting the ca:t"bohydrats non~ 

tannins from the polYJ>henolic tannins have been 1mrest1gt_ted, Ona 

of these 0 the lead-aa:_t method» P.ppenrs satisfn.ctory wh t l e the 

others mny be used fo:~ fractionating the tn.nnin. 

d) Two methode are available for separating the gums fron .. t 1e 

rest of the extract. 

e) These fractit>nation and 11 purif1cation11 methode 1n addition 

to providing an inter<~st ing basis for the frnct ionat ion of the 

ext:r•nct and the tannins, also furnish methods for determ1n1p.~ the 

effects of the presen1;e of the groups of non=tB.nnins on the tP..nn1ne 

during the practical ·;anning process. These schemes mn.y also be 

effective for other vegetable extracts. 



A~ INTRODUC'l'lON 
~..,..,... -

The pl"ev1ou£,ly-..-deao:rib .~d fract1ons.tlon methode w1l1 

aepa.rate the extract qunlJ..te.tive.Ly or a:unost qua~1t1tatively into 

eugarac gums e.nd -<;nnntne. The homcgen~1 ty or ea.ch ~uat b e <let6l'-

minud in order to ea·thblish what signifJ.cance may b,z; u··"·ts.ched to 

degradation products or anP.lytical figur•es ob'to.1ned from any ont: 

of these fractions. The main interest in this study l~ea with 

'Ghe polyPhenolic or t1•ue tannin :fraction 'N'hich8 due to 1 t:e nmorphous 

nature and reputed h1€;h molecula:r weight, presents a complex probJ.em,. 

The concept of purity o:r homogeneity '\'Then d.:a.l tng 'h'ith 

highly=condeneed macromolecules muet naturally be regarded in 1:,;a 

widest sense .. The 1uvest.1.gat1on of what ts obviously an. amcn:-phoua 

.heterogeneous mixture of compounds is also compl,~cated b y the' . .L" 

e1m1le.:r'1 ty in chemica:. and physical propert1es 9 e.nd the s.dd1't1ona.l 

lack of criteria of pn.rity. Ii'o:r this ree.eon little head-vray ha.a 

been made w 1 th the chBm1 a try of 'the condenued tannins in the past J 

Nevrer methods which may be suitable ure ~ 

~ 1) Solubil1 ty na thode .. 

(.U.) Adsorption 1;.hroinJ:ttogra.phy" 

( 111) Paper parti';ion chromatography a 

(iv) Partition chromatograp.o.y on colunna, and 

( v) Countercurrrmt dlstr1but1on methode., 



The solubility methode of Thorp (129 ) and Kunitz nnd 

Northrop (127)(12S)(lg4} have already been a.pplied by :;ihite (126} 

to quebracho extrncto 1\ discussion on this given (see page 69 ) 

in _ Chapter III 1n connection uith quebrncho extrnct, and i te appl:tca~ 

tion to blaclt wattle tannins 'l...J'as considered uneu1 table for the 

same reaeoneo 

One-dimensional pnper chromatography was first used by 

White (126) i n connection i.Yith the rtbove solubility study on 

quebrncho extrc.ct, and this has been follot-red by ?.. number of pub= 

lications '·Thich \-till be discussed helowQ 

Kirby, KnoHles and Hhlte (l6S) have also very recently 

(1952) used t he counter-current distribution method to a very 

limited degree 1n conjunction with chroillatogra.phy for showing the 

complexity of 11 mimosa" extracto 

In this investigation one- and two-dimensional chrom~

tography as well as or~1nary chemical methode were used for 

investigating the complex polYPhenols of the tannin fraction. 

Bo ONE-DIMENSIONAL PAPER CHROMATOGRAPHY 

{ 1) f.. Revie-w:__9f the Ap:e,l1cat1on of One::J2.1mensional Paper Cb.rom'!= 

't!,og_rap}l~ to P~llJ2:hepole and Plant_Extractso 

In addl tion to the above~ment l. oned work of r,lhi t e on 

quebracho 9 Bate-smith (1S5) also demonstrated the usefulness of 

paper chromatography for the identification of polYPhenol1c bodies 

1n plant extractao Bate-smith and Westall (1S6) used a variety 

of C6 and naturally=occuring c15 phenolic compounds in order to 



study tho relation between chromatograp~1c behav1om• and chemical 

Under CEU"efully controlled cond1t1onsB RF v-alues 

accurate and reproducible to ± 0.,02 could be obtained us1ng 

butanol~acet1c ac1d...,watel' (4 i 1 a 5) and m-cresol~acetic acid= 

water (50 ;; 2 ·. 4-8) solven t mixture eo Apart from expected depar~ 

tures dUIJ to \vell .... knOWO anomalOUS effects 6og o the 11 ortho-effec;tll p 

the RF values t-.1ere f ound t o b e related t;o the nature and number 

of subatituent groups in c15 and C6 skeletons in such a way that 
1 

in many instances a straight l lne was obtained when log ( ill-· ~· 1) 

waa plot~ed agninst the number of aubetttuent groupe of any one 

kind ( e<" g~ hydroxyl groupeL such a ralat1oneh1p between con-

et1tut1on and chemical structure also exists 1n am1no=nc1ds (lSS) 

and the symbol ~ has been suggested fo~ the above function ~ 

Bradfield and Bate-Smith (li11) similarly examined cate-

chins» gallocatech1na and gallocatech1nsallate eaters from green 

J:t was est;abliehed that t:1e introduction of a third 

hydroxyl group in a vicinal poait1on in a benzene ring to ortho-

hydr·oxy- group1:1 alread~r present Jl d~minie.:lee the RF value but in-· 

The numerical v 3.lue of A RM was il howove:r ~ 

dependent on the constitution of various molecules as a whole. 

Bate-Smith (1S9) used the aame solvent mixtures for 

examining the behaviour of flave.nones, chalcones, flava.nola·11 

fla,ronea. flavonole and fla.vJlium ealtac He found that the RF 

values obtained show the following regularitieaQ 

~a) The above classes of c15 compJunds, having the same 

m.mi'ber of hydrvxyl groups haYe approx1m!ltely the eame RF valuean 



and ~~he RJ.i' values al'e reduced wJ. th eact addlt io:n~.J. hydroxyl group,, 

(b) v11th the excep~ion of :rharnnoEn,, the glycos1d1c combl.na~ 

tion of sugars 1:Ti th phenols causes npp:r ox1mately the aame fall in 

RF •ralue as the ac1d1 t1on of an hydroxyl group, vllth rhamnose 

e1 t.her a slight rise o:r• fall in RF .. talt e is observed. 

f.c) Methyl~.tion of an hydroxyl group causes F!. rise in RF' 

valne,. e.G a :rule bettveen one=thlrd and tt-io~~thirds of the rlae t<~hlch 

WrJu: •• d result from the loss of the hydroxyl group, 

Hillis (190) ( 191) tnvestiga.teC!. Eucalypt Klnoa and various 

tannins one~dlmenslonally using phenol .. 2 N acetic ac:i.d (1 ; 1) to 

which Oo 3,% NaCl had been added 1 phenol~2 N acetlc acid plus 
. 

2 N HCl (1 ;. 1), and ethanol·nbenzene~water (4-o ~ 20 ~ l+O) mlxturee. 

a.e \fell as the cresol- acetic acid-water mixture of Bate-smith and 

"•/eata.ll}; and ·the butanol=acet1c acld~'\orate:r (4 ~ 1 : 5) mixture of 

Partridge ( 192) ~ Hillis found that all ·the tannins were complex 

mixtures but aJ.though he obtained good resolution l-fith these sol~ 

vents ht' did not 1dent1fy an:y of the co:ls'c1tuents , As a result 

of the wo:r·k he concluded tha·~ current theories l>Thlch suggest that 

tannins cons1at mainly of ae::-iea of rel9.ted polymers based on o 

catechin unit w·ere 1mprobablc3o 

Very recently K1rb:rr Knowles :1nd '.ihlte (167} have 

exan1~"ned. a number of ·;;annlns one.~dimena tonally uaiPg butanol= 

acet :Lc a.c1d--lTeter (1+- ~ 1 ~ 51 and watier r saturated sec-bu·tanol. 

l'hey c1·1 tictaed H1111a ~ use of m-creeol ~ ace·ttc ~cid ~ 1'laterb and 

phenol ~ 2 N acetlc and hyo:•:ochlor1c a.c lds mixtures for separating 

polypheno1ic tannins. They claimed thtlt their work agahi.. illua-



t:~!at:ed the complexity of the extract, and that no s ingle chemical 

type prede>minatedc 

{11) ~aration of Materia! 

Aa the lead- salt method was the only one giving a 

quantitative prec1p1to.t1on of the phenolic fractionc this method. 'W<.t t3 

f1rt:t ust~d for the preparation of 11pur1fied11 tannin samples f:r.om 

'l.vhJ.ch th(l gums had previously been remo ved o 1'he pl:eaence of a. lo,, 

proportion of sugars, was later found n)t to affect the appe~'ance 

of the chrom.1tograms to any degree • but the removal of gums 1r1aa 

considered Jssential. due to their collo ldal n2.ture and their ~arked 

abi.li·Gy ·r.o retain ta.nn1neo The tannin:; we:r·e diesolved l,r·. mc:thanol 

(20- 30% solution) a nd 5- lOJll o spotted on to the papel in 

amall qunnt1tl.es q.t a t1me t.r.!.th drying ·)et't..r..:en ea::~hD to buil d up 

3D1Pll up<.. ts 0? 5 Cffio in d.iame1.er o 

( 111) 

_r....;cordJ.ng tc Con eden» C-ordon 1-:.rtd J.!arttn ( 19S) a·'1d Pa.tP.~ 

~~mi, t 1 ( 185) 1, <1 numher of :precautions nro eeaent18.1 for ·che accurat -.~ 

... ~ep:t:~duc ·~:1on of RF '\Yalues These 1nc1Pde 

{ a. J accu.cnte teJ.upt.rature cc..ntrol$ ae equi) itr1a in ternx·y 

mlxtu ... ,es are aens1 t:J.-q·e ~o temperr:1 ture :r-:.uctua tiona~ 

(b) tn€ tr .. oro'tgh ~quillbrat1on of the solvent mixtur e at the 

tunpera·tv.:..~.a .__t ·;·:hich it la tc. be UBea., 

4 c. } the exposu:r-:- of the paper: \llii.:l spots apuli •~:l ~;er tho 

aquenua phe.se o:f tl: e: no1"\ent=1iate:r mixture for 21~ hours before t.he 



commencement of irrigation~ 

(d) the irrigation of the paper contin ued only to a fixed 

distance from the start1ng-11ne. 

! e) variations l!l the paper and al tera.t1 one 1n the solvent 

mixture (eog. ester1f1cat1on ln alcohol~acid mixtures) co~tr.olled 

oy l"unning a control compound of known RF value \Ji";h each chromu.~ 

togre.m. 

In the present "'TOrk (a) r. (b)~ and (d) tvere observed9 and 

when acJ&d~ alcohol· mixtures "ltlere used these were discarded and 

renened after 7 days n use. The chrom~.togram was developed in 

each instance to a distance 11 inches from the stal~ting-linee and 

where t'"le pnpcr tlas continuously .1rr1gated for the identification 

of AU~a:o:-a (see Cho.ptel X)~ reference compounds uere usedo All 

experiments were run at 22°G. using ~:ibn.tmana No. 11 paper Hhich 

is thin e.nd lees e.bsorbent than others in current use The ultra-

violet scurce used 'i"Tas a 125 watt 11 0s1ra11 lamp with emission :l.n 

the visible ·~rio let. 

Downua.rd m:lgrntion rras prefc .. :red as this a.llow~d for 

thE. continuous irrigation of the pnpe1 uhen necessary. The 

apparatus U£ed uas very simple {Fig. 1\l)Q It cons1uted of a 

pho·tographic dish A supported on a wooden frame B which ,.,as hea'711y 

wa.xeo? The whole '-vas covered 1-11 th a narrm·l bell=.Jar C \rlh:).oh 

enau .. ~es a ema~.l air-space " A fle..H~ D contoining the SP.me aolvent 

m1xtur·e t:~.B 1n A assi:;ted in m2.tntn1n1ng a satU1'P..-:;ed atmosphere 

ln t.he lower region of the 3nclosed space. AlJ ... t lghtnc 88 rrae 

en£mred by s ilicone gree.se on g~ound~glaes surfucC:;s. The ~ppe.ra-



tua was maintained and operated in a constant~temperature room. 

Fig~ IV. 

fl:ppara.~ us for One-Dimene1ono.l Chromntor;ra:ph;{. 

( l vj APpearance of n. One-D1men,§..ionn.l Pa,E£,r Chromr.togram of Blnck 
H'attle ~?ann1ns. 

Butanol-acet1a ac1d~wa1ier (4 ~ 1 ~ 5J vras used ln n pre= 

limina:c-y 1nvest1ga tion as Ba.te~Smi th ( l:>c. c1 t. . had shown that 

this solvent mixture was excellent for the separation nnd accurate 

reproduc~ion of' RF values of the polyph~nols. 

The developed pc.per chromR.tog L'DlD of fresh- bark and commeT-

c1a.l methanol extracts showed the prese:1ce of a dull brmvn rela. 

tively unlfo.cm streak from the po1n·t of npplication to about RF :;; 
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0 ~ 45 i n ordinary lighto The streak was far more pronounced and 

much do.r ker brovm in colour than the fresh-bark extract , due to the 

oxidation of the formero 

Under ultra- violet light the l'reaence of a.t lea st four 

d1:fferen·t areaa was v1s1ble o These were represented by {a) a 

dull brown streak RF Q 0 - Oo47 which appears to constitute the 

major portion of the extract and represents the condensed ·tannins . 

