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EXPLANATORY NOTE. 

In 1940 research on the Chemistry of Leather and Tanning 

processes was being carried out at Rhodes University College in 

the Tanning, Hides and Skins Research Department attached to the 

Department of Chemistry. Among the problems for investigation that 

of the chemice.l nature of the tannin in black wattle baric extract 

(Acacia molliesima) naturally figured. At Professor Barker' a 

suggestion the writer l.mdertook some of the preliminary work in this 

field, and in the period of one year it was not to be expected that 

the research would do more than indicate linea for further investigation. 

Circumstances arose which made it impossible for the writer to 

proceed immediately with the compilation of this thesis and during 

the period between the cessation of the experimental work and the present 

time, when the first opportunity of writing up the work has arisen, the 

Tanning, Hides and Skins Research Department has ~wn into the Leather 

Industries Research Institute. For a period of three and a half years 

members of its staff have been fully occupied in specialised study of 

the chemistry of wattle bark extract. The woric herein reported has 

therefore been largely duplicated, extended and to some extent superseded, 

but i a presented as an account of pioneer worlc in a field which has since 

been extensively investigated and which is in consequence now much better 

understood. 

At the end of this thesis some of the later results obtained at 

the Leather Industries Research Institute are summarised briefly. 
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-INTRODUCTION-

Although the tannins of wattle bark extract are 

generally considered to be of the class known as condensed 

tannine1 a review of the general chemical nature of the 

tannins is given for the sake of completeness. This 

coneti tutee Part I of t!'le thesi e. 

Part II describes the preliminary investigation of 

the chemical nature of black wattle extract. 
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THE OH».UOAL NATURE OF THE NATURAL TANNINS • 

• 

INTRODUCTION: 

The members of the group of naturally occurring compounds lmown 

as the "tannins11 have a very wide distribution in the vegetable kingdom 

and vary greatly in their chemical nature. 

Plant physiologists have been unable to attribute definite 

physiological functions to these substances notwithstanding quite 

extensive investigation. A few instances in which they have been 

found to fulfil a useful and necessary function in the plant have been 

reported, but such cases are ver,y limited in relation to the widespread 

occurrence of tannins as constituents of plants. Their production in 

rapidly growing parts such as unfolding buds, germinating seeds, 

developing frui te and galle, their abundance in many barks, a part of 

the plant usually excluded from the nutritional system, as well as 

their association with secretory organs and pulvini, support the conclusion 

arrived a.t by Sacks that the tannins are results of metabolism rather 

-~ 

than links in ita mecha.ni sm. 

OLASSIFICATIONt 

Several schemes of classification have been suggested ( 1). 

Earlier ones such as those based on the pathological or physiological 

origin of the tannin or on the colours which they produce with ferric 

salts are now generally considered obsolescent. Of the later schemes 

there are two in general use, that of Freudenberg and that of Perkin 

and Everest {2). 
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The Freudenberg classification divides the tannins into two 

classes, namely "hydrolysable tannins" and "condensed or phlobatannins•. 

The description of the great majority of the known tannins as condensed 

tannins is perhaps hardly justifiable, as a large number of tham have 

not been fully investigated. Maitland ()) suggests the addition of a. · 

third group, the "unclassified tannins", in which he includes for the 

time being the majority of natural tannins. 

Russell (4) considers that eventually the phlobatannins (i.e. 

phlobaphene fanning tannins), which constitute the overwhelming majori~, 

will come to be regarded as the only true natural tannins, the others 

being regarded simply as plant products which also possess the property 

of tanning leather. 

The Perkin and Everest claesific~tion distinguishes between 

hydrolysable tannins which are related to the depsides, i.e. gallotannins, 

and those which ~re related to diphenyl-dimethylolid, i.e. ellagitannine. 

Theoretically this distinction is quite logical, as thes e groups are 

structurally quite different, but practically the distinction is complicated 

in its application by conflicting evidence presented by various workers. 

HYDROLYSABLE TANNINS. 

These are amorphous in character, and their purification is invariably 

accompanied by hydrolysis, making the detennination of their exact 

constitution a ver,y difficult task. 

Hydrolysable t~.nnins include the gallotannins, ellagitannins and 

caffetannins. 
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GALLOTANNINS. 

Q.ui te often distinction is made between Qhineee gallotannin 

from Chinese galle and Turkish gallotannin, but Russell (4) and 

Karrer (7) suggested that these tannins ~ be mixtures of compounds 

of the same type, differing only in detail. 

A number of workers, amongst them Strecker ( 5) and E. Fischer ( 6) 

showed that gallotannins are r.eally glucoeides. By considering the 

products of hydrolysis Fischer suggested pehta m-digalloyl glucose (I) 

as the ideal formula for Chinese gallotannin and penta galloyl glucose 

as the ideal formula for Turkish gallotannin. He compared the 

synthetically prepared t7; and j3 penta m-digalloyl glucosee with 

natural Chinese gallotannin and the comparison, although difficult 

owing to the amorphous nature of the compounds, showed a satisfactor,r 

degree of agreement. 

l
fHOR 

CHOR 
I 
OHOR 
i 
OHOR 
I 
CH 

OH OR OH 
R:r~OOO~ 
HO~ . ~OQ_ 

m-digalloyl 

(I) 

Natural gallotannine are usually associated with some free 

glucose, digallic acid, gallic acid and ellagic acid (II). 

Evidently m-digalloyl glucose is the possible origin of all these 

compounds. For example, it can give rise to ellagic acid on oxidation 

as follows s 



HO~~QOdOH 
~I 

HOOO 
m-digalli c acid 

oxidation 

(II) 

0.00 
ellagio acid. 

OH 

The gallotannins are related to the depsidea1 which are derivatives of 

p-benzoyl benzoic acid (III). 

<=)-coo-Q oooa 

(III). 

Experimental evidence has shown that gallotannine are mixtures of 

related compounds. Freudenberg has suggested that Chinese gallotannin 

is a mixture of glucosidee with nine galloyl radicals, the alternative 

limiting possibilities of the arrangement of the galloyl groups being 

represented .by formulae (IV) and (V). 

R 
t ___ o - 0-gall 

l Hf - o-gall.gall 

Jo - 0-gall. gall 

~ - o-gall.gall 

bH . __ __, 

0 - Q-gall.gall 
H2 

_(IV) 

gall • galloyl 

gall.gall = m-digalloyl. 

H 

n ... o-gall 

J - o-gall 

o Hf - o-gall 

Hf - Q-gall 

·--~PH 

! - o-gall.gall.gall. 
H2 gall.gall. 

(I) 
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Karrer (7) suggested that Turkish gallotannin is e. mixture of 

glucoeidea, the fonnulae below representing possible types. 

H r-----=f -0-ellag. 

I H - 0-gall 

r : -0-gall L -OH 

r- O..gall.gall. 

~ 

R 
- o-gall 

- o-gall. gall. 

-OR 

(VI) 

H 

'f - 0-gall 

~r _ ()..gall 

r :o - O.gall.gall. 

l______~a- o-gall.gall. 

0 - 0-gall. 
H2 

ellag. • ellagic acid. 

On the other hand Nierenstein (8) maintained that Chinese 

gallotannin is a poly-digalloyl leucodigallic acid anhydride (VII), 

and that it may be a glucoside but is not necessarily eo. The 

glucose would be attached to position A~"~ 
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(OH),06fla---CO.O(OH)2 0&12 CO 

[~o6a2(0H)2o.OC-oCI2(oHlr-l] 1> 

O_(OH)r6H2 ~OH_~(O!I)2 

(VII) 

Various other bydrolyeable plant products are reported under the 

name "tannin11 , although they have not been shown to be true te.nnina. 

Two such products appear to be related to gallotannin, namely 

Ace.I'-tannin and Hamam.eli-tannin. They are both crystalline, and 

acer-tannin yields by acid hydrolysis one molecule of aceritol and 

two molecules of gallic acid (9), and Hamameli-tannin an undetermined 

amount of gallic acid and an unidentified hexose ( 10). 

ELLAGITANNINS. 

Here again the nature of the tannins showe them to be complex 

mixtures of compounds with ellagic acid (II) (a tetrahydroxy diphenyl­

dimetbylolid) as the essential constituent. It yields on hydrolysis 

ella.gic acid and glucose and is therefore probably a mixture of 

glucosides of ellagic acid. However Nierenstein (11) considers that 

some specimens of ellagitannin are mono- or poly-galloyl derivatives 

of ellagic acid1 and contain no sugar, while Reichel (12) considers 

that in some cases the gallic acid is carried in depsidic bond by the 

ellagic acid. 
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OAFFETANNINS. 

The extracts of different coffee beans are called caffetannins, 

but the.y do not precipitate proteins and are thus not really tannins. 

By the hydrolysis of caffetannine quinic acid (VIII), oaffeio 

acid (IX} and a residue of unkno1m. oomposi tion are obtained. 'The 

two acids arise from the hydrolysis of chlorogenic acid (X), the 

structure of which was established by synthesis. 

