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PART ONE.

SOME FISSION PRODUCTS

OF FURANS

(visi)



PART ONE. CILAIM TO ORIGINAL RESEARCH

l., The mechanism of conversion of furfuryl
aleohol to methyl levulingte, has been studied, and a
‘more satlsfactory mechanism suggested than the one

proposed by Pummerer.

2¢ The use of 2,4-dinitrophenylhydrazine hydro-
chloride, as a reagent. for the study of ring opening in

the furan serlies, has been developed.

3« BSome older methods for the recovery of
carbonyl compounds from their derivatives, namely distil-
lation with squeous sodium hydroxide (10%4), or sodium
carbonate (saturated), chromic acid oxidation and
ozonolysis, have been applied to 2,4-dinitrophenyl-

hydrazonese.

4., A method has been proposed for the synthesis
of derivatives of J-methoxy-levulinaldehyde-dimethylal.,

5 The assumption that o -methoxy-levulin-
aldehyde-dimethylal 1s an intermedlate in the conversion
of furfuryl alcohol into methyl levulinate, as proposed

by Pummerer, has been shown to be incorrect.

(ix)



HISTORICAL REVIEW

PART ONE Ao GENERAL INTRODUCT1ON

(a) History of Furan Chemistry

The discovery of Furolc acild as a pyrolysis
product of mucic acid by Scheele 1) in 1780, opened up a
complex and extremely interesting field of chemistry. In
spite of the early discovery of furans, knowledge of this

particular branch of organic chemistry is stlll very limited.

Most attempts at determination of structure by
substitution and addltion reactions have falled, since
furan and substituted furans are highly senslitive to the
action of mineral acidse 1In most cases, these bring about
the formatlion of tars, resins and heavy oils of such complex
structures that it has been impossible as yet, to determine

thelr nature.

‘the sensitivity of the furan compounds depends
upon the nature of substituent groups, and as one consequence,
considerable work has been carried out on the more stable

furoic acid.

Furan derivatives can be converted into more or
less simple aliphatic compounds, and 1t is the ease of this

conversion which has enabled investigators to clarify many



of the structures and reactions of furan.

At the present time, there is avallable =
large supply of furan raw meteriale. However, in spite
of thls, no extended commercial use has been developed

for same,

The principal source of furans is to be found
in the carbohydrate present in waste products (oat hulls,
etce.) and the fact that they or thelr decomposition products
may represent an essential part of the lignin structure 2)3),

makes a study of thelr properties of considerable interest,



(b) The Constitution of Furan

Furan 1s a heterocycle consisting of four
carbon atoms, and one oxygen atome Little proof has
been offered as yet, of the structure of furan outside

of the fact that there ls a heterocyclic ring present.

Numerous formulae have been offered for the

heterocyclic viz:

e <
| ] N\
« HC ,CH « HC CH HCC §y OCH
No”” No” N
1. 2. 5.
HC=——=CH clt iH
H CH HC
No” N
4o 5

and each one explalns some of the facts of furan chemistry.
However, formula l. above 1s the one in common usage, since
it can be used to explaln the greatest number of experimental
facts. Structure 4. shown above, cannot be entirely dis-
carded since it may be applied to certaln phenomensa which

cannot be properly explalned on the basls of formula 1.

It will be notliced that the generally accepted

formula 1. contalns a conjugated system of double bonds, a



necessary postulation since several cases of 1,4~
addition 4) 5) 6) 7) have been reported in the llterature,
Furthermore, furans undergo condensation with malelc anhy-
dride 9! to give typical condensation products of a conjue~
gated system with one,which contains a double bond.

On the basis then, of l,4-addition and the
occurrence of the DielseAlder reaction, it is proposed to
use in thils thesis the modern accepted formula for furans,
but at the same time, the fact must not be overlooked that
this 1s accepted wlth reservations by various workers in
the furan field. Others assume that furan is not merely

one compound but an equilibrium mixture of two or more of

these formse



Be STIRUCLURE OF FURFURAL AND OTHER O-SUBSYITUVED FURANS

Furfural,which is an aldehyde substituted
furen, is avallable in large quantities. Because 1t ecan
be formed in relstively high ylelds from pentosan waste
materials, 1t has been the subjJect of numerous investiga-
tions., Furthermore, its constitution has been definitely
established, and 1t may be converted by rellable reactions

Into other important «-substituted furans.

The structure of furfuraldehyde as an «-substituted

aldehyde was established by von Baeyer 8) in 1877 by the
following reactions;

HC=——=CH HC ———CH
N | - CHzCOONa. é | 5 =
\o/C (03500)209 No”
HC == CH
(&) | l {0}

— Hc;—o/c - CHg = CHg = COOH  ——mie)

HC -« CH=CH - C = CHg = CHg = C !!’
C H C 2 2 OOH O

HOOC - CH==CH - C - CHp - CHg - COOH _[H)
0

-~

HOOC - CHp - CHp - CHg = CHy - CHy - COOH.



von Baeyer used thls series of reactions to
prove the ethylene oxlde structure for the furan nucleus.
The Perkin synthesis necessarily gave rise to an unsaturated
acid, and the succession of reactions, ending with the forme-
tion of pimelic acid, established the presence of the
acrylic acid group on the efcarbon atom, as otherwise a

branched chaln compound would have been formed.

Guriously enough von Baeyer used the above series
of reactions to prove the ethylene oxlde structure for the
furan nucleus, whereas Marckwald 9) considered the same
serles of reactions proved the diolefin formula for the
nucleus. The latter started with furyl acrylic aciq,
obtained from furfuraldehyde and on ring opening with
alcoholle-HC1l 1solated the followlng acids

HOOC - CHp = CHp = C = CHp - CHy - COOH
] ?
0

which on reduction gave pimelic acld;

HOOC - CHy - CHy - CHy = CHy = CHp = COOH

Since both investigators thus proved the
presence of the aldehyde as an osubstituent in the
furan ring, it necessarlly followed that many of the

furan types which had been derived from it, were also



of the e-type.

Sylvan, prepared from furfural by the use of

hydrazine hydrate and solid sodium hydroxide is thus an
g-methyl furan. Furfuryl alcohol and furoic acld obtained

from furfural by a Cannizzaro reaction are consequently of-

substituted furans as shown below:

HG e CH HG CH HG ———CH
H|Gl g - =0y H!'! “ - CHoOH —) H'C! C = COOH
No” N7 e No”

By & comparison of these compounds with others
secured by direct nuclear substitution of furan, the struc-
ture of the latter could be easily proven. For example,
furan can be mercurated with mercuric chloride and converted

into furoic acid, identical with that secured from a

Cannizzaro reaction with «-furfuraldehyde:

HG —— CH G — CH HC-——- CH
" " -jH&C1}- HgC1 Y z" Ic! HgC1l [I] :
B0 THEALL - Bl I 0 - T8 \o/" -

c ———fH
M Hg “ Mgl COg :!! c! COOH
BTN N B N

Similarly «-furfuryl alcohol and &-furfuraldehyde have been

formed from the above Grignard reagent 10) 11),



Other nuclear substitution reactions, viz. the
Friedel-Crafts reaction, the Gatterman-Koch modification,
and replacement of nuclear hydrogen by alkall metals, lead
to substituents which, by relation to the foregolng reactions,
are necessarily &-substituents. It would appear that dlrect
nuclear substitution takes place in the &f-position since up
to the present time 1t has been impossible to isolate any

/3 -monosubstituted product from such a substitution reaction.



Ce IDENTLITY OF LHE 1WU OCPOSLTIONS IN FURAN

Since 1t is possible to 1solate only one mono-
substituted furan from s reaction mixture 1t might be
concluded that the two afpositions are similar. For
direct proof however, Plyler 12} carrtea out the following

series of reactions:

HG ——CH HG —~——CH
Ao ooHg000 lc! lc! COOH ———> CgHg0oC lcl Ic‘: cocl
502C - - oHg0oC = -
No” No”
Hc—f}H HC CH
f fl | + HoO i |
2> CoHe0.C = C C - CHO 2 HOOC = C C - CHO
28502 ~No” —_— No”
s W
-C0g + (o}
> HC\O/C - CHO 5 HC\O/C - COOH
Tﬁa()
HC — CH HC ——CH

B. | " -G0g " "
CgHg0pC = O~ -G = CuOH > OgHg0l - O CH

In each case the identical 2-furoic acid was obtained.

Of course one assumptlion was necessary in thls series

of reactions, viz., the stability of the carbon to carbon
linkege which would make a 2,b-rearrangement of the sube
stituent impossible.



- 10 =

Nuclear substitution of an &substituted
furan usually takes place in the free Q-position, no
matter what the nature of the previous substituent.

This heas been shown in a number of ways.

Primerily, disubstituted compounds have been
compared with disubstituted compounds of known structure.
Secondly, disubstituted compounds have been made from di-
substituted eompounds with concurrent removal of one of
the origingl substituents. And finally, dlsubstituted
compounds have been secured through ring closure of known

compounds, €.Ze?

C CHo HC CH HC = CH
Hzl | —_> i 0 —— | ]
CHS - S S - CH5 CH5 - (‘} (’J - Cﬁs CH5 - 0\0/0-055
0 0 OH OoH

and the synthesis of 2,5-dimethyl furan supplies a reference

compound for other disubstituted compounds.

In this thesis it has been declded to omlt any
reference to tri- or tetra-substituted furans as it is
believed that there is no relatlonship between them and

the work investigated.
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De. SUPER AROMATIC PROPERTIES OF FURAN

Furan derivatives are believed by Gilman and
co-workers to have "super-aromatic" propertles, that 1s,
in those reactlons which demonstrate a difference between
the so-cglled aromatic and allphatie series, furan reacts
as 1f 1t possessed a more aromatic nature than does

benzene.

With the ethyl ester of Z2-furylaerylic acid,
bromine shows a greater tendeney to replace the nuclear
hydrogen then it does to form an addition product with
the unsaturated aliphatic side chain, Further, nitration
of furyl phenyl ketone leads to formetion of a nitrofuryl
phenyl ketone rather than to formation of a furyl nitro-
phenyl ketone. On the basls of the above Gilman.ls)

was led to bellieve that furan possesses superaromatic

properties.



E., THE CONVERSION OF HEXOSES TO LEVULLNIC ACID

The conversion of hexoses into levulinic sacid

was first reported in 1840 by Kalk van Mulder 14)

s Who
isolated "glueinic* acid by a sulphuric acid treatment of
corn sugare. Tollens and von Grote 15), in 1873 repeated
the procedure and called their product levulinic acid.

In 1881 these same authors starting with sucrose were able
to 1solate some 8 - 9% of levulinic scide. Rischbeith 167,
in 1885 obtained a yileld of 13% levulinic acid from potato
stareh and hydrochloric acid. During the same period and
by & simllar procedure, levulinlc acid was prepared from
lactose by Rodewald and Tollens 17); from galactose by
Kent and Tollens 18); from raffinose by Rischbelth ang

Tollens 19); and from mannose by von Grote and Tollens~20).

A synopsis of the work carried out by earller

investigators 1s glven in the accompanylng tablei



TABLE 1

Mode of Treatment of Varlous Oarbohxgrates in Relation to Yield of Levulinic Ac;d

Author Starting
' Material Yield
Grote®and (15) » 1875 sucrose 400 g. sucrose; 400 g. H2S504; Trace
Tollens 4300 g HoO. Reflux on steam
bath 8 times for 2«3 days at a
time.
Grote, Kehrer (15), 1881 sucrose 1000 g. sucrose; 1000 g. HyO; Crude
and Tollens 100 cco HpSO0y. 8=-9%
Grote and (15), 1875 d-fructose Discuss d-fructose as a raw '
Tollens material for preparation of Py
levulinlic acld. '
Grote and (18), 1875 inulin 11 g. inulin; 11 §. Ho S0, 3 Not given
Tollens 220 cc. Hg0; ref uxed 4 dayse
Grote and (15), 1881 d-glucose 50 g« glucose; 50 g. H28043 Trace,
Tollens 450 g« HoO3 states that HC1 mostly
gave better results. humlc
acid.
Rodewald (17}, 1881 lactose 100 g. lactose; 10 g. HyS0,; doe
and 'ollens 200 g. Hg0 (14 days)
Kent and (18}, 1885 d-galactose 10 g. gelactose; 20 cc. HC1 doe
Tollens (5 hours)

(continued)



YABLE I (cont'd)

Mode of Treatment of Various Carbohzdrates in Relation to Yield of Levulinic Acid

Author Starting
Material Yield
Rischbeith (19), 1886 raffinose 2 g. raffinose; 1l cc. HgO; Trace.,
and Tollens 1l cce. H2504 (3 hours) mostly
humie
acld.
Rischbeith (16), 1887 starch 10 g. starch; 20 cc. 10% HC1 13%
and Tollséns (20 days)
Conrad and (21), 1885 suerose éhowd yield depends upon acid
Guthzelt concentration.
Conrad and (21), 1885 galactose Discussion.
Guthzelt
Conrad and (21), 1886 d-fructose Yields poor in all cases, fructose
Guthzelt gave best results.
Conrad and (21), 1866 lactose Discussion.
Guthzelt

Fischer end (22), 1889  mannose 10 g. mannose; 30 g. fuming HCl. 0.2 g.
Hershberger

Smith and (23), 1900 sorbose Digcussion.
'follens

- 31 -



It may be seen from the above table that a
varlety of ecarbohydrates yield levulinic ecld on treat-
ment with acid, although generally in very small smount,
dependent on the starting materiasl and the condltions
employed, As early as 1888 Wehmer and Tollens 24),
concluded that "The formation of levulinic acid from
carbohydrate materials under the influence of mineral

acids, 1s a characteristic reaction of hexoses".

pu11 2°)

pointed out that an aldehyde was
formed when inulin (a fructose polymer) was treated with
squeous oxalic acld. This asldehyde on further treatment
with acld ylelded levulinic acid. However, Klermeyer 26)
was the first to identify this aldehyde as hydroxymethyl-
furfuraldehyde and he showed that this aldehyde on treast-
ment with acid yilelded 80% of levulinic acid. A much
higher yield of this aldehyde has been secured from
fructose in these laboratories by S. Trister 27). No
attempt was made to explain the mechanism of the change
from hexose to hydroxymethyl=-furfural nor from hydroxy-
methyl-furfural to levulinic acid. The aldehyde is
formed both from aldoses and ketoses. However, in the
latter case, where the configuration of the hexose more
nearly approaches that of the aldehyde, ylelds are much
higher. E. Fischer 28) gnowed that the action of

methanolic-HC1l on glucose or glucose polymers led to the
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formatlion of the corresponding alecoholic glucoside,

whereas fructose did not yleld a methyl fructoside.

Weldenhagen and Korotkj 22) using alcoholic
HCl showed that keto-hexoses were converted into the

corresponding levulinlic acid ester and the alkoxy-methyl-
furfural whereas aldoses under the same conditions

yielded only the corresponding glucoside.

However, under more drastic conditlons, the
levulinic acld ester and alkoxyl-methyl-furfural may also
be obtained, though in poor ylelds, from aldoses. Increase
in acid concentration increases the yield of levulinic acid

and decreases the yleld of hydroxymethyl-furfursl.

The mechanism of conversion from hexose has not
been explained up to the present and the reaction for the

conversion of fructose might be wrlitten simply, as follows:

CH,OH
o—OH
i HC ——CH
HOCIN - BHg0 I I
; 0 .y CHO - C _C - CHpOH
HC,FV °
]
HC
]
CHon
CHg — C
MeOH c é |H2 |
+ — -—> Hz - C COCHz 4 HCOOCH3

0 0



F, THE CHEMISTRY OF LEVULINIC ACID

CHg = C = CHp - CHp - COH
0 0

x-—ketopentanoic-acid

Kalk van Nulder 14) 1solated a product which
he termed "glucinic" acid by the action of sulphuric acid
on corn sugar, and which was later 1dentifled as levulinic
acide As shown in section E, the latter is readlly formed

from other carbohydrate materials,

Previous Work on Constitution of Levullnic Acid

Blaise 30) treated the ethyl ester of the mono-
acyl chloride of succinic acid with zinc methyl In benzenej;
CHS
/Zn-l— 2Cl - G - CHg - CHg - COCgHg
CHg 0 0

> 2 CHS - S - CH2 - CH2 - g - 002H5 + ZnCly

0 0

O, CHg -C - CHg = CHy - C - OH
H20 o 3 -0 2 2 - ¢
0 0

and obtained levulinlic acld. This was also synthesized
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by Harries 51)

by oxldation of levulinic aldehyde with
silver oxlde. As a further proof of structure, levulinic
scid has been prepared 32) by treatment of acetoacetic §§ter
with an o-halogen substituted acetlc acid ester follaweé

by ketone hydrolysis thus:

CHg. = C = CHp = COOCgHg + CICHg - COOCHg
0

H

> CH =~ = = ©00CaHs
O CHy - COOCgHg

> CH5 -C = CH2 - CH2 - COOH

LH
0
From the above synthesis it can be seen that
the structure of levulinic acid has been definitely
established. By reduction to valeric acid, the struecture

of levulinic acid has been further proven.,

It would appear that levulinic ascid does not
exist solely in the straight chain form. The migration
of hydrogen from hydroxyl to carbonyl to form a hemiacetal
is a well known reasctlon, and has been applied to levulinic
acid thus:

e {Ha

CH -C-CH2-CH2-C-OH(:) CH3 /\/

0 0

=0



It is believed that R. Anschutz 58) was the first to
postulate the ring formula for levulinic acid, based on
the discovery by Bredt 34), that levulinic acid with acetlc

anhydrlde gave an acetyl derivative.

Numerous other reactlons of levulinle acid,
namely the reduction to Y-valerolactone; the formation
of chlorvalerolactone wilth acetyl chloride, etc., have
demonstrated the exlstence of the ring formulae However,
levulinic acid, also can form the normal Ketone derivetives
sueh as hydrezones, oximes and semicarbazones and thus must
also exlist in the open chain form. Any consideration of
levulinic acld consequently must also take into account

both formse.

Physical Properties

Levulinic acid at room temperature consists of
large glassy crystals, melting point 31 - 33,5°C., boiling
point 245 - 246°., with decomposition, at normal pressures;
boiling point 154° at 24 mm. pressure and 148 - 1499C. at

15 mm. pressure. The refractive index is n 1/ = 1.44050.

D
It 1s easlly soluble in water and most organic solvents.

With metalllic hydroxides 1t readily forms metallic saltse



Reactions

0Oxldizing reagents tend to convert levulinie
acld into acetlc and carbonic acids, while reduction

converts it into ¥ -hydroxyvalerie acid or valerolactone.,

Distillation under normal pressure ylelds acetle
acid and a mixture of o and/ﬁ’-angeli‘ca lactones:

Hz?——'cltﬂ ch;— CHop
. |
0=cC C = CH 0 =C C = CH
No” 3 N 2
0
o s

Because of the presence of a ecasrbonyl group,
and -hydrogen atoms adjacent to it, levulinic acld

exhibits the well known aldol condensation reasctions:

J e
CH; - C - CH, - CH, - C - OH
3 1) H2 2 11
0 0

When acld is used as the condensling agent, reaction takes
place with the -carbon, whereas in the presence of
alkalis A-eondensation takes place:

O

- - Acid - -
+CH5-S-CH3 CHz-g CH ) CHgz S’?,‘CH?"E OH

o =0

0 ¢ O(EH 8)
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L 1

0 0 0 CH O 0
]

H
Base - - -
D-ﬁ *CH5-9-CH2-CH2-S-OH 3> CH=C CH2 01{2-5 OH

Treatment with alcoholic mineral acids readily
leads to the formetion of the corresponding levulinie
esters. These, in turn, show the same CHg - CO - CHg =
reactions, etc., as does levulinic acid itself. It is
possible, though improbable, that the esters also exist as
combinations of the open (l.) and closed chain forms (2.)3

CHg - g - CHg = CHg =~ g - OCHz (1.)
(¢] )
and
Hg —— Ciig
|
CHg - C_  C =0 (2.)
/ ‘\0/’

CH30
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G. CHEMISTRY OF METHYL LEVULINATE

CHg - C = CHp - CHg - C - OCHg

it 1

0 0

Methyl ester of Jﬁketopentanoic acld

The methyl ester can be prepared by esterifica-
tion of the corresponding acld and by treatment of the
silver sglt of the acld with methyl lodide.

It is a colorless 1liquid, boiling point

191 - 191.5° ., at 743 mm., boiling point 85 - 86%°. at

156 -
D 1

soluble in water and most organic solvents. With sodium

14 mme. The refractive index is n 4240. It is

methylate it readily forms sodium levullnate.

Preparation of carbonyl condensation produets
is recorded by various investigators as follows: phenyl-
hydragzone, melting point 103 - 104°C., p-nitrophenyl-
nydrazone, melting point 136°C., 2,4=dinitrophenylhydrazone,
melting point 141 - 142°C., semicarbazone, meltling point
148 - 149°C.



H. THE CONVERSLION UF CARBQHYDRA”ES ‘L0 FURANS

Treatment of carbohydrate materials by
distillation with mineral secids leads to the formation

of furan derivatives.

The commerclal source of furfural lies in the
pentosan materials which abound in oat hulls, Pyromuclc
acid is formed from mucic acid, which pyrone in turn is

formed from carbohydrate materials.

Hydroxymethyl-furfuraldehyde has been shown to

be a decomposition product of hexose materials,

In practically every case of treatment of carbo-
hydrate materisl with mineral acld, some smount of a furan
derivative, generally furfural, is obtained. The
conversion of these furan derivatives into simpler
aliphatic materials is known and is discussed later in
this thesis.



Is RING OPENING IN THE FURAN SERIES

(2) Normal Ring Opening

The conversion of furan derivatives to
straight chain aliphatlc compounds is well known and

has been explalined by a rupture of the oxygen bridge.

Paal 9°) was the first to discover that the
furan nucleus opened readily. By heating &,&-dimethyl
furan dicarboxylic acid with water at 150 - 160°C., he

was able to prepare acetonyl acetone:s

HQE=C e =C OOH _
u “ Pa CHS-S -CHQ -CHZ-S .GHS + 2C 02
Cﬂs— . O/G —CH5 H2 0 > 0 o

The same product was obtained from « gdimethyl furan by
Pael and Dietrich 99,

37)

Harries converted furan into the dimethylal

of succindialdehyde by heating the compound wlth a methanolic
HC1l solution:

Hﬁ’ — ﬁH MeOH Hz‘i CHp

HC
o@ \)CH5 0

The reaction probably proceeds through the normal reaction

of ring opening to give a dienol, which in turn forms the



dialdehyde by ketonlization yilelding the dimethylal of
succindieldehyde.

In a2 similar manner, 2-methyl furan was
converted to levulinaldehyde-dimethylal °¢) (1) and
2,5-dimethyl furan to acetonyl acetone 36) (2);

H
CHs - g - CH2 - CHz - 9 - OCHs (1)
8] OCH5
and
0 0

It is of interest to note that ring opening
occurs in the furan system wlith reagents other than
glcohollic solutions of acildse. Thus, when furfural is
treated with aniline acetate at room temperature, ring
opening occurs and a pink to red colored compound 1is
formed. This is the basis of the so-called aniline
acetate test for furfurale. An explanation of this

38)

phenomenon has been offered by varlous workers as

shown below:
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H

/°N

HC CH H
\‘0’, \\\
NH
R .
]
.

Red Compound

—O

Q
Qe

"

=
O

Its 1dentity has been established by treatment with
hydrochloric acld to form NephenyleS «hydroxy=-
pyridinium chloride:

CH
Nl
Cl
\\\N"’QH

When furfural is reduced by catslytic hydro-
genation at elevated temperatures 39). the following

resctions occur:

H|C' '(! c/H—) H!! Icl CHo0H —) I(! C -C
- - H -
No” ‘§§0 \\o/’ 2 \\0,/ Hy

2-furfural 2efurfuryl alecohol sylvan



H
Hzi’ '——Cllliz CHz = CHy - CHg = C = CHg
!
H
C ¢’ CH OH
H2 No” S / 2-pentanol
-
| and
tetrahydrosylvan \\\\5“
‘CHgOH - CHg - CHg - CHp - CHg
lapentanol.

Treatment of substituted furans with hydrazine
hydrate In ethanol at elevated temperatures 40), results
in ring opening of the furan with subsequent ring closure

to form a new ring system, for example:

Et coe-ﬁ |ci-coca Et Mgl oHin0
CH5”"'0\0/6"‘CH:” Et OH at 100-120°
ik 0
HNee—— C oJ— NH
m!x—.-c C C——NH
5}13 0

which 1s the same compound as that formed from diacetyl

diethyl succlinates$

?00 Et 900 Et

i
0 0

CH5

The foregolng methods of ring opening are the

normal methods which have been applied to furan compounds,
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The method of ring opening by the use of alcoholic acid
however does not always give the expected compounds and

8 dlscussion of these anomalies follows.

(b) Anomalous Ring Opening of Furans

Markwald 9) found that an aleoholic solution
of furyl acrylic acld, on treatment with mineral acid,
yielded the ethyl ester of hydrochelidonic acid ( Y -kceto-
pimelic acid). Had the rupture of the furan nucleus taken

place in the normal fashlon,

H
C-‘CHZ-CHz-C-CHz()H-COOEt
i 1

0 0

4-keto-7-aldehydo-heptenoic &N 1,3 ethyl ester would have

been expected as the flsslion product.

This anomaly of ring opening was found to be
common to all substituted furans, having an ethyleniec 0]
linkage in the side chain d,B to the furan ring, e.g.;

Ae KXehrer-and Hofacker 41) obtained !,X -diketo-
sebacic acid from O&-furyl levulinic acids

H'C |(|1H
HJ\O 0 =CHCH=G ~CHp =CHp=C O0H =) COOH~CHp=CHp~C -CHo~GHg=CO
0 0
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B. Kehrer and Tyler 42) prepsred of-acetonyl-
levulinic acid and 34benzoy1 levulinic acids from furyl

acetone and furyl acetophenone respectively?

le
ZHﬁ--—-ﬁH

Alcoholic
HC U -CH=0B-COCHg wc1 ROC ~CHg =CHg =0 ~CHg=CHp=CCHy

0 0 0
2.
Hﬁ ﬁH
Alcohollc
HO_ /°© =c-<‘§-< ) aC1 ? RO?.-CHz'CHz"S'CHz'CHz',?D
° o 0 0 0

Ce Thiele and Landers 43) obtained by the same

method nitrohomolevulinlc acid from furyl nitroethyleneg

HC\ o /C -CH=CH=-NOg ———y COOH ('3' ~CHg=CHg=NOg
0

In no case was there any attempt made to explsaln

the mechanlsm of ring opening to give these unexpected

results.



Je THE CONVERSION OF FURANS TO LEVULINIC ACID

In 1923 Pummerer and Gump‘éé) attempted to
explain the mechanism of converslon of furfuryl alcohol
Into levulinic acid, under the influence of aclds. As
the product formed is not that expected, this reaction
represents another anomalous behavior of a furan
derivative. The normal end product to be expected
would bej;

H

HO = CHp = G = CHp = CHp = C = 0

o

a-hydroxy-levulinaldehyde

or an alkylated derivative of the compound. Actually if
conditions are not very carefully controlled, the resulting

compound 1ls the alkyl ester of levulinlc acid$

HC ~=——— CH HGmm——-CHo
1eoe g 'é CHoOH $ .
H\O/ - CHpOH——3 HOC G - CHg
0 0

Pummerer and Gump pointed out that the hydroxy-
levulinaldehyde, would probably be unstable and could not
as a consequence be isolated. However, by carefully
controlling the reaction by means of low concentration of

furfuryl aleochol, and of mineral acid, these investigators
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were able to isolate a compound which corresponded on
analyses for carbon and hydrogen to ¢i—methoxy-levulin-

aldehyde~-dimethylal.

it

L
cﬂso-caz-g-cnz-CHz-cz—ocﬁs

0 ocC

No methoxyl analyses were reported however.,

This compound on bolling wlith mineral acid,
yielded methyl levulinate., The explanation offered
by these investigators was that of a 1,5 shift of
hydroxyl and a simultaneous 1,5 shift of the aldehydie

hydrogen thusg

! Cmmmm——— C. """"" H
HO -« CHy = C « CHg = CHo ~ C
2 5 2 I

0 0

- - G - C - -
~) CHz = C - CHp - CHp - C - OH
0 0

According to these authors, the converslion of

hexoses to levulinlc acid occurs in a similar manner:

- HC = CH
HeXose 5H20 )

Hocmzc\o _~GC - CHO



CHg———CHp CHg CHg
Ae r‘lng 1 - _ 1 t _ '
opening (,}"O _O:'_?-___'"_ B (3-0 gH + HO(E-O
CHoOH g=0 H CHyOH 0 H
Formic acid
HoO CHgz=C- CHo =~CHo=COH
2 } 3 4] 2 HZ "
0 0
or B.
by 1 » 6 é Hﬁ — ICIH CH2 — CH2
1 '
dismutation  cp.p C~COOH cz0  C=
5 \\0// ! '
CH5 cooH
=002 CHz=C=-CHg=CHp=C ~0H
14 1t
7 0 o]

However, Pummerer polnts out that formiec
acid is formed during the reaction so that the reaction

probably proceeds according to A.

