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SUMt-1ARY. 

Gr een wattle tannin extracts were geparated by lead 

salt ~reci~itatton into a ~henolic tannin fraction and a non­

tannin fraction. The combust-ton analyq't.CJ of the tannin :t'rac-

tion corres~ono.ed to an empirical formula c15H14o6 • Methoxy 

and acetyl values showed four oxygens were hydroxy ~rou~s 

wnile the residual oxygen'3 could ei t!1er be et;her iinked or 

carbonyl P."roupg . Vi.a?.ometha.ne methylation J.)roduced a white ,to>ro­

duct of hig;h methoxyl value 'vhi.ch tndica t ed tha t the four hydroxyl 

~roU.t>S w·ere _phenolic . Chro~to~raphy of the lead salt 1:.mrtfied 

tannin shoTfled an ind.l.stt.nct non-fluore~cent trs.i l. Ether extrac­

tion of the tannin removRd the associated ~hPnolic bodies . The 

ethereal extract f unlike black Tva ·ttle extracts> cont ained no 

fiseti.n and eva~oration of the ethP.real solutions yielded a 

gummy non-cryc:~talline residue . alkaline fu'3i.on of the ~urified 

tannin iJroduced for the first tlme a vartety of aci..dic and _t>he nol i c 

com.l)oun<is i.e . resorcinol, _pyroP:alio 1, iJhloro w; lucino 1, (3 ·· resor­

cylic acid, ~allic acid and ~rotocatechuic acid . From the hi~h 

yields of resorcinol (6j) and. o:allic acid .· {.3~), t hege units ap9ear 

to J:)redominate. These degradation .~roduct ions> cou}:)led wJ. th t h e 

analytical fiP;Ures~ indicate a l}cssible c15 unit ~vi th resorcino l 

and .t'yroP;allol nuclei as a basis . The non-tannin fraetion failed 

to reveal any compound which might cause the exceqsive redness i n 

P.'reen wattle extracts. Chroma tofl'raphy c f this non •· tannin fre.ction 

sho\'led the presence of sucroBe . 
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I NTRODUCTION . 

The green •rat tle (Acacia d.ecur:renq \Hlld) ig closely 

allied to blaclc '"ratt :.te (.H.cacia ma lligc:;ima iti i.lld) and until recent·-

ly some authori tt.P-<3 ::-e~=;arded th?.:n as varietal form<J of tbe same 

syecies. Tile trees, althou~n si..mi lar i.n a.i:Jvearance , have certain 

d.tstincttve differenne '3 . Amon~c;t the most im~ortant are ~ -

( 1) The fo liar:e ana. trunk of a g-reen •Ja tt le s_tJeclmen i g a 
a more viv:.d ,q;reen t han in the case of black '1-iattle. 

{2) The .t>innules are lonr:;er and narro~·re :r and. also net 8() 

closely CT()1t/dea on the vinnae. 

( 3) Green ,,._,.a. ttle ha~ a more ..t?rnfuse influorescence than 
black wattle and hac; a co:n.t?act flo t•rer head ··.rith abo11t 
thirty flo :..."e ts . 

(4) The flowern of ~reen wattle are a rich ~olden colour 
and the :na:.n flot·le rtng _period is about ~Ti.!lY or Au~tJt 
,.,hile "blacl .. T:-Tattle flO"tt.Ters t 'flO or three 'Il0i1 ·thS later .. 

The affore<Jtation of t he g reen t.ratt le tree hag been car-

ried out in South Af~"ica ~ince 19~q . AlthonP.;h clo9ely al lied to 

the black •.,rattle tree ~.,hich hag been "luccesgfully C11ltiva"ted s l nce 

1864, the first tria :·_ plantations d1d not find a ready market. and 

it wa~ only durtnp; the var perlod 1r.rt th ·the increased demand for 

tannlnp; materials. that black ;,.Jattle tannin mixed tvith n;reen _;.~Tattle 

was accepted by manufacturers . ·.roo.ay green •vattle trees are not 

g-ro;,.m to an appreciable extent for commercial ,t>nrpo s ers , and are 

mainly found in the d.rier areas of the .,.,attle belt tvhere the inci-

dence of bagworm t~ high . 

'l'he main disadvantap.;e of P: reen wattle tannin lies in the 

fact t hat leather tanned with its extract '3 exhibi ta an undesirable 

red colouration and i s not so closely r;;ratned as leet.her tanned 
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from black •,rattle tannin (l). Thi'3 reddish colourat~ on is eviient 

i n leather tanned •.oTi th many tannins. It is ,J?resent a leo in black 

··rattle· tanned leather· but to a far lesser extent. Owint; to thi 3 

handicap ~reen Hattln planta tton~ have 1Jeen gradually replaced by 

black wat;tle ~lantat ''. ons and g;reen r-;attle trees are no•r found only 

•vhere condittonq are unguitable for black •,rattle r.:roT,r"G.h. .n com-

~arisen of the colou~ dar~entn~ in black and green ~attle ig sncwn 

in tne follot rtnp; ta.o:~e of ~Hlliams ( 2) ~-

~'!;8 of Trees A cu. cia Decurrens Acacia Mo lli ss im.a l 
~.I -~ - -

Fed Yello~v Red Yellow 
-

Units Units UnitB Units ---
3 years 3 ,. .o 4.3 2 . 5 3.8 

I 

4 II 4.0 5.2 2.9 3.9 

5 It 4.8 5.5 3.5 4.6 

6 II 6 . 8 8.1 3.2 3 . 5 

7 It 5 . 4 7.4 3.5 4.9 

8 II 6.0 8.8 3.9 5.1 

9 II 5 . 7 8.). 3 . 9 5 . 0 

I . --
In spite of these hand).caps, green TJTat tle has rnc.ny ad­

vanta~es, the mo9t important of which are (?r 3) :-

(1) It e;ro~...-s fa~ter on poorer siteg than black ':.;attle . 

(2) It ~reduce~ a greater volume of timber under the same 
conc:H t tons as black •1£< t t le. 

(3} It continues to strt~ freely in the dry season 1;.'~:1 
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black wattle does not. 

(4) The timber produced i s s t rai. ~ht er than that of black 
wattle . 

(5) Seeds ri~en ~ithin f our or f i ve months of f lowering 
whereas bl~ck wattle seeds reautre fourteen mon t hs p 
thus the c :1ance of pod-9heddi. n~ tq much g;reater in 
blacl~ 11-a. tt le than in a,-reen . In add t tion, the seeds 
from green T·Ja ttle have been found to have a hip;her 
percentag-e ~erminatton than thoqe of black ~.vatt le . 

(~) The green ·tattle tree rec overs more eagtly from hail 
and drou~ht damage and tq ~ore re~istant to insect 
attack. The chief ingect _i>est, the ~vattle bagrt~orm 
(acanthopqyche junodi ~ causes intenqe defoliation and 
subseauent stunted r;ro'•rth in b l ac J.c ,,attle whereas green 
•t.rattle is but slig;htly affected . 

(7) From ~ com~arative study of the tannin contents of t rees 
of different ages from black. and green 1vattle planta­
tions , it has been shown that the tannin contents are 
nearly the c:~ame. 

The value of the species as a tannin producer can be 

obtained from the follo1-rtnf1.' table by ·.\ illiams (2 ) in ~1hich barks 

from trees of the qa,ne age are co'llpared . 

~ 0'6 of •rrees ~ Acacia decurrens f Acacia Mollissima "-J ' 

Percentage Tannin Percentage Tanntn I . 

3 years 23 . 5 38 . 6 

4 years 29 o0 28 . 4 

5 years 31.6 32.3 

6 years 30 . 4 I 2q . 3 

7 years 32 . 0 33.9 

€} years 37 . 7 34 . 5 

9 years 3? .0 3 5 . 2 

I 
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It is evident,therefore, t~at a~art from one major 

nancica~. o:reen •.;attle has rnany ceql..ra.ble r:hara;terist'ln.CJ . 'l'he 

uttli.,e.ti..on of ·..,.reen .,,attle ;larLtHt'i..on'i is ec11no·ntcally im,:)ortant 

to Soutn ~)frtc<.• •vhere ··rcttlP., •.tnli:<.e mogt a"":ricm.ltnral tn<il.tstrie1, 

ts d.e_t->enaent on an internati_onal mc.~ri\.et ·vnPr-e the cie:nand for tan­

.1in~ rnaterialq ts inrrt:>&stng '·!h1le T'P.C~Prve '31l~.cJli..es of tannin!=:! 

(e . cs . quebracho) ar·e u.--i_ndlinq. ·r~e tt:n".;er, •1hit::u tg strair-ht s.nd 

nDrd~ hag als0 fo,wd a r"'ady 11ar~ce·~ as aine .J:)rops . 

ht r~re><;"'nt, tn an effort "t'1 util ~.7e a-reen ·~attle, at ­

te1l.t:>t9 are ~ein~ 11a6.e to hylJ:rid'\.7e blac'-c and q;oreen 'v-attle trees 

(4) to :;ive ~r0'"'.'enieq '•Thi.~;h co'll'linP the vt:..:our. ti..m'/er- strau~htness 

and resistance to tnq~~t attac~ of ~reen ~attle ~ttn the bark 

01l8l it ie s of blar;k. 
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Yrevtons r·eqea.rch on P.:reen ·.-rattle ta.nntn has been 1 i m1-

ted to a chemical and ~hy<.:>i..cal co'11.J)8 rison of methanol e xtracted 

r.r reen and black .,,attle tannl.ng by Roux (5). These analytical re­

gultc;, co·n')tned •,.,ri_t~ t:1e oxtdattve der:;radatton ~rod1wts , all indi­

cated that the two tanntng were nloc;ely allied. ~reen · rattle t annin 

ha6. sl is:;ht ly loT.Yer acetyl and me tho xyl value<J 1a1h tch ina t ca ted a. 

lo'•Ter .Jercentage hydroxyl grouk'91 ana th119 ,c>o ss i bly a hi.c;her _pro­

.JOrtion of catechol units. 

A com_part<Jon of refractive indtceEl, o,ptical r n t h tton, 

redox ,tJotent1.a ls, '3,L)ectr.O_t>hotometric analy.qes, and _votentiomet ric 

titration cnrves TtfB.S also carrted 01.lt. 'fhe refractive i ndices a.p­

.tleareei. i<ientical ove1~ a concentration ranq;e 0 - 30% and 9..Jectro­

_tlhoto!'D.et ry c;ho•ved on:.y q 1 tp;ht d t fferences bet1r1e e n the t'·TO tanni ns 

The dee.}.)er red colo'lr .tlre'3ent tn green ~.,rattle extrac ts 

~vas oelieved. to be due to 9ome inherent factor in the tnnnt n c;t ruc~ 

tnre a nd not to any asgoc"\.ated ..Jhenolic substance . Ri ce (64) s ho'ved 

that colour darkentnr.; tn black ,.,attle waq due to oxidat i on and in 

the absence of oxy12;en very 11.ght extractCJ r111ere p:r;oduced . The 

oxidati.on 11ost likely produced a. conversion of ortho hydroxy g r oups 

from the ~henolic to the ouinonoid form (Roux . 5) . 

0 
cw 

... j 
R /E Ot-t 
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Watson (63) qho~ed the pregence of ~eroxidage activity in fresh 

bark. Roux ( 5) found tntq ~eroxi.dage acti vt ty, w·hich accounted for 

mucn of t.ne colour darkeninq;, T\rag greater in green wattle tannin 

than in black., thuq .J?artly ex_t>lat.nin~ the deeper colour present in 

~reen wattle. \vhen ·~.he enrymatic activity '!las destroyed and oxtda-

tion inhtbltedp a lt 1~ht extract ,...,ag obtatned ··rhicn, ho·,.,rever, still 

darkened :nore ra.l)ldly- than gtmtlartly trPated black ·vattle extracts . 

Two factorq wAre therefore conqtdered to ac~ount for the oxidative 

colour darkening 

(1) A ra~td darkenin~ due to enzymatic activity. 

(2) A 9loNer "r.lb'3eouent dartcentna: due to sli~ht conqti. trition­
al differences. 