OH 
0 - OOOH 

/\ 
B2y pH2 

Hosb, /bHOH 

l'ba 
(VIII) (IX) 

j>H 

(
0" OOOH 

H2 . r2 
~0 _/OHOR 

OR : OHCOO 'OHOH 

(X) 

The tannins may thus be derivatives of chlorogenic acid or a mixture 

of several substances, amongst them chlorogenic acid. 

Before going on to the discussion of the condensed tannins it is 

convenient to mention tea-tannin. It was reported by some worKers as 

a hydrolysable tannin and by others as a cond.ensed tanni.Ja. Tsujimura (l}} 

suggested that the tannin is galloyl catechin, and Nierenetein (14) 

obtained a "well-crystallising" tannin from green Assam tea and found 

that it gave on hydrolysis three molecules of gallic acid and one of a 

catechin. The condensation of this catechin produces a substance which 

ma:y well be reported as a condensed tannin. Careful work may reveal 

more tannins of this nature, thus leading to the explanation of 

apparently conflicting results. 
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CONDENSED TANNINS. 

Condensed tannins are related to the nol1!18.1 plait pigments of the 

benzopyrene type, as can well be expected from the occurrence of the 

two groupe aide by aide in plant tissues. 

The benzopyrane group of plant compounds includes catechina, 

anthocyanidina, flavones, flavanones and flavonola, and a brief summar,y 

of the structures and relationships of these compounds i e given. 

FLAVANE 
(2-Phenyl Benzopyrane) 

FLAVANOL ~ Hydroxy derivatives are 

known ae catechins • . 

FLAVANONE Hydroxy derivatives are 
known ae Flavanones. 

c£ FLAVENE 
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FLAVONE Jlydroxy derivatives are 
known as Flavonee 

CC FLAVENOL ~ 

FLAVONOL - Hydroxy derivatives are 
known as Flavonols. 

FLAVENE 

FLAVENOL ~ Hydroxy derivatives are 
known as Leucocyanidins. 

FLAVYLIUvl 
ION 

~ HYDROXY­
FLAVYLIW 

ION 

Salts of hydroxy 
derivatives are known 
as An tho cyanidine. 



The interconvereions of all these groups correspond to reductions 

or oxidations of the heterocyclic ring, and the reduction of flavonols, 

flavones and flavanonea has been effected experimentally. 

The reduction of flavonols&-

~uercitin was reduced to cyanidin chloride by Willstlter and Mallison 

· in 1914 ( 15), as follows ' 

~UERCETIN CYANIDIN CHLORIDE 

Cyanidin chloride was further reduced to cyanidol by Freudenberg (16) 

·in 1925, using platinum black as catalyst 

CYANIDIN CHLORIDE 

OR 
HrY"o~OH 
~~OH 
OH 0 ~ 

H2 
OYANIOOL 

(: ordinary Catechin.) 

By this method, Freudenberg in 19'4 reduced fisetinidin chloride to 

fisetinidol and butinidip. chloride to butinidol and in 19'6 Oshima reduced 

delphinidin to delphinidol or teacatechin. 

In 1927, Freudenberg found that by catalytic hydrogenation of 

quercetin pentamethyl ether it could be gonverted directly to epicateohin 

pentamethyl ether. \forking on the interoonversion of anthocyanidins and 

catechins he tound that the hydrogenation of acetylated anthooyanidine 

led to the formation of int.e:rmediate compounds, which he called hydro-

anthoeyanidins, the tie-acetylation of which produced amorphous 11 ta.nnins11 • 
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He considered the occurrence of these amorphous products as oonati tuents 

of natural tannins to be very possible. 

The reduction of fla.vones and fla.va.nones:-

Asahina. and Inubuse {17) carried out the reduction of flavonee and 

flavanonee to anthocyanidins by ~he use of sodium amalgam, in 1928. 

FLAVONE REDUCTION l 

\):);<=>QH 
OH 8 

APIGEl'UN 
(a flavone) 

~~C)OH 
~~H 

OH H 

CARBINOL BASE 

FLAVANONE REDUCTION: 

NARINGENIN 
(a flavanone) 

Carbinol base 

Na-amalgam 
')r 

Na-a.ma.lgam 
)" 

H Cl ) 

/ 
H HO«'t-QoH 

\).v-cH 
OH H 

FLA.VENOL 
(a leucoanthocyanidin) 

Cl 
r----, 

m(Y~ OH 

Vat 
APIGENIDIN CHLORIDE 
(an anthocyanidin) 

a. flavanol 

Apigenidin chloride. 

The oxidation of a flavanol to an anthocyanidin was carried out by 

Appel and Robinson in 19}5 ( 18), as follows :• 
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I 
~ . OH u:r:-C)oH 

OH O 
.H 

CYANIDIN IODIDE. 

As the physiological relationships had been by no means clarified, 

Reichel undertook the study of the interconvereions of the benzopyrane 

group (19) • Together with Burkart he was able to show that evEn such a 

powerful oxidising agent as hydrogen peroxide was unable to oxidise 

f'lavanones to flavones or flavonols, nor could he oxidise catechins to 

anthocyanidins. Attempts to reduce flavanones to anthocyanidins or 

flavanes phytoch~cally by means of yeast were also unsuccessful. On 

these grounds they concluded that these conversions were carried out in 

plants through the agency of a redox system as yet unknown or that the 

compounds were synthesised directly from simpler substances. 

On investigation of the phytochemical reduction of anthoQYanidins 

the first products obtained were flavenols(leucoanthocyanidins). On 

exposure to air the latter soon redeveloped the red colour of anthocya.nidins, 

sb:>wing that reduction to this stage was easily reversible. The final 

products of the reduction were catechins in the fonn of amorphous 
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condensation products. Oontrary to Willst&tter•s observations (20) 

they fo1.md that cyanidin chloride fonned by reduction of anthocyanidins 

with hyposulphite or zinc and acetic acid was readily reoxid.ised to the 

original anthocyanidin by air. 

From their work they concluded that an.thocyanidine in the plant 

act as redox syetana similar in character to flavines, halochrome, 
are 

pyocyanine, etc., and that when the anthocyanidins;no longer of use as 

hydrogen acceptors they are transfozmed to catechins. The occurrence of 

catechina in the autumn leaves of the wild vine was adduced in support of 

thi a theory. 

The exact relationship between the natural b enzopyrano type of 

compounds and the condensed ta..nnine is still an unset-tled problem. The 

two chief investigators in this field of researCh, Russell and Freudenberg, 

hold different views. 

Freudenberg's theory is that each phlobatannin is a polymer of that 

~-hydroxy poly-hydroxy flavane which gives fission products corresponding 

_to those give9by the tannin itself. 

following factas 

This theory was suggested by the 

(a) Crystalline catechin, although it does not precipitate gelatin, 

easily polymeriaes or condenses to an amorphous tgnnin-like 

substance which could not be distinguished, qualitatively or 

quantitatively, from the amorphous tannins of cateChu and gambier 

with which the catechin occurs in nature. 

(b) Degradation products from these amorphous tannins and from 

crystalline cateChin on the one hand, and from the related 

anthocyanidins and flavonols on the other, are identical. 
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(c) Some condensed tannins are accompanied by corresponding flavonols, 

e.g. quercetin accompanies catechin and the amorphous tannin of 

horse chestnut, all three giving the same fission products; and 

Dzy"rcetin accompanies maletto tannin. This suggests that any member 

of the benzopyrene group of compounds found accompanying a tannin 

affords an indication of the phenolic pattern of aome of the unite 

of the tannin. 

For a more detailed study of this relationship Freudenberg chose the 

well-known extract of the wood of Quebracho colorado. In 1925 he 

suggested that the catechin which, when condensed, fonne quebracho tannin 

is ~s7s~ 1 s4 1 s tetr.ahydroxyflavane, since the fission products of the 

tannin are chiefly resorcinol and protocatechuic acid. Together with 

Maitland (21) he synthesised this catechin, which be . called "quebracho 

catechin" or Mfisetinidol", and found it to be like catechin in many 

respects, esped~ly in that it coloured very slowly in the air ~d was 

easily converted into amorphous condensation products. It was actually 

more sensitive to condensation than catechin, which they suggested, may 

be due to the presence of an extra hydroxyl group in catechin which 

reduces t.he number of active condensation places or introduces more 

sterio hindrance. 

Knowing the properties of quebracho catechin they made a careful 

eea rch for it in both the wood and lea v Efl of Queb racho colorado 1 but 

could not detect even a trace of it. 

The mechanism of condensation of the catechins was then coneideredo 

Bergmann and Po jarlieff ( 22), in investigating the so-called 11phlobaphene 

reaction", i.e. condensation without the splitting out of water, found 
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that three factors are necessary if the condensation is to take place, 

namely ' 

(i) a pyrane ring; 

(ii) a double bond in a pyrane ringJ 

and (iii) an OH attached to the pyrane ring. 

Freudenberg and Maitland therefore prepared 7s; 1 r4• J trihydroxy­

flavane (XI) to find out whether the OH group in the pyrane ring is 

essential for the condensation in question. 

They found this compound to be even more sensitive to condensation than 

quebracho catechin, and concluded that the bridging oxygen atom in the 

pyrane ring is the starting point of the condensation. 

