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SUMMARY

A number of new compounds have been synthe-
sized. They include, among others, eugenol
acetate oxide and its chlorhydrin; l-hydroxy-
1-(3,4 dimethoxyphenyl)-propanone-2; 1-(3,4
dimethoxyphenyl) -propanedione-1,2, and prob-
ably 3-chlor-l«(4-acetoxy-3 methbxyphenyl)-

propanone=2,

Several interesting intramolecular resrrange-
ments of aromatic halogenated and hydroxyl-
ated ketones of the types, R-CHo-C0~-CH,C1,
R-CHOH-CO-CHz and R-CHBr-C0-CHz (where R =
3,4 dimethoxyphenyl) have been demonstrated
and their bearing on the structure of lignin

pointed out,
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CLAIM TO ORIGINAL RESEARCH

A number of new compounds have been synthe-
sized, They include, among others, eugenol
acetate oxlde and its chlorhydrin; l-hydroxy-
1-(3,4-dimethoxyphenyl)-propanone-2; 1-(3,4~
dimethoxyphenyl) -propanedione-1,2, and prob-
ably 3-chlor-l-(4-acetoxy-3 methoxyphenyl)-

propanone=2,

Several interesting intramolecular rearrange-
ments of aromatic halogenated and hydroxyl-
ated ketones of the types, R-CHo-CO-CHEoCl,

R~ CHOH-C0-CHz and R-CHBr-CO-CHz (where R =
3,4-dimethoxyphenyl) have been demonstrated
and their bearing on the structure of lignin

pointed out.
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Introduction

The study of lignin has been a subject of interest
to the chemist for many years because of its obvious scl-
entific value, both chemical and biological and because of
1ts important practical aspects. In the processes by which
millions of tone of wood pulp are produced annually through-
out the world, the lignin 1s extracted from the wood and in
most csses is discarded. Since this lignin forms 28% of
the dry weight of the wood, 1t represents an enormous loss
of a potential raw materisl, a loss which cannot be prevented
without a thorough knowledge of the structure and propertles
of the lignin molecule. It 1s therefore not surprising to
find that a great deal of lntensive investigation has Dbeen
given to this problem since 1ts study was initiated by Klason
in 1892. More surprising, unless the peculiar difficulties
of the problem are understood, 1s the fact that, until
recently, no really significant progress hag been made.

A factor perhaps, in thls slow advance, 1s the
difficulty in chemically defining lignin as a constituent
of plent materisls. The "Klason lignin" determinatlon, which
18 usually teken ss o standard, records as lignin, all that

part of the wood which 1e not soluble in hot dilute sulphuric



acld following a four hour treatment with 72% sulphuric acid at
It is well known however, that the amorphous material thus
obtained contains resinified carbohydrates in the form of
the carbohydrate humic acids (1) and hence is not a true
measure of the lignin content.

For many purposes lignin can be defined as "the
methoxyl containing portion of plant tissues which have
been previously extracted to remove fats, resins snd tannins'.
This definition too has i1ts weaknesses, since 1t cannot be
stated definitely that all "lignin" 1s methoxyl-containing
and since it has been shown that a part of the methoxyl
content of tissues prepared in this way is attached to carbo-
hydrate (2). However the method has proved of great value
when used in conjunction with the less drastic (i.e. non-
demethoxylating) methods of isolating lignins and it is a
fact that if the chemist can identify all of the methoxylated
material in plant tissues he wlll have gone far towards the
final solution of the lignin problem. Unfortunately no direct
comparison between methoxyl content and Klason lignin 1s pos-
sible be cause the treatment with 72% sulphuric scid causes some
demethoxylation (2).

The methoxyl contents of solvent pre-extracted woods

fall into two groups corresponding taxonomically to the hard and

gsoft woods. The difference is due to the presence in hardwoods

of both gualacyl (I) end syringyl (II) nuclei and in the soft-

20¢°,
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woods, of the gualacyl only. There appears however, to be a

CH_ O, CH_ O,
3 3
HO HO-
CH., 0"
5
I II

more deep-seated difference than methoxyl content in the lignins
from the two types of wood, a difference indicated by the consist-
ently greater ease of its isolatlion from hardwood, as compared to
softwood. The first effect of this difference on the develop-
ment of lignin chemistry, was a retarding one, because it led to
confusion, but in more recent work 1t has perhaps accelerated
progress by shifting attention to the hardwoods.

The practical difficultles facing the lignin chemist
are 1n many ways characteristic of the study of plant materials.
The lignin materlal must first be removed from the tissues in an
unchanged form, or fallling thls, in a form such that any changes
can be evaluated. However, it 1s extremely difficult to obtain
accurate informatlon on the structure of such materials as they
exist in the plant cells and the worker must simply use the
mildest availlable methods of extraction. With many plant
products satlsfactory results can be obtalned by simple solvent
extraction, but in the case of lignin, relatively strong chemi-
cal action 1s required before extractlion is possible, a fact often

taken to indlcate a chemical combination between lignin and some
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other cell constituent, usually a carbohydrate. As yet no satis-
factory method has been developed for the isolation of lignin
unchanged from the plant tissue. .

The lack of satisfactory extraction methods has been
the greatest single retarding factor in the development of lignin
chemistry. Similar to proteins, starches and cellulose, lignin
is a polymeric substance, but differs from these better known
materiels in that its building units (monomers), are exceptionally
sensitive to the action of relatively mild chemlcal reagents.
Hence in the isolation of lignin from the cell wall, polymeriza-
tion-condensation reactions of simpler units can occur and at the
same time degradation of the polymer followed by degradation or
repolymerization of the monomers (3). Since repolymerization
need not lead to substsnces identical with the natural lignin,
these products, from a structural standpoint, have but limited
experimental value. It 1ls perhaps unfortunate that nature has
not supplied, in the form of enzymes, specific hydrolytic agents
for lignin as she has for proteins and carbohydrates. True, some
1living forms are known to decompose lignin but they are not
readily adaptable to laboratory requirements.

With this brief summary of a few of the difficulties
which face the lignin chemist, it i1s easy to understand the
development of lignin chemlstry along three mailn lines -

(2) isolation 2nd study of amorphous 1lignin preparations; (b)

study of degradation products of the lignin polymers and (c) an
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effort to relate the reactions of lignin to reactions of well-
known organic compounds. The second of these points may be
subdivided arbitrarily into two parts (i) the determination of

the aromatic nature of lignin and (11) determination of the lignin
building unit. It 1s with the second of these two subdivisions
that this thesis is chlefly concerned.

Before proceeding with 2 historical review of the
development of lignin chemistry it should be mentioned that the
slow accumulation of accurate experimental data has permitted a great
deal of speculation regarding the structure of the lignin mole-
cule. As a result many theories have been put forward to explaln
the origin and reactions of lignin and these theories have
undergone radical changes or have disappeared altogether as
further experimentation made them untenable. At the present
time only two or three basically similar views of lignin structure
exist and it will be necessary to devote a part of the histori-

cal review to them.

Historical Revliew

Isolation and Study of Amorphous Lignins

The isolgtion of lignin from wood 1in a form sultable
for study 1s one of the most important and difficult problems
in lignin chemistry. It has received a great deal of attentlon,
particularly from the esrlier workers and many methods have
been developed for the purpose. Naturzlly many of the prepara-

tions obtained, have in the course of time proved to be of little
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value, but others have been found to be of greater value as

our knowledge of lignin chemistry has increased. The properties
of these 1solated lignins vary considerably according to the
method of isolation employed. To distinguish them they are
usually described according to the reagent used in their
1solation but sometimes by the name of the worker who developed
them (e.g. "Klason 1lignin"). They must never be confused with
naturel 1lignin, or as 1t is often called, "protolignin',

which 1s lignin as it exists in plant tissues. For reasons
already made clezr, the taxonomical source of the lignin must
also be stated before a clear definitlion can be glven.

All methods for the extraction of lignin from plant
materials depend upon the use, as an extracting medium, of either
an acidic or alkaline reagent. The necesslty for such a re-
agent 1s usually taken to mean that hydrolytic actlion 1s required
to break some type of bond between lignin and other cell consti-
tuents. It 1s of course concelveble that the lignin polymer is
mechanically so distributed throughout the cell-wall that it can
be removed only by degradation but there seems to be little evi-
dence for this view. However, the dlscussion of this point is
a2 subject in itself and the reader, if interested, may refer to
the work of Hibbert, Balley and others (4) for further informsg-
tlon.

In two or three cases methods of isolation have been

reported which apparently use no hydrolytic agents. The first
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of these was the use by Klason (5) of ethanol and water or of
ethanol and very dilute acetic acid zs described on page 9.
More recently, Brauns (6) has claimed to have isolated a simple
llgnin preparation, his so-called "native lignin" by simple
methanol extraction. However since the product represents only
2 - 3% of the Klasson lignin, 1t cannot be sald to possess grest
significance.

A number of organic solvents were examined by Aronovsky
and Gortner (lc) for their ability to extrecct lignin from wood
under 10 atmospheres pressure and high temperatures. They found
aqueous butanol (1:1) to be particularly effective under these
conditions. Bailey (Ub) extended this work in his studies on
pulping with butanol-water and butenol-water-alkell mixtures, and
after compsrative studles of lignin removel from sspen and
Jackpine woods, concluded that a portion of the lignin in soft-
woods, but not in hardwoode, 1s chemicelly bound to cellulose.
However, no satisfactory control of pH 18 possible under such
conditions of temperzture (1&5°) and pressure and-the possibility
of hydrolytic action cannot be ellminated. '

In a few instances lignin preparations have been
obtained by dissolving away the other cell constituents. Typi-
cgl are "Klason lignin" obtalned by treating wood at 20°C.
with 72% sulphuric acid and "Willstdtter lignin" obtained simi-
larly by use of 42% hydrochloric acid at 0°C. Although still

employed to some extent, these methods do not meet with much favor



28 they sre altogether too drastic for use with so sensitive a
materliel as "naturel lignin". Purthermore, strong acids are
known to resinify carbohydrate materiels and these resins remein
incorporated with the lignin. 1Indeed, 1t was this fact that led
Hilpert (7) to believe that isoleted lignins are actuelly derived
from cell carbohydretes, a point of view since shown to be quilte
untenable.

A better mode of lignin isolation, using the same
principle of solvation of the non-lignin constituents of the
plant tlissues, is the "cuproxam lignin" extraction procedure
developed by Freudenberg (8). It consists in extracting the wood
alternately with copper-ammonium hydroxide and hot aqueous
sulphuric acid (1%). The method is relstively mild and the
amount of polymerlzetion-condensation products formed 1s much
less than when stronger aclds or alkalis are used.

The greater part of the laboratory methods for isolating
lignins and all the commerciel pulplng processes are assoclated
with the removal of the lignin from the cellulose. One of the
first developments of this type was the well-known sulphite
process brought out by Tilghman (9) in 1867 and now the basis
of a huge industry because 1t causes 1llttle degradation of the
cellulose. In thls process the lignin 1s extracted by cooking
the wood under pressure at 140°C. with an aqueous solution of
calcium bisulphite and sulphur dloxide. The lignin goes into

solution as the water soluble calcium salts of the so-called
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"lignin sulphonic acids". Both the acids themselves and the re-
actions by which they are formed, are extremely complex and,
although their study has received a greast deal of attention,

the results obtalned thus far have not contributed greatly to
our knowledge of 1lignin structure. From this point of view
thelr chief interest arises from thelr degradation to aromatic
materials by alkaline oxidation (see pg. 17).