To prove that an of-ketoaldehyde would readily
lose formic acid on boiling with mineral acid, Pummerer
refluxed pyruvic aldehyde with 0.5N HpS80, for forty-four
hours and secured yields of 30% of formic acid and

acetaldehyde.



To show that the 1l,5-dismutation of the hydroxyl
group 1s conditioned by the keto group, and in further
support of his mechanism, Pummerer reduced the 3 =methoxy-
levulinaldehyde-dimethylal and obtalned o -methoxy-
K-hydroxy-valeraldehyde-dimethylal. This compound was
treated wlth O.5N HgS80, for 3 hours to give valero-
lsctone. Thus the 1,5-dismutation occurs In this case

as well.

However, it would be well to point out that
Pummerer reduced his  -methoxy-levulinaldehyde-dimethylal
and treated it with methenolic-HCl and obtalined valero-
lactone, and used thls reaction as proof of structure of
the original compounde. Use of an unknown reasction, the
seme as used to convert d-methoxy-levulinaldehyde~
dimethylal to methyl levulinate does not constitute valld

proof of structure of the origlnal unreduced compound.

An attempt by Pummerer to secure a semicarbazone
of 3 -methoxy-levulinaldehyde-dimethylal, resulted in the

formation of a bis-compound of the empirical formuls;

H
CH - 2(N - N - C = NHp)
0

an elimination of three methoxyl groups apparently taking

place in the formation of the semicarbaszone,



- 34 -

In & later paper 44) however, Pummerer, Guyot
and Birkoffer report the formation of a 2,4-dinitrophenyl-
hydrazone with the empirical formula CgH,50 - 2R and to

which they assign the formula:

H
CHgO = CHp = C - CHp - CHg - G
N N
! H
HN-QNOz HN- ) Nog
, -
NOZ NOg

Also in this case no methoxyl analysis was reported.

Tchichibabine 4°) investigated the conversion
of homologous furfuryl alcohols to the corresponding
homologues of levulinic acide. The mechanism which he
proposes is similar to that of Pummerer wilth one exception,
namely, he assumes 1,5-dismutatlion of the hydroxyl group

prior to ring opening thus:

T N
HC\0 /C -~ CHROH =—————) HOC\0 /C - CHoR
HoO
2 5 CﬁzR‘S'CHZ"CH?.'COOH
0

However, no proof of the prior dismutation

has been offered by thls author.
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K. CRITICISM OF THE MECHANISM INVOLVING A

1,5-HIGRATION OF HYDROXYL

The foregoing mechanlsm proposed by Pummerer
and co-workers involves a 1,5-migration of a hydroxyl
groupe No other instances of this are on record
although a 1,3-migration of hydroxyl, as well as other
heavy groups occurs in the phenomenon known as
cationotropy 46). Concelvably the mechanism proposed
by Pummerer might be correet, if two 1,3-migrations of

hydroxyl are assumed to glve the final result,

However, if Pummerer's intermediate is.

5 4 3 2 1
P!
CHSO - CHZ - S - CH2 - CHZ - (3{»0011;7J
o OCHz

then treatment with dilute mineral acid would not be
expected to remove the etheremethoxyl from the S«carbon
atom, although the adjoining keto group may conceivably

exert an activating effect on the ether linkage.

Semicarbazide hydrochloride at 50°C., in a
buffered solution also would not be expected to remove
this etheremethoxyl,while Pummerer demonstrated that
semicarbazide hydrochloride does eliminate all methoxyl

groups in the intermediate.
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The fact that methoxyl analyses were not
included for any of the compounds isolated by Pummerer,

was probably an oversight on the part of thils guthore.

Finally, Pummerer offers the simllar dismutation
of the reduced intermedliate as proof for the mechanlsm of
conversion. It should be polnted out that unless an
intermediate is identifled, or related by known structural
reactions to some known compound, its assumed exlstence as
an intermediate is not warranted, and the mechanism 1s not
acceptable. Similarly, a reaction which follows the same
course as the reaction under review, cannot be accepted as

final proof of a mechanlsm.

In his study on the mechanism of conversion of
hexoses to hydroxymethyl-furfural to levulinic acild 44),
Purmerer has pointed out the formatlon of formlc acid as
a by-product, but has not established the mechanlsm of

conversion,



Le RELATED ANOMALY OF A FURAN SYSTEM

In 1930 Reichstein 47) reported the conversion
of Offuryl chloride to 2-methyl,S5-pyromucic acid by
treatment with NaCN;

c CH

i U
4'\0/!: - CHC1 —>» HOOC - C\O/Lj - CHg

the acid presumably resulting from hydrolysis of the

HC
i

corresponding nitrile.

The mechanlsm proposed involves a primary
1,5-migration of the Cl atom, with subsequent replacement

of the Cl by CN and hydrolysis.

Scott and Johnson 48) however in 1932, proposed
another mechanism for this reaction. These authors

showed that the intermediate;

I

01-0\0 L - cHg

proposed by Reichstein, does not yleld Zemethyl,5-pyromucic
acid on treatment with KCN.

To account for this product, they proposed the

following mechanism:



9 %
W 1L
1,4 add'n Hy 1
HC C = CHgCl ’ NC — C C = CHoCl
o7 won o |
A
Ho====CH *
HC1 H\l l HJ CH
NC - C =C — - u -
HC CH
i [

The mechanism Involves l,4-addition of HCN to
the conjugated system, followed by l,2-eliminastion of
HC1l to form a vinyl dihydrofuronitrile which in turn
rearranges to form a Z2e-methyl S5-furonitrile. This

compound in turn is hydrolyzed to yleld the acild,

Tne mechanlsm offered by these authors seems
quite reasonable and ls in agreement with known chemical

reactions.

3% These intermedlates were not isolated.



M.  THE CONVERSION OF GLUCALS TO &-KETO ACIDS

It has been shown by P. A. Levene 49),
that desoxy sugars are converted by methanolic HC1
into levulinic acid. Bergmann 50) showed that methyl
levullnate was obtained in high ylelds from pentals, by
treatment with dilute HC1l in methanol solution. Also
that hexals and pseudo-glucal, under identical conditions
were converted to <5-methoxy methyl levulinate. He
believes that during conversion to levulinic acid, the

desoxy sugars pass through the glucal stage.

In this work, reference is made to the mechanism
postulated by Pummerer and the bellef that ring openlng
need not necessarily take place prior to methyl levulinate
formation. Bergmann offers the following mechanism for
the conversion of glucal to methyl levulinate (hydroxyl

is used where methoxyl should probably be used):

HCI; __ CIJH H2<|3 —— CHOH
HA ,OH + Hg0 H |
HOCH, = C CJ CHo =C
1 . Glucal 2 .
HgC ——CH Ho0 HoC —— CHg
~HgO ~ Hi | —_— H‘(': clJ =0
—=2 ¢ cu HOCHp ="C_ O =
HOCHz 0 0

Se 4.
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HoC —— CHg HoC—— CHyp

B ro) L
Hg--C\O/Q-o________> CHs-C\O/ =
SeF-Angellca Lactone 6+ Levulinic Acld

Bergmann belleves that the conversion occurs
as shown, and that the stages 2 - 6 need not necessarily
follow as outlined, but may take place concurrently.
This view agrees with the ideas put forward by Scott and
Johnson, cf. page 37, for conversion of furan derivatives

and will be discussed laster in thls thesis,

The conversion of hexals to B-methoxy levulinic

acld may take place in a similar manner.
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Ne. THE CHEMISIRY OF FURFURYL ALCOHOL

HG — CH

I |
HC C - CHpOH

\\0/’

2=-furancarbinol

Farfuryl alcohol is readily formed from
f-furfuraldehyde by a controlled catalytic reduction 39)
and also may be obtained by means of the Canizzarro

reaction, with sccompanying formation of 2-furoic scid 51).

Progerties

Furfuryl alcohol is a colorless liquid of
ethereal odor, boiling point 168 - 170°C. at normal
pressures, boiling point 69 - 70°C. at 10 mm. pressure.

The refractive index is n 25 = 1.4828. It is assumed

D
to exist in two modlifications 52), in one modification
(distilled from alkalil), it is water soluble in-all
proportions, in the other modification (distllled from a
trace of acid, or an acid salt}, it is only slightly
soluble in water. Physilcal properties of both modifica-

tions are in other respects quite simllar. It 1s quite

soluble in most organic solvents.
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Reactions

In the presence of light, oXygen and traces
of mineral acids, furfuryl alcohol 1s rapidly polymerized

to a dark brown resin.

With trityl chloride in pyridine, the trityl
ether is formed 53); phthallic anhydride and the sodium
salt give a monofurfuryl-phthalate 54); acetic anhydride
in benzene ylelds furyl acetate 55). With o -naphthyl-~

isocyanate, an & -naphthylurethane can be obtalned 56),

Furfuryl alcohol may be etherified to glive small
amounts of furfuryl methyl ether and furfuryl ethyl ether.
However, the higher ethers are quite unstable and cannot

normelly be formed by the usual processes of etherification.

By careful treatment with thionyl chloride,
furfuryl alcohol can be converted to furfuryl chloride,
which with alcochols in pyridine, gives low yields of the

various ethers 57).

Furfuryl alcohol is quite stable to alkalis, but
in the presence of acids, resinification, etc., (see

Section J, page 30), readily takes place.,
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O¢e 2,4-DINITROPHENYLHYDRAZINE AS A CARBONYL REAGENT

The use of 2,4-dinitrophenylhydrazine ass s
carbonyl reagent has been pointed out by numerous
investigators 58), 1In contrast to most ketone and
aldehyde reagents, 2,4-dinitrophenylhydrazine forms the
corresponding hydrazones not only in practically neutral
solutions, but also in the presence of concentrated
mineral acids. This may also be accomplished in aqueous
or alcoholic solution, and as shown later in this thesis,
in one case at least, a 2,4-dinitrophenylhydrazone may be
formed by shaking a carbonyl sodlum bisulphite complex

with 2,4-dinitrophenylhydrazine in 50% methanol solution.,

The 2,4~-dinitrophenylhydrazones are well-defined
crystalline compounds only slightly soluble in most organic
solventse. They can be recrystallized from the common
organic solvents such as methanol, chloroform,benzene,

nitrobenzene, xylene, chlorbenzene, pyridine and mixtures

of these solvents.

From the author'!s experience mixtures of different
2 ,4-dinitrophenylhydrazones show remarkably high depressions
in melting point (of around 20°C.).

2 y4=Dinitrophenylhydrazine is a very weak base,

and its hydrochloride is hydrolyzed to give free HC1l.
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Pe RECOVERY OF CARBONYL C GlPOUNDS FROM

2,4-DINI TROPHENYIHYDRAZONES

A number of methods for recovery of the
orlginal carbonyl compound from the 2,4-dinltrophenyl-
hydrazone have been proposed. In sach case thls depends

on dlsplacement of the reaction:

- -
=

=0+ Ho - N =~
to the left, by some means.

Such methods involve removal of the 2,4-dinitro-
phenylhydrazine as a less soluble 2,4~dinitrophenyl-
hydrazone, e.g., the use of glyoxal, pyruvic aldehyde and

59)

dlecetyl , the use of p-nitrobenzaldehyde 60) snd the

use of high concentrations of simpler carbonyl compounds

such as ascetaldehyde 61).



Qe SOME CHEMICAL REACTIONS OF ACETOACETIC ACID RIHYL ESTER

14 o
CHg = C = CHg = COOCQH

tt

0

Ethyl acetoscetate

Compounds of the nature of the above which
contain a carbonyl group and free «~hydrogen atoms
adjacent to it, possess the property of forming sodium
saltse These sodium salts are derivatives of an enol
form. They possess the property of reacting with
various organic halides with the elimination of sodium
halide to form & -substituted acetoacetic acid esters.
This property of substitution of the o<hydrogen is also
s typlcal reaction of 8- and « -substituted acetoacetic

acid esters.

Treatment of these &~substltuted esters, with
dilute alkall, ecege 10% NaOH, leads to formation of the

free acid which in turn loses COy to yield a ketone:
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a0CoH
CHg - C - CHp - COOCgHg *1oo%2s
1t in
0 CoH 5O0H
Ethyl acetoacetate
+ CoH I H
Sodium salt >, CHzg - g - CE - COOCgHlg

X-Ethyl ethyl acetoacetate

+ N C - C - CHo - CoH
NaOH > H3 o 2 25
0

Methyl-propyl ketone



Re ACTION OF OZONE ON UNSATURATED CMPOUNDS

When ozone is brought under carefully controlled
conditlons into contact with compounds which contain an

unsaturated linkage it tends to add t0 the unsaturated

linkage 62) with formation of an ozonldes
X=2y+03 — X y
I |
0 0
NN/

0

These may then be decomposed by treatment with
acid or water to form free carbonyl groups and hydrogen
peroxide. In this manner it is possible to bresk not
only carbon to carbon double bonds, but also nitrogen to

csrbon double bonds.
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DISCUSSION OF RESULTS

PART ONE. A GENERAL INTRODUCTION

Various investigators have postulated the
existence of furan rings in the lignin molecule 65),
and hydroxy-methyl-furfuraldehyde has been suggested as
the bullding unit from which lignin is derived 64),
These investigators, in some Instances, have emphaslzed
the relationship existing between furan derivatives and
the hexoses from which such furans are derived, in

particular, that ,of'hydroxy-methyl-furfural to fructose.

A study of the furans thus becomes a part of
the "lignin problem", especially in view of the possibility
that an abnormally reactive carbohydrate or 1ts decomposition
products may be responsible for the difficulties encountered

in dealing with all isolated lignins 65).

The fact that furan, and some substituted furans,
undergo ring fission under the influence of mineral aclds
in absolute alcohol, has been shown in Section I of the
historical review. However, certain anomalous products
arising from the ring opening of furfuryl alcohol, as well
as the unsatlisfactory mechanism proposed by Pummerer and
co=-workers 44) for thls reaction; provided the initiative

for a re-investigation of this problem.
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This reaction was furthermore of additional
interest, since Hlbbert 3) has postulated the formstion
of lignin in the plant as originating from condensation
reactions between phenols and fructose reaction products,
the latter probably consisting of furan derivatives formed
under the conditions present in plant growth. The fact
that fructose, under the influence of minersl sascids,
readlly ylelds hydroxy-methyl-furfursl as a primary decom-
position product and levulinlic acid as & final product, is
interesting in this respect. Further, the formation of
lignin-like materials from fructose (so-called fructose
humic acids) and from furfuryl alcohol 27) would seem to

confirm the view.

It should be pointed out at this stage, that the
instabillty of furans, renders difficult, either a quantita-
tive study or reproducibility of stated reactions related
to ring opening. Thus, attempts to repeat certain of
Pummerer's experimental work did not give identical
results, this being due, most probably, to slight
modifications in experlimentsasl technique or in the quallty

of reagents used.



Be ACTION OF METHANOLIC ACID ON FURFURYL ALCOHOL

AND FURFURYL NETHYL ETHER

Punmerer and Gump 44)

s in thelr early paper
dealing with the actlon of a bolling methanolic HC1l
solution on furfuryl alcohol isolated the following products,
with the yields indicated:
1. Furfuryl methyl ether, boiling point 35 - 38°C.
at 16 mm. pressure; yileld 8%.
2. HMethyl levulinate, boiling point 85 - 87°C. at
16 mm. pressure; yield 7 - 8%.
3. A fraction, boiling point 100 - 101°C. at
16 mm. pressure, assumed by Pummerer to be
d =methoxy-levulinaldehyde-dimethylal; yield 30%.
4, An unidentified product, bolling point 57 - 58°C,
at 16 mm. pressure, possibly « -angelleca lactone;
yield 2 - 3%.

5. Resin and higher-boiling oils; yield 50%.

In a later paper the reaction was carried out by
decreasing the relative concentration of furfuryl alcohol and
by increasing the acid content of the solution. As a con-
sequence, resin formation was lowered, and the yield of

fraction 3 was increased.

It is evident from the above data that furfuryl
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alecohol is a very reactive substance and readily undergoes
ring opening. 1Moreover, a high percentagse of resinous
material (presumably highly polymerized products) is
formed. While therewssno question as to the ldentity of
fractions 1 and 2, no attempt wasmade to ldentify fractions
4 snd 5 Also non-convincing experimental evidence was
offered in proof of the identity of fraction 3 assumed to
be & -methoxy-levulineldehyde-dimethylal. For these
reasons a re-investigétion of the problem was undertaken

by Dr. S. Trister 27) and the results of his work mey be

summarized briefly as follows:

ae By using small amounts of concentrated
sulphurlic acid as catalyst, in the presence of a large
excess of methanol, the amount of resin formation is

decreased considerably (from 50 to 15%).

be Careful neutralization of the reaction product
with sodium methylate, followed by filtration of the sodium
sulphate formed, and removal of the excess methanol gives a
reaction produet which can be readily fractionated, giving

only slight amounts of resin.

A typlcal experiment is shown in Experiment Two,
pages 90-91. No attempt was made by Trister to ascertain
the structure of Fraction A-1(d') corresponding to Pummerer's

so-called O -methoxy-levulinaldehyde-dimethylale. Results



of the present investlgation sare in agreement with

Trister!s findings.

The maln objects of the problem were to ascertain:
1) Confirmation or otherwlse of the structure
of Fraction A-1(d') as & -methoxy-levulinaldehyde-di-
methylal, and
2) A mechasnlism of transformation of furfuryl
alcohol into levulinic acid.
The latter changef 88 polnted out by Pummerer, readily
takes place on warming Fraction A-1(d') (Pummerer's
compound) with dilute aqueous or methanolic~HC1l, and in
the light of this reaction the followlng mechanlsm was

postulasted by Purmerer:

————————

HC CH HC CH
H(|:| ('3' CH,OH m H!;I g CHoOCH
B - UlHg
No” HC1 No” 5
I I1
HC CH HoC———CH
ring “ l(l3 CH.OCH ketonization l 2
ogeningg H(z '- Ho z and 3 }-C\ ('3'.-(:1120()}1:5

t ti

111 IV



HsC CH
1,5-dismutation of OCHg 2| 2
0 0

As already pointed out, (cf. ppe 35) migration
of a methoxyl group in IV from a 1 to 5 carbon atom
seems unlikely especially as this would involve rupture
of a methyl ether bond. Concelvably, this linkage
might be rendered unstable by the presence of an adjacent
carbonyl group. However, when a derivative (semlcarbazone)
is prepared from the compound represented by IV above,
complete elimination of methoxyl tskes place with apparent
formation of a residuval grouping CgHg united to two semi-
carbazlide groups. Identical results were found using
2 ,4-dinitrophenylhydrazine hydrochlorlide in methanol

solutione.

It would seem that, if Pummerer's assigned
formula for IV is correct, the methyl ether bond should
certainly be stable to a buffered solution of semi-

carbazide hydrochloride.

Two other mechanisms have been postulated in
these laboratories. One by He. Hibbert, which is
represented below (OH is used where OCHz should probably

be used):



HC — CH HC —— CH
Hg 6 - o OH "2 I :
opening OH OH
I Vi
CHg
HoC=—CH H C/ \C=0
Ketonization 2' | 2 inner 2| |
HC  C-CHpoH _8cetal =~ Hug CHg
——-—% ] L] <
0 o formation \O/
VIii VIII
CH
/N c—c
Hzf /?Og Hemigration Hg | Hg
HZC\ )(CHQ ring opening HOC C~CHg
0~ 0 0
X Va
An alternatlive view was suggested by the writer:
HC —— CH HC ~——— CH
! : H2® H!}I g CH,,OH
HC C = CHsO —_— -
~N 0/ 20t : ' 2
OH OH

I Vi
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HoC———CH —_
ketonization 2| | 2 L0 HZ? ?32
— 0 =C C =0 O =2¢ ¢ =0
H ! T NS
CHo0H 1,5 G
Ho
VI X
1 '
HO - H 0 =C C =0
' t
which by OH  CH,
ring opening
Va
or
H20 _— CH2
t $
H « OH 0 =¢ C =0
t ]
l H CHQOH
VIiI

However, neither mechanlism appears to be in harmony with
the experimental evidence which any proposed mechanism

must account for. The facts demanding an explanation are:

le Formation of methyl levulinate from
furfuryl alcohol or furfuryl methyl ether in yields of

20 - 30% by treatment with methanolic-HCl.

2o The formation of an intermediate product

having the empirical formula CgHrnO(OCHz)z which is easily



converted under similar conditlons to methyl levulinate.

3¢ A structure for Pummerer's compound explain-
ing the elimination of three methoxyl groups on formation
of a bis-2,4-dinitrophenylhydrazone or s bis-semicarbazocne,
on treatment with the corresponding hydrochlorides in
methanol, formation of the first teking place in an HC1

solution, the latter in an acetlc acid medium,.

Actlon of a Methanolic Solution of HoSO4, at Low Temperatures,

on Furfqul Alcohol.

Following Trister's experimental procedure, it was

established that the conditions of reaction used by
Pummerer were too drastic (elevated temperature) and could
thus have destroyed intermediates formed during the reactlon.
Also it was felt that the use of a reagent such as sodium
bisulphite used in his purification process, mlight have
brought about secondary reactions. It was therefore decided
to follow the technique as outlined in Experiment 2, in which
the modification consisted in:

le The use of HgS0,, thus keeping the concentration
of acid constant throughout the reactlon;

2. The use of lower temperatures, 0°C. and 24°C. for
longer periods of time, and

3¢ Separation of the various constituents by a method

of fractional distillstion.



Thet these modifications were justified, can

be seen in the results indlcated in Experiment 2.

Conditions of reaction were sufficilently mild
that a part of the original furfuryl alcohol was recovered
unchanged, from the reasction. Resinification which tskes
place to 30% in the Pummerer reasction, takes place only to
the extent of 12 - 13%. Volatile components, boiling
point 100 - 160°C., at 12 mm. pressure, were easily
separated, and the use of only physicsal methods in the
separation of components boiling below 100°C., at 12 mm.
pressure, eliminated all factors (excepting heat), lisble

to bring about side reactlions.

Following the above technique, all of the products
reported by Purmerer were isolatede The presence of his
d =methoxy=levulinaldehyde-dimethylal as a reaction intere
mediate, was confirmed, and thls msterial was made the

subject of the present investigation.

As pointed out earlier, Purmerer based hils
formula for this compound on two facts only; a) carbon
and hydrogen analyses, and b} its conversion to methyl
levulinate. Condensation reactions wlth amines
(hydrezines; semicarbazide) yielded in sll cases bise-
derivatives, and in all but one case the methoxyl groups
were completely eliminated In the reactione. This exception
was the bis-2,4-dinitrophenylhydrazone, melting point 192 -

193°C ., reported by hime It was not found possible to



duplicate this resction. He used 2,4-dinitrophenylhydrazine

in HgS04 (10%) at a temperature of 320C. for 12 hours. The
product contained one methoxyl group.

However, by adoption of a modlfied technique in
which 2,4~dinitrophenylhydrazine was allowed to react with
the sodium bisulphite derivative formed from Pummerer's
compound, a 2,4=-dinitrophenylhydrazone was isolated,
containing all of the original methoxyl groups. Based on
Pummerer's structure for the intermediate IV, the

structural formula of this derivetive would be:

H
-
CHSO - CH2 - C = CH2 - CH2 - C.: -OCI?5
It 00}15
N
!
HN -<C:::> - NOZ
N02
X1

Trestment of this compound,with a boiling
solution of HC1l in methanol, gave the 2,4-dinitrophenyl-
hydrazone of methyl levullnate:

CHg = C = CHg ~ CHg - C = OCHg

(1] 1t

N 0

!

N02

X1l
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When the mono=2,4-dinlitrophenylhydrazone was
treated with an excess of 2,4~dinitrophenylhydrazine hydroe-
chloride in methanol solutlon, it was converted into a bils-
2,4-dinitrophenylhydrazine, which is the same compound a&s
thet formed from the Purmerer compoundlZoriginal fraction
(A)-l(d'):]in the presence of an excess of 2,4-dinitro-
phenylhydrezine hydrochloride in methanol having the

empirical formuls :

N
c 2 ts =N -N
Hg = 2R Ris =N X - - NOg
XIII

The dliscovery, by the author, of this new mono=2,4-
dinitrophenylhydrazone and its ease of conversion into the
other final reaction products 1s of great importance in any
discussion of the mechanism of the reaction under consider-
ation, and, in order toc permit of its true evaluation, it
seems advisable to show graphlcally: (a) The relationship
of the different products formed in the action of methanol-
HC1 on furfuryl alcohol (Chart I); end (b) The relastionship
and properties of the 2,4-dinitrophenylhydrazones from
furfuryl alcohol (Chart II)s
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CHART 1

Furfuryl Alcohol
I

CHLOH + HC1

3

l I

Furfuryl Methyl Ether Fraction (A4)=-1(4!') Methyl Levulinate «-
|

Purmm C y

CHSOH + 1ol erer Compound , N

| 1

Boiling Water

p-Toluenesulphonic acid 150-160°C.

Products are the same when CHzOH - HoSO4 mixtures are used

to replace CHsOH - HC1l,



CHART 1I

Relationship and Propertles of 2,4-Dinltrophenylhydrazones from Furfuryl Alcohol

Furfuryl Alcohol
2 ,4-Dinitrophenylhydrazine-HC1l (2 moles) _L 2 ,4-Dinitrophenylhydrazine-HC1l (1 mole)

¥
Bis-2,4-Dinitrophenylhydrazone(A) Pummerer Compound
M.P. 221-2229C,, isomeric with(B) ( S emethoxy=-levulin-

aldehyde-dimethylal)
]

Al

1 L L
CHzOH + HC1 NeHSO0z - Aqueous 2 ,4~dinitrophenyl- 2 ,4~-dinitrophenyl-
J hydrazine-HC1l in hydrazine 1% 10%
Bisulphite Addition Compound methanol HpS0, at 327C.
(no loss of methoxyl) B

L

2 ,4=-Dinitrophenylhydrazine
(free base)

T

Mono-2,4~dinitrophenylhydrazone
of Pummerer's Compound
(M.Po 97-98° ., no loss of methoxyl)

_/
Excess of 2,4-dinitro-

Pummerer's bis-2,4-41-
nitrophenylhydrszone
MePe 192-1930C,

e

CH.OH + HC1 phenylhydrazine-~-HCl in
S methanol
v —~, l
Methyl levullnate 2,4-dinitro- Bis-2,4~dinltrophenyl- Methyl levulinate 2,4-di-
henylhydrazone, M.P. 141-142°C. hydrazone (B) nitrophenylhydragone
pheny 2y ’ M.P. 262-263°C, M.P. 3:[41214200. ’ QJ

-'[9—
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As bearing on the true structure of the
Pummerer compound, the following new experlmentsl facts,

shown graphically in Charts I and II, call for consideration:

l. On steam dlstillation the Pummerer compound 1s

converted quantitatively into methyl levulinate (Chart I).

2. Heating the Pummerer compound with p~toluene
sulphonic acid at 150=160°C. gives methyl levulinate
quantitatively and also free methanol in relatively high
yield (55%). This reaction indicates the removal of

!