(b) a weak yel low fluorescent spot RF = Oa53 ( c ) a bri ght 

yel1.ow1eh-green fluor escen·t spot t'fhich t'laa suspect ed t o be f1aetin 

RF ~ 0,72 and (d ) a blue fluorescent spot RF = Oo90 which was 

intensified u1 th ammonia vapour . (Fi g ? V) . 

. -· _ _ _ ·- __ . Brown streak 

Yellow Fluorescent 

Fisetin 

·- - Blue Fluorescent t 
.Uo V. Li ght 

Fig" V. 
2/C FeCl 3 Spray 

Chromatogram of Methano1-ext:t"ncted Commercial B1ack \iattle Tannin. 
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From the above it was considered that the bulk of the 

condensed tannin "·Tas P-Ccompan1ed by a. law proportion of fluorescent 

bodies, as the bright fluorescence under ultra-violet light waa 

known to be a very sensitive property of such n compound as fisetlno 

(v) ldent1flcat1on of the Associated .~uoresc~pt Poll£he~la . 

The separation of the compourul of RF ~ Oa72, suspected 

to be f1aetin was attempted by Perkin n.:1d Gunnel 8 a method (120) 

of separating fiset1n from quebracho lvl·~h concentrated sulphuric 

9 kg 0 of black wattle extr~.ct -was treated by thi e method. 

A one-way chromatogram of the ethereal extract of the 

result i ng solution appeared compl.ex (U,'f., light} consisting of 

(a) a bright yellorl fluorescent spot RJi' ::: Oo53, (b) a bluish spot 

(Oo 6~) ~ (c) a second larger and more b=~1111ant yellow fluorescent 

spot l O.o 72) follo't'Ted by a • long blue zono » the latter pp._rt of which 

f.luoreac~d blue in ammonia vapour (Oo9o: 0 (Figo VI) ~ 

Sprayed 'ivith Br~cresol-green ~ 201) only the spot m .. 

Oo 6S.S sho"·ed up yellow against the green backgrowtd, and also 

exh1b1 ted n deep blue colour w1 th 2~ Fec1
3 

spray rea.gentn It was 

thus acidic and possibly a pyrogallol d t!r ivative. Separated by 

bicarbonate treatment and recrystalli zec. from water 1 t proved to be 

Found %H ;::: 4,, 0 

Calc. fo:&.~ 

c
7
a6o

5 
~ EqU1v. wt.::: 170 %C = 49.4 %H z;, 3o5 

Gnllic acid does not appear to be present in the extr-a.(rt 

-----
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Chromatogram of Etbe·:-eal Extract of Sulphuric Acid trea.tea collimer
clo..L black \iattle Extract. 

snd 1a probably form·~d by the de compos! t1on or hydrolysl.fl of some 

conet1 tuent in the cnmmerc1n1 -extract~ Gallic acid wa~ ale~ 

obtained by the ea~me method from quebracho extract by Perkin und 

C·unnel {loco c1t)" 

The phenol:.c residue \<Tae dissolved 1n water. the o .... hydro:;ry 

phenols precipitated ~vith neutral PbAc, centrifuged~ the lead. salts 

we. abed and reeentrlft. .ged , Ether extract1or~ of the mothe;:- liquo:~" 

----------- ----------------



e.nd washings ge_ve the meta=hydroxy phenolics which on vacuum sub.n 

11mation (100° ~ 12o0 c) gave RESORCINOL~ 

Mpt and mixed mpt lOS°Ca 

Recryat. from benzol. 

Found 

Calc. :for 
C6%o2 ~ %C rw 65.4? 

Purple colour with Fec1
3

o The residue was examined by 

chromatography. In addition to the bl'le spot RF o. 921) traces of 

one of the yell01-l fluorescent principle3 (o~ 76) existed as impurity~ 

The PbAc pptlon. 'tofn.s thus repeated to r1~move this o~hydroxy phenolic 

body. The purified product gave a yel1o't'rish~red colour with 

va.n1111n .... HCl reagent (Lindt (l9g)L a W1~uk. purple with Fec1
3 

spray» 

a light blue fluorescence under U.,V . light in the presence of 

ammonia. (Bnte=Smith (1S6)) P.nd l<~as ob-viously a meta- or mono.-. 

hydroxy phenol. Phloroglucinol has tho above properties but RF :.;. 

It 1s most likely a phloroglucli\Ol derivative and l'i'lll be 

l.nvest1ge.teE1: n.t n later ataga. 

The a- hydroxy phenolic fract1Cin 1>1as liberated :from the 

A chrom~.tog:ram 

showed the predominance of 'ttt1o bright yF.llmv fluorescent substance a 

but traces of the phloroglucinol der1va11ve were still preeento 

The dried product .. vo.s disAolved ln hot F.·thunol, treated \vith excess 

boiling l.vater D nnd the yellow· brown pm·rc.er l'Th1ch separe.ted (Ool gm) 

examined by chromatogrnphyo The fluorescent principle (0.53) was 

still present~ nnd the f1set1n could not be entirely freed o:f this 

impurity even after a second prec1p1~ation » due to the small amount 



of material. a:~a1lnble .. 

Olive green colour u1th D.lcohollc Fec1
3 

.. F1eet1n (RF ~ Oa72) 

wae also 1so1Rted from quebracho by the method of Perkin nnd 

Gunnel (120) ~.nd sho1·Ted a. minor impurity RF = OoS5 recorded by 

&.te--Smith (lg6). Mpte 320 - 325°Co ( lecomp.) Mixed mpt. Hith 

f1set1n from black wattle extract ; 31S- 325°C" (decomp )o 

Found foJ:• Fisetin from 
ble.ck •·rettle extract ~ %C - 63o t)l, 62.S5 ~H ~ 4 .. 9~ l-t.g 

. 
(dried ll0°C. Abderhalden \ 

., 

ChrOIIk"ttographlc comparison ~ri - ;h f1setin from quebracho 

colorado and the hydrolleed extrnct of Cot1nus coggyg·ria scop. 

( Syno Rhus cotinus) left no doubt thn.t the brilliantly green-yello'tl 

fluorescent spot uas FISl!."TIN. 

Ba·te-smi th ( 1S6) suggests thn.!: the abnormal fluorescence 

of fieet1n under ul tl"a-v1olet light is c.ue to the unusual freedom 

from eubHtltution in position 5o On account of its abnormally 

b~ight fluorescence the compound gives t~e impression) from visual 

examination of paper chromatogramsD of b91ng pzesent in the comme~-

C1al extract in far greater pl"Oportion t .1a.n is o.ctually the caseo 
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f.llthough much flee tin we.s probo.bJ.y occl'J.ded or condensed during 

'Gh e above drastic aulphur1c acid treatmrmt, the yield of Oo OOl% 

gives some indication of the very lv,·r pJ•oportion in '\'lhich these 

associated phenoli ~ bodies occur in bla.(~Jl Hattle extract. 

The othe::- yelloH· fluorescent principle (RF m Oo 53) 1s 

apparently present in even lovrer· concentration. 'l1he yellow 

fluorescence mn.tches that of fleetln and it is possible that the9e 

compounds mny be relQted~ From the preceding dlscuseion of Bate-

sm1 th 3 e work ( 189) on related c15 compolmds tvro poas1b111 ties might; 

account for 1 ts lo~rer RF value ~ 

(,a) If both a.re agluconess the more highly hydr·oxylnted 

h:lVe lo~·rer RF values than the less hydrc•xyl~tedo 

or (b) glycosldn.tlon of the hyo.rox;yJ. f,I'OUps H1th SlUcose~ 1n 

whe.tever position, usually results in a lnrge decrease in RF V2lue , 

As both resor cinol nnd gnllic acid nuclei Rre known to 

predoiTllnt:~. te in black ~rattle tr>.nnin (see o.lkC~.li fua:tone Pp. 1.92~196) 

. the [l.bove isoln.tion of these compounds em[:,~ests thvt strong sul

phuric acid i8 c:tpnble of dee;ro.d1nG the tannin to ~ limited extent . 

All the fluorescent bodies n.rEl ether-soluble nncl could 

also be separated from the remainder of the tannins by the repentec. 

extra.ct1on of stror,g aqueous solutions ~·'1th ether (see Po 4o4 ). 

(vi) Choice of su1 table Solvent 1-J1xtures for the Pe.Eer Chroma.., 

E_'!_grap~y of. ti?-e PolYph~nollc Tanr J:!!.2. 

Tht. butanol - acetic acid - 'N'c.ter mixtti:re J while g'.v1ng 

excellent sepurat1cns of the associated fluorescent bodies, did 
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not appear equally effective for the predominant tannin fraction., 

The developed one=dimens1one.l chromatcgrams of the tannins whic~h 

were spotted on at different concentretions, showed trials 01 

s·l;reaks , and little pnrtial resolution vlas visible in ordinary 

or ul tra=violet light 9 or when sprayed ~·Tith ronmon1n.cal silver 

nitra·te or ferric chloride., 

It was suspected that this truiling 1rrae either the l'f~eul'\i 

of the high affinity of the tannin for cellulose or cnused by i;he 

use of incorrect solvent systems . It 't•Tas e.lso possible that such 

a complex mixture of compounds of overl~p~ing RF values was 

present » that no effective separation could. be achieved by one-· 

dimensional chromatographyo 

To clear up rome of these posR1b111tiee and to obtain 

1nformA.t1on eu1tn.ble for subsequent ~-ro~dimeneional 't-rorkl) a etuo.y 

of various solvent systems was embarked ona 

Alcohol - \vater Mixtures . 
\·/a.ter...,misclble and water- 1mm1acible alcohols have been 

used by Rockland.J) Ble.tt and Dunn (199) for the separation of' 

am1no~~cide" The presence of some acids ( e ago HCl) ln complet;ely 

miscible mixtures appeared undee1rs.ble as tuo w1dely- aeparatted 

boundaries were formed, Md 1n up1vn.rd Jhrome.tography the amino~ 

acids did not migrate above the lower boWldni·y , In the absence 

of ac:i.de satisfactory resolution was obtained~ From the pZ'ev·lotle 

uork of Coneden.P Gordon and Martin (195) 1t appears that success 

~n resolving am1no.,...aclda with water-miscible solvents depends -:m 
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the relatively low water content or papers not subjected to pre= 

11m1nnry equilibration with aqueous solvents. Both of these 

groups of workers used various propyl, butyl and amyl alcohols 

mixed with varyine; proportions of "t-Tater. ',·11th wa ter .... mlsci ble 

alcohols the ratio alcohol/water = 7/3 appeared most satisfac

tory, Hhile '\-11th uater-miecible alcohols the l.i'ater-s[l:tiurated 

solution of the nlcohol l·ras usually employed. 

These mixtures were ap~l1ed for ~ study or the tannins 

Md the effect of ·varying proportions of acids also determined., 

The chromatograms 't-Tere rWl one-dimensionally nnd the efficiency 

of the solvent mixtures assessed by examining the developed paper 

chromRt ogrrun of the tP-nnin ,q.s well ae determining the efficiency 

\-Ti'ch "\-rhich two catechin bodies were sopgrated. Casuarin from 

the bark of Casuarina equiaetifol1a Lin. was used for this purpose . 

Caeuarin ~1aa identified by Oe.l.ma {200) as a d-gallo-

catechin by ita reduction l.-11 th metallic sodium to a hexamethoxy-

diphenyl-propane 1 uhich was identical lT:\. th that obtained synthet1-

cally and by the reduction of authentic gallocatechin. Casuar1n 

of the same melting-point (lg2°C) nnd g:lving the same bl?e- green 

colouration, was isolated by Osima 0 s method from the bark of 

Casunr1na equ1seti:fol1a gro\m in zululand. one-dimensional 

chromatograms (Figo VII) showed that in addition to gnllocatech1n ~ 

catechin wns nlso present in high propm-t1on,. The RF values of 
. 

these compounds in both solvent mixturel3 agreed with thnt in the 

literature. ( Bate~Smith (lg6 )). 
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Chromutogre.ms of Cnsur.r1n in n~.Butanol - ncet1c RC1d ... water nnU. 

m- Cresol ~ acetic acld ~ water. 

The following co nclu81 on a were dra'\lm fl"om a ca:::·eful stud: 

of the solvent mixtures 



{a) Alcohol-water ( 7 ~ 3) mixtures and wate:r-~sn:~ura.ted 

alcohols were excellent for separating p henols on one-dimensional 

chroma ~tiogr rune .. The degree of separation varied with t he various 

alcohol so Wate~~saturated sec-butanol and tert~amyl ~lcohol, and 

tert~butanol-water (7 ~ 3) mixtures were most erficiento n

proponol~water, 1so-propR.nol-\vater D ethanol~water and methanol

water (all 7 ~ 3) were lees efficient but still gave good separat1o~ 

of catechin bodies . Dlacetone alcohol was inefficient. These 

mlxturea sepa:r-a.ted the fresh bark extrnc·t into areas of higher con-

centrat1on and appeared to diminish much of the trailing in the 

loWel"' RF region. Water-saturated n-but::~.nol gave much the sa.me 

tannin chromatogram as \·lith the presence of acetic acid in the 

developing solvent mixture; the only exc•eptlon being that the 

:t:.uorescent spots a)peared somewhat more diffuse., 

( b ) Hater-:,.lcohol mixtures in uhlch the tvnter pi'edominates 

generally gCJ:ve poor or no eeparntion of ·~ntechin f".nd ealloct').tech1n, 

and. 1t is or~eumod that the tannin oonat: .. tuents are also leas 

se.ttafactorlly sepa:·ated. \vlth black wat tle tannins all of the 

yello"i fluorescent material 1a left n.t t he or1g1no This effect 

W&S alao observed on cellulose columnso These fluorescent con-

et1 tuertts o.ppear t o ho.ve a very high n.ff~Ln1 ty f or cellulose ln the 

presence of predominantly aqueous solutions . 