Of commercliesl value but of little scientific import-
ance are the methods employlng aqueous alkalis to extract the
lignin. The soda process for the preparation of wood pulp
requires 7 - 10% aqueous sodium hydroxide at 17C° to remove the
lignin. The extrection probably depends upon the release of
phenolic hydroxyls which, by interaction with the alkali, result
in a2 solubilisation of the lignin.

The most recent advance 1n lignin extractlon has been
the development of methods in which the addition of, or condenss-
tion with, the extrsctant and lignin takes place. The most
importsnt of these methods are alcoholysis and hydrogenolysis,
but extractions have also been carried out in scylating, (parti-
cularly acetylating) medis. The alcoholysis reactlons have been
developed from the observation of Klason (10) in 1893 that s
pert of the lignin is dissolved when spruce wood 1s cooked
with methanol-hydrogen chloride. Many alcohols, glycols and
gimilar reagents have since been tried, but the most important

results have been obtained by Hibbert and co-workers using an-
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hydrous ethanol-hydrogen chloride. Their results will require
further discussion later but a brief resume is possible here.

These workers have found that refluxing wood meal
(previously extracted to remove fats, resins and tannins) for 48
hours with anhydrous ethanol containing 2% hydrogen chloride
will remove about 4O - 60% of the Klason lignin. Of the
extracted lignin, ebout half 1s the typical brown smorphous type
of lignin preparation, but the remsinder 1s obtained in the form
of low boiling, water-soluble olls, the so-called "ethanolysils
0oils". From these olls a number of monomeric compounds have been
1solated and 1dentified, and since these compounds are of
exceptional importance in connection with the nature of the 1lignin
building unit, thelr discussion wlll be reserved for a later
section,

From the many other alcoholysis studles, the work of
Holmberg and others using thloglycoli¢ acid (11) as extraction
medium may be mentioned. This reagent seems to behave in a some-
what similar menner to bisulphite, but as yet no very slgnificant
results have been obtalned with 1t. Most important are the
experimenté in which thloglycoli¢ acid was allowed to resct
with known orgenic compounds in an effort to relate their
structure to lignin (see pg. 28).

The use of high pressure hydrogenation as a means of
removing lignin from wood 18 a new and important development,
The first reports on the method came from the laboratory of

Prof. Adkins in 1938 (12). W¥ith his student and co-worker,
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D'Iann%,and Harris, he studied the hydrogenation of aspen methanol
lignin. Hlbbert and co-workers shortly thereafter extended

the method to wood meal and succeeded in obtalning complete
liguefaction of the wood (13). Much experimental work has

since been done by both groups (14, 15), but unfortunately the
later results of Harris and co-workers have been found somewhat
unreliable. Freudenberg and Adam (16) have recently developed

a technique for the simultaneous dry distillation and catalytilc
hydrogenation of isolated lignins on which various metallic
catalyste were precipitated. Little data has yet avpeared how-
ever, regarding the nature of the products. Freudenberg (17),
following earlier work by Bobrov and Kolotova (18) has also
applied hydrogenation to lignin sulphonic acids but has obtalned
no important information.

Just as with ethanolysis the application of hydro-
genolysis is important chiefly because of the relatively high
yields of low moleculer weight 1lignin derivstives so obtaln-
able. These derivatives will be discussed in connection with the
nature of the lignin building unit.

The brown, amorphous lignin preparations obtalned by
verious methods of extraction, have been widely studied in an
effort to characterize them and to relate them to natural
lignin. In the absence of satisfactory criterla of purity and
homogenity, however, little progress could be made and the

gtructure of these 1solated lignins 1s still completely unknown.



- 12 -

In spite of meny attempts to determine the molecular
welghts of these materials, no satisfactory results have ever
been obtalned. Perhaps the most careful studles are those
of Loughborough and Stamm (19) in which lignins from verious
sources were pﬁrified as far as possible and their molecular
welghts determined by a veriety of methods. A fsirly uniform
value of about 3900 was found. Other workers however, report
values ranging from 250 - 10,000 and it 1s probable that,
depending upon the source and upon the method of isolation, wide
deviation occurs.

Analyses of the 1solated lignins show them to have
falrly uniform carbon end hydrogen content. A number of alkali
lignins from various sources were analysed by Powell and Whittaker
(20) and found to have carbon and hydrogen contents of 63.2 - 64.0%
and 5.2 - 5.87 respectively, values which may be taken as falrly
representative of lignins. The remaining percentage 1s
represented by oxygen. The methoxyl content, as mentioned esrlier,
varies congiderably between hsrdwoods and softwoods but 21 - 22%
and 15% respectively are falrly representative flgures.

The nature of the individual groups present in these
igolated lignins 1s still very obscure desplte intensive
study. The presence of a number of free hydroxyl groups in many
of these preparations was quickly established, and a number of
investigstions, involving acylation and methylation, were under-

taken in an attempt to chasracterize them as phenollc,enolic,
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primsry, secondary or tertiary. In reviewing these investiga-
tions, Erdtmann (21) states thet it has been shown thet 11%

of spruce lignin is represented by hydroxyl groups distributed
ag follows: 6 - 7% secondary, about 2% tertiery and about 2%
phenolic. Such conclusions however, seem questlionable because
no completely satisfactory differentiation betreen types of
hydroxyl groups 1s possible by these methods, even with pure
organic compounds.

A numbef of workers, notably Brauns (6) claim to have
demonstrated the presence of aldehyde or ketone carbonyl groups
in lignins, but no adequate proof has ever been obtained. No
cerboxyl groupse are present., Erdtmann states (21) that all non-
hydroxylic oxygen is obviously ether linked, a conclusion probegbly
Justified.

On the basis of these analytical results a number of
empirical formulae were proposed for lignin. In view of the
amorphous nature of the material however, these formulae mean
1ittle and are of interest only in that they express an
approximate relationship between groups. Typical is that of
Brauns and Hibbert (22) for spruce lignin viz. 642H3206(OCH3)5(0H)5
Hibbert soon rejscted this view (23), but recently Brauns (6)
assigned the formula, 042H3106(OCH3)7(0H)3 to his "native lignin".

Of some interest are the results obtained on oxldizing
l1ignins with chromic acid. In model substances all methyl groups

bound to carbon apvear as acetic acld and Erdtmann, in his review,

\
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extracted

claims (21) that application of this method to/lignin hes shown
the presence of 2.7% of such methyl groups. He finds
slgniflcance in the fact that this value agrees closely with the
tertiery hydroxyl content and believes it indicates the presence
of a = C(0OH) - CH3 grouping in lignin. However, epplication of
thls method by McGregor and Hibbert (25) to spruce =nd maple
woods hag proven that naturel lignin contains no terminal methyl
groups in the three-carbon side chain attached to the aromatic nuc-
leus from which lignin is derived.

No mention will be made here of the many sulphonation,
chlorination and nitration studies which have been reported be-
cause they have contributed 1little to our knowledge of lignin
structure.

The Aromatic Character of Lignin

Since 1897 when Klason (26) first suggested that lignin

was derived from coniferyl alcohol (III) and hence was an aromatic

CH.,0
3

HO H=CH - CH20H

III
subetence, chemists have sought to determine the extent to which
sromatic nucleil occur in lignin. Through the intervening years
stezdlly incressing amounts of syringyl and guclacyl derivatives

heve been isolsoted and 2t the vresent time 1t is generally
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accepted by workers in the field that lignin is indeed an aro-
matic substance. An opposing view has been taken by Hilpert (7)
who, as already mentioned, believes 1solated lignins to be
carbohydrate derivatives. 1In the following review however, the
evidence for aromatlc character will be presented and will show
that Hllpert's view 1s untenable. The suggestion by Erdtmann (21)
that isolated lignins might derive theilr aromatic nuclei through
dehydration of hydroasromatic substances (e.g. inositol (IV) end

-quinic acid (V)) in the cells does not seem very reasonable.

—QH
H OOH (8 = saturated)
HO— OH

IV v
Odinzow (27) after comparative studies of the reactivities of
woods, ;golated lignins, and humic acids, concluded that lignin
exists pre-formed in the wood. Herzog (2&) in absorption
spectrum studies, found that alkali lignins closely resembled
coniferyl alcohol polymers.

‘The demonstration of the aromatic character of lignin
has shown steady progress. In 1926, following esrlier experi-
ments by Heuser and Winsvold (29), Freudenberg and his co-
workers (&, 30) showed that various spruce lignins on fusion
with alkall, gave catechol (VI) and protocatechuic acid (VII)

in ylelds of about 5% of the Klason lignin. Later by methylating
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HOe— HO—

HO H OCH

VI VII

and oxldizing spruce "cuproxam lignin" he was able to isolate
veratric (VIII), isohemipinic (IX) and dehydrodiveratric (X)
acids in ylelds of 10 - 14%, 2 - 4% and 3% respectively (31).

These compounds are interesting, and lend support to the de-
HOO% HOGC

CH, O~ CH3

3 O S S
CHBO@COOH CH3©COOH cHz0_ / CH3
HOO G~ cH.®  CH.O

3 3
VIII IX X

hydrodiisoeugenol theory (pg. 35 ) of lignin structure but the
drastic conditions under which they are formed (70% KOH at 170°,
followed by methylation and permanganate oxidation) detracts
considerably from their significance, because of the possibility
of secondary condensations. Freudenberg however believes them
to be true lignin degradation products and from them ggs derived

3

a2 theory of lignin structure 1in which the llnkage -
-9-
1s postulated. Recently (32) he has revised this theory and

now states that "half or more" of the units in spruce lignin

are of this type.
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The gualacyl group (I) was definitely established
as a part of the lignin molecule by Hibbert and co-workers (33).
Following earlier experiments by Grafe (34), Klrschner (35),
Pauly and Fuerstein (36), and H8nig and Ruziczka (37), they
subjected carefully purified spruce lignin sulphonic acids
to alkaline oxidation. From the reaction mixture they were
able to isolate vanillin (XI), in 6 - 7% yields, together
with small amounts of gualacol (XII) and acetovanillone (XIII).
Maple l1lignin sulphonic 2cid on similer treatment, gave these
three compounds together with the corresponding syringyl deril-
vatives, syringaldehyde (XIV), pyrogallol-l:3%-dimethyl ether

(XV) and acetosyringone (XVI). This work served to demonstrate

) H CH_O.
CH3 C 30 3
H CHO HO HO- O—CH3
X1 XII XIII
CH CH_ O,
CHBO. 3O. H3
HO- HO HO- HO- --CO-CH3
: CH CH_0O”
XIV XV XVI

the essential difference in the "natural lignin" present in

gymnosperms and anglosperms.
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These experiments by Hibbert, Freudenberg and their co-
workers, which were completed about 1937, showed that the
gualacyl and syringyl nuclei constituted at least 10 - 15%
of the Klason lignin. At about the same time, these results
were confirmed but not greatly extended by the ethanolysis
studles of Hibbert and co-workers (3&). More recently, however,
the yleld of ethanolysis oils from maple wood has been consider-
ably increased with the 1solation of a number of hitherto un-
known products (39) (see pg.22). The most recent advances in
the proof of the aromatlc nature of lignin have resulted from
the application of hydrogenation and of nitrobenzene oxida-
tion methods to woods and lignins.