1
methanol from the grouping = g - q - .

H OCHg

3¢ Depending on the relative quantities of
furfuryl alcohol and 2,4-dinitrophenylhydrazine used, two
isomeric bis-2,4-dinitrophenylhydrazones are formed, one
melting at 262-263°C. (ldentical with that formed from the
Purmerer compound) and a new bis-2,4-dinitrophenylhydrazone,
melting point 201.222°C . which latter, judged from its
properties, possesses a very different structure, This
latter product is readlly converted into methyl levullnate
2 ,4-dinitrophenylhydrazone by action of bolliing methenol-HC1,
in contrest to the inertness of the former compound (melting

point 262-263°C.) under the same conditions (Chart II).

4, The most important discovery is that of a new
mono=-2 ,4-dinitrophenylhydrazone obtained from the sodium

bisulphite derivative of the Pummerer compound and without
involving loss of methoxyl (Chart II).



5¢ This new mono=2,4=-dinitrophenylhydrazone
when boiled with methanol-HCl ylelds methyl levulinate
2,4-dinitrophenylhydrazone while with an excess of 2,4~di-
nitrophenylhydrazine hydrochloride it 1s converted into the

stable bis-2,4-dinitrophenylhydrezone (melting point 262-263°C.).

6« Contrasry to the claims of Pummerer, trestment
of the so-called J -methoxy-levulinasldehyde-dimethylasl with
2 ,4-dinitrophenylhydrazine in sulphuric acid (10%) at 329%.
for 12 hours gave the stable bis-2,4-dinitrophenylhydrazone
(melting point 262-26500.). No indication of the presence
of his bis-2,4-dinitrophenylhydrazone (melting point 192-193°C.)

(containing one methoxyl group) could be obtalned.

7. 'Ihe new application of 2 ,4-dinitrophenyl-
hydrazine hydrochloride as a reagent for determination of
ring flssion indicates the remarkable ease of ring opening
under the influence of thils reagent whereby a yield (30%)
of the methyl levulinate 2,4-dinitrophenylhydrazone is

obtained.

The bearing of the above experimental facts on
the correctness of the structure of the Pummerer compound

as o =methoxy~-levulinaldehyde-dimethylal can now be discussed.

The first important point 1Is that the potential
dicarbonyl compound from which the writer's new stable

bis-2,4=-dinitrophenylhydrazone originates is identical with



that present in Pummerer's so-called ®-methoxy-levulin-
aldehyde-dimethylal and from which the corresponding

bis=-semicarbazone was obtained:
CEHG - 2R (X) C5H6 - 2R! (F)

=0 =l HeN= ! al «aH=}=
R LSHS(NOZ)2 NH-N R' = NHo g NH-N
0

so that any conclusions drswn with regard to (x) apply

with equal force to (y).

The greatest difficulty arising in any satisfactory
interpretation of Pummerer's results is to be found in the
abnormal elimination of all of the methoxyl groups in the
formation of either the bis-2,4«dinitrophenylhydrazone or
bis-semicarbazone from his & -methoxy-levulinaldehyde=-

dimethylal.

There are several mechanisms capable of explsining
this phenomenon. The first stage (common to all) consists
in removal of two methoxyl groups from the acetal linkage to
glve a new reactive carbonyl group. The second step involv-
ing elimination of the third methoxyl group 1ls more difficult
to visualize. Three of the possibillities involve ring

formation, eege:

H
L]
1. ///CHZ - QQ: CHp - CHp = G
, N N
/ ' ~
NO, NOg

Xiv.
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in which elimination of methesnol has occurred between
the d-carbon atom and an active H ¥ of one 2,4-dinitro-

phenyl nucleus;

| H
2, CHg =~ C = CHg - CHg = C
*l‘ it 1
N = N N
H
' HN
\ 02
NO,
|
NO [
2
XV NOg

in which elimination of methanol has occurred between the

d-carbon atom and H ¥ of the substituted hydrazons;

%2 D ~N 7 D 2
- Nog CHg NOg
XV1

in which the l-aldehydlc group supplles the active

hydrogen, and

4. Postulation of a new type of lntermediate XVIII or XIX

H H2 H oo Hb H H _ocg
CHz= € = C = C - C_ % CHz - C =C -C -cl 3
i t N ocH 3 1 ! ~ OCH5

0 OCHg 0 OCHz

XVIiI XIX



H
-
CHSO - CH2 -g - CH2 - CHz - C : 0CH5
0 OCHz
XX

from which elimination, as a second step, of methanol from
ad jacent carbon atoms, possibly under the influence of the
high molecular substituted hydrazone groups can take place

to form an unsaturated derivative:

HC CH
o G - CHyg
N NO g NO
HB'T -@ -'\102 HN -D- NOZ
XVII

Presumably such a reaction would occur much more readlly

with structure XVIII than with XIX.

With regard to these various suggested structures
for the completely demethoxylated stable bis-2,4-dinitro-
phenylhydrazone (melting point 262 - 263°C.), the first (XIV)
i1s evidently incorrect since the bis-2,4,6-trinitrophenyl-
hydrazone prepared from Pummerer's compound contains no
methoxyl. Disproval of the second structure (XV) was shown
by formation of an «, «¢-diphenylhydrazone from Pummerer's
compound and the fact that this also contains no methoxyl.

Thus there remein the possibilities (XVI) and (XVII).
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With regard to (XVI), elimination of methanol
involves formation of a cyclopentane ring whleh 1is considered

improbable, since it should be relatively unstable to acids.

This leaves only the fourth possibility (XVII)
namely, a bis-2,4-dinitrophenylhydrazone formation at the
1 and 4-carbon atoms respectlvely, accompanied by an
elimination of methanol from ad jacent carbon atoms to form
sn unsaturated compound. In other words, the true structure
for the product, postulated by Pummerer as d-methoxy-levulin-
aldehyde-dimethylal (XX) should be either (XVIII), or much
more probably (XIX). Such a structure (XIX) offers a satis-

factory explanstion of the following experimental facts:

l. Formastion of methyl levulinate without chailn
fission indicating the presence of a b-carbon chailn.

2. Ability to form a sodium bisulphite addition
compound e

3+ Presence of a free carbonyl group (Grignard
analysis) and formation of a mono-2,4-dinitrophenylhydrazone,

4, Preparation of a bis-2,4-dinitrophenylhydrazone
indicating the existence of a latent carbonyl group.

5. Methoxyl snalyslis showing the presence of

three methoxyl groups, based on the emplrical formuls

CgHrO(0CHz )5 »

The presence of three methoxyl groups and one free



carbonyl group in the Pummerer intermediate eliminates the
mechanisms suggested by Hibbert and by the writer, since no
such intermediate containing both groupings is postulated

in either series of reactions, (cf. pp. 52-53).

Proposed Mechanism for Conversion of (XIX) into Kethyl

Levulinate.

An acceptable mechanism of conversion of (XIX) to
methyl levulinate can now be offered and is indicated as

follows:

All of the experimental methods used for the
conversion involve subjecting the compound to conditions

under which a partial hydrolysis of the acetal groupling is

possible.
OCHS
' H_OCH
CHz = C -8 - ¢ -8 '8
i H H OCH5
o
+ Hp0 XIX - CHzOH
J/ OCHz ’ \l,
]
. H oH . 4,OCH5
CHz = C = CHo = C = C( or CHz = C = CHo = CH = C
34 2 7§ T YNO0CHg 5 2 S 0CH,
XXIVa ZXIV
VtCHb,OH + CHzOH l
= tr’OCH3 CHz =~ C = CHo = CHo = C /’gggs
CHS-Q-Cﬂz-CH-!\OH 3-“ = 2- 2- \OCH5
0 | 0 S
%KV XXVI |
ketonifation hydrolysis

+
CHg - C - CHy - CHy - G - OCH3

1n

0 0
X111



In the first reaction, the H atom on carbon (1),
which presumably is activated spatlally by the carbonyl
group, undergoes elimination with methoxyl from carbon (2),
to glve methanol. This, if followed by partial hydrolysis
with water and ketonization, would give methyl levulinste.
On the other hand, a second but less probable assumptlon
would be as in B., where primary elimination of methanol
1s followed by additlion to give the methyl ester of ortho-
levulinlc acid.

The probable structure of the Pummerer product is
thus shown to be (XIX) rather than o -methoxy-levulinaldehyde-
dimethylal assumed by Pummerer.

There now remsin only for discussion:

(a) The mechanism by which this product 1s formed
from furfuryl alcohol, and

(b) The nature of the syntheslis of the new bis-2,4-
dinitrophenylhydrazone (melting point 221-222°C.) (Chart II).

Before proceeding with this discussion, it is

necessary to consider the reactlons resulting from the
application of 2,4-dinitrophenylhydrazine to the determination

of ease of ring opening.
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Ce USE OF 2,4-DINIIROPHENYLHYDRAZINE FOR 1HE

STUDY OF uHE RING OPENING OF FURANS

Dr. Geo. Wright, formerly associated with this
laboratory, first proposed the use of 2,4-dinitrophenyl-
hydrazine for the study of ring openling in the furan series.
The fact that the above reagent, in solutions contalning a
sufficient concentration of acid, brings sbout ring opening

of furans, made this a very useful reagent for the study.

1) Behavior Toward Furfural

Treatment of furfural (which doesnot undergo
ring opening with methanolic solutions of mineral acids),
gave a derivative of furfuraldehyde, the normal 2,4-dinitro-

phenylhydrazone.

2) Behavior Toward Sylvan

However, treatment of sylvan (which readily under-
goes ring opening with methanolic solutions of mineral acids
to yield levulinaldehyde-dimethylal) gave a substantial
amount of a bls-2,4-dinitrophenylnydraszone of levulinalde-
hyde.

3) Behavior Toward Furfuryl Alcohol

(a) By treatment of furfuryl alcohol with two



parts of 2,4~dinitrophenylhydrazine hydrochloride, a new
crystalline compound was obtained, (cf. page 102,
Experiment 9 (a)). This derivative, purified from
acetone-pst . ether, melted at 221 - 2229 . and was very
unstable. The carefully purified product underwent

not only a decrease in melting point, but also in the
definiteness of same on storage. VWhen boiled with a
methanolic solution of HCl, it was converted into methyl
levulinate-2,4-dinitrophenylhydrazone, and free 2,4~dinitro-
phenylhydrazine. From this it would appear that the 2,4
dinitrophenylhydrazone is formed from an unknown inter-
mediate., It contains no methoxyl, differing in this

respect from Pummerer's compound.

(b) Using a 1l:l ratio of furfuryl alcohol to
2 ,4-dinitrophenylhydrazine hydrochloride, two crystalline
compounds, namely, methyl levulinate-2,4-dinitrophenyl-
hydrazone (A) and a bis-2,4-dinitrophenylhydrazone (B),
melting point 262 - 263%C .+ were obtained, (cf. page 109,
Experiment 2 (b)). (B) was characterized by insolubility

in methanol, and stablility to alcoholic solutions of aclds.
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Do THE IN1ERCONVLRSION OF, AND RELALIUNSHIr

BETWLEN '1Hik VARIOUUS CUMPUUNDS AND THELR

glé-DINIwROBHENYLﬂXDRAZUNES

Since 2,4-dinitrophenylhydrazine hydrochloride
was the reagent used for investigating the fission
reactlon, it was important to settle the relationship
existing between the various 2 ,4-dinitrophenylhydrazones
found. In the following chart (2A), the 2,4-dinitrophenyl
group 1s represented asR, and the various 2,4-dinitrophenyl-
hydrazones are, for sake of brevity, classified according to

melting point:

(A) Melting,gpintWQV - 98°%C. This 1s the mono-

2 ,4-dinitrophenylhydrazone obtained from Pummerer's
compound, without elimination of methoxyl, by the action

(B) Melting point 141 - 142°C. This 1s methyl

levulinate 2,4-dinitrophenylhydrazone.

(C}) Melting point 202 - 203°C . This is the

2 ,4-dinitrophenylhydrazone of levulinic acid.

(D) Melting point 221 - 222°C. This is the

2 j4-dinitrophenylhydrazone obtalned by the action of one

part of 2,4-dinitrophenylhydrazine hydrochloride in boiling
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methanol on one part of furfuryl alcohol, (see page 102,
Experiment 9 (a)).

(E) Melting point 262 - 2639%C. This is the

2,4=-dinitrophenylhydrazone obtained from Pummerer's
compound, and also from the action of one part of 2 ,4-
dinitrophenylhydrazine hydrochloride in methanol on one

part of furfuryl alcohol,(see page 103, Experiment 9 (b)).

CHART 24

Furfuryl slcohol

CHgOH + HC1
1
Fraction (A )=1(d4!)
|
| 1
NaHSO0,+ RNH.NHp RNH .Nfz HC1
RNHNHo «HG1 - _
(A) M.pte 97 - 98°C. — c?i > (E) M.pt. 262 ~ 263°C.

3 (D) M.pte. 221 - 222°C.,

1

05H6.(N.NH.R)2 CHa‘f + HC1
(B) Mepto 141 - 1429 &
CHzOH HC1 5 CsHnO(OCHz) «N JNH R
B
CHzOH + HC1

(C ) M opt|. 202 - 20500 °
C 5HBO QN ONH .R



- 74 -

From the foregoing chart, it would seem that at
least two of the 2,4-dinitrophenylhydrazones are
derivatives of an intermedlate in the conversion reaction,
viz., the product, melting point 97 - 98°C., which on
further treatment is converted to methyl levulinate 2,4-
dinitrophenylhydrazone; and, the derivative, melting point
221 - 222°.,, which, by similar treatment, is changed
to the methyl levulinate derivative. The 2 ,4-dinitro=
phenylhydrezone, melting point 262 - 263°C. is extremely

stable.

Thus a study of the 2 ,4-dinlitrophenylhydrazones,
melting point 221 - 222° . and 262 - 263°C. was of great
interest. Treatment of D and E with pyruvic aldehyde,
p-nitrobenzaldehyde or an excess of acetaldehyde at elevated
temperatures, did not, as anticipated, give the original
carbonyl compounds, (c¢f. pp. 44). Methods developed by
the writer such as, distillation with saturated NagCOx
(aqueous), distillation with 10% NaOH, and oxidation with

chromic acid, also gave negative results. The. use of ozone
for the recovery of carbonyl compounds, which proved valuablwe
in the recovery of methyl levulinate from its 2,4-dinitro-

phenylhydrazone, gave valuable results.

The 2,4-dinitrophenylhydrazone, melting point
221 - 222°%. on ozonolysis and hydrolysis of the ozonide,

yielded formaldehyde in appreciable quantity (one-half of
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one group per mole)s TUse of different solvents showed
this did not originste from them. Furthermore, bolling
the 2,4-dinitrophenylhydrazone directly with 1% hydrogen
peroxide, gave similar ylelds of formaldehyde. This high
yield of formaldehyde by ozonolysis, served to demonstrate
the presence of a CHg= group. Also the recovery of
formaldehyde from a hydrogen peroxide oxldation points to
the presence of a grouping similar to that found in some
of the anthocyanins 66), where hydrogen peroxide is known

to attack an ethylenic double bond:

Broken by Hz 02

Presumably, the grouping present in the 2,4-dinitrophenyl-

hydrazone giving rise to formaldehyde, is:

Based on this eassumption, as well as on the
empirical analyses for carbon and hydrogen (which
are admittedly in only poor sgreement), as well as the

indicated formation of glyoxsal-2,4-dinitrophenylosazone as



- 76 -

an sccompsnying ozonolysis product, it can be seen that

XXVII represents a possible structure for the 2,4-dinitro-

phenylhydrazone (D):

HC CH
! t
glyoxal e HC = O — formaldehyde
producing /‘—/ N ? 2 gzgguCing
part NOog W HN  Nog

! '
NOz - < >"’ NH HN -D-NOQ

On the other hand, ozonolysis of (E) gave no
formaldehyde, and only small ylelds of glyoxal-Z2,4-dinitro=-
phenylosazone. The carbon and hydrogen analysis indlcated
the presence of a Cglg-group attached to two 2,4-dinitro-
phenylhydrazine residues. Thus, a possible formula for

this would be:

HC ——— CH
t i
HC C - CH
it 1 5
NOg N N NOg

¢ '
NOg - b= NE  HN -O ~N0g

Nelther of these postulated structures would be
correct ;n the event that the glyoxal derivative was. shown
to actuaily arise from the 2 ,4~dinitrophenylhydrazine residue.
However, no glyoxel-2,4-dinitrophenylosazone could be 1lsolated
by ozonolysis of the 2,4-dinitrophenylhydrazone of methyl

levulinate.
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Eoe THE ATTEMPTED SYNYHESIS OF DERIVATIVES OF

O ~METHOXY~LEVULINALDEHYDE=DLiMEIHYLAL

Since the writer was satisfled that the structure
postulated by Pummerer 44) for the intermediate was not
the correct one, and since this was not based on identilty
with any known compound, it seemed desirable to synthesize
9 -methoxy-levulinaldehyde~dimethylal by known chemical

reactions.

Varlous methods of synthesls were unsuccessfully
attempted, the most promising one of which was that
involving a condensation between methoxXy acetyl chloride
and the magnesium addition compound from /3 -brom proplon-
aldehyde dimethylsal:

H
CHgO - CHp = C - Cl + Br Mg - CHg - CHp - C - OCHg
1 S OCHS
0
1. 2.
_H
CHgO - CHy - C = CHy - CHp = C - OCHy + Mg C1 Br.
; N OCHgz
¢ 'Y

However, it was found impossible to form the Grignard
reagent from the latter, either in ether or benzene

solution even with the aid of catalysts such as iodine
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or mercuric chloride. The use of the zinc-copper
couple (Reformatsky reaction) in a mixture of benzene
and ethyl acetate (1:2), was not sueccessful. In the

absence of a solvent it was possible to pbrepare a zinc
addition product in small yields, but attempts to
condense this reagent with methoxy acetyl chloride did
not give the desired compound.
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Fo THE PROBABLE MrCHAN1SM OF CUNVERSIUN OF

FURFURYL ALCUHUL 1V KETHYL LEVULINALE

Since the mechanism proposed by Pummerer seems
somewhat doubtful, much consideration has been given to
the possibility of postulating another type capable of
explaining in a more satisfactory manner the conversion

of furfuryl alcohol into methyl levulinate.,

In thlis connection it should be pointed out, in
the filrst place, that it is not necessary to postulate an

actual ring opening for such changes. In harmony with

the ideas of Bergmann 50) and of Scott and Johnson 48);
and in view of the isolatlon and identification by the
writer, of the two 2 ,4-dinitrophenylhydrazones,

(1. Melting point 221 - 222°C. and 2. Melting point 262 -
263°% . obtained by the reaction of 2,4-dinitrophenyl-
hydrazine hydrochloride in methanol with furfuryl alcohol
in ratios of 2:1 and 1:1 respectively), the following

alternative mechanism is suggested as a more probable

eXplanation:
HICI e IC;H 1 deadd! HC ——CH
s -q n, HO é l H
HC C - CHoOH S, D C” - CH,OH
~o” 2 HgO - N,/ 2



1l,2=elimination

HaO

ketonlzation
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HC—/—CH HC CH
Ho\l I Shift of ” X
H C\\ //C~CH2 conjugated HO-C\\ C-CH5
0 system 0
Be o,
Hz? o 1,2 sda'n ¥ CHg
0=C lcI CH > o= ) .om
- Vi3 HAO o= -
De Levulinic acid

The intermedliate A. shown above is Bergmann's

gluegal, cf. pps 39, which is known to undergo conversion

intc methyl levullnsate.

Ring opening of the intermedlate

B. could possibly give a derivative gs shown below:

HC —— CH
L
. =C & CH Be
HO 7 % 2

OH OH

which with 2,4=-dinitrophenylhydrazine hydrochloride could

yield a2,4-dinitrophenyihydrazone, 2,4-dinitrophenyle

hydrazide:

HC QH
'
HC Cc = CH2
" ' F.
N HN
! !
HN = ~N 02 HN =

-NO0g
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which is the formula postulated for the compound, melting
point 221 - 222°% . secured from furfuryl alcohol, cf.

pre. 102, The compound, melting point 262 - 263°C .., cf,
ppe. 103, formed from furfuryl alcohol, would, according
to this mechanism, probably be the 2,4-dinitrophenyl-

hydrazone synthesized from the keto form of structure E:

HC CH
t !
HC C - CHg

it 11

N N02 N NO
i t
HN -Q-Nog EN - @-NOZ

The derivatives C. and D. are interconvertible forms
of «l-angelica lactone which is known to add water on

boiling to give levulinic acid 97),

Another possible mechanism of conversion from
Be to levulinic acid could occur from a 1,3 shift of H

with consequent snift of a double bond to give:

HG —— CHg
Il | He
HO = C Cc = CHZ

\\o/’

which is B-angelica lactone. This, In turn, is also

known to give levulinic acid on bolling with water,



Both o« - and G -angellca lactones are formed

from levulinic acid on heating at atmospheric pressure.

The mechanlsm proposed asbove serves to explain
in a satisfactory manner, the conversion of furfuryl
salcohol to levulinic acid by certein intramolecular re-
arrengements, which have already been established as
highly probable in other similar rearrangements. These
involve:

le A l,4-addition of water or methanol to a
conjugated system.

2. A 1l,2-¢limination of water, methanol or HCl.

3¢ Shift of a conjugated system into a ring
system,

4, Addition of water or methanol, or ring opening

to give methyl levulinate.

The eXperimental evidence for the mechanism suggested,

admittedly is not complete, but is in falr agreement.

As has been shown the two isomeric bié-2,4-di-
nitrophenylhydrazones secured from furfuryl alcochol could
have come from form Be. Similarly B on ring opening,
accompanied by methanol addition to the double bond could

give the compound:

Q

Hailn

CHz - C -
¢}

- OCH
“ )

H
-G
3
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which was postulated earlier (cf. ppe. 65-66) as the

proper structure for the Pummerer compound.

On the basis of the above postulated mechanism,
ring opening of hydroxy-methyl-furfursl may be explained

as follows:

HC —— CH HC CH
C g 6 - o 1,2 addn, HCHO‘| 5
HC - - CH,UH - ¢” = CHoOH
ii \ / 2 Hzo i1 \ / 112
0 0 0 0
HC CH
+ HyO HCOH 5l | &
\ 111 C C
Y 4 ™~

the same intermediate as secured from furfuryl alcochol.

On the same basis ring opening of furyl

acrylic acid could yield ¥ -ketopimelic acid:

HC CH
| ] 5_H 1,6 add'n Hg0
HC C = = - CO0H
~¢” >
HO ok migration
1o | i H Hg
H:C C=C -C - COOH of bonds
NA7 >




HC CH i
HOo - C C -C - C - COOH
N/ >
0
L
HO - G C - CHg = CHg = GCOOH
it H
0 0

The 1,6-addlition shown above may possibly be a 1l,4-addition
to the ring system with simultaneus 1,2-addition of water
to the ethylenlic double bond, followed by 1,2-elimination

of water to give a new conjugated system.

It can be seen that the mechanlsm postulated
above is thus capable of explaining quite satisfactorlily,
all of the anomalous reactions of ring opening in the

furan nucleuse
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Go THE RELATTONSHIP OF FURANS TO LLGNLNS

Since it has been postulated by Hibbert 3)
that lignin is composed of simple bullding units, formed
from a degradation product of fructose, and a phenolic
material such as gualacol or pyrogallol 1,3-dimethyl
ether, the possibility exists that these degradation

products are furan in nature.

On the basls of the mechanlilsm postulated for
ring opening of hydroxy-methyl-iurfural, it can be seen
that there are a number of extremely active compounds
formed which could condense with the phenolic material.
‘The nature of these possible condensations is discussed

later in Part Two of this thesises
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PART ONE SUMMARY

1. The interaction of a methanolic solution

of HoS0, with furfuryl alcohol, has been studied.

2+ By use of milder condltions of reaction
and of lilsolation, it has been established that no
products are formed other than those reported by

Pummerer (using similar reagents).

3« A new reagent, 2,4-dinltrophenylhydrazine
hydrochloride, has been used to study the mechanism

involved in the ring fission of furan derivatives.

4, Two new isomeric 2,4-dinitrophenylhydrazones
of intermediates, formed in the conversion of furfuryl
alcohol to methyl levulinate, have been prepared, and

structures assligned to them.

5. A mono-2,4-dinitrophenylhydrazone has been
prepared from Pummerer's so-called -methoxy-levulin-

aldehyde-dimethylal, without any loss of methoxyl.

6« A new mechanism has been proposed to account
for the anomalous products of ring opening in the furan

gseries.
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7+ Several new compounds have been synthesized,

viz., QB -brom proplonal-dimethylal, methoxy acetyl chloride.

8. A new structure has been proposed for
Pummerer's assumed o -mebthoxy-levulinaldehyde-dimethylal
which 1s in better agreement with the facts than the

formula assigned by Pummerer.

9. Some methods of recovery of carbonyl compounds
from their derivatives, have been applied to 2,4=-dinitro-

phenylhydrazones.-



PART ONE EXPERIMENTAL

EXP, 1. LTHE ACLION OF METHANOLIC HC1l ON

FURFURYL ALCOHOL

It was thought desirable, in the first place,
To repeat carefully the procedure followed by
R+ Pummerer 44).

Ninety grams of freshly distilled furfuryl
alcohol was dissolved in 900 cc. of absolute alcohol. To
this mixture was added, at the bolling point, 100 cc. of
absolute methanol containing 6 g. of gaseous HCl. The
mlxture was heated under reflux for & hours, cooled, 15.g.
of powdered KoCOg added, and the mixture stirred until the

solution was no longer acid to moist litmuse. It was then

filtered wlth suction to remove XoCOz and KCl.

The methenol was removed under reduced pressure
leaving 100 g. of a dark brown oll which on distillatlion
at 10 mm. pressure gave 73 g. of a yellow oll, boiling
point 35 - 100°C. There remained in the flask 25 g. of a

dark brown resinous materlal.

The pale yellow oil was added, with cooling, to
185 cc. of saturated aqueous NalHSOz, and the mixture sheken
for 2 hours., It was then extracted nine times wlth ether,

the ethereal extract dried over anhydrous NagS04, and the
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solvent was removed under reduced pressure leaving 10 g.
of a dark brown oll (A). This was carefully fractionated

at 12 mme. pressure:

(A) Fraction le, 0.5 ge Boiling point 35 - 38°C.,
" 2e, 1.0 g. 8 " 65 - 70°C.
i 5.’ 5.0 g ] H 78 - 7900.
" 4., 2.0 g. " " 80%. F

The extracted sodium bisulphite solution was
cooled, and neutralized with 10% NaOH (aqueous). Decom-
position was accomplished by saturating the solution with
solid NasCOgz, the resulting solution then extracted nine
times with ether, the ethereal extract drled over anhydrous
NagSOy, and the ether removed under reduced pressure leaving

40 g. of a pale yellow oil (B).

This was then fractionated at 15 mm. pressure:

(B) Fraction 1., 0.5 g« Boiling point <: 80°C .
" 2., 30.0 g, . " 83.5 - 899C,
. 3¢, 4.0 g. " " 89 - 939C,
. 4., 1.0 g " " 93 = 94°C,
" Bey 440 go o " :> 100°C.

The above procedure 1s the same as that reported
by Pummerer. Six simllar experiments gave about the same

yields of the corresponding fractlons. In no case was it



possible to isolate the fraction (boiling point 98 - 99°C.
at 16 mm. pressure) reported by Purmerer and to which he
assigns the structure of 5-methoxy-levulinaldehyde-
dimethylal.

EXP, 2, THE ACTION OF 2% METHANOLIC HoS0,4

ON FURFURYL ALCOHOL *

To a solution of 250 g. freshly distilled furfuryl
alcohol, dlssolved in 1250 cee of absolute methanol, there
was added at «5°.,, during a period of 5 hours, a solution
of 50 ge. concentrated HgS04 in 1250 cc. of absolute methanol
(prepared by adding the acld to well-cooled methanol). The
resulting solution was kept at 0°C. for 15 hours, and then

at 24°C ., for an additional 24 hours.