(c) The prcs3nce of acetic and other acids in sol\.rent 

ru1xt urea used . :for cJ1romatography is sur e::fluoua whe~ce only phenols 

Phenols of the 06 and c11- classe s of compound.a 
.) 



travel as discrete well-~ aepara.ted spot s in nlcohol--water m1:xtm~ee. 

Uhere phenol3.c a.clda are present in t.he mlxture u~der investigation 

alcohol---~Y'ater mixtures alone are not Ea·tisfactory p nnd the presencr. 

of nn acid 1e essential to prevent tr:::.1ling, The stronger acid 

in the solvent mixture et~presaes the ioni sation of weaker organic 

n.cid 8 n.nd thus enables it to move as v, single un1on1sed apotu In 

the gallic 1 p ~resorcylic ano. protocE.techu1c acid mixture studied 

the trAils p robabl y represent the ionised areas. (Fig 0 VLt::r.), 

--'*- - - _ . .,. ---

d:: .. ::J 
iso-propanol

water 7/3 
n~propn.nol

\·rnter 7/3 

- - -)(- - - - ~ --

Gn111c Acid-. _ _ --.. ~.e cn 
Protocn.techu~.c ( ., 

ACid - - -n 
... 

---
fl -reaorcylin - ·-

Acid 

I 

I 
I 

iso- propanol- n-propanol~ 
acetic acid- acetic ncid-
uater (70~5 ~30 ) t-rater (70:5~30 ' 

Figo VIII. The Effect of Acids in 1\lcohc,J.-·~inter Jtixturea for the 
Chromato~raphy of Phenollc Aclde ( 2/;, F'eC1

3 
Spruy) 



This phenomenon uas previously ::.leo observed by r .. ugg· and. 

Overell (201) in ~ ~tudy or carboxylic acids obtained from plant 

ti.esuee ., 

The yellow fluorescent constituents have n. high o.fflnity 

for collulose ev·en in the presence of ;>redominantly alcohol solvent; 

m,_xtureso Once adsorbed on cellulose columns they cannot be de-

aox-ber:1. even after prolonged treatment :11th solutions of ~1irongly 

hydrogen~bonding nb111ty (14) such as nethanol nnd acetone~water 

(1 ~ 1) mlxtureeo The E1gn1ficance of fluorescent areas nt the 

origins of one-x. c.nd tl-ro--.dimenaionfl..l chroma.togrruna must thus be 

interpreted , .. ri'th cau"G1onD pnd it 1e mo3t unlikely that these are 

ob.emically different from substPnces p~esent in the mixture under 

investigation., Air-drying of spots o 1 chromc.tograms a.t any etagA 

nppears to cause u more pronounced flx1tion of e. low proportion o:f.' 

these compounds to celluloaeo 

f e) The ·.~hatmans Noo 11 pnper w.:ts acetyl~.ted uith acetic 

anhydride and perchlor1c ac~ .. d in order to reduce the affinity ·:lf 

\·That vlnB suspected to be the most highLy condensed portion of the 

1\.f'ter acetylation the pf.lpe:r •ras thoroughly washed an~i 

finally irrigated ~ilth water in n chrcnn.togra.ph1c appnra.tus fo~c> 

After thorough n1r-drying ~he acetyln.ted paper 1>taa 

used in exactly the same way as the or·:.g1nal chromatographic pa.peJ·. 

Although the dry acetylated .3tr1ps o.re less water-~· 

absorbent than the cellulose itself it behaved similarly -wl.th 

different solvent mixtureao The streak of loll RF value lias sttl: 



Pl''EBI.mt on d!?·1reloped chromHtogra.ms of taJmmercla..l. blat~}.~ wattle 

Phenol ~ acetic acic. ~ wate~· uas r.acently used b~r 

Aequ!\. th "202) fc~r sepnrating the cone~G.i';uents of synt.hettc tarm~'.na 

Hi'Ghout tZ'aillng :aockland 9 Blatt nne Dunn (1519) also used 

~.re.rloUt:l cresol o.nd phenol mi>:tures for ~ hetr wol'k on amlno-acidup 

while Bate--smith and 'destall ( 1g6) ehoi~Eld that c15 polyphenols were 

effectively separated by m-cx-esol - acetic acid = iio.ter (50 ~ 2 , 4S) 

m1xturee, 

In this investigation the creEol - water mixtures triedl 

wera observed to move the t annin const11 uents too slowly, ~nd lClW 

RF values o.ppea.red to be characteristic of all phenoltc - water 

mixtures~ ':/ater-saturn.ted phenol gave excellent separation of 

both tnnn1n con~t1 tuen te and co.tech1n b:dies; the latter move more 

slo1'1ly than 1.n .~lcoho 1.-.1'-TP-.ter mixtures bi .. t nre more widely separr.ted 

~nd the spot6 nre fnr more discreteo 1he difficulty of low RF 

value 3 was overcome by irrigating the p[per continuously 't-tith tt·.e 

fast-moving water-saturated phenol mixt~reQ Under tbeee conditions 

1 t appears aupe:r·ior to the majority of .,. lcoho l~wa ter developing 

The effects of the following :solvent systems were also 

etUCI.iOd ~ 



'?o2.•mic ac10. -.;rater ~:s " 2) 

fig ~ 2) 

(203) 

(203) 

:n.-Buta.:aoJ. - formic aci<l ~ water :4 ~ 1 ~. 5) 

:l~Propanol ~· i:'o~:'mic e..c:.d - wn.ter ( 7 ~ l ~ 3) 

>1-..Propanol -· acetic ac~·.d - watel' ( 70 ~ 5 ~ 30) 

l,ao-Propnnol -~ acetic acid ~. 'ttlat~c· {70 ~ 5 ~ 30) 

Pyridine •· viuter (7 3) 

o:r the ab:)·qe the pyridlneit·n~:~er mixtl.ll""e was totally 

unAU:l.table D.B the phenols and tannins nov-ed rTlth the solvent fTont 

and lt·ttle sepa:ration was nchieved. 

:~a;t acGtlc e.cid was remarkable 1r •. that 1 t ga:ve good separation 

of ca·techin e..nd gallocatech5.n 8 and t.hrne discrete yellow fluorea~· 

ccn'l,; 3po 1" a ( un.a.er u. V" l!ght) t\1' 1lih th~ tannin as compared H1 th 

None of ·;;he abo,.re mixtures f.npartl.ted the tannin con-

st .. 1:;uents completely although areas of h1.:;her concen·trat1on uere 

J.ml:.cn.tt:d whe;:t chroxnatogrA.mH WeZ"e devE..:.Qpod '!tilth nl.most all the 

P..lc< hol - water ~.nd Hith th~ wa.tGr-sa.tn;:·oted ph~nol ml.xtureec 

siona:t. work, 

{viii) D1.s(:Ussl.on of RecGn'~ J:ublicat~-·>ns 
~-~~~-. -~· _.,......., 

'rhe publications of' Hi).lis L91) F!nd Kirby~ J\nowles 



and the comparison of their results is thus of interesto 

Although Hillis performed hie. work by the up~rard migra.., 

tion technique of \11111ams and Kirby (204), his description of the 

fully developed chromatogrrum (see his F1gQ 5i D) in butanol~ 

acetic acid - water corresponded exactly to the above findings" 

Kirby$ Knowles nnd '.fhi te om1 tted recording the blue fluoresc-ent 

spot RF ::;;; 0.,90, and their weaker yellow fluorescent spot 1s 1nd1~ 

ca. ted as hl:'.ving n. much lower RF value ( o)+o e.s compared w1th 

Oo50 -· 0,53) in the sn.me solvent systemo (see t.he1r Fig. I). 

Kirby, Knoules nnd iih1 te note:l that the yellow fluores

cent spot associated uith f1set1n in quebrncho 0 1e alao present 1n 

mimosa extrp_ctD thus confirming our f1ni1ngs and 1den't'.1f1cnt1on. 

They also recorded the effect of nelda in solvent mixtures on 

phenolic carboxylic e.cidao Kirby~ Kno··Tlee and \fh1 te appear to 

have omitted investigating phenols as d~veloping mlxturE!BD bu~G 

regarded wet sec-buto.nolv tert-butanol ·- ·vater \7 e 3) p wet tert= 

amyl alcohol Hnd n...,butanol - acetic acid. - w·ater (4- ; l ~ 5) a.e 

most ent1sfnctory. \il th the exception of the 1ast-m,~nt1oned" 

the ubove findings a.re 1n ngreement ;/1th their statements. 

They furthermore claimed that the speed of tr2vel of tbe 

solvent and ·the type of pF.J.per nffected ··;he de~ree of resolution 

obta1n-edo These effects were not not1,~ed here as 1n the present 

·wo:rk Wkla'cman No, 11 p::tper was used excliJ.Bi vely. The,_r cls.l.m that 

the RF values of the constituents vo:ry c!onsiderably lvith concen

tration~ was also not noticed and certa:lnly doee not appea.r· to 

apply ·to the fluorescent constituents to any marked dagree. 



Co T\'/O-Dll-1ENSIONAI4 CHROJ.IATOGRAPHY 

Kil'"by D Knowles and ~-/hl te ( 168 i in their most recent 

publication» examined. the extract as o. uhole two-d1mens1onally 

?J.slng "'!atcr saturn ted w1 th tert~a.myl al<~ohol anCL conta.in1ng Oc 1% 

a.c<;t1n acid for the first direction and wet sec- butanol for the 

secondo They fractionated the extract ma. .... nly by fractional 

prec1pj, tat;ion from an acetone solution, by the rtdd1 t1on of aucc~a~ 

aive quanti ties of etrer ~ This fractionP..tlon gave excellent 

e:epa.l .. a··:; lons ~nd they cla1med the presen<:e of no less than 37 

d1ffe:~. .. ent substances ln black wattle exiiro.cto 

Gholce of Solvent Mixtures 
~~----=~--~--~---------"~ 

From the prev1cua one=·d1mens1c~no.~ otuC:.y wa.ter=sutu:rated 

phenol~ aec-butanol and tert=~Jllyl alcohols as ~-Tell a.~ t.ert~but;a.no:L""' 

r."proprtnol~ and isopropanol ~ water mlx1;ures were shown to be 

8u.pf'l"lor a.eveloplng eollrent m1xtureso The two f1rst-.roent1oned 

\~e~ .. e ·;;her .... fore selected for th~ tuo d1mtme1onal stt~.dyo 

The appa.rntua (Figs" IX and x: ivaa very a:tmilal .. to tht'l...t 

u.sed for one~,d1mens1onf.'_l worko The eht.J.low glE:.zed ellrthenware 

troughs used 1iere much longer, 101~ x 1~~ ; x i" and Che cover :to:r-

~he whole appa:t .. atus much larger" 





16c 
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A. ol.n61~: r,onr~en"t .. 'D.tec. spo·r.. ::>~? em. in dia.me't;er wac 

u.pplied at. a polnt J.-fr anrt ·~ inc-hes :t•espeG·i;ively from the two edg~o 

of n. sheet of No. l.L \vha"tu;-m P.s.pe:c' (J..+Il x 9 11 ) .• (F'ig. x:o . 

... ,. __ ._ __ .. - ""f·-- tl• ---- · ·-· .......... __ ... 

b 

A 

B A 

;~K -... -- ---- - .. --- -- .. ---... -

F'lg~ XX .. 

o;:'he end A 1vr•.s nou pl8 ::ad in the 1;:r'ot:g.h conta:tning Hater~ 

l"Gr-ched ~ 9'· from the Htar~ang ltne ( 1:~ .... JK hours) .. The pape:c 

was remcvec1 e.nd nf'ter thorough , .... L ... -or; rlng lvas cut. nlong lines a e.nt:~ 

·b~ ~'he end B vtias next lnaerted 1n t.t.e second. -==~.ppe.4·atus ccn.ta1n1ng 

ltlater~aatura.ted phenol nnd the pAper trl"igc.ted continuously fo:r· 

14 hours., Contl"ol ~1' the heigh~ of 1he "~'"a'~Jer~aaturated phenol i~.., 

t.he tl·ough la necessary as the ~.rr1ga11on occurs more rapidly when 



the trough 1s full than \·rhen nearly empty Q small serrat i ons 

along the base of the paper \'Tere useful for obtaining ;:m even 

dripping action. Before removal the excess uater-phenol mixture 

wns removed by touching the bnse of the sheet ".-Tlth absorbent filter-

pppero The chromfltogram "Has suspended by stA1nleae steel cllps 

1n an i nverted po s1 t ion (to nllow the sc·l.ven t to drip off the edge 

B freshly removed from the trough) , for !t-g hours until all smell 

of phenol hnd disn.ppenred from the pn.per. 

spray=rergent s. 