The hydrogenstion of woods and lignines glves rise
to prooyl cyclohexasne derivatives which are assumed to be derived
from aromatic nuclei. Since the presence of aromatic substances
in lignin has already been established and since the condi-
tions of hydrogenation are such that any benzenold types would
be completely saturated, the assumptlion is quite Jjustifiable.

Harris, D'Ianni and Adkins (12) in 1938 hydrogenated
methanol aspen lignin and obtained 4-n-propyl-cyclohexanol-l (XVII),
4Y-n-propyl-cyclohexane diol-1,2 (XVIII), and 3-(4-hydroxycyclo-
hexyl)propanol-1 (XIX). The yields reported by them in this
paper, in which they neglect to evaluate the water formed in
the reaction, require marked correctlon and the same remarks

apply to their subsequent investlgatlions (15).
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HO~
Ho<:::>CH2-CH2-CH3 H0<i::>CH2-CH2-CH3 HO<:::>CH2-CH2—CH20H
XVII XVIII XIX

The combined ylelds reported by them (30-35%) have
been shown in these laoboratories to be considerably too high.
Based on thelr assumed value, the cyclohexane nuclel when calculated
as gualacyl and syringyl groups indicated that 20 - 25% of the
lignin was aromatic.

Following the initiel experiments of these workers,
Hibbert and co-workers (14) hydrogenated maple ethanol lignin
under the same conditions. They identifled the same products
(XVII, XVIII, and XIX) but found that the ylelds were con-
siderably lower (ca. 15%) a difference which they could not
account for except by assuming o fundamental difference in
maple and aspen lignin. They then successfully applied the
hydrogenation technique to the isolation of lignin from wood (13).
Complete conversion of the wood to dloxane-soluble products
wag effected and, after separation of the carbohydrate deri-
vatives, the three cyclohexane derlvatives were obtained in
yields which on a carbon basis (allowing for loss of methoxyl)
represented 36% of the Klason lignin. On calculation as

syringyl and gualacyl nuclel, these results ralse the aromatic

content of lignin to almost 30%.
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Recently Harris and co-workers (15c¢,d) have claimed
that 70% of the Klason lignin can be removed from the wood as
1dentifiable hydroaromatic substances but, as neither the
methods used nor the identity of the products has been disclosed,
these claims do not call for serious consideration.

The recent development of 2 method for the oxidation of
wood and lignins with glksline nitrobenzene has extended still
further the evidence for the arometic character of lignin.

This method, reported first by Freudenberg and co-workers (40),
was found by them to give vanillin from spruce "cuproxam lignin"
and from spruce woods in ylelds of 22% and 25% respectively.

The results were confirmed by Hibbert and co-workers (41) who
then applied the method to a wide range of plants. Thelr most
stertling results were obtsined with maple, aspen and other
dicotyledons which were shown to yileld mixtures of vasnillin end
syringaldehyde in amounts varylng from 37 to 457 of the Klason
lignin. Monocotyledons (rye, corn and bamboo) gave only 20 - 320%
and the ratio of vanillin to syringsldehyde was about 1:1 in
contrast to the approximate. ratio of 1 : 3 found in the di-
cotyledons.

From these experiments 1t 1is obvious that lignin 1is
highly aromatic. The esteblishment of this point is of the ut-
most importance, especlally in view of the marked significance
it glves to the phenyl propsne type of degredetion product.

The structural significance of these phenyl propene units is of
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wider interest than that of syringaldehyde or vanillin, but the
ylelds are much smaller. If however, it is assumed that these
aldehydes arise from phenyl propane types, then they represent
over 60% of the Klason lignin. That the assumption may not be
unjustified wlll be seen from the following discussion of the
nature of the lignin bullding unit.

The Nature of the Lignin Building Unit

All of the important experimental data concerning the

nature of the lignin building unit have been obtalned in the past
four years and have been derived from ethanolysis and hydro-
genolysis reactions of lignin. These two methods are, as yet,

the only ones to give the Cg-C (phenyl propane) type of lignin

degradation product. As hes bzen mentioned, the filrst aromatic
nuclel with more than one carbon in the side chains were aceto-
vanillone (XIII) and acetosyringone (XVI) discovered by Hibbert
and co-workers in the alkaline oxldation products of llgnin
sulphonic acids (33). Since that time a number of degradation
products, having three carbon side chalns, have been 1lsolated by them
in yields which seem sufflcient to warrant the bellef that in
their carbon skeleton these compounds are identical with lignin
building unlts.

The first reported isolation of phenyl propane type

lignin degradation products ceme from Klason (26) in 1892. By
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extracting spruce wood alternately with ethanol and very dilute
acetic acid, he wes able to 1solete two amorphous products which
he claimed, on the basis of his analyses, to have the formulsoe
without proag

(010H1203)2 and (010H12Ou)2' The first of these he regardedyas
a dimer of coniferyl alcohol; to the other he assigned no structure
but designated it as "oxy-coniferyl alcohol". It was not until
1938 when Hunter, Cramer and Hibbert (3%%a) published the results
of the first ethanolysis studles, that further evidence was pre-
eented for the presence of propyl phenols in lignin, a rather
remarkable fact in view of the almost general acceptance of such
a unlt in all theoretical considerations of lignin structure
prior to this discovery.

It has already been mentioned (pg. 10) that when lignin
is extracted from the wood with 2% ethanolic hydrogen chloride,
a pert of the lignin is removed as low boiling, methoxyl-containing,
"ethanolyslie o0ils". In an extensive series of investigations
Hibbert and co-workers have succeeded in separating a2nd identi-
fying a large part of these olls. The compounds 1ldentified so far,
are: venillin (XI;38c), 2-ethoxy-1l-(i-hydroxy-3-methoxyphenyl)-
propanone-1 (XX;38a), 1l-(k-hydroxy-3?-methoxyphenyl)-propanedione-
1,2 (XXI;3&d) from spruce, and these as well as the corresponding
syringyl derivatives, syringaldehyde (XIV;38&c), 2-ethoxy-1l-(U-
hydroxy-3,5-dimethoxyphenyl)-propanone-1l (XXII;3&a), and 1-
(4-hydroxy-3,5-dimethoxyphenyl)-propanedione-1,2 (XXIII;3&d) from
maple. From maple, l-(4-hydroxy-3-methoxyphenyl)-propanone-2
(XXIV) and 1-(4-hydroxy-3,5-dimethoxyphenyl)-propanone-2 (XXV)

were also obtained (39a); from spruce, l-ethoxy-1- (4-hydroxy-% -
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—- methoxyphenyl)-propancne-2 (XXVI;29b) has very recently been
isolated. It was also shown that re-ethanolysis of amorphous
ethanol lignin resulted in i1ts partial degradation to these
monomeric'units, an important finding since it shows that

these monomers are indeed lignin degradation products. The
ethoxyl groupgyggdéome of the units are assumed to be derived
from the extractant since no such groups have ever been observed
in lignins 1solated in the absence of ethanol.

The significance of these products is obvious. They
are the largest single units ever isolated from lignin and they
can be definitely associated with lignin. Furthermore, it 1is
well known that many derivatives of phenyl propane occur 1n nature

(coniferyl (III) and syringyl (XXVII) alcohols, eugenol (XXVIII)

safrol (XXIX), etc.). There is therefore good reason to bellieve

CH CH
CH20 3 3
H 0- CH(002H5 )- CH3 HO o-co-c:H3 H HE-CO— cn3
XX XXI XXIV
CH3 CH3 0H3
- -CH H 0-CO-CH H H _-C0O-CH
H 0 CH(002H5) c 3 3 5 3
CH rH CH
3 3 3
XXII XXIII XXV
CH
3
0 H(0OC,H. )-CO-CH
H (0C,Hg ) 3

XXVI
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that the ethanolysis products are indeed closely ascociated with
the lignin building units,

However, in spite of the fact that a number of these
products have oxygen atoms located on the «- and p— carbon atoms,
it cannot be assumed that the grouping R;8-8;0H3 actually occurs
in lignin. It is well known that hydroxy-ketones are very
susceptible to rearrangement, as for example in the well known
Lobry de Bruyn transformations, and hence, as Erdtmann has
pointed out (21), the ethanolysis products are not necessarily
the true lignin buillding unite, but may be stabllized forms of
them. This possibility hed a2lready been recognized by Hibbert
and to clarify the problem, the synthesis and characterization
of the two compounds, B-hydroxy-l—(M—hydroxy-}-methoxyphenyl)—
propanone-1 (XXX) 2nd 3-hydroxy-l-(4-hydroxy-3-methoxyphenyl)-

propanone-2 (XXXI) were undertaken in his laboratories.

CH CH30

3
HO O-CH,-CH _OH HO@CHE—CO- CH,OH

o XXX1
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The properties of the first of these (XXX) have already been re-
ported (L2). This compound was found to polymerize readily
to lignin-like materials but showed no tendency to undergo
intramolecular rearrangements. The attempted synthesls of
the second of these compounds (XXXI), together with evidence
to show that thls compound can undoubtedly rearrange readily
on trestment with ethanol-HCl to give the ethaznolysis products
XX and XXVI, will be presented in this thesis. 1In view of the
importance of resrrangements of this type in any discussion of
the problem, a review of the known rearrangements of hydroxy-
ketones wlll be glven following this historical review of the
development of lignin chemistry.

Of considerable interest in connection with these
ethanolysis products are the researches of Oxford and Raistrick

(43) on Penicillium brevi-compactum. This mold, when grown on

sn 2c¢id (pH 4-5) glucose medium produced the followling pro-
ducts (XXYII, XXXIII, XXXIV), whose similarity to the ethanolysis

0
00-CHOH-CH, @o-co CH; @GH ~CO- CH
- ~

HO™ ~SCOOH HO  ™COOH COOH
XXXII XXXIII XXXIV

products is obvious. The fact that they are lsolated by simple
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solvent extraction without the use of chemical reagents seems
to eliminate any possibility of rearrangement subsequent to
isolation,

Hibbert suggests (44) thsat these products may arise
from a phloroglucinol intermediate by a process of plent
synthesis such as that which he has put forward to explain
the formation of the corresponding gusiacyl derivatives (see
pg.37). He points out that the introduction of a carboxyl
group 1s not surprising since resorcinol and phloroglucinol
are cerboxylated by warming 2t 70° - 100° with aqueous bi-
carbonate (45). Carboxylation can even be obtained at room

temperature by passing CO_ 1nto an aqueous solution of

phloroglucinol and sodiumzbicarbonate (46) and HAllstrdm (47)
found that by using this same technique et 50°, he obtained
an equilibrium mixture of phloroglucinol and phloroglucinol
carboxylic acid regardless of which of the two compounds he
started with. The fundamental importance of this latter re-
action in plent synthesis 1s emphaslzed by Ruben (48) 1in
his very recent paper on "Plant Photosynthesis and Phosphoryla-
tion'.

The ethanolysis evidence for the phenyl propane
type of lignin building unit has been confirmed by hydro-
genolysis studles which have resulted in the 1solatlion of a

number of propyl cyclohexane derivatives, viz:
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HO<,
HO H,-CHy-C ~CH,_- _CH,-CH,
@«: o=CHpCH, Ho®cH2 CH,~CH, HO®CH2 CH,- CH,,OH
XVII XVIII XIX

On a carbon basis, after allowing for loss of methoxyl, these
compounds represent 36% of the Klason lignin, a very sub-
etantlal frectlon. The presence of a primary hydroxyl group
on one of these compounds (XIX) is of particular importance
in view of the already mentioned possibility of rearrange-
ments during ethenolysls. The possiblility of such rearrange-
ments during hydrogenation is considerebly smaller since all
carbonyl groups would be reduced as soon as formed.