To the greenish colored solution sodium methylate
(26 ge of sodium in 600 cc. absolute methanol) was then added
untll the solutlon changed to a cherry red color and was barely
alkaline to molst litmuse. The solution was filtered to
remove NagSO4, and concentrated under reduced pressure to

a volume of one liter. To this was added 500 cce of

%
This method was flrst developed by S. Trister and H. Hibbert
(unpublished results) and later improved by the author,
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diethyl ether, in order to precipltate sodium methyl
sulphate, which was removed by filtration.

The ether and methanol were removed under

reduced pressure leaving about 280 ge of & reddish oil

(A), which was distilled at 7 mme. pressure to give the

following fractions:

(A) Fraction 1. 182 go Bolling point { 120°.,
t 2. 69 g. . " 120 - 150°C.

" 3 30 g« Residual resin.
Fraction (A)-1l. was re-distilled at 7 mm. pressure:

(A)-1. Fraction (a) 35 g. Boiling point 25 - 659,

" (b) 57 g t " 65 - 809,
i (c) 61 g " “ 80 - 100°%.
L (@) 14 g. t w % 1p0°,

A loss of 14 g. occurred during removal .of

methanol.

Eight subsequent re-fractionations of fraction

(A)-1. gave the following results:
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(A)-1. Fraction (a') 16 g. Boiling point <: 65°C+ at 8 mm.

" (b') 18 g. ! " 68 - 7T0%.n "
. (c') 2 g. " " 75~ wgog,n o
" (a') 55 g. " . Bg - 92°, " "
“ (e') 12 g, " “ 92 - 150, " "
g (£') 22 g, . " 153 - 1569C. " " "

The lower boiling fractions were now re-distilled

for analysis and the results were as follows:

Analysis of Materials from the Above ExXperiment

Fraction (A)=le(a')

This fraction consisted mainly of furfuryl methyl
ether. As thls msterial was investligated and definitely

jdentified by Pummerer, 1t was not investlgated further.

Fraction (A)-1.(b').

This fraction, bolling point 68 - 70°C. at 8 mm.,
pressure, was re-distilled and gave g main fractlon, boiling
point 72°C. at 12 mm. pressure. It was identified as

furfuryl alcohol, and as shown below contailned only traces

of methoxyl.

Analzsis

0.,01981 e required D¢15 cco. NaZSZOS’ 0004748N; OCHS, O.17

0 .02034 e " 0‘15 CCe " u ’ " 3 0.16
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This material gave an Oc-naphthylurethane56%nel’cing point
1280C. (the literature value for the o{~-naphthylurethane

of furfuryl alcohol is 128°C.). There was no depression
in mélting point on mixing.

Fraction (A)=1l.(c!)

The material was shown to be methyl levulinate
by preparation in a quantitative yield, of the 2,4-dinitro-
phenylhydrazone, melting point 141 - 142°C,, mixed melting
point with an authentic sample was 141 - 142°C.

Fraction (A)-1.(d')

The fraction was re-distilled to give a liquid,
boiling point 98°. at 15 mm. pressure. This corresponds
to R. Pummerer's b-methoxy-levulinaldehyde-dimethylal.

Analysis

Caleulated for CgHnO (OCH5;3; OCHz, 528
0.01879 ge required 38.62 cce. NagSg0Oz, 0.04748N; OCHz, 527
0,01539 g . 31.75 cce oo, ;" B2e4

Fractions (A)=l.(e'), and (A)=1.(f!) were not
investigated further, but were probably polymers of the

simpler materialse.



YIELDS OF 'HE VARIOQUS PRODUCTS

Fraction (A)-le(a') - Furfuryl methyl ether 6 e2%
u “ " (b') - Furfuryl alcohol 761%
t " " (c') - Methyl levulinate 1.0%
th " % (4') - d-Methoxy-levulinaldehyde-
dimethylal 22 +0%
" “ Y comprising (e')+ (£')+ (A)=2.
Volatile Polymers (9) 50 «0%
i " om, Resins 12,0
Total 98 ¢3%

EXP, 3o Five duplicate preparations gave approximately
the same ylelds and indicated absence of any other frac-

tions in the material. boiling below 100°C. ('7 I « pressure).

EXP, 4, FURFURYL X~NAPHIHYLUREUHANE

This compound was prepared by the standard
method by allowing equimolecular quantities of furfuryl
alcohol and & -naphthyl-isocysnate to react at room tempera-
ture for 36 hours. The reaction product was a whilte
crystalline compound . Recrystallized from petroleum ether
(boiling point 100 - 110°C.) it gave colorless needles,
melting point 128°C., (literature value 128°C.).
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EXP. 5. FURFURYL ALCOHOL AND SEMICARBAZIDE

HYDROC HLORIDE

All attempts to secure a reaction product from
furfuryl alcohol and semlicarbazide hydrochloride in
methanolic, ethanolic or buffered aqueous media resulted
only in a quantitative recovery of the original semil-
carbazide hydrochloride. The same result was found using

the acetate.,

EXPe 6o FURFURYL ALCCGHOL AND DIMEDON

Treatment of furfuryl alcohol with dlimedon
(dimethyl-dihydroresorcinol) in a 5% sodium acetate buffered
solution at 60°% . led to a quantitative recovery of the
furfuryl alcohol and the dlimedon.

EXP, 7. METHYL ILEVULINALE SEMICARBAZONE

The semicarbazone of methyl levulinste was
prepared by the standard method, namely treatment of methyl
levulinate with an equimolecular proportion of semicarbazide
nydrochloride and sodium acetate in aqueous medla; yleld,
almost quantitative, of colorless crystals; purified from

methanol, melting point 148°C. (literature value 148°C.) .
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BXP, 8. THE REACTLONS AND PRUPERTIES OF

FRACTION (A)-1.(d') FRUM EXPERLMENYT 2.

The following experiments (a) to (1) were

all carried out wlth the same materiasl. (Pummerer's asssumed
9 -methoxy-levulinaldehyde-dimethylal) .

The fraction was soluble in water, methanol,

ethanol, petroleum ether, benzene, etc., in all proportions.

(2) Physical Properties

Boiling point 86 - 879, at 4.5 mm. pressure;
97 - 98°C. at 15 mm.; on cooling to -60°C. it freezes to

a glass-like product; n %? = 1l.4276.

(b) Action with Saturated Aqueous Sodium Bisulphite

It is readily soluble, on shaking, and the
addition compound on treatment with sodium carbonate is re-

converted into the original material.,

(c) Action of Aqueous Semicarbazide Hydrochloride

Treated with semlcarbazide hydrochloride in an
aqueous solution, buffered wlth sodlum acetate, for one
hour at 609 ., a yellowish colored semicarbazone was
obtained which on recrystallization from glacial acetlc

acid at 90°C. ¥, followed by recrystallization from

When glaclal acetic acld is used as a solvent for

recrystallization of semlcarbaszone, it should not be
used at temperatures above 90°C.
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bolling water, melted at 222 - 223°C . with decompositcion,
and was identical with the bis-semlcarbazone isolated by

Re Pummersr 44) s from his é -methoxy-levulinaldehyde~di-
methylal

Analysls

Calculated for C7H12N602; Cy 39463 Hy D473 N, 39.6

1.519 mgms. gave 2.225 mgms«C0s; 04774 mgms. Hp0; C, 39.9; H, 5.7

1.352 " " 1.988 " COg; 0,704 " HoO; C, 40.0; H, 5.7
24544 " required 3.62 cc., 0.020032N, HpS04; N, 395
1,930 " " 277 cco, : "3 N, 3947

(d) Action of Semlcarbazlde Acetate in Methanol Solution

Treatment with semicarbazide acetate in methanol
for 24 hours at room temperature gave the sane semicarbszone

as from (c)e.

(e) Action of 2,4-Dinitrophenylhydrazine Hydrochloride in

Methanollic Solution

Use of an excess of 2,4-dinitrophenylhydrazine
hydrochloride in methanol solution at room, or at elevated
temperatures, gave a red crystalline material which on

purification from boiling pyridine melted at 262 - 263°C .,

with decompositione The same product was obtalined by

heating a buffered acetate solutlon.



Analysis

Caleculated for Cl7H14N808; C, 44.5; H, 3.0;3 N, 24.6

1.644 mgms. gave 2.690 mgms. COg, 0.433 mgms. HoO; C, 44.6; H, 2.9

1,180 * Mo 1,020 no 0,328 O M. G, 44443 H, 360
3.444 "  required 3.01 cc., 0.020032N, HpSO4; N, 24.6
3.332 M " 2 .96 cc. 9 i " s N, 24,6

(£f) Action of 2,4-Dinitrophenylhydrazine in 10% Aqueous

Sulphuric Acid at 32°C.

Punmerer 44} claims, by using thls method, to have
isolatéd a crystalline 2,4-dinitrophenylhydrazone melting
at 192 - 193°C., from‘«3-methoxy-levulinaldehyde-dimethylal.

It was not found possible to duplicate this
result in splte of numerous attempts. In no case could
his 2,4-dinltrophenylhydrazone be isolated. On the contrary,
the compound, invariably found, was the bis-2,4-dinitrophenyl-
hydrazone, melting point 262 - 263°C. as prepared in (e).

(g) The Action of 2,4,6-Trinitrophenylhydrazine Hydro-

chloride in Methanol Solutlon

To a solution of le4 ge of 2,4,6-trinitrophenyl-
hydrszine hydrochloride in 50 cc. of bolling methanol, was
added 0.5 ge of the fraction. After two minutes a reddish-
brown precipitate settled out (0.5 ge.) and was removed by

filtratione
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Thls material was recrystallized by extraction
with chloroform in a Soxhlet extractor, giving red needles,

melting point 24700., with decomposition.

A micromethoxyl analysls indicated the absence

of methoxyl.

(h) The Action of X, o-Dipnenylhydrazine

An &, ol-diphenylhydrazone was obtained as an
0oll following the standard procedure., This, on recrystal-
lization was obtalned as pink-colored crystals, melting at

16 - 17%%.

A micromethoXyl determination indicated the

absence of methoxyl.

(1) Action of 2,4-Dinitrophenylhydrazine and a Trace of

Hydrochloric Acid on the Sodium Bisulphlite Complex

Prepared from thls Fractlon CRA)-l(d‘ll

To 10 cc. of saturated aqueous sodium bisulphite
was added 0.5 g. of the fraction and the resulting solution
shaken for 30 minutes. There was added 10 cc. of methanol
(a white precipitate resulted), 0.5 g. of 2,4-dinitrophenyl-

hydrazine and 4 drops of concentrated HCl.

The resulting suspension was shaken overnight

when a yellow crystalline precipitate was formed, which



= 100 =

was removed by filtratlion, yleld 043 ge This material
was recrystallized twice from methanol and once from
chloroform-pet. ether giving yellow needles, melting

point 97 - 98°%.

Analysis

1.8Q0 mgms. required 9.86 cc. 0.00923N, NagSg0z; OCHz, 26.1
Calculated for C11H11N404(OCH5)3; OCHS, 26.1

The analysis is in agreement with the structure
of a mono-derivative of the type CgHn(R)(0CHgz)z from
fraction (A)=1(d') in which none of the methayl groups

had been removede.

(j) Action of p-Toluenesulphonic Acid

To five g. of the fraction, heated to 150 - 160°C.
in a distilling flask fitted with a condenser, was added
in smell amounts, over a period of 5 hours, 0.5 ge of
p-toluenesulphonlic acid, and the distlllate collected.,
At the end of thls time the residue in the flask was
distilled to give 3 g. of a liquid, boiling point 78 - 82°,
at 8 mm. pressure. This was identified as methyl levulinate

by preparstion and comparison of the semicarbazone with an

authentic samplees
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The original distillate boiled at 63°C. and
was identified as methanol by oxidation to formaldehyde,
1solated as the dimedon derivative. The yleld of
methanol was 1.0 g., which, on the basls of a molecular
weight for the fraction of 176, and a methoxyl content

of three groups, would correspond to a yleld of 55%.

(k) Treatment with Boiling Water

Treatment of 045 g« of the fraction by solution
in water and steam distillatlion, converts the product
almost quantitatively into methyl levullnate, identified

as the 2,4~dlinitrophenylhydrazone.

(1) Grignard Analysls

Molecular weight used (Pumerer's and author's results) =

176, 5 cc. of Xylene used as solvent.

Weilght of sample taken 0.1620 ge

Actlve Hydrogen

RMgX added 2.97 cc.
Volume of gas at NelePs Ged4 CCo
Found per gram mole. 0 ¢S

Additive Value

Water added 2400 cc.
Volume of ges at NeT ePo 2345 ccCo

Found carbonyl per gram mole. 095

SO——————
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EXP. 9. ACTION OF 2,4-DINITROPHENYLHYDRAZINE

HYDROCHLORIDE ON A METHANOL SOLUTION

OF FURFURYL ALCOHOL (2:1)

(2) To a solution of 6.0 g. (1 mole) of 2,4-dinitro-
phenylhydragine and 3.0 cc (1 mole) of concentrated HC1l in 200 cc,
of bolling methanol was added 1.8 ge. of furfuryl alcohol.

The mixture was refluxed and at the end of 20 minutes, a
curdy yellow precipitate had formed. Heating was
continued for 1 hour, the mixture cooled and filtered to
glve 4.2 g. of a yellow crystalline compound, which on
recrystallization from acetone-pet. ether, melted at

221 - 222°.

Attempts to lsolate a further product from the

filtrate were unsuccessful.

Analysis

Calculated for CymHy4NgOgs C, 44,53 H, 3.0; N, 24.6

1,382 mgms. gave 2.234 mgms. COg; 0430 mgms. HoO03 C, 44.13 H, 344

1.796 " " 2.876 "  COg3 04536 " "3 C, 43.6;5 H, 3.3
1.90¢ " required 1.64 cc. 0.02020N, HyS0,3 N, 24.4
1,339 " " 1,19 cc. 00020201\]’ H2304; N’ 24 4

% The procedures followed in 9(a), and 9(b) were first
developed by Dr. Geo. Wright in these laboratories.
It remalned for the writer to investigate these reactions,
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A qualltative micromethoxyl anslysis indicated
the absence of methoxyl.

{(b) This experiment is a duplicate of
Experiment 9(a)e. The only variation was in the use
of a 1:1 ratio of 2,4-dinitrophenylhydrazine hydrochloride
to furfuryl alcohol, instead of 2:1.

To a bolling solution of 0e¢54 ge 2,4~dinitro-
phenylhydrazine and 05 cce of concentrated HC1l in 50 cc.
of methanol was added 0¢3 geo of furfuryl alcohol, The
mixture was heated under reflux for four hours. While
the mixture was still hot it was flltered to remove 0.3 g
of an insoluble red compound (A), which on recrystallization
from boiling pyridine melted at 262 - 263°C. Addition of
water to the filtrate precipitated 0.1 ge of an orange
colored compound (B),which on recrystallization from

methanol yielded orange crystals, melting point 141 - 142°.,
mixed melting point with the 2,4-dinltrophenylhydrazone of

methyl levulinate, 141 - 142°C.

Anglysis of (A)

Calculated for CqmHiyNgOgs C, 44.5; H, 3.0; N, 24.6
1,180 mgms. gave 1920 mgmse COp; 04328 mgms. Ho0; C, 44445 H, 3,0
l.644 " B 2.690 ° ;3 0433 T "3 C, 44,63 H, 3.0
l1.148 ¢ required 1.00 cce 0402020N, HpSO4; N, 2446

20146 U u 1.86 cco i "3 N, 24,5
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(c) The Action of 2,4~Dinitrophenylhydrazine Hydrochloride

on Furfuryl Methyl Ether

The procedure followed,using a ratio of 2:1,was
identical with that indicated in 9(a). Yields were the

same of the ildentical product (mixed melting point).

(d) The Action of 2,4-Dinitrophenylhydrazine Hydrochloride

on Furfuryl liethyl Ether

In thls experiment the ratio was altered to 1lil.
The procedure followed was identical with that indicated
in 9(b)e. Yields were the same of the identical products

(mixed melting points).

(e) The Action of 2,4-Dinltrophenylhydrazine Hydrochloride

on a Methanolic Solution of Sylvan

To a solution of 4.44 g. of 2,4-dinitrophenyl-
hydrazine and 2.2 cc. of concentrated HC1 in 100 cc. of
methanol, 1.0 g. of sylvan was added at boiling point.
After 4 hours at the same temperature,;a finely-divided
brown crystalline precipitate started to form. At the
end of 24 hoursg the precipitate was filtered off,

recrystallized from pyridine, melting polnt 2355 = 236°C .
Yield 1.0 e

The melting point reported in the literature
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for the bis-2,4-dinitrophenylhydrazone of levullinasldehyde
is 235 - 236°C.,

(f) The Action of 2,4-Dinitrophenylhydrazine Hydrochloride

on a Methanolic Solutlion of Furfural

Following the procedure outlined in (e) and using
furfural a red crystalline compound was obtained, which on
recrystallization from pyridine and pet. ether, melted at
224 - 225%,

Analysis

Caleculated for CliH8N405; C, 4748; H, 2.9; N, 203

1.997 mgms. gave 3,438 mgmse CO2; 0.524 mgmse HoO; C, 4744; H, 2.9

2.086 W 3,622 M "o; 0.540 R o5 G, 47443 H, 249
4,066 " required 2.97 cc. 0.,020032N, HoS04; N, 20.2
4 44635 W u 3427 M " T s N, 20,3

From the above series of experiments it can be
seen thet ring opening occurred both with furfuryl alcohol
and sylvan under the same conditions of reaction, but not with
furfursl; in the latter case formation of a condensation

product with the aldehyde group and hydrazine took place.
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EXP. 10. THE REGCOVERY OF CARBONYL COMPOUNDS

FROM THEIR 2 ,4«-DINITHOPHENYLAYDRAZONES

(a) Preparation of Cyclohexanone 2,4~Dinitrophenyl=-

Exdrazone

To asolution of 2, 4-dinitrophenylhydrazine
hydrochloride in bolling methanol, was added an excess
of cyclohexanone. On cooling, there was deposlited from
the solution golden platelets; recrystalllized twice from
methanol, melting point 159 - 160°C.

Analysis

Calculated for CyoHqy4N4045 O, 5le8; H, 5.0; N, 20.2
2,612 mgms. gave 4.961 mgms. COg, 1.178 mgms. Hp O3 C, 5l.8; H, 540
24422 mgms. equivalent to 1l.73 cc., 0.0202N, HC1l; N, 20.2

(b) Treatment of Cyclohexanone 2 ,4-Dinitrophenylhydrazone

With Aqueous Sodium Carbonate

The 2,4-dinitrophenylhydrazone (0.2 g.) was
dissolved in a solution containing 20 cc. saturated NagCOgz
gnd 20 cc. of water. The resulting solution was then
distlilled. The first 20 cc., of distillate, on treatment
with 2,4-dinitrophenylhydrazine hydrochloride yielded O+l ge
of a yellow compound; recrystallized from methanol, melting
point at 159 - 160°C . Mixed melting point with the authentic

material was 159 - 160°C. Yield was 50% of the theoretical.
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(c) TIreatment of Furfural 2,4-Dinitrophenylhydrazgone

With 5% Sodium Hydroxide

Treatment of the 2,4-dinitrophenylhydrazone of
furfural with bolling 5% sodium hydroxide and distillation
of the aqueous solution resulted in a 60% recovery of
furfural, ldentifled as the 2,4-dinitrophenylhydrazone,
melting point 2249% .

(d) Oxidation of Methyl Levulinate 2,4-Dinitrophenylhydrazone

One gram of the above compound was stirred at room
temperature for 16 hours with 0.75 g of a solution of Croz
in glaclial acetic acide. The acetlc acld was removed under
reduced pressure, the resldual mixture extracted with
benzene, and the benzene removed under reduced pressurse
leaving 02 g. of & 1liquid, boiling point 75 - 80°%C. (7 mm.),
which was identified as methyl levulinate by preparation of
the 2,4-dinitrophenylhydrazone, melting point 141 - 122%.,

Recovery of methyl levulinate was 54%.

(e) Ozonization of Methyl Levulinate 2,4-Dinitrophenyl-

hzdrazone

Ozone was passed into a cooled (0°C.) solution
of 0.5 g. of the above hydrazone in 25 cc. of chloroform,
until absorption ceased. The chloroform was removed under

reduced pressure, and the viscous liquid remaining decomposed
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by bolling with water. The solution contained a
carbonyl compound which was isolated as the 2,4-dinitro-
phenylhydrazone (0.27 g.), melting point 203 - 204°¢,

A mixture with an authentic sample of levulinic acid

2 y4=-dinitrophenylhydrazone showed no melting point

depression.

(£) ‘Action of Sodium Carbonate on the Bis-2,4-Dinitro-

phenylhydrazone, Melting Point 221°C.

No carbonyl containing compounds were obtained

on heating thils compound with agqueous sodium carbonate.

(g) Action of Sodium Carbonate on the Bis-2,4-Dinitro-

phenylhydrazone, Melting Point 262 - 263°C.

Treatment with aqueous sodlum carbonate gave no

carbonyl-contalning compounds.

(n) Action of Boillng Sodium Hydroxide on the Bis-2,4-Dinitro-

D e ——

phenylihydrazone, Melting Point 2219C.

With aqueous sodium hydroxide (0.5 - 10%) no

carbonyl containing compounds were found.

(1) Action of Hot Sodium Hydroxide on the Bils=2,4=-Dinitro-

phenylhydrazone, Melting Point 262 =~ 263°C.

Attempts to decompose the above compound by

means of aqueous or agueous=-pyridine solutions of sodium
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hydroxide, gave no carbonyl-containing compounds.

(j) Oxidation of the Bis-2,4-~Dinitrophenylhydrazone,

Melting Point 221°C.

Oxldations with chromic acid (Section (d) above), and
mith alkaline potassium permanganate did not yleld identi-
fiable products.

(k) Oxidation of the Bis-2,4-Dinltrophenylnydrazone,

Melting Point 262 - 263°%C,

No identifiable products were obtalned on

treatment similar to (j)e.

EXP, 11. OZONOLYS1IS OF 2,4-DINITROPHENYLHYDRAZONES

(2) Cinnamaldehyde 2,4-Dinitrophenylhydrazone

(1) The above compound was ozonized at 0°C.

in chloroform suspension with an excess of ozone, The
ozonlde was hydrolyzed with boillng water and yielded
benzaldehyde (64%), identified as the phenylhydrazone

and the 2 ,4-dinlitrophenylhydrazone.

(2) Ozone was passed into a solution of 0.2 g.

of the above 2,4=-dinitrophenylhydrazone in 75 cc. of
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in ozone sbsorption was observed. The chloroform was
removed and the ozonide decomposed by boiling with
water at 100°C. for five minutes. On cooling there
crystallized out 0.12 g. of an orange-coloured compound ,
which on recrystallization from acetone melted at

167 - 168°C. No analysis was mede but this compound
was probably the half-2,4-dinitrophenylhydrazone of
glyoxale.

Treatment of this compound with a methanolic
solution of 2,4-dinitrophenylhydrazine hydrochloride gave
a crystalline compound, melting point above 290°C. This
compound was not investigated further but was probably
giyoxal-e,4-din1tr0phenylosazone (melting point reported
326°C.) .

(b) Bils«2,4-Dinitrophenylhydrazone From Furfuryl Alcohol,

Melting Point 221 - 222°. (Experiment 9 (a).)

Ozone was passed (at -109C.) into a suspension
of 0.5 g+ of this compound in 100 cc. of ethyl acetate
(specilally purified) at a rate of 98 cc. per hour, for 3
hours and 25 minutes. At the end of this time the ethyl
acetate was removed under reduced pressure, and there was

added 60 cce of water. The mixture was heated to boiling



and 40 cce distilled over into a solution of 2,4-dinitro-
phenylhydrazine hydrochloride, giving 0,12 ge of a

erystalline compound, which on recrystellization from meth-

anol, had a melting point of 166 - 1579, There was no

depression in the melting point on mixing with an authentie

sample of formaldehyde-2,4-dinitrophenylhydrazones The

yield of formasldehyde was 0,016 g. corresponding to 0,030 g, if there

was one CHo= group,in the originel compound.

The residual solution, containing some solid
material, was treated with an excess of 2,4-dinitrophenyl-
hydrézine hydrochloride and ylelded an orange-coloured
compound, melting point 317 - 318°C. A mixed melting
point with the 2,4-dinltrophenylosazone of glyoxal showed

no depression.*

(¢ ) Bis-2,4-Dinitrophenylhydrazone, Melting Point 262 - 2639,

From Furfuryl Alcohol (Experiment 9 (b).)

Treatment of an equal quantity of this compound
in ethyl acetate under the identical conditions used in

Experiment 11 (b) gave no carbonyl containing compounds

¥ Because of the small amount of this material isolated,

and the possibility that it could have come from the

benzene nucleus, 1t was not investligated further.
At the moment, however, 1t appears that thls compound

may have a distinct relationship to the strueture of
the above compounde.



in the distillate, and the same product (the 2,4-dinitro-

phenylosazone of glyoxal)in the residusl solution.

(Ad) The use of other solvents such as dioxane,
acetone and chloroform in the two preceding experiments

gave ldentical products.

(e) Action of Aqueous 1% Hydrogen Peroxide on the Bis-

2,4-Dinitrophenylhydrazone Prepared From Furfuryl

Alcohol, Melting Point 221 - 2229 ., Experiment 9 (a)e.

A suspension of the compound in 50 cc. of 1%
aqueous hydrogen peroxide was heated to boiling and 50 cc.
distilled into a solution of 2,4-dinitrophenylhydrazine
hydrochloride 1n water. There resulted a yellow compound
which on recrystallization from methanol, melted at
156 - 157°%,, identical with the compound secured in
Experiment 11 (b)e. Flve-tenths gram gave 0,12 g. of the

formaldehyde derivative, equivalent to 0.008 g. =CHy (55%).

EXP, 12, THE INTERCONVERSLON OF THE VARIOUS

2 ,4~DINLLRUPHENY LHYDRAZONES FROM

FURFURYL AICUHOL

(a) Attempts were made to convert the 2,4~
dinitrophenylhydrazone of levulinic acld into one or

other of the derivatives obtained by action of 2,4-d1-
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nitrophenylhydrazone on furfuryl aleohol. For this
purpose it was treated with an excess of furfuryl

alcohol in one case, and 2,4-~dinltrophenylhydrazine
hydrochloride in aqueous solution in the other. In
both casesthe original product was recovered unchanged.
However, by bolling the 2,4-dinitrophenylhydrezone with
a methanolic solution of HCl, 1t was recovered quantita-

tively in the form of its methyl ester.

(b) Attempts to convert the 2,4-dinitrophenyl-
hydragone of methyl levulinate into one or other of the
derivatives, by any of the methods tried above, ylelded

only the unchanged original derivative.

(c) Mono-2,4=Dinitrophenylhydrazone From Fraction (4)-1(d')

Experiment 8(1). (Pummerer €ompound)

The product isolated by fractionation of the
fission product of furfuryl alcohol (use of CHzOH=-HgS04)

was used for the following experiment.

Treatment of the derivative with methanolic HC1l
at 60°C. for a period of one hour, gave a quantitative
yield of methyl levulinate-2,4-dinitrophenylhydrazone,
melting point 141 - 142°%C.

Trestment with an excess of 2,4-dinitrophenyl-

hydrazine hydrochloride 1in methanol gave a quantitative
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yleld of a reddish crystalline compound, melting point
262 - 263° . which was identical with the derivative

obtained in Experiment 9 (b).

(d) Bis-2,4-Dinitrophenylhydrazone, Melting Point 221 - 222°C,

Prepared from Furfuryl Alcohol (Experiment 9 (a2).)

To a suspension of 0.4 g. of the above product

in 30 cc. of methanol there was added 20 cc. of 0.64N,
HC1l in absolute methanol. The mixture was refluxed for
5 hours when all materiasl appeared to go into solution.
The solution was concentrated to 20 cc. and set aside to
crystallize. An orange-coloured compound (0.25 g.)
separated out, whlch on recrystallization from methanol,
melted at 141 - 142°%., and was identified as the 2,4-

dinitrophenylhydrsazone of methyl levulinate.