( 111) 

It was now trerted with 

Ammoniacal silver nitrate firEt used diagnostically by 

Bate~sm1th (lg6), Erd tman 8 s ( 205) diazotlsed benzidine (both used 

by Kirby et Al.) and Mitchel1 8 s (2o6) ferrous tartrate in the 

presence of lO% ammonium acetate \orere found the most effective 

spraying rengents. Ammoniacal silver nitrate in the cold waa 

preferred due to its sensitivity a.nd also as it gave diagnostic 

evidence regarding the nature of the phenols. 2% Aqueous ferric 

chloride w·as not sufficiently sens1t1ve. 

(1v) ~oice 9f Solvent for Extrnction of the Poll£henq~ic Tann1~ 

Methanol is em excellent solvent for the 11purif1ed11 

polyph€nol1c ir~ctlon of the commercial extracte ?.nd 1 a superior 

to ethanol t·rhich removes trmn1ne r>nd sug~.rs completely from the gum 

during SoY.hlet extrnction. This appenre to be in conflict wlth 

the findi nga of Kirby~ Knowle s e.nd './hi te ( 16g) who sho·wed thR·t; 19% 
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of the dried extruc·,~, still oonta1n1ng one-.quarter of 1 ts wei ght 

in t~-min.r was insoluble both in cold acE~tone and 1n methanoln 

Their residue probably coneiete predominE~tly of gums and eugare b 

Hhich o c clude a lm'l proportion of the less soluble tannins normn.lly 

soluble 1n metho.nolE nnd ' ·rhich n.re themsE!lves pnrtly n.dsorbed on to 

h1de-powdero These fncte re-emphnslse the necessity for the re

mov." 1 of the BUIDB before attempt 1ng paper chrom?.to{;r:!phy of the 

polyphenolic portion of the extract. 

(v) !Ppe~rance of the Black Wattle Tan~in Chrom~togr~ 

A marked difference was evident in the appearance of the 

two=rra.y chromn.togrnme of methanol-extracted mature fresh bark 

(Fig . XII) and methonol-extrncted commercial black wattle tannin. 

(Fig. X:CII). 

The difference betl-reen these e:x.tracts is that the commer

cial tannin is subjected to atmospheric nnd enzymatic oxidation 

during t he drying of the bark after stripping, (see section on 

colour-control , Chapter XI) and also to n limited extent during 

the commercial extraction nnd concentrnt1on processes . 

I n o1uer to determine the effect of limited atmospheric 

ox1dat1onD water 't-ra.e adned to the fresh bark methnnol- extract a.t 

Sooc., o.nd kept at 6o - gooc . for 8 hours during t~hich 1 t darkened 

considerably, A chromatogram of thia ox1d1eed tn.nnin wna run s.s 

before. (Fig. XIV). 



For all Fi gs o ~ Direction 1 - 'inter- Eiaturated eec-but anolo 
Direction 2 ... n 11 phenolo 
Spraying Reagent g Ammoniacal silver nitrate (lg5) 
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Fig o XXL Two-Dimensional Development of Methanol-... Ext racted Mature 
Fresh Barko 
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Fig o XIII. TWo- Dimen s i ona l Devel opment c f Methanol~..- Extracted Commer
ci a l Mimosa Extracto 
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Figo XIV. 

Two~D1mens1onal Chromatogram of Ox1d1sed l1ethn.nol.,...Ex tracted l1atu.:re 

Fresh Bark. 

Ox1dat1onj) whether atmoapher~c or enzymR.tic 11 in ·the 

preeerce of sunlight or heat thus tends to increase the p:roport1on 

of mn.terlal of lot'l RF ve.lue and prevents the ~lean se:9arat1on of 

spots as 1n Fig. XIIo 

The areas of high oo ncentrat1on A8 n~ G D I~ and E: fol"m 

a pattern which 1a characteristic of black wattle tann1n o When 

the conc~ntration of the tannins spottei on le auccesslvely re-

duc ed the spot F first disappears follo·:ied by 0 while the concen .... 

t~~1on of the trail gradually d1m1nisheso The five areas of 

high concentre.tion still remain evident, however, Wlder these 

conditions o By this method it is possible to assess the relative 



concentrations of the various conet1+uentso 

XII could poselbly represent tt-10 compc. .illds) o 

(The spot C in Flgo 

These spots mrty t=:>_lso b'3 ldentified as areas of .higher 

concentration on the chromatogram of the commercial extract, 

although the plctvre is by no means as clear. other phenolic 

compounds are obviously also present here e~so H, Xa J, in 

Figo Xll':Io 

From the above 1 t appears that the seven phenolic bod1.et:. 

of the fresh bark extract 1 represented by discrete spots on th~ 

chromatogram are capable of further condensation by atmospheric 

oxidation during the drying and transportation of the bark and 

possibly also dur1ne the extended heating period of commercial 

extraction., As peroxldases are knoun to be preee~t ln the bark 

(See Chapter XI), enzymes e~e probably responsible for much of 

this oJd.dat1ono A paper chromatogram of any extract furnishes a 

rough 1nd1cat1on of the degree of oxidation which has occurred 

when compared uith that of the fresh-bark extracto The trail of 

oxldiaed material 1s normally easily visible in ordinary light 

as a brown etreako This 1s far more pronounced vT1 th the commer-

cial then with the f·"eeb=bark extract . By contra~t the areas 

occupied by the un1 ts i~ .... C are not discernible before spraying 

Hith various reagents~ Confirmation that this more highly con

densed or oxidised m.aterlal of lo't{ rtF v:1.lue l.e c_l eo the moat 

astringent la obtained from F1go 10 of Kirby, Knovles and ~ihite 

(16g) repreoentlng a chromatogram of th3 polyphenolic extract 

leached from bide~po\v<ler rTlth an aceton~ ~ water mlxtureo Here 



the tannins of low· RF value are present in very lol-r concentratlono 

Further confirmation of these facts 1e provided by an examination 

of the behaviour of the polyphenollc catechin bodies during ox1du= 

tiono 

(vi) The Oxidation of Catechin and Caeuarin 

In order to obtain a lese confused picture of the 

behaviour of polyphenollc bodies, pure catechin was exam1hed one ... 

and t\'1o~d1mene1onRlly before and after o.tmospher1c ox1do.t1ono 

Catechin from cube gambier consisting predominantly of d-catechin 

together w1 th a minor admixture of r-catech1.n was isolated and 

purified by Perk1n 9 s (207) methodo T .. 'le product moved as a 

single spot on one- and tlvo-d1mensional chromatograms (Figo XV) o 

2 

Fign XVQ A TWo~D1mena1onal Chromatogram of Catechin from Cube 
Gambier 



Fig. XVI. A one~D1mens1onal Chromatogram of Catechin from Cube 
Gambier. OX1dlaed 5 hours at 6o=&>0 c. 

Fig o XVI I o 

c 

2 
A 

B 

A Two-Dimensional Chromatog.::·o.m of Catechin from cuba 
Gambier . Ox1d1sed 5 hours at 6o-go0 c. 
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c D F 

A 
E 2 1 

B 

Fig, XV!Ilo A Two-Dl.mene1onal Chromatogram of Catechin from Cube 
Gamb1ero Oxidi eed 10 hom•s at 6o- 80°Co 

After oxio.ation in aqueous medium nt elevated temperatures (6o -

S0°C) a one-d1mensionp_l examinat ion showed the presence of a tra.l.l 

of both lo-vrer and higher RF vnlue 1n netdi t1on to the catechin 

spot I,Figo XVI)o Two-dimension~lly the presence of ~ number of 

compounds ln addition to a broad diffue;e trail was evident (Figs o 

XVII and XVIIIL It is interesting· tc· note that two compounds 

(A und B) w1th RF values close to that of catechin ~re formed by 

Thls observation shows the necess1 ty for extreme 

caution in the interpretation of the m[:ny spots observed on the 

'tl·m-dlmensional chromatogram of black \-."attle tannin, especially 

when it is remembered that enzymes nre present in bark rmd also 

as Williams ( 7 ) has sho'\-tn that the colour of a Oo5% 1nfuston o:f 
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tannin increases progressl~ely with the age of the barko 

Casuarln (Flgo XIX), a mixture or catechin and gnllo-

catechin condenses easily on atmospheric oxidation to c. single spo;-; 

located Rt the or1g1no (F1go XX)o 
14-~~~~~----

GAU..DCA TECHIN 

2 
CATECHIN 

F1g, XIX.. Two-Di~enaion~l Chromatogram of' Caauarin f'rom the Bark. 
of Caeuar1na equiaet1:tol1a~ 

Fig., x;,., ',li.·rc . ...,.Dimeneiona.l Chromatogram of Ox1diaeo. Cn.eWU'1n" 
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(v11) fraction~l Precip1t~t1on of the Commercial TP~n1n[~~ 
Lead Acetnte 

The separation of constituents of low RF values from the 

phenolic fraction of the commercial extract is easily achieved by 

fractional precipitation with lead acetate. The first-formed 

precipitates are brownish in colour but tho major portion of the 

phenolic fraction subsequently precipitates as a col ourless lead 

salt. 

15 grma. commercial extract (66% tannin content) was 

repeatedly extre.cted with warm methanol to remove the tannins from 

the gu.m. The tannins, recovered after the remov·al of the metha.no.L ~ 

W£re d1sso~ved. 1n 500 ml. water and 10% neutral lead acetate was 

:'.d cJ.ed in small qun.nt1 ties ~!ith vigorous stirring. After various 

additions 'the precl.p1tntea t·rere centrifuged (15 mine. at 3500 r.p.Ll) 

off ae follows ~ 

~- Vol. of 11t Lead Pr.oport1on of 
Acetate Solution Total Volume of Colour 

i Added Precipitate . 

I - ~~~ 
'F-raction I 5 ml. l/7th da:rk brq1m, 

bac'G1on ll 5 tJlc just ~ l/7th brown 
I 
I 

10 ml. II .,. 1/7th br0lm-wh1 t e r~action III 

Vl: II '> l~/7the white rra.ct1on excess 
.... •• .... so::;: 

The tannins were liberated as in the lead~snlt method 

of separation and concentrated under reduced pressure in the presence 



of n1'tl"'ogen,: · Chromat ography of each fraction (Fl gs o XXI - XIV) 

ahou s t hat the coloured rnHterla.l of lo·w RF i s preci p i tated f irst, 

and t he d i screte o.rea.s of high RF value lt'l.sto 

-

2. 
v 

Figo XX!o Fractional Precipitation of t.~e Commer cial Tan nins l'T1th 
Lead Aceta.tao Fra•"}tion Io 

Fig. XXII a Fractional Precip itation of' l.he Commercial Tannins with 
Lead Acet ateo Frc ction II. 



F.lg., XXIII a Fractional Prec1p1 tat1on o:l' the Commercial Tannins 
~4fith Jl.~~'ad Acetate , Fraction III., 

2 

G 

F1go XXIV., Fractional Prec1p1 tation o:f' the Comme_ c1nl Tannins with 
l .. es.d Acotate " t'raction ].,! 



The solvent separations used by Kirby 9 Knowles and ·.ih1te 

appear promising nnd should be applied ·";o the phenols alone o The 

SHlting-out procedure still requires examinatlono 

(v111) Comparison of Results from Two·wDimene1onnl Chromo.tog_raEl3l 

Aa previously mentioned, Kirby et Al. (16g) recently 

demonstrated the complexity of the commercial extract by chroma

tography~ using 'tvo.ter aHture.ted 1-11 th tei:-t-amyl alcohol and contain

ing Oo 2% acetic acid for the first direc;tion e.nd water~sn.turnted 

sec=bu·tanol for the secondo 

The present one-.~d1mensional s';judy of various solvents 

has shown that the second mixture gives excellent separation of 

tannins P.nd Cr".techln bodies D The first-mentioned , holrever, 

contains n predominn.nce of t·rn.ter, r"nd n:'.though it hrs the advantage 

of removing the yello'\'r fluorescent bodies from the rest of the 

extrac ... r:; ( evi.dent nlso from their F1go 1>, the findings ln paragraph 

(b) page 151 sug~eat thnt 1t might be an 1neff1c1ent separating 

mlxtureo 

The eff'1c1ency of wnter sntu:rnted with tert-amyl 

s.lcohol And 0.,2;.~ acetic acid mixture vrn.H accordingly t ested b"',f 

develop1ng n casuarin spot one~d1mena1on~.lly, and aprs.ylng the 

resultnnt chromatograms vr1th P..mmon1acal silver nitrate and vlith 

ferric chloride {Fig. XXV}. \'lith the former reagent no aepa.rA.tion 

wns shown and uith the ln.tte:r a poor tendency towards separation 

was found" 
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Sprayed W1 th FeCl-~ . 

- )(- - ""}!:- -

Gs1lo~ 
-cnt~chln 

--- -C,\tech1n 

Flg., }{.X:V. one .. ·Dirlon.s.1.onn.l Chromatogram of Cll8Uar1n Developed Lith 
\'later Satd. 'tvith tert-.i'unyl Alcohol tmd c:ontn.1nlng Oo2% Acetlc J,cid . 

. 
Their combination of solvent mixtures was next tried 

t wo-d1::nens1onally on casuo.rin (Fig. XXVI) ~ By compar lng wl th 

GAU..OCA TECH IN 

F1g. XXVI . 'l'\t~o-way Chromatogram ot Caaue.r1n. K1rby 9 a .3'C }...1. )Sixturea. 