Examining the condensation further, they heated synthetic quebracho 

catechin for four hours with dilute acid until it was converted to a 

product insoluble in water. Comparison of the carbon, hydrogen and 

acetyl contents of acetylated products showed that no water had sp1lt out 

during the condensation. The mechanimn proposed involves opening of the 

pyrane ring \Tith simultaneous condensation, according to the following scheme"\ 

OR 

HO rYO,.r~ OH 

r~cr OH 
I : H 
J : 2 
W i OH . 

1
Q ,.H 

H ~f-CJ OH 

I I I H . 
V\;O OR 

fi2 

> 

OH 

/'yA H::-0 OH 

i
1

Lga 
H2 

H OH 

HO(l OH 1-LD OH 

\A-~~~OH 
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This condensation product has another bridging oxygen atom similar ~ 

the one just used in the condensation, and the molecule is thus capable 

of .indefinite extension in this way. This may explain the high molecular 

weights obtained for quebracho tannin. 

That the resorcinol and not the pyrocatechol nucleus was involved 

in the condensation was supported by.the fact that oxidation of methylated 

synthetic queb racho phlobaphene gave only veratric acid, showing that the 

pyrocatechol was mostly unaffected. 

Other instances of such a type of condensation are those of 

coniferyl alcohol, of glucals and .also of dioxane with lignin. 

When the action of dilute acid on the condensation product of the 

quebracho catechin was continued for twelve hours, there occurred a 

secondary condensation with the splitting out of water. They reported 

that •the reaction did not proceed like that in which a secondary 

' 
hydroxyl splits off with a hydrogen atom from a neighbouring carbon•, 

and suggested that a secondary. hydroxyl group had split out along with 

a hydrogen atom f:tom a 

In the case of ordinary catechin, the aecondazy condensation with 

loss of water took place much more readily than in the case of quebracho 

catechin. This again might be elCpl ained by the presence of an extra 

hydroxyl group in catechino 
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Comparison of the results of analysis of the condensed quebracho 

catechin and natural quebracho tannin showed fair agreement in the 

hydrogen content and acetyl number, but the carbon content of the 

natural tannin was found to be "' lower than that of the synthetic 

product. This was also found to be the case when condensed catechin 

and gambier tannin were compared. To explain this they suggested the 

presence of sugar-like substances in the natural products or the 

occurrence of oxidation during the coniensation in nature of the catechins. 

Further they observed a small decrease in the acetyl number on prolonged 

heating of the tannin with acid, corresponding with the secondar.y 

condensation with loss of water undergone by the synthetic products. 

Su:nma.rising, they say1 "The properties of the synthetic quebracho catechin 

and its condensation product resemble those of quebracho tannin so 

markedly that this tannin can be regarded as derived chiefly from 

quebracho catechin. • 

The application of this theory to other condensed tannins, such ~a 

the tannin of wattle extract, because of their similarity to quebN.oho 

tannin, must however be made with reserve. There are however indications, 

that the theory can be applied to sane of the other members of the class 

of condensed tannins. Amongst these indications are the following s-

(1) Freudenberg examined an amorphous tannin from Dicanopterie glauca 

which he suspected was a condensation product of pelargonidol. 
(. . 

By direct hydrogenation of pelargonidol Chloride a tannin of this 

type was obtained, but mt even a trace of the highly seneitive 

pelargonidol itself could be found in nature. 

(2) For a long time the only member of the catechin group which could 

be isolated from natural p roducte was cyanidol, but recently 
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galloca.techin (delphinidol~ i.e. ~s5s7s2 1 a~'s4 1 a hexahydroxyfla.vane) 

ha.s been isolated from the bark of Oasuarina. eguistifolia (2~) and 

from tea leaves. In both these cases it is accompanied by tannins 

some of which probably result from its condensation. 

(~) The conversion of certain vegetable tannins into anthocyenidins by 

oxidising them with bromine in diox~e \vas studied by w.J. Oha.ter (24)• 

The products from condensed tannins such as quebracho, mimosa., chestnut 

and .gambier ehowed colour · reactions similar to those of anthocyanidins. 

The eydrolysable tannins gave rise to no such products. 

(4) As has alrea~ been n~ed, Reichel (25)~ by phytochemical reduction 

of anthocya.nidins to catechins, obtained the latter in the form of 

amorphous "tannin-like' compounds. 

However the evidence at present available in support of the Freudenberg 

theor.y does not justify its application to the whole class of condensed 

tannins, and A· Russell ( 26) has suggested that these may be derivatives 

of 4-hydroxy polyhydroxy flava.ne instead of ~-hydroxy polyhydroxy f'la.vaneo 

lie prepared a nUIIlber of products with this basic structure, taking the 

phenolic patterns suggested by the fission products of natural tannins. 

The following synthesis is given as an E!ltamplea 

06il5Coq~ 00006% 

VcocH~ 
resacetophenone 

dibenzoate 

condensed 'lfi th > 
dr.y HCl in dr.y &t.Ac. 

+ 

protocatechualdehyde 
dibenzoate 

If /I loW,,~ 

2a4:~ 1 ~4 1 : tetrabenzoyl oxychalcone 

.. 
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de-benzoylated ~ 

~s4s; 1 '4's tetrahydroXy chalcone 

This chalcone1 by reduction with zino dust and dilute alcoholic acid 

gave a pink aiOOrphoua compound which, by i te mode of fo :rma.tion Russell 

considered to be either the tetrahydroxyflavane (XII) or the corresponding 

bis (7s; 1 z4 1strihydroxy) flavpinacol (XIII). 

~OH HOCQ~OH 
OH2 

'HOH 

(XII) 

(XIII) 

By co,mpari son with analogous ·known reactions and by consideration of the 

amount of hydrogen re<Pired for the reductio~. he concluded that the 

flavpinacol was actually fonned. Various flavpinacols, when prepared, 

were found to be indistinguishable from typical phlob~tannins, and Russell 

concluded that phlobatannins are phenolic hydroxy derivatives of flavpinacol. 

On this theoey quebracho tannin would be bie (7s; 1:41 strihydroxy) 

flavpinacol, and the nuneroua tannins which give as fission products 

phloroglucinol and protocatechuic acid would be bis(5s7s;• s41 stetra.hydroxy) 

flavpinacol. The individual differences between members of the latter 

group ar.e probably accounted for by alkylation of some of the hydroxyl 
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groups, and the presence of various substituent groups in the nucleiJ 

these would disappear during the alkali fusion. 

The ~bsorption spectra of the flavpinacols showed good agreement 

with those of the phlobatannins (&iltl m&.xk&ti <iU't'&ra~ea $nm '\lis11t $t' -tRa 

pk»&a'\\UU\~a~J and marked differences from those of the gallotannins and 

ell agi tannins • 

Freudenberg, Karimullah and Steinbrunn (27) criticised Russell's 

interpretation of his work. They were not convinced that his products 

were flavpinacola, nor did they consider his comparison of these with 

the phlobatannins convincing. They attempted a simpler synthesis of 

a pinacol from flavanone itself instead of from chalcone, but found that 

complex condensation products were formed. They therefore suggested 

that what Russell claimed to be. the synthetic production of phlobatannins 

was in reality the production of oompounds of high molecular weight by 

condensation o~ polymerisation, since hot alcoholic HOl is known to be a. 

reagent which changes substances such as ohalcones into highly complex 

condensation products. Further the.r considered it doubtful whether the 

amorphous synthetic products, whatever their constitution, were identical 

with natural tannins, although ·they produce the same KOH fusion products 

and have the same colour reactions and absorption spectra. They found 

the absorption spectrum of the eo-called synthetic hemlock tannin to 

correspond almost exactly with that of gallotannin, and concluded that the 

~ hydrogenated carbon atoms between the benzene nuclei are of little or no 

importance in the production of characteristic bands in the absorption 

spectra. 

They considered it prema:ture to describe the constitution of a 

phlobata.nnin by a single constitutional fonnula, and while admitting that 



some tannins might be derived from 4&bydroxy flavanes they did not 

consider the evidence adduced by Russell to be convincing. Further, 

the.r pointed out that pinacola have never been found in nature. 

In. a later paper (28) Russell stated, regarding these amorphous products& 

"On various grounds it is probabl a that the aDX> rphous products are 

flavpinacols hydroxylated on the pattern of the parent chalconess 

for the sake of simplicity they are fonnulated as of the bi·s type~ although 

their structure may be more complicated." 

The Russell theory may well be applicable to some condensed tannins 

but here again, as was stated in regard to Freudenberg's theory, its 

application to a condensed tannin must be made 1fi th reserve if it ie baaed 

merely on the similarity of the tannin to others which have been subjected 

to careful investigation. 
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THE PRELIMINARY INVESTIGATION OF THE CHD4ICAL NATURE 

OF BLACK WATTLE EXTRACT .. 

INTRODUCTION: 

The bark of Acacia mollissima (black wattle) constitutes the chief 

source of the South African tanning material lolown as "Wattle extract" 

-
or "Wattle tannin11 

• • There are, however_, quite a number of other species 
~ 

of Acacia found in South Africa, some of which are used for the production 

of wattle tannin, two of the moat important being green wattle (A. decurrene) 

and ail ver wattl:e- (A. dealbata). 

