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CLAIM TO ORIGINAL RESEARCH

Isolated lignins, obtained by extraction with formic and

acetic acids, which are normally insoluble in aqueous bisulphite
water-soluble

solution, have been shown to yield, lignin sulphonic acids after

a prior treatment of the lignin with ozone. The alkaline

cleavage of these lignin sulphonic acids has given rise to

vanillin and acetovanillone, both of which have hitherto evaded

isolation from these lignins.

The use of formic acid as an ozonization solvent has been
developed, and its characteristics in this capacity demonstrated
by experiments on organic compounds of known structure.

For the first time direct chemical evidence has been
demonstrated for the presence of a carbonyl group in the solu-
bilization of lignin by aqueous bisulphites. A study of various
lignins has produced evidence to show that the carbonyl group
is agsociated with an hydroxyl group and that the presence of
both these groups is necessary for the formation of lignin
sulphonic acids. A new interpretation of the process of
delignification by means of aqueous bisulphite solution has

been postulated in view of these new experimental findings.

(vi)



HISTORICAL REVIEY.

PART I. - THE ACTION OF OZONE.

It has been known for many years that ozone is capable of
reacting with unsaturated hydrocarbons. Schoenbein (I) in 1855
noted the reaction of ozone with ethylene to form formaldehyde,
formic acid and carbon dioxide. Houzeau and Renard (2) observed
the reaction of ozone with benzene tut they regarded the product
as a peroxide rather than as an ozonide. Harrieg.(17, 18), in his
classical researches on the action of ozone, was trne first to
point out the true character of these so-called ozonides and he
was able to show, by analysis, that the reaction products
contained an -0-0-0- grouping for each double bond present in the
original substance.

These ozonides which are formed by the action of ozone in
the absence-of any moisture may then breakx down in one of tvo
ways:

(a) Reaction with water brings about complete rupture of the
double bond with the formaticn of aldehydes or ketones, thus,

>C

|
0—0—0

?<:+ H50 —>20=C + O0=C< +'H202

(b) In solvents such as absolute alcohol or glacial acetic

acid, or sometimes merely on warming, decomposition will take



Place in the absence of water to form a ketone, or aldehyde,
and a peroxide.
>C———C<(

| I —— 3¢l o+ o0
0-0—-0 0

"
Q
/\

These peroxides so formed often then break down under the
action of water to give carboxylic acids.

Thus mesityl oxide ozonide breaks down in two different
ways and the larger amount of decomposition taking place
according to the second scheme accounts for the relatively
small yields of methyl glyoxal and the observed occurrence of

formic and acetic acids.

(1) (CH3)2.f--?H.CO.CH3 + H;0—>(CH3)200 + OCH.CO.CH; + HOq

0-0-0 5
¢ o v ' \
(ii) (CAz)a-?——-?H-COoCHB —> (CHz),00 + é/CH.OO-CH3
0-0-0

0]
I\\‘CH.CO.CH

s
0/// 3 + HEO ——=> HCOCH + CH;COOH

The type of decomposition shown in (ii) accounts for 2
number of reactions which for some time were considered abnormal.
Thus pulegone ozonide, I, yielded@-methyladipic acid, II, and
acetone and not the substance which would be expected normally
“rom the usual type of ozonide decomposition, namely,

l-methyleyclohexanedione-3,4,III, (3)



CH
_ i Ji
—L —
0 COOH 0
0, |
0 COOH 0
C——-0
/\ co co
GH3 CH3 /7 \ 7\
c
C}H3 H3 0H3 CH3
pulegone
ozonide £ ~methyl- l-methylcyclo-
adipic acid hexanedione-3,l4

The behaviour of ozone towards ethylene double bonds is
substantially as general a reaction as is that of bromine.
In fact many substances which are not regarded as having
unsaturated bonds of the ethylenic type, such as benzene and
naphthalene, also react with ozone. Noller and co-workers (U4)
have studied the relative rates of ozonization of unsaturated
compounds. They obtained curves showing the relative rates
of ozonization of a wide variety of double bonded systems.,
It was found that wherezas a double bond, unaffected by the
presence c¢f other groups, adds ozone extremely rapidly, the
rate is markedly decreased when the double bond is conjugated
with carbonyl groups. Three or more phenyl groups or two
chlorine atoms attached to the doubly bound carbon atoms also
decrease the rate of addition. Where two or three double bonds
are conjugated with each other, one bond adds ozone rapidly
whiie the others add only slowly. In the case of cis-trans
jsomers where the rate of addition of ozone is decreased by

other groups, the trans isomer was found to add more rapidly
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than the cis fornm. They point out that the procedure should
prove valuable in the investigation of unsaturated compounds
of unknown structure, and outline an efficient experimental
procedure for obtaining the curves for the relative rates of
ozonization.

In addition ozone reacts much more rapidly with open chain
ethylenic linkages than it does with those present in aromatic
systems, ant furthermore it reacts more readily with a carbon
to carbon, than with a carbon to nitrogen double bond.
Leisenheimer (5) found that the ozonization of triphenylisoxazole
gave the »enzoate of bgnzil monoxime.

CgH5C———CC gHs 04 2gH50~ 003 gH
I

. I - > .
iu_O—C'C 6H5 ;‘20 N"OCOC6H

5

In many cases however the vresence of carbon to nitrogen double
bonds m=y lead to complicati ns and render the results of the
ozonizstion somewhat inconclusive.

Brus and Peyresblaugues (6) m=2de a study of the rates of
absorption of ozone and found evidence to indicate a two-stage
reaction for ethylenic compounds, first the ozonide formation
and then the so-called perozonide formation (Addition of 04).
Benzene and naphthalene were found to react in a single stage.
Absorption curves for styrene and phenylcyclohexene revealed that
the quantitative ozonization of the ethylenic linkage precedes
ozonization of the aromatic mucleus. Acetylenic derivatives

such as heptine reacted more slowly than ethylenic compounds
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bput more readily th=n benze.e. The three classes of compounds
yvielded distinctive absorption curves which permitted =n easy
differentiation.

Renard (7) by the action of ozone on benzene obtained a
zelatinous, very explosive mass, which he termed "Ozobenzol"
and to which he ascribed tane formula CgHgOg. Later Harries (&)
showed that actually a triozonide was formed which underwent
decomposition in the usual manner to yield three mols of
glyoxal. Since the formation and degradation of an ozonide
is accepted as excellent evidence for the presence of unsaturated
carbon atoms these results were internreted as veing extremely

favourable t> the Kekule benzene rinz formula.

P OHO
[:::] CHO  ~~CHO
—> O —_— |
CHO _—CHO
O3

CHO

This tyvoe of investigation was extended by Levine and
Cole (9) who obtained glyoxal, methyl glyoxal and diacetyl
from the ozonization of o-xylene. Since neither form of the
xylene could yield all three of the products ooserved it was
concludel that the hydrocarbon must exist as an eguilibrium

mixture of the two Kekule forms, as is shown.

CH

| 3

CH GO
CH300 N CHO

CHO
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The ozonization of acetylenic compounds is of interest
and has been investigated only in recent years. This tyve
of reaction has been shown to zive rise to 1,2 diketones, in
other words the carbon to cerboa link st the point of
unsaturation is not broken. Further oxidation, however, may
give rise to fission at this point with the producti-n »f the
corresponding acids. Briner and Wunenburger report an &1%
yield of glyoxal from the ozonization of acetylene, (10).

Hurd and Christ studied the ozonization of a number of
acetylenes and although they 1isolated no 1,2 diketones they
postulated that the mechanism involved the oreliminary
formation of the diketone and taen subsequent oxidation to

the acids by the hydrogen peroxide formed (11).  Thus phenyl
propiolic acid geve rise to benzoic a2nd oxalic acids »nd
phenyl acetyleae to benzoic and formic acids. Jacobs also
studied this reaction and succeeded in isolating the 1,2
diketones from two acetylenic compounds (12). He isolated
benzil and benzoic acid from the ozonization of diphenylacety-
lene, and benzylphenyldiketone and acids from benZylacetylene.
Mention is made of the fact that the solvent used, and the
temperature of the ozonization, as well as the method of splite
ting the ozonide are of great importance.

Smith (13%) investigated the action of a number of reagents
on ozone and found that there was negligible destruction on
passing ozone through water, dilute or concentrated sulphuric

acid, or water followed by concentrated sulphuric acid or acid
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permsnganate. However 5% sodium hydroxide or commercial
phosphorus pentoxide destroyed nearly all of the ozone, He
also found that if the phosvhorus pentoxide were resublimed
in a current of oxygen then it had no deleterious effect on
the ozone.

Noller and Xaneka (1Y4) ozonized a hydrogzen=ted biphenyl

and found the following reaction took place,

03 O3

OO —= -

oHo(CHe)ug—g(cHE,)ucHo + Hj0, —> HOOC(CH,)) CO0H + S00H(CH, ) CHO
From these results thev were led to conclude that steric
hindrance is not the factor involvedin the failure of

diphenyl itself to form a hexa-ozonide.

“hen the alkaloid, vseudo-pelletierin, 1s decomposed by
the exhaustive methylation method, the removal of the basic
nitrogen atom results in the formati n of 2 cyclo-octadiene
which Willstatter and Terguth (15) believed to contain a pair
of conjugated double bonds. This cyclo—~cctadiene polymerized
very easily. By the ozonization of this compound Harries (16)
was able to show that the double bonds were not conjugated but
were in the 1,5 position because it formed a diozonide the

hydrolysis of which yielded succinic diazldehyde and succinic acid



CiHE /CHQ——CHg\ ?H OH——?HZ
CI}HE HO.N\(CH3)2 CHp —> CI}HZ ?Hg
CHo CH,—— CH,, CH CH=——=CH
cyclo-cctadiene, 1,5
0

/A

CH,—CH— CH—CH, CHE CHO
0 —>
__ 93 e

CHp—CH—— CH—CHp CH, CHO

N/

5

Carl Harries did a great deal of the pioneer work on the
investigation of the action of ozone on almost every possible
variety of organic compound and has summarized his researches
in four general articles (17), and in one bound volume, (18).
Although Harries work has been very valuable the following
statement by 3rooks (19) is significant: "Critical examinatidn
of Harries' work is apt to elicit the fact that he freguently
paid little attention to the history or purity of his original
material and also that more definite results might often have
been obtained, in the terpene series, in the hands of other
well-known specialists in this field,"

The successful application of the ozonization technique
depends upon a number of different factors. One important

consideration is the nature of the solvent employed. Needless



to state, the solvent must be of an absolutely anhydrous nature
if the ozonide is to be isolated as such. Chloroform and
carbon tetrachloride have the disadvantage th=t they are them-
selves attacked by the ozone. Thus chloroform gives rise to
vhosgene and hydrogen chloride and when sensitive aldehydes are
expected from the s»litting of the ozonide, solvents from which
no hydrogen chloride can originate must be used. Since a great
many ozonides are of a very unstable nature the use of increased
temperatures in the removal >f the sdolvent by distillation is a
decided disadvantage. Ethyl, and particularly methyl chloride
are attacked only very slightly by ozone and on this bnasis, and
also since they are easily removed by evaporation, are very
useful. Unfortunately their high price hinders 2 more
frequent use. Glacial acetic acid is also very slightly
attacked; however most ozonides are soluble in it and do not
separate out. Their isolstion by evaporation of the glacial
acetic acid may entail certain difficulties because of the
relatively high boiling point of the acid. Many ozonides
easily decompose at this temperature or distil with the

solvent. However glacial acetic acid as a solvent is capable
of very wide application. Acetone is very little changed by
ozone, while, on the other hand, methylethylketone is greatly
affected. Acetone, while an excellent solvent, is not used
widely and of course cannot be used when acetone is expected

as a product of the decomposition of the ozonide.
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Petroleum ether is slowly attacked by ozone and adipic acid
has been found to be formed from the action of ozone on hexane.
Ethyl acetate which is frequently used is slowly split into
acetaldehyde and acetic acid.

The temperature at which the solvent is held during the
course of the ozonization is of importance. Not only is the
degradation to the solvent 1essenea at the lower temverature
but the optimum conditions for the formation of the ozonide
of various compounds depend t2 a large extent uoon the
temperature. Thus Briner a.d co-workers (20) ozonized maleic
anhydride in both chloroform and ethyl chloride at -60°C. and
found that a very ﬁnstable ozonide was forméd. At the other
extreme Bogert and Isham (21) carry out their ozonizations in
75% acetic acid at a temperature of 50°C.

The method of decomdosition of the ozonide is another very

important factor in deternining the yield of the resulting

products. Perhaps the most serious difficulty is the production
of hydrogen veroxide wnen the ozonide is split, and its

subsequent reaction with the products formed. Prior to the
researches of Harries vanillin had been made by the action of

ozone on isoeugenol (22). It was found that better yields could

be obtained by using a crude ozonizing apparatus giving dilute czone
of about 1% concentration than when using more concentrated ozone
mede by imoroved apparatus. Later Harries (23) showed that 704

yields of the vanillin could be obtained by treating the oZonide
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with zinc dust and acetic acid. Semmler and Bartlett have
shown that the side chain on safrol also reacts readily with
the production of homopiperonylic aldehyde (24).

LcCubbin (25), in an investigation of the oxidation of
tri-isobutylene by ozone, carried out the ozonization in glaci=l
acetic acid contzining 2% acetic anhydride.  The hydrolysis
of the ozonide formed in this wanner was effected by slowly
adding water and zinc dust to the reaction mixture. Jonsider-
able heat was evolved and cooling was necessary. “hen the
addition of the water and zinc dust was comnleted, the mixture was
first refluxed =nd then the resulting products sen-rated by
“distillation. icCubobin and Adkins (26) used this same method
in their investigation of di-isobutylene.

Whitmore and Church (27) studied the isomers of di-iso-
butylene which had been separated by fractional distillastion.
The ozonide was isolated as an explosive sirun and was decom-
posed by pouring it very slowly into a well stirred boiling
mixture of 500 cc. of water =2nd an amount of zinc dust, equivalent
to the ozonide, together with traces of hydroquinone and silver
nitrate. This was found to be a rather violent reaction. By
means of 2 rather complex system of condensers the wvolatile
oroducts which immediately distilled out of the boiling mixture
were caught in suit=ble receivers.

Much attention has been given the question of increasing
the yields »f aldehydes from the splitting of ozonides and the

catalytic hydrogenation of these ozonides is verhaps the newest

and most efficient method that has been devised. Thus Harriesg
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and Tank (28) in 1908 obtained only a 5% yield of glutaric
dialdehyde by treating cyclopenteneozonide with water.

Later Menzies and Robinson (29) by means of reduction of
cyclopenteneozonide and cyclohexeneozonide with titanium
trichloride obtained 20% yields of glutaric and adipic
dialdehyde respectively. F. Tischer and co-workers have made
a study of the catalytic hydrogenation of various ozonides (30)
and have reported yields of from 50 to 75% of glutaric and
adipic dialdehydes. The catalytic hydrogenation of the ozonide
obtzined from methvl heptenone was found to give a 707 yield of
levulinic aldehyde. They oostulate the following mecheanism for

the reaction of hydrogen with the ozonide:

O——0

| |
o + Ho —> RoC=C + O=CR2 + HBO

RoC CRo
N

The ozonization technique has 21so invaded the realm of
micro-chemistry. Kuhn and Roth (31) have devised a method for
the determxination of isoprooylidene groups by means of ozone (32)
The isopropylidene grouns attached to carbon are split off as
acetone by the ozone. Anv aldehydes which are formed are
decomposed by vermanganate, the acetone is then distilled over
and an excess OJf standardized iodine is added t0 the alk:line
solution. Titration with thiosulphate gives a measure of the

iodine not used in iodoform formation. It was established that



the acetone is stable towards ozone and also towards vermangnanate
under the selected conditions of the experiment. This is a
micro method and 2 to 3 milligrams of acetone may be determined
with an absolute error of less than 0.5%.

Wwhile isopropylidine zroups attached to oxyzen (as in the
acetone derivatives of sugars) may be determined with great
accuracy by means of acid hydrolysis, the theoretical amount of
acetone 1is only obtained in a few cases after ozonization of
compounds in which these grouvos are attached to carbon. With
all terpenes in which %acetone groups" 2re assumed to be »resent
the acetone values are below those expected. Because the deficit
is frequently associzted with the vroduction of formic acid and
formaldehyde, V. Srignard (33) came t» the conclusion that there
are nresent equilibrium mixtures of compounds c-ntesining GHZ
groups, such as,

CHo=C(ZHp) .CHp- o< form
and isomers contzining the isopronylidine radical,
(CHz) oC=CH- [ form.

This conception is shered by J. L. Simonsen, who is one of
the best authorities on tervene chemistry. He considers that
even in beautifully crystallized compounds, which to 21l appear-
ance are uniform, equal amounts of the ocand ésforms are ovresent.

It should also be noted that acetone is formed in consider-

able amounts from compounds which contain no isoprooylidine
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groups such as thymol, terpin hydrate, and isopropyl alcohol.
Isopropyl groupns in the neighborhood of which hydroxyl and
double bonds occur tend especially to form acetone.

Of recent interest is the work of Durland and Adkins (34)
in which they attempted to determine with ozone the position
of unsaturation in a hydroohenanthrene containing one double bond.
Their experiments were based on what they later termed "the naive
assumption that ozone was a rather svecific reagent for alkene
linkages", for indeed, they found that the chief product of the

ozonization of the unsaturated hydrophenanthrene was an unsaturated

ketone, nroduced by the oxidation of a methylene group, the
alkene linkage remaining intact.
In view of their rather anomolous findinzs Durland and Adkins

(35) undertook a further study of this type of reaction =nd

1

ozonized a number of known compounds. They found th=t ozone
reacted at 0°C. with saturated as well as unsaturated linkages
oxidizing CH and CHp groups to tertiary alcohol and ketones
respectively. They isol=sted a number of tertiary alcohols as the
result of the ozonization of alicyclic hydrocarbons and showed
that unsaturated hydrocarbons or ketones may be formed by the
dehydration of these alcohols under rather mild conditions.
Relatively high yields of acids were found as the result of the
ozonization of saturated hydrocarbons.

Thus the following interesting results were found in the

case of the ozonization of decahydronaphthalene, I, (decalin).
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The cis-decalin form oxidized more rapidly than the trans isomer
so that if a mixture »f the isomers was ozonized the products
were chiefly those from the cis comvound. Subsequent studies
were therefore made with pure cis and trans compounds.

The fractionation o°f the products from the ozonization »f
26 grams of cis-decalin for 147 hours at 0°C. gave 7.5 grams of
cis-decahvdronaphthol-9, II; 2 grams of & 9,10 octahydronanhthalene,
ITI; and small amounts of cis- xdecalone, IV. About 10 grams
of a mixture of unidentified ~cids was also obtained. Trans-
decalin gave in 287 yield the trans-decahydronaphthol-9, II; and
the trans- «decalone, IV; but unless soeci=l orec=utions were
taken the chief product was the octalin, III, in 217 yield.

A mixture of =2cids similzr in -wount to that from the cis-isomer

was obtalned. Arong these was identified tr=ns-cvclohex-ne 1,2
diacetic =acid, V.
OH o
1 E I__l_T OH W
CH,- CooH
CHy. CooH _
i yi OH

———

The ozonization of the cis—-isomer of II gave the ditertiary
glycol VI, as well as a mixture of acids. The cis and trans
isomeric alcohols, II, differed coinsiderably with respect to the
ease of dehydration to the octslin III, the trans isomer being

‘much more easily dehydrated.



PART II. — THE ACTION OF OZONE ON LIGNIY.

A number of workers have studied the action of ozone on
various lignin preparations but in general the fragments split
off by this treatment have been too small to be of any real
value in the elucidation of its structure. In 1906 Konig (36)
noted the vroduction of formic and oxalic acids by the action of
ozone on Willstgtter lignin. Dorée and Hall have observed the
formation of these same two acids on the ozonigation of lignin
sulphonic acids (37). Erdmann subjected WillstAtter lignin
to the action of a cold stream of oxygen containinz 2% ozone
and found that the lignin was slowly destroyed (38).

Pauly and Feuerstein (39) in a patent apvolication treated
woodmeal suspended in glacial acetic acid with 2zone and hydrolysed
the resulting oroduct claiming to obtain vanillin. No yields were
reported and this work requires confirmation.

Freudenber:s, Sohns and Janson (40) treated methylated liznin in
acetic acid solution with ozone. The acetic acid was then removed
by evaporation and the residual material taken up in water and
again subjected to the action of ozone. They recorted the
production of a 207 yield of oxalic acid and other unidentified
water-soluble products.

Phillips and Goss studied the oxidation of alkali lignin
obtained from corn cobs (41). ihen the liznin in glacial acetic

acid solution was treated with a dry stream of oxygen containing
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6% ozone for 25 hours, oxalic acid was obtained as a

product of the reaction. When the lignin was methylated

with dimethyl sulphate and then subjected to the same treat-
ment a small quantity of anisic acid, OH30.06H4.GOOH, was
identified in the ether extract of the resulting aqueous
solution. When the lignin was ethylated with diethyl sulvhate
and then oxidized with nitric acid p-ethoxy b»enzoic acid was
found, CH30H20.O6H4.COOH. No vields were renorted in either
case. In view of these results Phillios was led to conclude
that the venolic hydroxyl was free in the orignal lignin and

thst furthermore, the following grouningz must be oDresent in

the lignin, i
-G OH

3ell, in these laboratories (42), isolated acetone by the
action of ozone on formic acid lignin. Fully methylated birch
formic acid liznin gzave acetone, but no acetone was found using
fully methylated s»ruce formic acid lignin. Tarious fractions
of acetic acid birch liznin gave no> trace >f acetone whatsoever.
The yields from different fractions of the formic acid birch
lignin varied from 1.4 to 6.6%. It was assumed th-t the
dehydrating effect of the formic acid caused the formation of
an isooropylidine grouv.

Thus, it will be observed th=t the ozonization of lignin
gives rise to frazgments of such a small nature that they throw
very little light on the general structure of lignin.

Another difficulty frequently encountered in this workx is the

great insolubility of the majority of lignin preparations in
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the usual anhydrous ozonization solvents. In general, it

may be said that when a lignin is subjected to the action

of ozone there results, when the resulting product is

treated with water, a w=ter-insoluble lignin and an aquecus
solution. This latter solution contains mainly a water
soluble lignin-like material and oxalic &cid. The more
prolonged the treatment with o5zone, the smaller is the resulting
water—-insoluble and the greater the water-soluble fraction-
This action is accompanied by a decrease in the methoxyl

content of the lignin.
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PART III — THE CHEMICAL ASPECTS OF THE SULPHONATION

OF LIGNIN BY MEANS OF AQUEQOUS SISULPHITES.

The method of producing pulp by heating wood in aqueous
solutions containing calcium or magnesium bisulvhite and free
sulphurous acid has been an important industrial process for
many years. In this reaction the lignin in the wood is
removed as water-soluble lignin sulphonic acids. The two main
purposes in this sulphite process zre, on the one hand, the
removal of the maximum amount of the lignin from the wood and,
on the other, the production of as large a quantity of cellulose
as possible with a minimum of degradation of the latter.

The mechanism of the reactions involved in this delignification
has been the object of a great deal ©°f investigation and many
theories have been proposed to2 explain the formation of these
water—-soluble lignin sulphonic 2cids from the native lignin.
Despite the extensive research#, and the many theories which
have been provosed both from the chemical as well as the physico-
chemical standpoint, no completely satisfactory mechanism existe,
as yet, and furthermd>re it seems likely that such an explanation

must in all probability await a further elucidation of the

structure of "protolignin".