F1go XIX where watcr-sRturnted sec-butanol ~nd water-saturated 

phenol 111ere used for the tlTo=d1mensionnl irrigation the :follou1ng 

conclusions IDA.Y be d1•awn ~ 

(a) Kirby, Knowles and \-lhite 8 e solvent mixtures give lees 

effective separations two-d1meneionallyo 

(b) The spots formed are also less diacreteo Gn.mb1er cate~ 

chin p~rticularly appears as a longitudlnnl nrea, and it is moat 

unllk.ely that this r epresents q tendency tm·Iarde separation into 

atereoisomers as the longitudinal nature of the spot is due to the 

first solvent mixture which 1s 1ncapabl·e of separ~.t1ng catechin 

nnd gallocatech1n (RFe Oo 76 and Oo 59 in butanol = acetic acid .... 

water at 2o°Co) one .... d1mens1onr:llly 0 

(1x) Two-D1mens1onal Chromatogram of ·~he Yellow Fluorescent 
Cons t1 tuen ts. 

The tlio~d1mens1onnl chromatogram of the fluorescent 

const1 tuente isolated by Perk.1n and Gurnel 8 a method (120) and 

freed from gallic acid$ resorcinol nnd the blue fluorescent con-

at1 tuent (RF Iii;( Oo 90)( See Po 15~·) 1s rept'csented by F1go L'WIIo 

All the arer!S reproduced represen;G yello\.r fluorescent 

t rails and spots , -vrhen viewed in ultra~-violet lighto Only three 

constituents A, B and C are present. B (f1aet1n) constitutes by 

far the major proportion of the mixture. A (unidentified ~ RF ~ 

o. 50 - On 53 on one-d1menslonal chromato,srnm 1n butanol ~ acetic 

acid. water) occurs 1n minor proport1on 8 and C (unidentified) as 

a trace on~y . The f l uorescent areas ~Jd trails surrounding the 

main spots A and B are considered to re:?resent the same compounds 
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SOLVENT FRONT. 

Flgo XXVI:L A TtV'o-D1mene1ona.l Chromatogram of the Yellmi Fluo:reo~ 
cent Constituents of B~.ack lla.ttle Extrac"G., 

as con~alned 1n the spots themselves. The trails are caused by 

the hlgh affinity of these compounds fol' cellulose. 

The c..reas X, A~ a and Ba e.re n.iao clearly visible on th-1 

2=l;ay chromatogrum developed with this nolvent combination~ These 

areas represent pos1t1ona -vrhere the chrmnatogram 1-1n.a a1:r=dr1ed 

after spotting on (at X) s.nd ofter one ... C:.lmensiona..l developmen-t (at 

This behaviour ags.in result a from the high afflni ty 

of these compounds for the cellulose , and lot.; proportions of A and 

B appears to be 1rrevera1bly fixed at A8 and B0 respectivelyr and 

also at X. 



{ x ) _§umr~p.ry and Cone !,_ll:!l,1one 

(a) The polyphenol1c (tannin) portion of black wattle 

extract was separated 1nto n. number of consti t uents by paper 

chromatography after a detailed study of various solvent systems ~ 

(b) One- di mensional chromatograms sho1v that the tannins 

contain n l ow admi xture of three bodlcn uhich fluoresce brightly 

under ultr a-viol et l i ght . One of theHe "l-Tas lsolnted and 1dent1~ 

fled a s f1 eetin f or t he first tlme o <Jal l 1c acid and resorci nol 

were also obtained by the action of hot sul phuric acid on the 

commerc:to.l extr~.ct durlns- the ieol~.tion of the f1eet1n . 

( c) Tt.ro~d1mensional chromatography has confirmed the 

previously-surmi sed complexity of the ext ract, also r ecently 

demonatr·o.t ed by K1rby 8 KnO't'1lee and \'ihlt e ( loc . cit. L The col

vent combination used in the present s t udy has produced a number 

of very di screte spot s for the f irst tj.me from black t-rattle 

tannins , and i s superior t o t ha t used by Kirby et Al . 

(d) The chromatograms of t he mat ur e fre sh bark tannins 

show the predominance of f1ve or possi bly six consti tuents . othe~s 

are pr esent 1n l ower !Cooncentra tio·n. 

( e ) These compounds are repre sented on the chromatograms by 

discrete spots which are clo se in RF V[,l ue and could possibly 

represent d ifferent; condenaation=at at e r:: of one or tl-ro fundrouental 

tannin uni ts polymerised or condensed l.n different ways and t o 

different degreea. 



( t) The commercial ext1~o.cts sho-vr a far hi~her degree of con

densation and oxidr::.tion thn.n cold fi"esh-bark extr·acts , Confirmation 

of this was obt..::.inod fr-om a.n oxidn.tion-atU.djr of phenolic unit s , c,p;, 

catechin and cneu~rin, 

(g) 'l'he comrnercin..l extract must therefore contain r;, larce 

number of nrtifn.cts produced by ox1d~t1on during the dry1ne, tr.n.ns

po~t nnd commercial extrnction of the b~1~o For this rc~son future 

:r·esearch a.hould be concentrnted on the separ~tion of tho conE-ti tucnta 

of the unheate<1, unoxid.~sed fresh bn.rk extract . Once isolated, the 

beha.v1our of en.ch m nsti tuent on ox1dat ion could be studied by 

chromatography and r1 better compoRite picture thus obtn.tned c 

(h) \'lclch, HcGlynn and Coombe (365) found that the older cells 

n enr the outer cortex of the bark contain the Grefl_test r.mount s of 

tn.nnlne, i·rhile the younr;er tishucs nec.rest the inner crunbium contains 

rnninly Rolublc non-t~nninA. Their rePults indicate thnt the nm1 

tannin-beP..rin:~ cells contain non-tannins ·;-Fhich r.:;ro.dun.lly chc::n:~e t;o 

tannins ns the ar;e of the bark lncrec:.ses F~nzymes were found present 

in black ~rat tlc bark (see ChP.pter XI). Osima. and Hay;:u~h1 ( J64) have 

shown th11.t d-cnt'3oh1n n.nd p;~llocn.techin are ox1d1sed by enzyr.J.ea to 

rcddish- brovtn prodnctE. These 1nterconversions require study ) e.nj, 

enzymc:-tic o:Xidc.tion :oi;~ht be responsible for the gra.dn.tion of tannin 

particles present even in the cold fresh-bark extracts . 

( i} During the Dbove study casunrin fror.1 the bnrl-:. of Casunrinn. 

equiset1fol1e. -;.yhich \tps identified by Os1lna. (200) as n. Gallocntechin 

"t-ra.s found to cont::.in rls~ r> mr. jor ndmixture of catcc.r..in, Casuo.ri n uaa 

used for exnMinin~ the efficiency Hi th ':.Thich the various sol-vent 

systems give sepn.r...,tir.n of complex polYPhcnols ~ 



CHAPTER' VI. 

THE DEGRADATION OF BLI\CK \~ ATTLE TANrJINS 

From a review of previous investigations in . Chapter· III 

it 1e obvious that hitherto all degradations of the polyphenollc 

(tannin) fraction ~.Yere either carried out on pa.rtly purified 

materialD or else on derivatives originating from such mr.>ter•ial. 

As 1 t is known from the present work that gums F.~nd carbohydl'atee 

form the remainder of tho extract, the phenolic f1as1on pr.oC.ucte 

previously isolated ore thus true derivatives of the tann1nf!, them

selves, and could not have originated from the non~tav~ine. 

Similarly degradation products derived from 11 mimoea·1 

extrnctFJ may be compn.red ":·71th those later obtalned from nutheni:iic 

s@.fiPlee of black 1'lattll' barke as this t :ree hns been n.lmoet exc.lu-

e1vely used for extract m~nufacture. :~1nor admixtures of gree•1 

wattle barks (Acacia decurrene \~illd.) were used only for a 

limited period during tho last war. (S(3e Chapter I). 

The 1eola.t1on l)f most of the :~allowing compounds hav·e 

been confirmed by succeE.sive investigators, while the identity or 

others1 pe.rtlculnrly the explosive nitro-derivatives, still await 

conflrmation, 

(a) Resorcinol was leolated by stephen (149) and ~.11111ame (157) 
::::a • 41 



ln ve~y low yield (1 = 2%} from alkaline fusions of the acetone-

extracted tannlneo In epite ot an intensive search neither could 

detect the presence of phlorogluc1nolp which was the only meta

hydroxy phenolic nucleus found by Russel (136) in the degradation 

products from similar fusionso 

(b) ~1~ Ac1~ or 2,4D6-tr1n1trores~rc1nol was first obtained 

by Jablonski and Einbock (121) by the n1trat1ve oxidation of 

11 m1mosa.11 e:xtracto The yield was equive.lent to 2% resorcinol 1n 

the extract , and the same product was also simultaneously derived 

from quebracho extract but 1n higher (4o5%) yield, Styphnic acid 
. 

was eubsequentlJ also isolated by stephe:1 (loco c1to) from the 

dl.rect nltre.tion of the tannins and by Klrby (163) from the nitra~ 

t1on of the methylated tann1neo 

(c) ."L.5=D1n1 tro~§. -resorcy11c acid wa'3 obtained by Einbeck at""ld 
I 



~rablor~ak1 { 122) fr.)m the mother= liquor •)f ;;;h e above atyphnio acid. 

Von Hemmelmo.yr (ll.~ ~) found that when 3;rd:tn1tro...,., {J> -resorcyl1c 

acid was heated wi th n1tr1c acl d c it was qua ntitnt:tve:Ly converterl 

~.nto i?typhnlc acid. E1nbeck and Jablonski thus postulated that 

~f5-dlnitro~~ ~~eao~cyl\c acid was the pri mary , and styphnic 

acid the s econdary product of the react:lon of concentrated n1tr1c 

nc1d on 11 m:\.mo aa11 extract. The 1der~, 0111 product was also obta1na!1 

from q•..tebra.cho ext::' act. 

Ki rby { 163) in low y:leld ( 2.%) from the rea.ction~producta of con.~ 
. 

centrhted n1tr1c acid and methyl~ted tannins. The identifies.-

tion of this nompotmd indicates that .ft:er complete methylat 'lon 

( 36% Dtetho.xyl) • a proportion of the reac•rc1nol nuclei is attached 
. 

to the tannin ree1o.ue by a carbon chain only., 

(ej ;tj.esor .. cJ.~! mono,!lleth:ylether was obtained by Heugh (J.61 ; 1n 
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low {log.%) yield from the a.lknllne f ue1•:m of methylated tannins. 

'fhla volatile oll was conden s ed away fr,Jm the rea.ct1on~Jm1xture aftEll ' 

(f) Gallic Ac1d. "" __ "'""___...... Stephen ( 14-9} obtained this acid in verJ' :1.m-1 

yl.eld f ~1.%) and partially pure condition from the alkaline fusion 

of acetone-salt purified tann1ne 

by the alkaline permurga.nn.te oxidation <·f methylated ta.nnine and 

have been 1eol[tted by o.lmos·t every 1nveE tigutor 0 Corbett (J.~6L 

Step.t:.en (l49)r and Kll"'bY· (164-) all eetn.'blishect, And pnrttcularly 

Heu.gh conclusively identified the preaer.ce of both acids 1n the 

oxidation products, Corbett fi:.:·st Aep:;rnted the acids by mnklng 

use of the diffEJrent solubili tles of th<: ir silver t::~n.l te ln w·oter. 

The yleld of the mixture of acids is lmv 0 usually vf the order of 

4·.1Z, but g -· ~O% yields ht:rve been claimed~ 

(h) Oxalic acid was identified by Elnbeck and Jablonski (122)p 
._...,._ J4 .... -..""""_., 



Stephen (149) and Kirby (164) ~rom the n1xture of oxidation products 

which results from the uncontrolled nitration of the tannins and 

the1~ methylated derivativeso 

( 1) other degradation products have been obtained 1n n pr>.rtia.lly 

pure condition and were not successfully purified. Heugh (161) 

reduced the methylated tannins with sodium in amyl ~lcohol o The 

gum obtained after remetb.ylat1on of the product yielded a strong 

acid on oxidation~ This failed to crystallise and gave the 

nnalysis ~ Eq~ Wt. ~ 222"48 % =OCH3 ~ 27.14» ~C ~ 6oo35p % H ~ 

6.2. It furthermore yielded veratr1c aJid on more drastic oxlda~ 

t1one and represents a dimethoxyphenyl p~opr1on1c acid. 

Kirby (163) obtained n neutral compound c12H11N3o4 

(mpt • . l34- 6) from the nitration of the methylated tannins. 

It will be noted that all the lbove degradation products 

were obtaJ.ned 1n exceptionally low y1eld3 col!lpared uith those 

normally produced f'rom crystalline catec.11n unite ~ Nierenstein 

(210) obtained 17 = 27% veratr1c acid an1. 7 = 23% G-dlmethylphloro= 
. . 

glucinol from the permanganate oxidation of methylnted acacatech1n , 

Freudenberg lllJ.d Ma1tl~nd (12)) again., 1e•>lnted 9 .. 4% resorcinol from 

the a.lknl1ne f'ue1on of' synthetlc quebrac.1o~catech1n , and 25% 
.. 

veratric acid by the alkaline perroa.ngana~e oxidation of the methy .. 

lated der1vat1vao 

These lol{ yields were hitherto considered the most un-

satisfactory feature of the chemistry of bluck wattle tann1nsD and 

gave rise to much speculation" Degrada~;1ons were therefore 
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repeated Wlder carefully controlled con<lit1on.J 9 mnd pn.per chroma

tography wae used for a. detailed scrutiny of the degradation 

product so 

(1} The Conti'"olled Alkaline Fue1on of Black Uattle Tannin 

The commercial tannins were f!•eed of fleet1nJ) the 

phlol'oglucinol derivative (RE''"" Oo90) and moat of the second 

yellow fluorescent compound (RF ~ Oo50)r by repeated ether extrac~ 

t1on of the aqueous solut1onD GumB anc~ sugars had previously 

been removed by the addition of ethanol and by the lead-salt 

technique as described in Scheme I (Chapter IV). 

