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CHAPTER 2.

THE CHEMICAL CONSTITUTION
OF WATTLE TANNITN,

Information concerning the chemical structure cf
wattle tannin,and indeed of any naturally occurring
tannin of similar type,is extremely scarce.

A review of the classification of natural tanning
materials has been compiled by Corbett(16), while
others are availlable in the literature; particularly
in a dissertation by Russell(17).

For the sake of completeness, therefore, only
the briefest of summaries of previous work on tannins,
including wattle, will be given.

The natural tannins possess many properties in
commong first and foremost being thelr ability to
precipitate gelatin and other proteins from solution,
and to convert raw hide to imputrescible leather.

They are in genersl slightly acidic, high molecular
weight substances with colloidsl properties. By
virtue of their phenolic nature they are coloured
blue or green by agueous ferric chloride,and they
precipitate with alkaloids and certain metallic ions.

The claseification of tannins 1s based on their
reaction with hydrochloric zcid and with neutral
ferric chloride. Those called "Hydrolysable Tannins!
yield on treatment with dilute acid,gallic or ellagic
acids together with glucose. These were at one time

termed pyrogallocl tannins on account of their blue
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This substance was amorphous and qualitatively
indistinguishsble from mimosa and hemlock tannir
especially in regard to ite absorption spectra,
was hence regarded as the basic struct:re allowi
variations 1n the positions of the OH groups.
Freudenberg in 1934 argued that owing to tt
complexity of the reaction by vhich Pussell had
the abovey, it was unlikely that a single product
as this flavpin=2col could rave resulted. In ac
he did not accept the evidence on spectroscopic
as sufficient in vievr of the fact thet the hydrc
tannins behave similarly, and in any carce thcere
no reason to suppose that the pinscoel nucleus st
occur exclusively in the natural tannins.
Freudenberg's work was aimed at the consti
of quebrecho tannin,anc¢ his theory postulated tf

phlobatannins were catechol polymers joined fron

C-2 atom in one unit to the C~6 in the other i.c¢
OH
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Russell's and Freudenberg's viers although
differing greatly, may both be esrcentially correct
since they apply to different tannins, but no attem
to draw an analogy with the constitution of wattle
fannin can te made.

In 1935 Chater{(23) experirented on the oxidation
of numerous tannins to discover if any anthocyanidins
resultecd. If the tannins wire catechin polymers they
should, according to the work of Appel and Fobinson(24%
yield anthocyanidins. Chater obtained solutions of
substances whose colour reactions reserbled thosc of
the required products, but did not definiftely prove that
these vere z2ctually produced.

‘Later vork on the constitution of wattle tannin
is almost entirely due to Stephen(l),who obtained on
oxidation of methylated tannin, veratric and trimethyl
gallic acids. On hydrogen peroxide o~idation,
methylated tannin shows no similarity in bchaviour to
a methyleted anthocyanidin, nor indeed on treatrent
with periodic acid, lead tetra-acetate or lead tetroxide,
does it give any indication of conforming to a structure
such as that proposed by Fussell, since no ketonic acids
are produced,

The alkali fusion of wattle tannin produces
resorcinol in fiar gquantity while no other phencls can
ke isolated. The action of nitric acid resuvlts in
oxalic and styphnic acids,and oxidation by bromine in

diorvan produces no anthocyanidins,which 1t would do if












solubility of hydrogen 1n the solvent, ant
the latter must be chosen with due regard
this factor. Mor-over, tue nature of the
appears not 1 to affect the rate or ex-
formation,but also the kind of product ob!

The Choice and Properties of the Cataly:

For high temperature-pressure liquid ph:
recactlions the tro catalysts in general use, al

Nickel (25,26,27,28) and Copper Chromite (29

excellent paper has been published (29), on ti

of adding various mlxed oxides as promotors -

latter, and in the course of the work one of

activated catalysts ,No.39 KAF, has becen used.