Removal of the solvent left 0.1 g. of a residue.
Recrystallization from chloroform gave a red-coloured

crystalline product, melting point 194 - 195°C., which on
mixing with 2,4-dinitrophenylhydrazine showed no depres-

'sion in the melting point.

(e) Bis-2,4-Dinitrophenylhydrazone, Melting Point 262 - 2630C,

From Furfuryl Alcohol, Experiment 9 (b).

A suspenslion of this materisl in a concentrated

(5%4) solution of HCl in methanol was heated under reflux
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for 24 hours. The original material was recovered

quantitatively.
EXP, 13 PROPERYIES OF 1HE TWO NG IFICA'LLONS
OF PFURFURYL AICOHOL
Variety Water Soluble Water Insoluble
Weight of sample taken 0.1220 g. 0.1353 g.

Actlve Hydrogen

RMgX added 2.97 cc. 3.00 cc.
Volume of gas at N.T.P. 26.50 cc. 29.20 cco
Found per gram mole. 0.,96 0.95

R e — S —————

Additive Value

Water added 2 400 cc. 2.00 cc.
Volume of gas at N.T.P. 41,70 cce 42 .60 cc .
Found per gram mole. 0.05 0.05

In all experiments carried out, no difference
waes obtained in the chemical or physical properties (with
the exception of the solubility in water) of the two

modificationse.
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EXP. 14. ALVEMPTED SYNTHESLS OF © <MELIHUXY-

IEVULINALDEHYDE-DIMETHYIAL

Three different modes of synthesis were
attempted, but due to experimental difficulties, and lack

of time available, none of them could be brought to a

successful conclusion.

Synthesis I consisted of the following steps:

a) Preparation of methyl methoxy acetats.

b) Preparation of /2 -brom-propional-dimethylal.
¢c) Condensation of a) and b) by a Grignard or

Reformatsky reaction.

CHz0 - CHp - COOCgHg + Br - CHg - CHp - CH(OCH3z)g

Mg
______} CH5O - CH2 - (3 - CH2 - CHZ - CH(OCHs)z
or 2Zn 0

(a) Preparation of Methyl Methoxyacetate ¥

To a solution of 261 g. of sodium hydroxide
(technical) in 1450 cc. of boiling methanol (storeroom)

was gdded with stirring a solution of 322 g. of chloracetic

¥ The method used to prepare methoxyacetic acid was kindly
supplied by Eastman Xodak Co., Organic Chemicals Division,.
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acid (practical) in 580 cc. of methanol. Addition was
carried out at such a rate as to maintain the solution

at boiling point. After addition was complete, the
methanol was removed by distillation at normal pressures,
the sodium chloride formed during the reaction was removed
by filtration, and was washed well with methasnol, which was
added to the filtrate. Removal of the methanol was
continued by distillation and the final traces were removed

by passing steam into the solution.

To the cooled aqueous solutlon was added slowly
and with cooling, 170 g. of concentrated sulphuric acid.
The resulting solution was placed in a continuous extractor
and was extracted with diethyl ether for 12 hours, the
solution was dried and the ether was removed under reduced
pressure. Distillation of the resldue gave 185 g. of a
main fraction, boiling point 91 - 92°C . at 7 mm. pressure;
yield 704 of the theoretical.,

To a solution of 183 g. of methoxyacetic acid
in 200 g. methanol was added anhydrous gaseous HCl to
saturation. The mixture was allowed to stand 12 hours,
and to it was added & saturated solution of sodium carbon-
ate to neutrality. The methoxyacetic acid methyl ester

separated as an overlylng layer which was separated, dried
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over anhydrous magnesium sulphate and distilled to
yield 150 g. of a colorless liquid, bolling point 131 -

132°C. at 753 mm. pressure; yield 72% of the theoretical.

(b) Preparation of!/?-Brom-propional-Dimetgzlal

The method adopted for thls preparation was
similar to that outlined byAﬁ; Ue Nef 68), for the J}

preparation of & -brom-propional-diethylal.

To 135 cce. of a saturated solution of HBr in
methanol, was added at 0% . with stirring, 56 ge of
acrolein., The mixture was stirred at 0°C. for 1 hour
and allowed to come to room temperature. Solid sodium
carbonate was added, followed by 150 cc. of dlethyl ether.
‘‘he ethereal solution was washed with saturated sodium
carbonate to remove HBr, with saturated sodium bisulphite
to remove any unreacted acrolein or ,3@-brom-propionaldehyde,
then washed with water, dried over anhydrous magnesium
sulphate and the ether removed under reduced pressure.

The residual dark oil was dlstilled ylelding a colorless
oil, boiling point 51 - 53°C. as the main fraction. Yield

was 51l.5 g. or 29% of the theoretical.

(c) Attempts to Prepare the Grignard Derivative of

A3 -Brom=-propional-Dimethylal

Attempts to prepare the Grignard reagent of the
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above compound in ether and in benzene using lodine and

mercuric chloride as catalysts, were not successful.

(C') Action of /B8-Brom-Propional-Dimethylal on Methyl

Methoxy-Acetate in the Presence of 2n-Cu Couple

Attempts to prepare 9 -methoxy-levulinaldehyde-
dimethylal using equimolecular quantities of the above
three reagents, at a temperature of 100°C., led to solution
of the zinc-copper couple but it was Impossible to isolate
the anticipated compound. It would appear that the zinc
couple was formed,ibut that addition of the reagent to the

carbonyl of the ester grouping did not take place.

Synthesis II conslsted in the preparation of

8) V¥ -Methoxy ethyl acetoacetate.
b) Y-Methoxy &« -allyl ethyl acetoacetate.
c) Ketone saponification to glve methoxymethyl

butenyl ©, 1l,2-ketone.

This latter on ozonolysis would be expected to give the

desired aldehyde.

Unfortunately in the time available and due to
the very small yields in step I, it was impossible to
complete the synthesis, although indications were quite

promising.
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Synthesls II1 consisted in the preparation of

a) Methoxy ascetyl chloride.
b) & -Brom-propionsl-dimethylal.
c) Condensation of a) with a Reformatsky reagent

prepared from b).

By use of Zn and /@ =brom=propional-dimethylal
at 100°C., 1t was possible to secure a small smount of a
Reformatsky reagent which was soluble in benzene-ethyl
acetate (1:2). However, an attempted condensation of
this reagent with methoxy-acetyl chloride did not give

the desired compound.

(a) Preparation of Methoxy Acetyl Chloride

To one mole of methoxy acetlec acid was added
1,2 moles thionyl chloride. The resulting mixture was
heated under reflux for 5 hours, and was then distllled
at normal pressures to give a 95% yleld of methoxy acetyl
chloride, boiling point 112 - 113°C.
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PART TIWO.

SOME FISSION PRCDUCTS

OF LIGHIN
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PART TWO. CLAIM TO ORIGINAL RESEARCH

le An Investigation of the products isolated
by the action of sodium hydroxide on waste sulphite
liquors from soft wood and hard wood respectively, has
been carried out. CGuaiacol was isolsted and identified
as a decomposition product of the former, and guaiacol,

pyrogallel 1,3-dimethyl ether and acetosyringone of the
latter.

2+ Acetovanillone and guaiacol have similarly
been isolated and identified as the fisslion products of
spruce lignin sulphonic acid (Sodium hydroxide treatment),
thus proving the presence of this grouping in the lignin

complexe.

3« Acetosyringone, gualacol and pyrogellol 1,3-
dimethyl ether have likewlse been 1solated and identified
as true fission products of birch lignin sulphonlc acid
(Socdium hydroxide treatment).

4, The long chaln dloxyphenyl-propane condensg-
tion theory postulated by Freudenberg for the structure of

lignin has been shown to be untenable.



HISTORICAL REVIEW

PART TWO A. GENERAL INTRODUCTION

The complex substance or substances known
to botanlsts and chemists glike as Lignin, the name
applied to the encrusting material in plant bodies
contalining cellulosic tissue, is one of the most common,
and the least understood, of all of the naturslly occur-

ring high molecular welght compounds.

The number of scientific workers who have
interested themselves in this substance in the long
perlod between its definitlon 1) 2),and isolation 3)
by Payen as far back as 1837 aend the present day, has
been very greats. Isolated lignin as s substance, or
class of substances, has ylelded but little information
to these investlgators because of its complex nature,
sensitivity in the "native state" to chemical reagents,
high molecular weight and relative insolublility. Up to
the present time it has been impossible to determine
whether lignin belongs to any one class of organic com-
pounds. The question as to the nature of this materisl
has not, and cannot be settled on the basis of avallable
evidence. The question whether 1t is entlirely of
aromatic or aliphatic nature, or of s mlixed nature, must

remein unanswered until sueh time as a higher yleld of
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lignin degradation products from treatment of an
unchanged native lignin can be prepared and identified.

It 1s first questionable whether the lignin,
which i3 secured at the present time by any method such
as acid hydrolysls, aslcocholysls or cuprammonium solution
of the cellulose present in the wood, represents unchang-
ed lignin as present in the wood. }Nany investigators
have put forward the opinion that there 1s present in
the plant a simple substance to which they assign the
narme primary lignin. This substence, when treated with
the reagents commonly used for its isoletion, is assumed
to undergo rapid condensation and polymerization to give

the complex substance known as lignin,

The question stlll exists as to whether the
primary lignin present in the plant exists as a separate
entity, or whether it exists In combination with the
carbohydrate materials present in the plant. Some
Investigators 4) 5) have assumed that an ester-like union
exists between an acid group in the lignin and the carbo-
hydrate materiasl, whereas other investlgators 6) 7) 8)
have postulated an ether-like linkage. A further ides 9)
has been suggested that lignln 1is combined with carbo-

hydrates in an acetal-llke union.

In contrast with these views the original
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postulation of Payen 3) has received support from a
number of workers. Payen believed that the lignin
in the pleant is present simply as an encrusting materigl
and that no chemlcal combination existed between 1ignin

and the carbohydrate materisls in the plant tissuee

The more modern concept es to union or lack
of union 1s to be found in the researches by Norman 10)
on the cell wall. His results may be summarized briefly

as follows:

1. The various materials constituting the cell
wall of the plant, consist of cellulose, hemicelluloses,

Xylans, pectins, lignin, etce.

e Because of the difficulty of separating some
of these constltuents, it would appear that part of the
gssociation in the cell wall consists of e true chemical

combination between various constituentse.

3¢ Though the evidence for the exlstence of a
lignin-hemicellulose complex, is not direct, in the sense
thét such a compound can be 1lsolated and characterized,
the welght of iIndirect evidence is considerasble. Evidence
is given to show that there is a definite solubllity
relationship between hemicelluloses and lignin. Treat-

ment of wood by hydrolytic reagents renders soluble g
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part of the hemicellulose and a part of the lignin
present. However, all of the lignin and hemicellulose
need not be combined, either one, if it is in excess,

can exist in the free state.

4. Any method of isolating lignin must then

provide hydrolysis of the existing complex, prior to

extraction.

It will be impossible to determine the correct-
ness of these various views until such time as investiga-
tors have determined the nature of the plant precursor of
lignin, the mode of formation of lignin, and to some

extent the chemicgl constitution,
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Be. THE GENESIS OF LIGNIN

The question of the plant materisl giving rise
to lignin has been attacked by numerous workers. It has
been of greatest lnterest since, iIf the basic substance
which leads to its formation were known, it should be
possible to assign a formula to lignin, It has been
suggested 11) 12) 13) tnat cellulose in the plant 1is the
parent substance, and evidence is offered for some similare
ities in physical properties, e.g. double refraction in the
polarizing microscope. However, the dlificulty of
synthesizing aromatic substances from cellulose and the
well established fact 14) that such form a part of the

lignin complex renders such a theory untenable.

Klason 15) and Rassow 18) nave advanced the
idea, that lignin is formed in the plant from pentoses
or pentosans, a view based on the assumed reciprocal

relationship between pentosans and lignin.

Numerous other investigators, among them Schrauth 17)

18) 19) 20) 21)

» Oden s Jonas and more

Schmidt , von Euler

recently Hilpert 22), have suggested that lignin 1s formed
from soluble carbohydrates such as pentoses, methyl pentoses

end hexoses. Hilpert goes further and suggests, that

lignin does not exist as such in the plant but, that it
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is formed from simple carbohydrate materials in the
process of extraction. If this latter were true, it
would be difficult to explain the isolation of vanillin,
acetovanlillone, and varlous organic acids secured as

degradation products of lignin preparations.

Another view has been put forward that lignin
ls derived from pectins in the plant 23) 24). However,
on the basls of the above postulations and the well=known
difficulty of conversion of carbohydrate to aromatic
substances, it would be loglcal to assume that lignin,
if it were formed solely from carbohydrates, cellulose,
pentosans or pectins (the latter galacturonic scid polymers)
would be solely aliphatic in nature, It will be shown

later that this 1s not true.

Freudenberg 25) and Xlason =6) hold the view
that lignin is derived in the plant wholly from an
aromatic precursor. Such a substance as coniferyl
alcohol or coniferyl aldehyde could, as they have indi-
cated, be polymerized in the plant to give derivatives
which are wholly aromatic. It has been poilnted out by
Klason that this polymerization readily takes place out-
side the plan£ in vitro, and that polymerized coniferyl
alcohol has propertlies simllar to those of isolated
lignin. However, these two theories of polymerization

postulate a wholly aromatic structure for lignin, which



again 1s not in accordance with the facts.

None of the proposals which have been made so
far, seems to take into account sufficiently, the chemical
nature and properties gf lignin, Each theory takes into
conslderation only part of the known facts, and others
detrimental to the idea are temporarily forgotten. In
the latter pasrt of this thesigﬁunder discussion of
results, there is given what, it is believed, is a more
complete theory of the plant synthesis of lignin, Complete
proof cannot be offered for the same, but it is believed it
explains much more satisfactorily than others the known
experimental facts, viz.; the mode of plant synthesis,
the nature of a varlety of new degradation products, and

finally the behavior of lignin to various reagents.,
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Ce. THE GENERAL THEORIES AS TO SIRUCUURE OF LIGNIN

Older Views

Before discussing reecent views, it might be
well to review the various structures proposed for

lignin.

The somewhat fanciful formula proposed by
Cross and Bevan 27) as shown below, takes into account
some of the reactions of lignin, but is based on very

meager éxperimental evidence:

0
ft
,. Hy 0 _H 0 H
i ok (CHg=C=0)p —07 ¢~ L0 —C —0H
) beo (2 nf b FOF T
0
(2) (b) (c)

This is in reslity a structural representation
indicative of various group known or assumed to be
present in lignin,in a simple formula. Chlorination
could take place at (1) in (a) to give pyrogallol forming
derivatives, which have not been isolated as yet in spite
of many attempts, The formula shows methoxyl groups

present in lignin; also free hydroxyl groups which are
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known to be present, and a possible enolic hydroxyl at
(2)e¢ It also shows an ethylene oxide ring, which on
treatment with sodium bisulphite solution could open to
give a sulphonic acid, and a hydropyran ring which, under
the Influence of alkali could give a soluble sodium salt.
The group (b) is assumed to be present on the basis of
acetle acid formation from lignin. The existence of

g hydropyran ring, 1s based on the formation at high
temperatures, of maltol and acetone. This however 1s
not necessarily true as these compounds can be obtained
from compounds which do not contain the hydropyran ring.
The existence of a group containing a hydrated aldehyde

also would hardly be expected in a compound of this type.

However this formula sccounts for a number of

known reactions of lignin and 1s useful to that extent.

Klason 26) gssumed that lignin is a mixture
of condensation products from coniferyl alcohol (A) and

oxyconiferyl alcohol (B)S$

CHgOH CHgOH
CH HQOH
1
CH HCH
| 1 4
-OCH5 "'O’CHS

OH OH
(a) (B)



and the two formulae which he proposed 28) are shown

below:
s
O H
N~
H H ¢ ~CHy ~0CHz
O0SC=C=C e Cw
E ) H "OH
OH
and
OCH5
0
H- —C2C=0=0
Hg OH iHd
7T s
H H CHz=C=0 *
2 2 I iz
0
29)

However, he modified this to some extent later and

assumed the existence ol the complex;

H
HO= -0 = CHZ -
!
CHz0 ~ OH

in lignin.

Klason's conclusions are based essentially on
analyses and properties of fractionated lignin sulphonic
aclds and comparison of these with a coniferyl aldehyde
polymer. However, results of alkalil fusions, dry distil-

lations, zinc dust distlillations of other lignin preparstions



- 137 -

and sodlum hydroxlde treatment of fractionated lignin
sulphonic acids, tend to some extent to support this
theory. Undoubtedly the gualacyl residue does exist

in lignin as indicated in the isolation of n-propyl
gualacol and vinyl guaiacol by Philips and Goss 30) 31)
from a distillate doteined from a zinc dust distillation
of alkall isolated corm cob lignin and as proved by the
1solation of vanillin from lignin sulphonic acid by
Tomlinson and Hibbert 14) and by the 1solation of aceto-
vanillone in this resesrch. However thls theory 1s
based primarily on the presence of about 3% of coniferyl
derivatives in the sap of conifers in the springtime,

aﬁd on the simllsrity of polymerized coniferyl derivatives
(Ultimate analyses, Methoxyl analyses) to .lignin sulphonic
acid.

Kurschner's view 92) that. lignin is a polymer
of the glucoside coniferin is of interest in view of the
recent work proving definitely the presence of glucosldic
linkage and a carbohydrate complex. Later however, he
proposed 33) as did Klason that lignin is a polymerized

coniferyl alcohol as shown below:



CH,0H
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CH
CH
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-OCHﬁ
!
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o
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CHgOH
|
CH
i
CH
!
'
0
!
?HZQH
H 1 |
H

involving an ether union through the phenolic hydroxyls.

Thls formula was proposed to account for his yields of

vanillic acid, secured by thermal degradation of lignin 30),

However, if his view was correct the yields of vanillin

14)

should be much higher than the eight percent secured.

Moreover this formule indicates the possibllity of

numerous double bonds which certalnly do not exist in

lignin, end also does not account for the free phenolic

hydroxyls and glucosldic linkages present in the latter.

Sehrauth

17)

proposed to formulate lignin as =

condensed furan system containing furan rings, hydro-

aromatie rings and aromatic rings, a2ll formed from the

condensation of Sehydroxymethylfurfurale

Though the
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formula does not explain the reactions of lignin, the
possibllity (es will be discussed later) exists that
hydroxymethylfuriural is one of the building components
of lignin,.



- 140 -

De. THE FREUDENBERG CONCEPT OF LIGNIN

Freudenberg, in his book "Tannins, Cellulose
and Lignin", made an attempt in 1933 to assign a formula
to lignin, and at the same time to account for 1ts
presence in wood. He based this formula en a large
amount of chemical date and on the preceding work of

Klason and of Kﬁrschner.

Freudenberg insists primarily, that lignin,
as 1solated,is a high molecular welght polymer. He
does not state whether it is a homopolymer (polymer of
identical units) or a hetero polymer (polymer of various
units)e. Elementary analyses for carbon and hydrogen and
the carbon - hydrogen ratio indicate there exists in the
polymer & condensed unsaturated ring system which he
believes to be essentially of the benzene types AQsSOrpe
tion spectra measurements 24) indicate the presence of
10, 20 or 60% of benzene nuclel 1in lignin. A benzo-

furan or benzopyran type might also be present.

The formation of vanillin in a yield of 2%
led Freudenberg to accept, in a modified form, the Klason
formula 26) for lignin, namely & condensation product of
coniferyl alcohol. Inasmuch as the latter is found in

the cambium sap of certain conifers, 1t could be regarded
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as the basic component of lignin.,

The earlier work on the isolation of minute
quantities of proteocatechulc acid by alkali fusion 35)

served to demonstrate the presence of a group of the

nature:

However, the fact that monocarboxylic acids of substituted
benzenes, for example veratric and protocatechulc acid
were 1solated does not prove that these acids are formed
primarily, since some dicarboxylic acids readlly lose

COg to form mono-acids. Fischer, Schrader and

Friedrich 56) among others, demonstrated the formation

of benzene polycarboxylic acids by oxlidation treatment

of lignin.

Phillips and Goss 57} showed the presence of

by their oxidation of lignin degradation products to

the complex:

w QY o
'

give anisic acild.

The presence of methoxyl groups and thelr marked

resistance to acid and alkall showed that the methoxyl
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groups in lignin were nelther ester nor acetal-

mnethoxyls, but were present in the form of ethers.
The formation of formaldehyde from lignin in ylelds

of from 0.9 - 1l2% under the same cocnditions as from
piperonyl derivatives, 1s seen by Freudenberg as proof

of the presence of the dloxymethylene groupe.

The nature of the free hydroxyl groups in
lignin has been well covered in other publications 38)
from this department and no attempt will be made here

to develop the nature of these hydroxyls.

The other oxygen atoms in the lignin are
assumed to be present in the form of ether-oxygen
groupings, and treatment by hydrlodlc acid indicates
that one valency of the oxygen bond is attached to a
benzene nucleus; the nature of the other valency 1is
unknown. It may be either aliphatie or aromatic in

charscter.,

Before indicating Freudenberg's structure
of lignin, some of the possible mechanisms of sulphon-
ation and Freudenberg'!s concept of this process will

be discussede.

As mentioned earlier (the Cross and Bevan

formula), the idea has been advanced that sulphonation
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could occur at an ethylene oxlde ring to give a
sulphonic acid and a free hydroxyl 39) ¢

G —— C - HpSO C — C

N 508
This 1s likewise true of the heterocyclic carbon
oxygen rings. The 1dea, that the reaction of lignin
wlth acld bisulphites involves the formation of a simple
additive aldehyde or ketone complex, seems fallacious,
since it has been shown 40) that, in concentrations of
S0g such as those used in the manufacture of sulphite
pulp, the aldehydo bisulphite complex formed from

aqueous sulphurous acid would break down., The formation of

a lignin sulphonic acid by addition to a double bond 41},

!
HgSOz + -C =¢C - —>

]  §

] 1

H SO-H
has been postulated by Peter Klason and is quite posslble.
Freudenberg however, until quite recently, postulated
sulphitation as occurring in the aromatic nucleus 35),
Although thils explanation of sulphitation could explain
the formation of lignin sulphonilc écids, 1t serves no
purpose, since it, in itself, does not explaln concurrent

reasctions. However, in this connectlion it might be well

to mention that the existence of a double bond 42) 1in
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native lignin is still quite doubtful 43),  Treatment

of wood with benzoyl peroxide indicates some unsaturation
which presumably disappears in the polymerization products.
Freudenberg 43), and later Hibbert and Tomlinson 14) over-
came this objectlon by postulating the formation of a
double bond formed by the primary ellmination of water

from two adjacent carbon atoms ,

' ' .1 ',
—C C— —> =C C—
' '
H OH

which in turn could add on HoS0z to give :

] !
_..C: .C—

1 '
H SOsH

Oxlidation of lignins 35) witn ozone has yilelded
1 - 2% of acetic acid. Yields of acetic acid as high
as 6% have been secured by the use of chromic acid <5),
Oxidation technique as applied by various lnvestigators
has also ylelded oxallc acld, malonic acild, succinic acid

and carbon dioxide*44).

To explaln these chemical properties and
reactions, Freudenberg postulates the formulation of
lignin as primarily a condensation polymer of simpler
bullding units of the type of 3-methoxy-4-hydroxyphenyl

glycerols:
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H H H
HO-D-G -C =C or its

 { | |

OB OH OH

OCHS

blochemical equivalents;

H
ro- - o,
! 1

’ ' OH O
OCH5
and

H H H

HO ) «C =« C = C

/ t H )

I . OH 0
OCH5

Condensgtion could take place in meny ways,

and to explain the various degradation products and

reactions of 1lignin he had to select certaln of these

condensation reactions, a few of which are listed below:

H H
- O == —-C - (0 = CH2
A
CH30" H
0_ ﬁc-nnu
L
H 1R
C =C
H 1
-0 - - ’//OH H\\\\A;
\\\ V4 N H’,C
CHz0~ 0 ; - C\‘O s

(1)
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(3)
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- B

©
S
]
1
]
!
f
‘C'
! AV,
5. m
N L
|
A _
O
\
v o
)
33}
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O
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CH -0
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and

SENN

CHz0 -~ ) —¢

o0 —=-- (8)

o
e \
N
o (g
o7
\

The total number of possible condensations 1s high, since

the vanlillin, piperonyl, and isovanillin types could

condense with aliphatic hydroxyl groups to give mixed

etherse 1In addition to thls there 1s the possibility

that a condensation of an aliphatic hydroxyl with an

aromatic nuclear hydrogen could take place. 0f those
suggested, the types 6, 7 and 8 would explain satisfactorily,
the formgtion of acetic acid by oxidation, but possess a
disadvantage in that they invoclve condensation with the benzene

nucleuse

For the formation of so-called "primary lignin®,
Freudenberg favors a simple long chaln:condensation polymer
formed from one of the substituted dioxyphenyl glycerols,
and also assumes the presence of an end group of a dioxy-

methylene substituted benzene nucleus:

g H r H Ho

0- -C = C = C =fO- G = C = CHy|=0- =G -G
| H 1] 2 H

Hy Gy BHe 2 OH . 2 OH OH

C/’
2 ! )
{o/ OCHz 10 OCHg
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This polymer, in turn, is converted in the plant post-
mortelly, or during the process of isolation into s
condensation polymer lkmown as lignin, l.ee x4 ) (A)x - ¥y HgO.

Freudenberg postulates ring closure and methylation occurring

concurrently with the condensstion.,

It must agaln be emphasized that these views are
based entlirely on the following limlted experimentel
evidence:

l. The formation of small yields of formalde-

hyde (049 = 1e2%) on distillation with acid,

2. The formation of protocatechuic acid (13) by

sodium hydroxide fusion,

3, The properties and analyses of lignin

sulphonic acids.

In a more recent paper 45) however, Freudenberg
clarifies his ideas of 1lignin and at the seme time offers
more evidence for his formulae. He tekes into consideratlon
the results of oxidation experiments, which he has carried
out, and the results of model researches cerried out by
others. He glves a good summary of the recent work by
Hibbert and co-workers 14) 1n which vanillin end syringie
aldehyde were isolated from lignin sulphonic acids. In
addition he sttempts to show why lignins prepared by
alcoholysis do not yleld simllar products to those secured

from lignin sulphonic sclds.
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He regards lignin as a polymer built up from
simple units through dehydration leading to ether forma-
tion, The building units which he gives as possibllities
are those put forward by him in 1933, namely the dloxyphenyl
nucleus attached to a side chain of glycerol or a blochemlcal -

ly equivalent type.

Polymerization takes place by ether formation
accompanied by secondary condensation reactions eilther
in the plant, or due to the chemical treatment used for
isolation. Thus in lignin there may exlist Benzo-pyran

or Benzo-furan systems.

Formerly, up to 1937, he had assumed that ether
formation resulted from a condensation between the primary
hydroxyl of the side chailn and the phenolic hydroxyle The
basis of thls was the absence of any group in lignin, which
could be oxidized to glve a carboxyl. In his later paper
however, he helieves that the first ldea was probably
erroncous and suggests that the union between the building

units is as depicted below:
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Hzci-OH -0CHy ~0CH,
HC ~OH ' CHz=C20 ]
H=C \.~
] H 1
-CCHz or or #\ , -OCHs
] K}
0 0
A B g

for the three blochemlcglly similar types.

The further condensation (Freudenberg's secondary
reaction) may then be understood. The hydrogen in the
position # 1s necessarily active since it is ortho to
oxygen and meta to an aliphatic side chain,and in formulg A,
could condense with the primary hydroxyl with the eliminsg-

tion of water to form a pyran system, as shown below:

HzC/ N s
]

N

I
HOCH 0

o/
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in the case of B and C, the active hydrogen could migrate
to the carbonyl giving l,2-addition to the carbonyl with
the resulting formation of & pyran system as shown in E

end a furan system as shown 1ln F:

HOC— CHg-CSOH |
' ' \ /0
HoCx_ . -0 o5
H=C I
[ ]
P ' - OCH5 P ﬂa_\i///i - OCH5
0 0
E F

The original yield (1le.2%) of formaldehyde
secured from lignin has been doubled recently by E.
Higglund 46), end indicestes that instead of one in every
twelve units containing a piperonyl residue, this would

be contained in one in seven.