10 grme. of the dried (vacuum loooc) p~oduct was rnp1dly 

ground "'11th 50 grms. of a eutectic 6 ~ L m1x·ture of KOH/NaOH, and 

placed in a metal bomb with a acre1<7=dowr. lid. This was heated at 

The fused mass wae 

d:\saolved in a minimum of water after cc•oling; was acidified; ether 

extracl;ed.!' nnd tho ethereal solution on concent~·a.t1on subdivided 

into phenolic and acidic fractions by the bicarbonate technique. 

The acidic fro.ct1on (23t: yielC.) after removal of the 

ether 5.n a desiccator under vacUl . .uns- was E!Xemlned by paper chromatog

raphy using butt.mol ·- n.cetic acid ·= wn.tE!r (4 ~ 1 ~ 5) at 22°c. 

A 12 inch development gave sepa1·n.t1on 1r.to 3 acidic spots which were 

detected by spraying the paper, after alring for 24 hours to remove 

all traces o:f acetic acid~ with bromoCl"F sol-greeno They nppeared 

as yellow spots against a green backgro, mdo With 2% ferric chloride 

spray d1ecrete spots P..F ~ Oo6g (blue) fl HF = 0.84 {green) and Rl." ..-



On91 (v1o~et) were strongly evident. ~~ weak dark trail, consist-

1ng of oxidised phenol1c·~ac1d mf',ter1o.l, extended from the origin 

--~ ---- -- --~---

! 
!-

;-

l 
i 

,.,.,.Green 
.,., ..- ""' Bo.ckgro und 

6 
I 

-----1 
I 

Bl""-Cresol-Green Spray 2j. Fec13 Spray 

F'ig" XXVIl'.L One-Dimensional Chroma_togram of the Phencl1c~Acid1c 
Fr action from the Alkaline Fusion or Black. ':iattle Tannint;J. 

The green spot was charncter1ut1c 1n colour nnd RF 

value of PROTOC.I\TECHUIC· ACID (See BP..tEJ~Sm1 th ( 1S6)). A 

chromntogram .run uith · a mixture of authelntic gallic, protoca.te

c.huic o.nd ~ .-.resorcylic acids confirmet. their identity. (F1g. 

XXVIII) " 

~ ~RESORCYLIC ACID was sepfxated from the gallic nnd 

pro·i;ocatechu1c acids by preclpi tating. tt.e ortho- hydroxy acids \vith 

a slight excess of dilute 10.% solution cf neutrr-.1 lead acetate. 

The l ead splts y11ere eepo.rptcd and washed. by centrifugo.tion. T.he 
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Fig, X.K.rr.. C!hr.lma.tograph:tc Compt:.r:.aon of AQid. H1xtm·e vT.:tth 
1\.Ut:len~.;:l c Ac,_d£ ,, 2% •:-c ~13 S;Jl''BS used .. 

mothe.1 J.j.c_ut':r' on<l. li'aeJ1.:tnge ge.ve o ... lt2 g::-m, o-r ~~ =resorc..~ylic acid 

un (f'G,. er ext:cac:tiJii .. The o.< 1d liai3 :•e•}rystallised by soJ.u·cton tn 

hJt 't·lC'.ter j 1.l.et of' r tht;:: boll to p; .. evcnt. decarbo:x:ylat1on., Upt. 

r.r.d mixed mpt .. \'lith D.'..tthen1ac specireon - 2o)°C (O.er;omp,) :Purple 

colou.l vrit"h Fe::17 ir.t aqueone eo ... u'Gio!~. 
;;> 

:lead ~eJ.ts 1v1t:-. di.lut.3 2 l\ £,·· • 1 1ur~.c a.e1c1p mro ether .... ext:racted, 

A.f/.:;;er dx·yl.ng t~'le ;thel"'ee.l extrrt ct ·' tlte bulk of ~~he ather ·t-ras 

"'.iel.t..!.=0:L.,6 g:.' IT!CI CfJ.c- d!:'·")r n'"'iet' .;C o-nm .4 u ,....., " rn"--' ~'- r.:.<..u!.>, The s~.:.ver-salt mothoa of 



a~lda was attempted for the identification of these acids . The 

gum was methylated lTith excess (benzoic n.cid test) methanolic 

d1azomethnne and hydrolised 'tvi th potassium hydroxide in meths.nol. 

'.later t·Tas added and the methanol removed by ether extraction., The 

aqueous solution of the potassium splt r.-1as acidified nnd ether~ 

extracted., This yielded lo 1 grm oil "tThich on sublimation and re~ 

crystallisation from uater gave pure Q=.tr1methylgallic acid ., Mpt. 

Found ~ Equi v. '.ft. ,; 211. Calculated for 

Protocatechuic acid was presumably 

present only in lo'H proportion and was pC'Obably eliminated during 

the a'tX>ve methylation, hydrolysis end pu:rif1cat1on processes. The 

evidence from the chromatogram was considered as sufficient proof 

of lte presence. GALLIC ACID in mnjo::- proportion and PROTOCATE-

CHUIC ACID ln minor proportion mainly eonstltute the a-hydroxy~ 

phenolic ac1d1c fraction. 

The phenolic fraction (20% yield), obtained as a black 

gum_ was dissolved 1n \-Tater and separated into ortho~ nnd meta-

plus mono=hydroxy fractions by the lead ucetate technique as in the 

case of the phenolic acids. 

The bulk of the meta~hydroxy fj'action (13%) sublimed at 

110- 12o°C~ in vacuum (3 mm.} This proved to ba RESORCINOL 

10~>5%., Violet colour with Fec13. Mpt .. {recryatall1sed from . 
benzol) and mixed mpto loS°Co The smal:~ amount of non-volatile 

residue wae examined by chromF.ttography uuin8 butanol - acetic acid .... 

water as before. ~ii.th 2% Feo13 spray t1ro weak violet areas were 

v1s1bJ.e., Other chromatograms were also sprayed with diazot1aed 



SlACl'O 90 ~ HCl reagent (see below). In addttlon to rccorclnol RF ::::: 

0. 90 q predominant spot HF ~ Oo 76 was preaeat which fluoresced 

blue under ultra-violet light 1n the preaence of ammonia~ F'rom 

t.~1e ~olour :rea.ct1ons and RF value this was obviously PHLOROGLUCINOL, 

The trace of fhlorogluc1nol 1s considered to be formed fl"Om g~ll1c 

aold <see Barth and Schreder (213)) during alkaline fusion o 

Paper chron:atography of the ortho~hydro.xy fraction (3.%) 

ehow€:d the presence of three phenols (RFe g Oo 76, 0.81, 0.91) of 

whlch that of RF ~ 0<>76 predominated .. 'I'he latter proved to be 

:P:ffiOGALLOL and gave a yellow colour w1 t:::t 2% Fec1
3 

spray . It.E 

ld.entlty was further confirmed by the different colours produced 

by tbe above spraylng rea~ents ~ A small quantity could be sub-

limed. under· vac-uum; but due to the addit tonal presence or an olly 

mat ertal p high purity could not be A.Chie·v-ed. 1-.iore drastic fuaio·n.a 

gave .h:l.g.he!' yields :>f pyrogallol and ala•) a trace of CP..techo..L Cpep.ar 

chroruatogram) ,, This material P-.fter sublimation tmder reduceo. 

pressu.I'e (3 m..tn.) and recryatall1sa.t1on f?.om a benzol/ethanol 

C~.OO ;. 2) mixture yielded cryHtRlS of mpt " ana mixed mpt. With 

The re~ain1ng ~rthohydroxy phenols, which 

constitute a m1na1 proportion of the fra ;tion could noli be ident1f1~i .. 

c.•.~e ~,o dl.f':t'1cultieB of separ-ation, and t ':le low yields obtatned. 

More dr.s.stic fusions ~ 2t hours at 24o .... 26o0 G. ' gave a 

o.ecreaeed yield of the acidi·~ mixture co:11;a'.n1ng only (paper 

chrorratogram) gallic and protocatech-uic .~c1c1ae nnd '-nci·eaaed yields 

Of ""'e81J"'l"·~1nol. !.12•rf.\ nd uyro.;:r llol <. _,_ ., 1'-' a " o9. · " 
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Freudenberg and Me.ltlend (123) obtained reeorc1no:\ i n 

9 4% yield from the fusion of synthetic 7 g 3 • ~ 1P=tl'"1hydrc·xy-:-
. 

flavn.nolo Compared to the above Stephen previously obtnin(·i 

resorcinol (1 - 2t) and gallic acid ( ± 1%) by the same r .'3ac l;1on. 

During the above 'ilork on the phenolic fraction r, ne\~' 

colour . ....,rear.;ent uas devisedo 

Colour Reagents for the Paper Chromat_ot;E:aphl, pf Di- c.nd Trl~.~ydrpxy 

Phenols 

Various colour- producing epra:r1ng reagents have been 

devel oped for the detection of di- and trl-hydroxy phenols on 

p aper chromatogramso Excellent resultn are obtainable uith the 

d1azotized eulpho,nilic acid of Evans 6 Purr and Evans ( 211) and ... che 

phosphomol ybdic acid reagent of Riley ( c~l2). Ba.te~Smith ( 186, 189) 

appli ed Par tridge 6 s {3?5·) ammoniacal all ver n1 trate reagent f or 

furnishing diagnostic e1ridence regarding: the posl t1on and number 

of hydroxy groups and also used ultra-violet light, both i n the 

presence and absence of ammonia vapour ~ to obtain useful i nfor ma-

t l on. The maJority of the nbove class of C6 compounds ~ive 

characteristic coloured spots w1th· a 2% aqueous ferric chl oride 

spray (1S6~ 1S9), although meta.- pnd pD.ra~hydroxy phenols (for 

example, orcinol ~ phloroglucinol, resorcinol o.nd hydroqu1none ) 

show 111- de:flned grcylsh spote o 

Numerous phenols h[!.ve been used for the identification 

(229, 230) Rnd estimation (231) of sugars; but the reverse , that 

1e, the use of sugars for the identification of phenols, appears to 
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' 
hP ve :oWid _ _little ar;}licat1on, except in the case o!' r 

.... 

.hydl·ochloi~ic P.Cid J~eu.e;ent 'tor the ident~.tica.tion of 1-e~o1·c1no:S. . 

Sucrose ( 2. 0 g.t'lll.) WRS thel'efore shaken "t!i tf. n m1xtm:e 

of con·~ ent:r·nted hydrochloric acid ( 10 m:~.) and absolute o '::nc.r.ol 

( 90 ;;11, ).. Complete solution HP..E: not Etuh1eved, but the r·cpultinc 

t1 1-hydroxy phenols e:.nd heRted f or 4o - 6o sec. at IS5 - 95°G., _....._,:le 

t!1e •:;olo!•ations s het1·1!1 in the accompanying table 1n ordinnry .?.nd 

ul t!~~-violet light. 

Catechol 

Pyrogallol 

Visible light 

Vlolet 

Ultr"-violet ;~:t ~~~ 
Blue-violet 

Resorcinol 

Phlo!'ogluc1nol 

Orcinol 

Hydro quinone 

B:row:n~plnk 

Light pinl~ fe.C.ing 
to yellow in 1-2 ncu~. 

a:.~.·ey 

Violet 

\-1 eak yellow 
fluorescence 

1-taroon 

Light Blue 
:t"luoreecent~e 

Violet 

' ' i I 
i 
l 
I 

~~-------------------------~--~------.. -·------~--------------------------' 
V'F->.rl a tion s in concentrR t ion :)rocl uce sl ig..11tly different 

s~1rJies of colour . Of tile E-.bcvc , catechol r-.nd. hydroc~uinone requil'e 

slightly lonr:;er hcr'ti:·t·:; periods {f!.bout 6o sec, or longer) before 

their characteristic colours ~p")er>I~. The hydrochlorlc ?.cid -

s J..cr·o se - etlmnol rea.gen t r-ffec t ~ thr. p~ per only to a slight 

dee:c·ee , a a very li£S c1t sproy 1nr. n no. short he'1 tlng times n.re neeess~:r·:1. 

Phosphol·ic acid_. uhila not affecting th~ p n.per vrhen used t o replaco 
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the hydrochl.orlc acid, gl:ires similar bu·' uea.ker colou:ra:'Gions, 

Orcinol spots ~vhen sprayed with sucrose ~ phosphoric acid ~ 

ethanol shmv more 1n1;ense light-blue fltorescence Wlder ultra-violet 

lighto 

Fructose may be used in place of sucrose ln these 

rengentsp since both give the .sn.me colora1;ions i-Then sprayed with 

resorcinol or naphthoreso:rc1n:>l 1n the presence of hydrochloric 

acid (229) or phosphcric acid (230)o ether sugars eogo rhamnose, 

lae"t-uloae, d=galactoee, :x:yloaa D d .... gluco ee s arabinose and maltose 

are also effective and g.tve s1m1l?.r bu·t v-a::l."ying shades of colouro 

A cheap and easily rn~·de :r-ea;';e::1t capable ;,f p;1v1ng clearly defined 

characteristic colours with v.:~.rioue polyh:ydroJcy phenols 1s thus 

a.vaJ.lable 0 

On D.ccount of 1;he cons1s~liently lovr yields of acids f:t•om 

the methylated tann1nsp lt wa:3 prev1ouslr thought likely that if 

a cc-tech1n,.,~Gype nucleus formed the baste tm.it of the condensed 

material p the ca.~Gechol a.nd pyrogallol nu :}lei might play an. important 

part in condel1aat1on and thus be boWld b,r Btable ether linkages 

wh1c prevent the isolation of easily rec·>gniaable degrada·tion 

product e. ( 149) ~~ 161;1.) I. 2lll-) Q 

To ascertain whether this 1s a•:tt~ally the case, an 

1mpr::>ved technique 'Has devised,\) and gamb:.er cate-chin tetra.met.hyl 

ether was ox1d1sed under the m~me condit .'.or:a to compare the yields 

obtained. 
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5 grma~ of methylated tann1n1~ of maximum methoxyl con

tent (36. 5.%) in 6oo mlo of aJl acetone -· water (1 ~ 1) mixture, 

were refluxed With the slow addition of solid potassium permanganE~te. 