Acacia is an important genus of leguminous trees and shrubs included 

in the family Mimosaceae, to which also belongs the genus under which the 

true mimosa falls. This explains the application of the nmae "Mimosa 

tannin" to wattle bark extr.acts. 11Mimosa tannin11 , as used in the 

liter.ature, cannot be taken to indicate the extr.act of any particular 

species of Acacia, and in the few reports on work done on the chemical 

constitution of mimosa tannin no mention of the species of Acacia from 

which the samples were obtained is made, and in consequence much of the 

value of the work is lost. 

Einbeck and Jablonski (29) and Schwabe (;o) found that the oxidation 

of mimosa tannin with concentrated HNO; led to the production of so.me 

(1 ... ~) dinitro -J-resorcylic acid and styphnic acid, thus srowing that 

there were resorcin nuclei present in the molecule of the tannin. 

Werner Eggert {;1) found that the oxidation of methylated mimosa 

tannin with KMn04 gave rise to a mixture of acids. He was unable to 

separate this mixture into its component acids, but suggested that it might 

consist of veratrio acid and trimethylgallic acid. 

- 26 ... 



Russell ('2) found that the extract of wat~le bark from s. A· 

(whether of !· molliseima or not is unknown) gave, upon fusion with 

alkali, phloroglucinol~pyrocateohol and p:rotooa~echuic acid. 

· These facts formed a valuable background for the study of the 

extract of Acacia mollisaima, to which the writer's investigation was 

confined. So far ae can be ascertained this is the pioneer investigation 

of 'this particular extract as a definitely specified material. 

--oOo--
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I. PREPARATION OF SAMPLE'2 FOR ANALYSIS. 

PRELIMINARY EXAMINATION. 

The investigation was conducted on e. commercial sample of blaok: 

wattle bark: extract. This is usually prepared in the fadDry by the 

extraction of disintegrated green bark packed in a b~ttery of diffusers, 

using water preheated to 90° - 100°0. After the sludge has been allowed 

to settle the evaporation is carried out in double- or multiple-effect 

evaporators wder reduced pressure, and is completed in a "finishing pane• 

or in a single-effect evaporator, producing a viscous extract which 

solidifies to a brittle solid on cooling ( '') • 

The actual sample investigated was ~red in tightly stoppered 

bottles with the addition of a few drops of chloroform to prevent the 

growth of moulds. 

Free phenols and phenolic acids were first tested for by extracting 

a 5% aqueous solution of the solid with ether, and also by treating the 

solid with benzene in a Soxhlet extractor. On evaporation the ether 

gave 0•04 gm. and the benzene 0•06 gm. of a brown solid, per 100 gme. of 

original e~ttract. This substance would not crystalli~from water, alcohol 

or acetone, in which it was found to be fairly soluble, or from ether, in 

which it was le sa soluble. It was readily soluble in NaOB, alld gave a 

greenieh-blue precipitate with ferric chloride. This was taken to 

indicate that there was no appreciable quantity of free phenols or phenolic 

acid~n the extract. 

The following two teste for the presence of ~lotannin were then 

appliedl 

(l) 5 gJllB• of the extract were boiled for three hours with 250 ml. of 

water and 10 ml. of cone. HOl • The bulky red-brown precipitate was 

.. 28-
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f'il tared off and washed, and the filtrate, together with the washings, 

was concentrated by evaporation. No gallic acid could be detected in 

the resulting solution by qualitative teats. 

(2) 5 gma. of the extract were refluxed with 100 ml. of water, 20 ml. of 40% 

for.maldehyde solution and 5 ml. of cono. HOl for one hour. After the 

light coloured precipitate had bean filtered off no gallic acid or 

gallotannin could be detected in the filtrate. 

The isolation of a crystalline member of the benzopyrane group from 

wattle bark would not only be of interest, but might also be expected to 

give some indication of the phenolic pattern of the molecules of the 

accompanying tannin. Since the commercial preparation of the extract might 

have led to the alteration o~ condensation of any such substances present, 

the bark of a tree identified as Acacia mollisaima was stripped, disintegrated, 

and extracted with cold water. The extract was then evaporated under reduced 

pressure to the desired concentration. 

The tannin from an extract containing 20% of total a:> lids was 

precipitated by saturating with salt, and the filtrate was extracted with 

ether and with ethyl acetate. No crystalline products could be obtained, 

however, from these extracts. 

A 5% extract was then treated with gelatin to precipitate the tannin, 

but the filtrate, after. concentration, gave no precipitate on treatment with 

for.maldehyde and HOl at room temperature. &ny appreciable amount of catechin 

would give a precipitate under these conditions, since it is not precipitated 

by gelatin. 

The preparation of a sample of "pure wattle tannin" was attempted as 

the next step. The difficulties involved in purifying amorphous plant 

products are universally appreciated, especially where drastic methods lead 
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to decomposition as is the case with wattle bark extract. The methods 

applied were chosen to avoid, as far as possible, such drastic action. 

1. SOLVENT EXTRACTION. 

The method employed was, in outline, that used by Russell (~4)• 

The extract was dissolved in water with as little heating as possible to 

fom a 1~ solution which was then saturated with NaOl, when some of the 

extract precipitated out as a solid. This precipitate was thus rendered 

free from readily soluble impurities such as sugars, etc. It was then 

dried under vacuum and then extracted w1 th acetone to remove inorganic 

impurities as far as possible. On removal of the acetone by evaporation 

the residue became viscous and was then placed under vacuum, when it puffed 

up and dried rapidly. The flaky product was then washed with ether, in 

which tannin is insoluble, to remove any phenols or other ethe!'-soluble 

organic compounds which may have been present. The final product 

(Sample A) was fawn-pink in colour and very readily soluble in water, 

alcohols, ethyl acetate and acetone, while insoluble in hydrocarbons and 

ohlo rofo nn. 

As the NaOl precipitation was a source of much trouble it was omitted 

in preparing the next sample. The dried original extracted was simply 

extracted with acetone in a Soxhlet, and the resulting solution was treated 

as before. The product (sample B) gave analysis results closely similar 

to those of Sample A, and samples prepared by this method were used in the 

preparation of derivatives as reported in section II; these are the 11 tannin1• 

referred to in that section. During the preparation of sample B it was found 

that about ~ of the original quantity of material remained in the extractor 

after 4B hours. This residue was not investigated further. 

Sample B was analysed for non-tans by the official method of the 
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I. s. L. T. o. (;5), and was found to return 5.7% as non-tans. Although 

this method is an empirical one, intended to gauge the efficiency of a 

material with respect to ita ability to tan, and cannot be expected to 

give results as definite in their meaning as those af a quantitative ionic 

precipitation, it is the only method available by which the "purity" of a 

tannin can be estimated. 

2. ULTRAFILTRATION. 

Ultrafiltration and the related process of dialysis are methode 

frequently used to free amorphous and colloidal materials from cr.retalloid 

impurities. Douglas and Humphreys (;6) have applied electrodialysis to the 

removal of impurities from tannins, while Browne (;7) claimed to have attained 

a quantitative separation of tannins from non-tannins by the ultrafiltration 

of solutions of various tanning materials. He regarded ultrafiltration as a 

method by which the aon-tannina, being compounds of relatively small molecular 

size, are simply sifted out from the tannins. 

In the present work an apparatus without a mechanical stirring device 

was used. It consisted of a strong steel cylinder of about ;co ml. capacity 

with both ends removable. The lower end-plate was perforated to allow passage 

of the filtrate, and the upper one was fitted with an inlet tube for the 

application of pressure. As t~ solution in contact with steel produces 

a blue colour it was necessary to wax the inside of the apparatus ver.r . 
carefully, and to support the membrane on silver gauze. 

For the ultra filtration a 0.4% solution was made by dissolving the 

original extract in cold water and fi 1 tering through qUantitative fi 1 ter paper• 
' I 

The first membranes were prepared by soaking discs of filter paper 

( Whatman No. 40) in glacial acetic acid, then in 8% collodion in acetic acid 

and finally washing with water. They were found to retain only a very small 
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fraction of the extract. Following the method of Browne (}7) three new 

varieties of membranes were then prepared by soaking similar filterpaper 

discs in }, 6 and 9% solutions of collodion in ether-alcohol mixtures (lsl} 

respectively. These were allowed to dry for times ranging from¢ to t hour, 

in a place free from draughts. They were then immersed in distilled water 

and kept there until used. 

The membranes prepared from the '-% collodion solution were found to 

be too porous; those prepared from the ~ solution gave a filtrate which was 

only very faintly coloured, showing the presence of only a small amount of 

tanninJ while those from the 9% solution produced a colourless filtrate with 

no indication of the presence of tannin. Filt:ation through the latter. 

however. was found to be very slow. It was therefore decided to use 

mEmbranes of the second type, since the main aim of the filtration was not 

to effect a quantitative separation of the tannins from the non-tannins, but 

to obtain a sample of the tannins for analysis as free as possible from 

:non-ta.nninso The escape of a small amount of tannin through the filter 

indicated that the pore-size was sufficiently large _to allow the escape of 

all the small non-tannin molecules. 