E:n_,tJi ri..r~al 'llO lecl1lar weiP:ht deterntna t ions ( 6) ind tea. ted 

t.nat green •.vattle ta:1ntn has a hip;her molecular ~·rei~ht than black 

w&.ttle . Green ·vattla· ha-, also 1::leen re;>o:rte6. to be !llore aatrin-­

g;ent (1) than black '•rattle tannin, a ~roJ:)erty ucmally aggoc~ated 

wt th hia-n molec1llar :-Iei.a:ht. The darker colour .e-~roduced in green 

yattle when the tannins were submitted to the same de~ree of oxi-

dation could ~oqsioly be accounted for by Nietzki's Rule which 

states that increase in :nolecular "..rei~ht or co:n.e-~lexi ty of organic 

moleculeq, deepen<:~ the colour from yellow throuR:h red and blue to 

yellowi9h qreen. Alternatively, q\.nce oxidation of catechol units 

;>reduces a redden in~ effect tn qolut \.on, an i.ncreac;e in the a.mo1mt 

of catechol unit~ preqent ~i~ht alqo increase the red colouration 

of the solution. All the above ex~ertments ;.,ere carried out on 

methanol extracted tannin ~.,htch Ro11x (38) has l3ince qhown to be 

80/o ,Jure. 
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In the _t>resnnt tnve'1ti~atton t.he tannin and non · tannin 

fractionq T,rere se.t>ar-a1;ed by Rou.xvs (38) lead .9alt preClJ?itation 

method . The ~annin ~uri.fied. hy thi~ 'Tlethod ·.rag fonnd. tn je 9.3-fl 

.tJ1.tre by the official rJethod of tannin estt:nat"ton of the Inter­

national Society of L(~ather 'frades' C.hemi'lt8 {.:y:l). 

From the degradation ~roductg of l:)Sr'llan~anate oxidation , 

tne tannin fraction ~!Vag sus,tlect ed to con~ i st of a. t least t,,,o j>heno­

lic oodies since both veratric and trimetho.xygallic acids were 

1dentif1edo Chromato!~ra_t>hic analysis 1t188 thus a_J_to>l'ied to the ,.t,lrob­

le:n becatlse of its effectivenes~ in reGJolvinR; co!'ll,t?onents of corn._ylex 

mi x1;ures and t ts abll'l ty to se~arate the com..,;onents without chemical 

change. 

Grassman and Lang (33) chromatograghed quebracho pblack 

T-vattle, .t>ine, oak and chestnut tanning on an alumina column by 

develo.t>ing 111/'\. th metha·"lo 1- ethyl acetate mixture . Ultra- violet li~ht 

"tvas used to reveal the various bands. ~'ihen ap.vlied to ~reen r,..rattle 

tannin, indistinct se9aretton occurred and the bands fluoresced 

faintly compared 'iii th black ro1attle tanntn . Alumina ap)eared an 

unCJati.qfactory abgorbent for the l:)henolic fraction and because o f 

its ba9ic nature, it ·..,as found impossible to elute the tannin ef­

fectively. 

Filter paper ~artition chromatograph~ develo~ed by 

Cow~~den Gorden and Martin (34) for amino acid separations and iden­

tification, and by .Partridp;e (28) for su~ars, was therefore attempted . 

Th1q technique was first · applied to quebracho tannin by White (27) . 

after developing the chromatorrraph he was able tn distinguish a 

variety of fluorescent bands under ultra-violet li~ht thus proving 



the com~lexi ty o:f the quebracho extract. 

Lead salt .l.)Urified green 1,rattle tanntn lo!A.G (~h:i'omato­

gra~hed usinP, the t ·utanol-e.cetic acid~,tlater (4: 1 : 5) mi.xture o:t' 

Consden, Gordon anc Marti in (34). Under ultra-vtolet li~ht a:1 in­

distinct bro·;n tra i 1 T,ras visible . Since no definite bands ·~ere 

evident~ and to corr.pare the extract9 '"i th commercial lllacic .,at ~.~le 

tannin which is subject to heat treatment, the ~reen \~ttle solu-

tions ;...rere heated en a ~·aterbe.th for 16 hours before spotting on 

the paper. 'fhis ti·eatment ·-rag more drastic than that of com.nercial 

black '·ratt le tannir.. A dull brown streak RF 0.0 - Ou2l and two 

spots (RF .. 41, .62) T·rere vislble under ultra-violet light . Spot 

RF .41 ·vas ,,,eai~ly fluorescent and spot RF • 62 t<;ave a faint blue 

fluorescence . 

The fresh. bark extract ·1e.s ether extracted to remove 

associated small phenolic bodies. Eva_t.>ora.tton of the'3e ether ex-

tracss yielded a gummy residue ~·Thi.ch was chroma top;ra_9hed, and under 

ultra-violet light tnree S.t>ots lvere vist ole (Rrt' 0 41, 6J ~ 0 92) • 

In ·the .t:>resence of ammonia vapours the ;:;pot RF "tll ga• e a. sli~?ht 

fluorescence~ spot R.r • 61 a yellmv fluorescence and Sfo t Rr . 92 

a blue flu:>rescence. Lead acetate ~-ras added ·~.~o an aqueous -Jo1u-, 

tion of the gurnrny residue. r.rhe precipitate !.,as centri. fuged, 

·a<:lhed. ~··i th WJ. ter·, a.cidi fied, filtered and ether ext:rr c ~ .. d o 

chroma. togrs.phed. In the presence of am:noni.a sp ot 2 £-IF .. Gl ~~ no. 

RF . ~- 1 ~,_rere Tisible on the chromatograph. None of tll~ sc <::o ... 1.pc 1 r.d . .-

CtiJ.ll.. 0~ ,.dent1.-f·led althouP:h r; pot RF . 9~ ~-;as simtlar ~- c. " a ·;_o:"'o­

::<;l ' : ~l nol 9ince it T,Jas a meta hydroxy _pnenol and gave r s i o:llar 

- - -- - -- -- -
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'blue fluorescence in ammonia va,t>ours (35). 

The residual solation gave a single continuous brown 

streak. Roux (57) su~~egted the following factors could be respon­

sible for ov~erlat->_to>ing spots in chromatog;ra_phs of poly_to>henols . 

(1) A mixture of ~olymers of varyin~ molecular size formed by 
the condensation of a single unit to different chaln 
lengths . 

( 2) Stereoisoners ~..rt th slightly different RF values could 
overlap giving a continuous streak . Bate- Smith (06 ) cal­
culated Rp values of catechin stereoisomers and found 
they differed slightly e.g. d*catechin RF . 76, d;l- cate­
chin RF .'l4, 1-epi-catechin RF .65, d-~allocatechin RF . 57 
and 1-~L-oca tech in Rp . 47 . 

(3) The mixture con~i9ted of substances of RF values ~uffioient­
ly close 1;o preclude their ~:~eparation by one dimensional 
chroma togJ~aphy. 

Lead salt pu:pified tanninp its aaetylated and methylated 

derivatives, were combusted and the acetyl and metnoxyl values ~~ ..___ 

estimated. Combust-ton analysis a~reed l~i th an empirical formula. 

c15H14o6 while acetyl and methoxyl values indica.ted the presence of 

four hydroxyls per o15 basic unit and the original tannin there fore 

corresponded approxlmately to an empirical formula c 15H10o 2 (oH)
4

. 

The remaining two oxygens thus were either ether linked or car-

bonyl groups. 

Since the methoxyl value increased from 32% to the maxi­

mum of 34 .7l% (ueing dimethyl sulphate) w1th difficulty>one of the 

hydroxyl groups might possibly be aliphatic . As in black wattle; 

(7) this difficulty in increagin~ the methoxyl content l'las attribu-

ted to one or more of the following fac·tors ~-

(1) The fission of labile bonds. 

(2) The presence of aliphatic hydroxyl groupe. 

(3} Sterio effects caused by ortho-hydroxy groups. 
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Evidence in favour of the comr~ letsly .vhenolic character 

of green wattle tann~.n ,.,.as found in the follo1.iing opservations ~ -

(l) Perkin (81: methylated catechin with dimethyl sul~hate 
until no colour chang;e occurred betvreen aci.d and alkaline 
conditions . At this qtage all the _.t:>henoltc groups >'lere 
sati~fied . Green \\Tattle tannin in methanol solution still 
ex.tii bi ted a co lour ch.anf1;e bet1¥een acid tty and alk:alini.. ty 
~vhen nearl:r fully methylated. 

(2) Part of thE"~ nearly fully methylated tannin was trrever­
s'lbly abso:·:bed on an alu.:nlna col11mn causing an increase 
in methoxy::'- content and a 1~eauctton in colour. This 
tenacious ELb~orption on an alumtna column is characteris­
tic of phenols ~ partic11larly ortho-.hyd roxy ~henols . 

Dia?.omethane methylation has been used to distin~ish 

between r'henoli..c and ali~hatic hydroxyl ~rou~s in li~nin (71, 77, 

78, 79) and tannins (80) . Althoug;h dta7.omet.ha.n.e reacted readi l y 
SLO~L.'~ W I'HI . 

with phenolic and al'.J?hatic hydroxyl !2;rou.p<:~, it has been known ·to 

react with certain labile groU!)9 {85) . Roux {?) thus compared the 

rea.ctton of diazometllane on black. wattle tanntn v1ith that of a 

variety of com~ounds and established the ~redominance of ~henolic 

grou~s and virtual absence of ali~ha tic hydroxyl s of the type 

,tJresent in d- ca techin and brar.ilin . Green 1va ttle tannin reacted 

readily with dia?.omethane ~'l..ving a 1,yhi te unoxidi?.ed _vroduct of h igh 

methoxyl value thus 1ferifying the predominance of ~henolic hydroxyl 

groups as in the case of black wattle and pyrogallol (7). Steric 

hindrance due to ortho-hydroxy ~rouy~ a~pe~red res~onsible for the 

difflculty in obtain:~ng a maximum methoxyl value . 

.Permangana·-Je oxidation of methylated green ~.,a.ttle tannin 

produced trimetboxy~allic and ve~tric acids . These acids were 

separated by Corbett 1 s ( 10) gilver ~al t method and equivalent 

weip;ht determlnattonB shmved they T·Jere present in the proportion 
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431. fhe yields were increased from 5% (Roux. 7) to 20% by sub-

stituting an acetone-water mt:xture (Roux.5?) for the aqueous medium . 

The increased yields can be attributed to three factors g_ 

(1) The tem,t)er:l.ture of oxidation was constant at that o1' 
boiling acetone. 

(2) The two phase system ~resent in an ~queous oxidation 
( gince methyla·ted tannin is v1a ter soluble) wae replaced 
by a s!n~le phase system. 

(3) A correct amount of potassium perroanganate •t~as used. 

Besides increasing threefold the yields of acids, the 

proportion of trimethoxyfl;allic acid ;...ra.s increased from 62% as found 

by Roux (7) to 80%. Trimethoxygallic acid is far less stable to 

permanganate oxidation than veratric acid (12), and the pyro.Q;allol 

unit is probably in even greater predominance than these results 

indicate. 

The isolation of trimethoxygallic and vera.tric acids from 

the ~ermanganate oxidation of ~reen wattle tannin indic~ted the 

presence of two types of end groups in the tannin structure i o e~ 

gallic and catechol units with the gallic predominati~g . Kirby, 

( 21,22) by fractional methy~ationl separated methylated black 

wattle tannin into two fractions. Permanganate oxidation of the one 

fraction gave only vcratric acid; while the other fraction gave 

only trimethoxygallic acid. 

Kirby's {21) fractional methylation technique was carried 

out on green wattle~ Both fractions on permanganate oxidation 

yielded a mixture of trimethoxy~allic and ver-atri.c acids, showing 

that no separation .t.ad been achieved. The combustion a.nd metho:xyl 

values of the two fractions eho•..red little divergence(C = 66 . 96.% 
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H = 6 . 11~ . MeO = 34 . 6%1 C = 65.72% , H = 6 . 145: , MeO = 33 , 6% .) 