¥ Peter Klason was actively engaged in lignin sulphonic acid

investigations for some 38 years.
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A number of workers h=ve studied the action of bisulphites
and of sulphurous acid on known organic compounds in an attempt
to gain some insight into> the particular chemical grouoings in

the lignin at which the sulphonation occurs.

The Action of 3isulphites and 3Sulnhurous Acid on Organic

Compounds.

It is well known that sodium bisulphite forms addition
compounds with many carbonyl compounds, in p=srticular most
aldehydes, methyl ketones and cyclic xetones. For some time it
was not known whether the structure of the resulting compounds
was one of an hydroxy sulphite ester, (II), or that of anhydroxy
sulphonic acid (I), in other words whetaer or not the carbon
was linked to sulphur directly or throu-h oxygen to the sulvhur.
One of the chief characteristics of these bisulphite addition

compounds is the ease with which acid or alkali will reverse

the reaction.

R /OH R /OH
N \
¢ (1) o (1I)
/ N\ RN
H 803H H 0802H
< hydroxy sulphonic acid. oc<chydroxy sulvhite ester.

It is now generally agreed that the structure of these addition
compounds is that of the true sulphonic acid (I), (43,44).
It still remains necessary however to explain the marked

unstability of these compounds to acid as c.mpared with the
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stability of normal alkyl sulphonic acids to both acid and
alkali. This is assumed to be due to the fact that in the
hydroxyl sulvhonic acid structure the C-S linkage is weakened
by the presence of the OH group on the same carbon atom.

Thus an hydroxyl and a sulvhonic acid group on the same carbon
atom form an unsteble arrangement similar to that formed when
two hydroxyl groups are attached to one carbon.

Aldehydes can als? unite with sulvhurous acid itself. This
is the basis for Schiff's test to disti:guish aldehydes from
ketones. A solution of the dye fuchsin is just decolorized
with sulphurous acid,; addition »f an <=ldehyde removes the
sulphurous acid and the pink color reappears.

Now bisulphites als> react with an ethylenic double bond.
Thus allyl alcohol, CHo=CHCH5OH- . reacts with 2 concentrated
solution of potassium bisulphite to give CHBCH(SOBK)GHEOH.

This compound is the salt of a true sulphonic acid. Amylene,
cyclohexene, vinene and dioventene combine with the elements of
sulphurous acid on shaking with bisulphites to give sulphonic

acids (45).

Unsaturated acids, aldehydes and ketones give rise to beta
sulphonic acids. In the case of tne unsaturated aldehyde there
are tw> competing reactions, one reversible to give the unstable
bisulphite addition compound with the aldehyde group, and one,

slower and irreversible, to give the stz2ble beta sulphonic acid.
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Free sulphurous acid is known t2 sulphonzte by dehydr=tion

in certain cases (U46), e.g.

OH H O H,N(7H,) H C,.H4,N(CH,)

S0, ) —> O
g /N (cH_)_, 30 a ¥(CH,)
H 0 HNCH ), 305 CgHTICH;),

Mesitvl oxide gives an addition product on long standing,

(CH3)2C=CHCOCH3 —> (CH, ) G-CH,C0CH

3 5

SOBNa

Hibbert and Sankey (U47) carried out an investigation from the
physico-chemical st -nd»no2int on the reaction between sulphurous
acid and organic substanccs oi gnown structure. They found thet,
when 2 saturated aldehyde or ketone was heated in the oresence
of sulohurous acid, the specific conductivity increased with
rise in temperature due to the greater conductivity at higher
temderatures of the resulting sulph:nic acid. At 60-80° the
snecific conductivity drooved because of the dissociation of

of the sulvhonic acid into the orizrinal aldehyde, and the weakly
ionized sulvhurous acid. However, if an unsaturated aldehyde
such as cinnamic aldehyde were used, the gnecific conductivity
increased with rise in temperature, decreased slightly at 80°
due to the effect previously mentioned, and then increased at
higher temperatures due to the formation of the stable sulonhonic

acid by addition to the ethylene bond.
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Thus methyl ethyl ketone,‘OHBCDCHECHB, reacted very slowly.
But C6H5_CH=CHOOCH3 reacted at room temperature and since the

addition of sulphurous acid to =n ethylene double bond is slow

when it is the only reactive grou? &and higher tewperatures are

sulovhurous acid and a subsequent shift of the hydrogen,
Cer-CHr3H=C-OH3 CgH%fOHfCHE: —CHx

@] .
2 | —_— l I
SO,4 OH SO_H O

necessary Hiboert and Sankey proposed a 1,4‘addition of the
5 5

Dibenzyl ketone, 35H5_CHE_CO-CH2_Q5H5, did not react to form a

sulphonic acid. Dibenzoyl methane, C6H5-CO—CH2—CO—C6H5 ,

did not react =1lthough one might expe-:t enolization and 1,L

addition to the resulting conjugate system. wulnone was ‘rapidly

reduced t0 h rdroquinone with the forration of sulphuric acid.

With resorcinol and phloroclucinol there was lit*le reaction

up to 145°C. Cinnamyl alcohol, CgHg “H=CH-CH,0H, which has

an isolated double bond reacted very slowly even at 1U4R5°C,
Tetrahydrocenzene gave a slight reaction at high temperatures

and the resulting sulphonic acid was stable. Furfural gave

addition only to the aldehyde group. Furfuryl alcohol at

100-110°@. gave addition forming a stable sulphonic acid. Wwith

this substance Hibbert and Sankey postulated the oreliminary for-

mation of an oxonium addition oroduct with the sulphurous acid

followed by entry of the sulvhurous acid into the furane ring, thas, i

[:ijl HSO3 ‘ HSO 3
CH»OH HoSO CH.OH _— H I ﬂ-oH OH,
0 2 H29V3 2 2 0 v

~ + +
(SOZH) H H + H2303



V. ith glucal rezction took olace at 100°

the acld with the sulphonic acid grouning at tne

position indicated.

through an intermediate oxonium compound.

They also showed from conductivity exveriments
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This was nelieved to go

to give

C-Ho
H-C-30H
HO-G-H 0
H-G-0H
H-C
CH,O0H

that liznin

sulphonic acids are very strong acids comparable in strength to

a mineral acid.

Bucherer (U48), after an extensive investiga*ion of the

reacticas of sulvohurous acid and its salts with various organic

groupings, sumred

\/

V,
aQ o

C

\/

un these reactions in the following manner.

—CH

—_—>

—_—

—_— >3H——C-303Na

—————%>-§C—803Na

~
“/’,3 - OSOeN&

SOBHa

Bucherer found that phenol gave only a trace of sulphonic

acid derivative when treated with sulphurous acid under the

conditions of the sulvhite cook but that resorcinol foriwed

a sulohonic acid quantitatively.

Puchs and Elsner (49) in 1920 sugwested that in the

formration of the sulnhonic acid of resorcinol one molecule of

the dihydroxy vhenol in the Zzeto form reacts with three mole-

cules of sodium bisulohite,
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H H Hp

c G H o oH
HOZ NG-0H 1Y No=0 Nao3s> o ol
HC§C/CH HQC\C/CHz HEC\C/CHa

| i A\

OH HO 80.Na

3

and that this resulting complex, on hydrolysis with either

acid or alkali yields 3,5 diketo hexamethylene l-sulphonic acid.

( ‘ H2 H2
HOH) H ¢ H G
——> ¢~ gooH 67 Ng=0
Na03s | | — NaOBS | |
HC§C _oH < ch\C/CH2
I 1]

OH 0

This appears reasonable since one would expect the unstable
keto-bisulphite addition comolex to be removed by the acid and
the sulphonic grouping formed by 1,4 addition to the conjugated
system to remsin stable.  However 32ucherer (50) has vointed
out that pyridine will add bisulshite to form a similar addition
¢ccmoound, 86H5N.3NaH803. 2H20, and in this case no carbonyl
group would be involved.

Holmberg (51) has conducted a series of model experiments in
which he showed that methvlphenylcarbinol and diohenylcarbinol

formed bisulvnhite reaction products as follows:
CH ?03H
C

| 3
H——C—JSO3H < > | ~ )

H




Physico-chemical Aspects of the Reactions of Lignin

with Agueous Sisulphites.

The rate of extraction of lignin from wood in the
Sulphite Process is controlled by three distinct factors:

(1) the rate of penetration of the sulphite liquor into the
wood chio, (2) the rate of sulphonstion of the lignin to form
an insoluble sulphonic acid, and, (3) the rate of solution of
the latter. "/ith the use of a finely divided wood-meal the
penetration fazctor becomes negligible and it is thus vossible
to study the second and third stages, and to determine which

is the controlling factor in the rate of solution of the lionin
from the wood.

If a sulohite cook is stopped before all the lignin has
passed into solution, tie residual lignin in the pulo that is
obtained is found to be sulphonated, but it is not in a form in
which it is soluble in water. However on boiling this oulp
with dilute hydrochloric acid the lignin sulvhonic acid passes
into solution, and Harglund (52) has concluded that this is the
result of a hydrolytic reaction, possibly involving a glucosidic
linkage between the lignin sulvhomiz acid and carbohydrates.

‘“hen wood is trested with sulpuite cooking liguor having a
low free sulvhurous acid conte:t, suzh as sodium bisulphite
(without the addition of the excess sulphur dioxide), *he lignin
sulovhonsztes readily, but the hydrolysis is gre~tlv delayed due to

the low hydrogen ion concentratiin. The pulp so ovt-ined isg
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characterized by high lignin, sulvhur and methoxyl content.
Hagglund (53) treated such a pulp for 1 hour at 135°C. with
buffered solutions of H3P04.K3P04. At a pH of 1.85, over

90% of *he lignin passed into solution in 1 hour, while at a
pH of 3.5%, only 50% of the lignin had dissolved, and Hagglund
concluded that the rate of solution of the lignin =2t the end
of the cook is devendent -n the pH of the cooking liquor.
Stangeland \54) considers the removal of the "encrust-nts"

from the wood by the sulphite process to proceed asgs s first order
reaction, in which the hydrolysis rezction determines the total
rate of the process.

The work of Hagglund has shown th=t the rate of delignifi-
cation 1s slow at the very begin..ing of the cook, due to the
time required for the sulphonation. 3y commencing the cook
at the maximum temperature, rather than t=xing one or two hours
to briag the temverature to 110°C., Yorston (55) has confirmed
this ooservation. From a kinetic study of the reaction he
finds that the rste of sulphonati'n at any tiwe is oroportional
to the unsulphonated lignin remaining in *the »pulp while the
rate of removal of sulphur from the ulp, which is an index of
the sulphonated lignin, is provortional to the guantity of
sulphonated lignin vresent.

Kullgren (56) also considers that the delignification of
wood depends upon the initial formation of an insoluble lignin

sulphonic acid complex. Now this would exist larzely as +*he
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calcium salt, but there would be a certain equilibrium
between the salt and the free acid. Kullgren considers

that only the vortion which existed in the form of the free
acid would pass into the soluble liznin sulphonic acid.

Then immediately a new equilibrium would be formed between the
calcium and hydro-en ions, resulting in further solution.

An undercooked sulphite pulo will of course contain the
insoluble calcium lignin sulphonate complex and i€ this is
washed with dilute hydrochloric acid, cation exchange takes
vlace between the calcium and hydrozen ions in the pulp, A
oulp so treated was washed with water and then in three
experiments Kullgren refluxed it at 120°C. with (i) distilled
water, (ii) 0.004 ¥ HO1l and (iii) 0.004 N HC1l solution which
was also 0.04 N with resnect to NaZll.

In the first two exderimetns in which the insoluble lignin
sulphonic acid complex existed as such rather than as the sodium
salt, its solution proceeded very ranidl—- and at the same rate
in both cases. However, he found that in the presence of the
sodium chloride practically no extraction toox wlace in spite
of the acidity of ‘*he medium. From this extremely interesting
observation he concluded that the rate of solution depended on
the ratio of the free undissolved sulphonic acid to its salt
which is not necessarily dependent on the pH of the extraction
medium. .If the solution resulted from the normal hydrolysis

reaction, the rate would be directly deovendent on the pH. The
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more rapid extraction of the calcium salt at low pH as
observed by H#gglund might result from this change in the
cation equilibrium.

Kullgren, however, overlooxs the fact that the free
sulphonic acid when in solution shows a lower sblubility and
a much greater teaxdency to polymerization than do its salts.

It hardly seems likely that the solution of the lignin can
be due to a greater solubility of the free acid. “inen wood
is heated with sulvhurous acid without the addition of lime,
dark colored pulps and liquors are obtained.

Perhaps these anparent discrevancies may best be
reconciled if the assumvption is made that the solid lignin
sulphonic acid complex undergoes some chemical change before
passing into solution, and that this change is dependent on
the sulphonic acid radical in the molecule. Such a change
might be the hydrolysis of a lignin-carbohydrate complex, or
a depolymerizstion of the liznin itself.

It has been shown by Campbell and Maass (57) that a normal
cooking liquor of 5.12% totul and 1.28% combined sulphur dioxide
at a temperature of 100°C. has a hydrogen ion content of 0.002
molar and these authors sug:cest that the reason sulvhite solu- .
tions are effective in promoting lignin removal i;iZecause the
sulphite addition compounds are soluble but that the solution is

so slightly acid under the conditlions employed that resinifica-

tion of the lignin is minimized.
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Hagglund (58) agrees with Hibbert (59) that sulphonation
takes place in two stages and it is now generally accented (60)
thet in the first phase a water insoluble lignin sulphonic
acid in the so0lid state is formed and that this in the second
phase 1s split into carvbohydrate and water soluble lignin
sulphonic acid. H;gglund has examined these two phases very
thoroughly and has found that the soeed with which the first
phase takes place is dependent upon the speed with which the
cooking liquor penetrates the chips, and on the ion concentra-
tion. The second phase is mainly devendent on the temperature
and pH of the liguor. The question of the homogeneity of
native lignin must be considered before vroceeding to the various
chemical mechanisms that have been proposed for the sulphite cock.
Of course very lit*le is xnown Of the exact nature of the lignir
as it actually occurs in the plant but the sulphite cooking
process gives rise to a product which may oe fractionated into
two components, namely ocand @Glignin sulphonic acids. Klason
(61) first showed that the elignin sulphonic acid may be
obtained by orecipitation with @naphthylamine hydrochloride
as an insoluble addition cHomplex of the lignin sulphonic acid
and the vase. Klason (62) pointed out that only aldehydes and
not ketones will react with this reagent and that therefore this
reaction of the oclignin sulphonic acid is typical of an aldehyde
group. The second fraction, the ZGlignin sulphonic acid, is not
precipitated from its acid solution by penaphthylamine hydro-

chloride (63), forms no insoluble barium salt, but may bve
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orecivitated with lead acetate as a white solid.

Klason bvelieved that the elignin sulphonic acid was an
oxidized form of the éelignin sulohonic acid, because he found
(64) that the latter when oxidized with hydrogen peroxide in
the presence of ferric chloride, could then be precipitated
with é$naphthylamine hydrochloride. The resulting product
closely resembled the addition complex formed from the o<lignin
sulphonic acid and the base.

It has been shown by Tomlinson and Hibbert (65) that the
various fractions of lirnin sulphonic acid from spruce wood
yield on alkaline cleavage, varying amounts of vanillin,
pointing to a constitutional difference between these fractions.
However, Hagelund (66) claims thet the lignin is homogeneous in
the plant but that lignin sulphonic acids of varying particle
size are formed depending uoom *he conditions o the cook. He
believes thz=t the fraction:-tion is Jorincinally 2 question of
saltiaz out and *hat s>dium chloride, salts of aromatic amines,
alkaloids, etc., salt out *he less finely disversed lignin
sulphonic acids which are design=ated as o1liznin sulpvhonic
.acid. The vortion which cannot be precivitated in this
manner he believes t> be in a finely dispersed condition as
shown by *he ease with which it passed through a parchment
membrane. This @ lizain sulvnhonicz acid is further character-
ized by its ability to reduce Fehling's solution and its high
degree O°f sulphonation. This way be due to the fact that the

CG lignin sulphonic acid is less highly polymerized and that
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there are consequently more free aldehyde groups vresent
in the aliphatic portion. In accord with this it has a lower
methoxyl content and holds more suldhur dioxide in loose com-

bination than does the oclignin sulohonic acid.

Organo-chemical Aspects of the Heactions of Lignin with

Agueous Risulphites.

A great number of théories have been advanced with regard
to the actual groupings in the liznin to which the SOBH
radicle becomes attached. TFor some time it has pecn known that
a portion of the sulohur consuxed in the formation of li.nin
sulphonic azids is firmlvy and irreversivbiy bound, while another
zortion is helc loosely and may be removed by acid or alzali.
Hggglund snd Carrick (67) found that, of the t>t=1 sulphur con-
sumed, the loosely bound sulnhur dioxide reoresented 20-307%,
the firmlv bound 50-20%, and that about 20% wasg oxidized,
presumably by atmospheric oxygen to sulvhuric acid. Sulphur
contents have been repd>rted in the literature varving from 47
(68) to 12% (69), although the averace value is about 5%.
For this reason it seems very orobable that the caioium
bisulphite reacts with more than one tvvoe of group in the lignin.
it least one of these groups is necessary idr the subsequeat
solution of the lignin and reacts quite readily. A second and
possibly a third group react with relztive ease but beyond that
stage high temperature and orolonged heating =zre necessarvy.

Hggglund sucgzested (70) that the loos:ly bound sulphur was
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attached to an aliphatic group or to a pyrocatechol residue
with which it was oound through the keto form.

Klason (71) in 1893 suggested that lignin sulvhonic acids
were bisulphite addition products of a tautomerized vhenol, but
later, in view of his work on the vrecipitation of lignin
sulphonic acids with @naphthylamine hydrochloride, (72)
considered that the sulphurous acid added to an acrolein grouv

in the lignin,

R."H=CH.CHO —>~ R.CHP-“H-CHO —_— > R.CHZ.?H.CHSOBH
— ' N

S0H S03 H

As has been 7ointed out there is very little evidence indicating
& difference in chemical structure betreen the two fractions
which would account for the preciositation of one and not the
other when @naphthylamine hydrochloride is added. Kl=ason's
orignal idea was that the formation of an inner cyclic salt was
necessary to explain the insolubiliity of the oroduct, and that
the @lignin sulpnonic acid contained -n acrylic scid rather
than an acrloein groun. Reference has alrezadvy heen made to the
fact that in 1928 (64) he found that the Gacid, after treatment
with hydrogen veroxide, could then be orzecioitated with -
rnaphthylamine hydrochloride- {lason exvlained this by

assuming that the original Mlignin sulphonic acid contained an
acrylic alcohol, rather than the acrylic acid group which had
oreviously been considered present. Oxidation with the peroxice

would then convert the acryvlic alcohol into an acrolein derivative.
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capable of forming a cyclic salt with the S nadhthylamioe
hydrochloride. However, as has been mentioned, Hggglund
considers the difference is not so much a chemical one as a
question of different states of molecular aggregation.
Freudenberg (73), in 1932 oroposed, instead of his
original view of addition to the aromatic nucleus, the direct
addition of sulphurous acid to ethylenic double bonds in fhe
lignin complex. Since lignin is known to contain an
insufficient number of double bonds to account for this theory,
Freudenberg assumed that water is first eliminated between a
methylene group and an adjacen* second2ry hydroxvl, and that
the sulohurous acid then added to the resulting double bond.
He considered that the reaction might ve a direct elimination
of water or elsc that it might oroceed throuzh the initial
formati->n of a sulvhite ester, from which sulvhurous acid could

be eliminated to form tne double bond.

-H,0 Ho 80
—CH,— OH —&> -OH=——=CH ——% -CHy—Gii-
e 30

OH 35
Hp303 ~HpS03
~0Hs;— QH- ——"CH—(H ——% -CH=CH-
OH 0
30 oH

As will be observed frow. these reactions one hydroxyl
grouo is lost for each sulohonic acid groud whizh is intro-
duced into the lignin comvlex. Hggglund and Tarlsson (74)
showed that this is not the case since both the lignin

sulphonic acid and the origin=1 lignin on methylation gave the
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same methoxyl value, and from these results »ostulsted that
for every sulvhonic acid group which entered there was also
formed an hydroxyl group which could bve nethvlated. They
interpreted their results on the hy»othesis that an ethvlenic
oxlde ring was o%ened durinz the sulphonation with the
formation of fthe sulphonic acid grouo on one carbon and the
new hydroxyl grouv on the adjacent carbon atom. In view of the
fact thzt there was no exPerimentsl proof that the oxygen ring
which was o2ezed was 0f the ethylenc oxide tyre Hggglund at a
later date (75) changed his hvoothesis t> inclufe any oxygen
ring.

Freudenberg (76) has recently suoosorted this theory and
has oroduced evidence t0 show tiiat this new hydroxyl group
is vhenolic and is methylatable with diazometh~ne. Freudenberg
conducted a ceriez of exveriments using Erdtman's acid, which
is foried o7 the oxidstion of two molecules of isosugenol. The

mech=nism is assuried tobe as follows:

_cH 0 CHg-COF
CH3 v 3"1-1 3 i
I Il
oy + CH %
—_—
O%H OTH H O”H
OH OH |
HC 0
. (a)
THy

CH



COOH
H CoH
HAG 3
(4) oxidation |
HC—O
. (B)
UH}

OH

‘This acid was trezted with sulohur>us acid under the conditions
of the sulohite cooix and the sulvhonation product as well as the
methylaeted derivatives were a:zsigned formulae, 2lthough there was

no complete oroof of structure.

CCOH J00%H3
0H "H
3 3
H/ OH H/ OCH,
CH,O CH”
3] 4]
— 3 (o] q < ~
(B) _HpSOz ~ HCO—SO3H HeNp H S0507H
& OCH
00H 3
OCH

Oxidation zave 17% veratric acid and 4% isohemininic acid out
of a calculated 39 and 48% resvectively. The forwmation of
these acids was in accord with the results obtained when lignin
itself was treated in the same manner. The low yields were

explained as teing due to the fact thet the suldhonated oroduct
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had polymerized and hence only the terminal groups were
liberated. It should be noted that these model experiments
account for the formation of a new hydroxyl group for each
sulvhonic acid group formed, as was shown by Hggglund and
Carlsson (74).

Freudenberg upholds Hibbert's view that in the lignin
sulphonic.acid the sulphonic acid grou> is adjacent to the
aromatic nucleus. Tomlinson and Hibzert (77) found that
vanillin was obtained by boiling lignin sulphonic acids from
spruce wood with alkali and fﬁrthermore that methylated lignin
sulphonic acids yielded veratric aldehyde. This afforded
conclusive proof that the original lignin sulphonic acid con~-
tained a free nhenolic hydroxyl zrouv. The fact that only
sulphonated lignins yield vanillin on boiling with alkalil
indicated that the presence of the sulphonic radicle is essential,

and indicated further thet it is orobaovly adjacent to the

gnaiacol nucleus. The Tomlinson-Hiboert explanstion was as
follows,
CH,O CH-0 CH-0 H
b | 5 reverse 5 !
H H-SHo- [aOH, HO CH-CHo= ——> HO C=C
l | aldol
SOBH OH

If the following grouding were dreseat in the n:tive lignin,

CH.,O
b

HO CH=CH=
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sulphurous acid would add readily to the conjugated system
to give a sulvhonic acid. However Tomlinson and Hibbert

found that the chalcone, 3 hydroxy, 4 methoxy benzalacetophenone

Ol
I

0 OCH
3

gave rise to an 80% of the theoretical vield of vanillin on
boiling in alkaline solutionm. Therefore if the 1,4 conjugated
system existed in the native lignin then a hizh yield of
vanillin should be obtained by boiling the woodmeal with alkali

without the orevious sulphonation. As this is not the case

it is therefore doubtful that tahe above group exists in native
lignin.