As repards compounds containing only ca:

oxygen ,the action of COPPIF CHFOI'ITE may be

as follows:-

1) An oxygen to carbon link is very labile t.
hydrogenolysis over coppsr chromium oxide w. .o o
or above, if it is:

g) In the 1-2 position with respect to a doublc
bond in the 3-4 position 1l.e¢. é:é-@...%

b) In the 1-2 position with respect to an oxygen

to carbon link in the 4-5 position i.e. 8_%_8_@...6

An oxygen to carbon linkespe 1s labile although
not so markedly as in a) or b) if 1t is in the
1-2 position.

¢) With respect to a 3-4 carbon to oxygen link

i.e, 6-8—8--«% oT
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of lignin has been concerned with the hydrogenatio
wood, without isolation of the lignin present.

Chemically, tannin and lignin do not appear t
directly related, in that lignin contains a certai
percentage of methoxyl groups ahd é édrbonyl group
whereas tannin has none, Unlike tannin it produc
carbonyl compoundés on boiling sulphited and methyl
derivatives with strong alkali for long periods, w
on methylation it shows two reactive OH groups per
molecule,as against four for tannin.

In view of the general similarity of the type
compound to tannin, it wés considered profitatle t
survey the work on the hydrogenatioh of 1ignin and
where possible to adapt the technigue to wattle tannin.

Hydrogenation of Lignin (2,3,4,5,6,7.8).

The raw product used was extracted from alcohol
treated aspen wood,by refluxing with methanol containing
3% hydrochloric acid, It was re-precipitated from
methanol solution and dried.

The resulting lipgnin was found to react ~ith
hydrogen over copper chromite in dioxan solution a*®
250-260°C under 200-300 atmospheres,during eighteen
hours, producing a colourless or faintly yellow
solution and absorbing 1 mole of hydrogen for every
25 grams of lignin.

There was obtained from the hydrogenation of 80
grams lignin, 22 grams methanol, 9 grams of an alcohol

of Boiling Point 92-95°C(7mm), about 3 grams of a
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of the glycol was also prepared.

The high Boiling Point fraction 150-260¢
was dehydratcd over alumina at 400°C and re-!
ov¢r Hancy Nickel, producing =2 series of hyd:
whose analyses shoved that there are in lign:
containing more than nine carbon =ztoms.

The hydrogcnation of meadc "sodan lignin in a
similar manner (3) produced thc above alcohols,and in
addition,cyclohexanol, 4-methyl cyclohcxanol, 4-ethyl
cyclohexa-~1 and 2 serics of high toiling point resins
of the seme n=ature as the 150-260°C(1mm) fraction
already notcd. From maple ethanol lignin there was
obtained another product,3-cyclohexyl l-propanol (6),
1dentified by synthesis =2nd comparison as before.

In addition)a study was wrade of the volatile
hydrogenation decrivatives of lipnin,which occur in the
solvent (5), and arongst thesc were ldentified 2-3
dimethyl butane, methanol, tetrahydrofurfuryl alcohol,
ethanol, 2-2 direthyl btutanol, secondary butanol and
methyl isopropyl carbinol. The optimum yield of
these substances was obtained using Raney Nickel in
butanol as solvent, at temperatures just below the
critical temperature of butancl, and at as high a
pressure as was conslstent wlth safety.

The conclusions drawn from the ~bdve data as to
the structure of lignin, vi1ll be omitted for the present
purpose, tut a general observation may be quoted viz:

"The proportion and nature of products obtained
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in separate hydrogenations of t

may be a function of the relati

genation and hydrogenolysis,and

difference in structure of the

For 1f hydrogenation of ursatur

cedes hydrogenclysis of carbon

to carbon links, then cleavage

may not ensue,because the unsat

which facilitate cleavage are r

If hydrogenolysis takes ple-ce f

will ensue. The relative rate

and hydrogenolysis are often e:

to small changes in conditionst

It will be seen from the wor}
following pages that, in general,
of tannin produces a similar seric
those of lignin,under comparable €apciimcuvar cunusvivus.
Feference concerning the nature of the saturated

cyclic products expected, is indeed scanty 1n the
reported literature. Apart from the above quoted
papers, Beilstein's "Handkuch der Organischen Chemie"
and particularly a dissertation entitled "Cyclohexanols
from Phenols" by Ungnade and McLaren(1l%5) may be

consulted.


