Fu8ion of 12-reen •.,rattle tanntn 'tvi. th mixed alkalis yie lded 

46/~ of a tarry product of tV"hioh a_vproxtmately 22% •:vag _t>henolic and 

23/> acidic . After separation into various e;roups, chroma tog:raphy 

of the gummy restdue'3 revealed the .J.)reqence of the follo~vi.mr. sub­

stances v1hen the chroma toR;rl!t,j?hS t.,!ere S.Jrayed. ' 'lli th ferric! chloride 

The ~henolic fracti.on yielded :­

(1) Resorcinol i.n yields of 4 - 6% 

(2) Pyrogallol in traces 

( 3) Phlorop;luc1.nol in l.j yield . 

'rhe acidic fraction ytelded :­

(1) Gall ic acid in 3% yield 

(2) .Protocatec.t.utc acid in traces 

{3) [3 -Resorcylic acid in It yield . 

Increase ir: temperature and lenp_:th of fusion resulted 

in the complete elimination of ;3 - resorcylic acid thus indicating 

that yields of ;.5- resorcylic acid would be much hi~her i f the acid 

t..,aa not converted to resorcinol. The thermal stability of these 

aciae increases in the order:;3-resorcyl1c acid, gallic acid, pro­

tocatechuic acid . ~-resorcylic acid decarboxylates in coiling 

\-tater (15) 1-1hile heatin~ to 160 - l65oc . also caug es loss of the 

acidic Rroup (16) . E~rth and Shreder (56) fused Rallic acid w1th 

eight times its weight of a.lkalt and decompo9ition occurred at 

~4ooc . to ~yro~allol, hexahydroxy diphenyl and 0 . 6 to 0 . 8% ~hloro­

glucinol {60) . Under similar conditions protocatechuic a.cid slovly 

decomposes to catechol. 
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Alkali fusion of catechins and tannins ~roduced similar 

phenolic and acidic comJ?ounds. Fuston of cate0hin ~ave phloroglu­

cinol and ~rotocatechuic acid {Etti . 45 , and Perkin. 9); of que­

bracho ~ve tne same prod~cts (A~ta. 46) while cyanomaclurin ~ave 

phlorofSlucinol, f~-resorcyl tc acid and re~orcinol (Perkin . 59) . 

From the alkali fusion of ~;reen '\vattle extracts it is 

evident that re'3orcinol and _t>yroP;allol nuclei predominate . Pyre--

~allol and resorcinol nuclei. to~ether have five hyd!'oxyls. AssurrLing 

th?.se nuclei are pre ~ent in equal proportions , one of the five 

_pyrogallol or resorc.i.nol oxyo:ens mu<?t be ether linked $ as analytical 

regults showed that only four hydroxyl grouJ?g are ~resent in the 

hy~othettcal C1 5 structure . As oxidation of methylated tannin gave 

trimethoxy g;alltc acid, the three pyroc;allol hydroxyls must be free 

anu thus it is only a resorcyli.c oxy~en whi~h i~ possibly ether 

linked . 

Sincef -resorcylic acid has been identified in the 

degradation J,>roduct s of alkali fusion~ the resorcinol nucleus ·ap­

pears to be free because~ - reqorcylic acid has not been found in 

units of the type 
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Ho:·rever, 13 - resorcylic acid and resorcinol have been · 

found on al~aline degradation of morin (I) by Benedikt and Hazura 

(58 ) and. cyanomaclurin (II) by .Perktn (59). 

H 0~ (_L) 

H 
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'rhe identification of p -resorcylic acid is thus not 

conclusive evidence of the absence of a rin~ structure in the ts.n-

nin1 and the reason it hag not been found amon~Rt the degradat i on 

products of catechin units oy other investigators might possi.bl y 

be due to decarboxylation caused by hig-h fu'3ion temperatures . 

The reaction of P:reen t-vattle tannin in acid medt a. to form 

a phloba~hene is further eviuence in favour of a pyrane ring struc-

ture. Ba.unschweiP-. {19~ summart?.:ing the types of _pyra.ne derivatives 

which condense in acid media) concluded that the following fa ctors 

are nece'3'3ary for v:J.l.obaphene formation : 

(1) The ~resence of a ~yrane ring. 

{2) The ~resence of a double bond on the pyrane ring. 

(3) The prese.:1ce of a hydroxyl group 1,.rhether alcoholic or 
phenolic. 

This statament p however» must be treated 1vith caution 

because many ~henols are known to condense 1n acidic media . 

From the ~vidence obtained so far, it ap~ears that the 

structure of green wattle is of the type 

\ 

\ 

0 
\ 

\ 

\ 

\ 

l 

<-(--( 
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Althou~h not yet conclusively ~roved, the phloba9hene 

formin?, ability of P"reen •vattle, co1~~led •.<ri.th the analytical re-

sults, fe.vour a J?yrane rin.g: structure . 

Green ,,.;p tt le tannin ~·tt th its htp;h molec11lar ~-;eig;ht and. 

amor,LJhous nature i '3 eviciently a hi';hly J? J lymeri 7.ed substance. 1'he 

~olymer17ation mechani9m of ~oly~henols is still a subject for 

e~eculatton . Russel (?.0) and Freudenber~ (12, 14) pm· forvard 0on-

flictinq; t heorteq req:ardin~ the condensatton mechani'3rn'3 of poly-

phenolic com.Jound9 to form tannins. Russel _t>ostulated a flavpina­

ce. l structure and claimed (83) to have c;ynthesiged co·'J~ound A o 

Absorption s_vectra (84) and colour reacti.one (83) sho~1ed A ~!as 

indistinguighable from natural tannin 

·--·---

A 

/' 

/ 

/ /,, '., ;·---~--< ' 
·-·---·-- ·---t)f.{ 
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Freudenber~ (82) contested thiq dirner gtructure a nd 

ar~ed that IJ'•Jing to the com.t>lexi ty of the reactions. by t-rhi ch 

Rugsel ..!:"repared thi<:: dimer, it ··ras unlilcely that; a sinp;le p roduc t 

could have requl ted . Freudenberp.; mainta i..ned the ~pectrv ~co_t)lc 

evidence ~as inquffi J ient in view of the fact that hydrolyeable t a n-

n 1. ns behave c;imilarily, and in any ca9e there •·rag no reason to sup--

poge tha.t the ~tnaco l nucleus only oac11rred in natuY'al tannins. 

Freudenber7, (13) considered the pyrane rin~ opened and in 

~c lya;,eri7atlon ltnka ~e occ1trred throun:h the resorcinol units ag in 

structure B. 
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Freudenberg ' s formula does no t a~ree with the analyti cal 

fi~ures for ~reen wattle which indicated four hydroxyl ~rou~s per 

015 1.mi t t'lhereas his formula recmires six hydroxyl grou9s. 

It ap~ears that neither Russel 8 s nor Freudenberg ' s theory 

can ex,t?la tn the col').densa t ion mechani g~ in p;reen r,va ttle 1o.Tb.ich probably 

polymerizes as ~ result of en~ymattc activity . 

t-iany tannins are kno'•Tn to contain carbohydrates. The non 

tannin f raction of auebracho ( '27) conta i.ned the sugars g;lucose , ara­

binoqe and xylose . •rarboton (52 ) found sucro9e. glucose and ;ossibly 

maltose preqent in black •.,ra tt le tannin ~vhi le Roux ( 11) and Stephen 

found sucroqe and only trace'3 of reducin~ su~rc;. 

Green r.,rattle non ·· tannin fraction gave the characteristic 

burnt su~ar odour and thug !=JUP.;S-rs .. vere su9pected . 

'fhe sirnilari ty of qu~ars tn phyqical and chemical prop ert i es 

made 1.t dlfficult to ser~arate the !llixt;ureg especially when qmal l 

quanti ties were present . The most successful method of identifyin·g 

small quantities of sugars was by ~a9er chromatogra~hy develo~ed 

for sugars by Partrid~e (28, 29 ) and later by Horrocks (51) Fors ythe 

(32 ) ana Hugh, Jones, a nd ~adman (30, 31) . 

SJ}raying the chroma to~ra~.h rtTi th r esorcino 1 a nd napthar e s o r ­

cinol (32) revealed the presence of sucro~e . This was confi rmed by 

hydrolysin~ the solution ..:1i th hydrochlori c acid, The .,t>roduct rt!a s 
I 

ch roma toe;ra~hed and sprayed t·d. th ani 9id ine hydrochloride ( 73) a ni l ine 

hydro~en phthalate (2q ) and napt haresorcinol . The i dentifi cation of 

glucose and fructoA~ confirmed t he p regence of gucro9e in the orie;inal 

solution . 
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A Cat4.PARISON OF' BuCK AND GREEN ~·lhTTLE '£ANNIN. 

The econcmtc im~ortance of util\7ing the resources of 

p;reen '·Tattle has alrec.dy bAen discugsed and ~reen ·.;at t le, · except 

for the dee.l,)er red colour of its extracts, hag many a<ivantages 

com.,}ared •.,.rith black. ·,rattle tannin. A com.Jart'3on of the two tannins 

is im~ortant in order to ftnd an aggociated com~ound or sli~tt 

constitutional difference ~hich mt~ht account for the dee~er red 

colour of green ~v-at t le extracts . 

.Paper chromatography of freqh bark extract3 of green and 

black '"a ttle c;ho'<!ed marked d ifferenceg . The develo,t-led chromato­

~ra_tJh of black ·-.rattle tannin (Rou:x. 57) indicated the ~re'3ence of 

at least four substances . These ~ere repreqented by (a) a dull 

brown streak RF ~ 0 - 0.47 (b) a weakly fluorescent spot Rp 0 . 53 

(c) a bright yellowish ~reen fluorescent spot RF; 0 . 78 which 

_t>roved to be fisettn RF = 0 . 72 (d) a blue spot RF ;: 0 . 90 which 

gave evidence of being a .,t)hloroglucinol derivative . ·rhe ·~hromcno­

;sra_ph of green wattle tannins however, ~ave a bro'vn strea.lt RF' = 

0 - 0 . 43 in _s!.ayli~ht. When observed under ultra·~violet J..io:ht an 

indistinct non .fluorescent trail was observed . 

A comparison of analytical results for green v1attle T·rith 

Roux ' s (23) for black are ~iven in the follo¥in~ table 
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---------------------------------------------~-----~-------·---~~ 

I Green ~:attle Blaclc ~ ·attle I 
l -------·~--------------"-~--------------------~, -------------------4 
! Comb'.lBtion .hna lygis 0;.;~1. 55,1 , H::: £1 . 73/ 

1
1 0===60. o;:, H'- 1- . 83,., 

i 
!A:thoxy Values ~itb 

1

j 
jlH:net'lyl Sn~ .. .1£" te .34- . 6lr1 , 04 . 70,' 06 . 4 7.' 
i I 
! CombJ.tstton il.nal.yst~ l 
! of i-iethoxy deri:T. C=66 . Q?.,~. H= 6 . 11,-1 I C-=65.85~ ,R= · 0.11, ~ 
I I 
~~ethoxy Valueq ~ith !' 

I · '. t "lQ 0~ ., ".tQ - 5' 
• J.J 1a7.ome .::1a "le v • ~.o,. , '-' , 1. • 

! I 
lh cetyl Values 
I 
!Combustion ~nalysig 
1of hcetyl deriv . 

.... '? 45"' t) ·~. '- I J 32 . 35,: 

36 . 80/ . 36. 75r~ 37 . 55, . ) 07 . 48, 

0><=59. ?0.1, H= 4, 4 ?,-t 

The analytical fin:ure'i for botb tanning corrE:s,l)ond 'r.o 

··ere ..,>henol ic. The 1o'ver methoxyl a_nd acetyl values of green 

··lftttle could be due to a hio;her ,t>ro,k)ortion of catechol units. 

Em.t>trtcal molecular "rAt~htg studles (6) showed ~reen 

•vattle has a hi~=;her molec,tlar ·.rei.ght than black '•rattle tannin . 

88! acidq and ~Q~ phenols. The follo~tn~ actdg and Jhenols were 

i.sola.ted in s1mtlar yieldq from the fn9'Lon of 1')oth tannins : 

.Pheno 1 ic f'ract 19JJ. 