A totH.l or 65 grmso \·laB added in 5 grm. quantities# each time the 

perma.ngana.te colour was discharged. 'L'he manganese dioxide was 

sucked off and vraahed with fresh acetone ~ water mixture. The 

solution :md 1-vashings t-rere successively concentrated on a water-

bath& acidified, nnd ether extractedo After drying and removal 

of the ether the residue \vaa vacuum-..su'blimed ( 3 min.) at llto -· 

A red residue remained. SomE! tmoxidiaed ether~1nsoluble 

methylated tannins were also recovered after the ;removal of the 

acetone. The following is a comparlscn of yields obtained after 

the app-lication of the same technique to catechin tetra.:met.hylether 

of l!Pt. 145° C. 

From Methylated (36. 5% Gambier Catechin 
methoxyl) Tannins . Tetramethylether 

Yield of Acidic I 4ooa% Product 3S% • 

Y.leld of Acidic 
36% su't>l1mate 22% 

~ed Acidic Resid~e 16% 4-,g% 

Unoxl.o.laed J-Iater1al 
Recovered 14. 2% 8.S% 

l 
l 

. ....,._ ' liiilllltN<lC . ,.._ 
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The 16% of nor ~ ·:.>ln.t1le (at lEiooco P..nd 3 mm ) rec1 

acidic residue obtained t.rQm the ta~nlne w~e ~e~dlsaolved in dry 

ethe~ .. o · A residua (5JS%} of ether- insvlulle methyla·:;ed tnnni:<lfl 

rema:lned, The 10.% extra.ute l. was E ~mi~d ·yetp_lllne and yielo.ed a 

ful:"t.he:r 310 of mixed acid 3 w,1en extract ~6. u1 th boiling '\·rater, -',;hue 

1ncree.!31ng the to~n.l yield t o 25;.:: 0 It appeD.re that the exceas o.:: 

impurities present preventathe easy quan'tit[lt1ve subl11lt.".t1on of 

the mixed aciC So 

The whl te sublimates l-Tere easily hot~ water soluble and 

recrystallised ln 'tlhite needles of Mpt ll+2°Co The equivalent 

weight of the recrystallieeu product varied from 201 to 206 .. The 

acids t·rere separated by Corbett o a silver salt method, to give only 

pure veratric and o~trimethylgall1c ac1d eo No evidence of any 

othe1• methyl~.ted ohenolic acid Ha e obtained even from the i nc reased 

yields of this methodo 

The equl valent i'Telght of the mixture of the 't't'ro acids 

varied from one oxidation to nn.other . The values 204-n6, 205o7, 

20oo6 were obtained from different oxidations. stephen recorded 

the values 2ol and 203 and Corbett 200 ~ 201 and 19S, for oxi dations 

under different conditione which reaultei 1n lower ~ecoveries of 

acids .. As the equivalent iveight of vera.trlc ie lg2 and that of 

0=tr1methylgal11c 1a 212, the latter ls :present i n greater propor

tion ( rou8hly 6o o-o So~O in the mixed aci·iso Ae o- trlmethylgalllc 

~cid 1e known to be less stable to perrua~ganate oxidation than 

verntr1c P..cid (215), the pyrogallol nucleus is probably present in 

greater proportion than the above f1gt~e3 lnd1cnte . Thi.a appears 



to ~e confirmed by evldence from th~ alk~l1ne fuslono 

rn vie1..r of . the greater lnstablli ty of the predom!':.no.n't 

o~tr1methylga.l11c acid 'nder the condltions of degradation[ the 

yield of acidic nucle' obtained from the methylated tannins 1a 

considered to compar; favourably 'Hith that of veratric acid from 

catechintetramethylether under identical conditions. The pre-

do~ino.nt pyrogallol nnd the minor proportion of catechol nuclei in 

bln.ck 't.;attle tannins thus appe~r to be attached by carbon chain 

only after methyla.tion. 

The improved yield of mixed acids obtc:>.ined from methylat t~C·. 

black 'vattle tannins 1s considered to b13 due IDD.inly to t\To factors ~ 

(a) Both the permanganate and mc·;hylated tannins nre solub:~f' 

tn the solvent mixture, compared vri th the ma.Jori ty of previous 

oxidnticme cp.rried out in aqueous med1wn in 1·Th1ch the methylated 

tnnnins P..re insoluble. Oxide.tion in n single phnse Ahould give 

improved results. 

(b) 1\. :fairly rnp1d oxidation nt slightly elevated tempera-

tures ::tppeors to improve the yield of d(~gra.dation products. The 

boiling~po1nt of acetone is probably the opt 1mum temperRtl.U' e in 

this .lnstnnce ., 

The subl1ma t ion technique also appeP..rs superior to the 

usual method of b~ 111ng of the products '.Ti th Na.ter to separate the 

tJ.c1ds o 

(iii) Oxidation of the Hethylnted T.annins after Fractionation -
Kirby ( 164 ) cls.imeo. ·that ncetone- soluble commercial tarm1.ns . 

after :nethylr>.tlon lli t h dimethyl sulphs.te a.n.d alkn.li could be sub-

d t ·v-id.ed into three fractions according to thei r solubilities in 
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fraction wa.a passed through an alumina column malnly to remove 

tmmethyla.ted me.tcr.Lal. The ethanol,~ e.nd benz.en(~~solttble portaor.a 

although diiferlng only slightly analytically» (Found for cthnnol~ 

ooluble f~action ~ C ~ 66.45~a H ~ 6.54%, ~OGH3 g 34.S% • 
. 

I'oWl.d for· benzene~ ·3oluble ft·actlon g C ~ 66.03J~" H ~..; 6.o8%, 

~·00H3 ""· 35.9%1 gnv·~ veratrlc acJ.o and o~tr1methylga111c acid res-

pect1ve:y on permangane.te oxldatlon. lCirby, t.herefore 8 claimed 

1;o have effected a true chemical separation. 

From the datu available in this publication confi:r·m(l:tion 

of Kirby" a work '\va.3 sought, using the abo,re 1mpro\?'ed oxidatlon 

ten.bnique " About 20% of the methylated tannins of 32.5% J:GEthox.rl 

content were ethan<)l~eoluble at room lioJLpernture 8 but oxidation 

lifter chrornntograplly on e.n a.lumina column ga"le a typical mi:xture 

of acids und uhowcd that no eepa.r·nt1on had be0n n.chie;.red.~ 'J.'h1e 

uaa nlso tbe case N'i th the ethanol~lnaoluble but b,;:nz.t3ne·· sol ubJ..e 

portlon. 

Later 1t was evident from Ki1•by 0 a thel31s ( 163.1 ths.t th~: 

eeparat1cm as 1ndit)ated 1n h1e previous publlce.t1on wo.s incorrect., 

~·~he fraction~tion depends primarily on a oeparo.t10il obtaln(;Cl. aft~;; :~.' 

the methylation of the tannin (100 grms.) in methanol (50 ml.); 

l·T1th dtmethyl sulphate (195 ml.) and 50% aqueous i .. OH 1,270 ml.) ir.~ 
. 

three s1;ages. Towards the end of this methylation procees a 

brown l'es1n separated with the potassium sal te from the methanol~· 

water mixture . The aqueous.,...methanol solution was decanted and 

the resldue washed with more methanolo 

The comblned methanol nnd methanol-1-rate:r ooluble por'i;lcna 



gave 19 grmso of methylated tannin When poured 1n·i;o 0XC9BS tva.tero 

16o 5 grms., of this ·:.;as ethanol= soluble and after chromatogl .. aphy on 

an e.lum1na column ~ave a product uh1ch8 according to Kirby~ y1eldc1. 

only veratric acid from permangannte oxidationo 

The port1:m inro luble in methanol and methnnol=\>/a.ter 

l'Tas distributed bet··men lmter { 500 ml. } and chloroform { 300 mlo) 

and the aqueous ln.y3r ex~Grncted 1.-r1 th mor·e chloroformo The 

chloroform~solublc mnter1al {eo grmo) was pm-Tdered and allot.;ed to 

stand \'11th benzene 0 ?f grmso were soluble and 23 1neolubleo 

The formP.r after ch~omatography on an alumina column was cla~med 

by Kirby to give only o-tr1methylgall1c acld on oxidationo The 

lntter was 1.dent1cr.-.1 to the major frR.ct1 on but lees completely 

methylntedo 

The lntte;,." procedure was repeated by the t·Tr1 ter a s 

closely ae possible , us1n~ hr-tlf the qun.ntltiee described" After 

methylauion n gum p:...·ecip1tated aR descr1bed 8 but the y:leld of 

methanol and meth[l.nol ... water soluble methylated ·t::•.nn1ne ~-rae onl y 

5 srmao !dry ueightJ compared to 9,5 grme. ant1c1pa.ted from 

Kirby \1 8 'VlOrko 

It was felt that due to the empirical nature of t he 

methodD greater detail (eog. temperatures R.t lvhieh fract1onnt 1-Jne 

ard '\va.ahings occur) 1a essential for 1ts aucce8sful _ rcproduc'i:ilon£ 

and further a1;tempt13 1-rere abandonedo It is 1nteres'f;ing to note 

that a one~dimena1onal chromatogram (wa'ter saturated=sec .... butanol) 

of the fresh bark eJ:tracted with methanol showed a small gre-en 

area RF ,.. 0 1>g6 when sprayed with ferr1c chloride reagePt
0 

Th u 
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catechol nucleus thus appears to be attached to a separate chemic~l 

entity and the above separation thus appears possible o 

'iv) Attewted Fissions with Sodium ln. Liquid Ammonia 

From analytical figures alone it is evident that a high 

proportion of oxygen present in the ~morphous t~nnlns does not 

exist i n the form of hydroxy groupso Cnrbonyl groups are also 

absent ( See Chapter VII) 1 end such oxygen is 1 therefore , presumably 

present as ether links 'tvhich may pls.y un 1m:port~t pert in the 

format ion or condensed tannlneo such ether links IDRY either be 

d1-alkyl 8 Plkyl-nryl or d1- arylo 

Alkyl=o.ryl ethers are cleaved uith pyr1dine~hydrochlor1de 

(216L pyr1dylalkal1 (21"7) n.nd aluminium chloride (21E§)o Dlaryl 

ethers on the other hand are clea~·ed by fusion 'toJlth KOH at 220 -

24o°C~ (219}, Rnd quantitatively by sodium {220)(221} or potassium 

(222) in liquid ammonlao Aromatic acetale, ketals and certain 

phenol glucos1dea a.re also cleaifed by the . lf'.tter, and reaction 

occurs according to the scheme 5 

~RONa + R9 Na ~ROH ,J , RnH I 

ROR 0 ·~· 2 Nrs 
~.A 

------*-R ~ON a. + RNa. ~ R 6 0H + RH 

The mechanlam of the fission with sodium or potassium ln liquid 

ammonia has been discussed by shorygin n:1d Semechkima (223) . 

Alkyl glucosidea as vrell as dialkyl ethe:rs, ncetals of the aliphatic 



series P..nd dibutyl phenol (224-) ( 225) e.l~e not cleaved under such 

conditionso Shor~e;in and Semechk.ina (226) e.lso applied this 

cleavage method to lie;n1n and obtained an g6~ yleld of dihydro~ 
. 

eugenolo The cleavage of methylated t P..nnins uas thus attempted 

with the use of sodium in liqUid runmon~\.a . 

5 grm. of fully methylnted tannins (36.5.% methoxyl) 
. 

were introduced into a lP..rge thermos f ).ask containing 20 grms of 

sodium dissolved in 300 ml. liquid runmonin . The mixture was 

agitated continuously with a small stirrer inserted into the 

f1:3.sk through a loosely=fitting stopper. After 6 hours reaction 

the ammonia w·as removed and the product allot·Ted to hydrol1se 

slowly by expo sure to the damp atmosphere. 

added and the alkaline solution acidifled., 

\later was finally 

A flocculent precip1-

tate reP-ulted l'lhich Has sucked off. ~.'he aci dic solution was 

ether-extracted but no small phenolic break-down products could be 

detected in the ethereal extract. Th~1 prec1p1to. te ,.,n.s partly 

ether.-.. soluble and resembled the methylnted or partly-methylated 

tannins. 

The ether~eoluble portion tvaH methylnted once l·11th 

dimethylsulph~te in the ueual way. 

The ether- insoluble portion was also a.r,alysed. 