Holmberg (78) has como=red the reaction between thiogly-
collic acid and lignin with that of sulphurous acid and lignin
and has concluded that the two> mechanisms are identical. As
a result of his intensive studies he believes that a hydroxyl
grouo Of the lignin molecule reacts with the mercanto grouv of
the thioglycollic acid thrzu.h the elimination of water, and he
suggests the possibility that in the sulphite cooking »rocess
the bisulphite reacts with an alcoholic hydroxyl grouv accord-

ing to the equation:

<C.0H + HSOzH —> C.80;H + HYO
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Recently Ahlm and Brauns (79), in an investigation of the
reaction of thioglvcollic acid with spruce lignin, have ob-
tained results which indicate that with the entrance of each
new thioglycollic acid groupn no new hydroxyl grour is formed
nor is a hydroxyl group split off.

Brown and Brauns (80) made an extensive investigation into
"The Effect of Pretreatment of Spruce Wood on the Reaction in
the Sulphite Cooking Process". These authors ran parallel
sulphite cooks under the same conditions on a sample of native
spruce woodmeal and also on a samnle 0f the same woodme=21l which
had been methylated with diazomethane. They found that the
unmethylated woodmeal zave a normzl »uln containing about 3%
lignin, but that the methylated woodmeal gave a v»ulp which had
the same lignin content as the starting material.

In view of the fact that the methylations were carried out
in neutral solution and at low temoerature the authors dezided
that an hydroxyl group vresent in the original lignin vlayed the
decisive role in the sulphite cook. kore drastic pretreatmeant of
the original wood meal such as the action of acids or alkalies,
was found t2 greatly hinder the process of the delignification
with the sulphurous acid- They suggested that these reagents
might bring about a condensation or a polymerization of the ligrin.

Brown and Brauns are of the belief that the sulohite cook
takes place in two stages. The first staze reorecents the addition

of sulphurous acid to the native lignin to form a solid lignin
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sulphonic acid. In the second stage they believe a
rearrangement takes place, dependent on an hydroxyl group,
this rearrangeczent giving rise t> the soluble lignin sulphonic
acid. In the methylated wood meal the process is thouzht to
proceed as far as the first step, since analysis shows that the
lignin after methylestion is still cavable of binding sulvhurous
acid, but the amount held is considerably less than that held
by the untreated wood. The reaction stoos at this voint, they
believe, since the blocking of the hydroxyl group orevents the
rearrangement from taking place. It seems to the writer that
this view of Brown and Brauns is open to some criticism since
there is no indication that the small amount of sulphurous acid
held by the methylated wood meal is that which is actually
involved in the rearrangement. It seems more reasonable to
consider this sulphurous acid as NOT being involved in the actual
delignification but rather as the loosely bound sulphur which
is known to exist; and that the introduction of the sulphurous
acid necessary for the solubilization of the lignin is vrevented
because of the fact that the hydroxyl group present in the
lignin has been blocked by the methylation.

For some time it has oeen an established fact that, with
few exceptions, all li-nins isolated by such extract=ats as

glacial acetic acid, formic a-id, sulphuric and hydrochlorice
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acids, alcoholysis (alcohols plus mineral acid), etc. are
insoluble in sulphite liquor. In other words these isolated
lignins do not form lignin sulphonic acids, a behaviour in
marked contrast to that of "Protolignin'.

H8gglund (&l) has suggested the following mechanism for
the alcoholysis reéction which gives a lignin which is alkali

solUble but does not react with sulphite liquor.

| I | — - — — — "
: l ! |
| |
| !
| |
| |
H|OR | |
0 C~ OH —?—
OR

He attributes the failure of these lignin preparations to
dissolve in sulvhite liquor to the blocking of the resulting
aliphatic hydroxyl group by an alkyl rest.

However oak lignin, isolated by an acetylation technique
(82) has been shown by Steeves and Hibbert (83) to yield a lignin
suiphonic acid on treatment with sulphite liguor under the
conditions of the sulphite cook and this lignin sulvhonic acid
has béen shown to yield equal quantities of vanillin and sy;ingic
aldehyde by alxaline cleavage. The same treatment of the lignin
sulphonic acid obtained from oak wood meal (i.e. from the true

native oak lignin) also gives rise to the same yields of these
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compounds.  Hawkins and Hibbert showed further (84) that
treatment of the isolated oakx lignin with glacial acetic acid
at the reflhx temnerature or methvlation with either dimethyl
sulvhate or diazomethane rendered the lignin insoluble in the
sulphite liquor. They produced evidence to show that tertiary
hydroxyl groups were involved in the mechanism of the delignifi-
cation °f the wood, by means of aqueous bisulvohites.

Cuproxam liznin has been shown by Freudenberg (85) to be
soluble in sulvhite liquor. Recently Brauns has obtained =
lignin (86) which he considers to e very similar to the actual
native li»nin. This "native lignin" is characterized by being
soluble in sulohite liquor, but no information is given as to

its mode of isolation or assumed structure.



DISCUSSION OF RESULTS

Introduction

The properties of birch formic acid lignin have been
thoroughly studied by Lieff (92) and those of birch acetic
acid lignin by Bell (42) in these laboratories. Reference
has already been made to the fact that Bell studied the action
of osone on birch formic acid~ and acetic acid lignins and
found that acetone in small yield was a product of the degra-
dation of the former but not of the latter. The work of Bell
was concentrated on the yield of acetone and no reference was
made to the water soluble and water insoluble fractions arising
from the ozonization. It was the purpose of this investigation
to characterize these fractions. Unlike the non-ozonized
lignins, they are soluble in aqueous bisulphite solution and
this afforded the opportunity, by their further study, of
throwing additional light on the mechanism of lignin sulphonic

acid formation.
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Formic Acid as a Solvent for Ozonization

The ozonization technique requires that the ozone-oxygen
mixture be passed through a solution of the substance under
investigation. However the marked insolubility of the larger
fractions of birch formic acid lignin in the usual anhydrous
organic solvents, such as chloroform and ethyl acetate, renders
these useless for this purpose. Glacial acetic acid was also
found to be unsatisfactory in this respect. The similarity of
formic to acetic acid, and the fact that the lignin was actually
obtained by extraction with the former, suggested its use as an
ozonization solvent. In so far as the writer can determine its
behaviour has not been previously studied in thies resvect.
Consequently it was deemed advisable first to compare its
characteristics with those of a typical solvent such as ethyl
acetate, by oreliminary ozonization experiments on a number of
compounds of known structure.

Maleic acid was chosen as a tv>ical unsaturated compound.
This would vield glyoxylic acid, and any further oxidation of
the latter would result in the formation of oxalic acid.

A sample of maleic acid in formic acid solution was subjected

to ozonization and, after removal of the solvent by distillation
under reduced pressure, the ozonide was decomposed with water.
Aliquot samples of the resulting agqueous solution were then

examined. The absence of oxalic acid was confirmed by the
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lack of a precipitate on the addition of calcium hydroxide
solution. This test was shown to be sensitive to as small an
amount as 0.0005 g. of oxalic acid. The glyoxylic acid was
determined as its 2,4 dinitrophenylbydrazone and was obtained
in a yield of 98&%.

Maleic acid was then subjected to a similar ozonization
in anhydrous ethyl acetate. In this case the yield of glyoxylic
acid, determined as the 2,4 dinitrophenylhydrazone, was found
to be only 14.5%. The yield of oxalic acid, determined as
calcium oxalate, was 80%.

Since it was hoped that aromatic compounds might be isolated
by the action of ozone on lignin it was of interest to determine
the stability of certain typical aromatic compounds towards
ozone. This was done in the two solvents under comparison,
namely, formic acid and ethyl acetate.

The first aromatic compound chosen was vanillin. A formic
acid solution of this compound was subjected to the action of
ozone for two hours. The vanillin remaining in an aliguot of
the aqueous solution of the reaction mixture was determined as
the meta-nitrobenzoylhydrazone, and was found to be present in
a yield of 42% based on the original weight of vanillin.

Another aliqguot of the reaction solution was extracted with
ether and the vanillin isolated and purified by sublimation.
This method gave a yield of U8%. No oxalic acid was formed

in this reaction.
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The ozonization was then repeated using anhydrous ethyl
acetate as the solvent. Neither oxalic acid nor vanillin was
found in the reaction mixture. The ethereal extract of an
aliquot of the reaction mixture gave, on sublimation, vanillic
acid in a 21% yield.

Veratric aldehyde was then ozonized in both formic acid
and ethyl acetate solution. The reaction mixture from the
ozonization in formic acid was found to contain 62% of unchanged
veratric aldehyde, determined as the meta-nitrobenzoylhyvdrazone.
No formation of oxalic acid took place. With ethyl acetate as
solvent for the ozonization no unchanged veratric aldehyde was
left but veratric acid was found in a U5% yield. The results
of this study are summarized in Table I, page U47.

Thus it is seen that formic acid, in comparison with ethyl
acetate, possesses some rather unique properties in regard to its
use as a solvent for ozonization. A very definite protection
of the aldehyde group from oxidation is evident and furthermore,
the degradation of the aromatic nucleus is lessened by its use.
In the case of the maleic acid the formation of the oxalic acid
is undoubtedly due in part to oxidation of the glyoxylic acid,
formed on decomposition of the ozonide, by the hydrogen peroxide
formed simultaneously.

o)
HOOC . CH=HC . COOH i >  mHOOO . CH——HG .COOH

0—0—0

H,0

> HOOC .CHO + OHC.COOH + H202

HOOC .CHO + HOy ——m—> HOOC.COOH + HEO



TABLE I

FORMIC ACID AND ETHYL ACETATE AS OZONIZATICON SCLVENTS

Original Formic Acid Solvent | Ethyl Acetate Solvent
Compound Substance Yield| Substance Yield
Maleic acid Glyoxylic acid | 98% | Glyoxylic acid| 15%
Oxalic acid 80%
Vanillin Vanillin 45% | Vanillic acid 21%
Veratric Veratric Veratric
62% U5%
aldehyde aldehyde acid
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It should be noted that this explanation, in view of the
yield of hydrogen peroxide formed, accounts for the formation
of only a 50% yield of oxalic acid. It now becomes necessary
to explain the lack of oxalic acid formation when formic acid
is used as the solvent- This is in all probability due to the
fact that the formic acid used was not of an anhydrous nature
but was of 95% strength and thus the ozonide first formed was
immediately decomposed by the water present to form glyoxylic
acid. It is known that hydrogen peroxide reacts with formic
acid to produce carbon dioxide. This fact would also explain
the large percentage recovery of vanillin and veratric aldehyde
when formic acid solvents are used, the oxidizing effect of the
ozone being exerted on the formic acid rather than the compounds
in question.

These facts seemed to indicate that in any further
investigation of this problem formic acid might serve as a
valuable and unique ozonization solvent. This was not inves-
tigated further however, since the primary object has been to
ascertain its applicability as a solvent for the ozonization
of lignin.

It will be noted that vanillin and veratric aldehyde
undergo considerable decomposition on ozonization but it should
be borné in mind that these compounds are subjected to the action
of all the ozone that is passed into solution, i.e. there is

present no ethylenic double bond to which the ozone can add and



- 49 -

thereby be absorbed. In view of this fact vanillin and
veratric aldehyde must be regarded as being comparatively
stable under the conditions employed. The degradation using
formic acid as the solvent was found to be somewhat less than
when ethyl acetate was used in this capacity. Of considerable
importance is the fact that no oxalic acid was formed due to
the decomposition of these aromatic nuclei by the ozone.

This will be discussed in a later section.
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The Ozonization of Lignin

In two separate experiments 10 grams of the dioxane soluble
fraction of birch formic acid lignin were dissolved in 250 cc.
of formic acid and subjected to the action of 6.65 grams of
ozone. After removal of the solvent under reduced pressure
the residue was distilled with water and acetone was identified
in this distillate as the 2,4 dinitrophenylhydrazone. The water
insoluble lignin fraction was obtained by filtration of the
aqueous solution. The filtrate, after continuous extraction
with ether, was evaporated to dryness and the water soluble
lignin fraction obtained by precipitation of this residue from
acetone into ether. Oxalic acid (1.2 grams) was identified
in the ether extract.

The average yield of the water insoluble fraction was
1.4 grams or, in other words, the ozonization had converted 86%
of the lignin into water soluble products. Of this 86% an
average of 51% was recovered as the water soluble lignin fraction.
The remaining 35% was accounted for as ether soluble material,
of which 6% was identified as oxalic acid. There was observed
a very marked decrease in the methoxyl content of the lignin.
Thus the original lignin had a methoxyl content of 16.5% which
dropped on ozonization to an average of 5.4% for the water
insoluble fraction, and to 4.6% for the water soluble fraction.

These results are summarized in Table II, page 51.



TABLE II

THE OZONIZATION OF BIRCH FORMIC ACID LIGNIN

Birch Formic Acid > Water insoluble Fraction - §5.3% OCH 11% yield

Lignin  — ¢ |

— Water soluble Fraction - Y4.5% OCH 4% yield

Aqueous distillate - Acetone 0.005 g. or 0.03%

—'[Q—

Ether extract of
aqueous solution - Oxalic acid 1.2 g. or 6%

Birch Formic Acid > Water insoluble Fraction - 5.6%OOH3 17% yield 651
5

Lignin 9z
_, Water soluble Fraction - L4.7% OCH, 484 yield
10 g.  16.5% OCH-
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The yield of acetone was extremely small, namely 0.03%,
as compared with a value of 1.35% obtained by Bell (42) on the
ozonization of a chloroform soluble fraction of birch formic acid
lignin. This is explained by the fact that the ozonization by
Bell had been carried out in anhydrous chloroform, whereas the
work under discussion had been done in 95% formic acid.
The presence of this 5% of water in the reaction mixture would
cause the tmmediate splitting of any ozonide formed and thus the
larger amount of the acetone, if formed, would be exvected to
be swept out of the reaction mixture by the stream of oxygen-
ozone mixture vassing through it. It should also be pointed
out that all of Bell's work was done on chloroform soluble

lignin fractions in contrast to the chloroform insoluble fractions

used in the present work, and there does not exist any evidence
that the grouping responsible for the acetone production exists
to the same extent in the two different fractions. In this
connection it might be well to note that Kuhn and Roth (3%1) have
found that, in addition to isopropylidine gfoups, isopropyl
groups also tend to form acetone under the action of ozone,
especially when the latter are in close proximity to hydroxyl
groups or double bonds.

The yield of oxalic acid was found to be 6% and it seems
very probable that this compound arose from degradation of the
aliphatic portion of the lignin complex since, as has previously

been pointed out, no oxalic acid is formed by the action of
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ozone on typical aromatic compounds such as vanillin and
veratric aldehyde.
The water soluble, and water insoluble ozonization
products were then subjected to a methylation study, using
both diazomethane and dimethylsulphate as well as following
the dimethylsulphate treatment by one with diazomethane.
The results of this study are summarized in Table III, page KU,
It will be observed that neither dimethylsulphate nor
diazomethane alone (with the exception of sample II-B!') is
capable of fully methylating the ozonized lignins and that they
still retain their alkali solubility. Methylation with both
reagents, however, gives a product which is insoluble in alkali.
The methylation with diazomethane following the dimethylsulphate
treatment adds aporoximately 10% methoxyl to the sample and this
is also the amount of methoxyl lost when the diazomethane
methylated sample (I-B) is treated in the cold with alkali.
The original lignin on ozonization was found to have lost nearly

this same value of 10%



TABLE III

SUMMARY OF THE METHYLATION STUDY OF THE PRODUCTS FROM THE OZONIZATION OF

BIRCH FORMIC ACID LIGNIN®#*

Lignin
16.5 OCH3
03
5 }
Water soluble Fraction Water insoluble Fraction
Exp.I-A. 4.7% OCH4 Exp. II-A. 4.5% OCH Exp.I-A'. 5.6% OCH Exp.II-A'. 5.3% OCHz
CH N, Me,S0) MeéoS0y CHoN,
I-B. 21.2% OCH, II-B. 16.2% OCH I-B'. 12.4% OCHs II-B'. Alkali
Alkali soluble. Alkali soluble.’ Alkali soluble. insoluble.
5% NaOH CHoN, CHoN,,
I1-C. 11.0%00113 II-C. 25.2% OCH3 I-C'. 23.7% OCH-
Alkali soluble. Alxgli insoluble’ Alkali insoluble:

¥ Chloroform insoluble fraction.

i
\J1
=
|
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With regard to the observed loss in methoxyl on ozonization
of lignin it was of interest to determine if there existed in
the lignin a type of what might be termed 'unstable methoxyl',
and if methoxyl which was added to the lignin would remain
stable to the ozone treatment. For this purpose three samples
of an acetone soluble fraction of birch formic acid lignin were
employed; one was ozonized directly, the second was fully
methylated with diazomethane and ozonized under the same con-
ditions and the third fully methylated with dimethylsulvhate
and also ozonized under the same conditions. Yields of the
water soluble, the water insoluble and the ether soluble
fractions were determined and methoxyl analyses carried out on
the various products. These results are summarized in Table
IV, page 56.

There arose the possibility that the loss in methoxyl was
due to the splitting off of a fragment having a high methoxyl
content and which was present in the ether soluble fraction.
That this was not the case, however, was shown by the methoxyl
analysis of the ether soluble fraction after removal of the
oxalic acid. This fraction also showed a decrease in methoxyl.

Examination of the results in Table IV reveals a number
of interesting facts. Whereas the yield of the ether soluble
fraction remains constant to a remarkable degree the yield of
the water insoluble, and consequently of the water soluble
fraction as well, appears to depend directly upon the methoxyl

content. The yield of oxalic acid also remains quite constant,



THE DISAPPEARANCE OF METHOXYL ON THE OZONIZATION OF BIRCH FORMIC ACID LIGNIN

TABLE IV

Water insoluble

Water soluble

Ether soluble Fraction

Wt. of Fraction Fraction
Fraction Wt. ozone
used. Oxalic | Residue
Yield OCH3 Yield OCH3 Yield acid OCH3

Acetone soluble

(17.3%00113) 2.5 g. | 1.07 g- 31% 7.05% 40% 6.25% 30% .84 -
Acetone soluble
methylated with | 2.5 g. | 1.15 g. 56% 14.2% 144 | 10.8% 28% b, 44 10.1%

CHoNo

( 24.05% OCHz)
Acetone soluble
Methylated with [ 2.5 g. | 0.97 g. 66% 19.6% 5% | 12.75% 30% 4. &% 15.1%

(31.55% ocH3)
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and it is suggested that the greater part of this ether soluble
fraction arises from degradation of the aliphatic portion of
the lignin complex. It has already been pointed out that no
oxalic acid is found to arise from the action of ozoae on such
aromatic compounds as vanillin and veratric aldehvde.

Another observation is the fact that there does appear
t0 be evidence for a tvpe of 'unstable methoxyl! in the lignin.
Thus when the methoxyl content of the lignin is increased from
17 to 244% with diazomethane, the methoxyl content of the
resulting water insoluble fraction is also found to be increased
by the same amount, i.e. from 7 to 1lU4%, an increase of 7.
Similarly the dimethylsulphate treatment increased the methoxyl
content from 17 to %1% (an increase of 14) and the resulting
water insoluble fraction was found to have a methoxyl content
of almost 20% as compared to 7% for the unmethylated water
insoluble fraction, which is an increase of 13 as compared to
the 14 originally added. This unstable methoxyl may exist as
such by virtue of its mode of linkage or more probably by
juxtaposition to a point in the lignin molecule at which fission

takes place under the action of ozone.
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The Structure of Lignin and its Relation to Solubility in

Aqueous Bisulphite Solution

The alkaline cleavage of the lignin sulphonic acids from
a number of different woods has been rather thoroughly inves-
tigated. The isolation of vanillin from spruce lignin sulphonic
acid by Kurschner (93) has been more recently improved upon
by Tomlinson and Hibbert (65), who have shown that vanillin
may be obtained in yields of 6% based on the lignin content of
the liquor. Still more recently another guaiacyl derivative,
namely acetovanillone, has been isolated by Buckland, Tomlinson
and Hibbert (94). Leger and Hibbert (95) have also obtained
guaiacol itself from the alkaline cleavage of spruce waste
sulphite liquor.

In view of the distinctly higher methoxyl content of hard
woods as compared to soft woods, Hawkins, Wright and Hibbert (96)
undertook a study of the alkaline cleavage of the lignin sul-
phonic acids prepared from a number of representative hard
woods such as birch, oak and maple. They found that equal
quantities of vanillin and syringic aldehyde were obtained,
the combined yield being of the order of 6%. Further inves-
tigation by Leger and Hibbert revealed the presence of the
syringyl analogues of acetovanillone and guaiacol in the
alkaline cleavage product from birch waste sulphite liguor.

Thus acetosyringone, but no acetovanillone, was found to be
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present (97); and the analogue of guaiacol, namely pyrogallol
1,3 dimethyl ether, was also isolated in small yield (98).

Since it was found by the author that the water insoluble
ozonization product from formic acid lignin was soluble in aqueaus
bisulphite solution, presumably with formation of a lignin
sulphonic acid, it became of interest to determine the effect
of alkaline cleavage on this newly formed product.

Before this investigation could be undertaken, however,
it was necessary to determine the minimum amount of ozonization
of the lignin which would render it completely soluble in aqueous
bisulphite solution. For this purpose numerous runs were
carried out on identical samples of birch formic acid lignin
with varying percentages of ozone. The methoxyl content and
percentage solubility in standard sulphite liguor under stand-
ardized conditions was determined on the water insoluble fraction
resulting from the ozonization. In addition it was found that
birch acetic acid lignin and maple ethanol lignin alsc gave
rise to bisulphite soluble fractions on ozonization. The results
of this study are incorporated in Table V, page 60.

It was also observed that a continued refluxing of the
ozonized lignin with water after removal of the formic acid
solvent somewhat increased the solubility in sulphite licuor.

The relation of loss in methoxyl to increased solubility in
sulphite cooking liquor, and the increase of the latter with

increasing ozonization, is shown in the graphs on vage 61.