Thus Freudenberg regards spruce lignin as
consisting of a linear polymer of various units of the
type A, B, or C, preferably one of the two latter. This

1ignin contains seven such units, of which the terminal

one contains a piperonyl group, primary lignin being

formed in this manner in the cell wall.
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Subsequent condensations of D, E and F can
then occur elther in the wood postmortally or during
1solation under the influence of reagents to yield more
complex polymers. Other condensations might also occur

to yield large three dlmensional polymers.

The evidence which Freudenberg offers for this
theory of the formation of 1lignin is described below in
some detgll since it would be unfair to criticize nis

formula unless all the evidence offered 1s considered.

An isolated lignin (Phosphoric acid method)
was fused with hot alksgli, the decomposed material
methylated and then oxldized with potassium permanganate
giving veratric acid (10%), isohemipinic acid (4%) and
some dehydrodiveratric acid (3%), (the latter however,

was only obtained In one experiment and so far, has been

found impossible of duplication)s

gOOH ?OQH QOQH COOH
'

COOH- ~0cHz  CHgo=i. J—uU J-ooH,
' |

OCH3z OCHg OCH

G H

j

By subjecting these compounds to the action of the same

reagents, and comparing ylelds, Freudenberg shows that



the actual combined yleld of the above compounds G, H

and I should have amounted to over 20%,
The facts raise the following questions:-

le Posslble existence of the diphenyl bond
in 1ignin,
2e TFormatlon of lsohemipinic acid or dehydro-

diveratric acid as true lignin degradation productse

The Diphenyl Complex

The method of isolating the lignin by means of
phosphoric and hydrochloriec acids could not result in a
dehydrogenation. However, the latter could have occur-
red by oxldation during the alkall treatment, as evidenced
by formation of a tetrahydroxydiphenyl from resorcinol
under the same conditlons. Eugenol gnd vanlllin on the
other hand did not yleld any diphenyl derivative on
similar alkall treatment 45). In Freudenberg's opinion
oxidation takes place during the alkall decomposition,
but he found later that in a nitrogen atmosphere, he was
st1ll able to secure the same quantlty of dehydrodiveratrie
acide The use of diazomethane for methylation obviated
the possibility that dehydrogenation took place under the

influence of the glkall during methylation.
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If the diphenyl grouping were present,
Freudenberg has shown that the amount of dehydrodi-
veratric acld obtained would be the theoretical quantity,
as demonstrated by treatment of dehydrodiveratric acid
under ldentlical conditions, when recovery of the acid
was practically 100%. Treatment of dimethyl-dehydro-
divanillin and dehydrodiveratric acid, under the same
conditions gave 90 - 97% of dehydrodiveratric acid.

S5-Substituted Vanlllyl Grouping

If the isohemipinic gcid found was formed from
the diphenyl derivative, there should have been a much
higher ratio of dehydrodivergtric acid to isohemipinic
acld., In the case of methylated lignin sulphonic acid
and lignin thioglycollic acid, whilst 1sochemipinic acid

was secured, no dehydrodiveratric acid was obtained,

For these reasons, Freudenberg concludes that
though the diphenyl derivative may have been syntheslzed
from the veratric acid, there does not seem to be much
doubt that the isohemipinic aclid came from the structurse
J as shown below, and on the baslis of the above work
assigns the following formulae to representative bullding

units of lignin:
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C c C
] ! !
c-l_ J-o L - ] -
\__-CH; ¢ OCH,
! t ]
0 0 0
] t !
J K L

It 1s lmown that alkaline trestment of lignin
sulphonic acid yields vanillin 14),., when Freudenberg
"ethylated" instead of methylating prior to oxidation
he obtained a 107 yileld of the corresponding ethyl ether
of vanillic acid M, instead of obtaining a 104 yisld of

CoH g0~ D ~COCH

cnso//

veratriec acid:

u

thus proving that the unit K exists as such in the
lignin molecule. However, a formula corresponding

to L must not necessarily be excluded.

A lignin sulphonic acid purified by preclipitation
with quinoline and then electrodlalysed, yielded under
Freudenberg's technique, small quantities of veratrie and

isohemipinic acids. This is regarded by him as additional
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proof of the existence of types A and B in the lignin

molecule:

The newly developed method of Bror Holmberg 47)
for the 1solation of lignin by the use of thioglycollic
acld glves interesting results. Some of the oxygen,
which exists in the form of ether oxygen under the action
of thioglycolllic acid, apparently forms free phenoliec

hydroxyl groups as shown below:

)

 } ] !
= C =————1{0 OH

N + HSCH5COOH !
’ e 3 ~C-SCHp-COOH
' t

]
0

In his most recent paper 45) Freudenberg
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reviews his interesting experimental results of certain
model compounds for some of the structures he postulated

in hls lignin molecule, for example, dehydrodilsoeugenol,

formulated as either N or O:

CH,=-CH CH<=CH
T 3 "
CH CH
t !

CH3 -0C - H_| -ocH
H:CI)/ ' H5 H0- \/f““'* \1; _(')/ . | 3
H-('}—O CH50’\ /C—\——O

H CH5
-OCHS
OH
N [

48 |
Methylation and oxidation ylelded Erdtmann's acid ) (P):

%OOH

H -OCHS
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which, on further treatment gave only veratric acid,

but on prior treatment with sodium hydroxide, methylation
with dlazomethane and subsequent oxidation, gave ylelds
of veratric and isohemlpinic acid corresponding in amount
to the ylelds obtained from lignin. Treatment with acid
sodium bisulphite under the conditions of the sulphite
cook, ylelded an amorphous sulphonic ascid to which the
structure Q was assigned. The latter, on methylation
with diezomethane was converted into an amorphous

product R:

COCH COOH
! '

i / -OCH, . / OCH,
| 1

, '
CH5-<|: OH CHs-(I) OCH,
HC = S0 HC ==S0,0CH
! 5H : 2 3
~0CH ~0CHg
| ' |
OCH OCHy
Q R

Oxidation of R gave percentage ylelds of veratric and

isohemipinic acids corresponding to those from lignin,

The corresponding yleld of ischemlipinic acid

from 1lignin sulphonic acid is not known, which is under-
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standable since only a small part of the lignin molecule

may be in the form R asbove.,

A thioglycollic acid derivative in which the
SOzH group is replaced by SCHgCOOH of Erdtmann's acid
gave, using Freudenberg's experimental conditions, =
smaller yleld of veratric acid than did the sulphonic
acid. The yleld of isohemipinic however, was about the
same. The thioglycollic acid derivative of 1lignin, in
contrast to lignin sulphonic acid, yilelded isohemipinic

acid under Freudenberg'!s conditions.

In Freudenberg's concept of Holmberg's work,
the oxygen bridge in Erdtmann's scid represents an
& -phenyl carbinol ether. Formula N has a bridged
oxygen atom which is closer to the benzene nucleus and
which is consequently probably more reasctive than the
one shown in the formula O. Furthermore, according to
Freudenberg and Holmberg, if this ring were ruptured a
secondary hydroxyl would be formed. It has been shown
that the secondary alcohols, phenyl methyl carbinol and
diphenyl carbinol react with acid sulphite, thloglycollic

acid and alcoholic mineral acid to form derivatives of the

(O

type S:
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where R = CHz or @, and A = SOgH, SCHg=COOH, OCgHs etc. %70,
Holmberg also showed that the ethers corresponding to
the above alcohols will regsct with thioglycollic acid in
the presence of mineral aclds to break the ether bond

with the formatlion of compounds of the form S above.

Freudenberg summarizes the above dats as
follows: Oxldation of lignin which has been methylated
with disgomethane or dimethyl sulphate gives only small
yields of veratric acid and no isohemipinic acid. However,
if lignin is given a preliminary treatment with alkell and
then methylated and oxidized, there can be obtalned much
larger yields of veratric acid (15%) and in addition
isohemipinic acid may be secured. TUsing a blank deter-
mination on the amount of veratric acid, it is posslible
to re-isolste this after treatment with NaOH; he
estimated that the decomposition of lignin wlth NaCH

yields 30% of aromatic compounds.

One of these fragments 1s the piperonyl residue.
Another part could be obtsined from the forms D, E, or F
by ring opening at the position ¥e Judging from the
small yleld of isohemipinic acld obtained, he believes

that possibly half of the aromatic nuclel are in the

forms T or U:
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C C C

! $ H
C-O-OH C-O-OCHs kﬁ-ocns

t ' 1

OH OH OH

I U v

The faet that ethylation, subsequent to alkall treatment,
and prior to oxidation yielded the ethyl ether of vanililic
acld, he states, serves as an indicatlion that a large part

of the veratric acid results from the form V.

1t
Hagglund and Carlsson 39)

showed that a hydroxyl
group 1s formed during sulphonation of lignin., It has
been established thet the hydroxyl group formed was
"phenolic" in nature. This then accounts for the yield

of iszohemipinic acid. Sulphitation of a group of the

type D and E, could take place by a reaction simllar to

that occurring with Erdtmenn's acid, to give ring opening.
Thus, there would result a form capable of ylelding iso=~
hemipinic acid on oxidatione The veratric acid is obtalned

by oxidation of the *-sulphonate formed during sulphitation.

Tomlinson and Hibbert 14) have shown that veratric
acid may be secured by an alkall treatment of methylated
1lignin sulphonic acide. Freudenberg states that this is
in sccord with the idea that a free "phenolic'" hydroxyl

group 1s formed during the process of sulphlitation. The
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syntheslis of vanlllin by the above authors from an
alkall treatment of lignin sulphonic acid, which was
confirmed by Hggglund, agrees well with the formation
of veratric acld demonstrated by Freudenberg. However,
Freudenberg states that the vanillin residue possibly
mgy have come from.a chain rupture by alkall at the 5=

position:

\ -CCHz
-9/ Y
H

He admlts the probability that the sulphonic
acld is iIn a position & to the benzene nucleuse. This
is in agreement with_ﬁggglund, with Klason and with Hibbert,
end i1s s modificatlion of his former theory of a ,B-sulphonic
acld linkage. The fact that the sulphonic acid group is
in the &K-position 1ls in harmony with the assumed rupture

of & coumarane or chromane ring to form the sulphonlc acid.

In the process of sulphitation, Freudenberg
states that three to five oxygen bridges have reacted
with sulphurous- acid to form sulphonlc acld groups and
free phenolic hydroxyls. He shows that the views of
Hibbert, which assume a sulphonic acid radical attached
in the ®&-position of an aliphatic side chain are in

agreement with the fission products arising from the
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splitting of his hydropyren or hydrofuran rings, the
aldehyde thus formed being free to form a bisulphite
compound or to condense with a nelghbouring side chain,
as in A, B or C., Freudenberg believes that these
aliphatic carbonyls undergo condensstion with neighbour-
ing side chains during sulphitation. As a proof of
this, he points to the formation of an insoluble lignin
sulphonlc acid from the soluble form by treatment with

minergl ascide.

The reactlions of lignin thloglycollic acid are
interpreted similarily. Its analysis indicates that
for every seven building units, two have reacted like
Erdtmann's acid (c.f« ppe 158), and two have reacted

l1ike Holmberg's carbinol (c.f. ppe. 160).

Freudenberg offers some new views on the inter-
action of lignin with alcchols in presence of mineral
acids. According to Bror Holmberg's work, it is
possible to etherify the secondary hydroxyl (the one
ad jacent to the benzene .nucleus) by means of ethanol and
HC1l, and this etherificatlon 1s probably part of the
resction, the other probably being one of ether splitting,
during which the phenolic group is removed from the
molecule, thus decreasing its size. He also points out
that methanol lignin ylelds 10% veratric and 3% isohemi-

pinic acid after methylation and oxidation.
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When a lignin is isolated by treatment of
wood with benzyl alcohol and a small amount of mineral
acld, there 1ls secured a brown colored substance which
is soluble in alkall and organic solventse. If this is
treated in a ball mlll with benzyl chloride the resulting
benzyl lignin contains three to four benzyl groups for
every five methoxyl groupse The benzyl lignin is a

cream colored substance insoluble in all solvents.
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E. SUMMARY OF FREUDENBERG'S VIEWS

The reactions described seem to explain the
color reactions of lignin and the tendency to form
branched chain molecules (the three dimensional arrange-
ment In isolated lignin). Moreover, Freudenberg states
that his views apply equally well to beech lignin in which
the syringyl radlcal,

HOwm i
CH 30/

1s a bullding unit. The fact that the vanillyl radical
occurs along with the syringyl radical can be explained
by the chain theory of ether linkages in the lignin
molecules. Since he has postulated only two forms of
union, namely the ether linkage and nuclear condensation,
and since the latter cannot occur with the syringyl
residue, he finds 1t necessary to assume the presence of

some other type of linkage in beech lignin.

Finally, Freudenberg states that these views
of 1lignin aend its properties, indicate the way in which
"proto~1ignin" condenses to form the isolated lignin. In
the main however, they are concerned with the ether linkage

and with the carbinol grouping formed on breaking this

bond.



F. CRITICISM OF FREUDENBERG'S CONCEPT

25) 26)

Freudenberg s Peter Klason and
Kurschner 92) have reported the oceurrence of sbout 3%
of coniferyl alcohol in the spring sap of conifers. It
1s on thls basis they assume the formation of primary

lignin as a polymer of coniferyl aldehyde.

The possiblllity exists that this coniferyl
alcohol has been formed as a degradation product of
lignin. As will be shown later under discussion of
results, this 1s a distinct possibllity. The existence
of numerous other simple organic materials in the plant
cell wall might just as well be taken as an indication
that these other materials are the precursors of lignin.
If coniferyl alecohol is the precursor of lignin in the
plant, it is to be expected that the yields of
degradation products of lignin would contaln large
amounts of aromatic compounds. In no case have ylelds
of more than 20% of aromatic compounds been reported.
Freudenberg 45) preports yields corresponding to 20% of
aromatic derivatives from his alkall degradation. A
repetition of this work by A.Be. Cramer (unpublished
results) indicates that these ylelds are much too high,
This would indicate that the aromatic nucleus does not necessarily

form the major portion;of the lignln molecule.
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The yleld of formaldehyde obtained by
Freudenberg 45), and assumed to come from a dioxXymethylene
group, does not necessarily mean that the latter is present
in lignin. Hunter, Wright and Hibbert 49) have shown that
formaldehyde may be formed from a large variety of carbo-
hydrate and furan derivatives, and most isolated lignins
have now been shown to contaln carbohydrate material.
These, when treated with 15% hydrochloric acid yield
formaldehyde, ldentified as 1its dimedon derivative, and
furfural, identifled as its 2,4-dinltrophenylhydrazone.

As a result of this work, it would appear that the basis
of Freudenberg's postulation of the dioxymethylene group

is inadequate.

Freudenberg belleves that none of the free
hydroxyl groups occurring in lignin 1s phenolic in type.
This view 1s based on the alkali insolubllity of isolated
1ignin and its behaviour towards p-toluene sulphonic scid.
He has shown that p=-toluene sulphonic esters of phenollc
hydroxyls react with hydrazine to form p-toluene sulphinic
acids, and that this reaction does not occur with the p-

toluene sulphonic acid ester of lignin,.

It has been shown in these laboratories by
Hibbert and co-workers that at least part of the free
hydroxyl groups present in lignin are phenolic or enolic 51) 52),

The work of Hibbert and Tomlinson %) has demonstrated the



- 168 =

presence of at least one free phenolic hydroxyl in

lignin sulphonic acid. Freudenberg himself has con-
firmed this view. According to Hibbert and Tomlinson,
diazomethane methylation of lignin sulphonic acid and
subsequent treatment with alkall ylelds veratric aldehyde,
whereas treatment of the unmethylated lignin sulphonic
acld ylelds vanlllin. TFreudenberg showed that if lignin
sulphonic acid was decomposed with alkall and ethylated
previous to oxidation, there was obtalned a yield of the
ethyl ether of vanllllic acid similar to that of veratric
acid, obtained by following his methylation technigue.
Although the free phenolic hydroxyl might have been

formed during Freudenberg's trestment with alkali, it
seems more likely that it was present in the lignin
sulphonic acid. However, the possibility is not excluded,
that the free phenollc hydroxyl is formed during sulphona-
tion. Bell, Wright and Hibbert in "Studies on Lignin and
Related Compounds, XXXIV", have shown that the hydroxyl
groups reacting with acetlic acid in acetic birech lignins
are probably phenolic or enolic in type. This does not
agree with Freudenberg's postulation that all of the free
phenolic hydroxyl groups in lignin are united as ethers.
He overlooks the point that they may be present glycosidical-

ly united to carbohydrates.

The formation of isohemipinic acid as shown by
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Freudenberg 1s very interesting. It is quite probable,

as he asserts, that this acid is formed from the grouping;

-0

which could concelvably exist in the lignin complex,

The isolation of acetovanillone from waste
sulphite liquor and of the same compound from potassium
lignin sulphonate throws some doubt on the coniferyl
alcohol theory of lignin formation postulated by

Freudenberg. Two possible forms could glve aceto=

vanillone under the influence of alkalil:

CH OH
O
~OCHg

CHz0”

by a reversed aldol with migration of hydrogen to yield:

CHg O
yd "
CH50’ 0 H OCH5

and a linkage of the type:
CH
_—-

II. H0‘< >"C.“OH

CH=z0~
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which by the same process could yleld acetovanlillone.
These structures do not seem possible on the basis of
Freudenberg's formula. However, they will be considered

later in the "Discussion of Results'.

On the basis of the work of Hawkins, Hibbert
and Wright 14), which established the formation of
syringic aldehyde as well as vanillin from bireh and
beech lignin sulphonic acids, if the syringyl radical
is present in the same lignin molecule as the vanillyl
redical, the posslbllity of nuclear condensation ocecurring
with this radical seems remote because of the relative

inactivity of the 2 and 6 hydrogen atoms;

CH;",O -~
-4 !
HO - )~ C -
y 6 !
CHg0 ~

Freudenberg's postulation of the possible
mechanism of sulphonic aclid and thioglycollie acld
formation seems qQuite plausible, and the evidence offered
for this mechanism 1s very good indeed. However, it seems
strange that the compound secured by sulphitation of
Erdtmenn's acid Q and by methylation of @, (R), should be
amorphous. Ansalyses indicate the strueture postulated,
but no evidence is offered that this structure 1s correct.
It is possible that other reactlons than those shown have

oceurred.
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G. RECENT PAPERS FROM THIS LABORATORY

Reference has slready been made to the presence
of carbohydrate materlal in all of the lignin preparatlons
studied heretofore. Bell, Wright and Hibbert 51) recently
have extracted yellow birch with glacial acetic acid in
which partial acetylation took place with free hydroxyl
groups. The material so secured was treated by a process
of differential solubllity and separated in this way into
various fractions. The fractlens, so obtained, all
contained carbohydrate material. This was shown, by a
subsequent treatment with formlc acid which eliminated
the earbohydrate materisl, and removed most of the acetyl
groups which were apparently attached to the carbohydrate

residue.

A portion of the acetyl was not ellminated, and
it 1s believed that this is present as an orthoeacetate.
Removal of the latter without removing the carbohydrate
liberated two hydroxyl groups, methylateable with dlazo-

methane..

Removal of the carbohydrate material also
according to these authors results in the formatlon of
acidic hydroxylse On the basis of these observations,
they postulate a phenol glycoside as patt of the lignin

complex, and show that treatment with cold 5% alkali
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increased the amount of free phenolic (or enolie) hydroxyl
in lignin, by removal of a part of the carbohydrate
material. They bellieve that in Freudenberg and
Willstgtter lignin the free phenolic hydroxyls may be

tied up with the carbohydrate residue. This is demon=-

strated by the insolubility of these lignin preparations
in alkali.

Hunter, Wright and Hlbbert 49) have shown that
the formaldehyde ylelds secured by Freudenberg, Sarkov
and Hggglund from spruce and birch lignin by treatment
with acld, need not necessarily have come from the dioxy-
methylene groupe These authors (Hunter, Wright end Hibbert)
find that furfural as well as formaldehyde 1is formed by
treating lignin preperations with 12% hydrochloric acid‘
or with 28% sulphuric acid. Formasldehyde has been
reportei-frequently from carbohydrate materials under
treaﬁment with the sbove reagents, and these authors have
demonstrated that formaldehyde may be formed from the

grouping:

' ¢----HO H

EO = q _eg T~ H — HO - q - 9 + CHoO
1

by hydrolysis. This occurs readlly with hexoses. That

this probably also occurs with aromatic compounds has been
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assumed by Hanaeus and Zinckg»sz) who isolated benzalde-

hyde but not formaldehyde from o(~-hydroxyacetophenone:

D-C-Cﬂzoﬁ—é -C+H-C-H
0

Formic acid 1lignin which does not contain
carbohydrate materials yields only faint traces of
formaldehyde and no furfural. It would thus seem
likely that the formaldehyde reported by Freudenberg
results not from the dioxXymethylene group, but from
hexose carbohydrate materials which are present in the

lignin preparations, in a chemically combined state.

Bell, Cramer, Wright and Hibbert 53) have
reported that no veratric acid can be isolated from
the oxidation of fructose humle acid, which to some
extent, contradicts Hilpert's theory that lignin is
formed from carbohydrate materials, Furthermore, these
authors have reported that both ethyl iodide and methyl
1odide are formed on treating formic acid lignin with
hydriodic acid. Mild treatment of lignin with hydriodie
acid yields only methyl lodide. The ethyl iodide was
isolated and identified as the ethyl pyridinium lodide.

Tieman %) has demonstrated that both ethyl
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and methyl iodides can be secured by treating coniferyl
alcohol in a bomb tube with hydriodic acid. Doubtless
there must exist within the lignin molecule some structure
which will yield ethyl iodide on drastic treatment with
hydriodic acid.

The above authors 58) believe that in the process of
lignin formation, glycoside formation takes place between
the phenolic hydroxyl of the "protolignin" and carbohydrate
materials present in the plante. This is in agreement with
the recent paper of Bell, Wright and Hibbert'51), who have
demonstrated that most of the hydroxyl groups in acetile
acid birch lignin are phenolic or enolic, and in a later
paper, have also shown the existence of a carboxyl group
in lignin 55), susceptible to lactone formation. Treat-
ment of one of the dimethylsulphate-sodium hydroxide
methylated fractions of acetic acid birch lignin with
sodium methoxide led to the formation of a chloroform and
water soluble sodlium salt of the acid. These authors
present evidence which indicates that during dimethyl-
sulphate methylation the carboxyl group 1is present as a
lactone, but that thls lactone ring 1s broken during dlazo-
methane methylation to give a compound with a higher
methoxyl content. This has now been shown by Wright 56)
to be a general reaction. Grignard analyses for active

hydrogen snd addition seem to confirm these views.
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A recent paper by Hawkins, Wright and Hibbert 14)
reports the lsolation of syringic aldehyde and vanillin in
equal quantltles from sodium hydroxide treatment of hard
wood lignin sulphonic acids, the occurrence of the former
thus accounting for the higher methoxyl content of hard
wood lignins., It is not clear yet whether the syringyl
radical and the vanlllyl radical are identical parts of
separate lignins or whether these radicals both form parts

of the same lignin complex.

It 1s of interest to note that the combined
quantities of syringlec aldehyde and vanillin.amount to
approximately the value found for vanlllin from the soft

wood lignins,

A recent paper by Bell, Wright and Hibbert o)
shows that there 1s present in birch formic acid lignin

a grouping which ylelds acetone superoxide on ozonization
in anhydrous medium. In the case of both the formic and
acetic acid 1lignins of birch, a permanganate oxidation
yields acetone thus showing the presence of elther the
isopropylidene group, or some grouping capable of giving

rise to acetone under the experlimental conditions.

Buckland, Tomlinson and Hibbert 58), have shown
that waste sulphite liquor whiech has been treated at 150° C.
for 8 hours with 9% sodium hydroxide, will on suitable treat-

ment yleld acetovanlillone. The author and H. Hibbert in a
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recent paper 59) have shown that acetovanillone is g
direct degradation product of lignin sulphonic acid.
In addition, it has been pointed out that 1In the degra-
dation products from birch lignin sulphonic acid, aceto-
vanillone is not present, but that acetosyringone may be

secured in ylelds which are rmuch higher than those of

acetovanillone.
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H, SUMMARY OF THE RECENT PAPERS FROM THIS

LABORATORY

In the later work published by Hibbert and
co-workers, a number of interesting facts have been

uncovered.

l. It has been shown that carbohydrate material
is attached chemically as part of the "protolignin"
complex.

2. The presence of this carbohydrate
material may explain the formation of formealdehyde from
lignin preparations, demonstrated by the fact that
formic acid lignin which does not contaln carbohydrate
materials, does not yleld formaldehyde on treatment with
acid.

3« The presence of orthoacetyl groups has been
shown in acetic acld lignin.

4, Removal of these orthoacetyl groups
liberates free phenolic hydroxyl groupse.

5 Ethyl iodide has been shown to be a hydriodie
acid degrasdation product of lignin.

6e A carboxyl group has been found present in
lignin probably in the form of a lactone.

7. The isopropylidene group or a complex closely

related to the same, has been demonstrated in birch formic
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acid lignin.

8« A group which can glve acetone on oxidation
has been shown to be present in birch formic and acetic
acid lignins,

Q¢ Syringic aldehyde, acetovanlllone and aceto-

syringone have been ildentified as degradation products of
lignin sulphonic acids.
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I. THE CHEMISTRY OF ACETOVANILLONE

HO -D - C -CH3
1

CHso, 0

The root of the Canadian Hemp (Apocynum
Cannabinum) possesses the property of retarding the
heart in systole, and is used as a remedy for dropsy
and heart troubles. 1In 1883, Schmigdeberg 60) obtained
from this material two substances whlich he called apocynin

and apocynein respectively.

The former had the physiological properties of
Apoeynum, but as it was a resinous product it was not
examined rurther. The so=-called apocynin of the pharma-
cologist is the product obtained by precipitating the
salcoholic extract of the Cansdian Hemp root and drying
the resulting preclpitate.

Wood 61) reported the existence of a definite

crystalline compound in the alcohollic extract above.

In 1891 Tiemann 62), isolated a compound which
he called ascetovanillone, in small ylelds from the oxidation

of acetoeugenol followed by hydrolysise The propertlies of
62) 63)

this compound were studied by Tiemeann, ,and Neltzel and

modes of synthesis were developed by the latter author and
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by otto 64),

It remained however for Finnemore 99) to
establish the identity of the crystalline material isolated
by Wood 61), as acetovanlllone,

Various methods have been used to synthesize
the latters, |Neltzel 63) heated a mixture of vanillie
and acetic aclids with calclum carbonate and obtained very
poor yleldse. otto 64) prepared 1t, also in poor yleld,
from gualacol, acetic acld and zinc chloride - aluminum

chloride mixture at 140 - 150°C,

Flnnemore 65) adopted a method 1nvo1ving the
application of Grignard techniquee. As the starting
material used contalned a phenolic hydroxyl it was
necessary to protect this hydroxyl during the reaction.
Finnemore started with vanillin snd prepared the benzoyl
estere. This was treated in turn with methyl maegnesium

iodide to yield a so-called benzoyl aspocynol;
H
Bz0 = -(;-CHS
P OH
CH50

O0xidation of the above compound with potassium
dichromate and sulphuric acid, followed by hydrolysis,

gave synthetic acetovanillone,
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A more recent synthesis has been developed 66).
A cooled mixture of gualacol acetate 1s stirred, with a
solution of anhydrous aluminum chloride in nltrobenzene.
After twenty-four hours the aluminum chloride 1s hydrolyzed
and the acetovanillone may then be separated by a process
of extraction, dlstillation and crystallization. Yields
are very good, 50% of theoretical.

Acetovanillone 1s an almost colorless crystalline
solid, melting point 114 - 115°C., bolling point 295 - 300°C.
However, it may be sublimed under 1 - 25 microns pressure
below the melting point. It is quite soluble in benzene,
ether, alcohol and hot water. It 1s only slightly soluble
in ligroin and cold water. It may be purified by re=-
crystallization from benzene-petroleum ether, alcohol-
petroleum ether or hot water. It is stable to 10% sodium
nydroxide at 110°C. It does not react with bisulphites
even at 125°C.

with potassium hydroxide at 170°C. 1t ylelds
protocatechuic acid, and with strong hydrochloric acid at
140 - 150°C., is converted to acetopyrocatechol.
Permanganate oxidation of the methyl ether vields veratric
acid. It reacts readily with hydrazines and semlicarbazide
but not with acid bisulphite.