The above products are obtalned both from lignins
and from wood itself. Hibbert and co-workers (1l4) have
compared the effects of ethanolyéis and hydrogenolysis on
a series of ethanol lignins. As already dliscussed, ethanolysis
of wood yields both ethanolysis oils and amorphous ethanol
lignins (38). Re-ethanolysis of the amorphous material gives
a further small amount of the olls but the amounts decrease
as ethanolysis is repeated apparently 1lndlcating a conversion
of the amorphous materisl to a more stable product (49).
Hydrogenation of these lignin preparations showed that the

yilelds of 06-C3 units decreased as the number of ethanolyses
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increased. In other words, the increased stablility to ethanolysis
1s paralleled by increased stabllity to hydrogenation (14).

These results are taken to indicate a conversion of ether
linkages to carbon-carbon linkages during ethanolysis.

It 1is taken as evidence for the presence of an irreversible
polymerization together with a reversible degradation-
polymerization reaction during the ethanolysls (see pg.HZ),

a view confirmed by studies on the mechanism of the ethanolysis
reaction (49).

Of the many studies which hsve been made in an ef-
fort to relate known organic compounds to grouplings in the
1lignin molecule, only a few will be mentioned here and they
only briefly. In general thls approach has not contrlibuted
a great desl to our knowledge.

The reactions of wood and lignins with mercaptans,
particularly thioglycolic acid, have been extensively in-
vestigated by Holmberg, Richtzenhain &snd others (11) and
are of some interest in connection with the theorles of
lignin structure. Mercaptans, 1n the presence of acids,
resct with lignins in much the same way as do alcohols. If
ethanol lignin 1s treated with thioglycolic acid, the ethoxyl
groups are replaced by the -S-CH,-COOH redlcal (11b), and
this in turn can take up more thloglycolic acld to give a

lignin of high sulphur content. By treating wood with thio-
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glycolic acid, Holmberg (1lla) was able to obtaln lignins of
even higher thioglycolic acid content, a portion of which was
ester linked.

Phenyl substituted alcohols and ethers were examined
by Holmberg (lla,b,c¢) and found to react in various ways.
Addition, with or without ether cleavage, was found to occur
with benzyl alecohol (XXXV), phenyl dimethyl carbinol (XXXVI),
benzhydrol (XXXVII), diphenyl glycolic acid (XXXVIII),
styrene (XXXIX), benzyl ethyl ether (XL), «-phenyl diethyl
ether (XLI) and ethyl triphenyl-methyl ether (XLII). No
addition occurred with 3-phenyl-propanol-l (XLIII), phenyl
glycolic acid (XLIV) and f3-phenyl ethyl alcohol (XLV).

. ?H3
O O O

XXXV XXXVI XXXVII

?OOH

n == Y o
@c(om@ @uﬂ CHo ©0H2 0 CH20H3

XXXVIIT XXXIX XL

CH i 1

| 3

c:H-o-cJ'chH3 C—O—CHBCHB CHy=CHo=CH,0H

! 13

XL1 XLII XLITI
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HOH-COOH CHo-CH_OH
2

XLIV XLV

In related experiments, Hellstrdm and Lauritzson(llg)
found that while tertlary butyl alcohol reacts with thio-
glycolic acid, »ropyl, and normal and secondary butyl alcohols
do not.

Richtzenhain (11f) studied the effect of thioglycolic
acld on a series of guslacyl ethers. In the presence of
N HCl, thioglycolic acid was found to give 22% cleavage of -
methyl benzyl gualacyl ether (XLVI) but no rezction with p-
nitro-benzyl-(XLVII), and p-methoxy-benzyl-(XLVIII), gualacyl

ethers. He also studied (11f) a number of cyclic compounds

?HB LOCH OCH - CH.
L el =
XLVI XLVII XLVIII

which presumgbly could be related to lignin. He found thst
flaven (XLIX), 9-methoxy-flaven (L), 2-methyl coumarane (LI),
5_methyl-3-phenyl-coumerane (LII) and 2-phenyl coumarone (LIII),
d1id not react with thioglycolic acid, but that introduction
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of a carbonyl group, as in flavone (LIV) brought about partial

cleavage. In contrast however, Freudenberg (114) claims to

obtain cleavage in the absence of carbonyl activation

(LV—=LVI). There 1is however,

tached to his results.

6H5

XLIX

LIl

8
655
CH-O
3 L
),
o 5
LIIT

considerable uncertainty at-

~OCH
OCH.

LVI
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From these varlous studies, 1t would appesr that reac-
tivity towards thioglyolic acid is characteristic of benzyl
and benzyl substituted alcohols, but not, except in the pre-
sence of carbonyls, of flavan and coumarane compounds. Most
theories of lignin structure accept the first of these points,
but not the second. However, far more information on the re-
action of organic compounds with thioglycolic acid would be
required before any reasonable conclusions could be drawn
on the structure of lignin.

Among the other experiments on model substances
one of the most interesting is the dimerization of 1soeugenol.
By enzymatic or ferric chloride dehydrogenation, 1soeugenol
(LVII) is converted to dehydrodiisoeugenol (LVIII). Erdtmann
(21) believes that this type of condensation may have
significance in the formatlon of 1lignin in the plant. He
points out that whenever phenyl propane units condense 1n

nature, the side chain, 1if involved in the reaction, al-

ways reacts through the central or'F-carbon atom.

0CH OCH
CHBQ " O 1 3
H@CH=CH— CHs HO -i:ﬁ \
CH— —cH
lH ﬂH oH
LVII CH, CH- oA

LVIII
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With the foregoing brief review of the experimental
results obtalned in the investigation of lignin, some dis-
cussion of the various theories of lignin structure and ori-
gin 18 possible. It may be sald that at the present time
three views, those of Freudenberg, Erdtmann and Hibbert
respectively, warrant consideration. All three postulate a
propyl phenol type of lignin building unit with modifica-
tions in the mode of linkage of the three carbon side chain..
As has already been indiceted, the theory of Hibbert is pro-
bably based on the best experimental evidence since, 1n
contrast to other workers, he and his co-workers have been
successful in actually isolating not only C6-C but also
Cg C-C and C6 C-C-C lignin degradation products. Freuden-
berg and his co-workers however, have done a great deal of
excellent work and have many years of experlience in the
field so serious attention must be given to thelr views.

No discussion of the theorlies of 1lignin structure
would be complete without reference to the work of Klason,
This remarkable investigator, the ploneer of lignin chemistry,
on the basis of a minimum of experimental evidence, drew some
extraordinarily shrewd concluslions as to the nature of lignin.
To quote Erdtmann (21), "As early ae 1897, P. Klason emphesized
that lignin, in all probability was related to coniferyl

alcohol and therefore wes an aromatlc substance. During the
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past decades, that timely speculation has been of considerable
value and in many respects has appeared to be qulte valid.
Without exaggerating one can say that almost all investiga-
tors who have seriously considered the lignin problem, have
been forced to follow similar lines of thought."

Freudenberg's theory of lignin structure hes under-
gone consldereble change over the past ten years. His
earliest view postulated (50) a2 long ch.in, ether-linked
polymer of the form -

O CH0_
/ - -\ -C NIV s 6 0 e 0 06000040 0 .
H2@0H2 CHOH rﬁgo@Hg HOH-CH,,0

LIX

This structure was based on analyses of 1solated lignins and
on the presence of catechol, protocatechuie acid and
formaldehyde in the degredation products of spruce-hydro-
chloric acid lignin. From these results he concluded that
lignin was aromatic in type, had no free phenolic groups,
contained aliphatic hydroxyl groups and had methoxyl groups
attached to the aromatic nuclei. On the basis of these con-
clusions he assumed a phenyl propane type of unit (&,30).

This theory was open to a number of serlous objections.

A long chain polymer of this type should readily undergo



-35_

degradation to its monomeric units, a property not characteristic
of 1lignin. Furthermore the structure does not lend itself

to secondary transformations which might explain the

stability (50).

The presence of plperonylic nuclei is character-
1stic of all Freudenberg theories and is based on the presence
of smell amounts of formaldehyde (1 - 2%) in the lignin
degradation products (52). Hibbert (51) has pointed out that
formaldehyde is also a carbohydrete degradation product and
could easlily arise from impurities. A more serious objection,
however, 1ls that no piperonylic nuclel have ever been isolated
from 1lignin. 1In this early theory the dloxymethylene groups
were, of necesslty, located terminally, but 1in later theories,
in which the stralght chaln structure was abandoned, they
were located throughout the polymer.

In 1933 Erdtmann suggested, consecuent on his
studies on dehydrodiisoeugenol, that lignin might consist
of propyl phenol units polymerized in a simllar manner.

Freudenberg accepted this view (53) and postulated the

R OCH
AN

f-(OH y HOH-CO-CH

structure

3

CH3
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As further evidence for this view he presented his experi-
ments showlng the formstion of lsohemipinic acid from "cuproxam
lignin". The objections to this evidence have already been
noted (pg.16). Recently however he has modified his views
somewhat (54), and now believes that only somewhat over half

of the nuclei in spruce lignin are of the type

OCH

|
_c..
]
Opposed to this view of Erdtmann, Haworth believes
(55) that the absence of free phenolic groups in lignin
indicates a different type of linkage to that present in

the majority of plant resins.
Hibbert's theory of lignin structure embraces both

the blologlcal synthesis and polymerization of the monomers.
It is based primarily on the ethanolysis degradation pro-
ducts but 1s supported by evidence obtained from hydrogenolysis
and hydrogenation studies on lignin and wood and from various
researches on model substances.

In contrast to various theories (56) suggesting
that the aromatic nuclel arise through rearrangement of

hexoses, Hibbert (44) has put forward the idea that these
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nuclel mey arise directly from photosynthetic and/or resplra-
tory products. In his esrlier view he postulated the forma-
tion of hydroxylated cyclohexanes from the "enolic free radi-

cals" of formic acid, glycolic aldehyde and acetaldehyde, e.g.

OH HO OH
! (] H
CH20H- CHO ——> CHOH- CHOH ————- HO OH —3»
!
OH HO OF
IV LXI

Here the condensation of three molecules of glycolic al-
dehyde could give inositol (IV) which on dehydration could
give phloroglucinol (LXI).
More recently (44b) he has suggested thst the phenols
may arise from an intermediate plant respiratory product,

namely, methyl glyoxal (LXII) as follows:

CH.-CHOH CH==C

/p33 OHq\ d/, 5 \ 1,0 / %&
0 =2¢C + CO=—»=0 = C = 0 ————»HO-C

\CHO H c/ \CHOH cn/ \\C~—--"‘H/
3 e du 2
LXII LXV

+2H
-H,,0 ]
0__ =O HO - - \HO’ 'OH

CH 1o o

LXIII V1
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In thie way the formetion of quinones (LXIII) and catechol
(VI) in plents could be explained. The propyl phenols, as
will be seen, are derived from the intermediate LXV. Syringyl
analoguee 1t 1is suggested, may arise by oxidation of gudlacyl
nuclel Just as catechol mey be obtained from phenol (57).