( 1) Resorcinol 

(2) .!?yroq-allol 
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.h.C1.di-:; fraction 
- _ .. _Cif.l 

I 1 ) 
~..!.. 

(?) 

( 3) 

Gallic '.:; tG. 

P - Regorcylic ~ctd 

S:tnce 00 I h tannin~ o~ave c:.lbl'.l[ 1" yi.eldg of ·the .ame pr•:)-

ducts, tnny are o)vlously derived f~om th~ game basic unlto. 

Perrr.an<?:a-ate ox1.datton of bo~h methylat.scl tan.r.·i_ng _.~ro-

anu veratric acids. 

Jucro CJe ._.,ag the only sn~ar _t>resent in thF: non t ann.:.. n 

fract~lons of n:reen and ·alack •·Jat·tle. 

Green wattle tanntn cortatned no assootat eC ~h9nol~c 

com,t:>ound •·rhich mi'I;:1t cauqe the excegs:..··,e rednes'3 c.t 'G!J.C ~~ xtr-...cts. 

fr·orrt the as.t~ect of colour dark.ening the most im.t~ort::?..nt 

. di!'fe:-ences bet'··een the t·1o tanning \JerE' in moleculv. :r ,_,,ei.gh t anc. 

hydroxyl content. As mentioned ~rev:ouslys a highei molenular or 

e;:r.eauer .J?rot>ortion of catechol units mi.9.'ht a.cuount .~.'li r t'le dce_t>e r 

red colour in g;reen vra.ttle extracts. 
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PART I I 

EX!:' ERIME:NTaL 



P:~.::rr l I ______ __... 

}'ln·j.fi..cat·on n~r: }'l·ec::>I·r-, ion f)~ Gl'C:P:n. ·:~~r·.tls .:.';:·n:~i.n ·---.. -· -· .... - -- ---·---·-~- ... ----·-·----------... --.. -~--- ~- ... --~" 

tmt ... e:r· re cl u r:..;d 

}>qr :i.~"' i C['. t :·.on of G1'':' :1 n : ;;:. t•c lf~ 'i'<.:.n 11 in 
... -----.-----·- .. ~-·------.. y .. ____ ._._""""" __ ~.---~---'"** 

of ~~:r·ecn "'1t:;}e tan:1ln (4.,6- :; .. G). 

Ht..utrnl izr d. J:hc soJ.utlon 

., rn .­, .. 

. . 
,~ .. ·.~!f' 
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reduced pressure , 

Estimation o::' Purity of Green ~·lattle rrannin. 

The hide p01-rder method of the Internatione.l Society of 

Leather TrP.des Chemists {?roctor (39)) uas adhered to in estime.tinG 

the tannin content of the above purified tannin . Although this 

is an empirical method, a hi[.Sh de,q;ree of accuracy ce.n be obtn ined. 

Found 

Tannins 93 . 37i!., 93. 34~-~· 
. 

llon rre.nnins 6. 6 3t; J 6 0 6 7,---

Analysis of Tannin nnfi its Derivatives 

( 1) Green \v2.ttle Tannin 

The tannin used in analytical Rtudies tras purified by 

lead acetRt~ precipitation and dried for 2 hours in e.n A1:Y.::..~:L'hl' lden 

gun at llo0 c ., 

r'ound 

oS67 gms. tannin gnve . 1959 ~1s. C02 and . 0366 GrlH H20 

1ilience C = 61. 62%, H = 4. 72; 

0931 gms tannin r;ave . 22ll!- gms C02 ~.nd , oll-13 gr18 . H2o 

Hhence C :: 61., 551~, H = lL 73/~ 

c15H14o6 re~uires v 

C - 62 07r" H :: lt 57, , 
• ,~ ' l • _.,,, 

The ~ffinity of tannin for retaining small amounts of in-

purl tiee, its hi~h r-esistr>.nce to conbuBtinn nnd the effects of ut-

rnospheric oxidation, could contrlbutc to the sli~htly lou ce.rbon 
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and hyo.roP-;en values obtained. 

(2) Acetylation of ~reen wattJ,e tanntu · 

A vi~orouq acetylatln~ agent 1~ reauired to co~yletely 

acetylate green wattle tannin becauge the stertc effectq of ortho­

hyd.roxy p;rou_t>s make•J co'll;>lete acetylation difft·cult. Ste~hen (42) 

successfully acetylated blac ·t ~..rattle tannin r.vt th acetic anhydride 

and anhydrous ~yr1di ne !vhile Roux ('23) obtained co:n.l)lete acetylation 

with anetyl cnloride and ;yridtne . 

5 ~rns . ·lead acete.te !)nrified, dry, F;reen rt~attle tannin 

'.-vere oissolved in 20 ml. ~yrioine and cooled in an ice galt mixture . 

10 ~~s . acetyl chlo r ide were added tn s:nall _t>orttong with shaking . 

.h vi :r.orouq reacttnn occurred _t)reci~t tat'\.ng a '"'hi te a..11orphous pro­

duct . The mixture was left in contact wtt~ ice for thirty minut Ps 

and then slowly ;our ed, with stirrtn~. into iced water. The in­

solut:>le acetyla ted com.l)olmd •va g gucked off in a Buchner funnel , 

waqhed 1<Tith teed t.;ater and air dried. The l t q;ht bro•...rn product 

,...,a. s dissolved in acetone, ftl tered, and eva~ora ted to dryness u .nd.er 

vacuum . 

Acetyl estimation of green '<Tattle tannin 

(a) Trans Esterification method 
----- ------- -----

Thi~ method of Matchett and Levine (53) has ~een success­

fully used by Ste_l)hen (42) to eqtimate the acetyl ~ontent of acety­

lated blac::C ~·rattle tanntn . 

The techni que was standardi7ed a gainst acetyl salycylic 

a c id 'N"hich had been recrystalli:;o:ed t N·tce f rom a mi xture of 1o1a.te r a nd 
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Found : 
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. 1332 g~q. acetyl 9alycylic actd required 4.65 m1 . 

· . 1226 N NaOH ~~hence acetyl = 23.58% 

.0965 ~mCJ. acetyl salycylic acid reautred 4 . 45 ml. 

. 12?.6 N NaOH whence acetyl = 23 . 71~ 

C7H502(0COCH3} requi res : 

Acetyl = 23 . 9% 

The acetylated tannin r.raq dr.ted tn an Abderhalden gun for 

2 hours at 11ooc . ~~he a~etylated .t)rod·uct •.-ta.CJ reacety1ated t \'lice 

to ensure maximum acetyl values. 

No . ~cetylations Value 

1 

2 

3 

35 . 67, 

36 . 16, 

36 .80, 

35 . 87 

36 . 56 

36 . 75 

Combustion analyCJis of maximum acetylated tannin 

l''ound : 

.0854 ~ms . tannin ~ve 11737 Rms . co2 and . 0340 gms . H2o 

whence C = 59 . 07%, H = 4 . 43% 

.0800 ~ms. tannin ~ve . 1849 ~mCJ . C02 and . 0321 gms. H2o 

l-thence C • 5~L 20,/t, H = 4 . 4'7% 

C23H2201o or C15H1o02(0Ac)4 requires 

C = 60 • 53% , H = 4 . 84~ 

Acetyl = 36 . 67~ 
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(b) Valentina tt,ethod 

Valentin (5~) devised an nlternative shorter method for· 

acetyl estimations¢ The basis of this method ~ras the CP.tc>.lytic 

esterification of the substance uith acetic anhydride under anhy-

drous conditions. The excess acid l~s titrated agRinst standard 

alkali and deduction from a blank gave the equivo.lent hydroxyl , 

Fluoboric acid uhich -ru1s the CRtalyst, uas specific for estel'ifica-

tion . 

Resorcinol found 

. 2272 gms . resorcinol required 4· ~ 2 ml. : 9150 N HaOH 

t-rhence acetyl :: 28. 5~~·~ 
. 

• 3291t. gr:1s o resorcinol required l+_ 77 ml . ~ 9150 JJ NaOH 

uhence acetyl ;: 283l~i: 

C6Hl+( OCOCH3) 2 requires E 

D.cetyl = 29 o 03:: 

Pyrogallol found 

. 19~1 gms o pyrogallol r·equired 1+ . 32 ml. 0 9173 IJ UaOH 

~Thence acetyl :: 3'~ . QS;·: 

. 1929 gr1 s, pyrogal1o 1 required 4 , Ol ml . . 917 3 N !laOH 

": rhence .?.cetyl = 33. 5~~ 

C6H3(0COCH2 )2 .requires : 

acetyl = 4·0 . o5t 

Green Hnttle tannin found 

. 3613 gms . te.nnin required 4·. 70 ml .• 9173 l'l NaOH 

.533S gms. tannin required 5 . 25 ml , . 9173 NaOH 

Fher,ce a cetyl = 19 o 3t:: 
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Although the method gF~.ve satisfactory reAults for resor-

cinol , lo1-r values w·ere obtained \·•1 th pyrogallol and tannino These 

lm-r values 1-.rere attributed to steric effects of ortho-hydroxy 

groups and this method appears unsuitable t-rhen these groups are 

present . 

(3) ~ethylation of Bpeen ~rattle tanni.n 

stephen Ut2) obto.ined a highly methylated deriva.tiv·e of 

black Fattle tannin by methylating three times 1·1i th dimethyl snl-

phate~ 30 gma . potassium hydroxide i n methanol vrere slouly 

added l·rith thorough stirring. A vis orous reaction occurred and 

after the reaction subsided~ 50 cc . more dimethyl sulphate 1•rere 

added and the methylation repe8.ted t · ·ice. Tm-mrds the end of the 

methylation the solution heated to boilinfS point. 

After the third methylation lJaB completed, the cold solu­

tion Pas poured into a litre of uater slightly acidified uith 

sulphuric acid . The ;-~hi te precipitate ~-rhich formed ·c·a.s suclced 

off in a Buchner fu.nnelJ HP.shed uith Hater, ancl dried . Finally 

the methylated tannin Pas dried in an Abderhalden gun at ll0°C 

for 2 hours. 

Found 

,0766 gm~ . tannin eave .1891 f,IDR . CH3I 

uhence ocH3 = 32.06% 

. 0917 gms . tannin eave . 21~6 gms. CH3I 

1-rhence OCH = 32 . 09% 
3 . 

To obtain a maximum methoxyl value three methylations 

Here necessary before consta.nt results 1·1ere obtained. Furthermore 1 



- 30-

after each subsequent methylation, the methylated tannin ~·ras passed 

through an alumina column using this technique . Kii·by ( 21) ob-

tained highly methylated black pattle t annin because partially 

r.tethyla ted hydroxy groups l·ere retn ined on the column l:hile the· 

fullyrr.ethyl::tted tannin Ha8 eluted off . 

Found ;-

No.Methylntions 14ethoxy Content 

1 32 . 06,32 . 09 

2 33 . 60,33 . 22 

3 34. 5g,31+. 6o 

l+ 34. 61,34 . 70 

Combustion anallsis of maximum methylated tannin 

Found ~ -

. 0562 gms . tannin gave . 13g0 gms. C02 and . 0307 gme H2o 

t!hence C = 66 . 97~, H = 6 . 11; 

. 0620 gms , tannin ~eve . 14g7 ~F. . C02 and . 0341 gms H20 

:·rhence C :: 66 . 92i:" , H = 6. llf' 

C12H2206 or C15H1o02( OCH3 )11. required :-

C = 65. 9J II = 6. 36~: 

OCH3 = 34. ~,: 

r ethoxy ::tnd acetyl values therefore indica te the presence of four 

hydroxyls per cl5 unit . 

l!ethylation vi th diP.?-omethane 

since it ~.ras difficult to increP.se the methoxyl content 
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from 32;: to 31+. 651:. usinr; dimethyl sulpha.te, one of the four hydro­

xyl a per C15 U.nit .might possibly be c:l.liphn.tic D.R aliphHtic hydro-

xyls are not easily methylated by dimethyl sulphEte, In ble.ck 

uattle tannin ( 7) 9. AimilP...r difficulty in increasins:; the methoxy 

content : ras attributed to the presence of aliphatic hydroxy groups 

or stei'ic effects c?..used by ortho~hydroxy e;roups, F.ither or both 

these factors could account for the difficulties found in methyla­

tin: green uattle tannin. 