Condensed wilth tetra-acetyl bromo-glucose it
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Yields a tetra~acetyl glucoslde, whieh by shsaking with
cold baerium hydroxide (6%) gives acetovanillyl glucoside 67),
Acetovanillone with ferric chloride solution gives a blulsh

violet color which dissppears on bolling, due to dehydro-

discetovanillone formation.

In pyridine, as solvent, a Grignard anslysis 68)
indicates that acetovanillone is present 25% as the enol
form. In the other solvents, for example, diloxane, aceto-

vanillone reacts normally.
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Je. THE CHEMISTRY OF ACETOSYRINGONE

CHSO‘

HO = - g - CH5
i 0

CHSO’

Acetosyringone was first isolated and named
by Mauthner 69) 1n 1928, It was prepared by a re-
arrangement at 0°C., of the acetyl derivative of pyro-
gallol 1,3-dimethyl ether by the use of anhydrous aluminum
chlorlde. It is a colorless, crystalline solid, melting
point 121 - 1229+ It may be sublimed under reduced
pressure at temperatures above the _melting point. It is
soluble in ether, alcochol, benzene, petroleum ether, and
hot water, only slightly soluble in cold water, readily
soluble in dllute sodium hydroxide, sodium carbonate and
sodium bicarbonate, and gives, with an aleocholic solution

of ferric chloride, a deep blue colore.

Acetosyringone reacts with substituted hydrazine

but not with NaHSOge
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K. THE CHEMISTRY OF GUAIACOL AND PYROGALLOL

1,3-DIMETHYL ETHER

These compounds have been isolated from
varlous wood tars; gualacol from soft wood and hard
wood tars, and pyrogallol 1,3=-dimethyl ether from hard

wood tarse.

From the configuration of these compounds it
can be seen that the hydrogen atom para to the free
hydroxyl group, 1s active, Michael,7°) in 1883, carried
out considerable work on the condensation of phenols with
aldehydes, and in hils psaspers gives a good review of earlier
worke The mechanlsm of this condensation has been explaline
ed by Michael as a probable aldol condensation followed by
dehydration. In each case condensation was brought about
by traces of acid (mineral or organic) or by traces of
alkali, It is interesting in the light of recent views on the

mode of formation of lignin to quote from the above paper:

"The above results make it extremely probable
that the formation of at least some of the resins in the
vegetable world is due to aldehydes and phenols coming
into contact with the contents of the cells, as both of
these classes of compounds are undoubtedly among the

products formed in plant 1ife.
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DISCUSSION OF RESULTS

PART TWO Ae. GENERAL INTRODUCTION

Buckland, Tomlinson and Hibbert 58) have
shown that acetovanillone can be isolated by the action
of alkalis on waste sulphlte lliquor obtalned from soft
wWoods. Since the  waste sulphite liquor used by these
authors was a commercial by-product obtalned by an acid
sulphlte cook of conifers, it was desirable to determine
whether acetovanillone formation resulted from “resin

decomposition” or is a direct fission product of lignin.

Consequently, specilal precautions were observed,
such as a pre-extraction of the sulphite liquor with the
identical solvent (benzene) prior to isolation of the
acetovanillone, thus eliminating the possibility of

formation of the latter from resins, etce.

Finally, 1t was necessary to treat a purifled
derivative of lignin sulphonie acid with alkall, and to
{solate the acetovanillone as a degredation product. A
satisfactory identification of acetovanillone from
resin-free soft wood and from a purified potassium lignin
sulphonate could thus be taken as very good evidence, not
only of its origin, but also that other arometic substances

were also lignin degradetion products, both in the case of

hard and soft woods.
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Buckland, Tomlinson and Hibbert 58] aiso

reported the isolation of volatile phenols from waste
sulphite liquor by their alkaline treatment. It was of
interest to 1investigate thls volatile fraction further,
to establish the identity of its constltuents, and to
determine whether thils fraction was present when a
sulphite liquor from a bisulphite cook of resin-free wood

was treated with alkali.
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Be ACEYOVANILLONKL AS A LIGNIN DEGRADATION PRODUCT

The soft wood used 1n this investigation was
a8 sample of black spruce. This was selected since the
pulpwood treated by Buckland, Tomlinson and Hibbert 58)
consisted of a mixture of approximately 75% spruce and

25% balsam.

The wood used was a mixture of heart wood and
sap woode It was ground in a Wiley mill fitted with a
1 mm. punched brass screen. As a resailt, the wood-meal
was fine enough that it could all be passed through a 20
mesh screen. In order to free the wood of resins, fats,
waxes and tannins, a process was adopted of continuous
extraction with organic solvents and finally extraction
with water. The time of contact wlth the extractants

used was sufficient to remove all extractable material.

The process of sulphite cooking was modified
to some extent, from the process in use in the industry.
Sodium bisulphite was used in place of calcium bisulphlte,
and the time of preheating the wood-meal with the sulphite
1iquor was decreasede This was possible since the time
required for penetration of the wood-meal is less than
for wood chips, and the wood to liquor ratio was decreased

in order to secure a higher concentratlion of sodium lignin

sulphonate.
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In respect to concentration of available and
combined SOz, time and temperature of cook, the process
was much the same as the industrial process. The charge
was removed from the digester and the pulp was filtered,
washed well with water and air-dried. The washings were
added to the filtrate, At this polnt it was deemed un-
necessary to separate the pure lignin sulphonic acid. It
was found that extraction with benzene removed a negligible
amount of material, (less than 5 mgms. from three litres
of sulphite liquor) so that no non=lignin materisl was pre-
sent. Carbohydrate materlals and polysaccharides are

insoluble in benzene and thus are not removed.

Following thls, the required amount of sodium
hydroxide was added to the clear sulphite liquor and the
lignin sulphonic aclds decomposed by the method .of

Buckland, Tomlinson and Hibbert 58)

s following carefully
thelr conditions for alkalinity, time and temperature, and
the resctlon product then extracted with benzene, and the
vanillin removed by extractlion of the latter with aqueous
sodium bisulphite. After washing with water, the benzene
solution was evaporated leaving a 1light brown viscous oil
contalning some crystalline materlal., This was fraction-
ated by a combined distillation and sublimation technique.

On distillaetion under reduced pressure, a volatile oil

distilled from the mixture at a temperature below 100°C,
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(7 mm. pressure). As soon as the bath temperature
reached 120°C.a eolorless liquid distililed over, which
crystallized in the side arm of the distilling flask,

At this point the caplllary tube in the distillatioﬁ
apperatus was changed and it was replaced by a cold

finger, on whiech the liquid then deposited as a crystalline
sublimate. This was identified by melting point and
mixed melting point with synthetic compound, as aceto=
vanillone. Further confirmation was found in the

identity of the semi-carbazones.
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Coe ACELOVANILLONE AS A DEGRADATION PRODUCT OF PURIFIED

POTASSIUM K~LIGNIN SULPHONAIE

From the preceding it is evident that aceto-
venillone is a degradation product of lignin sulphonic
acid, and to prove this definitely a sample of a pure
potassium salt of o -~lignin sulphonic acld, prepared and
purified by Dr. Gray King 71), by 2 process of quinoline
precipitation and electrodialysis, was subjected to the

same treatment.

Acetovenillone was obtained in small quantity

and identified'by melting point, end mixed melting point.

Its isolation from 4.5 grams of potassium lignin
sulphonate required very careful work and about one half
of the anticipated material formed was isolated in the
crude state. Purification was accomplished by micro

methods of sublimation and crystallization.
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D. BASIS OF CALCULATION OF YIELDS

In order to determine the amount of lignin
in solutlion, it was necessary to know the amount of
lignin present in the original wood, the original
welght of wood, the amount of lignin remaining in the
pulp and the weight of the pulp remalning after the
sulphite cook.,

The yield of vanlillin was determined by
precipitation of this compound as the m-nltrobenzoyl
hydrazone. The yleld of acetovanillone was taken as

the weight of pure material 1isolated.

Thus calculations could be made as to the amount
of lignin in solution and the amount of vanillin and

scetovanillone secured from this lignin. ( See Experlmental,

page 223.)

The yleld of vanillin was the same as that
secured by Tomlinson and Hibbert 14), 1.,e. 6 - 7% on the
basis of lignin. The yield of acetovanillone was of the
seme order as that reported by Buekland, Tomlinson and
nibbert 58). Thelr acetovanillone to vanillin ratio
was 1:20, whereas that found by the author was 1324,
This is good agreement when it is considered that the

latter work was done on the micro scale.



E. IDENTITY OF ACETOSYRINGONE,GUAIACOL AND PYROGALLOL

1,3-DLIMETHYL ECHER AS LLGNLN DEGRADAYLLON PRUDUCTLS

Since 1t is posslble to isolaste acetovanillone
not only from resin-free woods, but also from a pure
potassium salt of an &-=lignin sulphonic acid, the
conclusion can be drawn, that this is a true degradation
product of lignin sulphonic acld from soft woods, and
the same remarks also apply to the newly-discovered flssion
products, namely; gualacol from spruce lignin sulphoniec
acid, and acetosyringone, guasilaccl and pyrogellol 1,5~

dimethyl ether from bireh lignin sulphonic acld.
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Fo ACBITOSYRLNGUNE AS A DEGRADATION PRUDUCY OF

BIRCH LLGNIN SULPHONIC ACID

Since vanillin and acetovanillone are true
degradation products of spruce lignin sulphonic acid,
and veanillin and syringic aldehydes of lignin sulphonic
aclds from hard woods, it was of interest to determine
whether acetovanillone and acetosyringone are also de-

gradation products of the latter.

Alkalil treatment of sulphite liquor from
resin-free yellow birch, yielded only acetosyringone
and no acetovanillone. A methoxyl determination on the
crude sublimate, whlch it was exXpected would contain both
acetovanillone and acetosyringone showed 27.6% methoxyl
(acetovanillone OCHz, 18.6; acetosyringone, 31.6%) o From
this high methoxyl content, the probable absence of aceto-
vanillone was predictable and confirmed by an almost
quantitative recovery of pure acetosyringone from the

crude product.

The yield of acetosyringone was much higher
(calculated on the basis of lignin) than the yield of
acetovanillone from spruce. It was identified by melt-
ing point, methoxyl analysis and mixed melting point with
synthetic acetosyringone prepared from pyrogallol dimethyl

ether (2,3-dimethoxy, l-hydroxybenzene). Further prodof
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was secured by preparation of the p-nitrophenylhydrazone
and melting point, methoxyl analysis and mixed melting
point of this derivative with the corresponding derivative

of synthetic acetosyringone.
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Ge. GUALIACOL FRUM SOFT WOOD WASIE SULPHITE LIQUOR

Buckland, Tomlinson and Hibbert 98) reported
the existence of volatile phenolic materials in the
benzene extract from an alkali cook of waste sulphite

liquor.,

It was of Interest to determine whether this
phenolic materlal consisted of one material or of a
mixture of materials. To this end a sample was secured
of the vanlllin-free benzene extract containing not only

this material, but also acetovanillone, etc.

Preliminary distillation, and fractionation
of thls phenolic material, indicated that it was guaiacol,
contamingted by very small amounts of other material.
The gualacol was purliflied by fractionation, and identified
by melting point, methoxyl analysis and the comparison of
the p-nitrobenzoyl and p=-toluenesulphonyl esters with

those secured from an authentlc sample of guaiscol.
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He GUAIACUL AS A SPRUCE LIGNIN DEGRADALION PRODUWCT

The volatile material secured from treatment
of resin-free black spruce with sulphite liquor,
subsequent alkall treatment, removal of vanillin, extraction

and distillation was identifled as gualacol.

The yield was very small, 0.07% on the basis
of lignine The identification of this material even in
such low ylelds however, leads to interesting theoretical

conclusions as shown later.
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I, GUALACOL AND PYROGALLOL 1,3-DIMETHYL ETHER AS

FISSION PRODUCYTS OBTAINED FROM HARDWOOD

SULPHITE LIQUOR

Hardwood waste sulphite liquor, on treatment
with alkali, ylelds in addition to vanillin and syringic
aldehyde, acetosyringone, guaiacol and pyrogellol 1,5-
dimethyl ether.

Acetosyringone wes ldentified by comparison with
the synthetic material. Identification of both guaiacol
and pyrogallol 1,3-dimethyl ether was accomplished by
conversion into the corresponding p-nitrobenzoyl esters,

analyses and comparison with authentlic ssmples.

Further confirmaetion of the pyrogallol 1,3-
dimethyl ether was secured by preparation of its
cgrulignon oxidstion product 73) ana comparlison with

authentic material.

Yields are reported, but are not significant,
since the pulpwood used was a mixture; the concentration
of the liquor was not known, and the quantlity of materlals

gsecured was small.



- 198 -

Je GUAIACUL AND PYROGALLUL 1,3-DiMETHYL EIHBER AS

DEGRADALTLON PRODUCLS OF BLRCH LIGNIN SULPHONIC ACID

Gualacol was ldentified as a degradation
product of resin-free bireh sulphite liquor by preparation
of the p-nitrobenzoyl ester and comparison with an authentic

Sample .

Pyrogallol 1,3~-dimethyl ether was identified
by comparison with an authentic sample, and by comparison
of the p-nitrobenzoyl ester and corulignin oxidstion

products, with those secured from an authentic sample.

On the same baslis as acetosyringone, the two
products secured from resin-free birch may be considered
as lignin degradation products. Isolation of these in

as small yields as reported seems slgnificant.
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Ke THEORY OF THE FORMATION OF ACETOVANILLONE

AND GUAIACOL FROM LIGNIN SULPHONIC ACIDS

Vanillin has been isolated as a degradation
produet of lignin sulphonic acid, in a yield of 6 - 7% 14)
by Hibbert and Tomlinson, who believe it is formed in the

following manner:

Sulphonation of lignin leads to the formation
of a group of the following constitution;

H
HO = - 9 —

CHz0 7 SOzH

RoYe
|

in which the sulphonic acid group 1s present as a sub-
stituent on a carbon atom « to the benzene nucleus.
Treatment of this product with sodium hydroxide results,

first in replacement of the sulphonic group with a hydroxyl

H H
HO - <::::> - C — ( ==
! H

CHSO/ OH

group giving:

which then, as the result of a reversed aldol condensation

gives vanillin in the followlng manner:

H H H
HO- -¢-¢-R —3 HO- - C 4 CHg - R
1 H L]

- -
CH,0 CH CHz0 0
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This conclusion has been accepted by other
workers In the field of lignin chemistry, eand as already
shown, has necessitated the revisal by Freudenherg of
his earllier views in which sulphonation was assumed to
take place in the aromatic nucleus. His later theory
of a chain condensation occurring with the « -carbon

atom of the side chain is likewise irreconcllable with

this work.

There is not, in Freudenberg's latest theoretical
formula for lignin, any group which can possibly give aceto-
vanillone by treatment of the lignin sulphonic acld with
alkali.

The recent discoveries in these laboratories by
Hibbert and co-workers, of a number of aromatic fission
products of lignin sulphonic acids, have thrown new light

on the structure of lignin.

Thus the 1sclstion of vanillin 14) and aceto-
vanillone 59) by the alkall fission of lignin sulphonic

acids from conifers (soft woods)gand of vanillin 14);

syringic aldehyde 14); end acetosyringone 59), from
sulphonic acids from hard woods, led Hibbert, recently,
to formulate a new theory of the structure of lignin 72).

This, in brief, assumes that lignin 1is synthesized in the



- 201 -

plant as the result of nuclear condensations between
gualacol (in the case of soft woods) and a condensation
product of fructose. The identity of the latter 1s
uncertain but 1s regarded as belng one or more of sa
number of biochemically equlivalent substances, whicech in
thelr final form, give rise to reactions, based on thelr
functioning in a large measure, as 2-keto-pentanal
groupings. Thus hydroxy~-levullnaldehyde can condense
with two molecules of gualacol as shown below, to glve,

what Hibbert regards as a simple bullding unlt of the

lignin complex:

CH20H.

'

N ~
CHz - CH2

CHz0 OCHz
CligOH OH
!
e SOl R S
) oy CHe - CHg
I.

It is known that glucose, fructose and mamnose
are all formed in the course of plant synthesls and, in
the light of the well-known Lobry de Bruyn equilibrium,
in slightly alkaline medium are readily transformed into

one anothere.
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The glucose 1s transformed further into
cellulose, and the mannose into mannsn, while the fructose
disappears as such, due to its enormous regctivity as
compared with the other two hexoses. It 1s remarkable
that this property of fructose should have been so almost
entirely overlooked by the plant chemist and botanlst.
The only marked exception to this statement is to be
found in the research of Wislicenus 74) carried out on
the analysis of plant sap of dlfferent species of wood,
in which he showed that the hexose which underwent the
greatest fluctuation in concentration at the time of
maximum plant metabolism (Spring-time) was fructose.
From his analyses of the sap, in partieular the sugar
content, and of the behaviour of same to chemical agents,
he was led to conclude that the progenitor of lsolated
lignin was to be found in hydroxy-methyl-furfural ltself,
a condensation product of fructose. He believed that
lignin was not to be regarded as a single definite -
substance, but rather, was to be considered as "The sum
of all colloildally dissolved substances of high molecular
Weight which are precipitated from the cambial sap by

adsorption on the surface of cellulose fibers".

Apart from this statement, little or no
further experimental work has been carrled out to establish

a relationship between fructose and lignin.
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This question was taken up some three years
ago'in these laboratories, by the initiation of researches

dealing with the properties of fructose decomposition

products,

It was shown by Trister 75) that high yields
of hydroxy-methyl-furfural could be obtained from fructose
by mild acid hydrolysis and that this product readily
underwent, under the influence of catalysts such as SnCly,
concentrated HgSO04, etce., a series of condensation
reactions to give "fructose humic acids" having in many

ways, simllsr properties to lignin.

Work was then directed towards the mechanism
of the converslon of furfuryl alcohol into methyl levulinate,
using, in preliminary experiments, furfuryl alcohol
dissolved in a large excess of anhydrous methanol and a
small amount of concentrated HgSO, as catalyst. Trister
was able to obtaln a higher yield of )-methoxy-levulin-
aldehyde-dimethylal, than that found previously by

Pummerer 76)while the amount of resin formation was

lowered very appreciably from 30 to 13%.

This preliminary investigation threw no light,
however, on the mechanlsm involved in the change although

indicating clearly the ease of ring opening.
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The problem wes undertaken, at this stage, by
the writer, and the results of his investigations are

given in Part One.

The fact that fructose disappears in the course
of plant synthesis implies that 1t has been transformed
into other products, and this being the case, the question

arises as to the nature of the latter.

It 1s evident that fruetose can readilly pass
into hydroxy-methyl-furfural, and also, presumably into
furfuryl alcohol. Of the two uronic acids derivable
from fructose, namely 2-keto-gluconic acild and fructuronic
acid, only the former has been lsolated In the pure state.
Both are very reactive substances, far more so than other
hexuronic acids, The changes shown below, represent,
therefore, relatively simple changes when viewed from the

chemical standpoints

Fructose
\ 4 ' K
Condensation Oxidation
i
y T .
Hydroxy-methyl-furfural Fructuronic Acid 2-Ketogluconie
Hoon acid
J (Furfuryl alcohol?)
Hydroxy-levulinaldehyde l, l’
ir Xylose Arabinose

Levulinic Acid
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If the assumption 1s made that plant enzymes
are capable of transforming fructose into sush very
reactive substances as the bieochemically equivalent
products, namely furfuryl alcohol; o =methoxy-
levulinaldehyde; levulinic acid; angelica lactone; and

the isomeric 2-keto-pentanels, namely, CHs-g-CHZ-CHOH-CHO

0
and CHs-g-CHOH-Cﬂz-CHO it is apparent that nuclear

0
condensation could readily occur with phenols, assumlng

sueh were present in the plant sap.

Baeyer 77) was the first to show that phenols
readlly yleld resinous condensation produects with aldehydes
under the influence of strong mineral aclds, while some
years later Michael 70) found that these changes readlly
took place under very mild conditions, namely at room
temperature, under the influence of dilute acids. His
results led Michael to conclude, some forty-flve years
ago "It is extremely probable that the formation of at
least some of the resins in the vegetable world is due to
aldehydes and phenols coming into contact with the contents
of the cells, as both of these classes of compounds are

undoubtedly among the products formed in plant 1ife".

According to the recent views of Hibbert,
1ignin is synthesized in the plant by condensation

reaction between a phenol and fructose, or one or other
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of 1ts condensation products, The phenol 1s assumed
to be gualacol in the case of soft woods, and a mixture
of guaiacol and pyrogallol 1,3-dimethyl ether in the
case of the hard woods.

Typical instances of such condensations are

those shown below; under (A) and (B):

CH
H 5 H
N -~ 4
CHzd CHOH—— CHg OCHg
N7
CHy
' H
1) HO-Q-C=O+ HO-C-Q-OH
’ ‘ / '~
CHz0 CHyOH = CHp OCHg
or
2) HO-O - C - CHz + CHgOH - CHg + HG - Q-OH
, 0 ~
CH0 : 0 OCHg
CH
(- 0 ¢
Boe HO- - C - OH HO - C = -OH
), \ / \
CH=0 CH OH - CHg OCHz
CiHs }’{ ,
1) ' it
CHSO‘ CHOH — CHg 0 OCHg
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or
2 H
) HO=- <::::>H-CH5 - C - CHOH - CH5-+ C -<C:::>’-OH
31 7]
CH50, 0 0 \OCHS
or
CH
3) i © Hp 3
HO- -C + C = % - C = -0H -l'HzO
it '
‘ 0 OH ~

OCHg

Taking model A as an exsmple, it can be secen
that this could readily undergo fission, as indicated,
into acetovanillone, ethanol and vanillin, Similarly B,
on chalin fission could yield guasiacol; 2-hydroxy-ethyl-
methyl-ketone, vanlllin, acetovanillone and coniferyl
alcohol, as indicated under 1}, 2 and 3. 1In fact, it
seems highly probable that this alcohol may actually be
formed in this manner in the course of plant synthesis,
end is not, as assumed by Klason and Freudenberg, the

source of lignin formation.

The dlscovery by the writer, that lignin

sulphonic acids from soft wood, on alkali fission yield

14)

not only vanillin » but also gualacol and acetovanillone,

while those from hard woods yield, in addition to

14)

syringic aldehyde s &lso acetosyringone and pyro-
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gallol 1,3-dimethyl ether lends strong support to the
views of Hibbert on the structure of lignin.

In the writer's opinion it seems highly probable
that the carbohydrate intermedlate postulated, is a
direct transformation product (either cyclic or open chain)

of furfuryl alcohol.

The results obtained in thls investigation can
readlly be explained on the basis of alkall fission of

the products (in soft woods) such as:

CH
10 H
HO = - C - 0H HO - C = -0H
, N\ /
CHSO, CHOH =——— CH2 \ OCHS
or
CH
' S H
HO = - C - OH Huo - C = -0H
4 N C crém N OCH
CH,0 Hg —— 3
or



In the case of hard woods some of the gualacyl

radicals, are replaced by the syringyl radical, e.ge.:

CHsO ~ CHS

' ' H :
HO = - G i OH HO}C - -0H
CHSO s CHOH —=- CH2 ~ QCH3

According to thls new theory of plant synthesis,
lignin as present in the woody tlssue, is a relatively
simple substance, a mixture of nuclear condensation
products of a phenol (guaiacol, pyrogallol 1,3-dimethyl
ether) with one or other carbonyl-contalining fruetose
condensation product . The latter represent extra-
ordinarily reactive substances, readily undergoing con-
densation and polymerization reactionsunder the influence
of very mild chemical reagents, and thus ylelding extracted

lignins of a much more highly complex character.
An example of this is shown below:(C):

Co  HO >-c-052-032-c-D

> OCHgz
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which could polymerlze to give much more complex products.
A lignin sggregate consisting of the units indicated,
would glve all of the typical lignin reactions and

would yleld all of the known lignin degradation products
with the exception of ascetone superoxide (obtained as an

ozonizatlion product).

It was interesting to determine whether a
condensation was possible between guaiacol and furfuryl
alcohol. By simple treatment of guaiacol with water=-
soluble furfuryl alcohol In the presence of a trace of
mineral acid, there was secured a lignin-like condensation
product. This contalned methoxyl to the extent of about
5% indicating about 187 of aromatic nucleil in the
condensatlon product. No further experimental work was
carried out on this condensation, on account of lack of
time. Such reactions as the effect of sulphite liquor,
oxidizing agents, sodium hydroxlde, etc., would serve to
demonstrate the similarlity between these condensation

products and preparations from "proto lignin".
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PART TWO, SUMMARY

l. Acetovanillone and gusaiacol have been
identified as alkali flssion products of spruce lignin
sulphonic acid.

2. Acetosyringone, guaiacol and pyrogallol 1,3
dimethyl ether have been identified similarly as alkali

fission products of blrch lignin sulphonic acids.

5 On the basls of these results the Freudenberg

theory of lignin formstion is shown to be untenable.

4, The formation of the above products finds a
satisfactory explanation in the light of the new theory
of Hibbert, on the nature of plant synthesls, and the
formetion of lignln as the result of condensation reactions
between a phenol (guaiacol, pyrogallol 1,3-dimethyl ether).

and one or other condensation product from fructose.

5¢ The structures proposed in this thesis, and
arising out of these conceptions, are found capable of
explaining in a remarkable way, a large number of the
reactions of lignin and lignin preparastions. Those

referred to in thls thesls are merely degradation reactions

for products of this type.
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6. A synthetic lignin-like product was

obtained by condensing guaiacol with furfuryl alcohol.

7+ The product regerded as dimethoxy phenyl
acetic acid, isolated by Phillips and Goss from the
pyrolysis products obtained from corn cob lignin was,

most probably, acetosyringone.
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PART TWO. EXPERIMENTAL

Ao History of Black Spruce Used in This Investigation

The soft?%god used In this investigation was
e seven inch Black Spruce log, about sixty-five years
of ages It was cut for the Forest Products Laboratory
of Canada and was stored iIn thelr stockroom for five

yearse. The log was very dry and crackede.

History of Yellow Bireh Used in This Investigation

The hard wood used in this investigation was
a fourteen inch Yellow Blrch log, of about one hundred
and twenty-five years of age. It was secured as a "wet

log" from the Howard Smith Peper Mills Limited, at Windsor

Falls, Quebec.

History of Hard Wood Waste Sulphite Liquor

The sulphite liquor used for the extraction of
guaiacol and pyrogallol 1,3-dimethyl ether was a semi-
concentrated materisl obtained from a mixture of hard
woods (maple, birch and beech) and kindly supplied by

the Brown Company, Rumford Falls, Malne.
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History of Material from Waste Sulphite Liquor

The materiasl used for the investigation on
isolation of acetovanillone and gualacol from waste
sulphite llquor was secured from the vanillin plant of
Howard Smith Chemlcals Limited at Cornwall, Ontario.
This company was kind enough to supply fifty gallons of

benzene solution, which had been freed of vanillin by thelr

commexrclal process.
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Be Isolation of Acetovanillone from Black Spruce

Preparation of Wood

A black gpruce log was stripped of its bark,
and the knots removed from it by means of a drill. The
log was then shaved by means of a mechanical planer, and
the whole of the shavings passed through a Wiley mlll

fitted with a one millimeter screen.

The resulting woodmeal was placed in a continuous
extractor and first extracted with a 1:1 ethanol-benzene
mixture for forty-elght hours. This was followed by =
continuous extraction with ethanol for thirty-six hours
and finally wlth water for thirty-six hours. The meal
was removed, dried by centrifuging, washed with methanol
and sir-dried, giving a woodmeal free of resins, tamnins,

waxes, etce.