' RELATION OF DECREASE IN METHOXYL AND INCREASE IN SOLUSILITY IN

SULPHITE LIQUOR FOLLOWING OZONIZATION OF LIGNIN

Water insoluble

% Solubility

Run Wt. % OCH3 gédgf 03 g. of O Fraction Loss in in Sulphite
ed reactin OCH Liguor
% yield % OCHg E
Formic acid Lignin - Acetone soluble Fraction - |
R 18.55 0.149 0.167 95% 15.9 2.65 36%
g, 2g 18.55 0.341 0.290 88% 13.€5 b7 61% é;
; G 1&.55 0.U26 0.368 68% 11.65 6.9 88% !
1p. Water Treatment 11.5 0.15 100%
N, 2 g 16.55 0. 485 0. 5404 72% 12.5 6.05 78%
Iy, Water Treatment 11.75 0.75 &5%
6. 2g. 18.55 0.502 0.396 73% 12.6 5.95 73%%
7. g 18.55 0.505 0.405 65% 11.45 7.1 82%
{p. water lreatwent 98%
8 (Bg TaEss V0.59% 0.463 604  11.8 6.75 854
9. 2 g 18.55 0.705 0.54k 53% 10. &5 Ti? 934
Formic Acid Lignin - 90% acetone-water soluble Fraction-
10:.7 2 g 15.5 0.606 0.462 74% 9.5 6.0 884,
5. 2 g- 15.5 0.488 0.794 g2% 10.4 5.1 76%
14, 2 g. 15,5 0.538 0.432 75% 9.6 549 87%
Acetic Acid Lignin - Acetone soluble Fraction -
il. ag. 18.7 0.280 0.223 66% 1.5 4.2 624
1llb. Water Treatment _ 65%
e 0,498 0.371 53%  12.85 5. 85 86%
ol e 18.7 0.350 0.278 604  14.2 4.5 75%
Ethanol Lignin -
15. 2 g. 26.0 0.580 0.434 62% 17.5 8.5 72%
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THE ACTION O¥ OZONE ON LIGNIN

4 Increase in solubility of birch formic acid lignin in

sulphite liquor with increasing ozonization.

© Increase in solubility of birch formic acid lignin in

sulphite liquor with loss in methoxyl.
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From these results the amount of ozone necessary to bring
about 100% solubility in sulphite cooking liquor of formic acid
lignin was calculated. The ozonization was carried out and the
resulting water insoluble lignin fraction was then cooked with
sulphite liquor in the usual manner. A portion of the
resulting liquor was freed from inorganic material by dialysis
and the purified lignin sulphonic acid recovered and analysed
for sulphur and methoxyl. The remaining liquor was subjected
to alkaline cleavage in 24% sodium hydroxide and vanillin and
acetovanillone were identified as products of this degradation.
These compounds were found to be present in apcroximately
equal yields of 1% based on the lignin content of the liquor.

A similar procedure was next carried out on birch acetic
acid lignin, and again vanillin and acetovenillone were formed,
this time in somewhat higher yield, (2.7% in each case).

The similarity of these results with those obtained in the
igsolation of vanillin, acetovanillone, etc. from lignin sulphonic
acids preprared from the protolignin pointed to the fact that
these newly formed lignin sulphonic acids from formic and acetic
acid lignins were indeed comparable to the usual type of lignin
sulphonic acid; and further, that any evidence on the mechanism
of the formation of these sulphonic acids might be justifiably
compared to that of the reaction of protolignin itself with

sulphurous acid.
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For this reason the solubility or non-solubility in sulphite
cooking liquor of a large number of lignin samples, both before
and after ozonization, before and after methylation with
dimethylsulphate and/or diazomethane, after treatment with the
grignard reagent, etc. was determined. Some of the results
are summarized in Table VI, page 64 and Table VII, page 65;
others will be described subsequently.

The next section will be devoted to a discussion of the
theoretical implications of the experimental results and the
additional experimental data will be presented as the various

points under discussion are developed.
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TABLE VI

SOLUBILITY IN SULPHITE LIQUOR OF VARIOUS LIGNINS BEFORE AND

(1) Formic Acid Lignin
(17.3% OCH;) ,

AFTER OZONIZATION

—Water insoluble
Fraction

INSOLUBLE.

(7.05% OCHB)

l>Water soluble
Fraction

(6.25% 00H3)

(2) 1. above treated Water insoluble
with CH N Fraction
(24.05% 0 H O» (1k.2% OCH3)
INSOLUBLE. L§Water soluble
Fraction
(10.8% OOH3)
(2) 1. above treated —Water insoluble
with MeESOy Fraction
(31.55% 0CH, o (19.6% OCH-),)

INSOLUBLE.

INSOLUBLE - Insoluble in Standard Sulphite Liquor at 110° for 12 hrs

SOLUBLE

I>Water soluble
Fraction

(12.75% OCHB)

Completely

Completely

Completely

Completely

Completely

Completely

SO LUBLE.

SO LUBLE.

SO LUBLE.

SO LUBLE.

SOLUBLE.

SO LUBLE.

—~ Soluble in Standard Sulphite Liguor at 116° for 12 hrs.



TABLE VII

SOLUBILITY IN SULPHITE LIQUOR OF VARIOUS PRODUCTS FROM THE

OZONIZATION OF FORMIC ACID LIGNIN

Birch Formic Acid Lignin
(16.5% OCHz)

INSOLUBLE-
v
Water soluble Fraction Water insoluble Fraction
SOLUBLE. SOLUBLE.

I-A. 4.7% OCH3 II-A. 4.5% OCHgz I-A'. 5.6% OCHz II-A'. 5.3 OCH
I-B. 21.2% OCH II-B. 16.2% OCH I-B'.712.49 OCH3 II-B!.

INSOLUBLE SOLUBLE SOLUBLE INSOLUBLE

5% NaOH lOHgNE lCHzNa

I-C. 11.0% OCHz II-C. 25.2% OCH, I-C'. 2%.7% OCH

SOLUBLE. INSOLUBLE. INSOLUBLE,

#% Chloroform insoluble fraction,
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Theoretical Discussion of Experimental Resulsts

(a) The Action of Formic and Acetic Acids on Protolignin

For some time it has been recognized that the action of
the extractant in the isolation of a lignin must be considered
as the first in a series of reactions on the protolignin.

Wright and Hibbert (99) in a study of spruce formic acid lignin
showed that the more soluble, and therefore simpler fractions,
had higher hydroxyl and lower methoxyl values than the more
complex, insoluble analogues. This decrease in hydroxyl value
with decreasing solubility suggested that increasing aggre-
gation of the lignin complex is associated with loss of hydroxyl.
Wright and Hibbert also produced evidence for the presence of
what they termed 'hidden hydroxyl groups'. Thus from an active
hydrogen content of four hydroxyl groups Per kilo of native
formic acid lignin it was calculated that complete methylation
should give a product having a methoxyl content of ol 6%.

However it was found that repeated methylations with dimethyl-
sulphate and alkali gave a product having 30% methoxyl and

still containing 2 -~ 3 hydroxyls per kilo. They interpreted
these results as evidence that new hydroxyl grouvs appesar on
methylation with alkali and supported this view by showing an
increase from 4 to 12.5 hydroxyls per kilo and a decrease in
methoxyl from 12.9 to 12.0% on allowing spruce formic acid lignin

to stand in the presence of 1% alkali for forty-five days.
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Thus formic acid may be pictured as increasing the polymerization
of the protolignin by causing a loss of water between hydroxyl
groups, this reaction being reversed by the action of alkali.

A method of isolating lignin by means of glacial acetic
acid was developed by A. Bell (Y42) and was applied to birch wood.
In general, the properties of the acetic acid lignin were found
to be similar to those of formic acid lignin. It was demon-
strated that the more soluble fractions contained no 'hidden
hydroxyl groups' but that the more complex and insoluble fractions
did apvear to contain 'hidden hvdroxyls' similar to those found
in the formic acid lignin.

From the point of view of the present research the most
significant change which the protolignin undergoes after isolation
with formic or acetic acids is its inability to react with
sulphurous acid to form the water soluble lignin sulphonic acids.
Due to the action of these organic acids the groups present in
the lignin complex which are responsible for the sulphonation
lose this ability. If this action may be assumed to be due
to dehydration the importance of the hydroxyl groups in the
sulphonation of lignin is at once spparent.

A native oak lignin, readily soluble in bisulphite solution,
is obtained by the acetolysis of oak wood meal at temperatures
not above 30°, followed by a subsequent deacetylation of the
isolated lignin (82). This isolation for the first time of a

completely bisulphite soluble extracted lignin is undoubtedly
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connected with the protection of the hydroxyl groups in the
protolignin by their acetylation. Hawkins (&4) has shown
that refluxing this native oak lignin (in which the hydroxyl
groups are now free) with glacial acetic acid causes complete
insolubility of the reaction product in bisulphite solution.
In addition, treatment of the oak lignin with methanol-hydrogen
chloride, a resction which would be expected to block certain
hydroxyl groups or possibly result in their disappearance, also
caused the lignin to become insoluble in bisulphite solution.
Ozonized birch formic acid lignin, which is completely
soluble in bisulphite solution, becomes insoluble upon treat-
ment of the lignin with formic acid at the reflux temperature.
It has also been shown that lignins isolated by alcoholysis
with ethanol, propanol and butanol are bisulphite insocluble.
This type of isolation is one in which certain hydroxyl groups
would be blocked by ether formation. The importance of the
hydroxyl group in the sulphonation reaction will be shown further

in the next section.
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(b) The Action of Ogzone on Isolated Lignins

From the point of view of the solubility of ozonized lignins
in bisulphite solution the action of the ozone is the reverse
of that brought about by the action of formic and acetic acids
on the protolignin in that with the former reaction bisulphite
soluble products are formed. As has been pointed out the
further action of formic acid on the ozonized lignin reverses
this reaction to give a product which is insoluble in bisulphite
solution. Thus the ozone must in some manner create or liberate
the grouping involved in sulphoaation. It has been shown by
the author that hydrogen peroxide, acting upon formic acid lignin,
gives a product which is bisulphite soluble; also that continued
refluxing with water of ozonized lignin results in a somewhat
greater bisulvhite solubility, thus indicating that a type of
hydrolysis is in all probability involved.

The facts in Table VI, page 64, show that complete methy-
lation of the lignin, either with dimethylsulphate or diazo-
methane, prior to the ozonization has no effect on the bisulphite
solubility of the ozonized products and thus the groupings
‘involved in sulphonation must have been formed as a result of
the ozone treatment. Perhaps the most natural assumption to
make with regard to the effect of ozone on lignin, especially
in view of the usual change involved in the ozone reaction, is
that carbonyl groupns are created, these latter being of either

an aldehydic or a ketonic nature. To test this theory Grignard
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analyses of a lignin before and after ozonization, (i.e. of a
lignin completely insoluble and of one completely soluble in
bisulphite solution), were made. Insoluble birch formic acid
lignin prior to treatment with ozone on analysis showed an
addition of 1.9 mols per kilogram and active hydrogen of 6.25
mols per kilogram. The bisulphite soluble ozonized lignin
showed an increase in addition of 0.6 mols to 2.5 mols per kilo-
grem, and a slight decrease in the active hydrogen to 5.5 mols
per kilogram. These results would tend to favour the assum-
ption that sulovhonation is due at least in part to the formation
or liveration of carbonyl groups during ozonization. This
assumption was later shown to be incorrect, (page 73), and is
discussed in detail in the next section.

The Grigrard analyses cannot be considered as being of
great value in this study for the following reasons. Greater or
lesser degradation of the lignin occurs, depending uvnon the
extent of the ozonization, the water insoluble fraction pre-
dominating when the ozonization is comparatively mild.

From the lignin~like nature of this fraction the essential
aromatic nucleus is apparently still intact, and only non-nuclear
fragments seem to have been affected. Grignard analyses of

this water insoluble fraction indicate the total carbonyl and
hydroxyl groups present, whereas the actual amount of these
concerned in the sulphonation undoubtedly constitutes only a
small fraction. In addition, there is no way in which the

amount of active hydrogen and carbonyl lost due to degradation

can ve determined.
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From the graphs on page 61 it will be noted that the
relation between the loss in methoxyl and the increase in the
solubility in bisulphite solution is practically linear.

This loss in methoxyl, however, is to he regarded as entirely
fortuitous and not directly concerned with the liberation of
the group or groups involved in the sulphonation reaction.

The relation between the amount of ozone used and the increase
in bisulphite solubility is not quite linear and is in all
probability due to the fact that increasing amounts of ozone
are required as the concentration of reacting groups in the
golution diminishes, since the ozone does not remain in solution
unless it reacts but is constantly being bubbled through it.
Further consider=ztion of the action of ozone will be dealt with
in the next section in connection with the reaction of lignins

with sulphurous acid.
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(c) The Reaction of Lignin Preparations with Sulphurous Acid

Perhaps the most important single piece of evidence in this
investigation relating to the formation of lignin sulphonic
acids is the fact that a carbonyl group is intimately associated
with the ability of lignins to react with sulphurous acid.

In 1920 Klason (72) postulated the participation of a carbonyl
group in this reaction but this is apvarently the first time
that direct chemical evidence for this fact has been obtained.
This has been demonstrated in a number of different instances
which will be descrived. Furthermore it will be shown that
this carbonyl group, either active or nascent, is present in
the original lignin prior to ozonization and is not created by
the action of the ozone.

The ozonized birch formic acid lignin (bisulphite soluble)
was recovered from the Grignard analysis by precipitation into
water, washed with water and dried. This sample, in which
presumably there now existed no carbonyl grouvs, was subjected
to a sulphite cook under the standard conditions of 110° for
12 hours employed throughout this investigation. The sample

was found to be completely insoluble.

Now, in view of this result, if the solubility were due
to a carbonyl group or groups created by the action of the
ozone then treatment of the lignin with the Grignard reagent

prior to the ozonization should have no effect on the subsequent
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solubility of the ozonized lignin. However this was found to

be not the case. A sample of birch formic acid lignin was
treated with methyl magnesium iodide and was found to be insoluble
in sulphite liquor. The ozonized lignin was also found to be
insoluble under the same conditions. Thus the carbonyl group
involved in the sulphonation must have existed in the original

formic acid lignin, as is indicated in the following scheme;

Formic acid Lignin

INSOLUBLE
c
03 H3MgI
SOLUBLE INSOLUBLE
CHBMgI O3
INSOLUBLE INSOLUBLE

Native oak lignin is believed to closely resemble proto-
lignin, especially in regard to 1its solubility in agqueous
bisulphite solution. A sample of this lignin was next treated
with methyl magnesium iodide and the product of this reaction

was found to be insoluble in sulphite liquor. The ozonization

of this product gave a material which was also insoluble.

Further proof of the important role played by the carbonyl
group in the sulphonation reaction was obtained in the following
manner. A sample of solvent extracted spruce wood meal

(M.S%»OCH3) was 'grignardized' by prolonged treatment in the
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Grignard machine with methyl magnesium iodide. The reaction
product was dried and subjected to a standard sulphite cook,
upon the completion of which the pulp was filtered off, washed
and dried. The methoxyl content of this pulp was U4.1%.
Comparison of this value with the original value of 4.8% shows
that very little delignification had occurred.

Bearing in mind these facts concerning the carbonyl group
it is now necessary to return to a consideration of the hydroxyl
group and its relation to the sulphonation. Evidence has alrezdy
been presented to show that the insolubility in bisulphite solution
of most isolated lignins is due to reactions concerned with the
hydroxyl group. Furthermore the experiments with the Grignard
reagent have shown that apparently the carbonyl group involved in
the sulphonation is not affected by the action of the formic acid
on the protolignin, since the group exists in the isolated formic
acid lignin, the 'grignardization' of which destroys the solubility
of the ozonized product.

Consideration of the facts in Table VI, page 64 and Table VII,
page 65, shows the importance of the hydroxyl group in the
sulphonation reaction. Thus methylation with diazomethane, but
not with dimethylsulphate, in some manner blocks the solubility of
the ozonized lignin in the sulphite liquor. It appears that
about 10% methoxyl cannot be introduced by the dimethylsulphate
and that it is this particular methoxyl that is involved in the
sulphonation and consequent solubility. It will be noted that

alkaline hydrolysis of an insoluble lignin (insoluble due to
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diazomethane treatment) restores the solubility of the lignin.
This fact would favour the view that the methyl group was on
an hydroxyl of a rather labile character, possibly of an enolic
nature- It has previously been pointed out that the particular
hydroxyl concerned must be created by the action of the ozone
since complete methylation of formic acid lignin, either with
dimethylsulphate or diazomethane, prior to ozonization has no
effect on the resulting bisulphite solubility. Further con-
firmation of this fact was obtained in the following manner.
Complete methylation of bisulphite soluble native oak lignin
destroys this solubility. Upon ozonization of this methylated
lignin the product was found to remain insoluble, thus rendering
in this case
very unlikely the possibility that  the hvdroxyl group concerned
in sulphonation is liberated by the action of the ozone.

The dependence of the sulphonation reaction on an hydroxyl
group was also demonstrated in the following manner. Extracted
spruce wood meal (4.8% OGH3) was cooked in standard sulphite
liquor for 12 hours at 110°. The methoxyl content of the
resulting pulp was 2.4% indicating the removal of a portion of
the lignin. The low temperature of the cook is undoubtedly
responsible for the more or less incomplete removal of the lignin,
A sample of the same spruce wood which had been methylated with
diazomethane to a value of 7.2% OCHz was then cooked under the
same conditions. The methoxyl analysis of the resulting pulp
was 5.8%. This shows that the great majority of the lignin

had not been removed and that the blocking of a certain hydroxyl



- 76 =

group in the protolignin with diazomethane had hindered the
process of delignification. This result is in harmony with
the results of Brown and Brauns, (&0).

Recent work in these laboratories by Cramer, Hunter and
Hibbert (90) on the ethanolysis of spruce and maple woods has
given rise to the isolation of two new compounds, the ethoxy
derivatives of I and II, and it is their belief that all
extracted lignins are condensation polymers derived from

building units such as I and II or their dismutation isomers.

CH+0 CHBO
HO O CO—“HOH-CH3 HO D CO—GHOH-CH3
CH3O
I II
« -hydroxypropiosyringone « —~hydroxypropiovanillone

In soft woods only II would be concerned, while in the hard
woods both I and II are believed to take part in the formation

of extracted lignins. It was thus of interest to determine

the behaviour of these compounds to hot bisulphite solution.

It was found however, that both these compounds were quite

stable to sulphite liquor under the standard conditions of 110°
for 12 hours. In addition, o<-ethoxypropioveratrone was found
to be stable under the same conditions. Benzoin was recovered
quantitatively and unchanged after cooking for 12 hours.

These results quite definitely point to the fact that addition of

sulphurous acid does NOT take place at the double bond resulting
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from enolization between adjacent carbonyl and hydroxyl groups.
Cramer (90) has shown that, on warming with dilute sulphuric
acid, Xx-hydroxyproviovanillone is converted to a light brown
condensation product to which is attributed many of the properties
of Freudenberg's 'Cuproxam' lignin. However, with regard to
its action with bisulvhite solution, the writer has found that,
in contrast to Freudenberg's lignin, this material is insoluble
in hot bisulphite solution. Furthermore it was found that a
prior treatment with ozone of this material had no effect on the
bisulphite solubility, a behaviour in marked contrast to the
results observed in the cases of formic and acetic acid and
ethanol lignins.
Formic acid 'lignin' was prepared by refluxing ec—hydroxy-
propioveratrone with formic acid and pouring the reaction
mixture into water. This gave rise to a lignin-like precipitste
which was found to be completely insoluble in hot bisulphite
solution. The action of ozone was found to have no effect on

this solubility.

The sulphur analyses of the lignin sulphonic acids prepared
from ozonized formic and acetic lignins were approximately 6%,
which is of the same order as the isolated lignin sulphonic
acids obtained directly from the wood. The methoxyl contents
were, however, considerably lower, namely 3.3 and 6.4% for the
lignin sulphonic acids from formic and acetic lignins respectively
as compared to approximately 157 for an isolated birch lignin

sulphonic acid. The ozonized lignins, before cooking with



the sulphite liquor, had methoxyl values of &.3 and 13.3%
as compared to 15.5 and 18.8% for the formic and acetic

lignins before ozonization.
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(d) The Action of Alkali on Lignin Sulphonic Acids

The lignin sulphonic acid prepared by cooking yellow birch
wood meal with sulphite liquor has been shown on alkaline
cleavage to yield 2.7% vanillin and 2.8% syringaldehyde based
on the lignin (96). Only acetosyringone, and no acetovanillone,
was found in birch waste sulphite liquor and the yield was much
smaller, being of the order of 0.8% (97). Pyrogallol 1,3 di-
methyl ether was also found to be present in birch waste sulptrite
liquor in the small yield of 0.2% (98).

In contrast to these results the lignin sulphonic acid
prepared from ozonized birch formic acid lignin gave rise, on
alkaline cleavage, to only guaiacyl derivatives, namely vanillin
and acetovanillone, and in approximately equal yields of 14%.

The same results were observed when the lignin sulphonic acid
from ozonized birch acetic acid lignin was subjected to alkaline
treatment, although in this case the yields were of the order of
2.7% based on the lignin. Presumably this is the first time
that acetovanillone has been obtained from a hard wood since,

as previously mentioned, Leger and Hibbert found only aceto-
syringone in birch waste sulphite liquor. In Table VIII,

page 80, is vresented a summary of the various yields which

have been obtained by various means from birch lignin sulphonic

acids.



TABLE VIII

COMPOUNDS ISOLATED FROM VARIOUS BIRCH LIGNIN SULPHONIC ACIDS

Isolated birch

Birch waste

Lignin sulphonic acid from

Compound . .
lignin sulphonic sulphite Ozonized formic Ozonized acetic
acid liquor acid lignin acid lignin

Vanillin 2.7% 2.9% 1% 2.7%
Syringaldehyde 2.8% 2.9%
Acetovanillone 1% 2.7%
Acetosyringone 0.8%
Pyrogallol 1,3
dimethyl ether 0.2%

Totals 5.5% 6.8% 2% 5. 4%

- 08 -
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There are two possible explanations as to why no syringyl
analogues were found in the presentvinvestigation. In the
first place the formic and acetic acid lignins which were used
had previously been subjected to a solvent fractionation.

Some workers have even termed those fractions having the higher
methoxyl content, the ;;iingyl fractions, and those of the

lower methoxyl content the guaiacyl fractions (92). In both
cases the vanillin and acetovanillone was obtained from fractions
of the crude lignin having the lowest methoxyl content, and

the results obtained thus support the correctness of the term
‘guaiacyl fraction'. It must also be noted that the formic

and acetic acid lignins, previous to the preparation of the
lignin sulphonic acids, were subjected to a treatment with ozone.
Thus there is the possibility that if syringyl radicals did

exist in these fractions they might be split off as part of the
water soluble fraction by the ozone. It is difficult to believe
that the observed demethoxylation upon ozonization could be the
conversion of syringyl to guaiacyl nuclei.

Tomlinson and Hibbert (100) in accounting for the production
of vanillin from spruce lignin sulphonic acid postulated a
reverse aldol condensation as shown, this aldol being an

intermediate in the action of the alkali on the lignin sulphonic

acid.
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H H
HO — CHy-G- > HO 0=0
OH 0

CH30 GHBO

In this investigation the production of acetovanillone in a
yield equal to that of the vanillin might be exvlained by a

somewhat similar mechanism,

H
HOC>g CHo= Q= ———>
0 OH
CH 0

O‘O
C'J
{I!



Conclusions

A consideration of the facts which have been discussed
brings to light some important conclusions regarding the
mechanism of lignin sulphonic acid formation.

That the sulphonation does not take place at an aromatic
hydroxyl group has already been demonstrated quite conclusively
by Tomlinson and Hibbert (100) who showed that a methylated
lignin sulphonic acid gave rise, on alkaline cleavage, to
veratric aldehyde in place of vanillin. Thus the phenolic
hydroxyl must be considered as free in the lignin sulphonic
acid.