Diazot1eti1.ane methylation ha£ been URed to clistinr;uish 

betueen ?..liphatic and phenolic hydroxy r;roupa. Roux (7) thus 

compared the react i.on of diazomethane on blaclc Fattle ta.nnin ~ri th 

that of a variety of compounds n.nd established the predomine.nce of 

phenolic r;roups and absence of aliphatic hydroxyln of the ·type 

present in d- catechin and brazilin. 

Diazornet::1ane ,ras prepared from ni trosomethylurea by 

Arndts method (55) , From !.~2 ems. nitrosomet.hylurea used in each 

case, 10 gms. diazo methane u:1s produced. 

2 gr1s. l1;ad s?..l t purified tannin ua.s di ARol ved in 100 

ml . methanol, cooled in ice e.nd added to the ethereal di~:tzometha.ne 

solution. An imnediate vir;orous reaction occurred. After re--

mainin~ in an ice ho.th overnip;ht, the ether nas eva.porated D.nd the 

alcoholic solution a.dded to 6oo ml. 1-rater. On salting out the 

Rolution, a. pink pl"'ecipi tate formed 1-rhich 1·.ras filtered, ua.ahed a.ml 

dried. The dry product w1s disP.olved. in ethanol, filtered ana 

evaporated to drynoss. 
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No . l4eth ylations l-1:ethoxyl value 

1 29.9.%,30.06;= 

2 I 30.26% ~30 . 15% 
I • -

From the high methoxyl content of the product, 

green i·Tattle, similarity to black ;·rattle, appears to have e. pre­

dominance of a.liphn-~i.c hydroxyl p;roups . 
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ChromntograEhY of Green ;·[attle Tannin 

( a) .A;bsor:I>.t.ion .Chromatograph]: 

Light coloured fre sh bark extracts Here chroma t ograph ed 

on an alumina column ( 1011 x 1~· 11 ) as described by Grassman and 

The column 1·.ras developed ;rith methanol- ethyl a cetate 

mixtur e but indistinct separation occurred . Other eluents were 

tried, e .g. pyridine and acetone, but the strong basic char acter 

of aluminF.t mAde it difficult to develop the column successfully. 

(b) PP..rtition Chromatography 

Consden, Gordon and 1-lartin ( 31+) technique of filter paper 

chromp_toe;raphy t·ras then used . Originally an apparatus similar to 

that described by them Has used . Difficulties Pere encountered 

in making a glass trough and finally a rr,lazed eP..rthenvrare trough 

Has found to be satisfactory . Thie appe.ratus 1:'ElS lRter r epln.ced 

by a simpler structure illustrated on page 34 . 

A ~lass trough, A, uas sup~)orted on a steel structure D, 

and contttined the organic solvent so.turated Hi th uater. Tray C 

contF.tined 1rn.ter s a turated Hith the organic solvent . The filter 

paper ·uas suspended from A l?.nd the apparatu8 covered by a bell jar. 

The surfaces bet~ Teen the b ell jar B and the r;las s sheet E 1-1·ere made 

air tight vi th plasti cine so the.t the atmosphere inside the bell 

jnr could become s o.turated Hi th the mixture in C. 

The solut i ons uere spotted on slx inches from the top 

of the strip and the spo'tis Here approximately 5 mm . in diameter. 
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A 

c. 
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'l'he chroma.tographs ~-rere developed frol'l l2 hours at 22°c . 

Consdon J Gordon and J.fartin ( 34) maintained tha t the r e­

producibility of RF values depended on six factors . 

1) type of paper , 

2 ) tempere.turo. :I:quilibrte. in terniary mixtures such as butanol­

acet i c acid-Hater are sensitive to temperature fluctuations 

~ rith the possibility of slm·I esterification occurring . 

3) quantity of m?terial e~ployed. 

4) distance bet1·re sn stA.rting point and solvent source, 

5) degree of saturation ·pith 1-rater. 

In the pre sent investigation various precautions were 

taken . ~matman No , 11 paper was used throughout and the solutions 

Fere alvays spotted on 611 from the end of the paper. The appa--

ratus Ha8 kept at a constant temperat ure of 22°C . Airtightness 

lvae ensured by r-;round e;lasA surfaces and plasticine on t he outside, 

as varintions in the dep;ree of sa turation throur;h lea kages produce 

uneven development of the chromatoe;ra.ph. 

A concent r ation range of 5 - 25;1 uas tried out and finally 

15; n lF. found to be moRt suitabl e . Daylight shm·red a bro1-m tre.il 

RFO - ll+ \·lhile ultra violet light revealed e.n i ndistinct, \-rea.kly 

fluore scent strealc '\vhich shoHed no sepe_rnt i on. 

Since no definite spot s 1~re visible, and to compar e the 

extracts ,,,ith com~ercial blo.ck ua ttle tannin extract s vhich are 

subject to heat treatment, the gr een lrattle solutions vrere hea ted 
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on a vmterbe.th for 16 hours before s~1otting on th.e paper . In 

daylip;ht a broun trail ;vas visible from the point of application to 

a point Rp • 311 1-;hile under ultra-violet three spots could be de­

tected. 

RF VRlues of spot Spot I RF .21 
Spot II Rp . 4-l 
Spot III RF . 62 

Spot I 1-ras dull brmm, spot II Feakly fluorescent ~.nd spot 

III was a faint blue. The spots uere present on chromator;rr:tphs of 

purified and unpurified extracts. In spite of the precautions 

tak.en, RF values varied considerably. ~·Then sprayed N'i th ferric chlo­

ride the chromatograph r;ave a continuous blue streak t-rhich shoPed 

no definition of the various spots. 

broltm RF 0- ~ 21 

initial line ··--... -~ ... --------~-.._~-" #--·- -.....:, .. - .... --- J""' -

' \;_ I ·'". 

~ I II 
~~ t t) 

I \ 
I .) l 
' () 
i \) 

w·eak fluorescent RF . 41 

faint blue RF . 62 

blue 
~ T . .....,-;-0~?-;ry--;-. 1 I --~-«- -C~-~-· _, __ ; _ 

• .. ~-----.. ---·- . -----· ·-----·· . 

solvent front 

normal light u- v light 
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'fhe tannin lrms shaken up tuelve times ui th ether to re-

move associated small phenolic bodies . The mixture uas difficult 

to separate and h~d to be centrifur,ed . A arnall proportion 1-m.s 

ether soluble and th3 insoluble residue vas chroma to~raphed . 

Q.hromatop;rap,1_::f of Ether extracted tannin 

i~------
1 
i 
1 I . 
--------'-·--- __ _; 

visible lto.;ht ll-V light 

tni ttal line 

brown 

blue 
solvent front 
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The ether· soluble extracts 1rere evaporated to dryness 

Under normal light a reddish bro-vm 

strealc \ras visible uhile ultra- violet light distinguished three 

bands . 

1) Spot RF . ~-1 of sl:t{::;ht fluor escence ga ve a purple ferrl.c chloride 

reaction 

2) RF . 60. Blue Colour . In the presence of ammonia ge.ve a yellOi·T 

fluorescence . \·l i th ferric chloride gave a ere en reaction . 

3) RF ,92 yellqv fluorescence vhich turns blue in the presence 

of ammonia vapoura . Gave a grey ferric chloride reaction , 

Lead acetc:te ~-.ras added, and the :precipitate acidified, 

and ether extracted . F"'vaporation of the ethereal extre.ct produced 

a gum 1-Thich Has chrom=ttographed and shoHed spots ( 1) o.nd (2) had 

been precipitated . Spot (3) Has meta -hydroxy and gave a blue fluo-

rescence similar to phloro~lucinol but the RF value was much greater 

(O o92 compared Hith 0 . 7SL The phloroglucinol produced from alkali 

fusion could possibly be a degradation product of this compound. 

The compound (RF ~ 92) t-ras therefore fused uith mixed alkal i at 

195°C for 2 hours . Ether extraction and subsequent chromatography 

failed to yield any phloroglucinol ~lthoueh the amount of material 

used W?. e very small ( , 1 gm) and intimate mixture :-;as difficult to 

achieve due to the gummy nature of the mnter1al. 

Attempts to Isolate small Phenolic ~odi~~ by Fr~ctional PreciEit~ 

Fractional precipitation techniques have· been used to pre­

cipitnte large molecular Feight bodies uhile small molecular 1·Teip,-ht 
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compounds remained in solution (4S). In this Hay tannins could 

be salted out and :.:- elatively small unite, e.g" catechin.a,flavones 

etc. , left in solution. 

A cold concentrated p;reen uattle extract uas salted out 

and filtered. Th1~ filtrate 1-.raR extracted t.b...ree times 1-rith ethyl 

ace1ate and the exi~racts dried over soclium sulphate.. The ex-

tracts uere concentrat-ed and shaken 11p vii th chloroform vhen a. 

v!hi tish precipitate formed. 'rhe precipitate t-ras f 11 tered) the 

filtrate extraeted t1-1ice uith uater, and the aqueous extracts con-

centrated to 25 ml . The concentrate uas left in an ice box for 

10 days but no cryHtals formed. 

Ether extraction of this aqueous solution yielded a small 

gummy residue 1.vhich gave a green ferric chloride reaction . Paper 

chromatography of this solution produced two spots 1-rhich coincided 

t-rith the spots of HF value (.05, 162) in the green Hattle chroma­

tograph indicating that these bands represented loti molecular 

~reight species. 

The chromatograph l·TaR sprayed Hi th 

1) Ferrous tartr~te (6$), giving a purple streak. 

2) Benzidine (70). giving a streak similar to tannin. 

The yield of gummy residue 'tl/'as too small for further 

identification. 
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~11-HADi~TION S'l'UDIES 

Alkaline Fuston of Green ;·~a ttle Tannin. 

In theqe f11~ions the lo'•rest _po sc;ible tem.l,)erature was 

degtred because of the thermal instabiltty of some of the degrada­

tion .t)roduct ~ . 1.~ _t>h;:tge d i..a~ram of the fll9"ton of ;;otasgtnm and 

sodiu~ hydroxide (7S) qho··red that at the eutectic tern~erature 

(167°C .) the pro;~orti..onB of the alka.liq '•Tere 3 : 2 . 'fhese _t>ropor-

t ions '"'ere therefore used in all the fus ton~. 

10 gms. tannin ,'{ere mixed 'lfi. th 50 gmg. of B. mixture of 

60/ ~otaqstu~ hydroxtde ana 40J sodium hydroxide ~hich had been 

q;round u~ tn a mortar . The mixt,lrP. r..rac:; .e:Jla~f'd tn a sealeo. bomb 

and fuged for one hour at 1q5oc. 

The cold mtxt,lre ,.,as di..gqolved in ..,rater and ether extrac­

ted three times. The ethereal extractg contained only the neutral 

fusion ;~roducts, and on eva_t>oration yielded a trace of oily resi­

due too small to identify. 

The aqueous solution ~llaCJ acidified . ether extracted ten 

times and dried over sodium CJul~hate . The extracts were concentrated 

to a small volume, excess ~ooiurn "bicarbonate ad<ied, and aP:ain ex­

tracted five times ~vi th ether. This fraction contained ~henolic 

degradation _products . The residual aa,l eoug solution ~...rae a cidified, 

ether extracted ten ttmeg and dried . This fraction contained 

acidic com_t>ounds . 
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Phenolic Fraction . 

Evaporation of the .t->henolic fraction yielded a dark a;um 

(2'2;0 . This r.:um •-ra•; di9c:~olved i n '•rater, exceg<;: lead acetate added, 

and the preci~ttate centrt~IRed. The preci~ttate was ~a~hAd twice 

>1Ttth ~..rater, acidtfi(~d. and ether extracted. This fract i.on con­

taineCt ortho hydroxy _t>henols . The filtrate 1,1as united ~-lith t he 

washings, acidified ,and ether extracted five times p;l ving the me t a -· 

and ~a.ra .. hy6.roxy ..t>henolic fraction . 