Preparation of Sulphite Liquor

To thirty litres of water, there was added 4850 g.
of sodium hydroxide (technical) and gaseous sulphur dioxide
then passed into the resulting solution, this being titrated

from time to time for combined and total sulphur dloxide.
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Analysis of Final Liquor

Combined SOp was determined by acidimetric
methods using 0.443 N. NaOH and different indicators

and 1 cc., of sulphite liquor.

Indicator phenolphthalein NaOH = 1.06 cc.

" methyl orange NaOH = 0.20 cc,
Combined SOg NaOH = 0.86 cc,
%4 S0o combined 1.22

The total SOg was determined by the lodometric
method using 0.1 N, 1odine sclution.

Volume of Ig consumed 18.38 cc.

% S0p total 5490

Preparation of "Spruce Lignin Sulphonic apcig"

Thirteen hundred and fifty grams of alr dried
extracted wood meal was placed in a stalnless steel auto-
clave ¥ and to this was added 1l.4 litres of the sulphite
liquor prepared sbove. The autoclave was sealed and
heated by means of an oll bathe. The time of the cook

was eight hours at a temperature of approximately 125°%.

¥ fPhe author wishes to express his thanks to the Howard
Smith Chemlcals Ltd., for the use of thelr laboratory

end equipment.
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At the end of this time the pressure was
released and the contents allowed to cool overnight.

The pulp slurry was removed, filtered and washed with
water ylelding 810 grams of oven-dried producte Two
litres of the resulting filtrate on extracting six times
with benzene ylelded no extracteble meterisle The

resulting liquor was used for the next procedure.

Sodium Hydroxide Decomposition of Sulphite Liquor

The liquor from the above process asmounted to
940 litres, and to thls there was added 810 grams of sodium
hydroxide (technical). The solution was then placed in
8 stainless steel autoclave, and heated for six hours at
150 - 155°C. (58 1bs. pressure). The autoclave was
allowed to cool overnlght., The liquor from this process

aniounted to 9¢8 litrese.

Renovel of Vanillin

Three 1itres of the alkali treated liquor was
neutralized carefully with concentrated HC1l to pH, 84
(colorimetric). ;WA gray colored flocculent precipitate
immediately settled out. The mixture was heated to 85°C.
and the temperature was maintained there for 1 hour. The

amorphous precipitate was removed by filtration and the

resulting solution acidified carefully to pH 7.0. The
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liquor was then placed in a 3 litre continuous extractor,

and extracted with benzene continuously for 5 days.

The benzene extract (500 cc.) was concentrated
under reduced pressure to 150 cc. It was then freed from
venillin, by shaking for one hour wilth two 1850 cc. portions
of 20% sodium bisulphite (aqueous)s The vanillin was

removed by this proecess as a water-scluble bisulphite

addition compound.

Analysis for Vanlllin

The sodium bisulphite solution so obtalned was
acidified and an alliquot part used for a quentitative
determination (1:45.4 of the original volume),

The vanillin was precipitated as the nm-nitro-
benzoyl hydrazone, by treatment, (first buffering the
acid solution with sodium acetate and then heatling for

six hours at 60°C.) with m-nitrobenzoyl hydrazide.

Welght of hydrazone found 03256 ge
Total weight of hydrezone (x 45.5) 14.8148 g
Weight of vanillin (140815 X 04829) 7.154 e

Isolation of Acetovanillone

The bisulphite-extracted benzene solution was
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dried over anhydrous magnesium sulphate, and the benzene
removed under reduced pressure giving 900 mgms. of a
residual dark viscous material, This was transferred to

g micro-distillation set-up and dlstilled under reduced

pressure.

MICRO DISTILLATION APPARATUS

Scale SR S

About 50 - 60 mgms. of a phenolic oll distilled
over into the receiver below 100°C. (7 mm. pressure). As
the bath temperature reached 130°C. the distillate began
to solidify in the side arm. The caplllary tube was then

removed and a cold finger inserted. 300 mgms. of a
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crystalline solid, melting point 105-108°C.,was isolated
at this temperature. The bath was then raised to 200°C.
but no further dlstillaste or sublimate was obtained. The

residue in the flask amounted to 450 mgms.
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C, Identification of Acetovanillone

The crystalline materlial separating on the
cold finger in the preceding run was recrystallized from
benzene-petroleum ether twlce glving colorless crystals,
melting point 112 - 114.5°C., It was then recrystallized
from ligroin yielding colorless crystals, melting point
113 - 114.5°C.

Mixed melting polnt with synthetlc acetovenillone ,
melting point 113 - 114.59%.,was 113 - 114.5°C.

Anaiysis of the Acetovanillone

Calculated for C8H702 (OCHs); OCHs, 186
0.91370 g« required 10.85 cces NagS303;

l cc. Na28205 = 000234 g. OCHs; OCHS, 1845

Semicarbazone of Acetovenlillone from Spruce

One hundred mgms. of the above solld was
dissolved in 4 cc. of 50% ethanol and to it was added
70 mgms. of semicarbazide hydrochloride and 0.5 cc. of

257 sodium acetate solution.

After forty-eight hours there were obtained
50 mgms. of a crystalline solid, which on recrystallization

from 75% methanol (after decolorizing with charcoal) gave
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colorless crystals, melting point 165.5 - 166.5°C.,

Mixed melting point with the semicarbazone
of synthetic acetovanlllone, melting point 164.5 -
165.5°C .,was 165.5 - 166.5°%,

Analysis of Acetovanillone Semicarbazone ¥

Calculated for CngoNz)OZ (OCHZJ) : OCH3 » 13.9
1.676 mgms. required 4.87 cc., 0.,00946N NagSg0z; OCHz, 13.90

0.981 mgms. required 2.78 cc., 0.,00946N NagS;0x; OCHz, 13.86

¥ The author wishes to thank Mr. Cyril Marks for the micro-
methoxyl snalyses.



De Calculation of Yields

Yields of Acetovanillone and Vanillin

Original welght of wood (air dried) = 1350 g.
Lignin content of wood (air dried)¥® 27.6% = 373 ge
Weight of pulp (ovendried) = 810 g.
Lignin content of pulp (ovendried)** 2.6% = 21 g
Welight of lignin in solution = 352 g
Total volume of solution = 95 1o
Volume of solution used = 3.0 1.
Weight of lignin used s 111 g.
Weight of vanillin - see page 218 = 7e154 ge
% Vanillin yield (lignin basis) = 6 +4 0%
Welght of scetovenillone = 500 mgms.
%4 Acetovenillone yield (lignin basis) = 0.27%
Acetovanlllone to Vanillin ratio was 1:24

* This value for the lignin content of resin-free, alr-dried

spruce was supplied by Mr. L. Hawkins.

¥% This velue was determined by the standard 724 sulphuric
acld method employed in this laboratory:

2.1488 g. of pulp gave 0.0665 g« of 1lignin
Lignin content was 2 6%
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E, Iisolation and Identificatlion of Acetovanillone from

Potassium Lignin Sulggpnate

A sample of the potassium salt of «-lignin
sulphonlc acid prepared by Dr. G. King 71)'was used
in thls expsriment.

Analysis for OCHz

1.628 mgms. required 4.11 cc. of ,00946N NapgSg0z; OCHz, 12.3
1322 mgms. required 3.31 cc. of ,00946N NagSgs0z; OCHz, 12.2

Analysis for S

e32184 g. gave 41240 g. BaS04; S, 5.3

Action of Sodium Hydroxlde on Potassium Lignin Sulphonate

To a solutlion of 36 g. sodium hydroxide in
150 cc. of water, was added 4.5 g. of the potassium salt
of «-lignin sulphonic acid. The resulting solution was
heated under reflux, in a nitrogen atmosphere for 12 hours.
The mixture was then allowed to cool and to it was added
concentrated sulphurig acld to give a solutlion of pH B4

A brown flocculent mass was preciplitated. The mixture

wes heated to 859 . for one hour and the suspended material

removed by filtration. The resulting yellowish colored
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filtrate was then acidified with concentrated sulphuric
acid to a pH of 7.0. The solution (200 cc.) was placed
in s continuous extractor and extracted with benzene

continuously for four days.

Removal and Estimation of Vanill@n

The benzene solution was concentrated under
reduced pressure to 25 cc., shaken for 1 hour with 20 cc.
of 20% sodium bisulphite solution and then for the same
time interval with 15 cc. of bisulphlite solution.

Estimation of,Vanill@n

This was carried out as already described.

Welght of m-nitrobenzoyl hydrazone - 0.4265 g.
Weight of vanillin 0.4265 x 4828 - 0.2059 g.
% yield of vanillin basis potassium lignin sulphonate = 4.6%

Isolation of Acetovanlllone

The benzene solutlon after removal of the vanillin
was drled over anhydrous magnesium sulphate and the benzene
removed under reduced pressuwe. The resulting dark-brown
viscous residue_was transferred to a small slde-arm test
tube, a cold finger inserted, and the material distilled

under reduced pressure, ylelding sbout 10 mgms. of material
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on the cold finger. This consisted of some solid
material and a liquid. The latter was removed by washing
the cold finger rapidly with petroleum ether (30 - 50°C.)
leaving about 3 mgms. of a crystalline solid.

Identification of Acetovanillpne

The crystalline material so obtained was purified
first by sublimation, and then by recrystallization from
benzene-petroleum ether mlxture to give colorless crystals,
melting point 112 - 115°C.; mixed melting point wlth
synthetic acetovanillone, melting point 113 - 114 .5°C. was
113 - 114.5%.
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F, Isolaetion of Acetosyringone from Yellow Birch

(a) Preperation of Wood

A yellow birch log was stripped of its bark,
chipped by hand and was ground in a Wiley M1ll fitted

with a one millimeter screen.

The resulting woodmeal was freed from resins,
fats, waxes, etc., by the method already described for

spruce wood.

(b) Sodium Bisulphite Treatment of Yellow Birch

The liquor used in the sodium bisulphite cook
was identical with that used for Black Spruce, cf. Exper-

imental, Section B, page 216.

Eleven hundred and fifty grams of the prevlously
extracted wood was placed in a stalnless steel asutoclave
and treasted with 10 litres of acid sodlum bisulphite
cooking liquor. The charge was treated as in Experimental,
Section B, page 216, to yleld 640 g. of oven-dried pulp

and 9 1litres of clear lliquor.

(c) Removal of Vanillin and Syringic Aldebg@es

The liquor from the foregoing process amounted

to 9 litres.
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Three litres of this liquor was neutralized and
extracted, following the procedure outlined for black
spruce, Experimental Section B, page 216. The bengene
solution was concentrated to 150 cc. under reduced pressure,
and the comblned aldehydes were removed by shaking for 1
hour with two 150 cc. portions of 20% sodium bisulphite

solution.

(d) Analysis for Aldehydes

The two aldehydes in the sodium blsulphite

solution were preclpitated as the m-nitrobenzoyl hydrazones.

Welght of m-nitrobenzoyl hydrazones - 6.802 g
Weight of combined aldehydes X 0.50 - 3.401 g.

(e) Isolation of Acetosyringone

The bisulphite extracted benzene solution was

trested similarly to the black spruce.
The fractions obtained were as follows:

1. A volatile oil, be.p. 40-100°C. at 7 mm 100 mgms.
2. A crystalline sublimete, b.p. 120-200°C. at 7 mm 500 mgms.

3. A non-volatile resin 800 mgms.
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(£). Identification of Acetosyringone

The crystalline sublimate was purified by
sublimation, followed by recrystallization twice from
water, and once from benzene-petroleum ether to yield

colorless crystals, melting point 121 - 122 ,5°C .

Analysis

Calculated for CgHgOp (0CHz)g;  OCHz, 31.6
1.263 mgms. require 8.22 cc. 0.00946N NagSg0z; OCHz, 318
1.147 mgms. require 7.49 cc. 0.00946N‘Na28203; OCHs, 31l.8

(g) Preparation of the p-nitrophenylhydrazone

To a solution of 50 mgms. of the above compound
in 1.5 cec. methanol there was added 100 mgms. of p-nitrophenyl-
hydrazine hydrochlorlde. The mixture was heated to the
boliling point and then 1.5 cc. methanol added, and set aslde
to crystallize. There settled out 75 mgms. of yellowish
colored needles. This p-nitrophenylhydrazone was flltered
off, recrystallized twice from methanol and once from chloro-

form; golden needles, melting point 194 - 195°C.

Analysis

0.928 mgms. require 3.63 cc. 0.,00923N NagSg0z; OCHz, 18.7
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G. Synthesls of Acetoszringone

Five g. of pyrogallol 1,3-dimethyl ether
(E. Ko Coe) was dissolved in 15 g. of acetic anhydride
containing 1 drop concentrated hydrochloric acid. The
mixture was heated under reflux for 3 hours, cooled, poured
on-te cracked ice, and the aqueous mixture extracted with
chloroform. The chloroform extract was washed with aqueous
sodium blcarbonate, and dried over anhydrous magnesium
sulphate. Removal of the echloroform left 4 g. of the acetate
as a pale yellow oll which was used directly for the follow-

ing reaction:

To the pale yellow oll, there was added, with
stirring and coolling, a solution of 5 g. of anhydrous
aluminum chloride in anhydrous nitrobenzene. The mixture
was stirred for 24 hours at room temperature and was then
poured on to cracked ice, and the resulting solution ex-
tracted three times with diethyl ether. The ether solution
was eXxtracted several times with aqueous sodium bicarbonate,
the blcarbonate solutlion neﬁtralized with hydrochloric acid
and then extracted three times wilth ether. The ether
solution was dried over anhydrous magneslum sulphate,
Removal of the ether left 1 gram of a white crystalline
material, which on recrystallization, first from beggéne- zg

petroleum ether and then twice from water, ylelded colorless
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needle-shaped crystals, melting point 121 - 122°.,
corresponding to the literature 69), 121 - 122,5°%.

Analysls

Caleulated for CgHgOg(0CHz)os OCHg, 3146

2 .694 mgms., require 17.99 cc. 0.00923N NagSg0z; OCHz, 3109

p-Nitrophenylhyd razone of Acetosyringone

The method of preparation was ldentical with that
used with the acetosyringone from yellow birch; golden-
colored needles, melting point 1949C.*

Analysis

Calculated for Cq4H11Nz0z(0CHz)o; OCHz, 187
1.676 mgms. require 654 cc. 0.00923N NagSg0z; OCHz, 1Be6

Identity of Synthetic Acetosyringone with the Material from

Birch Sulphite Liquor

A mixed melting point of 121 - 122°C. was obtalned,

thus showling no depression.

A mixed melting point of the two p-nitrophenyl-

hydrazones showed 193 - 194°C., indicating no depression.

The melting point reported for the p-nitrophenyl hydrazone
in the literature is 189 - 190°C.



He Caleulstion of Yields

Yield of Acetosyringone to Combined Vanlllin-Syringic

Aldehyde Fraction

Original weight of wood (air dried) 1150 g.

Lignin econtent of wood (air dried)™ 20.5% = 235¢5 ge

Weight of pulp (oven dried) = 680 g
Iignin content of pulp (oven dried)*  8.6% = 58e5 ge
Weight of 1lignin in solution s 187.0 g.
Total volume of solution = 9.0 1.
Volume of solution used = 360 1o
Weight of lignin used = 5940 g.
Welght of combined aldehydes, see page 228 = 54401 go
4 Combined aldehyde yield (lignin basis) = 5476%
Welght of acebosyringone = 500 mgms.,
% Acetosyringone yleld (lignin basis) = 0.84%
Ratio of acetosyringone to combined aldehydes 1:7

# ©nhis value for the lignin content of the resin-free, alr
dried birch was supplied by Mr. L. Hawklinse.

% m4o value was determined by the standard 72% sulphurie
acid method employed in thils laboratory:

2.,2344 g. of pulp gave 041924 ge of 1lignin
Iignin content was 8 «6%
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I. Isolation of Guaiacol from Waste Sulphlite Liquor

(2) Raw Materials

The tarry residue, left in the benzene extract
after removal of vanillin from alkali-treated waste

sulphite liquor, was secured from Howard Smith Chemicals Ltde.

(b) Isolation of Gualacol

The tarry residue was placed in a 500 cc. distll-
ling flask and distilled under reduced pressure, yilelding
20 ge of a yellowish foul-smelling 1liquid, bolling point
70 - 90°C. at 7 mms This material was redistilled in
the 25 cco high-vacuum jacketed distllling flask shown below:
9

ring seal

%«2

s oIl ——"—vacuum jacket

=

===ﬁ;;y €__:L-—ring seal

Scale l1:1.5
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All of the material distilled between 79 and
B80%C. at 4.5 mmes It was then purified by dissolving in
2% sodium hydroxide solution and extracting the alkaline
solution with ether. This solution was then acidified
with hydrochloric acid, extracted three times with ether,
and the ether extract .drled over anhydrous magnesium

sulphate.

Removal of the ether left a pale yellow liquid,
which on re-distillation iIn the same apparatus gave a
colorless 1liquid, boiling point 85 - 86°C. at 10 mm,.
The liquid was seeded with a crystal secured by cooling
one drop with scraping, in a test tube immersed in a dry-
ice coolling mixture. The whole mass gradually became
crystalline, melting point 28 = 29% , Yield of pure

gualiacol was 15 ge

Analysis

Calculated for CgH-OH(OCHg); OCHz, 2540

18.24 mgms. require 17.08 c¢cy0.04748N Na25205; OCHz, 25.0
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J. Identiflcation of the Gualaeol from Waste Sulphits Liquor

(a) p-Nitrobenzoyl Ester

To a solution of 100 mgms. of pure p-nitrobenzoyl
chloride in 3 cc. of pyridine there was added 2 drops of
the isolated gualacol and the mixture set aslde overnlight.
The solution (containing precipitated crystalline material)
was poured on to a mixture of concentrated hydrochloric acid
and cracked ice, giving a white eurdy preclpitate which was
filtered off under suction, washed with water, and then

stirred for 1 hour with 4% sodium hydroxide.

The solid remaining in suspenslon was filtered
off, washed with water and recrystallized from ethanol,
giving colorless crystals, melting point 103 - 10400.;
melting point reported for the p-nltrobenzoyl ester of
gualacol is 103 - 1049C .

Anslysis

Caleunlsted for 015H8N04(OCH5); OCHz, 116
1,929 mgms. require 4.75 cc. 0.,00923N NapS03; OCHg, 11.7

(b) p-Nitrobenzoyl Ester of Guaiacol (Kahlbaum)

The p-nitrobenzoyl ester of gualacol (Kahlbaum)
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was prepared as described above; colorless crystals,

melting point 103 - 104°%C.

A mixed melting point of the two showed no

depression.

(c) p-Tosyl Ester of Guaiacol Isolated from Waste Sulphite

Liquor

The procedure followed using tosyl chloride, was
ldentical with that used for the preparation of the pe-nitro-

benzoyl ester.

The tosyl ester (colorless crystals), melted at
84 - 85°%C,

Analysis

Caleulated for CqzH;1805(0CHz); OCHz, 11.1

14490 mgms. require 3.44 cce. 0.00923N Nazsgosg OCHz, 1140

(d) p-Toluene Sulphonic Ester of Guaiascol (Keshlbaum)

The same product was obtained, melting point

g4 - 85°C.,

A mixed melting point of the two p-toluene

sulphonic esters sbove showed no depression.
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K. Gualacol from Resin-Free Spruce Meal

The volatlle fraction, (page 219) secured from
resin-free spruce woodmeal, and amounting to 50 - 75 mgums.,
was treated with p-nitrobenzoyl chloride to yield colorless
erystals, melting point 103 - 104°C,

Analysis

Caleulated for 013§8N04(OCH5); OCHz, 1146

0.915 mgms. requlire 2,23 cc. 0.,00923N Nag890z; OCHz, 11l.7

A mixed melting point with the p-nitrobenzoyl
ester from an authentic sample of guaiacol showed no

depressione.



L. ISOLATLON OF GUAIACUL, PYROGALLOL 1,3-DIMEIHYL

ETHER AND ACETOSYRINGOUNE FROM HARD WOOD WASTE

SULPHILE LIQUOR

Three liters of concentrated waste sulphite liquor *
prepared from a mixture of hard woods (beech, bireh and
maple) of specific gravity 1l.26 was diluted to 10 liters
and mixed with 900 g. of sodium hydroxide (technical).

The resulting solution was heated under pressure,
neutralized, and extracted, etc., as applied to sulphite
liquor obtained from resin-free spruce for the isolation
of vanillin 14). Following the same procedure, the
vanillin and syringic sldehyde was removed from the benzene
solution of the reaction product by use of bisulphite and
the benzens solution then evaporated under reduced pressure

leaving a tarry material.

This was distilled under reduced pressure and gave
the following fractions:

Fraction 1. Wt. 250 mgms., Bolling point ( 1009, at 7 mm.
pressure

L 2, " 900 mgms., Boiling point 105 - 110°C. at
. 0,025 M. pressure

" 3. " 1.8 go Crystalline product subliming at
120 - 180°C . at 0,025 mm. pressure

" 4. " 7.0 g. Residual tarry material.

Supplied through the kindness of the Brown Company,
Rumford Mills, New Hampshire, U.S.A.
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M. IDENTIFICATION OF GUAIACOL AND PYROGALLOL

1,3-DIMEVHYL ETHER FROM HARD WOUD WASTE

SULPHIYE LIQUOR

Fractlon 1 was acylated with 350 mgms. of

p-nitrobenzoyl chloride dissolved in 2 cc. pyridine

following the customary proceduree.

Recrystalliization of the crude mixture of
esters was effected by solution in 25 cc. of hot ethanol,
and cooling. The crystalline material which separated was
recrystallized twice from ethanol, giving 50 mgms. of
colorless crystals, melting point 155 - 156°¢c . On mixing
with the pe-nitrobenzoyl ester of pyrogallel 1,3-dimethyl
ether (Eastman Kodak Co.) there was no depression of the
melting point; calculated yield of pyrogallol 1,3-dimethyl

éther was 25 mgms,

Analysis

Caleulated for C,zHn,NO,(OCHz)g; OCHz, 20.4
1.112 mgms. required 4.74 cc., 0.,00923N, NagSg0z; OCHz, 20434

The alcoholic filtrate from the above recrystslli-
zation was allowed to evaporate slowly, to a volume of about
25 cc., When a second crop of crystals was deposited and

removed by filtration, melting point 110 - 1409C., weight =

20 mgms, Because of the small amount of this material,
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separation into its components was not attempted.

Further evaporation of the solvent to 5 cc. gave
150 mgmse. of a erystalline compound, which was recrystallized
twice from ethanol to give colorless erystals, melting
point 104 - 105°. On mixing with the p-nitrobenzoyl ester
of gualacol (Eshlbaum), there was no depression of the

melting point; caleculated yleld of guaiacol = 70 mgmse.

Analysis

Calculated for 015H8N04(OCH5) ’ OCH3, 11,6

1.928 mgms. required 4.76 cc., 0.00923N, Nazszoa; 0035. 11,8

Fraction 2: The p-nitrobenzoyl ester prepared

from  this material melted at 155 - 156°C., and on
mixing with the ester of an authentic sample shoved no
depression of the melting point; calculated yleld =

100 mgms.

Oxidation of 10 mgms. of the fractlon with

squeous ferric chloride, gave steel blue crystals of

corulignin 75), which gave a characteristic blue solution

in concentrated sulphuric acid.

In contact with air, the pyrogallol 1,3-dimethyl

ether secured above became red in color.
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N. Identification of Acetosg;iqune From Hard Wood

Waste Sqighite Ligpor

Fractlon &,isolsted from hard wood waste sulphite

liquor was recrystallized three times from water to give
colorless needles, melting point 121 - 122°C . which on
mixing with synthetic acetosyringone shawved no depression
in the melting point. The yield of finally purified

material was 1.0 go

O. Yields of Various Fractions to Combined Vanillin-

Syringlc Aldehyde Yield

Due to practical difficultles involved in the
isolation of these fission products, and the fact that a
commercial sulphite liquor was used, it is not possible
to give an accurate estimate of the relative ratio of the
products formed. A very rough estimate would indlcate a
ratio for gualacocl : pyrogallol 1,3-dimethyl ether :
acetosyringone : total aldehydes (vanillin and syringic

aldehyde) of 1:4:40:320.
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Pe IDENTIFICATION OF GUAIACOL AND PYROGALLOL

1,3-DIMETHYL ETHER FR(M RESIN-FREE BIRCH

The volatile materlal isolated by a similar
alkaline treatment from 6 liters of birch lignin sulphonic
acid obtalned from a solvent-extracted birch wood meal was
fractionated and yielded:

Fraction 1. Wt. 50 mgms., Bolling point 100°C., at
7 mme. pressure.

Fraction 2. Wt. 200 mgms., Boiling point 105 - 110°C. at
0,025 mm. pressure.

There was present, also, 1.0 g. of acetosyringone and 3.0

g+ of non-volatile resin.

Fraction 1 was concerted to a p-nitrobenzoyl
ester, melting point 104 - 106° ., which on mixing with
the p-nitrobenzoyl ester of guaiacol (Kahlbaum) showed

no depression on the melting point.

Fraction 2 was ldentifled as pyrogallol 1,3=-
dimethyl ether, by a similar process to that applied to
pyrogallol 1,3-dimethyl ether, secured from hard wood

waste sulphite liquor, viz.:

1. Melting point of p-nitrobenzoyl ester 155 - 156°C.,

showing no depression of the melting point when mixed with

an authentic sample of the material.
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2e Blue colorstion, on solution of the ferric chloride

oxidation product (cgrulignin) in concentrated sulphuric

acid.

The ratio of guailscol to pyrogallol 1,3-dimethyl
ether : acetosyringone was roughly 1:5:20. On the basis
of lignin yields these represent 0404, 0.2 and 0.8%
respectively.
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Qe Investigation of the Acetovanlllone Fraction from

Waste Sulphite Liquor

After removal of the guaiacol from the tar,
c.f'« page 233, the residual material was sublimed using a

cold finger. A yellowlsh colored solid was obtained, melting
point 108 - 1109Cg yield 62.5 g.

This material was recrystallized by extracting

with five successive portions of bolling water. Each
frection was decolorized separately, with animal charcosal
and on cooling, ylelded pale-yellow crystals, the melting

points of which are shown bslow:

Extraction No. 1 - mep. 111 - 112°C.
Extraction No. 2 - m.ps.113 - 113.5°C,
Extraction No. 3 - mep. 113.5 - 114.5%.
Extraction NOe. 4 = mepe 113,5 = 114,5°C.
Extraction No. 5 - mepe 113 - 114°9%.

Mixed melting points of the combined fractions

were as follows:

Fraction 1 and 2 - 113 = 113.5%.

Fraction 3 and 4 - 113.5 - 114,5°%.
Fraction 1, 2, 3 and 4 - 113.5 - 114.5%C.

A1l fractions were thus identlcal and so were

combined and given a final recrystallization from water;
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pale lemon colored crystals, melting point 113 - 114.5°C.

An extraction of the mother liquors ylelded a

further crop of acetovanillone, melting point 113 - 114.5°C.
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Re Treatment of Gualacol with Furfugyl Alcohol

(Preparation of a Synthetic Lignin)

To a mixturs of 5 g. of guaiacol and 2.5 ge.
of furfuryl alcohol,was added three drops of concentrated
hydrochloric acid. There was an immediate formation of
a dark green color,and after 10 to 15 minutes, considerable
evolution of heat and formatlon of droplets 1in the
solution. The mixture was set aslde for a period of
five weeks, at room temperature. The resulting dark-
colored viscous liquid was dissolved in 50 cc. of acetone,
the solutlion dried over anhydrous magnesium sulphate, and
dropped, with stirring, into 250 cc. petroleum ether
(30 - 50°C). The black amorphous solid preclpitating out
was redissolved in acetone and then precipitated from
diethyl ether as a greyish flocculent precipitate. This
was washed three times with diethyl ebther and three times
with petroleum ether, separated by the use of the
centrifuge and drled. The grey amorphous material showed

marked electrostatic properties, similar to some lignins.

Solubilities were as listed below; soluble in
acetone, dioxane and pyridine; insoluble in water, ether,
petroleum ether, ethanol, methanol and dilute (5%) sodium
hydroxide.

Analysis
0.01189 g. requires 2,35 cc. 0.04529N, NagSg0z; OCHz, 4.6
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