Perhaps the most commonly accepted theory of sulphonation
is that proposed by Hggglund (74), and later supported by
Freudenberg (76), and which postulated the opening of an oxygen

bridge by the sulphurous acid.

r——-
|
|

- — = d

- 7
l
|
R-

- -
|
|
R— 0 Ha803 R-OH

SO3H

The only experimental proof offered by Freudenberg in support
of this theory is his work on Erdtman's acid, oroof which is
open to some criticism because of the fact that the structure
of Erdtman's acid has not been definitely established (101),
nor is Freudenberg's analogy hetween this acid and lignin

particularly convincing. It is hard to reconcile a theory
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of this type with the demonstrated action of diazomethane and
of the Grignard reagent, on bisulphite soluble lignins.
Furthermore, if formic and acetic acid lignins are polymerized
through the loss of water between hydroxyl groups, and the
evidence seems fairly definite, then it is just this type of

a linkage which the Hggglund-Freudenberg theory postulates
would be opened by sulphurous acid. However these lignins

do not react with sulphurous acid.

The fact that the lignin must be sulphonated vefore the
alkaline treatment gives rise to such products as vanillin
would seem to indicate that the sulphonation reaction is more
than merely the addition of the elements of sulphurous acid,
but that in all probability some type of intramolecular change
is involved as well. The evidence from this investigation
points to the fact that this might be the formation of a double
bond by the elimination of water between an hydroxyl group and
an adjacent hydrogen. Since ozone (which destroys double bonds)
creates a bisulphite soluble product it seems hardly likely
that the resulting solubility could in any way involve a double
bond. However it is known that a part of the sulphur in a
lignin sulphonic acid is of the stable type and the only way
in which this could arise in the aliphatic portion of the
molecule is by addition to an ethylenic double bond since
addition to a carbonyl results in the formation of an unstable

gsulphonic acid.
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If a vinyl ketone of the following type were formed by

loss of water in the first stage of the sulphonation reaction,

H
HO Og—cn o=C= ——>  HO ¢-CH=CH-
0 OH 0

CH3O CHBO
III

then 1,4 addition of sulphurous acid would result in a stable
sulphonic acid. Alkali could then give rise to acetovanillone

by a reverse aldol as has been shown,

H
HO QQ—CHQ—C}- —_— 0 Dg ~GHj
6 30 51 o

If however the aromatic nucleus were at the other end of the
alivhatic chain shown in III, the following reactions would
account for the vanillin production in a manner similar to

the Tomlinson-Hibbert mechanism,

H i
Ho<:>¢—cn2-g— — HO<:>G=CH-Q..
OH 6 o

CH,0
CH3O

H H
C

S0 gH 0
CH0 (oH) CH0
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The vredominance of compounds of the G6—C type from the

3
ethanolysis experiments on wood carried out in these laboratories
(90) lends support to the possibility that a unit of this type

might be involved in the sulphonation of lignin.



EXPERIMENTAL RESULTS

I. THE PREPARATION OF BIRCH LIGNINS

(a) Previous History of the Wood.

The birch log was cut three feet above the ground from a
tree located in a rather open pure hardwood stand in Quebec.
The tree was sixty years o0ld and growth had been fairly even
and reasonably fast.

The wood was chipped, the shavings air dried and then
ground to a fine meal of 60-300 mesh. This wood meal was
successively extracted with alcohol-benzene, alcohol and finally
water to remove tars and resins. The extracted wood meal was

then air dried.

(b) The Preparation of Formic Acid Lignin.

In three separate experiments the birch wood meal was
refluxed with formic acid (Schering Kahlbaum, 95%) in a flask
equipped with a mercury sealed stirrer and reflux condenser.
After 20-22 hours the cooled reaction mixture was filtered
through cloth on a B#ichner funnel and washed with formic acid
until the washings were =21most clear. The filtrate was
evaporated under reduced pressure to a volume of about 100 cc.

To this was added a litre of water and the flask well shaken.
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The resulting lignin was filtered through a Buchner funnel and
well washed with distilled water until the washings were both
neutral to litmus and colorless. This required some 20 litres.
The lignin was partially dried under a rubber dam.

The undissolved wood meal from the first filtration was
washed with water until the washings were no longer acid to
litmus and dried under a rubber dam. The crude lignin and
the undissolved wood meal were then dried in the vacuum oven
at 55°C. for two days. The weights obtained in the three

experiments are recorded in Table I.

(c) The Fractionation of Birch Formic Acid Lignin.

Experiment 1.

The crude lignin was placed in a Sohxlet extractor
and extracted for seven days with ether. The ether was
removed from the extractor under reduced vressure and the lignin
then extracted with chloroform at a pressure of 500 mm. for
three days. Upon removal of the chloroform from the apparatus,
extraction was next carried out with acetone at a pressure of
350 mm. for three days. The lignin remaining in the Sohxlet
was dissolved in purified dioxane. The chloroform solution
(250 cc.), the acetone solution (130 cc.) and the dioxane sol-
ution (200 cc.) were each filtered and precipitated in a fine
gtream into a tenfold volume of ether. The resulting precip-

jtates were centrifuged off from the filtrates, washed with
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ether followed by 30-50° petroleum ether and dried. After

thorough drying each fraction was weighed. These results are

summarized in Table II.

Methoxyl Analysis:

(1) Chloroform Soluble Fraction -
% OCH3 - 19.7 (19.7, 19.7)
(0.02600 g. sample required 20.34 cc. of 0.04893 N Na28203)
(0.02430 g. sample required 19.01 cc. of 0.04893 N Na28203)

(2) Acetone Soluble Fraction -
% 0OCH3z - 17.3  (17.3, 17.3)
(0.02490 g. sample required 17.12 cc. of 0.04893 XN NaESZOB)
(0.02840 g. sample required 19.46 cc. of 0.04893 N Na28203)
(3) Dioxane Soluble Fraction -
% 0CH; - 16.5 (16.5, 16.5)
(0.02590 g. sample required 18.08 cc. of 0.04585 N Naes203)
(0.02370 g. sample required 16.60 cc. of 0.04585 N Na28203)

Experiment 2.

This fractionation was carried out in the same manner
as described for Experiment 1, with the exception that 90% acetone-
water was used as the solvent in the final fractionation rather
than dioxane. This acetone-water solution was precipitated

into a tenfold volume of dry ether. The results are summarized

in Table II.
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Methoxyl Analysis:

(1) Chloroform Soluble Fraction -
%.0033 - 19.25 (19.3, 19.2)

(0.02530 g. sample required 19.46 cc. of 0.04&93 N Na28203)

(0.02620 g. sample required 20.00 cc. of 0.04893 N Na28203)

(2) Acetone Soluble Fraction -
% OCH; - 17.4  (17.4, 17.4)
(0.02510 g. sample required 18.50 cc. of 0.04585 N Na,S.0

252"z

)

(0.02590 g. sample required 19.09 cc. of 0.04585 N NasS50-)
7/

(3) 90% acetone-water Soluble Fraction -
% OCHz - 15.7  (15.7, 15.7)

(0.02470 g. sample required 16.4Y4 cc. of 0.04585 N Na28203)

(0.02740 g. sample required 18.20 cc. of 0.04585 N Na58,50<)

Experiment 3%.

The crude lignin was placed in a Sohxlet and extracted

for 47 nhours with benzene. The benzene was removed under
reduced pressure and the resulting residue dissolved in chloro-
form (60 cc.), filtered and precipitated into a tenfold volume
of 30-50° petroleum ether. The lignin was centrifuged, washed
with petroleum ether and dried.

After removing the benzene from the Sohxlet under reduced
pressure, extraction was carried out with acetone for 24 hours

at a pressure of 500 mm. The acetone solution (500 cc.) was



filtered and precipitated into a twenty-fold volume of water
containing 50 cc. of concentrated hydrochloric acid. The lignin
was filtered through a Buchner funnel, washed with water and
dried thoroughly in the vacuum oven.

The lignin remaining in the Sohxlet was dissolved in one
litre of 90% acetone-water solution and precipitated into a twenty-
fold volume of water containing 50 cc. of concentrated hydro-
chloric acid. As before, the lignin was filtered through a
B&chner funnel, washed with water and dried in the wvacuum oven.

For analytical purposes a 2 gram sample of the acetone
soluble fraction was dissolved in 20 cc. of anhydrous dioxane,
the solution filtered and precipitated into a tenfold volume of
30-50° petroleum ether. The precipitated lignin was washed with
petroleum ether and dried. In a2 similar manner, 2 grams of the
acetone-water soluble fraction was purified by dissolving it in
90% acetone-water and precipitating the filtered solution into
ether. The product was washed with ether followed by petroleum
ether and dried. A summary of this frzctionation is presented

in Table 1I.

'Methoxyl Analysis:

(1) Acetone Soluble Fraction -
% OCHz - 18.55  (18.5, 18.6)
(0.02460 g. sample required 18.95 cc. of 0.07L59 N N323203)
(0.01640 g. sample required 12.75 cc. of 0.07459 N Na28203)
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(2) 90% acetone-water Soluble Fraction -

% OCH; - 15.5 (15.6, 15.4)
(0.02761 g. sample required 17.80 cc. of 0.04684 N Na28203)
(0.02507 g. sample required 15.95 cc. of 0.04684 N NaESZOS)

TABLE I

THE PREPARATION OF BIRCH FORMIC ACID LIGNIN

Run 1. Run 2. Run_3.
Wt. of wood meal. 200 g. 200 g. %00 g.
Moisture Content. 17.44 4,6% 10.9%
Wt. of dry meal. 165 g. 191 g. 356 g.
Volume of formic acid. 1500 cec. 1500 cc. 3000 cc.
Tire of refluxing- 20 hrs. 22 hrs. 22 hrs.
Wt. of undissolved
wood meal. 52 g. 63 g. 97 g.
Wt. of crude lignin. 43 g. 50 g. 96 g.

Yield of crude lignin
based on original 26% 26% 27%
dry wood meal.



THE FRACTIONATION OF BIRCH FORMIC ACID LIGNIN

....93.-

TABLE 11

RUN 1 RUN 2
Fraction Weight % OCH3 Fraction Weight % OCHz
Chloroform 5.1 g. 19.7 Chloroform 4.3 g. 19.25
Acetone 7.4 g. 17.3 Acetone 11.1 g. 17.4
Dioxane 23.0 g. 16.5 90%W:2:§one-28'0 - 15.7
RUN 3

Fraction Weight % OCH3z

Benzene 4,0 g. -

Acetone 28.0 g. 18.55

O 108 155
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(d) The Preparation of Acetic Acid Lignin

Four hundred grams of the extracted birch wood meal were
refluxed with 4 litres of glacial acetic acid in a flask equipped
with a mercury sealed stirrer and reflux condenser for 105 hours.
Upon cooling the reaction mixture was filtered through cloth on
a B&chner funnel and washed with glacial acetic acid until the
washings were colorless. The filtrate and washings were evap-—
orated under reduced pressure to a volume of 500 cc. and this
was poured slowly into 6 litres of vigorously stirred water.
After standing overnight the supernatant liquid was siphoned
off and the lignin filtered on a Buchner funnel and washed with
water until free from acid. It was then dried in the vacuum
oven.

The undissolved wood meal from the first filtration was
thoroughly washed with water until free from acid, partially

dried under a rubber dam and finally in the vacuum oven.

The results are summarized in Table III.

(e) The Fractionation of Acetic Acid Lignin

The crude lignin was placed in a Soxhlet and extracted with
benzene for 30 hours. The benzene was then removed under red-
uced pressure and the residue dissolved in 20 cc. of chloroform.
This chloroform solution was filtered and precipitated into s

tenfold volume of 30-50° petroleum ether. The lignin was
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washed with petroleum ether and dried.

The benzene was removed from the Soxhlet under reduced
Pressure and the next extraction carried out with acetone for
26 hours. Inspection of the Soxhlet at this point revealed
that all of the lignin had been dissolved. The acetone
solution (500 cc.) was precipitated into a twenty fold volume
of water containing 50 cc. of concentrated hydrochloric acid.
The lignin was filtered on a B&chner funnel, washed with water

and dried in the vacuum oven. The results are summarized in

Table III.

Methoxyl Analysis:

(1) Benzene Soluble Fraction -
é,ZocH3 - 2047
(0.001453 g. sample required 6.31 cc. of 0.00923 N Na28203)

(2) Acetone Soluble Fraction -
4, OCHz - 18.8 (18.7, 18.9)
(0.02584 g. sample required 20.30 cc. of 0.0U613 N NapS303)
(0.,02059 g. sample required 16.30 cc. of 0.04613 N N325203)



TABLE III

THE PREPARATION AND FRACTIONATION OF BIRCH ACETIC ACID LIGNIN

PREPARATION
Wt. of wood meal 400 g.
Moisture content 6.1%
Wt. of dry wood meal 376 g.
Wt. of undissolved 225 g.
wood meal
Wt. of crude lignin 12 g.
Yield of crude lignin 19%

based on dry meal

FRACTIONATION
Fraction Weight % OCH3
Benzene 4.9 g. 20.7

A cetone 61.0 g. 18.8
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II1. THE OZONE MACHINE AND ITS USE.

The ozone machine was built in these laboratories and
has been described by Bell (42). Two modifications were
introduced by the writer. In the first place a sensitive
needle valve was set up so that the flow of oxygen passing
from the tank through the machine could be regulated to give
an absolutely invariable rate of flow at any desired speed.
Furthermore a two way stopcock was introduced at the outlet
of the machine so tha t the ozone-—oxygen mixture could be
passed at will through the reaction mixture or could be passed
into another flask for a definite period of time in order to
determine the amount of ozone being pemoduced by the machine.

Smith (87) has shown that the following reaction takes
place very rapvidly and very completely when ozone is passed

in to neutral potassium iodide solution:
03 + KI + H0 —> I + 2KOH + O2

Thus in order to determine the amount of ozone being produced
at any given rate of flow, the ozone is passed through the
potassium iodide solution for a definite length of time, then
the solution is acidified and titrated with standardized
thiosulphate solution. This same method applied to the gases
coming from the reaction mixture also gives a measure of the

amount of ozone th=t is being absorbed by the solution.,
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III. THE OZONIZATION OF ORGANIC COMPOUNDS.

(a) Maleic Acid.

(i) Formic Acid Solvent.

Two grams of maleic acid were dissolved in 35 cc.
of formic acid. Ozone was then passed through the solution
at 0°C for a period of five hours. During this time 1.6U4
grams of ozone were passed into the solution, of which 0.12
grams were unabsorbed. Upon completion of the ozonization
the formic acid was removed under reduced pressure. The
remaining white s0lid was refluxed with 30 cc. of water and
thereby passed into solution. The cooled solution was
filtered into a 100 cc. volumetric flask and the volume brought
to exactly 100 cc. with water.

The absence of oxalic acid in this solution was
determined in the following manner. To 3 cc. of the solution
was added 10 cc. of water and 2 cc. of a saturated solution of
calcium hydroxide. No precinitate or cloudiness was observed
on standing. A series of tests with this reagent on solutions
of oxalic acid of known concentration showed that this test is
gsensitive to the extent of giving a definite preciplitate in the
presence of 0.0005 grams of oxalic acid.

The yield of glyoxylic acid was determined as follows:
1.2 grams of 2,4-dinitrophenylhydrazine and 80 cc. of water

were heated to boiling and sufficlent concentrated HCl added
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to the solution to cause the hydrazine to go into solution as
its hydrochloride. The solution was then removed from the
flame and while still warm 20 cc. of the solution from the
volumetric flask added. A yellow precipitate separated out
almost immediately. After standing at room temperature for
a few hours the precipitate was filtered through a tared
sintered glass crucible and dried at 105°C. Weight of deri-
vative - 1.697 grams. Melting point - 195°C. Upon
recrystallization from methanol the melting point was 196°C.
The mixed melting point with sn authentic sample of the 2,4~
dinitrophenylhydrazone of glyosxylic acid (M.P. 198&°C.) was 196°C,
Because of the fact that this derivative was
soluble in water it was necessary to determine this solubility
in order to evaluate the yield. 0.121 grams of the derivative
were added to a mixture of 100 cc. of water and 15 cc. of con-
centrated HC1l (the same conditions used previously) and the
solution heated to boiling and allowed to stand at room tempera-
ture for a few hours., Filtration and drying gave rise to 0.073
grams of undissolved material, and thus 0.048 grams were soluble

under these conditions.

The theoretical yield of the 2,4-dinitrophenyl-
hydragone of glyoxylic acid from 2 grams of maleic acid would be
8,88 grams. Actually there was obtained 1.745 grams (1.697
plus 0,048 g.) from an aliquot of one-fifth of the total solution.

This corresponds to a yield of 98%.



(ii) Ethyl Acetate Solvent.

Ethyl acetate was prepared for use as an ozonisa-
tion solvent by distilling stock ethyl acetate from sodium
carbonate, This distillate was then dried over calcium
chloride and again distilled, A stream of ozone was then
passed through the solvent for one and one~half hours and it
was distilled from fresh calcium chloride into clean dry bottles.

In 20 cc. of ethyl acetate were dissolved 0.5 grams
of maleic acid and while this solution was maintained at 0°C.
ozone (0.57 grams) was passed through the solution for a period
of one and one-half hours. The solvent was removed under re-
duced pressure and the resulting residue dissolved in 20 cc. of
water. This solution was filtered and the volume made up to
25 cc. exactly.

To a 5 cc. aliquot of this solutlion was added
calcium hydroxide solution until there was no further precipitate,
This precipitate was filtered, dried at 195°C. and weighed as
calcium oxalate. The theoretical yield of calcium oxalate
possible would be 1.10 grams. The weight obtained was 0.176
grams, which corresponds to a yield of &0%.

To another 5 cc. aliquot of the reaction mixture
was added an excess of a water solution of 2,U4-dinitrophenylhy-
drazine hydr&chloride. The precipitate was filtered, dried and
weighed. The melting point was 197-198°C. The mixed melting
point with an authentic sample of the 2,4~dinitrophenylhydrazone
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of glyoxylic acid (M.P. 198°C.) was 197°C. The weight
obtained was 0,064 grams, which corresponds to a yield of

14.5% of glyoxylic acid based on the original maleic acid.

(b) Vanillin.

(i) Formic Acid Solvent.

One gram of vanillin was dissolved in 100 cc. of
formic acid and l.14 grams of ozone passed through the solution
over a period of two hours, the flas¢ being maintained at a
temperature of 0°C. During the ozone treatment the solution
turned pale yellow in color. The formic acid was removed under
reduced pressure leaving a dark brown syruv to which was added
150 cc. of water. Upon slight warming the syruo went into
solution. The solution was filtered and the volume made up to
exactly 250 cc.

A portion of this solution gave no test for oxalic
acid with calcium hydroxide. A 25 cc. aliquot was diluted to
50 cc. with water and 3.5 grams of sodium acetate and 2 cc. of
10% sulphuric acid added. The solution was warmed to 60°C. and
to this was added 10 cc. of water at 60°C. containing Ql gram
of meta-aitrobenzoyl hydrazine. Upon standing overnight the
precipitate was filtered through a tared sintered glass crucible
and dried at 105°C. The melting point of the derivative was
205°C. The mixed melting point with an authentic sample of the



- 102 -

metanitrobenzoylhydrazone of vanillin (M.P. 210-211°C.) was 207°C.
The weight of the derivative 0.08642 grams which corresponds to a
recovery of 42% of the original vanillin.

Another 25 cc. aliquot of the reaction solution was
extracted continuously with ether for 12 hours. The ethereal
extract was dried over sodium sulphate and the ether removed
under reduced pressure. The residue was sublimed at 12 mm.
pressure and 100-115°C. This sublimate was then resublimed
under the same conditions and the second sublimate carefully
washed into a tared weighing bottle with anhydrous ether. The
ether was removed under reduced pressure and gave 0.04826 grams
of material. The melting point was 76°C. The mixed melting
point with an authentic sample of vanillin (M.P. 82°C.) was 81°C,
Thus this corresponds to a recovery of 48% of the original
vanillin. The average value for these two methods of determining

the amount of vanillin is 45%.

(ii) Ethyl Acetate Solvent.

One gram of vanillin was dissolved in 100 cc. of
ethyl acetate and at 0°C. was subjected to the action of 1.08
grams of ozone over & period of two hours. The solvent was
removed under reduced pressure giving rise to a brownish oil.
Upon the addition of 125 cc. of water, and warming, the oil

went into solution. The solution was then filtered and the

volume made up to exactly 250 cc.
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No precipitate of calcium oxalate was obtained
on a portion of this solution upon the addition of calcium
hydroxide soclution. A 100 cc. portion of the reaction solution
was continuously extracted with ether for 18 hours, the ethereal
extract dried, and the ether removed under reduced pressure.
Sublimation at 10 mm. and 100°C. gave only a very minute amount
of oily material on the cold finger. At a temperature of 140°C.
a yellowish-white sublimate collected, the melting point of which
was 1397-199°C. Two recrystallizations from water gave a white,
crystalline product which melted at 206~207°C. The mixed
melting point of this material with an authentic sample of
vanillic acid (M.P. 207°C.) was 205-206°C. Thus no vanillin
was left in the solution this having been converted to vanillic
acid. The yield of the latter was determined by extracting a
further 60 cc. portion of the original solution with ether and
subliming the acid at 8 mm. and 110-120°C. after removal of the
ether. By this means 0.0563 grams were obtained which rorresponds

to a yield of 21% based on the original vanillin.

(¢) Veratric Aldehyde.

(1) Formic Acid Solvent.

One gram of freshly distilled veratric aldehyde (M.P.
L5-U46°C.) was dissolved in 90 cc. of formic acid and while kept
at 0°C. was subjected to the action of 0.64 grams of ozone over
a period of one hour. The removal of the formic acid under
reduced pressure left a brown syrup. This was dissolved in warm

water and a small amount of methanol added to effect complete

solution. It was then filtered and the volume made up to exactly

250 cc.
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No test for oxalic acid was obtained with calcium
hydroxide solution. A 50 cc. aliquot was partially evaporated
under reduced pressure to remove the methanol and then diluted
with 100 cc. of 2% acetic acid. This solution was warmed to
60°C. and to it was added 25 cc. of water at 60°C. containing
O.3 grams of meta-nitrobenzoylhydrazine. Upon standing over-
night the precipitate was filtered through a tared sintered glass
crucible and dried at 105°C. The melting point was 213-21L4°C.
One recrystallization from methanol gave a melting point of
222-22%°C. The mixed melting point with an authentic sample
of the meta-nitrobenzoylhydazone of veratric aldehyde (M.P. 224~
225°C.) was found to be 223°C. The weight of the derivative
was 0.2470 grams which corresponds to a recovery of 62% of the
veratric aldehyde.

(ii) Ethyl Acetate Solvent.

One gram of pure veratric aldehyde was dissolved in
90 cc. of purified ethyl acetate and while kept at 9°C. was
subjected to the action of 1.30 grams of ozone over a period of
two hours. Removal of the solvent under reduced pressure left
a brown syrup which, as before, was taken up in an alcohol-water
mixture, filtered and the volume made up to 250 cc.

A 50 cc. aliquot was distilled under reduced pressure
to remove the alcohol and then added to 100 cc. of 2% acetic acid.
0.3 grams of metanitro benzoyl hydrazine were then added in the

manner already described above. The weight of the derivative
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formed in this case was 0.0060 grams. In other words a
negligible amount of veratric aldehyde remained in the solution
after the ozone treatment.

A 100 cc. aliquot of the reaction solution was evaporated
to dryness under reduced pressure and the residue sublimed at a
pressure of 0.008 mm. and 135°C. This gave rise to 0.1974 grams
of a crystalline sublimate. Recrystallization from water gave
a white crystalline product which had a melting point of 177°C.
The mixed melting point with an authentic sample of veratric
acid (M.P. 181°C.) was found to be 180-181°C. The weight of
this acid obtained corresponds to a yield of U45% on the basis

of the original veratric aldehyde.
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IV. THE OZONIZATION OF FORMIC ACID BIRCH LIGNIN.