The question of methoxylation of the phenols has not been
touched, but, assuming that it has occurred, the syntheses of
the propyl phenols are brought about by the addition of

another molecule of methyl glyoxal to "methoxylated" LXV:
OCH QCH

—)
HO =0 + CH,CO-CHO~—— HO H2-CO—CH0
5 \\ OH
-Hgo +2H
Y
CH

H \ / CHZ— CO- CHQOH

XXXI

This product, XXXI, 18 assumed to be the key substance from
which 211 related products are derived. Hibbert believes

that the ethanolysis products are stebilized forms of a series
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of plant products, which constitute a system of plant respi-
ratory catelysts. He has pointed out the similarity between
guch a system and the 04 aliphatic.dicarboxylic acid system
of animal cell respiratory catalysts postulated by Szent-
Gyorgl (58). In the plant system the two carboxyl groups

are replaced by an aromatic (guaiacyl or syringyl), and a

primary slcohol group:

A. R - CH2-CO-R A R' - CH2 - €O - CH,OH
_2HT 1+2H —EHT 1-+2H
B. R - CHZ—CHOH-R B! R' - CH2 - CHOH - CH20H
. R-CH=CH-R c! R' - CH = CH - CH20H
-2HT l+2H -2H1 l‘*ZH
D. R - CHo - CH2 - R D! R' - CH2 - CH2 - CH20H
(R = COOH) (R' = gualacyl or syringyl.

The first member (A') of the series is the product
(XXXI) obtained by condensation of three molecules of
methyl glyoxal, and corresponds to oxzlacetic acid (A)'in
the Szent-Gyorgi system. The third member, (C') analogous to
fumaric acid (C) would be coniferyl alcohol which is well
known and very wildely distributed in the plant kingdom. It
1g possible that A' and the lsomerlc R' - CO - CH, - CH,0H (XXX)
may function similarly in guch a system but investigatlon of the
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latter compound has shown 1t to be rather more stable than

one might expect. (42).

The derivatlon of the ethanolysis products from

these primsry products is assumed to occur as follows:

CH3 CH3 CH3
_ allyl
HO@GHe- CO-CHoOH===H CH=C(CH)- CHo,OH —Sh—i%vH >HOH-CO- CH3

XXXI

CH3

LXVIII

XXI, XXIV

CH_O

)|

+2H -2H

cH '

HO CO—CO—CH3

XXI

LXVII

CH

3
HO 0~ CHOH-CH, = — HO@C(OH) = C(0H)-CH

Y

—CH_-CO-CH
2 3

XXIV

and, as ethyl ethers, LXVIII and LXVII have 211 now
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been ldentified among the ethanolysls producte, leaving only
the starting material, XXXI to be located. In the experi-
mental section of this theslis, however, strong evidence

will be presented to show that this compound, if formed,
probably undergoes lmmedlate rearrangement to other members
of this series, especlally LXVII and LXVIII.

The recognition of the possible existence of
such a series of completely interconvertible phenyl propanes
naturslly mekes it difficult to single out any one of them
as the fundamental lignin building unit. The presence of pri-
mary hydroxyl groups in the hydrogenolysis products leads
Hibbert to believe that, compound XXXI 1is probably present,
but may be ascociated with isomeric hydroxy-ketones (LXVII
and LXVI%%Kﬂ;n g serles of polymers.

He believes, with Erdtmann and Freudenberg, that
the dehydrodiisoeugenol type of polymerizatio?ais a distinct
possibility. Dimers of the type LXIX or foi;gﬁld be pos-
gible and could to give trimers, tetrsmers, etc. Such
dimers by ring cleavage and allylic shifts could glve rise
to LXXI and LXXIfoiBm which, on further degredation, the

ethoxy ketones (XX and XXVI) could be obtained. The di-
xetone (XXI)  could perhaps arise through cleavage as

indicated by the dotted 1ine£f.#9.
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Hibbert also suggests that a polymer of this
type (LXIX and LXX) through loss of water could go over to
the benzofurane types (LXXIII and LXXIV). If such a de-
hydration should occur during isolation 1t might explain
the grester staebility to ethanolysis and hydrogenolysis of

isolated lignins as compared to natural lignins.

CH,0H H,OH CH,OH
’E,/O OCH 2 | 2
ocH N 5 c(oH) CH, ﬁ_ —CH

I g I
HO/ \ C —CH HO c ¢ (0RH)
e — \ / \/ l " .
0 OCH3 CH20H

-

LXXITI LXXIV

However, as Hibbert points out, the dehydrodiiso-
eugenol type polymer can only account for gymnosperm lignin,
since the presence of gyringyl groups 1s impossible in such
a structure. Furthermore a system such as LXXV would explain
2ll lignin resctions but diketone formation*. Also possible
are styrene (through ene-diol forms) and aldol types of

polymerization but these he believes are less probgble.

* There is a possibllity, as will be seen in ‘the experi-

A

mental section, that dlketone formation is the result of

a Qecondary oxidation reaction.
\
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OCH C(OH OCH CH,Q C — CH
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0
CH, _2- o H CH
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CE—COCH_.OH CO-CHOH-CH
Pt 2 3

LXXV
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Rearrangement Reactions of Hydroxy-Ketones

It has been pointed out that the lignin degrada-
tion products obtained by ethanolysis are not necessarily
primary products but may be the stabllized forms of a series
of isomeric compounds. The relation between them, accord-

ing to Hibbert (44) 1s shown in the series of reactlions

| ketonization —
R CHo CO CHoOH ———— R CH c (OH) o

XXXT
allyl

*rearrangement
R CHch-Cqu——R-CHOH-CO-CH ————>= R -~ CHOH - C(OH) = CHg

XXIV LXVII][ LXIV

-2H
R-CO-CHOH—CH{;—'—" R-C(0H) = C(OH)-CHz<— oh > R-C0~-CO-CHz

LXVIII LXXVI XXI

= gualacyl (I)

Two types of rearrangements are shown here, the
first a dismutation type represented by the interconversion
of LXVII and LXVIII through their common ene-diol, LXXVI,
and the second an allylic type shown in the transformation
of the ketol XXXI to the ene-diol LXIV. The latter rearrange-

ment is rather unusual in that the double bond required for
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the shift 1s obtained by a primary enolization. As will be
seen later, only two examples of such a transformation appear
.to exist in the literature, but further evidence will be
found in the experimental section of this thesis.

The study of intramolecular rearrangements in or-
ganic chemistry is of fairly recent origin. Generally the
work requires the separation of mixtures of isomers, a diffi-
cult task at best, and hence accurate information is scarce.
In reviewlng the literature one must be extremely cautious in
accepting experimental data particularly those of the earlier
workers, and 1n no case should data be accepted unless the
author has stated definitely that he has recognized the possi-
bility of rearrangement and has taken all the necessary pre-
cautions to demonstrate its presence or absence in his ex-
periments. Far too much confusion is already extant in the
literature because workers failed to realize that the com-
pounds with which they were dealing were members of a system
of interconvertible isomers.

The dismutation transformation, represented by the
equation R'-CO-CHOH-R+== R'-CHOH-CO-R 1s well known and is
supported in the literature by a wide variety of examples.,
Perhaps the best known of these are to be found in the fleld
of carbohydrate chemistry and more particularly, in the Lobry
de Bruyn transformations (59) where an equilibrium between

glucose, mannose and fructose is established in alkaline
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solution. Nef (60) attempted to explain these transformations

by addition and elimlnation of water, as follows

CHO

l ?HO
+ -
g-c-on +i20, HO HOC-H
*
=HoO l
R R
glucose mannose

common
ene-diol H
H-C-CH -H20 HQCOH
| — |
HO-C-0OH +HA0 C=0
| 2 |
R R
fructose

That such a mechanism was improbable was shown by
Lewis and co-workers (61) in studies on methylated sugars.
If Nef's théory were correct then it should be possible to
obtain tetramethyl mannose and trimethyl fructose from tetra-
methyl glucose (trimethyl fructose would be formed by loss

of methanol from the intermediate hemiacetal). The reactions,

1t is assumed, would occur as follows

¥
<I:Ho Ho-cl:HOH H-C-OH HO—(I:-OH CHO
+H,0 -H,0 | +H,0 -Hs0
H-COCH; 2= H-C-0CHg == H-C-0CH3 === CHz0-C-H 5= CHz0C-H
~H0 | +Hg0 -Ho0 |  +H20
R R R R R
tetramethyl
tetramethyl +Ho0 I-Hgo
glucose 2 \ mannose
Ho~COH CHoOH
é -CHz0H _ |
HO-C-0CHz T C=0
]

R R
trﬂﬁgé€§f?9%u§¥5se
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Wolfram and Lewis (61b) showed that no fructose was formed

and postulated a new mechanism in which the transformations

were attributed to keto-enol shifts, i.e.

?HO H-ﬁ-OH CHO
H-(I}-OH — (I}-OH =HO-(I)-H
R R R
W

CHoOH
ene-diol |

C=0

I

R

Such an explanation seems qulte reasonable and ex-
plains similar changes in many other related compounds. Thus
Shoppee (62) showed that highly substituted cyclic hydroxy
ketones such as 2.2, 3.3, - tetramethyl-5-hydroxy-cyclopentanone
undergo dismutation reactions. This compound on benzoylation
gives two distinct isomeric benzoates, both of which on hy-
drolysis give back the original hydroxy-ketone. These results

are explained by the following equations:

0-COCgHg
K
CeH5COCL o=¢  “cH,
(pyridine) !
= > (CH.) cI:——C-(CHS)z
OH ‘(/fhydrolysis 52
A
0=C CHo g
(CHz) g=C—C-(CHz) 2 C4H5COCL 06H5CO-OC/ \CH2
ydrolysis (CHz) 536 C-(CHz) 2
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However, it 1s now known that even the simplest
of «-hydroxy - ketones and - aldehydes will undergo such re-
arrangements. Favorskll (63) has studied a series of ali-
phatic e¢-hydroxy-ketones and found that their dismutation
is effected by heating under pressure at 120° - 130° in
dilute alcoholic sulphuric acid. He concludes from these ex-
periments that the carbonyl group tends to move towards the
end of the chaln. His results may be summarized in the

followlng changes:
CHz-CHp~CHOH~CO(CHy) o-CHg —p 04~ CHp -CO-CHOH- ( CHp) o-CHz
CHg-CHOH-CO-CHyCHy ——— CHy-CO=CHOH~CH,~CHy

CH

3-CH0H-CO-'C(CH3)5 » CHz-C0-CHOH-C(CHz) 3

Similar rearrangements are found among hydroxy-
aldehydes. Hydrolysis of the acetates of lactic and mandelic
aldehydes do not give the correspohding hydroxy aldehydes,
but, instead, the isomeric hydroxy-ketones (64). The same

is true of the hydrolysis of mandelic aldehyde acetal.

COCHg
CHz- H-CHO — CHgz~ C0~CHoOH

OCOCHz
CSHS-CH-CHO —->-C6H5-CO-CH2,OH
The two hydroxy aldehydes differ greatly in their stabllity
towards rearrangement. Mandelic aldehyde is converted to

benzoyl carbinol in dilute ethanol or water at 0° and even
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in moist alr at room temperature. It is quite stable under
anhydrous conditions. TLactic aldehyde on the other hand, re-
quires heating at 100° in aqueous solution for its conversion
to acetol.