There are, .however, other factors which affect the permeability of 

the filters in addition to the strength of the collodion solution used in 

their preparation, e.g. the time and conditions of drying. It was therefore 

necessary to standardise the filters. Browne (loa. cit) used a method of 

standardisation depending on the number of ml. of water that pass through 

the membrane per minute at various pressures. The rate of filtration is 

then plotted against the pressure, when a straight line is usually obtained. 

The elope of this line serves to identify the performance of the membrane. 

Two typical curves are shown in Figure I. The graphs, being straight 
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lines over most of their length1 may be Fepresented by the equation 
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where v • volume of water filtered in ml. per minute. 

p = pressure in atmospheres 

m = increase in rate of filtering per unit 
increase of preeeure1 in ml. per min. per atm. 

0 a constant for the gillen membrane 

.. theoretically rate of fil taring when pressure is zero. 
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0.1 G.4 . ::> ~v. 6 C.7 v . 

v in i-11. 

For membrane A1 m = o.1; andO = o.lZJ 

For membrane B 1 0.12 andO o.n. ~ m - • 

Only membranes with a = o.i; were used in the preparation of 
sample 0 for analysis. 

. 

®n. 

As an indication of the progress of the filtration the filtrate was 

collected in 50 ml. lots which were evaporated to dryness and weighed. In 



a normal filtration the weights would be expected to reach a constant value 

a short time after the beginning of the filtration, but, as the set of results 

given in Table I shows, they actually decreased with time after -*eaching a 

maximum. 

Lots of 50 ml' let. 2nd. }rd. 4th. 5th. 

wt. of residue., 
0•06, 0•060 gma. 0•0}5 0•055 0·052. 

TABLE I. 

The abnol'mS.li ty may be explained on the ass'llllption that some particles of 

non-tans were retained by adsorption and by the blocking of pores, i.e. by 

factors other than their size. The tannin retained by the filter was washed 

three times in order to minimise the effect of this on the purity of the 

final product. 

The ultrafiltration of the solutions of the wattle extract proved to 

be a tedious process, 250 ml. of solution taking 80 hours to .filter, and so 

only small samples were prepared by this method. (Sample o.) 

A 0•4% solution of sample B was also ultrafiltered to obtain another 

sample for analysis (Sample D), for comparison with samples prepared by the 

other methods. 

2• DIFFERENTIAL AISORPTION. 

w. Grassmann ('8) made a detailed investigation of the fluorescence 

chromatograms produced by different tannins, and found them to be 

characteristic and easily reproducable.. Each chromatogram consisted of a 

nunber of separate banda, and this suggested that adsorption analysis might 

be of use in the separation of wattle baik extract into ita components. A 

very short preliminary investigation of the posaibili ties of this method was 



therefore made. 

Calcium carbonate of' small grain and also alumibium oxide of 

granular character were tried as adaorbenta. The adsorbent was contained 

in the tube of' an apparatus of the conventional type, and was first washed 

with methyl alcohol. A solution of the wattle bark extract in 2 parte of 

methyl alcohol and 1 part of water was then poured in, but no suction was 

applied until the chromatogram had fonned. Development was carried out 

w1 th eteyl acetate, with a view to washing the various bands right through, 

but the process was found to be so slow that it was abandoned. An attempt 

was then made to isolate the tannin by removing the adsorbent in layers and 

boiling these with sol vente such as methyl al oohol, eteyl acetate, and water. 

These, however, failed to remove any appreciable quantity of material from 

the adsorbent. It is thought, however, that the method may be successful 

if the correct adsorbent and solvent can be found. 

I· LEAD 11 SALT11 PRECIPITATION. 

The tannin from a solution of the original extract in water was 

precipitated out in stages by the addition of lead acetate solution. The 

first and last portions of the precipitate were discarded, and the rest was 

thoroughly washed and then decomposed by precipitating the lead with H2S• 

The 11 puren tannin was then obtained by evaporation of the solution. (Sample. E). 



II. ANALYSIS OF SAMPLES. 

Since amorphous substances retain the last traces of water very 

tenaciously, great care was taken in the drying of the samples for 
tt"e,. 

analysis. They were kept for 24 hours in a good vacuum at 95° . - 100° 
" 

anbydrone. 

The ash determinations were made by igniting slowly at first 

and then completing the ignition in a slow stream of oxygen. 

The carbon, hydrogen and oxygen results were obtained by the 

usual combustion method, allowing for the ash content in the 

cal cula tiona. 

The molecular weights were determined by Becltmann's cryoscopic 

method in aqueous sol uti on. 

The figures for the nitrogen content were obtained by the Kjeldahl 

method, and those for the methoxyl content by Zeisel 1 s method. 

DISCUSSION OF RESULTS. 

Judging from the ash contents and the molecular weights of the 

samples, ultrafiltration was the moat effective method of purification 

employed. · The presence of 0•05% of ash presumably showed that the 

sample was not free from inorganic material, and this would probably 

have some effect on the molecular weight determinations. 

No significant differences between the carbon and hydrogen 

contents of the various samples are evident, and average values were 

therefore taken. 

TABLE II/ ...... 
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TABLE II. 

% % 
Molecular Wts. 

SAMPLE. £a h. %0· 

~ Original 
1·"56 Extract. (OE) -

A· Acetone 
extract of 0•14 61•2 
salt pptd. 

08. 

B. Acetone 
extract of 0•18 60·8 

o&. 

o. Ultra-
filtered o·o6 61·"5 

OE. 

n. Ultra-
filtered 0•05 61·7 

B. 

E. Lead 0·21 61.6 
pptd. OE. 

AVERAGE VALUES 

~oR. ~oN. 

.. 0·15 

4•56 0•0 

4·52 .. 

4·60 -

4•5"5 -
4·61 -

0 61· "5% 

H 4•56% 

in 
Methoxyl. 

0·~ 
So ln. 

1·1 5;>0 

1•0 7"55 

- ... 

- 1050 

- ... 

- -

0 "54•1% (by difference). 

5•0% 
So ln. 

520 

7"50 

720 

1010 

980 

620 

Taking as a basis a unit containing 15 carbon atoms, this being the 

number prese.nt in the 2'phenylbenzopyrane molecule, a "unit empirical fonnula" 

may be calculated f rom the figure s given above, and wor.ke out at 

which corresponds to a molecular weight of 294• 

In gauging the significance of this fonnula the following points should 

be borne i n minds 
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(1) It is very difficult to ascertain that an am:>rphous substance such 

as wattle tannin has been completely purified. 

( 2) The tenacity with which the last traces of water are retained by 

the tannin might lead to high results for the hydrogen content. 

(:?) Wattle tannin is very easily oxidised, which might lead to low 

carbon and hydrogen values. 

This unit empirical fonnula, referred to later in this work as Unit W 1 

has been adopted for convenience in the interpretation of the results of other 

experiments. The choice of a unit containing fifteen carbon atoms is based 

merely on analogy with tannins, the structures of which have been much more 

fully investigated, e.g. quebracho tannin and hemloCk tannin, and may easily be 

in error. 

The fact that nitrogen was present in the original extract but not in 

sample A indicates that it is present in an impurity which is removed by the 

process of purification usedo 

Russell (:?9) has suggested that the presence of methoxyl in phlobatannine 

may be due to the presence of organic solvents. This possibility may be 

discounted in the present case, since a Zeieel estimation on the cold-water 

extract of wattle bark itself gave 1.~ of methoxyl. The presence of one 

metho~l group in the unit W would correspond to a methoxyl content of 10.1%1 

and it therefore seems either that there must be one methox:yl group per ten 

units W, or else that en impurity containing the group is present and is not 

removed by the methods of purification employed. 

In considering the molecular weights obtained for the tannin, it shoUld 

be remembered that the tannin in solution behaves as a negatively charged colloidJ 

and that the removal of crystalloid materials which might have acted as peptising 

agents for this colloid would have led to agglomeration of the particles. The 



fact that the highest molecular ·weights were obtained with the samples which 

showed the lowest ash contents may be taken to support this_, but on the other 

hand it can be explained equally well by the fact that a mnall quantity of 

impurity of low molecular weight may lower the result of such a deter-mination 

by a very disproportionate amount. 

The few parallel determinations of the molecular weight in 0.5% 

' solution were carried out with the object of discovering whether any 

detectable dissociation of the colloid particles occurred on dilution. 

Evidently none did take place. 

While the results obtained indicate a molecule containing three 

unite W_, the high result of 180o reported for mimosa tannin by Douglas 

and Humphreys (j6) corresponds to six units. They obtained their tannin, 

however~ by electrodialysis, and here again agglomeration might be expected 

to cause. high results. 
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III. PREPARATION OF SOME WATTLE TANNIN DERIVATIVES. 

The preparation of a number of deriv~tives of wattle tannin was 

carried out with the object of finding some compound which could be more 

easily purified than the tannin itself; It was also expected to yield some 

information on the number and nature of hydroxyl groups present in the 

molecule. 

1. ACYLATION OF THE TANNIN. 

Both acetyl and benzqyl derivatives of the tannin were prepared. 