Eva.J,Joration of the meta·· hydroxy fraction yielded a 

bror.,rn gum ( 12'%). The E;um was chromatogra_tlhed in conjunction r,Ti th 

.t:Jhloror,-lucinol for l2 hours using; outanol- acet1c acid- wate r (4 ~ 1 ~ 5) 

as the develo~in~ mt xture . 

In daylight only a brown trail ·.vas visible 1 but under 

ultra- violet light, in the ~reqence of a~~onia va.t>ours . a blue 

fluorescent S.t>ot t.ra. q obqerved . This bright blue fluorescence is 

characteri'3tic of J?hlorog;l,lcinol {35) and has the same RF value 

. 76 . 
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Chromatogravh of meta-hy6.z:ox;y: Jhenols as oqsBrved ·under ultra- violet 

li~ht a~_tn the ¥regence of ammqnia va~ours . 

--- -~ 

I 

} , 

-e-·-----.;:.c::,..·,-

........ _ ._ ...... __ ... __ .. -... . . . . .. 

L me'ta- hydroxy phenols 
2 , phloro~lucinol 

initial line-i-

blue fluorescence RF.?6 

solvent front 

Preliminary fusions indicated the presence of resorcinol 

in the _t>henolic gum. The reqorcinol ana ,t)hlorog;lucinol t...rere 

separated by fractional sublimation . The ~um wag heated to 80 -

1oooc under vacuum and at this temperature yellot-r l!lhi te crystals 

sublimed (4%) . The sublimate ,,_,as recryqtalliz ed t \'lice from b enz ene 

yielding colourless crygtals MP 108oc . ~...rhtch P.;ave a violet ferric 

chlori d.e reaction . Mixed melt •·;i th RESORCINOL MP loaoc . 



- 43-

'rhe tem11erature of aublima t ion r.vaa slot:.rly increased to 

llQOC . and when all the resorcinol had su.blt.med increase d to 150 -

175°C . .t1t 150°C . crystals beq;an subli:ninp; ( J.i~) T.,..hi ch F;ave a blue -

violet ferric chloride reactton . The crystals were resublimed 

,,t .P . 207°0 . lviixed melt ··rl. th PHLOROGLUCINOL 2070C . 

Evaporation of the ortho- hydroxy eth ereal extracts 

yielded a bro~-1n P-;Un ( 8%) . Thi s gum t:;ag chromatogrs._t>hed for 12 

hour.CJ in butanol=a~etic acid- •.rater (4 : 1 : 5). Under normal ll.p,ht 
. . 

only a bror~n streak rvaq vigible. S_vraying rea~ent9 revealed ~-

(1) A 9urple streak of greatest intensity at RF . 77 when 
the chromatog;r&?h rt~as ~..r~rayed ~vi th 1 P:m . ferrous tar­
trate (Mitchell. 68). 

{ 2) Similar dark purple s_t>ots at RF . 77 and R~>' • 88 1-.rhen t h e 
chromato:;ra_t>h r~ras s.r~rayed ~-rith ferrouc:~ tartrate and 10% 
ammonium aaetate buffer (Glasstone . 69) . 

These re<~ctions 1-Tere indicative of gallic p;rou.t?ings and 

·v-hen a chroma top;ra .. ;->h .,as run in conjunction 1·1i th ~yrog;allol} SJ?ot 

RF • 77 agreed in R:? value •,ri th pyrogalloL Since the yield of 

.csum tvas loT., and. ~yrop;allol a.t->peared ::)resent, a more drastic fusion 

'vas carried out at 20000, 'rhe ortho-hyciroxy ,q;um sublimed and on 

standing for a week the oily sublimate crystalli7ed . The crystals 

··L.P . 1 ?6 - 129°C . gave a tranqient blue colour whi.ch turned yel-

low with ferric chloride in aqueous solution . Mixed melt with 

PYROi1ALLOL 1280C . 
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Chromatog;raRh;r_,of ortho -hydrox:t fraction \otThen s.vra~~d T.,ith ferrous 

tartrat ,~ and lOft ammonium acetate buffer . 

.. -- ·-··-·----·--------·--·· 
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Acidic Fraction 

i 
! 

1. ortho- hyclroxy fraction 
2 . .,l)yror:;a llo l 

yellow RF • 76 

Eva,t)oratton of the aci.dic fraction yielded 23/ of a 

bro~v-n ~~- The g;um t•ras chromatog:ra.t.)hed for 12 hours in butanol-

acetic actd-'ofater (4 : 1 : 5) . Under normal ltp;ht a bro··rn streak 

•vas visible . 
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Spra.yinr: the chro rna to~ra,Jh r,ri th bromo- cresol- q;reen ( 35, 
3 '7) r evealed three cligtinct yello·r..r acidic regions. 

S.J?rayinfS the chro•na toP.:r-a,tolh •t~ i th ferr i c chlo ri..de ( 35) 
revealed three s~ots corres¥onding to the three aci dic 
regi..ons. These s~ots were blue, green and red and 
agreed tn RF value and colour wtth g;alli.c acid (RF . 68), 
.t-)rotocatt;chuic acid (RF "85) and f- - resor·cylic acid 
(Rw . 93 : '\Then the chromatop;ra~h 11'as run in conjunction 
wi~h theue acids. 

Chroma toP.:rae_h;y c:..L~_gl_d i c Fract ton att.~r ~rB:_:t1J!fl ,t.vith terri£ 

_q_hlori~. 
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1 . aeid mixture 
2 . gallic a cid 
:S , .l)roto ca tec:hu i c 

a cid 
4 . ,<3 - r esorcylic acid 

RF .68 

RF .85 

RF . 93 



-46-

Since gallic , protocatechuic and p - resoroylic acids 

were sus.t;>ected , the:· 12;um 11as divided into the or tho hydroxy and 

meta-... hydroxy acids by lead salt .t;>recl_t>itation. 

The precipitate of ortho .... hydroxy ~?;roui>s \.,as acidlfi ed, 

ether extracted~ ard evaporated to dryness . Th e oi l y gummy r esidue 

(10 gm} was disaol~ed in methanol and methylated with 10 gms . 

diazomethane in methanol-ether solution. After remainin~ in an i ce 

bath overnig;ht, th€' ~elution was eva.t;>orated to dryness and r efluxed 

for ~- hour with 150 ml. 4% .t)otass ium hydroxide . The hydrolys ed 

solution 1-</as acidif i ed, ether extract ed ei~ht times. a nd dried . 

Evaporation of the extractg r.;ave a gummy residue which •vas subl i med 

at 16ooc . The sublimate 1-vas recrystalli7.ed t tvice f r om \va t er giv i ng 

colourless crystals M. P . 1660C . Mixed melt with TRIMETHOXYGALLIC 

ACID, ~repared by the method of Bo~ert and Coyne {49 ) 166oc . 

Protocatechuic acid , whtc.h w~s identified on the chromatograph, 

appeared absent . The protocatechuic aci d which was in much lcwer 

pro~ortions than trtmethoxygallic acid, was possibly completely 

decom~osed during hydroly~ia . 

The aqueous filtrate con~~ining JUeta:·hydro xy acids was 

extracted six times with et~er. Evaporation of the extract s yield­

ed a yellor,.r gum (1,%) which r,1aa tw·ice recrystalli7.ed from wat er 

giving colourless crystals 1.-! . P. 205oc . Mixed melt tvi th ~ - RESOR­

CYLIC ACID 2030C . The crystal~ gave ~ v i olet ferri c chloride 

reaction. 

The fusion was r epeated at 2400C. f or 2 hour s . The i n-
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creased tem~eratur1~ and len,;z;th of fnsion increaged the yields of 

phenols {27}&) due ··:;o decarboxylat'lon of the acids and a maximum 

of 61- resorcinol T,m.s obtained . Ho•..,ever, the tota. l yield of phenolic 

and acidic fractions 46% 1va.s not ap~reciably affected by increasing 

the tem~erature and lenq:th qf ruston. 

Catalxtic .h.llreline Oxidation of Methylated Green \vattle ·ranntn . 

.Pearl (24) oxidi7.e<l ligni.n in the ~resence of CO_t>.k)er salts as 

catalysts and obta'_ned vanillin and syrin~aldehyde . Lignin 

resembles green wa~tle tannin in certain as~ects, and since li~nin 

is a highly methylated 9Ubstance, Pearl's methods of oxidation 

~vere em_t>loyed on methylated tannin. 

(a) .Pressure Oxidations. 

80 gms. ~~opper sulphate were mixed •..ri th 16 gms. methy­

lated tannin in ~50 oc. water. 70 gms. sodium hydroxide in a l i tre 

of ~,.ater t-1ere added and he~ ted te> boiling; with stirrine;. The mix­

ture was then sealed in an autoclave and heated for six hours at 

16QOC. 

The cold ~olution •rTa~ aci.dtfted to pH 3, ether extracted 

and the extracts evapo~ ted to dryness. The ~ummy resi.due ..,.,a a 

extracted with ben:~ene and the extre.ct s shaken ~ri th 20% sodium 

bisulphtte and left for a week. No crystalline aldehydic or ketoni c 

preci_k)i tate formed . The benr.ene layer w~q shaken t.ori th ~otassi..um 

hydroxide, separated, dried. and ~va9orated to dryne ss. This 

fractton contained only neutral comvounds and on eva_k)oration P,ave 

a trace of oily re~idue too small to be identified . 
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Sodium bicarbonate wag used to separate the ~henolic and 

acidic fractions. These fractions were ether extra~ted. acidified, 

dried,and evaporated to dryne9s. Both fractions yielded traces 

of oily residues insufficient for further investtp.;ation. 

(b) Atmoqpheric Cxidation. 

In a two litre flagk 100 gms. sodium hydroxide in 700 cc. 

water 1.Yere mixed ~iith 1'25 grne. cop.t,.>er sulphate ln 500 cc, ~·rater. 

20 gms 1 methylated tannin were added with shakin~ and refluxed for 

16 hours. 

The same extraction and separation procedure was used as 

for the pressure oxidation. This oxidation yielded only traces of 

oily residues. 

Since thasB ex~eriments failed to ~reduce any ~ositive 

results, it seemed that the types of llnkages in a;reen wattle are 

not the same as in li~nin. 

Fractionation -~ttempts on ~ethylated Green Wattle Tannin . 

Kirby (21) separated methylated black wattle tannin into 

two fractions, one givin~ only veratric acid on oxidation while 

the other fraction gave only trimethoxygallfc acid . The method 

~vas follo-r.oJed a.s clo8ely as gossible using; green 1f&ttle tannin, but 

no separation occu:r>red. 

100 gms. acetone soluble tannin were dissolved in 500 ml. 

methanol and 65 mL dimethyl sul_t>ha te s lo';.;ly added . 50,% aqueous 

,t)otassiutn hydroxide ,,.ras introduc~d dropwise with stirring. The 

solution was remethylated twice r.vi th the same quanti ties of di­

methyl sulphate and 9otassium hydroxide and finally made just acid 



by the addition of nore dimethyl sulphate. 

Towards the end of the react ton a bro,,n resin separated 

out to9;ether with insoluble salts and after standing most of the 

methanol could be d~canted. More methanol was added , filtered into 

the first solutlonf Etnd the .t?roduct .t~reci..t?ttated by ~curing the9e 

solutions into 5 litres water. The product ·v'a9 a brown amorphous 

powder. 

This meth~·lated tannin ~,Jag filtered, dried and allowed 

to stand 1.,ri th absolute ethanol. The insoluble portion ~'las filtered 

and the filtrate eve.porated to drynees. 

The portion which separated out of the methanol solution 

was mixed with 500 ml. water and 300 ml. chloroform when 1 t all 

dissolved. The aqueous layer was re-extracted 1..rith chloroform, 

the combined chloroform extracts drted~ filtered and eva~orated to 

dryness giving a dark brown powd~r. This .f)ow·der we+a allowed to 

stand with 400 ml. benzene and filtered. The filtrate v1aa evap­

orated to dryness and known ~a Fraction B (50 grus.) • 

Purification of Fraotion A, . . 