When heated with 14% ethanolic sulphuric acid, benzyl
glycolic aldehyde likewlise undergoes rearrangement but ylields

also some of the corresponding diketone (65). This reaction
06H5-CH2-CHOH-CHO-—)-CGHS-CHOH-CO-CHS + CGHS-CO-CO-CH5

however requires further consideration in connection with allyliec
shifts.,

The study of the rearrangement of benzoins has given
some interesting results. Kohler and Kimball (66a) found
that the P-lactone of o«-phenyl -p-hydroxy-f-benzoyl-propionic
acid (LXXVII) on treatment with 54 aqueous sodium hydroxide
lost carbon dioxide and gave a mixture of hydroxy-ketones
(LXXVIII and LXXIX). They belived that dismutation occurred
immediately upon opening of the lactone ring and was followed
by decarboxylation of this new isomeric acid (LXXX). The
hydroxy ketone LXXIX was believed to arise from a secondary

dismutation change of the 1someric LXXVIIT.

CHg-CH-CH-CO-Cg 5——’-[06H5-(.3H-CHOH-CO-CGH5]
Co-0 COOH

LXXVII 1

C6H5-CH2 -C0-CHOH-C 6H54h——06H5-CH-CO CHOH-CGHS

COOH
LXXVIII][ LXXX
CgHg - CHy - CHOH-CO-CgHg
LXXIX


http://JOgH5.9H.CHQH.CO.CgH5
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Confirmation of these views, they belived, was to
be found in the work of Kohler and Leers (66b) on e-phenyl-
fhydroxy-p=snisoyl-propionic acid (LXXXI). 1In cold dilute
alkall thls compound undergoes decarboxylation to give the
hydroxy ketone, LXXXII. On heating however, this underwent
complete dismutation to LXXXIII.

CeHg-GH-CHOH-C0-CgHy0CHz —»|CgH5CH- CO-CHOH-C gH4OCHz
COOH p COOH p

LXXXI

06H5-CH2-CHOH-CO-06H4OCHE:$C6H5-CH2-CO-CHOH-CGH4OCH3p

LXXXITII LXXXII

Treatment of the lactone, LXXVII, with methanolic-

HBr gave the corresponding ester without rearrangement.

Kohler concluded from these studies that the
isomeric hydroxy-ketones are in equilibrium but had no ex-
perimental evidence to support this view, for he was never

able to demonstrate the reverse shift, -CHo-CHOH-CO-

— -CH,-CO-CHOH- , Evidence for this belief was’however_,
supplied by Stevens (67) in studies on a monoparachloro-
derivative. He showed that treatment of either one of the

two isomers, 06H5-CH‘2-CHOH-CO-CGH4CIp and C6H5-CH2-CO-CHOH-06H4-CIP
with sodium carbonate 1n aqueous alcohol gave rise to the same
mixture of the two ketols. He concluded that all 1, 2-
hydroxy-ketones probably exist in solution as equilibrium

mixtures, and that fallure to recognize these equilibria may
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be due to peculiar difficulties associated with the isolation
of one of the components, or to the presence of one isomer
in very high concentration as compared to the other.

Benzolns and benzoin-like compounds have been
studied by Barnes and co-workers (68) particularly with re-
ference to the effect of aromatic substituents on the dismu-
tatiqn. Earlier, Auwers and co-workers (69) had shown that
substituents 1n the aromatic nuclel could completely reverse
the. normal transition of benzoyl methyl carbinol to phenyl
acetyl carblnol (see pg.60 ).

Barnes and Tulane (68a) 1n preliminary studiles,
showed that benzoin, or its corresponding bromide or acetate,
is converted by vigorous acetylation to the ene-diol diacetate.
By boiling with acetic acid the latter was converted to benzoin

acetate, and wlth aqueous hydrolytic agents to benzoin itself.

CgHs - CHOH-CO- CgHg ~¢—— NaOH etc.-—————\\\

~

Agzo
KOAc

OCOCHz OCOCHz
3 CgHg-C=——=C(-CgHg

CsHs" CHBI"CO"CGHS
06H5-CH(OCOCH3¥CO-C6H5<rboiling HOAc-—J/

These reactions were then applied to benzanisoln (LXXXIV) and
anisbenzoin (LXXXV; 68b). The dlacetate was formed with

some difficulty but on hydrolysls gave back only benzanlsoin.
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Similar results

HC1
CH3O©Z‘O CHOH-@ —~—= ~_

E Acgo0 OAC
R CH5 0= CH@

KOAc Ac OA
@HOH CO@ CH50'©- @

were obtained with the corresponding %-brom compound.

These workers believe that the methoxyl group, due
to a strong tendency to electron release, exerts a directing
influence upon the ene-diol. A negative charge is developed
at the para carbon atom which directs the addition and ex-

pulsion of protons.

el SR R SR W

OH OH
(B

This work was extended by Barnes and Lucas (68¢)
to benzoins containing methoxyl groups in both aromatic nuclei.
In the case of the dipara-methoxy derlivative it was found
impossible to prepare the ene-dlol dlacetate directly by
acetylation and the diortho-methoxy derivative gave only a

very poor yleld. However, by catalytlc reduction of the
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corresponding benzils in acetic anhydride the desired diace-
tates were obtalned. Unlike the unsubstituted benzoins how-
ever, they could not be hydrolysed to the normal benzoin
acetates with bolling acetic acid. Total hydrolysis with
cold concentrated sulphurlc acid showed sharp differences in
the case of the ortho and para compounds. The former gave
benzoin, as expected, but the latter underwent oxidation to
the corresponding benzil (anisil). They concluded that para-
methoxyl groups had greater stabllizing effects on ene-diols
and benzoins than d4id ortho-methoxyls.

Barnes and co-workers (68c, d) have also lnvesti-
gated compounds of type LXXXVIi?oggzs derivative itself 1s
only partially enolized but orthosubstitution of a methoxyl
group (LXXXVII) renders it completely enolic. They succeeded
in preparing the isomeric enol methyl ethers (LXXXVII(a) and
LXXXVII(b)) of LXXXVII and found that on hydrolysis of either of
these ethers with cold concentrated HCl they obtalned the
same compound (LXXXVIIc). They belleved it to be the chelated
form of LXXXVII since 1t was completely enolic yet not

/ A
methyial.e with diazomethane.
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<i:::>-no CHQH-C Hz <i:::>-CO-CHOH-C Hz

CH
LXXXVI LXXXVII
CH OCH5 CH
@»co C(OH)-—C(OCHS)@:H:S @c(OCHS)zc(OH)-CO Hy
CHg CHé
LXXXVII(a) LXXXVII(D)

CHyg CH3

-?=CH-C CHgz

I
0-He0 Gp.

LXXXVII(c)

Of particular interest to lignin chemists are the
dismutation reactions of mixed aliphatic aromatic «%-ketols,
particularly those related to the ethanolysls products 1iso-
lated from wood by Hibbert and co-workers (44a). Benzoyl
methyl carbinol (LXXXVIII) and phenyl acetyl carbinol (LXXXIX)
have been investigated by a number of workers but much of the
earlier data has since been shown to be unrellable. The re-
cent work of Favorskii, Temnlkova, Auwers and others, directed

specifically towards the study of dismutation reactions,

appears to be quite sound,

@-CO-CHOH-CH::, @-cmmco-cas

TVVVVTII LXXXIX
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Favorskiil (70) predicted that phenyl acetyl car-
binol, because 1t contains the acetyl group, would be the
more stable, a prediction substantiated by conversion of
LXXXVIII to LXXXIX on heating with dilute alcoholic sulphuric
acid. His results have been confirmed by other workers (71,72).

Temnikova and Favorskii (71a) showed that each of
these ketols (LXXXVIII, LXXXIX) is stable in the absence of
catalysts (acids and bases) but that on treatment with a
variety of reagents a tautomeric mixture 1s obtained. Auwers
and co-workers (72) found that aqueous barium hydroxide or
ethanolic HCl1 at reflux temperatures, or sodium ethoxide at
0°, would convert benzoyl methyl carbinol into phenyl acetyl
carbinol.

Because of some discrepancies in the earlier work
Temnikova (71b) carefully reinvestigated this system and
showed that benzoyl methyl carbinol (LXXXVIII) could be con-
verted to phenyl acetyl carbinol (LXXXIX) by aclds or alkalis
but that the reverse reaction did not occur. 1In benzoylation
or Grignard reactions however both isomers could be obtained.

Her results may be summarlized as follows -
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CgHg-C0-CHOH=CHy 6157900t _ ¢ n._cocH(0COCGHS) ~CH on1y

pyridine
_ P CzH--COCl _ _
06H5 CHOH-CO CH5 65 — CGHS COCH(OCOCGH5) CH3 15%
Pyrlidine
+
CgHg-CH(OCOC4Hg) ~CO=CH 85%
CH
C.H_MgBr _ ) ™)
06H5-CH0H-CO-CH3 65 - o CgHg-CHOH C(OH)\C ,
65

minor
(06H5)20(OH) CHOH-CHg-----

CHg-CO-CHOH-CHy — 6 5MEPT, -y product
CgHg-CHOH-C(OHY “_....... ma jor
CgHs product
CoH
)
G Hy ~CO-CHOH~CHy — 316575 >C(OH)-CHOH-CH;  only
645 CHS”’
Cells
CHzMgBr s ¢ (0H) -CHOH-CH 40%
- - - — 5
C g Hg~CHOH-00-CH, —_ )
C gHg-CHOH~C (OH) - (CHz) o 60%

She draws attention to the fact that when the radical
present in the Grignard reagent 1s different to that attached
to the carbonyl there seems to be no rearrangement, but that
if these two radicals are j{dentical, then rearrangement occurs.

From her studles she attempted to show that no

dynamic equilibrium exists between the isomeric ketols and
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considered that the mixtures obtained were consequent on the
relative rates of reactlion of the two isomers with any re-
agent. She suggests'that by loss of a proton an intermedlate
fragment 1s formed and undergoes rearrangement, i.e.

© o
CaHS—CHO-CO-CHS?é CGHS-CO-CHO-CH + The entering radical may

3
then add to oﬁe or the other of these fragments. However,
although the rates of reaction could undoubtedly be a factor,
this does not exclude the possibility of an equilibrium be-
tween the fragments or between the parent ketols. Furthermore
it is difficult to explain, on thls basis, the reactions of
methyl magnesium bromide with the two ketols. With this re-
agent phenyl acetyl carbinol, which has been shown. to be the
more stable isomer and which, since it is a methyl ketone,
should be the most reactive, gilves derivatives of both ketols
in almost equal amounts. Benzoyl methyl carbinol, on the
other hand, undergoes no rearrangement.

Her observation of a possible relationship between
rearrangement and the nature of the radicals attached to the
Grignard and carbonyl, may be significant since similar re-
sults were obtailned in an extension of this work to benzoyl
ethyl carbinol (XC) and phenyl propionyl carbinol (XCL) (73).
The first of these, she found, could be prepared directly
from its corresponding bromide by treatment with potassium
formate or from the acetate by hydrolysis with barium carbonate.

If, however, either of the two lsomers were allowed to stand

at room temperature with a 1little ethanolic potassium hydroxide,
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a mixture containing 60-65% of XX and 35-40% of XCI was ob-
tained. There seems to be little doubt that an equilibrium
exists here, especially since the same mixture is obtained

where XCI i1s heated with dilute ethonolic sulphuric acid.