ACETYLATION. The acetylation was carried out by means of fused sodium 

acetate and acetic anhydride as followe1 

12 gms. of tannin were refluxed for 30 minutes with 50 ml. of 

freshly distilled acetic anhydride and 18 gms. of fused sodium acetate. 

The reaction mixture was then poured into ~ litres of distilled water1 when 

the acetylated tannin was precipitated in the form of a ligh'ti-coloured 

amorphous solid. The product was filtered off and washed thoroughly with 

water, and while still damp weighed 23 grams. 

The acetylated tannin was found to be insoluble in water, ether end 

benzene, but dissolved readily in solvents such as acetic acid, acetone and 

ethyl acetate. 

The determination of the acetyl content of the sub stance presented 

some difficulties, as it proved ver,r resistant to acid hydrolysis, and when 

hydrolysed with alcoholic KOH it took on a dark brown colour which made the 

detection of the end point by means of colour indicators impossible. In 

order to obtain a rough estimate of the acetyl numb~r of the tannin, a 

number of 1 gm. portions was weighed out and acetylated with corresponding 

quantities of acetic anhydride and fused sodium acetate. After reaction the 
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mixtures were poured into 200 ml. lots of water, and just sufficient NaOH 

to leave the solution slightly acid was added to each, in order to minimise 

the solubility of the acetylated product. After allowing to stand for 

24 hours the acetylated products were collected quantitatively, washed four 

times with 25 ml. of cold water and then dried at 8o°C under vacuum. Some 

difficulty was experienced in drying the products to constant weight without 

at the same time inducing decomposition. An average of 1•65 gm. of 

acetylated product was obtained from each gram of original tannin. This 

corresponds to 40% of acetyl, and this in turn corresponds to 4•6 hydroxy 

groupe capable of acetylation by this method per unit w. 

The amorphous product, being difficult to dry, did not seem to 

possess any advantages over the tannin itself for purposes of analysis. 

BENZOYLATION. 

The benzoylation of the tannin was carried out by treating 10 gms. of 

tannin with 28 gms. of benzoyl chloride and 80 ml. of 10% N:aOH in three stages 

\nth thorough shaking. The reaction mixture was then poured into 2 litres 

of water, when the benzoylated tannin was precipitated in the for.m of a 

light o~e coloured amorphous solid, which was filtered off after standing 

for 24 hours. 

The pro.duct was only slightly soluble in cold alcohol, acetone and 

benzene. When heated in benzene, partial decomposition took place, and~ 

stioky, partially de-benzoylated maas remained. Benzoic acid crystallised 

out from the benzene on cooling • The benzoylated product was found to 

~drolyae very readily with alcoholic KOH. 

--- Like the acetylated tannin, it was considered useless for analytical 

purposes. 
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2. METHYLATION OF THE TANNIN. 

The methylation of the tannin was attempted by three well-kn~wn 

methode. 

METHYLATION BY MEANS OF METHYL ALCOHOL AND DRY HOl. 5 gme. of tannin 

in 20 ml. of cold dr.y methyl alcohol were run drop by drop into alcoholic HOl, 

made by passing dry HOl gas into 20 ml. of dry methyl alcohol over a period of 

,0 minutes. Dr,r HOl gas was then paesed into the mixture for ,a minutes at 

such a rate that the mixture did not boil. After this it was refluxed for 

~ hours, filtered hot, and the residue washed with 40 ml. of hot methyl 

alcohol, the washings being united with the filtrate and evaporated to 

dryness on a water bath. The solid black product was taken up in ethyl 

alcohol and precipitated in water containing H2S04• The final product 

appeared to be a modified tannin, insoluble in water, but it was found to 

contain only 1.5% of methoxyl. 

Phloroglucinol can be converted into its mon~ and di-methyl ethers 

by this method, and it was therefore concluded that the reactivity of the OH 

groupe inJthe tannin is below that of the OR g roups of phloroglucinol. 

METHYLATION BY MEANS OF METHYL IODIDE AND SILVER OXIDE. 10 gms. of tannin 

in 60 ml. of dry methyl alcohol were treated with 25 ml. of methyl iodid• added 

dropwise and 30 gma. of silver oxide added in correspondingly small portions. 

The reaction mixture was then refluxed for four hours on a water bath, 

filtered hot, and t he residue washed with 50 ml. portions of hot methyl alcohol 

the washings being added to the filtrate. The combined filtrate and washings 

were taken to dryness in a vacuum, when a powdery brown solid weighing 10.2 

g rams remained. This was washed with water until the wae~ga were colourlese 

when there remained 4 gms. of a light brown product. 
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After drying in a vacuun at 70° - 80°0 for 48 hours this product was 

found to contain 10•6% of methoxyl. However, when subjected to the action 

of dimethyl sulphate and KOH (see next section) it was found to contain )1·2% 

of methoxyl. This showed that methylation by means of methyl iodide and 

silver oxide did not produce a fully methylated tannin. 

METHYLATION BY MEANS OF DIMETHYL SULPHATE AND KOH. 20 gma. of tannin were 

dissolved in 100 ml. of methyl alcohol, and 25 ml. of dimethyl sulphate were 

added, followed by 50 ml. of KOH solution (90 gms. in 100 ml. water). The 

reaction was somewhat violent, and thorough stirring was found to be essential. 

After stirring for .?0 minutes the methylation was repeated, using the same 

quantities of reagents, and it was finally repeated again. The reaction 

mixture was then poured in a thin stream into 2 litres of distilled water, 

when the methylated product was found to precipitate out as a granular mass. 

It was noticed that if the reaction mixture was not slightly acid before 

pouring into the water, the product fonned had a stiCky nature and the 

supernatant liquid took on a dark brown colour. · This fact might account 

for the failure by some W'>rkers tA 0btain methylated products C)f oondansed 

tannins. The usual yield from 20 gms. of tannin was found to be 18 gms., 

i.e .. 90% of the weight of the original tannin. 

The methoxyl content of a eample of methylated tanni~ prepared in this 

w~ was found to be .?4·4%• Subjection of a portion of the product to a 

further methylation with dimethyl sulphate showed that no further increase 

in the degree of methylation could be effected. On the other hand 

two methylations, by this met~od were found to be insufficient, as the 

product then contained only 28.1% of methoxyl. Reduction of the violence 

of the reaction by adding the required wnounta of reagents in six portions 

instead of three and cooling the mixture in ice gave a smaller yield of 

methylated product (only 60% of the"original weight of tannin), containing 
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only ;o.~ of methoxyl. 

The 11 Fully methylatedu tannin appeared to be only sparingly soluble 

in ether, and ~ a sample for analysis was prepared by extracting 20 mns. 

of the substance with five lots of 250 ml. of boiling ether, and evaporating 

off the ether. The portion extracted by the ether weighed 1.5 ~s. and had 

a feathery appearance, being almost white in colour. It was found to 
. 

contain over ;5% of methoxyl. This showed that the mEJt.hylated tannin, as 

was expected, was not a homogeneous product. 

The results of the methoxyl determinations on tannin methylated in 

various ways are collected in Table III. 

A methoxyl content of )4•4% indicates the presence of ;.8 methoxyl 

groupe in the unit W; while the rough estimation of acetyl groupe in 

acetylated tannin indicated the presence of 4.6 acetyl groupe per unit w. 
These results indicated that there were present in the tannin molecule eydroxyl 

g~oups which were acetylated but were not methylated by the methods employed. 

With this in mind the methylated tannin, containing ;4.4% of 

methoxyl, was subjected to the action of acetic anhydride and fused sodium 

acetate. The product proved to be very similar to the original methylated 

tannin, but was found to contain only )1•8% of methoxyl. When t~ product was 

methylated with dimethyl sulphate and KOH, ~compound was produced whiCh had a 

methoxyl content of ;4.~, i.eo almost exactly the same as ~hat of the original 

methylated tannin. These results can be explained by either of two 

hypotheses a 

TABLE III/ ••••• 
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TABLE III. 

SAMPLE AND METHOD OF METHYLATION. METBOXYL CONTENT. 
% . 

A. HOl end MeOH. 1.5, 
1.46 

a. Mel end Ag20• 10.78 
10.52 

c. B methylated with Me2SO 
4 

and KOH )1·45 
)1.02 

D. Me2so and KOH, ) times. )4.66 
4 () different samples) )4·40 

)4-14 

Eo Me
2
so 

4 
and KOH, 2 times. 28.16. 

28.02 

F. Me2so 
4 

and KOH, 4 times. )4.52 
)4.62 

G. Me2so
4 

and KOH, 6 time~, with )0.;1 
cooll.ng. )0.25 

R· Ether extract of D. )5.42 
;5.60 
)5.25 
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( l) There are present in the tannin molecule hydroxyl groups 

which can be acetylated with acetic anhydride and anhydrous 

sodium acetate, but which cannot be methylated by means of 

dimethyl sulphate and KOH. 

(2) Some of the methoxy groups were actually replaced by OCOOH) 

groupe, and these were later hydrolysed and replaced by 

methoxyl groupe by the action of the alkaline methylating 

agent in the seoond methylation. 

The fonner theory is obviously supported by the fact that 4.6 hydroxyl 

groups were found which could be acetylated, but only ).8 which could be 

methylated. 