CHAPTER 6,

THE APPARATUS AN

The hydrogenatil
according to the gen
and was intended to -
atmospheres and temp
The material us
bomb itself was cons
1) An outer cylinder
external diameter an
with threads turned
the cover.
2} The bomb head consisting of a steel plate one inch
thick with a long thermocouple well attached slightly
of f centre.
3) The bomb cover,in the form of a screv cap with six
bolts,for producing the necessary pressure on a,square
cross section, circular gasket between the outer
cylinder and the bomb head, in order to seal the bomb.
4) The reaction liner; a brass cylinder with a screw
top, ashbestos gasket, and hydrogen inlet, which contains
the reactants and fits inside the thick steel casing.
After charging and assembly, a gauge and needle
valve gas fitting were screwed into the hydrogen inlet,
and the whole inserted into a cylindrical electric
furnace,wound with 23 turns of 22 gauge nichrome wire.
The furnace in turn was secured in a galvanised iron

cradle suspended from a wooden frame)while rocking
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cradle, with the gas inlet uppermost.

The thermocouple was introduced and by means of
soft copper tubing,a hydrogen cylinder of 100-130
atmospheres pressure was conrected to the inlet valve.
After filling, rocking and heating were commenced and
continued for 20 minutes, during which time the tem-
perature rose approximately 80°C. The temp ature
and pressure continued to rise for a further 10-15
minutes,after which interval the current was again
switched on. By intermittent heating the temperature
was maintained within desirable limits, while on each
day during a hydrogenation,the bomb was re-charged
with hydrogen from a cylinder kept at a fairly high
pressure., The average hydrogenation was one lasting
for three days of eight hours each.

On completion of the reaction, and after the
residual gas had been allowed to escape slowly, the
liner was removed. The contents were poured out
while the residual sticky solids were scraped out,
usually with some difficulty.

IMPROVEMENTS INTRODUCED INTO THE HYDEROGENATION
ASSEMBLY BY THE AUTHOR.

The apparatus and procedure described,were those
employed by Stephen(l),during preliminary experiments.
It was however obvious that, owing to the very
sensitive nature of the hydrogenation reaction, the
method used was too empiric and that more standardised
conditions were required. Moreover, certaln structural

elements of the assembly were considered somewhat
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to the primary circuit of a "Sun-Vie" relay control.
To the sccondary circuit werz connected the furnace
leads and also the shaking motor. It was considered
advisable also to make and break the shaking, in order
to conserve the motor during long runs.

The above described arrangement —as found to
contrel the temperature between 199—2000C, and between

297~300°C for longer than 48 hours,on numerous trial

)
runs. The lag period betiveen successive shakings
and heatings of eight minutes, was approximately nine
minutes.

B ~-_New Pressure Gauge and Device for Filliing Bomb.

As a result of continued trouble encountered with
faulty pressure gauges, and the inconvenilence of reading
small and very inacgratc gauges through an aperture in
the room wall, a new fixture calibrated up to é tons
per square inch was attachced to a wall bracket outside
the room. This was connected to the bomb by steel
fuel-feed tubing (.6lcm OD and .3cm ID) through the wall,
In order to absorb shock during chaking, the plping was
coiled into three spirals of 17" diameter, This
arrangement enabled filling vith hydrogen to be done
from outside the room, thus allowing greater ease of
manipulation.

A new and specially constructed high pressure
hydrogen cylinder was uscd for topping up the pressure
Irefore each hydrogenation. This provided a constant
starting pressure of 2500 1bs. per square inch, or less

if reguired.
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These were anncaled before each hydrogenation,a

before sealing the bomb, were in each case thickly
smeared with a linseed oll-graphite jointing compound.
The serrations were 1/32" deep and 1/8" apart and
designed so that the teeth of the upper surface,would

fit into thosc of the lower,viza

Bomb Head
NN G et
i 4 Gasket
Cuter
Casing

F - Miscellaneous.