(a) Run 1.

Ten grams of the dioxane soluble fraction of formic
acid lignin (Run 1., Table II, p.92) were dissolved in 250 cc.
of formic acid, and while the solution was maintained at 0°C.
ozone was passed through for a period of seven and one-half
hours. During this time 6.65 grams of ozone were passed into
the lignin solution and the color changed from an opaque brown
to a transparent red.

The solvent was then removed under reduced pressure
until no odor of formic acid remained. Seven hundred cc. of
water were added and boiled until 75 cc. of distillate had been
collected (hereafter, Distillate A.). The cooled solution was
filtered on a Buchner funnel and the water insoluble fraction
washed with water until the washings were colorless and neutral
to litmus paper, (hereafter, Water Insoluble Fraction B.).

This fraction was dried under reduced pressure at 60°C. Weight,

l.1 grams.

Methoxyl Analysis:

% 0CHz - 5.3 (5.2, 5.4)
(0.0271 g. sample required 5.74 cc. of 0.04893 N NaZSEOB)
(0.0288 g. sample required 6.15 cc. of 0.04893 N Na23203)
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The filtrate from the above filtration (1000 cc.)
was extracted continuously with ether for 37 hours giving
rise to Ether Extract C. The water solution was then
evaporated to dryness under reduced pressure and the resulting
solid material dissolved in 50 cc. of acetone. This acetone
gsolution was filtered and precipitated in a fine stream into
500 cc. of well stirred ether. The flocculent precipitate
which settled out was centrifuged off and washed with ether
followed by 30~-50° petroleum ether and dried under reduced
pressure at 60°C. (hereafter Water Soluble Fraction D.).
Weight, 5.4 grams.

Methoxyl Analysis:

% OCH3 - 4.’4-5 ('4-.3, 2"06)
(0.0311 g. sample required 5.U45 cce of 0.04893 N Na23203)
(0.0304 g. sample required 5.55 cc. of 0.04893 N Na28203)

(b) Run 2.

An additional 10 grams of the dioxane fraction of
birch formic acid lignin was treated with 6.65 grams of ozone
in the same manner as has been described for Run 1. Upon the
removal of the solvent and distillation of the residue with
water 85 cc. of Distillate A. were collected. Filtration,

washing and drying gave rise to 1.7 grams of the Water Insoluble

Fraction B.
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Methoxyl Analysis:

% OCHz - 5.6
(0.0287 g. sample required 6.40 cc. of 0.04893 N NagSgO3)

Ether Extract C was obtained by continuous extraction &f the
filtrate for 66 hours. As in Run 1. the water solution was
evaporated to dryness under reduced pressure and the residue
precipitated from 50 cc. of acetone into 500 cc. of ether.
The Water Soluble Fraction D was centrifuged off, washed with
ether followed by 30-50-C. petroleum ether and dried.

Weight - 4.8 grams.

Methoxyl Analysis:

(0.002187 g. sample recuired 2.14 cc. of 0.00923 N NayS,03)
(0.003188 g. sample recuired 3.13 cc. of 0.00923 N Na28203)

The results obtained are summarized in Table 1V.

(c) The Identification of Acetone.

Distillates A. from Run 1 and Run 2 were combined and to
this was added 25 cc. of a solution of 2,4-dinitrophenylhydrazine
hydrachloride in water prepared according to the following method.
O.4 grams of 2,4-dinitrophenylhydrazine were triturated with 21 cc
of concentrated hydrochloric acid and then diluted to 100 cc.

with water. After standing for 24 hours the solution was
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filtered and bottled (88).

The solution of distillates and hydrazine was refluxed
for ten minutes and after standing overnight the orange precipi-
tate was filtered, washed and dried. This precipitate was
extracted with purified (acetone free) chloroform, the extract
filtered and the chloroform removed under reduced pressure.
Recrystallization of the residue from methanol gave 0.020 grams
of yellow crystals which had a melting point of 123-124°C. The
mixed melting point with an authentic sample of the 2,4=dinitro-
phenyﬁarazone of acetone (M.P. 124-125°C.) was found to be
124-125°C. Yield of acetone from 20 grams of lignin = 0.005%.
or 0.025%.

(d) The Identification of Oxalic Acid.

The Ether Extracts C. from Run 1 and Run 2 were combined
and after drying over sodium sulphate the ether was removed under
reduced pressure. Sublimation of the residue at 10 mm. Pressure
and 120°C. gave 1.2 grams of crystalline material. A portion
of this material was resublimed under the same conditions and
the white crystals formed had a melting point of 180°C. with
decomposition. Pure oxalic acid was sublimed and gave threadlike
crystals which melted at 190°C. with decomposition. The mixed
melting point was found to be 185°C. It gave the usual tests

for oxalic acid, Yield from 20 grams of lignin = 1.29 or 6.0%.
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TABLE IV

SUMMARY OF THE OZONIZATION OF BIRCH FORMIC ACID LIGNIN

RUN 1 RUN 2

Weight of lignin used 10 g. 10 g.

% methoxyl 16.5% 16.5%
Water insoluble fraction

Weight 1.1 g. 1.7 g.

% methoxyl 5.3% 5.6%

% yield 11.9% 17.0%
Water soluble fraction

Weight 5.4 ¢g. 4.8 g.

% methoxyl b, 45 4. 7%

% yield 54.0 % -~ hg.o%

Total yield of two fractions 65% 65%
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V. METHYLATION OF THE PRODUCTS FROM THE QZONIZATION

OF BIRCH FORMIC ACID LIGNIN.

(a) Methylation with Diazomethane of the Water Soluble Fraction.

Four and one half grams of the water soluble fraction from
the ozonization of birch formic acid lignin (Run 2. - page~?)
were used in this experiment. This fraction had a methoxyl
content of 4.7%  The water soluble lignin was dissolved in
100 cc. of methanol and an ethereal solution of diazomethane
prepared from 10 grams of nitrosomethylurea was slowly added
to the cooled solution. There was considerable gaseous evolution
and a portion of the lignin was precipitated from the solution.
After standing four hours 100 cc. of methanol were added to
effect solution and this was again treated with diazomethane
from 10 grams of nitrosomethylurea.

After standing overnight the methanol and ether were removed
by evaporation under reduced pressure and the residue dissolved
in acetone (60cc.) and centrifuged to remove the insoluble
diazomethane polymer. The acetone solution was filtered into a
small flask and the solvent removed under reduced pressure. The
lignin was then dissolved in chloroform (40 cc.), the solution
filtered and precipitated into 30-50° petroleum ether (400 cc.).
The lignin was centrifuged, washed with petroleum ether and

dried at 60°C. under reduced pressure. Yield, 4.l g.
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Methoxyl Analysis:

% OCH; - 20.4

(0.001190 gram sample required 5.09 cc. of 0.00923% N NapS503)

The lignin after this methylation was now found to be quite
insoluble in methanol, but was readily soluble in chloroform.
Consequently for further methylation it was dissolved in 100 cc.
of purified chloroform and further treated with diazomethane
from 10 grams of the nitroso methyl urea. The reaction mixture
was worked up in the same manner as has already been described

and the precipitated lignin dried and weighed. Yield, 4.0 g.

kethoxyl Analysis:

% OOH3 - 21.2
(0.001285 g. sample required 5.72 cc. of 0.00923 N NasS503)
The product was very light brown in color and was found to be

still soluble in 0.5% sodium hydroxide.

(b) Hydrolysis of the Diazomethane Methylated Water Soluble

Fraction

A portion of this lignin (0.564 grams) which had been
obtained as described in the preceding section and which had
a methoxyl content of 21.2% was dissolved in 25 cc. of 5%
sodium hydroxide and kept under an atmosphere of nitrogen at
room temperature for 48 hours. At the end of this time the
solution was acidified with hydrochloric acid and the precipi-

tated lignin centrifuged off, washed with water and dried.
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The product was purified by precipitation from 7 cc. of methanol
into 60 cc. of anhydrous ether. The lignin was centrifuged,
washed with petroleum ether and drieé@. VYield - 0.15 grams.

Methoxyl Analysis:

% OCHz - 11.0 (11,0, 11.0)
(0.001910 g. sample required 4.39 cc. of 0.00923 N Na28203)
(0.002225 g. sample required 5.11 cc. of 0.00923 N Na,S03)

(c) Methylation with Dimethvlsulphate of the Water Soluble

Fraction.

The water soluble fraction from the ozonization of birch
formic acid lignin was used in this experiment, (Run 1, p.107).
In 100 cc. of 1% sodium hydroxide was dissolved 4.6 grams of the
lignin and while this solution was kept well stirred there was
added at equal rates over a period of one and one-half hours
32 cc. of 30% sodium hydroxide and 30 cc. of dimethylsulphate,
the reaction mixture being kept at room temperature and under
nitrogen during the procedure. After stirring overnight the
solution was acidified and the lignin filtered off, washed with
a small quantity of water and dried. It was obhserved that the
filtrate was rather dark in color. This loss of lignin was
undoubtedly due to the high solubility of this fraction of the
lignin in water.

The dried lignin was redissolved in 100 cc. of 1% sodium

hydroxide and again treated with dimethylsulvhate in the same
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menner as already described above. The lignin was recovered
by acidification of the reaction mixture and filtration. After

washing with water the lignin was dried. Yield - 2.0 g

Methoxyl Analysis:

% OCHz - 12.5%
(0.02665 g. sample required 13.73 cc. of 0.04704 N Na28203)

This partially methylated lignin was then dissolved in
50 cc. of 1% sodium hydroxide and again methylated according
to the orocedure described. Upon acidification it was observed
that the precipitate did not coagulate and it was believed that
possibly the methanol formed in the reaction kept the lignin
in partial solution., Consequently the solution was distilled
under reduced pressure t0 about half of its original volume.

The lignin which separated out on this treatment was filtered,
washed with water and dried.

A fourth methylation was carried out in 100 cc. of dioxane
and after recovering the product in the usual manner it was
purified by precipitation from 90% acetone-water solution (20 cc.)
into ether (200 cc.). The precipitated lignin was washed with
ether, followed by petroleum ether, and was dried at 60°C. under
reduced pressure. Yield.- 1.5 g. The product was still

soluble in 5% sodium hydroxide.
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Methoxyl Analysis:

% OCHy - 16.2
(0.02611 g. sample required 17.41 cc. of 0.04704 N Ha28203)

(d) Diazomethane Treatment of the Dimethylsulphate Methylated

Water Soluble Fraction.

The water soluble fraction which had been methylated with
dimethyl sulphate (1.15 g.) was dissolved in 50 cc. of methanol
and at 0°C. treated with an ethereal solution of diazomethane
from 5 g. of nitrosomethylurea. Nine hours later it was
treated with diazomethane from 3 g. of urea and the reaction
mixture let stand overnight.

The methanol-ether solvent was removed under reduced pressure
and the residue dissolved in acetone. The diazomethane polymer
was centrifuged off and the solution filtered into a flask and
evaporated to dryness under reduced pressure. The residue was
dissolved in 20 cc. of purified dioxane, filtered and precipitated
into 200 cc. of 30-50°C. petroleum ether. The precivitate was
washed and dried. The product was then redissolved in 60 cc. of
dioxane and treated with diazomethane from 3 g. of urea. After
standing for four hours the treatment was repeated and the re-
action mixture allowed to stand overnight. It was worked up
in the same manner as already described and the precipitated

lignin after washing was dried at 60°C. and weighed. Yield,-0.9 g.



- 116 -

The product was insoluble in 5% sodium hydroxide.

Methoxyl Analysis:

% OCH3 - 25.2 (25.2, 25.2)
(0.02460 g. sample required 25.52 cc. of 0.04704 N Na28203)
(0.02906 g. sample required 30.10 cc. of 0.04704 N NapSp03)

(e) Methylation with Diazomethane of the Water Insoluble Fraction.

The water insoluble fraction from the ozonization of birch
formic acid lignin (Run 1, page/ ) was used in this experiment.
This fraction had a methoxyl content of 5.3%. Because of the
great insolubility of this fraction in the usual solvents 0.9 g.
of the material was finely ground and partially suspended and
partially dissolved in 100 cc. of 90% dioxane-water. At 0°C.
this suspension was treated with an ethereal solution of diazome-
thane from 5 g. of nitrosomethylurea. Five hours later the

treatment was repeated.

Upon removal of the solvents under reduced pressure after
the reacticn mixture had stood overnight it was found that the
great insolubility of the lignin in the common organic solvents
made it impossible to remove the diazomethane polymer in the
usual manner. Consequently it was subjected to a further
methylation in the hope that this treatment might increase the
solubility in organic solvents. This treatment was again

carried out in suspension in 90% dioxane~water and consisted of
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diazomethane from 3 g. of nitrosomethylurea, followed by that
from 2 g. eight hours later. The product obtained on removal
of the sclvents was found to be still insoluble in organic
solvents and for this reason could not be purified for methoxyl
analysis. That methylation had taken place, however, was indi-
cated by fact that, although the original material had been
easily soluole in 5% sodium hydroxide, the methylated product

was completely insoluble in this mediug.

(£) Methylation with Dimethvlsulphate of the Water Insocluble
ha B

Fraction.

The water insoluble fraction from the ozonization of
birch formic acid lignin (Run 2, page/?) was used in this
experirent. This fraction had a methoxyl content of 5.6%. The
product (1.5 g.) was dissolved in 100 cc. of 1% sodium hydroxide
and over a period of one and one-half hours with constant stirring
under an atmosphere of nitrogen,and at room temperature was
added 3% cc. of 30% sodium hydroxide and 30 cc. of dimethylsulphate
at equal rates. After standing overnight the reaction mixture
was acidified and the lignin filtereé off, washed with water and
dried. The product was then redissolved in 1% alkali and the
methylation repeated as already described. The resulting
product was found to be insoluble in organic solvents and conse-
quently could not be purified by reprecipitation. It was however

still soluble in 5% sodium hydroxide. Yield - C.9 g.



- 118 -

Methoxyl Analysis:

% OCH - 12.4 (12.k4, 12.U4)
(0.02474 g. sample required 12.58 cc. of 0.0470L N Nazs 0,)

2" 3
(0.02532 g. sample required 12.95 cc. of 0.04704 N Ha28203)

(g) Methylation with Diazomethane of the Dimethylsulphate

Methylated Water Insoluble Fraction.

The water insoluble fraction which had been methylated with
dimethylsulphate (0.6 g.) was suspended in 50 cc. of methanol
and at 0°C. treated with diazomethane from 2 g. of nitrosomethyl-
urea. After standing overnight the product was worked up in
the usual manner and purified by ovorecipitation from dioxane
(15 cc.) into a tenfold volume of 30-50°C. petroleum ether. The
precipitated lignin was wgshed with petroleum ether and dried at
60°C. The product was insoluble in 5% alkali.

Methoxyl Analysis:

% OCHz - 23.7
(0.02895 g.sample required 27.92 zc. of 0.04759 N Na28203)
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VI.THE DISAPPEARANCE OF METHOXYL ON OZONIZATION.

(a) The Ozonization of Formic Acid Lignin.

The acetone soluble fraction of birch formic acid lignin
was used in this experiment, (Table II, page93). This fraction
had a methoxyl content of 17.3%  Two and one-~half grams were
dissolved in 100 cc. of formic acid and at 0°C. this solution
was subjected to the action of 1.067 g. of ozone over a period
of two and one-half hours. It was found that 0.266 g. of ozone
were unabsorbed and passed out of the solution in the e¥fluent
stream of oxygen.

The formic acid was removed under reduced pressure and the
resulting residue refluxed with 500 cc. of water for one hour.
fhe water insoluble fraction was obtained by filtration and after
washing with water was dried under a rubber dam and finally at

60°C. Weight — 0.77 g. (31% yield)

Methoxyl Analysis:

% OCHz - 7.05 (7.0, 7.1)
(0.02625 g. sample required 7.60 cc. of 0.0L7O4 N Na2$203)
(0.02629 g. sample required 7.66 cc. of 0.04704 N NapSo03)

The filtrate was evaporated to dryness under reduced pressure
and the residue dissolved in acetone (20 cc.) and precipitated
into a tenfold volume of ether. This precipitate of the water

soluble fraction was centrifuged, washed well with ether and
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Tinally petroleum ether and dried. Weight — 1.0 g. (40% yield)

Methoxyl Analysis:
% OCHz - 6.25 (6.1, 6.4)
(0.02697 g. sample required 6.78 ce. of 0.CU7QU N Nap§503)

(0.02636 g. sample required 6.20 cc. of 0.04704 N Na28203)

The combined ether solutions from the precipitation of the
water soluble lignin fraction were evaporated to dryness in a
tared flask under reduced pressure. Weight - 0.75 g. (30% yield)
This ether soluble fraction was then subjected to a sublimation
at 10 mm. and 140°C., and resulted in a white crystalline sublimate.
Weight - 0.12 g. (4,8% yield)

This product was resublimed and identified as oxalic acid by a

mixed melting point with a sample of anhydrous oxalic acid.

(b) The Diazomethane Methylation of Birch Formic Acid Lignin.

The 1lignin fraction used in this experiment was a portion
of the same fraction that was used in the ozonization described in
the previous section, namely the acetone soluble fraction (Table II,
page 9% ), and having a methoxyl content of 17.3%. This lignin
(3.68 g.) was dissolved in 100 cc. of dioxane and treated with
diazomethane at 0°C. from 5 g. of nitrosomethyl urea. Five Ytours
later this treatment was repeated and the reaction mixture allowed
to stand overnight.

The solvént wes removed under reduced pressure and the diazo-

methane polymer removed in the usual manner. The product was
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precipitated from dioxane (40 cc.) into a tenfold volume of

30-50°C. petroleum ether, washed with petroleum ether and
dried at 60°C.

Methoxyl Analysis:

% OCHz - 22:.1

(0.02345 g, sample required 21.28 cc. of 0.04704 N Na28203)

The product was then again methy.ated in dioxane solution (60 cc.)

using 2 g. of nitrosomethylurea and the product worked up in the

manner previously described.

Methoxyl Analysis:

% ocH3 - 23,8

(0.02667 g. sample required 26.08 cc. of 0.O4L70L N Na28203)

A final methylation was carried out in the same manner
described above using 3 g. of the nitrosomethylurea. The product
was washed with 30-50°C. petroleum ether and dried at 60°C. and
found to be insoluble in 5% sodium hydroxide. Yield (overall)
3.21 g. or &7%.

Methoxyl Analysis:

% OCH3 - 2k4.05 (24.0, 24.1)
(0.02683 g. sample required 26.50 cc. of 0.0L70L N Na28203)
(0.02712 g. sample required 26.90 cc. of 0.04704 N Na28203)
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(c) Ozonization of Diazomethane Methylated Birch Formic Acid

Lignin.

Two and one-half grams of the diazomethane methylated
lignin obtained as described in the previous section (), were
dissolved in 100 cc. of formic acid and at 0°C. this solution
was subjected to the action of 1.15 g. of ozone over a period
of one and one-half hours. During this time 0.3%39 g. of ozone
were not absorbed by the solution,

Upon removing the formic acid under reduced pressure, and
refluxing the residue with 500 cc. of water for one hour, the
water insoluble fraction was filtered off, well washed with
water and dried, first under a rubber dam and finally at 60°C.

Weight - 1.41 g. (56% yield)

Methoxyl Analysisg:

% OCH; - 14.2 ( 14.3, 1k4,1)
(0.02628 g. sample required 15.45 cc. of 0.04704 N Na28203)
(0.02824 g. sample required 16.38 cc. of 0.0U70L4 N Na28203)

The aqueous filtrate wasevaporated to dryness under reduced
pressure and the water soluble fraction precipitated from acetone
(15 cc.) into a tenfold volume of ether. After washing the

lignin with ether it was washed with 30-50°C. petroleum ether and
dried at 60°C. Weight - 0.35 g. (14% yield)
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Methoxyl Analysis:

% 0033 - 10.8 (10.8, 10.8)
(0.02366 g. sample required 10.48 cc. of 0.0L704 N Na28203)
(0.02496 g. sample required 11.12 cc. of 0.04704 N Na28203)

The combined ether solutions from the precipitation of the

water soluble fraction were evaporated to dryness under reduced

pressure in a tared flask, TWeight - 0.71 g. (28% yield)

This ether soluble fraction was then subjected to a sublimation

at 0.070 mm. pressure and 100°C. and resulted in a white

crystalline sublimate. Weight - 0.1l g. (U4.4% yield)

The majority of this product was resublimed and identified as

oxalic acid by a mixed melting point with anhydrous oxalic acid.
A methoxyl determination was carried out on the material

remaining in the flask after the sublimation. This material

had a lignin-like appearance.

Methoxyl Analysis:

% OCH5 - 10.1
(0.03350 g. sample required 13.75 cc. of 0.04759 N Na28203)

(d) The Dimethylsulphate Methylation of Birch Formic Acid Lignin.

The lignin fraction used in this exPeriment was a
portion of the same fraction used in the two pPrevious experiments

described in this section, namely the acetone soluble fraction
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(Table II, page93), having a methoxyl value of 17.3%. This
lignin (3.8 g.) was dissolved in 100 cc. of dioxane and treated
in the usual manner with 35 cc. of sodium hydroxide and 30 cc.
of dimethylsulphate. After standing overnight the reaction
mixture was acidified with dilute hydrochloric acid and the
dioxane removed by distillation under reduced pressure. The
precipitated lignin was filtered off and washed with water.

The lignin was redissolved in dioxane and the treatment
with dimethylsulphate repeated four times. Finally the product
was purified by precipitation from dioxane (40 cc.) into a tenfold
volume of 30-50°C, petroleum ether and dried at 60°C., Yield -
2.7 g+  The product was found to be insoluble in 5% alkali.

Methoxyl Analysis:

% ocH3 -~ 31.55 (31.6, 31.5)
(0.02962 g. sample required 28.42 cc. of 0.04704 N Na28203)

(0.03002 g. sample required 3%8.88 cc. of 0.04704 N Na28203)

(e) Ozonization of Dimethvlsulphate Methylated Birch Formic

Acid Lignin.

Two and one-half grams of the dimethylsulphate methylated
lignin, obtained as described in the previous section, were
dissolved in 100 cc. of formic acid and at 0°C. this solution
was subjected to the action of 0.97 g. of ozone over a period of

one and one-~half hours. During this time 0.32 g. of ozone were
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not absorbed by the solution.

Upon removing the formic acid under reduced pressure, and
refluxing the residue with 500 cc. of water for one hour, the
water insoluble fraction was filtered off, well washed with water
and dried, first under a rubber dam and finally at 60°C.