<<:::>»CO-CH0H-02H5 <::::>-CHOH-CO-02H5

XC XCI

The behaviour of these compounds toward the Grignard

reagent 1s shown below:

R-MgBr

CGHS-CO~CHOH-02H5 ‘3'06H5-CR(OH)-CHOH-C2H5

where R = methyl, ethyl & n-propyl

CgHg-CO-CHOH-CgHg _ CeHsMEBr | _CoHs

CgHg=CHOH -C(OH)\C 5 (small)
655
R-MgBr
CgHg=CHOH-CO-C gHg & C Hg ~CHOH~C (OH),
CH
2°5
where R = methyl, ethyl or propyl
CoHgMgBT
0l - CHOH-GO=CgHg — 22—y (Cgllg-CHOH-C(OH}(CoH5) 2 (1arge)
\cgH
675>>C(0H) -CHOH-CpHz (small)
| Coflg
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Somewhat earlier Urlon and Baum (74) had also
studied this system. They found that phenyl propionyl car=-
binol (XCI) was heat stable whereas its isomer could only
be distilled without rearrangement at pressures below 2 - 3 mm.
The dismutation was strongly catalysed by hydroxyl ions, but
in contrast to Temnikova's studies, these workers were unable
to show a reverse rearrangement of phenyl propionyl carbinol
to benzoyl ethyl carbinol., It seems improbabls however, that
replacement of an acetyl group, as in phenyl acetyl carbinol,
by a proplonyl group should shift the equllibrium completely
towards the isomeric ketol.

Further evidence to show that phenyl acetyl carbinol
i1s more stable than the benzoyl methyl carbinol has come from
fermentation studies. Neuberg (75) showed that benzaldehyde,
when added to an actively fermenting sugar solutlon, was con-
verted to phenyl acetyl carbinol, a synthesis which he attri-
buted to a condensation of benzaldehyde and acetaldehyde brought
about by a yeast enzyme, "carboligase". Favorskii (63) believed
that the primary product in this condensation was benzoyl
methyl carbinol and by introducing this derivative into the
fermentation mixture he was able to show 1ts conversion to

the dismutation isomer. His experiments were confirmed by

Auwers and Mauss (76).

The effect of aromatic substituents on dismutatlion
changes in the mixed benzolns (acetoins) has not been widely
studied. It has been shown above that in the system, benzoyl

methyl carbinol (LXXXVIII) - phenyl acetyl carbinol (LXXXIX),
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the latter compound is the more stable. Auwers and co-workers
(69) however, have shown that the stability towards rearrange-

ment 1s completely reversed if p-hydroxyl or p-methoxyl groups

are substituted in the aromatic ring.

Thus the hydrolysis of «-brom-propiophenone gives
phenyl acetyl carbinol, i.e,.,

@—CO-CHBr-CHS — @-CHOH-CO-CH5

LXXXIX

whereas the substituted «-brom-propiophenones give derivatlves

of benzoyl methyl carbinol as follows:

Br\ Br\
BaCOz
- -C H CO-CHOH-CH
Ho@co CHBr-CHz < Taom > o@ 3
Br” Br

H@GO-CHBI‘-CHs —HeOi _ . HO@CO-CHOH-CHS

KOAc
- CHBr- —= CH CO-CH(0COCHz) ~CH
CH30©CO CHBr-CHz “Toag 3@ 3) ~CHz
BaCO; CH30©¢O-CHOH-CH3
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From the dismutation reactions described above it
1s possible to draw a few general conclusions. It is app-
arent that «£-ketols and «-hydroxy aldehydes are very labile
systems capable of undergoing dismutation rearrangements
especially in the presence of acids or alkalis. It is possible,
perhaps probable, that an equilibrium exists between the
isomeric forms but the point has not yet been adequately
proven. In the purely aliphatic ketols the carbonyl group
shifts towards the shortest end of the chain, but in mixed
aliphatic-aromatic ketols of the type R-CO-CHOH-R' the di-
rection of the shift cannot be predicted with any certainty
at the present time. It depends upon the nature of the all-
phatic group, but more especially upon the nature of the
aromatic group particularly as influenced by substituents
in the ring. It has been shown that the presenée of para-
methoxyl and hydroxyl groups and of ortho-methoxyl groups

have a profound stsbilizing effect upon the <::>}CO group.

Although these conclusions are very general they
would seem to be of importance to the worker in the fleld
of lignin chemistry. It is apparent that 2-hydroxy-1-
(4-hydroxy-3methoxyphenyl)-propanone-l (LXVIII) should be
more stable than the isomeric l-hydroxy-l<4-hydroxy-
3-methoxyphenyl)-propanone-2 (LXVII)e. It 1is

CHz CHa
H CHOH-CO-CHg HO 0-CHOH-CH4

LXVII LXVIII
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not therefore surprising to find that in the ethanolysis
products, the ethyl ether of LXVIII occurs in much larger
esmounts than does that of LXVII. It seems highly probable
that the ethyl ether of LXVIII is formed from a more labile
isomer as a result of rearrangement reactions.

The possibility that allylic shifts may occur in
the reactlons of «-ketols has been suggested by Hibbert to
explain some of the anomalous experimental data in lignin
chemistry. It has already been pointed out that the n-propyl
cyclohexane derivatives obtalned by hydrogenation of lignin
contaln primary hydroxyl groups while the ethanolysis pro-
ducts have only secondary hydroxyls. To explaln these facts
Hibbert suggests that all the products may be derived from
2 bullding unit having the skeletal structure R-é:g-g:and
that the first product of the ethanolysls reaction may be
the corresponding ketol, R-CH,CO-CHoOH. This compound on
enolization to R-CH=C(OH)-CHoOH becomes a substituted allyl
alcohol which presumably might be capable of undergoing an
allylic shift i.e.,

R-CH=C(OH)-CH20H = > R-CHOH-C(OH)=CH,

(R = gualacyl or syringyl)
The product of this rearrangement 1s an ene-diol which by
hydrogen migration could glve the hydroxy-ketone R-CHOH-CO-CHS.
This hydroxy-ketone 1s the dismutation 1somer of R-CO-CHOH-CHg
and both of these hydroxy ketones, in the form of thelr ethyl

ethers, are isolated from the ethanolysis products of lignin.
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The simple allylic shift 1s a well recognized,
but not a well understood transformation. It is usually
observed in replacement reactions, but also occurs by simple
isomerization of a molecule. A typical example (77a) of
the shift 1s found in the esterification of phenyl vinyl
carbinol (XCII) and cinnamyl alcohol (XCIII) with hydro-
chloric or hydrobromic acids. Here phenyl

C.H ~CHOH-CH=CH,,

65
XCII \\\¥H01 HBr
J - >~ CgHg-CH=CH-CH X (90%)
CgHg~CH=CH-CH,0H X = cl or Br
XCIII

vinyl carbinol undergoes an allylic rearrangement, while
with cinnamyl alcohol simple substitution occurs.

About 1930 the allylic shift began to receive con-
siderable attention, notably from Prevost (78), BRurton (79)
and Meisenheimer (77). Prevost and Burton confined them-
selves primarily to the esterification of allyl alcohols,
principally aliphatic, of the types R-CH=CH-CHoO0H and
R-CHOH-CH=CH2, using acetic and trichloracetic acids and
their anhydrides. Prevost found that esterification of
either crotyl alcohol (XCIV) or of methyl vinyl carbinol
(XCV), with trichloracetic acid gave essentially the same

mixture (about 1l:1) of acetates. With the anhydride some

variation from this mixture was found but Prevost did not
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consider the deviation to be very significant. He concluded
that an equilibrium existed between the two alcohols and
explained it by an ionic mechanism. He believed that loss

of the hydroxyl gave rise to the ion CHz - 8 - gh - %Hg

from elther alcohol and that the composition of the resulting

mixture was governed solely by the relative affinity of the

acetate ion for the two positive charges.

CH,- CH=CH-CH,0H
XCIV
\ 60150008 alons CHz-CH=CH-CH20COCC1 5
or with GClzCOOK o .
O ~CROH~CH=GH, 5-CHOCOCCL 5-CH=CH,
about 1:1
XCV

Burton in his studies (79) found less uniformity
in the composition of the mixture and showed also that heat-
1ng the esters in solvents of high dielectric constant would
isomerize them. He concluded that no simple equilibrium ex-
isted between the isomers but that the composition of the
mixture R-CHX-CH=CHy, and R-CH=CH-CHpX was controlled by three
factors (a) some molecular property of the solvent such as
the dielectric constant; (b) the mobilizing power of the
group R; and (c) the anionic stability of X. With regard
to R, Burton found that n-hexyl- and iso-amyl- groups had
about the same activating effect as methyl but that aromatic

groups gave a much more lablle system and exerted a greater



directing influence. The migratory tendency of X, he found,
varied as the strength of the acids HX; thus bromide ion was
more moblle than the trichloracetate radical, which in turn
was more mobile than the p-nitro benzoate.

Meisenheimer and Link (77a) studied a wide varlety
of reactions of the two systems CgHg-CH=CH-CHoX+=Cglig-CHX~-CH=CHg
and CgHg~-CH=CH~-CHpX ===CoHg-CHX CH=CHp. The following changes

surmarize the most important of their results.
X = Br or Cl

CgHg- CHOH-CH=CHy I
witﬁ ——3>- CgHs-CH=CH-CHgX (90%)

without solvent

Ho0 oOTr ’//)V

—>- trace.......... C,Hz-CH=CH~-CH50H
6¥5 2

1

dilute al éii\\hoccasionallyu06H5-CHOH-CE=CH2

CGHS- CH=CH-CHoOH
mainly .- ... - (CgHg=CH=CH-CHp) 20
0635"(31‘? CH" CHgX

CeHg~CH=CH~CHgOH

warm dilute mainl Cpoln=CH=CI=CHy ) 60
:>————§3I3§————€>- 1 y ( 6-'5 L2)2

C gHg-CHOH-CH=CHy

CeH5-CH=CH-CH20H __alkall < no reaction.
Csﬁs-CEOH-GH=CH2 glkall __ gslow formation of CgHg-(~CHoCHz

0

KCN o?- 8% 4/;'PGHS-CH=CH-CHQOCZHS (70%)
KHCOz §CoHg0H
CgHg~CH=CH-CHX naoﬁ—go%gcgﬂsdhxx
Cglig-CHOCoHg-CH=CHy  (30%)

KOH — 4 al h 3
CGHS-CH=CH-CH2X 2DS e alCOh01+ CBHS“CH“CH-Cﬁzo(szs Only

(They found that the ethers of the two alcohols did not undergo

rearrangement.)
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C .H.~CH=CH~-CH,0H CH=COC1 C.H.~CH=
5 » C.H.~-CH=CH-CH,OCOCH
6 2 pyridine 675 2
quantitative

3

(hydrolysis of the acetate gives no rearrangement)

Cglig=CH=CH~CHoCl —88c. CHzCOOH Loll5~CH=CH-CH0COCHz 55-60%

\ ,
1 hr. at 100° S g -CHOCOCH5-CH=CH, 40-45%

CoHg~CHC1-CH=CH 40%
Co Hy = CHOH-GH=CHj dry fcl <:.2 ° 2 ?
CoHg-CH=CH-CHC1 60%
Hg~CHC1~CH=CH 70
CoHg=CH=CH-CHgOH .—dEY HCL xoets £ g
\\\\¥ ﬁ\N02H5-CH=CH~CH201 30%
S0Clg
> CoHs-CHC1-CH=CH 80
(ether) 275 e %
CoHg-CHC1-CH=CH 45%
CoHg=CHOH-CH=CH, S00lp __ 7720 2
diethyl anilina\\02H5-CH=CH-CH201 55¢%
CoH~-CHOH-CH=CH ding acetate 1in high
o 1 corresponding ac g
25 CH3C0C ylelds without rearrangement.
pyridine

CoHg=CH=CH-CH,OH

CoHg-CH=CH-CHpCl —Tas Aot

CoHg-CH=CH-CHg0AcC 90%

Csz-CHOAc-CH=CH2 7-8%

It is apparent from these reactlons that the phenyl

group exerts a much greater directing influence upon the shift
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than does the ethyl group. It is also true that these re-
actions provide very little support for the assumption of
an equilibrium between the two isomers. To explain the
isomerizations, Melsenheimer and Link suggested that the

reaction might occur through addition and elimination of

the reagent; for example,

R_CH R R HO-F R-CHOH
I |
IH > ﬁH
CHQ"‘C].- 00 H]‘OH CH2
R-CH=CH—CH201+2H20\\\’
R-CH R=-CH

I
?H reeeBORH ] s CH
CHJCL.....HHOH CH,0H

There is however, little basis for such a view.
In an attempt to explain the allylic rearrangement,
Whitmore (80) applied his theory of "open sextets" to the

problem, as follows.