Nichrome steel bolts vere used to replace iron
bolts in the bomb cover. 4 second reaction liner of
heavier material, although similar in design to the
original, was employed to allow of saving of time
leost in cleaning out this part between successive

hydrogenations.

The procedure adopted for charging the bomb and for
the carrying out of the hydrogenation was similar to

thet already described, and need not be repeated.
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the refracting surfaces by means of a smal

C - Molecular Weights,

The molecular weights recorded,were determined by
measurement of the depression of freezing point
observed,on introduction of a small gquantity of substance
into a known amcunt of DIOXAN as solvent.

Dioxan was chosen owing to its ability to disolve
all the hydrogenation products, water being entirely
useless while benzene was only capable of disolving
some of the lower bolling point products obtained.

Pure dioxan was prepared according to the method
of Eisenberger(45) as follows:-

One and a half litres of technicel dioxan
were bolled under gentle refiux with 150 ml of
nermal hydrochloric acid for seven hours, with
a slow stream of eir being passed through the
stopper and into the flask,in order to remove
the acetaldehyde literated. s0lid potassium
hydroxide was added to the cool liquid in a
large separating funnel, and after shaking at
intervals for a day and standing over night, the
aqueous layer was run off, This process was
repeated on the following day, after which the
dioxan was transfered to a large flask and a
quantity of wire-form sodium added. After

standing for four houvrs,a twenty inch fraction-

’
ating column packsd with Berl porcelain saddles

was attached, and the mixture distilled on an












- 36 -

W was 1n each case obtained by pipetting 25 ml
dioxan into the freezing point tube)and multiplying
this volume by the density of dioxan at 20°c=1,o332,
The accuracy of this was checked by actual weighing
and the error involved found to be % .01 grams,which
is small in comparison to the accuracy of the method
as a whole, which is claimed to be between 3% and 5%.

The Cryoscopic constant for the dioxan was
determined using 2 variety of solutes.

1) CYCLOHEXANOL.

Pure cyclohexanol was re-distilled and weighed
into a capsule.
.1566 gram caused a Aepression of .282°C (mean of
.,283, .282, .283, .281 from extrapolation graph)
Hence ko = 100,16x.282x25%1.0332 _ 4,67

. 1 el

2) DIPHENYLAMINE ., Pure re-crystallised AR.

a) 1956 gram in the form of a pellet gave a
depression of .209°C (mean of .209, .210, .208,

.209 from graph)

Hence k = 169°22x:§83§25X1-0332 = 4,67

b) .3751 gram gave a depression of .399% (mean

of .399, .399, .399, .398 from graph)

-~ 169.22x.399x25x1.0332 .
Hence k 5ET iléé

3) [ -NAPHTHOL. Pure white re-crystallised AR.
i

) .1750 gram zave a depression of .220°C (mean

of .220, .219. .220, .220 from graph)
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Determination of the Perciontage Acetyl Groups
for Fach Fraction.

Note, All fractions wecre digested vith the zcetyl-~tion
mixture for sixteen hours =t 98°C during » period of
three days This time was congidered sufficient since
a portion of the high boiling point Fraction V, showed
no increase in %Ac on acetylrtion for thirty hours

at 98¢c¢.,

FRACTICON II. 52-579C (1.4 mm).

.2224 gram substance were digosted with 2.1348 granm
Acy,0-Py mixture, Volure ,2151N NMaOH reguired after
16.87 rl.

fl

acetylation

Blank titre

H)

11.57 x 2.1348 = 24,70 ml.

Equivslent of .2151F =~cetic a2cid used = 24,7-16.87
= 7.83 nl.
Ghc = 7,83 x .2151 x 43.0¢ )
lOOOKE.2224+7=83X.2151x42.03) = 24,737,
“H 1000 ) S

FRACTION ITII. 65-70°C (1 wn).