Taking this theory as correct the decrease of 2.6% in the methoxyl 

content of the methylated tannin when acetylated would be accounted for by 

the presence of 0.7 acetyls per methYlated unit w. 
The methylation of acetylated tannin by means of dimethyl sulphate 

and KOH yielded a product with a methoxyl content of ;;.~. This indicated 

that primary acetylation had no effect on the limit to which the meteylation 

could proceed. 

The combustion analysis obtained on a sample of methylated tannin 

containing 34•4% of methoxyl and those calcul·ated for unit W methylated to 

the extent of 34•4% methoxyl are oompared below. 

% 0 

%H 

OBSERVED. OA.OOUI..ATED. 

V/hile these figures do not agree too well, the agreement is possibly all 

that can be expected for the analysis of amorphous substances. 

The molecular weight of the methylated tannin, detennined by Ra.st 1s 
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method, was found to be of the order 600 to 650. 

2• PREPARATION OF BROMINATED DERIVATIVES. 

BROMINATION OF THE TANNlN. 20 gms. of tannin were suspended in 

300 ml. of carbon tetrachloride and a solution of 15 ml. of bromine in 

50 ml. of carbon tetrachloride was added over a period of three hours, 

refluxing the mixture meanwhile. This led to the disappearance of 

all the suspended tannin, and the product obtained from the carbontetra­

chloride solution on evaporatian of the solvent weighed 28 gms. The 

granular product differed markedly from the original tannin, being 

insoluble in water but fairly soluble in alcohol. 

BROMINATION OF METHYLATED TANNIN. 10 gms. of methylated tannin 

(containing 34•0% methoxyl) were dissolved in 50 ml. of chlorofonn and 

30 ml. of bromine were added slowly to this with shaking. After 

evaporation of the chlorofonn there remained 3·9 gms. of red-brown product. 

This was redissolved in chlorofonn and precipitated by the addition of 

petrol ether, and the precipitate was then dried. The methoxyl content 

was found to be 19·8%• Calculation for the unit W \'lith 3.8 methox:yl groupe 

(corresponding to 34·0% OOH3), shows that this content of 19•8% can be 

explained by the bromination of the unit to the extent of 4.2 Br atoms. 

METHYLATION OF BROMINATED TANNIN. 5 gme. of the brominated tannin, 

after thorough washing and dr,ying, were methylated with dimethyl sulphate 

and KOH, and the product, which was dark in colour, was purified by 

dissolving i1chlorofonn and precipitating with petrol ether. The 4·5 gme. 

of product obtained gave a methoxyl content of 18.Q%. Comparison of this 

result with the previous one shows that the primary bromination of the tannin 

does not affect its susceptibility to methylation to any great extent. 
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IV. OXIDATIVE DEGRADATION OF TANNIN AND ITS DERIVATIVES. 

To gain an idea of the nuclei present in the tannin molecules 

oxidative degradations were made on the tannin and some of its derivatives. 

1. Oxidation of Tannin. 

Wattle tannin res~les the polybydroxy phenols in that it undergoes 

autoxidation with the development of a dark colour, especially when in 

alkaline solution. 

The oxidation was carried out with KMn0
4 

as follows a-

25 gms. of tannin in 250 ml. of water were oxidised by adding 70 gms. of 

IWnO 4 S.n. .5% solution in water, over a period of two hours. The oxidation 

took place in the cold. The Mn02 suspension was dissolved by the addition 

of <U,lute ~so4 and sodium bisulphite and the resulting solution was 

extracted with ether five times. The ether extract was shaken with 

saturated sodium bicarbonate solution, and this yielded on acidification a 

few small particles of yellow oily material, which appeared to be phenolic 

acids. The ether extract yielded Oo2 gmso of y$llow oily material which 

was not examined further. 
' 

It was concluded that this oxidation was far too vigorous to yield 

any quantity of degradation products • .. 
It was hoped that acylation of methylation of the hydroxyl groupe 

would render the benzene nuclei in the molecule more resistant to complete 

disruption during oxidation. Some of the derivatives, the preparation of 

which is described under Section III, were therefore subjected to oxidationo 

2. Oxidation of ace~lated tannin. 

10 gms. of powdered acetylated tannin were suspended in 200 ml. of 

water and oxidised with .)0 g;ms. of KMnO 
4 

in 5fo solution, in the presence of 
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MnS04. No oxidation took place in the cold, but it took place readily on 

heating. Dilute ~so4 and NaHSO~ were added to clear the suspension of 

Mn02, and the solution was then extracted five times with ether. • The ether 

solution, on extraction with sodium bicarbonate solution, gave no organic 

acids, and on evaporation it yielded only a small residue (0.1 gm.) of a 

sti ck:y brown sub stance. 

The acetylation of the tannin had obviously not had the desired effect 

on i ts stability. 

~· OXIDATION OF METHYLATED TANNIN. 

With KMn0
4 

in cold aqueous solution. 

10 gms. of methylated tannin were oxidised as described under 1, 

but without heating. After clearing the Mn02 suspension about ~ grams 

of a material of a sticky nature remained. After this had been filtered 

off the solution was extracted five times with ether. The ether extract 

was shaken with saturated NaHCO~ solution, and upon acidification with 

concentrated HCl this gave 0.4 .gm. of crystals (Sample 1). The examination 

of these crystals is reported later. 

With KMn04 in hot aqueous solution. 

The residue of sticky material obtained in the process of cold 

oxidation suggested that the oxidation had not gone far enough, and it was 

therefore repeated with the application of heat. The mixture was placed on 

a water bath for two hours after the completion of the reaction at room 

temperature. 0.4 gram of' crystals were obtained (Sample 2), and about 2 gm. 

of the partially oxidised sticky residue remained. 

With KMn04 in acetone solution. 

20 gms. of methylated tannin were dissolved in 6oO ml. of acetone 

and refluxed gently on a water bath while 100 gms. of' KMn04 were added slowly 
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over a period of three hours. The refluxing was continued until xture 

was decolourised (about five hours). The Mn02 suspension was filtered off 

and dissolved in dilute H2S04 and NaHSO)• Treatment of this solution as 

before gave 0.25 mm• of crystals (S~ple )). The acetone was evaporated off, 

ieaving a yellow, sticky product weighing 6 gms. This was extracted with 

hot water and then with dilute NaOH solution, and the combined extracts were 

filtered into dilute H2S04 solution. After extraction with ether and further 

treatment as before this solution gave O.)O mn· of cr,ystals (Sample 4)• 

The yellow sticky residue, after the extractions with hot water and dilute 

alkali, was .again oxidised with 20 mms• of KMn04 in acetone solution, and 

gave, after treatment, a further 0.05 gm. of crystals (Sample 5), from the 

Mn02, but no further crystals could be extracted from the residue left on 

evaporation of the acetone. 

Examination of crystal samples. 

Samples 1 to 5 were examined separately after recrystallising from 

40 parte of hot water and drying over P205• The equivalent weights were 

determined by titration with N/100 NaOH solution, and the melting pointe were 

determined, with the results set out below in table IV. 

TABLE IV. 

SAMPLE NO. 1 2 ' 4 5 

Melting point, oo. 1~ 1~ 1~ 1~ ~ 
Equivalent weight. 201 200 ~8 - -

It was thus safe to assume that the crystals were of the same nature, and the 

residues were combined and used for a methoxyl determination, which gave 

The cr.ys~als were thought to be a mixture of veratric acid and 

trimethylgallic acid, on the grounds of the following comparison' 
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TABLE V. 

SAMPLES 1-5. VERATIUC ACID. TRIMETHYLGALLIC 
ACID. 

u. p-t. oo. 142 ... 14">· 179 - 180 167 - 169. 

Equiv. wt. 198 - 201. 182 212 

Methoxyl content ;9. 5'fo ;4.07% 4;.80'; 

According to Schr6tter (40) silver veratrate is only slightly soluble 

in cold water, while Heffter reports (41) that the silver salt of 

trimethylgallic acid is easily soluble in water, and therefore the silver 

salt method of separation suggested itself. 5 gms. of the crystalline mixed 

acid was therefore prepared by a large _scale oxidation of methylated tannin 

with KMn04 in acetone solution, and a sample of this mixture, when recr.yetal-

lised from hot water, melted at 142°0. The mixed acid was &Lssolved in a 

slight excess of ammonia and boiled until neutral. To this 400 -ml. of 

almost boiling solution a hot solution of 5 gms. of silver nitrate in 100 ml. 

of water was added, when a silver salt having a bluish colour at once 

sepa·ra ted out. When the mixture was caied thoroughly a small ~o\m:t. of a 

cream-coloured · silver salt also separated. The silver salt was filtered off 

and treat-ed as one fraction (Fraction I), and the filtrate was treated as the 

second fraction (Fraction II). 

Fraction I was ~spended in 100 ml. of hot water, a slight excess of 

cone. HCl was added, and the mixture was heated almost to boiling point; 
and 

th~ precipitate of AgOl was then filtered offjthe filtrate was allowed to cool. 