5 gms . frs..ction A wer~ dieeQlved in 100 ml. benzene and 

poured through an alvml.na column ( 2 .x 15 em.). Eltltion was effec­

ted with 250 ml. ben7.ene-etha.nol sqlution {~00 ~ 2). The eluted 

mixture was eva;ora.ted to dryne<;e under reduced pressure and the 

procedure repeated three times when practically nothin~ remained 

on the column after elution. Evaporation ~ve a li~ht brown 

amorphous pol<rder. 'I'he tannin was dried fpr one hour at 110°0. in 
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an Abderhalden gun. 

Found ~ 

. 0684 gm3. tannin ~ave .1640 gms . co2 and . 0379 gma. H2o 

whence C ~ 65 . 70% H ·= 6 . 15% 

.0652 gm·3. tannin ~ave . 1576 s:;ms. C02 and . 0369 gms. H2o 

whence C = 65.92% H = 6.29t 

. 0934 gmH. tannin gave . 237q gms. CH3I 

whence MeO ~ 33 . 7%. 

. 0697 gmn. tannin ;;ave . 1790 gms. CH3I 

whence MeO = 33.~ 

Fraction B. 

Fraction B wag dissolved in 250 ml. ben7.ene and absorhed 

on an alum1.na column (3 x 30 em). Elution with ben7. ehe- ethanol 

(100;3) yielded 14 ~rns. li~ht port{der. 'rhe absorptio.n ana elution · 

wa~ re~eated three times as before. Fraction B was dried for 1 

hour in an fibderhalden gun at 11ooc. 

Found : 

. 0793 gms . ta.nni.n gave .2073 gme. CH~I 
t.i 

Z.1e0 ~ 34.61% 

. 0658 gms . tannin ge.ve .1780 g'!IlS • CH3I 

MeO = 34 . ?4% 

. 0562 S';!IlS • tannin g~;Lve . 1380 gms. C02 and • 0307 grne. H2o 

't'lhenoe c - 66 f 97'/o -
H = 6 . 11% 
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.0640 P.;ms. tannin gave .1570 gms. co2 and .0349 gms H2o 

whence C = 66.qot 

H = 6.06;! 

Oxidation of Fra£!1~. 

Methylated black ~.,attle tannin ha'3 been oxidb>.ed with 

..t~ermano:a.nate by Ktr!:>y (21), Roux (57), Stephen (42), Heugh and 

Corbett (61, 10). 3tephent Heug;h and Corbe.tt oxi.dt7.ed the methy-

lated tanni..n in an aqueoug medi.um while Kirby uged acetone. In 

all cases low yield~ of trimethoxygallic and veratric acid r,rere 

obtained. Roux (57) imJ:}roved the techniaue by oxidi~i.nf1; 1.n an 

acetone-r,.,ater mediu·n. 'rhe increaged yieldq "t-Jere attributed to 

three factors :-

(1) Constant tem,tJerat,tre of oxidation. 

(2) Two J?hase system in an a.oueous oxidation ·was rer~laced by 
a single _,.>hase. 

(-3) A correct amount of .,t>otassium permanganate '"as used .. 

5 gma. fraction A was di9eolved in 600 ml. acetone-water 

mixture (1~1) and 65 gm8. KMn04 added in three eaual portions. 

After each addition, the solution ' . .,as refluxed until the perman-

~anate colour disappeared before adding the next portions of 

KMn04 . The mang;ane~e oxide rnas centrifu~ed, ";a shed ,ii th acetone, 

and the combined ao.etone extracts concentrated under reduced pres-

sure. The aaueous golution ~as acidified and ether extracted. 

The ether extract on evaporation gave a ;:rummy cry,gtalline residue 

(20%) which was sublimed and twice recrystalli7.ed from water 
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t4 .P. 145°0 .. sho1>1inp; that the t·wo fractions had no t been separated. 

Oxidation of Frag~i~ B. 

The same procedure was ado.t)ted with f ract i on B and sub-

limation and recrystalli~atton of the gum also ~ave a mixture of 

acids a .P. 15300 . 

• 1 g'III. samples ,.,,ere titrated against . 04 N NaOH pre-

pared from C02 free water. 

vlt . Taken ~il . o :-sg43 N NaOH Equivalent Wt . 

• 0830 10 . 30 205.1 

.0670 8.21 206.9 

. 0358 4.40 206.3 
-

i 
' 

. 
This equivalent wt. corres~onds to 

Veratric Acid = 19 . 7% 

Trimethoxygallip Actd = 80 . 3% 

Separation of Tri.!!l§thox:y:gallic and Ver'!-tric Aciqs. 

Average 

206 . 1 

Corbett (10) sepa~t~d the acids by formin~ the silver 

salts . • 3 gms of the mixed acids were dissolved in 100 ml . water , 

eli~ht excess ammonia added, and the solution ·boiled to neutrality . 

H.ot dilute silver n1 trate t.:aa added and solution cooled in ice . 

A v.rhtte p;elatinous mass formed '·ihich wa~ filtered, ,.,ashed, and the 
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filtrate .k.ep t . The ~reci_L)i t a te •.;as ac idified, boiled and filtered 

ra_pidly . Crystalg formed in solution ToJ"hich 1~ere recryc;talli?.ed 

t\-vtce from \-.rater M . .P. 17800. £.1ixed melt i.,i th VEF.ATRIO ACID £4-_t} . 

17800 . 

The filtrate from the original silver nitrate treated 

neutral acids was acidified, boiled, and filtered . The crystals 

which formed on cooling;- were filtered, dried. and red1.s9olved in 

50 ml. hot '~Je.. ter. Ammonia :-11as added p the solution boiled to 

neutrality, and hot silver nitrate ap;a in add.ed. The fracti..o na l 

,J:>reci_t>itati.on v1a s repeat ed once and i-rhi te crystals 1:1ere obtained 

M. • .P . 166°C. rHxeO. me 1 t Ni th TRIMETHOXYG-ALLIC ACID 166°C. 

Ozonolleis qf Methllated Green Wattle Tannin . 

Gentler degradation techniaues SllCh aq o7.onolyeig and 

zinc dust distillation 1vere tried in an effort to obtain a 

dertvattve of a ls.rge molecular fracti.on and thus to a.scertain the 

~psition at which ~olymer17.at1on occurs. 

Acetylene com,t)ounds un1 te \-{i th o7.one to form o7.on ides, 

'fhe for:natton and properttes of ozonide~ have been stnO. ied by 

Harrl,.es and his co-rvorkers {74, ?5) . They used the f ormat lon o f 

o?.onides to determine the presence and, freo11ently, t.he .t.)osition 

of a doub~e bond and a~plied the 9rocess to ~ulegone and pinene. 

AccordinJ;?; to Har:fies, the fact that benzene formed a trio2'.onide 

may be taxen a~ evidence of the Kekule formula . The action of 

o zone on a],.dehyde and ketone groups ~-1a.s to furnish one additional 

atom of oxygen ~nd form a peroxide . 

07.one hEts also . be~m used to split ring structures and 



- 54-

Robertsonu Suckling & ~nalley (4) opened the pyrone ring i n 

tri met hoxysantal {1} giving 2 hydroxy 4 : 6 methoxy benzoic ~cid {2} o 

l 

Procedure : 

Ozonides are generally formed in an inert s olvent at oo C 

in order t o .diminish the risk of explos i on as some ozonides are 

ext remely ex~lo sive o 

2 gms metbyla t ed t.annin was dissolved in 200 rnl chloroform 

and ozone bubbled through the solution for 2 hours at oo C 

The Chloroform ~1as evaporated off under reduced pressure and 

the amorphous brown r esidue was ether extracted five times c 

Evaporation of the ethereal extracts yielded an oily gum which failed 

to recrystali ze from benzene o 

A pyr ¢ne r i ng is more resistant to ozone att acl\ than a pyrone 

r ing (41 ) as in tri methoxysant al and the ozonalysis was thus 

r epeated f or a per iod of 68 hour s o 

sol uble gum was obt ai ned o 

A higher yield of ether 

Found :-



Found ~ -

Ether Ingoluble Fraction 

Ether Soluble Fraction : 

Original Methylated Tannin 
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-0 

- 0 

-o 

C H3 

C H3 

c H3 = 32% 

24.04,% 

18.13% 

The ether .soluble gum ~ave no ferric chloride reaction but 

was soluble in alkali which indica ted the ~resence of a~idic 

r-.;rou~s. The acidic P:ro,l,t)CJ c-ould either be a ,!)reduct of' demethy-

lation or of ~inR o~ening . 

Zinc Dust Distillation of Green :'!a ttle Tannin. 

~.'hen certain arome.tic oxyR.:en com_pt:~undg (47) i . e. ,:)henols, 

na,t>hthols. au inones are heated ··ri. th zinc du~ t, tht=>y ar·e reduced t0 

the corres~ondin~ hydrocarbon9. In thiq '"ay _t)henol ylelded ben?:ene 

'-'Jhile anthraquinone (62) or ali7.arin yielded anthracene. Ellagic 

acid ( 4 3 , 44) .,t>rodu~ed d1..J?henyl and fluorene \¥hile .,t>ur.~.:mra tannin 

~ave di~henylene (~6). 

'rhe method em.t~loyed for green 'vattle ,,,ag stmilar to that used 

by Cummings Hooper and Weeler (66) to obtain anthracene from anthra­

quinone . 

a paste was prepared from 100 ~ws. ~inc dugt and 30 cc. of 

alcohol. Pieces of pumice ~ere added and the mixture stirred to 

incor_t)orate the ..!,)Umice and paste. The alcohol ~.,as finally evaporated 

off by ~assin~ the ~umice ra~idly over a f lame. 

a hard glass tube 3 ft. 6 11 long and 6 11 in diameter was used. 

A 5 em. la-yer of :r.ino dust t·ras J:)laced at one end of the tube next 

to it, a layer of 2 gms. tannin mixed wtth 20 gms. excess zinc dust, 

and finally a. 30 em. layer of ~umtce qtone. The J!Urnioe 7.inc dust 

section ~~s first heated and t he heat inc~eased from the front 

slowly backwards until finally the tube was heated as strongly as 

possible. The experiment was carried out in an atmos~here of dry 
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hydrogen e 

After one hour a small amount of yellow oil condensed at 

the top of the tubeo The oil was ether extracted and gave a 

small quantity of a pale yellow gum which failed to crystallize 

from a variety of organic soJ.ventso 

fyrolysi~ of Green Wattle Tannino 

Dry distillation of ta~n:i.ns have given low maleeuls.r 

weight phenolso Bot.h quebracho {46) anti catechin gave catechGl 

(71) while under similar conditions cyanomaclurin gave resorcinol 

(59) 0 

Three methods cf pyrolysi~ of grsen wattle tannin were 

attempted :-

( l) Straight-forward heating of tannir, on a metal batho 

(2} Heating under vacuum4 

(3) Heating in a copper tube., 

The first two methods f~iled to produce any appreciable 

yieldso The apparatus finally u~cd is illu~trated on the next 

pageo 

A is a copper tube surrounded by an electric element E 

which is controlled by a series or reaistanc~s Ro Copper Tube A 

is fitted with a side arm connected to a condenser leading to 

a flask D which is coo~ed in iceo C is a ~onden$er to prevent 

the volatile phenols ee·caping .through So During pyrolysis nitrogen 

wa~ passed continuously through the apparatuso 

Dried tannin was dropped into the copper tube through B 

and ~arge quantities of gas were evolvedo A portion of the 

ga~eous .matter cond3nsed to form a dark yellow oil which 

failed to crystallizeo 

The experiment was tried under rsduced pressure to increase 

the yields but no apparatus was available that could withstan( 
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A 

, 
... .1: 
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the temperature and pressure requiredo 

Since the lower phenols are steam volatile, the experiment 

was carried out with a 30% aqueous tannin solutiono The tannin 

was allowed to drip slowly into the copper tube and steam was 

evolvedo 

benzeneo 

A gummy J.,roduct condensed and was extracted with 

Crystals~ which formed in solution, were recrystallized 

from benzene ~W 10aoco Mixed melt with RESORCINOL l080Co 

No definite conclusions can be derived from the production 

of resorcinol which can be either "free" or produced by fission 

or ether linkageso 

Oxidat~on with Nitric Acido 

15 gms acetone extracted tannin were dissolved in 75 m1 

water and concentrated nitric acid added with shakingo Brown 

fumes were ev'olved and the brown .zt recip ttate whioh fc.r:nPd was left to 

stand for 2~ hourso 

The precipitate was heated on a steam bath for li hours and. 

on co~ling. large crystals separated outo The crystals were 

recrystallized twice from water MP 1020C and addition of calcium · 

chloride precipitate calcium oxalateo 

OXALIC ACID 101oc o 

Mixed melt with 

Chromatoe;ra·ohy of the Non...,.Tannin !'ractiono 

Various tannins contain carbohydrates. The non tannin fraction 

of quebracho (27) contained the sugars glucose. arabinose and xyloseo 

Tarboton (52) found sucrose
1

glucoseJand possibly maltose present 

in black wattle tann:i.n while Roux (11) and Stephen found sucrose 

and only traces of reducing sugarso The non·· tannin fraction of 

green wattle also gave the characteristic burnt sugar odouro 

The similarity or sugars in physical snd chemical properties made 

it difficult to separ.ate mixtures especially in small quantitieso 
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The most successful method of identifying any small quantiti es of 

sugars was by filter paper chromatography developed f or sugar 

by Partridge and extended by Horrocks (51} Forsythe G2) and 

Hough, Jones and \'!adman (2gJl29). 