I t appears that over a 6-houa· period no cleavage other 

than d1m.et.hylat1on takes p lace. No er;.sy cleavage as l'li t h diaryl 

ethers was evident, and no small degradation products were ind1-

Very prolonged action (cooled in dry ice ) on the partly 



methylated tannin {to simulate lignin) might give the desired 

effect, but was not attempted as the method did not appear promla1ng,. 

( v) Bromination and .Jx1datj.on of the i3rom1nnted Product 

stephen (149) attemp1;ed the complete brorn1n~t1on of the 

tannins, as well as t:,1e1r methylated and acotylo.ted derivatives 1n 

various solvents. v.u-1oue degrees of bromination v1ere reported., 

and a proportion of the bromine was always labile and easily 

removed with silver n:i.trate . 

In an effor t 'co stabtliee the r esorcinol nucl ei in t.he 

tannins, so that they might· survive subsequent permanga.nate oxi da ..... 

tion which normally causes their destruction» controlled brom1na-

t1on was carried out as follows ~ 

3'-t. 6 grrns. of methylated tannins, dissolved in lOO ml. 

glacial acetic acid, tvere cooled in nn iCEl- salt mixturen «' o g:rma , 

of bromine (1 eq1~vnlent per c15 methylated unit) was added in 

small quantities with thorough shaking, and the reaction~mixture 

allowed to stand for ~~ hourso The a.cetlc acid solution. was 

poured into iced ~va·tel~ anL. the floooulent brominated pr oduct euoked 

off and \vaehed with water. 

After dryinG the product (6 grme. ) was ox1dieed with 

permanganate { 62 grme , ) in the same way as the methylated tann.1r .. a . 

The acidic product isolated set to an oily yellowish eomi-crye1;a.1-

line gu.1n, insoluble 1n cold wa.1 er ·~..,ut easily soluble in s.oetone, 

ethanol and ether. The acid was difficult to recrysts.lliee and 

cha:rcoal treatment did not remove the light ye..,. lo't-1 colour. Af ter 
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recrystall1sing poorly from acetone-water i'.nd subsec;,uently from 

ethanol 1 t mel ted nt 12g0c. 1 ~-.ri th much softenin~ b eforehand. 

':/hen redissolved in bicarbon:J.te solutic•n some decarboxyla.tion 

Rppe~red t o h~ve occurred even during gentle heating on a water-

Found Br = 33o 63% 1 C = 4-l., 50%, II ~ 3o 90.% 

-OCH3 = 24-" 47%, Equ1 v . ~-rt . :: 296. 3 

Calco for 
(CH3o)2 Br.C6H2.COOH ~ 

Br. = 32.5% C ~ 4lo3g%, H = 3.45% 

~OCH3 " 23.gC~ , Equ1vo wt. ~ 261 

Bromine estimations 'tver_e carried out by the semi~micro 

met hod of PeelD Cln.rk and Hagner { 227). The compound 't·ra.s fused 

Hith potassium nitrate, sucrose » P.nd scdium peroxi de in a Parr 

bomb for t wo minutes . After reduct1oL of nny bromate formed, 

bromide t•las estimated by the addition cf silver nitrnte in the 

ueua.l -r.,-ray ~ The method Has stnndt-.rd1scd agr>.inat dibromodimethoxy-

resorcinol. 

The impure fi.Cidic mixture tht.s approxim::'.ted to a mono.-.. 

bromod1met hox:ybenzoic o.c1d conteinlng Eome impurity. Separation 

of the mlxture by chromr.to~aphy on n. ~.ilic:l sel (22g) h n s yet to 

be attempted. 

( v·1) Atmospheric Oxidation of Black ~-IF. .ttle Tannins . 

The permanganate oxidation ot the tn.nnin wae found by 



• 

Corbett ( 146 ) to r esi.tl t i n t he compl ete di sr Uption of all phenolic 

nuclei. Shut tleworth (232 ) more recently studied t he ef f ect of 

a t mospheric oxi dation on al kaline solut i ons of the tanni n. Fr om 

various titration~cur·ves 1t was found t hat a relo.t ivol y l arge 

amount of acids of va~ying strengths was for med , and Shutt leworthae 

conditione were t hus repented on an incr eased scale 1n order to 

i dentify these aci ds by pnper chromatogr am. 

10 grms . of l ead- salt purified tannins were di ssol ved in 

250 ml. water and 6o ml . N NaOH added ., Ai r from a pressure 

system was bubbl ed through the solution at a steady rapid r a t e 

(2 bubbles per second) for about Jl hours. The oxid1eed solut i on 

was aci dified , ether extracted and the acid fraction isolated by 

the bicarbonate technique . A small quantity of reddish gwn 

resulted which smelt strongly of for·mic acid. The gum vraa examined 

on a paper chromatogram using butanol - acetic acid - water (4 ~ 

l ~ 5) ae part1tion1nB mixture • A mixture of gall1cs pr otocat e-

chuic and fi - resorcylic acids was spotted on simultaneousl y for 

compari son (Fig. XXXII). 

The developed chromatogram of the oxidation mixture 

showed a bro'm streak from the origin to about ?.F = 0. 90 . This 

pr obably consisted of unseparated oxidation- products. Under ultra~ 

violet light two prominent blue areas were discernible in this 

streak at RFe ~ o. 6tS and Ooggo Sprayed uitb 2)~ ferr i c chloride 

a weak blue spot at ~ • Oo6g and a still weaker viol et spot at 

RF = 0~ 90, corresponding to gallic and fo - reeor cylic acids ree-

pectively, could be discerned. Formic and possi bl y other 

a l iphatic acids t ogether with traces of t he aforement ioned two 
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P:i.g·. XX:\::D: Ch:romatogrcin of Acidic ox:~da.t1on Products f rom. the 
Alkaline l\tl'llo ap'1er1c O.x1dation nf Black Hatt~e 'l'ann1ne 

phenollc a.cida thus e:onst1tute the endp::·oducts of alko.llne ntraos-~ 

phel"ir; c xida t ion., 

The pred.omln~mt presence o·f f<~rm1r:; '1.nd posslbly othe:r· 

aliphP:t:.c acids is not rrurprising o.s biologically important sue-· 

stances contr:.lninr, p.h.enclic nuclei o.x'e oau11y degraa ed 1n a etep~ 

v7iae . m.r:1 nner> e~-:O.inc; c·iientu[llly in ":',.he s1.r·p1e aliphatic aclda , a1:1 a 

resuli, of oxidt:ltiYe ·Dac1;eria,l metabolisu (c33), 

(vi) Es~(;er Linkage-s 1n Blaclc V/a.ttle Tn.rm' n n 
... -""'~-- ......... __...-.......-..-~~= ... ~C'IJ"".-........at 

Strong acids o.ra lcno1vn to cn.Uf:( t.be condensation of 

l ·lack wat-:;le ~e.nnins re.t.hel' thnn their .hyd:t olyeesl wilile st:r·ongly 



alk.a.J.ine SO).tttlons have been ahown by st.u·~tlevorth {232) to CaUS(.! 

deg:-:'f.dat1on etther in the presence or a1aHnce of a:tmoaphe:r1c 

Hydrolysis of the extract \'11 t.t hot concentrated sulphuric 

acid during the ,,solation of f1set1n ho~·ever, wna found to produce 

ltJ·~, proportions of gn.ll1c ac1-i and reeorc-~.nol, and 1t i'iou1d ·be of 

1n'te;~ee1; to detorm1no lvhethe:t~ the pur1f1ee. ta.nn1ne could be hydro-

liscd once they Nel"e sta.b111a~d by met.hyl.~:.t1on c 

Tannln methylo:ted u1 th dimethyl sulphate -vra.s conAiderad 

unsu1ta.ble as it had already ":>een 3Ubject(;d to drastic all,~line 

treo.tment in hot mct.hnnolb (1ihich could ·Jc.ve already ca.used hydro-

lye1e) dlL"'ing the methylation processo Dia.zomethane ~- methylated 

tann1n ~ 34 .. 0.% meth<.)xyl) "·Tas thus subject~d to hydrolysis 't·llth 
. 

sulphuric acid and snponJ.fica.~~ion tr1·th [l.lkn.l1 under the usual con-

ditione,, No acidic hydrolye~.a=producte could be 1solnted ~ ~nd 

this shows the absence of ester l1nkP~es 1n the tanninso 

(vl1) summa1y and Discussion of FloBlOILProducts 

From the present 1n~est1gat1on on the tannin the 

follmrinF, facts have 'been estE·.bl1shed ~ 

(e) Xmproved cl'3grada.t1v-e techniquns coupled ~-rith superior 

separation met;hods ano. pe.per chromatogrni·h:r i.;.av-e ohown ·tnn:t h.~gh . - . 

Yieldf! of phenolic nuclei are obta.1no.ble :~:C'oro black wattle tannins, 

compared \>7J.th the exceptionally low yielc.s pre,rioualy obtained~ 

From controlled [!.J.kal:Lne fuF>1on a 4-3.% mb:l;ure of ether= soluble 

degra6.nt1on products lvas obtained co~siet :~ng of ~ /3 ~l'"eso:,..cylic 
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ar•i6. {4,2%) 1, gallic acid (ab( \ t 11%) D and : rotocatechu1c ncid 

\ l ow proportion)p resorcinol f~~o5%), PYJtgallol (about 1%) nnd 
. 

phloroglucinol (trace) . The ph!)ro5luc ~nol l e conatde~ed to 

Crl"lg.inate from the gallic acid under thee <:ond: tiona of fus.1.on, 

'I'he above figures represent yieJ de taolat }d ~.nd, therefore, do 

~10t accou."lt for mnnlpulD.tive loe 3eso A rery lm·T proportion of 

ether~aoluble oxidised material ?,lso a.c .::-ompan:l.ed the phenoltc 

1::od~.eSo 

tb) 8 ... Reeorcyl1c acid \vas isolated from the tannin fr;z· , -
' 

the first tlme ""i thou.t the prior eta.b1l:t sat ion of the nuclei;(S by 

r:.ltr·ationo ~ =resorcyU.c and protoca·~echu1~ acids, pyrogallol 

nnd t:racee of phloroglucinol were ident:l.11ed amongst the degra.du--

tlon products of alkaline fusion for th''! first ·tame. Resorcinol 

and gallic acid. 't·Tere obts.ined in greatl;r impro'\,...ed yields, 

~ c ) From a study of the fusion r'~act1on it wae evident that 

i;he phenols were for:ned by the decarbo;x:rlat1on 1)f the correspond1nt: 

phenol~c acids at elevated tempere.tures ln the presence of alkali. 

Only pot:entinl {J --resoreylic, gallic nwl pro·tocatechUic acid 

rrucle~\. thus const1 tu·te the tannin so 

(, d J Ester and diaryl ...... ether linkage H appear ~b:Jent, 

\e) I ncreased yie.\.ds of methylat,·d aclde heve been obtained 

fr:>m t!1e methylated tannins after nl.knl~>.ne permanganate ox1dat1on .. 

In this reaction t.he resorcinol nucleusua~ destroyed and no evldenc·e 

cf 1 ta preeen•::e could be detected in ap1.te of the improved yielde , 
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Th·} beb.aviou:r of the tnnnine ie in this rr: ;:meet si.L!ila:r to !.T.i :..t 

of the ca~1ech~.ne and related c15 compounds. The J.sole.tton of' ~~11y 

me~ihyln.ted ca techo:. md pytogallol carboxylic nuclei~ ehO\"ir. ~Jhe.t 

afi;er methylation 1ih;-se are attached to \he tannin reRid"~;:es ty 

carbon chain onlyo 

( 'f') Atmosphor Lc oxidation of the tanntns :~n .';t:t.-t.e.~-~ne eol·..tti;)n 

yi(llded. very low quanti tie a of c~allic e.nd jJ .... :rescn:•oy1.1CJ acids ·.vhich 

are the predominant nuclei o TJ:ley are accompan~Led. by lal'g.9:r 

amou.nt s of a.liphe.t.tc acids 9 possibly me.inly fo1 mic acid: 

(g) Bromination of the tannin follot-7ed l •.Y permanganate 

oxldat.ton yielded t\·hn·t appears ·tv be a m<mobro~:,o.-.dJ..metho.xyoenzo:Lc 

ac1d 8 r~ccompHnied 'by impurities from which it could not easily be 

frecdo 

(h) A new nu.cjlose - HOl l!praying=l~eageF~ has beer~ found ·to 

aas1at 1den t1f1ce..t1oxL of C6 phenols ''btaJ.ned or:. alli:a.l!.ne t'!J.Sion, 

{1) From Kirb~· 11 e earlier vTork it appears that at least a 

low proportion of th£! :r-esorcinol nucleus ie not ,joined. ln a pyrn.ne 

ring after methylation., Kirby also clatmed the sepe.rat.1on ot' ·.;he 

methylated tannins iJ.to two chen:tcAlly . .,d,.ssimilar frEtct1on8, Al-

though other· evidenc£· shows the.1i '~JhJ.a is possible p no a€pai:--atlon 

could be a.c.hie'l ed 1n this l?ork Clua to ine.d.;)quato deacripticm c.:(:" a:. 

amp3.r1ca.l method" ~ .. 

t•. :- :.-:. ~"\ 
;::; :--..;; ~ . \ .. ,.,.., . ...,..~ , 

( j) '!'he lmpro~. cil alkalinE! <1eg1·ntl!-'.tion teohm .. qlA.e :13 "Ct(' .~ ~~: ~~~ ?£.} 
:.~u:i. ~;able :for imrosti@ . .:.·i;tng the cons·~5. tu.tionsl no.ttu·e ,_, J: ·i;;::.t-: ·vvf'. OI.J.8'· ./ 
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