When cold it was extracted with ether and the ether solution was itself 

extracted with saturated NaHOO; solution. On acidification of this solution 

with cone. HOl needle-like crystals separated out. They started to melt# 

however, at 14;0 0, which showed that they were still a mixture of the acids. 
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They were therefore subjected again to the above treatment, but this time 

the silver salt was washed twice with 25 ml. of water at 60°0. The cr,vstals 

from the silver salt fraction were found to melt at 178° - 179oo. No 

specimen of pure veratric acid was available for comparison with this 

substance, but its identification as veratric acid was made reasonably 

certain by determination of ·the equivalent weight, the methoxyl content and 

the carbon and hydrogen contents as well as the melting point. The results 

are given in Table VI. 

TABLE VI. 

ACID OBTAINED VERATRIC 
FROM TANNIN. ACID. 

),1. Pt. I oc. 178 ... 179 181 

Equiv. Wt. 18}. 2 182 

% OOH:;· }}·77 ~4.07 

% 0 ~-2 ~.:; 
. 
%R 5.5) 5.49 

Fraction II was cooled, and some more silver salt which separated was 

filtered off. The acid extracted from the filtrate as before was found to 

melt at 1~~00, and was apparently still a mixture. The cr,vstala wsn 

therefore subjected to a further silver precipitation, and a small quantity 

of silver salt again separated on cooling in ice. The filtrate yielded 

0.4 gram of a cr,ystalline substance which, after recrystalliaation from 

40 parts of water, melted at 166°0. 

For comparison wi~h this substance trimethylgallic acid was prepared 

by· methylation of gallic acid with dimethyl sulphate and KOH. ·After 

repeated recrystallisation from ~0 pa·rts of water t he product me.J.ted at 



167° - 168°. A mixture of this acid with that obtained from the tannin 

melted at 167°. The equivalent weight of the acid obtained from the 

tannin was detennined as 211.2, as compared with 212 calculated for 

trimetbwlgallic acid. 

The a,ynthetic trimethylgallic acid, when mixed in equal quantity 

with the veratric acid from the tannin, melted at 142°0. (Different 

specimens of mixed acids from methylated tannin melted within the range 

The acid crystals obtained from the oxidation products of methylated 

tannin were thus shown to be a mixture of veratric acid (I) and trimethylgallio 

acid (II). The production of these presumably indicates the presence of 

catechol and pyrogallol nuclei in the molecule of the tannin. 

_r--\0~ 
HOOC \___/OOHj 

I '. 

OOH; 
H'ooo_r--"'\ooH; 

\..___/ooH; 
II. 

The oxidation produced only small quantities of these cr,yetals, but 

it is possible that oxidation under optimum conditions may give greater 

yields. It is equally possible, however, that the methylated tannin 

molecules are of such a nature that oxidative degradation requires the use 

of such powerful reagents that the majority of ~he benzene nuclei present 

are simultaneously disrupted. It is therefore considered probable that 

the amountepf veratric acid and trimethylgallic acid obtained represent only 

a small fraction of the corresponding nuclei present in the tannin molecule, 

the remainder having been disrupted in the oxidation process. 

Oxidation with nitric acid. 

5 gme. of methylated tannin in suspension in 20 ml. of water were 
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heated on a water bath with 10 ml. of fuming nitric acid diluted to 100 ml. 

with water. The methylated tannin, however, remained unaltered, and after 

washing gave a negative test for nitrogen. 

acid was therefore necessary. 

The use of concentrated ni trlc 

20 gme. of methylated tannin in the fonn of fine powder were added 

gradually to 100 ml. of fuming nitric acid of specific gravity 1.52. In 

the ensuing reaction nitrous fumes were evolved. The mixture was then 

evaporated .down to about 40 ml. on a water bath, and then poured into 1 litre 

of distilled water. The resulting cohesive yellow-or.ange precipitate was 

rubbed well until it became amorphous and was than filtered off. It was 

found to weigh 4.2 gms. while still slightly damp. It was soluble in ether, 

and the ether solution was extracted as before with NaHCO; solution. Upon 

acidification no crystalline product separated, but only a very small quantity 

of ~rphoue substance. All further attempts to obtain a crystalline product 

by this method also failed. 

4• Oxidation of brominated methylated tannin. 

So far no residues from metadihydroxy benzene nuclei had been obtained 

during the oxidation of methylated tannin. It was hoped that the introduction 

of bromine into the molecule would have a stabilising effect on these nuclei if 

present, as it is kno\~ to have this effect in some compounds. The brominated 

methylated tannin was therefore oxidised with KMn04 in acetone solution, but 

a thorough search by ether extraction yielded only a anall amount of an 

amorphous product. It was then evident that the bromination had not had the 

desired effect. 

In this section it has been shown that, while acetylation does not 

appear to increase the resistance of the nuclei to oxidation to any great 
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extent1 methylation does appear to stabilise those nuclei with two 

substituent hydroxyl groups in ortho poeitioneo 
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SUMMARY AND CONCLUSIONS. 

The combustion analysis obtained for the "purified" tannin, 

when converted to a 11 unit empirical formula" on the basis of fifteen 

It was 'shown that this 

unit contains approximately 4.6 hydroxyl groupe which may b~ a cetylated 

by means gf aoe-tia anhydridG~ and fused sodium ac~tt.a.te1 and 3o8 hydroxyl 

groupe whiCh can be methylated by means of dimethyl sulphate and KOH. 

Thi e leaves 1. 7 oxygen atoms per unit unaccounted for. Thia oxygen 

may be linked in such a way ae to render it unavailable for purposes of 

acylation, but there is the possibility that some of it was present in 

the for.m of oxidation products, and not actually in the tannin itself. 

Oxidative degradation has shown that catechol and pyrogallol 

nuclei are present in the tannin. A quantitative estimation of their 

amounts could not be carried out because of the apparent resistance of 

the tannin to this means of degradation. 



BRIEF SlW/iARY OF RESULTS OBTAINED SUBSEqUENTLY AT THE 

LEATHER INDUS'rRIES RESEARCH INSTITUTE1 mainly by; 

MR. A.M. STEPHEN, M.Sc. (42)• 

Mr. Stephen has worked with extracts of the fresh bark of Acacia 

mollieeima and with commercial extract. He has adopted different 

procedures for obtaining t annin prepara~ione; two of the preparations 

have shown the following compositional 

and 

The average number of OH groups per unit which could be acetylated by 

various methode was found to be 4.251 and the number which could be 

methylated was found to be 3•7• It has been found that both partially 

and fully methylated tannin·s are capable of ~ractionation into parte of 

differing acetyl content, by makinJ use of their solubility relationships is 

acetic acid of varying strength. The latter was taken to show that the 

tannin is not homogeneous. 

The oxidation of the methylated tannin yielded veratric acid and 

trimethylgallic acid, thus confirming the results obtained in the writer1 e 

investigation. It has been shown that the methylated tannin does not 

behav.e like a methylated anthocyanidin towards hydrogen peroxide, no.r 

does it behave as if it possessed the structure proposed by Russell for 

phlobatannins towards periodic acid, lead tetra-acetate and Pb3o4• 

Substances possessing the Russell structure {26) would be expected to 

give ketonic products after such treatment1 and no notable quantities of 

such products were found. 

Alkali fusion of the tannin has been found to result in the 

production of resorcinol in relatively large amounts, but no~her pnenols 

or phenolic acids could be isolated. 

- 57 -



-58-

The tannin was shown to be unlike lignin in that it did not 

produce carbonyl compounds on boiling eulphi ted and methylated 

derivatives with strong caustic alkali for long periods. 

On boiling the tannin with KOH it was discovered that a certain 

quantity of strong acid was liberated. This was compared with the 

amount of acid liberated by pyrogallol and by catechol under similar 

treatment, and was found to lie between the two. In ·"the case of 

pyrogallol the acid is known to be a mixture of oxalic and acetic acids. 

The action of various acids on the tannin has been studied, and 

among these nitric acid has been Shown to give oxalic acid and styphnic 

acid. 

The tannin was oxidised with bromine in dia£ane, a procedure which, 

it has been suggested (24) 1 should lead to the production of anthocyanidins. 

These were not found, however, and it was concluded that even prolonged 

action of the oxidant does not break down the tannin structure completely. 

An attempt to determine the number of reactive positions in the 

tannin structure by the analysis of brominated derivatives gave results 

which varied between 4.8 and ).5, depending on the solvent employed during 

b romina tion. 

In hie conclusion Stephen states; 

"We know that the tanning material in wattle is built up predominantly 

9f resorcinol, catechol and pyrogallol nuclei and in addition, aliphatic 

chaine or rings Which are fairly highly oxygenated. The mode of linkage 

of the aromatic rings is such that carboxylic acids related to catechol 

and pyrogallol, but not to resorcinol, may be liberated by oxidation 

after suitable stabilisation by conversion of t~e more reactive -OH 

groups to methoxyl, but that the low yields indicate a great complexity 



of structure. The stability of resorcinol as compared with the 

other polyhydric phenols leads to its recovery in high proportion after 

vigorous acid or alkaline treatment, where catechol and pyrogallol are 

unable to survive. The points of attachment of resorcinol to the 

rest of the strUcture are as yet unknown, but should be capable of 

determination by degradation of suitable derivatives of the tannin." 
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