.2087 gram substrnce ere digcsted —ith 2,0616 grem
Ac,0-Py rixture. Volune 21511 NaOH rcouired after
acetylotion = 16.25 ml.

Whence %Ac groups = 25,369,
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crystallisation purposes. .

&osmnll quantity was dehydrated by dissolving in
¢ther »nd standing over baked anhydrous sodium sulph=t:
for 48 hours. On cvaporstion of the cther under
suction, the o0il crystallised but 1l-tcr relt:d.
Concurrently »ith this process some distilled ligroin,
containing one drop of triethylamine catalyst per ml,
as dehydrated over anhydrous sodlur sulph=te.

Atout .2 gr-r of the dehydrated oil was then intro-
duced into - glass phinl with 2 lons nock, madc by
draving out the loer h=21f of ~ test tute. 3 rl of
the ligroin - catelyst rmixture, and €é drops of phenvl-
isocy-nate wire then addcd, and thc phinl se2led by
drawing out the longe neck from the centre in ordcr to
prevent condcensation of roilsture from the flame in the
tube.

The whole was thcen heat:d in the voapours of re-
fluxing methanol for % hour, »ftcr which it was cooled
in ice. From the mixture 2n oily sludee ~nd = quantity
of cryst=zls separatcad. The cryst~ls »erc found to be
diphenylurea, while vecuum distillation of thc sludge
in » small glass tube,fziled to produce =ny crystals
other than diphenylureca. Repeated ~ttempts to iscol-te
crystals failed even with the rost stringent precautions

taken against entry of —ater.
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encouraging since when consideration of its molecular
weight is taken into account vith the fact that some
0ils are prescnt, as shown on distillation, it may be
concluded either:-

1) That the tannin has largely been broken into
elementary units (mean molecular weight 160}, while
some of the lerger molecular units still remain (mean
molecular veight 1800 (35) ). Or

2) That the tannin has all been converted to units of
molecular veight 274, which are e¢2sily split to a
certain ext.ont 5y vacuum distillation on a rlycerol
baths the remainder of the molecular woipght 274 units
forming ethylenie links and condensing into =z polymer
vhich rcouires stronger heat for deccomposition.

It may be noted that using a 015 basis as generally
ascribed to tannin, a substance of empiric formula
015H1906 (molecular wcight 295) would require 61.01%C
and 6.485%H, Since the empiric formula generally
uscd for tannin is C15H1506’ the product obtained ray
have resulted from the reaction of each molecular unit
with 4 atoms of hydrogen. This hovever is unlikely,
even though Copper Chromite is not specific towards
the sz2turation of aromatic rings. Consequently

alternative 1 is to be preferred.
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less chance of modification of the products.

Emphasis must be laid on the necessity of obtzining
pure tannin as a starting product. Owing to the
sensitive naturc of the hydrogecnstion reaction, the
pr ence of thez slightest traces of impurities in the
form of the non-tan constituents of the raw material,
might so considerably modify the rcaction products as
tc prevent ~ny conclusions as to the nature of the tannin
moleccule biing drawn from the results. Further research
on tho hydrogenation of tanrin should therefore be
nccompanied by investigations directed towards the
purificetion of the starting product, or at very least
towards obtaining = subst-nce of standard particle size.

Further effort should te directed towards incressing
thic ylelds of hydrogenation products, which have hcen
found to be somerhrt low. To this end,a continued
stvdy of the use of Copp.r Chromite, inveolvineg variations
in the conditions of the reacticn, would appecar llkely
*> prove profitable.

It is surgested that the probler might be appro=ched
from two angles.

1) Continued experimentation to obtain full yiclds
of the elementary building units in the form of oils,
direct from tannin using Copp:cr Chromite Iin 927 dioxan
or some csuitable solvent. This to be followed by re-
hydrogenation and identification of the products,
after sepsration using more efficlent fractionating

columns. And





