Various spraying reagents were used to reveal the positi ons or 
sugars on chromatographso eogo 

(1) 

Originally Partridge (28) used ammoniacal silver nitrat~ 

and in this way metallic silver was precipitated in the regi on 

occupied by reducing sugars and gave rise to black and brown spotso 

The ammoniacal silver nitrate reagent had the advantage of being 

effective for all reducing sugars but had the corresponding 

disadvantage of reacting with a very wide range of reducing 

substances other than sugars., 

(2) !9iline Hydrogen Pbthalateo 

Partridge (29) found aniline hydrogen phthalate was a more 

selective reagent than ammoniacal silver nitrateo This reagent 

was very sensitive to aldo-hexoaes and pentoses giving various 

shades of green and brown while ket~-ees gave no rsaction .. 

Furthermore. since it was dissolved in moist butanolp migration 

of the sugar spots during the spraying process was avoided .. 

(3) Anisidine Hydrochloridto 

Hough, Jones and Wadman (73) found p-anisidine hydrochloride 

a very satisfactory reagento Aldo-hexoses gave a green- brown 

colour and ketohexoses a brilliant lemon-yellow colour.. The 

intensity of the coloured spots obtained with the reagent was 

considerably ~nhanced in ultra-violet light, thus providing a 

very sensitive means of detectiono 

(4) Resorcinol and Naptharesorcin2!o 

10 ml of a 1% alcoholic solution of resorcinol in 2 N 

Hydrochloric acid gave a characteristic red coloux· with sucrose 
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and fructose and only a ·raint colour with glucoseo Naptha-

resorcinol 8lso gave a red spot with sucrose and fructose and 

a faint blue spot with glucoseo 

Tannins reduce ammoniacal silver nitrate and Fehlings 

solution and the large excess present had to be removed from the 

solution before the sugars could be identified. Partridge (2$) 

removed traces of ~nnins with base exchange resina but this could 

not be used where large quantities of tannin were presento 

?8 gms tannin in a litre or solution were shaken up with 

8 portions of lightly chromed ~ide powder each of 25 gms dry 

weight. The resulting liquor was clear and gave an. olive green 

ferric chloride reaction instead of the usual purple colouro 

Finally, the solution was concentrated under reduced pressure in 

the presence of carbon dioxide. The concentrated solution was 

chromatographed for 24 hours in but~nol - acetic acid - water 

(4:1:5) in conjunction with sucrose, glucose and fruetoseo 

Spraying with resorcinol and naptharesorcinol indicated the 

presence of sucrose only~ 
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Chromatograph of non •tannin fraction sprayed with 
napthareeorcinol hydrochloric acid reagento 

~ 3 "" 1 . non- tannins 
- .- -~ --.. 2 . r.; lucoge -· ..... 

3. fructoge 
4. sucrose 

~--------------·--

Hydrolysis of Susarso 

2 ml non .tannin solution and 1 mlo 5N Hydrochloric acid were 

placed on a water bath for 4 hours in a sealed capsuleo The cold 

solution was fil'tersd, centrifuged and neutralized with barium 

hydroxideo The neutral solution was evaporated to dryness and 

extracted with methanol in order to remove barium saltso The 
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The solution was chromatographed for 36 hours in butanol-ocetic 

acid (4,:li5) and sprayad with ani5idine hydrochloride ,. aniline 

hydrogen phthalate and resorcinolo Anisidine hydrochloride and 

aniline hydrogen phthalate indicated the presence of glucose, . 

while resorcinol showed fructose present, thus confirming sucrose 

alone constitutes the original non -tannin solution. 

qhromatosraph of hydrolysed sugarso 

(f) (_ • .)) 
j 

f 

I 
2. ~ f.s. .l.. "1 4. 

0 e 0 e -e--a-

l 

brot-m 0 0 

(1) Sprayed with aniline hydrogen phthalateo · 

(2) Sprayed with resorcinol in hydrocnloric aoido 

1. non-tannins 
2. sucrose 
3. P,lucose 
4 . fructose 



' -63-
Referenceso 

1o Bul1o Impo Insto 1932,_JQ, 440o 

2o -Williamso C.O. SoAo TanningoMateria1s. Ptoii SaA o Dept., 

Agrico Sc. Bull 74o 

)q CraiQ~ I.J. Brit. Empire Forest. Confu The Wattle In~ustry 

in SoAo l935o 

4o Philp, J. and 6herryg S.Po J. SoAo For Assoc. Noo 17, 1930o 

5. Roux, DoGo L.I.R.I. Research Bulletin Noo 64o 

6. Page, Unpubliehed Report. 

7. Roux, D.G. L.I.R.I. Research Bulletin No. 90. 

Etti. Monatsh 1880, 2, 547. -
Perkin and Yoshitak&o J.C.S. 1902» a1, 1160. -

lOo Corb•tt, M. Sc. Thesie University of S.A. (1944) 

11. Roux D.G. Unpubliahe~ Communications. 

12, Freudenberg~. Ber. 1939, 728, 217~ 

1). Freudenberg K. and Maitland P. J.I.s.t.T.c. 1934~ l!s 156. 

14. Freudenberg ~. J.I.S.L.T.C. 1934, 18, 152o 

15. Hemme1meyer F. and Meyer T. Monatacho 1926~ ~- l43o 

16. Miller A.K. J.c.s. 1882, ~· 409. 

17. Hendrich F. Chemical Abatractso 1941, J2, 3997~ 
13. Klarmann Eo J.A.C.S. 1926, 3!• 2358. 

l9o Braunschweig T .. D. J.A.L.C.A. l2• 257. 

20. Russel. Chemical Reviewso 19351 !Z• l59o 

21. Kirby K.S. Ph.D. Thesis Un~versity of Leeds (1947) 

22... Kirby K.s. and Catravos G.N. JoS.L.T.C. 194~, llj) -155" 

23. Roux D.G. J.S.L.ToC. 1950. ~, 122. 

24o Pearl J. JoAoC.,S. 1942, §lt.jl 1429o 

25. Benedikt and H~zura. Monatsch. Chem. 56). 



-64-

26o Nierenstein, Annaleno 1912~ )86, and )18 to 332. 

27o ~biteo JoSoLoToCo 1949:~ Jl, 39• 

2S. Partridgeo 

29o Partridge • 

Biochemo Jo 1948, ~~ 238o 

Naturee 1949, 16~, 443o 

.30~ Hough, Jones and Wadmano JoC.S. 19501 11~9o 

31~ Flood. Hurst and Joneso JoCoSo 194g, 1680. 

32o Forsythe. 

33. Grassman and Lango Collegium 1935, l!s 40lo 

34o Gordon, Consden and Martino Biochemo ~o 1944, 38, 224o 

35o Bate-Smith and Westallo Biochemica et Biophysica Actao 1950D 4, 

427 to 440o 

36o Bate-Smith and Bradfieldo Biochemica et Biophysica Acta 1950p 4 1 

441 to 444. 

Lugg anq Overallo 

39. Proctor. Leather Chemists Hand Booko Po 179u 

40. Robertson~ Suckling and vllia11ey. JoC.So 1949, 1575o 

4lo Durland and Adkinso JoAoCoSo 

42o Stephen AoMo Ph9 Do Thesis University of Capetowno 1946o 

43o Barth and Golds~~iedt~ 

1878. 

Deutso Chem. Ges. Bero XI~ 846 to 850P --
44. Perkin and Nierensteino JoC~S. 1905, 2, l412o 

Etti. Annalen~ 1887~ 186, 327o -
Arata P.No Anale~. de la Sociedad Cientifica Argentina 

July l87a. 

47 o Armalen 140, ·.205 . 
.. 

~.$ 6 O$ima and Kaneka!) Bull;. Agro Chemo Soc~ Japano 

1939, ,llf 39o 

49o Bogert and Coyneo J.A.CoSo. 1929, 2!$ 57lo 

50o Tiemann and Matsmotoo· J oC oSo 1876.!1 II, 525o 



- 65-

51.. Horrocks. 1949, 1§!, 444. 

52. 

5Jo 

54o 

Tarboton G.S. Natal Tanning Extract Coo, 19l~3 .. 

Matchett and ~evine. JoloEoC9 (An. Ed.) 19411 !l• 98o 

Valentino JoHoAoColo 1949, II, Noo 1, 59o 

Blatt. Organic Synthe$iS" XV~' 49o -
Bartho Lo and Shreder J. Deut.. Chemo Ges. Bero 

~· 12;; to 1260. 

57. Roux D.G. il~ructure of Mimosa Tannin.. Pt .. II 

J.c .. s. (in press) 

58. Benedikt and Hazurao Monatsh. Chemo 1884, iL 165 to 176. 

59. Perkin. JoCoSo 1905, !ZP 7l5P 

60. Barth, L. and Shrader J. Monatsh. Chem. l• 645 to 650. 

61. Heugh. M.Sc. Thesis University of SoAo l947o 

62. Berichte. Deutso Chem. Gesells. 43 .. 

63o Watson. Natal Tanning Extract Co.,l941. 

64. Rice. D.M. N~tal Tanning Extract Co., 1939· 

65. Perkin A o G. and Gunnell 0. J. C • S. l S96, §2,,. 1303 ., 

66. Cummings, Hoc·per and Weeler. Sys-tematic Organic Chsmistryo 

67. Williams. Unpublished communicationo 

68~ Mitchell, CeA. Analyst. 1923i ~~ 2o 

69. Glasstone~~ S, Analyst., 1925, .2.Q, 4·9o 

70. Edenamn. Private Communications. 

7lo Wachenroder. Anno Pharmo 1~39u Jlg 72; 1841, lZ' )06o 

72o Internation~ Critical Tables. A~ 67. 

73. Hough, Jonee & Wadman. J6C.S. 170), 1950. 

74. Uarries. Annalen. l905p 343,. Jllo 

75. Harries. A:analeno 1915, 410, 1. 



- 66-

F·reudenberg K. and Sohnso Bero 1933, 66, 262o -
Phillips and (}osao J 'oAoC,S. 1934, .2_2, 2707., 

Fuchs and Horng Ber .. 1929, 62, 169L. -
'f,'l'ight and Hibbert .. JoA,C.S o 19371) 22.» 126o 

80.. Buchanan, LeW).S and Kurtho J.I oE.C., 194411 12,$ 907o 

$1 ~· . Pe4"kin~ J·.c .. ~l ; 1905, l3(.c 399., 

82.. Freudenbergo Anna1eno 1935, .2!§..6 3So 

B)o Russell &. Tod<L. JoC.S. 1934, 1069P 

84., Russell & 1'odC:o JoCoSa 1931:., 1940., 

85o Spencer and Wr·ighto JoAoC.So 1941, ~' 2018., 

86., Piccard Jo BEro 1913, ~~ lB43 o 