Weight - 1.65 g. (66% yield)

Methoxyl Analysis:

% OCH3 - 19.6 (19.7, 19.5)
(0.02746 g. sample required 22.30 cc. of 0.0L70L N Na28203)
(0.03062 g. sample required 24.50 cc. of 0.04704 N Na28203)

The filtrate was evaporated to dryness under reduced
pressure and the water soluble fraction precipltated from acetone
(15 cc.) into a tenfold volume of ether. After washing the
lignin with ether it was washed with 30-50°C, petroleum ether
and dried at 60°C. Weight - 0.14 g.  (5fyield)

Methoxyl Analysis:

% OCHy - 12.75 (12.7, 12.8)
(0.02684 g. sample required 13.84 cc. of 0.04759 W Nazseoz)
(0.02450 g. sample required 12.74 cc. of 0.04759 ¥ Na28203)

The combined ether solutions from the precipitation of the
water soluble fraction were evaporated to dryness under reduced

pressure in a tared flask. Weight - 0.12 g. (4.8% yield)
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This ether soluble fraction was then subjected to a sublimation
at 0.070 mm. pressure and 100°C. and resulted in a white
crystalline sublimate. TWeight - 0.12 go (4.8% yield)

The majority of this product was resublimed and identified as
oxalic acid by a mixed melting point with anhydrous oxalic acid.
A methoxyl determination was cartied out on the lignin-like

material remaining in the flask after the sublimation,

Methoxyl Analysis:

% OCH, - 15.1

3

(0.03317 g. sample required 20.35 cc. of 0.04759 N Na

23203)
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VII.THE SOLUBILITY IN AQUEOUS BISULPHITES OF OZONIZED

LIGNINS AND THEIR METHYLATED PRODUCTS.

(a) The Preparation of Standard Sulphite Liquor.

Forty-three and three tenths grams of sodium sulphite were
dissolved in two litres of distilled water and sulphur dioxide
bubbled into this well stirred solution until frequent titrations
of small samples of the liquor showed that a value of 6% had been
reached for the total sulphur dioxide content. The analysis of

the liquor was carried out by the method of Palmrose (&9).
Analysis: 6.0% total S0, and 1.15 combined SO,

The liquor thus prepared was stored in a well stoppered bottle
in the cold room and titrations from time to time indicated that

practically no loss of sulphur dioxide occurred.

fb) Determination of the Solubility in the Sulphite Liquor.

A length of soft glass tubing (7 mm. bore) was drawn out
into a capillary at one end and a small loose wad of cotton placed
in the bottom of the tube. Then 50 milligrams of the lignin
sample was placed in the tube and carefully brushed down Onto the
cotton. The other end of the tube was drawn into a capiilary
at such a position that the bomb would hold 3 cc. The glass
tube was then placed through a stopper into a side arm test tube

containing the sulphite liquor and by blowing in the side arm
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the liquor was forced up into the bomb. A small air space was
left for the liquor expansion and the end of the capillaries
carefully sealed in a small flame. These bombs were then

heated for 12 hours at a temperature of 110°C. in a toluene

vapor bath. The following determinations were carried out in
this manner, and the samples were found tO be soluble or insoluble

in the bisulphite solution under standard conditions as indicated.

l.Birch Formic Acid Lignin, Acetone Soluble Fraction - Insoduble.

2.Maple Ethanol Lignin® - Insoluble.

3.Maple Propanol Lignin®° - Insoluble.

4.¥aple Butanol Lignine*® ~ Insoluble.

5.Birch Acetic Acid Lignin - Insoluble.

6.0zonization Products from Birch Formic Acid Lignin -
(2) Water Insoluble Fraction - Soluble.

(b) Water Soluble Fraction - Soluble.

{-Methylated Products from the Ozonization of Birch Formic
Acid Lignin.
(a) Water Soluble Fraction methylated with Diazomethane -

Insoluble.

(b) Hydrolysed product from (a) above - Soluble.

°© This sample was obtained from Dr. J. McCarthy and had been pre-
prepared by the alcoholysis of maple wood meal (90).

°© This lignin was prepared by the author by the alcoholysis of
maple wood meal with n-propanol containing 2% HC1.

°coThis Lignin was prepared by the author by the alcoholysig of
maple wood meal with n~butanol containing 2% HC1.
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(c) Water Soluble Fraction methylated with Dimethylsulphate -
Soluble.

(d) Diazomethane methylated product of (c) above - Insoluble.

(e) Water Insoluble Fraction methylated with Dimethyl-
sulphate - Insoluble.

(f) Diazomethane methylated product of (e) above - Insoluble.

8. Birch Formic Acid Lignin methylated with Diazomethane -
Insoluble.

(a) Water Soluble Fraction after Ozonization - Soluble.
(b) Water Insoluble Fraction after Ozonization - Soluble.

9. Birch Formic Acid Lignin methylated with Dimethylsulphate -
Insoluble.

(a) Water Soluble Fraction after Ozonization - Soluble.

(p) Water Insoluble Fraction after Ozonization - Soluble.
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VIII. A STUDY OF THE LOSS OF METHOXYL AND INCREASE IN

SOLUBILITY IN SULPHITE LIQUOR WITH RESPECT TO THE DEGREE
OF OZONIZATION.

The standard procedure to be described was followed in every
case in the various runs that were made in order to determine the
loss of methoxyl and increase in solubility in sulphite liquor
in relation to the degree of ozonization of the lignin. A 2.0
g. sample of the lignin was dissolved in 50 cc. of formic acid
and at 0°C. ozone was passed into this solution for varying lengths
of time. The amount of ozone delivered by the machine was
determined at intervals by passing the gas through a neutral
potassium iodide solution.for a definite period of time and
titrating the iodine liberated on acidification with standardized
thiosulphate. The gas passing out of the lignin solution was
also passed through potassium iodide in order to determine the
amount of ozone that was not absorbed by the solution of the
lignin. When the ozonization was completed the formic acid was
removed by distillation under reduced pressure, 300 cc. of water
added to the residue and the solution refluxed for 30 minutes.

On cooling the water insoluble lignin was filtered off, washed
with water, dried under reduced pressure at 60°C. and weighed.

Methoxyl determinations were carried out on the water in-
soluble fraction and the solubility of this fraction in sulphite
liquor was determined in the following manner. Exactly 100 milli-

grams of the lignin sample were placed in a glass bomb with 6 cc.
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of standard liquor (6.0% total and 1.15% combined S0,).  This
bomb was then cooked under the standard conditions of 110°C.

for 12 hours. On the completion of the cook the bomb was cooled
to 0°C., the tips broken and the lignin solution allowed to run
into a small beaker. The tube was then broken in two and the
contents washed into the beaker with water. The small piece of
cotton was removed and washed and the solution placed in a small
tared centrifuge cup and the insoluble lignin ¢entrifuged off.

The solid material in the bottom was then stirred with water and,
after centrifuging, the water was decanted off. The tube and
contents were then dried overnight at 60°C. under reduced pressure
over phosphorus pentoxide. The difference in weight gave the
amount of insoluble lignin and from this was calculated the percent

éoluble in the sulphite liquor.

RUN - lo

Birch Formic Acid Lignin -~ Acetone Soluble Fraction - 18.55%OCH3
Weight of ozone added = 0,189 g.)

) Weight used = 0.167 g.
Weight of ozone not absorbed = 0.022 g.)

Weight of water insoluble fraction = 1.90 g. (954 yield)

Methoxyl Analysis:
% OCH3 - 15.9 (15.&, 16.0, 15.9)
(0.02760 g. sample required 1&.25 cc. of 0.C7459 N Na

28203)

(0.02055 g. sample required 13.74 cc. of 0.07459 N Na28203)

(0.02850 g. sample required 25.30 cc. of 0.0L468L N Na28203)

Solubility in Sulphite Liquor.

Weight of insoluble lignin = 0.0641 g.
Solubility = 36%
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RUN - 20

Birch Formic Acid Lignin - Acetone Soluble Fraction - 18.55% OCH3'
Weight of ozone added = 0.341 g.)

) Weight used = 0.290 g.
Weight of ozone not absorbed = 0.051 g.) s 0 e

Weight of water insoluble fraction = 1.75 g. (87.5% yield)

Methoxvl Analysis:

%,0033 - 13.85 (13.9, 13.8)
(0.02365 g. sample required 13.75 cc. of 0.07459 N Na28203)

(0.03185 g. sample required 18.20 cc. of 0.046&4 N Na28203)
Solubility in Sulphite Liquor:

Weight of insoluble lignin = 0.0394 g.
Solubility = 61%.

RUN - 3,

Birch Formic Acid Lignin - Acetone Soluble Fraction - 18.55%»OCH3.
Weight of ozone added = 0.U426 g.

Weight used = 0.268 g.
Weight of ozone not absorbed = 0.058 g.
Weight of water insoluble fraction = 1.26 g. (68% yield)
Methoxyl Analysis:

%)00H3 - 11.65 (11.7, 11.6)
(0.029&% g. sample required 14.35 cc. of 0.04684 N Nagsaoz)

(0.02498 g. sample required 12.00 cc. of 0.04684 N Na28203)

Solubility in Sulphite Liquor:

Weight of insoluble lignin = 0.0122 g.
Solubility =_88%.
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RUN o uo

Birch Formic Acid Lignin - Acetone Soluble Fraction - 18.55%»OCH3.

Weight of ozone added = 0,485 g.g

_ Weight used = 0.404 g.
Weight of ozone not absorbed = 0.081 g.)

Weight of water insoluble fraction = 1l.U4 g. (72% vield)

Methoxyl Analysis:

% OCH; - 12.5 (12.5, 12.5)
(0.02792 g. sample required 14.40 cc. of 0.04684 N Na28203)
(0.02802 g. sample required 14,50 cc. of 0,04684 N Na28203)

Solubility in Sulphite Liquor:

Weight of insoluble lignin = 0.0224 g.
Solubility = 78%.

Birch Formic Acid Lignin - 90% acetone-water soluble fraction -
15.5%0CH,.

15.5%0CH,

Weight of ozone added = 0.488 g.)

) Weight used = 0,394 g.
Weight of ozone not absorbed = 0.094 g.)

Weight of water insoluble fraction = 1,64 g. (8&2% yield)

Methoxyl Analysis:

% OCHz - 10,4  (10.4, 10.4)

(0.02548 g. sample required 10.95 cc. of 0.04684 N Na28203)

(0.02470 g. sample required 10.60 cc. of 0.0L468Y4 N Na28203)

Solubility in Sulphite Liquor:

Weight of insoluble lignin = 0.0237 g.
Solubility = 76%.
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RUN - 60

Birch Formic Acid Lignin - Acetone Soluble Fraction - 18.55%rOCH3.
Weight of ozone added = 0.502 g.)

) Weight used = 0.396 g.
Weight of ozone not absorbed = 0.106 g.)

Weight of water insoluble fraction = 1.45 g.  (73% yield)

Methoxyl Analysig:
%OCH3 -_12.6  (12.6, 12.6)
(0.02760 g. sample required 14.40 cc. of 0.0L6EY N Na28203)
(0.02643 g. sample required 13.80 cc. of 0,04684 N Na28203)

Solubility in Sulphite Liquor:r

Weight of insoluble lignin = 0.0266 g.

Solubility =_73%.
RUN"‘?.

Birch Formic Acid Lignin - Acetone Soluble Fraction - 18&.55% OCH.

Weight of ozone added = 0.505 g.)
) Weight used = 0.405 g.

Weight of ozone not absorbed = 0.100 g.)
Weight of water insoluble fraction = 1.30 g. (65% vield)

Methoxyl Analysis:

%ocH3 - 11.45 (11,4, 11.5)
(0.03290 g. sample required 11.30 cc. of 0.04684 N Na28203)

(0.02745 g. sample required 12.55 cc. of 0.04684 N Nazseoz)

Solubility in Sulphite Liquor:

Weight of insoluble lignin = 0.018&l g.
Solubility =_82%.
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RUN""S.

Birch Formic Acid Lignin - Acetone Soluble Fraction - 18&.55% 0033.
Weight of ozone added = 0,590 g.)

Weight of ozone not absorbed = 0.127 g.g Weight used = 0,463 g.
Weight of water insoluble fraction = 1.20 g. (60% yield)

Methoxyl Analysis:

% ocH3 - 11.8 (11.9, 11.8, 11.8)

(0.02396 g. sample required 11.92 cc. of 0.04613 N NaESQOB)

(0.02846 g. sample required 14.08 cc. of 0.04613 N ﬂa28203)

0.)

(0.02259 g. sample required 11.1& cc. of 0.0U613 N Na282 3

Solubility in Sulphite Ligquor:

Weight of insoluble lignin = 0.0177 g.
Solubility = 82%.
RUN L 90

Birch Formic Acid Lignin = Acetone Soluble Fraction - 18.55% OCH3.
Weight of ozone added = 0.705 g.g

Weight used = 0.544 ¢,
Weight of ozone not absorbed = 0.161 g.)

Weight of water insoluble fraction = 1.06 g. (53% yield)

Methoxyl Analysis:
% OCHz = 10.85 (10.9, 10.8)
(0.02506 g. sample recuired 1l.45 cc. of 0.04613 N Na28203)

(0.02;89 g. sample required 9.90 cc. of 0.04613 N Na23203)

Solubility in Sulphite Liquor:

Weight of insoluble lignin = 0.0073 g,
Solubility = 93%.
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RUN - 10.

Birch Formic Acid Lignin - 90% acetone-water soluble Fraction -

15.5% OCHB'
Weight of ozone added = 0.606 g.)

. ) Weight used 0.462 g.
Weight of ozone not absorbed = 0.144 g.)

Weight of water insoluble fraction = 1.48 g. (744 yield)
Methoxyl Analysis:

% OCHz -_9.5 (9.5, 9.5)
(0.02588 g. sample required 10.26 cc. of 0.04613 XN NaESZOB)

(0.02867 g. sample required 11.42 cc. of 0.04613 N Ka28203)
Solubility in Sulphite Liquor:

Weight of insoluble lignin = 0,0117 g.
Solubility = &8%.

RUN - 11.

Birch Acetic Acid Lignin - Acetone Soluble Fraction - 1&.7% ocsz.

Weight of ozone added = 0,280 g.g
Weight used = 0.223 g,
Weight of ozone not absorbed = 0.057 g.)

Weight of water insoluble fraction = 1.31 g. (66% yield)

Methoxyl Analysis:
% OCH, - 14,5 (1k4.Y4, 14.6)

3 R,

(0.02279 g. sample required 13.74 cc. of 0.04613 N Nazszoz)

(0.02300 g. sample required 14.08 cc. of 0.04613 N Na28203)

Solubility in Sulphite Liquor.

Weight of insoluble lignin = 0.0382 g.
Solubility = 62%.
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RUN - 12;

Birch Acetic Acid Lignin - Acetone Soluble Fraction - 18.7%'OCH3.

Weight of ozone added = 0.498 ¢g.)
g Weight used = 0.371 g.

Weight of ozone not absorbed = 0.127 g.

Weight of water insoluble fraction = 1.06 g. ¢52% yield)

Methoxyl Analysis:

% OCHz - 12.85 (12.9, 12.8)
(0.02652 g. sample required 14.38 cc. of 0.04613 N Na28203)

(0.02285 g. sample required 12.29 cc. of 0.0U4613 N Na28203)

Solubility in Sulphite Liguor:

Weight of insoluble lignin = 0.0136 g.
Solubility = 86%.

RUN - 13.

Birch #cetic Acid Lignin - Acetone Soluble Fraction - 18.7%OCH3

Weight of ozone added = 0.350 g.)
) Weight used = 0.278 g.

Weight of ozone not absorbed = 0.072 g.)
Weight of water in soluble fraction = 1.19 g. (60% yield)

Methoxyl Analysis:
% OCHz - 14.2  (14.2, 1h.2)
(0.02316 g. sample required 13.80 cc. of 0.04613 N Na28203)

(0.02313 g. sample required 13.75 cc. of 0,0U613 N Na28203)

Solubility in Sulphite Liguor:

Weizht of insoluble lignin = 0.0553. g.
Solubility = U5%.
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Birch Formic Acid Lignin -~ 90% acetone-water soluble fraction -

15.5% 0033.
Weight of ozone added

0.538 g.

)

)  Weight used = 0.432 g.
Weight of ozone unabsorbed = 0.106 g.)

1.

Weight of water insoluble fraction = 1.51 g. (75% yield)

Methoxyl Analysis:

% OCH3 b 306 (906, 906)
(0.03171 g. sample required 12.70 cc. of 0.04613 N NaoS 03)

(0.02445 g. sample required 9.80 cc. of 0.04613 N Na,S, 3)
Solubility in Sulphite Liquor:

Weight of insoluble lignin = 0.0133 g.
Solubility = 87%.

RUN - 157;

Maple Ethanol Lignin.

Methoxyl Analysis:

(0.02978 g. sample required 32.40 cc. of 0.04613 N Na2820 )

(0.02308 g. sample required 24.95 cc. of 0.04613 XN Na2 203)

(0.02247 g. sample required 24.65 cc. of 0.0L4613 N Na28203)

Weight of ozone added = 0.580 ¢g.)

) Wt. of ozone used
Weight of ozone not absorbed = 0.146 g. ) 0.43h g,

Weight of water insoluble fraction = 1.23 g.  (62% yield)
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Methoxyl Analysis:

% ocH3 - 17.5,(17.5, 17.5)
(0.02304 g. sample required 16.85 cc. of 0.04613 N Na23203)

(0.0248Y4 g. sample required 18.20 cc. of 0.0U613 N Na28203)
Solubility in Sulphite Ligquor:

Weight of Insoluble Lignin = 0.0276 g.
Solubility = 72%.

The Effect of Additional Refluxing with water on the Water

Insoluble Fraction.

A number of the water insoluble fractions obtained by the
ozonizations just described were treated further with water at
100°C. for 45 minutes. The lignin was then filtered off, washed
and dried in the usual manner and quantitative sulphite cooks

and methoxyl determinations carried out on these products.

(1) Product from Run 3.

Methoxyl Analysis:
% ocn3 - 11.5 (11.5, 11.5)
(0.02402 g sample required 11.54 cc. of 0.04613 N Na28203)
(0.02635 g. sample required 12.75 cc. of 0.04613 N Na28203)

Solubility in Sulphite Liguor:

Weight of insoluble lignin = 0.0006 g.
Solubility = 100% (Previous solubility = 88%)
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(2) Product from Run 4.

Methoxyl Analysis:

% OCH3 - 11.75 (11.7, 11.8)
(0.02390 g. sample required 11.70 cc. of 0.04613 XN Na28203)

(0.02174 g. sample required 10.72 cc. of 0.04613 N Na?szo2)
Solubility in Sulphite Liquor:

Weight of Insoluble Lignin = 0.0151 g.
Solubility = &5% (Previous solubility = 78%)

(3) Product from Run 7.

Solubility in Sulphite Liquor:

Weight of insoluble lignin = 0.0022 g.
82%)

Solubility = 98% (Previous solubility

(4) Product from Run 11.

Solubility in Sulphite Liquor:
Weight of insoluble lignin = 0.0345 g.
Solubility = 65% (Previous solubility = 62%)
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IX. GRIGNARD ANALYSES OF BIRCH "FORMIC ACID" LIGNIN

BEFORE AND AFTER QZONIZATION

It was found that check analyses could be obtained in the
Grignard Machine only after careful purification of the lignin
samples, Until this was done a rather wide variation in the
results was observed.

Two grams of birch formic acid lignin (acetone soluble
fraction, Run 3, page 93) were purified by reprecipitation from
anhydrous dioxane (20 cc.) into a tenfold volume of 30-50% pet-
roleum ether. The precipitated lignin was washed thoroughly with
petroleum ether and dried overnight at 60°C. over phosphorous

pentoxigde.

Grignard Analysis:

(1) 0.15% g. sample. Used 3.00 cc. of CHsMgl
Volume of gas at 285°A. and 762 mm., 27.7 cc.
Corrected volume, 21l.9 cec.

.°. Active hydrogen per kilo is 6.2

Added 2 cc. of water.

Volume of gas at 285°A. and 762 mm., 45 ce.
Corrected volume, 38,4 cc.
3.00 cc. of CHzlMgI is equal to 45,0 cc. of gas

.*. Addition of CH}MgI per kilo is 1.9
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(2) 0.159 g. sample. Used 3.15 cc. of CHligI
Volume of gas at 285°A, and 761 mm., 28%.5 cc.
Corrected volune, 2.4 ce.

." . Active hydrogen per kilo is 6.3

Added 2 cc. of water.

‘Volume of gas at 285°A. and 761 mm., 47.2 co.
Corrected volume, 40.5 cec.
3.15 cc. of CHzMgI 1s equal to 47.2 cc. of gas.
. . Addition of CHzMglI per kilo is 1.9

The water insoluble fraction from the ozonization of birch
formic acid lignin (the same fraction used in the above analyses)
from Run 6, pagerss#¥ was purified by dissolving it in dry pyridine
(1.4 g. in 15 cc.) snd precipitation into a tenfold volume of
30-50° petroleum ether. The precipitated lignin was thoroughly
washed with petroleum ether and dried overnight at 60°C. over
phosphorous pentoxide.

Griegnard Analysis:

(1) 0.163 g. sample. Used 3.10 cc. of CH3MgI
Volume of gas at 285°A. and 761 mm., 24.Y4 cc.
Corrected volume, 18.7 cc.

.°. Active hydrogen per kilo is 5.1

Added 2 cc. of water.
Volume of ges at 285°A. and 761 mm., &4U4.3 cc.
Corrected volume, 37.5 cc.

3,10 cc. of CHBMgI ie equal to 46.5 cc. of gas.

. . Addition of Gﬂ;MgI per kilo is 2.5
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0.156 g. sample. Used 3.16 cc. of CH3MgI
Volume of gas at 283°A. and 762 MM., 26.1 cc.
Corrected volume, 20.3% cc.

« » Active hydrogen per kilo is 5.&

Added 2 cc. of water.
Volume of gas at 283 °A, and 762 mm., 45.1 cc.
Corrected volune, 38,6 cc.

3.16 cc. of CH3MgI is equal to 47.% cc. of gas.

. . Addition of CH- kgl per kilo is 2.2
7

0.156 g. sample. Used 3.18 cc. of CHBMgI
Volume of gas at 283°A. and 760 mm., 25.0 cc.
Corrected volume, 19.2 cc.

. . Active hydrogen per kilo is 5.5

Added 2 cc. of water.

Volume of gas at 283°A, and 760 mm., 44.0 cc.
Corrected volunme, 37.4 ce.
3,18 cc. of GHBMgI is equal to 47.7 cc. of gas.
.". Addition of CHjMgl per kilo is 2.9
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X, THE OZONIZATION OF METHYLATED OAK LIGNIN

A sample of fully methylated oak lignin® was found to be
completely insoluble in sulphite liquor under the standard
conditions of 110°C. for 12 hours.

One gram of this lignin was dissolved in 50 cc. of formic
acid and at 0°C. this solution was subjected to the action of
0.348 g. of ozone, of which 0.246 g. was absorbed. Upon removal
of the solvent under reduced pressure the residue was refluxed
for half an hour with 300 cc. of water. The water insoluble
fraction was filtered off, washed with water and dried.

A sample of this water insoluble fraction was found to be
completely insoluble in sulphite 1liquor under the standard

conditions.

© This sample was obtained from Dr. H. Hibbert and had been

prepared by W.H. Steeves (82). Methoxyl content - 37.6%
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XI. EXPERIMENTS ON THE GRIGNARDIZATION OF LIGNIN

{a) Native Qak Lignin

A sample of native oak lignin* was found to be completely
soluble in sulphite liquor under the standard conditions of 110°C,.
for 12 hours.

One gram of this lignin was dissolved in 35 cc. of dry
pPyridine in a three-necked flask equipped with mercury sealed
stirrer and a condenser. Under an atmosphere of dry nitrogen
30 cc. of an igoamylether solution of methyl magnesium iodide
was added in three 10 cc. portions. The reaction mixture was
then heated on the water bath at 100°C. for one and one-half hours,
Upon cooling, 500 cc. of water was added to the reaction mixture
and the precipitated lignin filtered off, well washed with water

and dried. Yield - 1.36 g.
A sample of this grignardized oak lignin was found to be

completely insoluble in sulphite liquor under the standard

conditions.

One gram of the grignardized oak lignin was dissolved in
50 cc. of formic acid and at 0°C. this solution was subjected to

the action of 0.331 g. of ozone, of which 0.151 g. was not absorbed

by the solution.

* This sample of native oak lignin had been prepared by the

scetylation technique (82) and was kindly donated by Mr. Q.Peniston
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Upon removal of the solvent under reduced pressure and refluxing
the residue for half an hour with 300 cc. of water, the water
insoluble fraction was filtered off, washed and dried.

A sample of this water insoluble fraction was found to be

completely insoluble in sulphite liquor under the standard

conditions.

(b) Birch Formic Acid Lignin

4

One gram of birch formic acid lignin (acetone soluble fraction
Table II, Run 3) was dissolved in 35 cc. of dry pyridine and
treated with 30 cc. of methyl magnesium iodide solution in the
gsame manner described in the previous section, (a).

Yield - 1.46 g.

A sample of this grignardized birch lignin was found to be
completely insoluble in sulphite liquor under standard conditions.
One gram of this lignin was dissolved in 50 cc. of formic
acid and at 0°C. was subjected to the action of 0.341 g. of ozone,
of which 0.120 g. was not absorbed. Upon removal of the solvent
under reduced pressure and refluxing the residue for half an hour
with 300 cc. of water, the water insoluble fraction was filtered

off, washed and dried.

A sample of this water insoluble fraction was found to be

completely insoluble in sulphite liquor under standard conditionmns.
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XII. THE ISOLATION OF VANILLIN AND ACETOVANILLONE

FROM OZONIZED BIRCH '¥ORMIC ACID' LIGNIN

(a) The Ozonization of Birch !'Formic Acid' Lignin

Ten grams of birch 'formic acid' lignin (the 90% acetone-
water soluble fraction from Run 3, Table II.) were dissolved in
H00 cc. of formic acid and at 0°C. this solution was treated with
2.56 g. of ozone over a period of eight hours, during which time
2.34% g. of the ozone was absorbed by the solution. The solvent
was then removed under reduced pressure and the residue refluxed
for one hour with one litre of water. Upon cooling, the water
insoluble fraction was filtered off, washed with water and dried.
This product was ground to a fine powder and again refluxed with
one litre of water for forty-five minutes. The water insoluble

fraction was then filtered, washed and dried. Yield - 6.9 g.

Methoxyl Analysis:

% OCH3 ~ 8.3 (8.3, 8.3)
(0.02068 g. sample required 6.65 cc. of 0.04978 N NapS03)
(0.02777 g. sample required &.95 cc. of 0.04978 N Nas8503)

Solubility in Sulphite Liquor:

Weight of insoluble lignin = 0.0051 g. from 0.1000 g. sample.

Solubility = 95%
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(b) The Preparation and Cleavage of the Lignin Sulphonic Acid

Two hundred cc. of sulphite liquor (6.0% total and 1.15%
combined 80p) and 6.8 g. of the water insoluble fraction, obtained
as described in the previous section (a), were placed in a stain-
less steel bomb which was heated to a temperature of 110°C. over
a period of one and one-half hours. The bath was held at 110°C.
for four hours and then raised to 130°C. for an additional eight
hours. Upon cooling the bomb was opened and the contents filtered
and the volume of the filtrate made up to exactly 500 cc. by the
addition of water. The insoluble material was dried and weighed.
weight = 0.8 g.

A portion of the filtrate (100 cc.) was freed from inorganic
material by dialysis against running distilled water for seven
days. By evaporating the solution to dryness a relatively pure
sample of the lignin sulphonic acid was obtained. This was

analyzed for methoxyl and sulphur, the latter by the metnhod of

Wolesensky (91).

Methoxyl Analysis:

% OCH4 - 5.25 (3.3, 3.2)
(0.02591 g. sample required 3.40 cc. of 0.04978 N NayS8503)
(0.03152 g. sample required 3.90 cc. of 0.04978 N Na28203)

Sulpbur Analysis:

% 8 -~ 6.45 (6.5, 6.14)
(0.10322 g. sample gave 0.04872 g. of BaSOy)

(0.10283 g. samplc gave 0.04&07 g. of BaSOy)
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The alkaline cleavage of the lignin sulphonic acid prepared
in the manner described was carried out by adding 70 g. of sodium
hydroxide to 290 cc. of the crude liquor and heating this at a
temperature of 135°C. for 12 hours under an atmosphere of oxygen-

free nitrogen. Upon cooling the solution was acidified with
50% sulphuric acid.

(c) The Isolation of Vanillin

The acidified reaction mixture from the alkaline cleavage was
extracted continuously with benzene for a period of 4& hours.

The benzene extract was then shaken ten times with 15 cc. portioms
of 5% sodium bisulphite solution. This latter solution was
acidified with 3 cc. of concentrated sulphuric acid and the sulphur
dioxide removed under reduced pressure. The solution was then
filtered and the volume adjusted to exactly 200 cc.

The determination of the total aldehydes was carried out as
follows, To a 20 cc. aliquot of the acidified bisulphite solution
was added 10 cc. of a water solution of 2,4 dinitrophenylhydrazire
hydrochloride. After standing for 6 hours the precipitate was
.~ filtered through a tared sintered glass Pregl filter and dried
at 105°C,

Weight of derivative = 0.1005 g.

Weight calculated as vanillin for total solution = 0.04l45 g,

Yield based on lignin in liquor = 1.3%
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The remaining 180 cc. of the solution was extracted contin-
uously with ether for Ug hours, the ethereal extract dried over
anhydrous sodium sulphate and the solvent removed under reduced
pressure, The residue was transferred to s small tared flask
and again evaporated to dryness. Weight of residue = 0.075 g.
This residue was then sublimed at 2 mm. pressure and 61°C. and
yielded 0.040 g. of a crystalline product which melted at 65-70°C.
A further sublimation of the 0.030 g. residue gave only a slight
oiliness at increased temperatures.

The sublimate was recrystallized from 80~90°C. petroleum
ether and gave 0.030 g. of white feathery crystals. M.P. 81-%2°C,
The mixed melting point with an authentic sample of vanillin
(M.P. 82-%3°C,) was found to be 81-82°C,

Yield of crude vanillin = 1.1% based on the lignin.

Yield of pure vamillin = 0.9% based on €£e lignin.

(d) The Isolation of Acetovanillone

The benzene extract of the acidified alkaline cleavage
product left after the extraction with bisulphite was evaporated
to dryness under reduced pressure. The residue was transferred
to a small tared flask and again evaporated to dryness.

Weight of residue = 0.080 g.

This residue was sublimed at 2 mm. pressure and 150°C.,

yielding 0.065 g. of sublimate. This product was transferred

to 8 clean flask and again sublimed at the same pressure and a
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temperature of 90°C, This gave 0.055 g. of crystalline material.
M.P. 105-110°C.

The product was recrystallized from 80-90°C petroleum ether
and gave 0.03%0 g. of white crystals. u.P., 111-112°C,

The mixed melting point with an authentic sample of acetovanillone
(M.P. 114-115°C,) was found to be 111-112°C,
Yield of crude acetovanillone = 1.6% based on the lignin.

Yield of pure acetovanillone = 0.9% based on the lignin.
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XIII. THE ISOLATION OF VANILLIN AND ACETQVANILLONE

FROM OZONIZED BIRCH 'ACETIC ACID' LIGNIN

(a)The Ozonization of Birch 'Acetic Acid! Lignin

Twelve grams of birch 'acetic acid' lignin (acetone soluble
fraction, Table III.) were dissolved in 300 cc. of formic acid
and at 0°C. this solution was subjected to the action of 2.16 g.
of ozone over a period of five and one-~half hours, during which
time 1.84 g. of ozone was apbsorbed by the solution. The solvent
was then removed under reduced pressure and the residue refluxed
with one litre of water for forty-five minutes. Upon cooling,
the weter insoluble fraction was filtered off, washed with water
and dried. This product was ground to a fine powder and again
refluxed with one litre of water for forty-five minutes.

The water insoluble fraction was then filtered, washed and dried.

Yield - 5.4 g.

Methoxyl Analysis:

% OCHz - 13.25 (13.3, 13.2)
(0.02197 g. sample required 12.2 cc. of 0.04613 N Na28203)
(0.02216 g. sample required 12.3 cc. of 0.04613% N NaszOB)

Solubility in Sulphite Liguor:

Weight of jnsoluble lignin = 0.0050 g. from 0.1000 g. sample.

Solubility = 95%
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(b) The Preparation and Cleavage of the Lignin Sulphonic Acid

Five grams of the water insoluble fraction, obtained as
described above, and 200 cc. of sulphite liquor (6.0% total and
1.15% combined SOg) were placed in a stainless steel bomb.

The bomb was placed in a bath and the temperature raised to 110°C.
over a period of one and one-half hours and maintained at that
temperature for 12 hours. After cooling the bomb, it was opened
and the contents filtered and the volume of the filtrate made up
exactly to 250 cc. with water. The insoluble material was dried
and weighed. Weilght = 0.02 ¢.

A portion of the filtrate (50 cc.) was freed from inorganic
material by dialysis against running distilled water for seven
days. The lignin sulphonic acid was obtained by evaporating the

solution to dryness and was analyzed for methoxyl and sulphur (91).

Methoxyl Analysis:

% oca3 - 6.4 (6.5, 6.3)

(0.02727 g. sample required 6.85 cc. of 0.04978 N Na55503)

(0.02611 g. sample required 6.42 cc. of 0.04978 N Na28203)

Sulphur Analysis:
% s - 6.15 (6.1, 6.2)
(0.10200 g. sample gave 0.04563 g. of BasQy)

(0.10303 g. sample gave 0.04502 g. of BaSly)
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The alkaline cleavage of this lignin sulphonic acid was
carried out by adding 33.6 g. of sodium hydroxide to 140 cc. of
the crude liquor. This solution was maintained at a temperature
of 135°C. for a period of 12 hours under an atmosphere of oxygen-

free nitrogen. The reaction mixture was then cooled and acidified

with 50% sulphuric acid.

(c) The Isolation of Vanillin

The acidified reaction mixture from the alkaline cleavage
was extracted continuously with benzene for 4&€ hours. This benzen
extract was then sheken ten times with 15 cc. portions of 5%
sodium bisulphite solution. This latter solution was acidified
with 3 cc. of concentrated sulphuric acid and the sulphur dioxide
removed under reduced pressure. The solution was filtered and
the volume adjusted to exactly 250 cc.

The determination of the total aldehydes was carried out in
the following manner, To a 20 cc. aliquot of the acidified
bisulphite solution was added 10 cc. of a water solution of 2,U4-
dinitrophenylhydrazine hydrochloride. After standing for 6 hours
- the precipitate was filtered through a tared sintered glass Pregl
filter and dried at 105°C.

Weight of derivative = 0.02084 g.
Weight calculated as vanillin for total solution = 0.1158 g.

4%

n

Yield based on lignin content of liquor
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The remaining 230 cc. of the solution was extracted contin-
uously with ether for Ug hours, the ethereal extract dried over
anhydrous sodium sulpbate and the solvent removed under reduced
pressure. The residue was transferred to a small tared flask
and again eveporated to dryness. Weight of residue = 0.160 g.
This residue was then sublimed at 2 mm. pressure and 61°C. and
yielded 0.070 g. of a crystalline product which melted at {0=75¢°C,

This was recrystallized from 80-90° petroleum ether giving
0.C65 g. of white feathery crystals. H.P. &2-83°C.

The mixed melting point with an authentic sample of vanillin
(M.P. 82=-8%°C,) was found to be &2-g3°(C,

Sublimation of the residue at a temperature of 140°C., yielded
0.030 g. of additional material which was resublimed at 61°C. and
then crystallized from 80-G0° petroleum ether, Yield = 0.C10 g.
M.P, 81-82°C. Mixed melting point with vanillin - &1-82°C.

Thus the total yield of pure vanillin was 0.07h g.

Yield of pure vanillin = 2.7% based on the lignin.

(d) The Isolation of Acetovanillone

The benzene extract of the acidified alkaline cleavage
reaction product, after the extraction with the bisulphite, was
evaporated to dryness under reduced pressure. The residue

was transferred to a8 small tared flask and again evaporated to

dryness. Weight of residue = 0.170 g.
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This residue was sublimed at 2 mm. pressure and 120°C.
yielding 0.080 g. of crystalline material. . Further sublimation
of the residue at temperatures up to 170°C. gave only a small
oiliness. The sublimate was resublimed at a pressure of 2 mm.
and 95°C, giving 0.075 g. of product. M.P. 109~112°C.
Recrystallization from 80-90° petroleum ether gave 0.050 g. of
material. M.P. 110-111°C.

An additional recfystallization gave 0.030 g. M.P. 112~113°C.
The mixed melting point with an autbentic sample of acetovanillone

(M.P. 114-115°C.) wes found to be 112-113°C.

Yield of crude acetovanillone = 2.7% based on the lignin.

Yield of pure acetovenillone = 1.1% based on the lignin.
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XIV. MISCELLANEOUS EXPERIMENTS

(2) The Action of Formic Acid on Ozonized Lignin

Eight-tenths of a gram of the water insoluble fraction from
the ozonization of birch formic acid lignin (Run &, pagelz35) was
refluxed for 48 hours with 100 cc. of formic acid. The solution
was then evaporated under reduced pressure to a volume of 25 cc.
and poured in a fine stream into 2 litres of water. The
precipitated lignin was centrifuged off, washed and dried.

Yield - 0.56 g.
This product was found to be completely insoluble in sulohite

liquor under the standard conditions of 110°C. for 12 hours.

(b) The Action of Formic Acid on x—hydroxypropioveratrone.

« -hydroxypropioveratrone (2-9 g.) was refluxed for 48 hours
with 180 cc. of formlc acid. The reaction mixture was then
evaporated to a volume of 80 cc. and poured in a fine stream into
2 litres of water. The precipitate was filtered off, washed

and dried. Weight - 1.4 g. Yield - 50%

Methoxyl Analysis:

% OCH; - 31.6
(0.02948 g. sample required 39.10 cc. of 0.04613 N Na28203)

This product was found to be completely insoluble in

sulphite liquor under the standard conditions.
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(c) The Action of Ozone on Yx-hydroxypropioveratrone Formic

Acid Lignin"

One gram of the product which was obtained as described in the
previous section was dissolved in 50 cc. of formic acid and at
0°C. was subjected to the action of 0.4U45 g. of ozone over a
period of 45 minutes, of which 0.369 g. was absorbed by the
solution. The solvent was then removed under reduced pressure
and the residue refluxed with 300 cc. of water for 45 minutes.
The water insoluble fraction was filtered off, washed and dried.
Yield - 0.80 g.

This product was found to be completely insoluble in sulphite

liguor under the standard conditions.

(d) The Action of Qzone on "x<~hydroxypropiovanillone Sulvhuric

Acid Lignin"

This "lignin" was obtained by refluxing «~hydroxypropio-
vanillone with 1% sulphuric acid for 36 hours¥, and was completely
insoluble in hot bisulphite solution. Three-tenths of one gram
of this material was dissolved in 15 cc. of formic acid and at
0°C. was subjected to the action of 0.061 g. of ozone over a
period of ten minutes. The solvent was then removed under reduced
pressure and the residue refluxed with 15 cc. of water for five
minutes. The water insoluble fraction was filtered off, washed
and dried. Yield - 0.22 g.

This product was completely insoluble in sulphite liguor

under the standard conditions.

* Phe writer is indebted to Mr. A.Cramer for this sample.
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(e) The Action of Hydrogen Peroxide on Birch 'Formic Acid' Lignin

(i) Two grams of birch formic acid lignin (acetone soluble
fraction) were dissolved in 50 cc. of formic acid and while the
solution was kept well stirred 2 cc. of 30% hydrogen peroxide
was added dropwise. Stirring was continued for one hour and
then the solvent was removed by evaporation under reduced pressure.
The residue was refluxed for one hour with 300 cc. of water and

the water insoluble fraction filtered off, washed with water and

dried. Yield - 1.40 g.

Solubility in Sulphite Liquor:

Weight of insoluble lignin - 0.035k4 ¢.
Solubility - 65%

(ii) One gram of birch formic acid lignin (acetone soluble
fraction) was digssolved in 25 cc. of formic acid and was treated
with 2 cc. of 30% hydrogen peroxide in the same manner as
described in the previous section.

Weight of water insoluble fraction - 0.51 g.

Solubility in Sulphite Liquor:

Weight of insoluble lignin - 0.0 g.
Solubility - 100%
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XV. THE ACTION OF SULPHITE LIQUOR ON VARIOUS ORGANIC COMPOUNDS

(1) Benzoin

Three cc. of sulphite liquor and 0.080 g. of benzoin
were cooked in a glass bomb for 12 hours at 110°C. Upon cooling,
the bomb was opened and the insoluble crystalline msterial was
filtered off, washed with water, dried and weighed. Yield - 0.080

M.P. 132-13%°C. The mixed melting point with the original
benzoin (M.P. 133-1349C,) was found to be 132-133°C, Thus

benzoin does not form a sulphonic acid under these conditions.

(2) x=~ethoxypropioveratrone

Three cc. of sulphite liquor and 0.080 g. of «—ethoxy~-
propioveratrone were cooked for 12 hours at 110°C in a sealed
tube. Upon cooling a green insoluble globule was observed in
the tube. The contents were washed out into a beaker and the
oily globule crystallized on scratching. This material was
filtered, washed with water and dried. Yield -~ 0.053 g.

M.P. 79=80°C, The mixed melting point with X —ethoxypropio-
veratrone (M.P. 81-82°C.) was found to be 80-81°C. Thus the
compound does not form a sulphonic acid under the conditions

employed and is stable to hot bisulphite solutions.

(3) x~hydroxypropiovanillone

8ix cc. of sulphite liguor and 0.200 g. of «~hydroxy-
propiovanillone were cooked for 12 hours at 110°C. Upon cooling

the bomb no insoluble material separated out. The contents were
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washed into a small besker and allowed to evaporate to dryness.

The residue was then extracted three times with 3 cc. portions

of dry chloroform, The chloroform extract was allowed to evap-
orate in a tared dish and yielded 0.200 g. of an o0il which slowly
crystallized on standing. This product was recrystallized from
80-~-90°C, petroleum ether and gave 0.050 g. of crystalline materiel.
M.P. 96-101°C. The mixed melting point with a sample of ™-~hydroxy-
propiovanillone (M.P. 100-101°C.) was found to be 98-99°C,

Thus this compound did not form a sulphonic acid under the
conditions employed and was stable under the conditions of a

tsulphite cook!?.

(4) o ~hydroxypropiosyringone

Three cc. of sulphite liquor and 0.200 g. of «-hydroxy-
propiosyringone were cooked for 12 hours at 110°C. No insoluble
material was obtained upon cooling the bomb. The contents were
washed into a small beaker and allowed to evaporate to dryness.
The residue was then extracted three times with 3 cc. portions
of dry chloroform. Evaporation of the chloroform extract in a
tared dish yielded 0.180 g. of crystalline material which was
recrystallized from benzene. M.P. 122-123°C.  The mixed melting
point with a sample of o« —~hydroxypropiosyringone (M.P. 123~124°C.)
was found to be 123-124°C. Thus this compound did not form a

sulphonic acid under the conditions employed and was stable to

hot bisulphite solutions.
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XVI. EXPERIMENTS WITH SPRUCE WOOD MEAL

A Grignard analysis was carried out in the usual manner on
a carefully dried sample of extracted spruce wood meal, with the
exception that the reagent was allowed to stand in contact with
the wood meal for 18 hours at room temperature before the addition
of the water. Another analysis in which this procedure was not

followed gave no addition of the reagent.

Grignard Analysis: (pgridine solvent)

0.147 g. sample. Used 3.25 cc. of GHBMgI
Volume of gas at 275°A. and 763% mm., 12.8& cc.
Corrected volunme, 9.5 cc.

. . Active hydrogen per kilo is 0.21

Added 2 cc. of water.

Volume of gas at 275°A. and 760 mm., U47.4 cc.
Corrected volume, 41.7 cc.
3.25 cc. of GH3MgI is equal to 43.5 cc. of gas.

e o Addition of CH. Mgl per kilo is 0.06
Ve

The reaction mixture from this analysis was poured into
150 cc. of water and the wood meal reaction product filtered
off, well washed with water and dried. Yield - 0.150 g.

This product was then subjected to a standard sulphite cook

and the pulp filtered off, washed with water and dried.
Weight - 0.122 g. (80% yield)
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Methoxyl Analysis of Residual Pulp:

% OCH3 - 4.1

(0.03470 g. sample required 5.55 cc. of 0.04978 N Na28203)

Sulphite Gook on Spruce Wood Meal

A sample of extracted spruce wood meal (4.8% OGHB) weighing
0.400 g. was subjected to a standard sulphite cook at 110°C for
12 hours with 6 cc. of liquor. The pulp was then filtered off,
washed with water and dried. Weight of residual wood meal -

0.308 g. (77% yield)

Methoxyl Analysis:

(0.05058 g. sample required 5.90 cc. of 0.04978 N Na28203)

Sulphite Cook on Diazomethane methylated Spruce Wood Meal

A sample of extracted spruce wood meal which had been
methylated with diazomethane (7.2% 00H3)* and which weighed
0.400 g. was cooked for 12 hours at 110°C. with 6 cc. of sulphite
liquor. The pulp was then filtered off, washed with water and

dried. Weight of residual wood meal - 0.336 g. (88% yield)

Methoxyl Analysis:

% OCH3 - 5.8
(0.05163 g. sample required 11.70 cc. of 0.04978 N Na23203)

® the writer is indebted to Mr. A.Cramer for this sample.
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SUMMARY

The use of formic acid as a solvent for ozonization has been
developed and its characteristics in this capacity demon-

strated by experiments on organic compounds of known structure.

This solvent shows a remarkable tendency to protect
the aldehyde group from oxid=tion to the carboxyl group.
The stability of the aromatic nucleus is somewhat greater in

this solvent than in ethyl acetate.

Isolated lignins, obtained by extraction with formic and

acetic acids, and by alcoholysis with ethanol-hydrogen chloride,
which are normally insoluble in aqueous bisulphite solution,
have been shown to yield lignin sulphonic acids after a prior

treatment of the lignin with ozone.

Lignin sulvhonic acids obtained in this manner from formic

and acetic acid lignins have been shown to give rise to
vanillin and acetovanillone on alkaline cleavage. Presumably
this is the first time that acetovanillone has been obtained

from a hard wood.

The increase in solubilitv in aqueous bisulphite solution and
the decrease in methoxyl content of formic acid lignin with

increasing ozonization has been studied.
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A methylation study of the water soluble and water insoluble
lignin fractions obtained upon ozonization has shown the
importance of an hydroxyl group, methylatable with diazo-
methane, upon the solubility of these fractions in aqueous

bisulphite solution.

Direct chemical evidence has been obtained in a number of
cases for the necessity of a carbonyl group for the solubil-

ization of lignin by means of aqueous bisulphite solution.

A study of various lignins has produced evidence to show thet
the carbonyl group is associated with an hydroxyl group and
that both these groups are necessary for the formation of a

lignin sulphonic acid.

The action of aqueous bisulphite solution on a number of

organic compounds of known structure has been studied.

A new interpretaticn of the process of delignification by
means of aqueous bisulphite solution has been postulated in

view of these new experimental findings.
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