The anion X 1s eliminated wlth its electrons and leaves a

positively charged fragment. By & shift of one of the electron
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palrs from the double bond to the "open sextet" a new frag-
ment 1s created, The incoming ion, Y, can attach itself to
elther of the two fragments. It can be seen that this theory
is not very different to that of Prevost (78a).

In recent years, Young and co-workers (81) have
carried out extensive investigations on the allylic shift as
1t occurs in the conversion of crotyl alcohol and methyl
vinyl carbinol to the corresponding bromides. By using a
variety of reagents and by standardizing the conditions in
each case, they showed (a) that each alcohol always gave the
same mixture of bromides, (b) that the two alcohols, when
treated identically, gave slightly but significantly different
mixtures, and (¢) that the nature of the mixtures obtained
varied with the method of esterification.

They concluded that while an equilibrium of some
sort was indicated, the lonic mechanism of Prevost was an
inadequate explanation, since 1t failed to account for the
slightly different reactions of the 1isomeric alcohols. They
pointed out also that much of the confusion in the work of
Burton (79), Prevost (78), and to a lesser extent, in that
of Melsenheimer (77), was due to fallure of these workers
to recognize two distinct types of allylic shift, one com-
pletely thermal and the other chemical. By carrying out
thelr reactions at 0°, or lower, where the bromides are

quite stable they eliminated the thermal reaction.



- 70 -

To explaln thelr results they suggested that two
mechanisms are involved in these intramolecular changes.
The first accounts for the greater part of the reaction and

is essentlally similar to that of Prevost and others.

= HBr, i -
CHx-CH=CH-CHo0H ——ton-  [CHz-CH=CH-CHp-0-H Br
3 2 3 2
HB 5 + B
CHz-CHOH-CH=CHy; —== EHS-CHD-CH=CH2] Br
loss of H20

Br

H3-CH-CH-CH2 _
mixture of bromides —— B e

HS-CH-CH-CHZ
resonating system

According to Young, the composition of the mixture of bromides
obtained by this system will depend entirely upon the medium
(1.e. dielectric constant, etc.) and upon the nature of the
resonating system, but not upon the alcohol itself.

The second reaction (shown below) occurs only to a
slight extent and serves to explain the small differences
in composition of the mlxtures of bromldes obtained by iden-
tical methods from the lsomeric alcohols. The oxonium lon

1s assumed to add bromine and lose water without resonating
so that no rearrangement occurs.

H + -
CHs’CH‘:CH‘CHz-Oo eeeH Br S CH5-0H=CH"’CH2BI'+H20
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The above results found by the various workers
were all obtalned using normal unsubstituted allylic type

compounds and no investigation as yet has been made employing

substituted allyl derivatives of the type R-CH:CY-CH2X.
However, 1f Y were a hydroxyl group, the substance would be
an enol corresponding to the ketone R-CHo-CO-CHoX and a few
examples of allylic shifts in such compounds do actually
appear to exist. As already mentioned, Danilov and Danilova
(65) found that the hydroxy aldehyde XCVI undergoes re-
arrangement and oxidation (intermolecular) to phenyl acetyl

carbinol (LXXXIX) and to benzoyl methyl ketone (XCVII).

06H5-CH2-CHOH-CHO‘————t-C6H5-CHOH—COCH3+CGH500-COCHS

XCVI LXXXIX XCVII

They claim that the hydroxy-aldehyde is stable under the ex-

perimental conditions required for the hydrolysls of the
corresponding od-bromo-aldehyde with aqueous barium carbonate

but that it undergoes rearrangement on heating with dilute

ethanolic sulphuric acld.
It is apparent from the earlier discussion that the

first step in the rearrangement of the hydroxy aldehyde (XCVI)
i1s probably a dismutation to the corresponding hydroxy-ketone
(XCVIII) through the ene-diol XCIX. This ketone (XCVIII)
has been reported in the literature by a number of workers

(82) without mention of any tendency of the product to
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undergo rearrangement, However, since none of them was
Interested in this aspect, much slgnificance cannot be
attached to their results. The second step 1n the rearrange-
ment 1s probably a second enolization to C, followed by an
allylic shift to give the ene-diol (CI) of phenyl acetyl
carbinol (LXXXIX). It has already been shown that the latter
hydroxy ketone 1s stable to dilute acids.,

CgHg ~CHp~CHOH=CHO === CgHg - CHz C( OH) =CHOH 5= CgHg~CH,~CO-CH,0H

XCVI XCIX 1[ XCVIII

Cg By ~CHOH=CO-CHy==== CgHg~CHOH~C (OH)=CHy*—CgHg - CH=C(OE) ~CH,0H

LXXXIX 1 CI C

CgHg-CO=CO=CH

XCVII

Such a mechanism would readlly explain this re-
arrangement., The allylic shift occurs in the opposite d4di-
rection to that which might be expected from studles of
cinnamyl alcohol, but the difference 1s undoubtedly due to
the presence of thé additional hydroxyl group and to the
formation of a stable product. The following series of
reactions, reported by Bradley and Eaton (83) can probably

be explained by a similar mechanlsm and illustrate an

allylic shift in both directions.
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0COCHz

\
CHoN |

CII

Arzrzgg;/’////
Hs5SO
?COCHS R
<<:::>}CH-CO-CH201 Y
NaOAc CH

- -

These reactions presumably proceed as follows:

Y
-g-cn3

Os=

XCVII

Reaction I - Hydrolysis of the chloro-ketone (CIII)

(a) the chloro-ketone undergoes hydrolysis, followed by enolization:
O0COCHz

NaQAc

C6H5-C(OH)=C(OH)-CH20H

(b) an allyl shift occurs and 1s followed by loss of water

and hydrogen migration
06H5-c(0H)=C(0H)-CHZOH-—AbR-C(OH)2-C(OH)=CH2——4-R-CO-CO-CH3
+ Hg0
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Reactlon IT - Hydrolysis of the dlazomethyl ketone (CII)

(a) the diazomethyl ketone undergoes hydrolysis, again fol-
lowed by enolization. In this case, however, the enoliza-
tion occurs in the opposite direction

OCOCHS

HoS0
CgHg=CH=CO-CHNy —2--4, [c gHs- CHOH-CO~- CHgoH]-.CGH5-CH0H-c (OH)=CHOH

(b) an allyl shift, but in the reverse direction to the above,
and again followed by loss of water and hydrogen migration.

Also of interest in this connection is the work of
Kohler (84) on the reactions of alcoholic potassium hydroxide
with a variety of «-bromo-ketones. These ketones were essen-
tially of the alkyl-aryl type, 1.e. R-CO-CHBr-CHRR', where R,
in general, is aromatic., Three products are formed namely
(1) R-CO-CHOH-CHRR'; (2) R-CO-CO-CHRR' and (3) R-CO-CH,-CHRR'.
Thus 2-bromo-1l-(4-bromo-phenyl)-propanone-l (cV) with con-
centrated alcoholic potash ylelds CVI, CVII & CVIII,

p-Br-C6H4-CO-CHOﬁ-CH3 (CVI)

KOH

» { P=Br-CgH4q4-C0-CO-CH (CVII)
(alcohol) 674 S

P'Br-06H4-CO-CHBr-CH3

cv p-Br-06H4-CO-CHQCH5 (CVIII)

in yield of 11, 20 and 20% respectively.

These changes only occur when the strong alkali

solution is added slowly to the bromo-ketone at room tempera-
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tures If the alkall is added rapidly to a boiling solution

of the bromo-ketone, a high yield of benzoin (CVI) is obtained.
The diketone (CVII) is formed in quantity only when the solu-
tion is alkaline. Kohler also found that the benzoins
R-CO-CHOH~-CHRR', under the same conditions of alkalil treat-
ment do not yield the diketones so presumably they do not re-
present the intermediates (or sole intermediates) 1in these
transformations. It 1s possible that the mechanism may be

as follows:

(a) R-CO-CHBr-CHRR' —22Ea R-O-CHOH-CHRR '—»RC (OH) =C (OH) - CHRR'
KOH
R-COH=C ( OK) -CHRR'

(b) R-COH=C(OK)=-CHRR' R-CO-CO~-CH-RR'

+ —_— — +

R-CO-CHBr-CHRR' R-CO-CH,-CHRR'

A similar type of reaction may be involved in the ethanolysils
of wood whereby the benzoin R-CHOH-CO-CHg (R = gualacyl)

possibly 1s converted into R-CO-CO—CH5 and R-CHo-CO-CHgz.

In the experimental section of this thesls further

similar reactions of substituted ketones will be discussed.

It will be shown that hydrolysis of the chloro-ketone CIX ylelds
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the hydroxy-ketones CXI

CHx CHz0, CHz0,
CHg CHo-CO-CH,CL CHSOQCHOH- CO-CHz CH30©CO-CHOH- CHz

CIX CX: CXI:

and CXII or derivatives of the latter,

From this discussion of dismutation and allyliec
rearrangements i1t is apparent that Hibbert's theory of lignin
as a derivative of a series of interrelated ketones 1is indeed
tenable. When 1t 1s recalled, in the light of this review,
that hydrogenation of lignin leads to the isolation of cyclo-

hexyl derivatives of n-propanol, i.e.

@Cﬁg-CHz-CHQOH and HO@CHQ-CHQ-CHQOH

CHzQ

and that ethanolysis of lignin gives the diketone H0<C:2>CO-COCH3

and ethyl ethers of the two hydroxy ketones

CHg CHg

it is apparent there is good reason to belleve that the
primary ethanolysis product may be a hydroxy ketone or hydroxy

aldehyde of the type
R-CHo-CO-CHoO0H or R-CHoCHOH-CHO
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Discussion of Exgerimental Results

The object of this research was to synthesize
3-hydroxy-l=(4-hydroxy-3-methoxyphenyl) -propanone-2 (XXXI),
and to lnvestigate i1ts behaviour towards chemical reagents,
particularly with a view to detemining any possible rela-
tionship between this compound and the spruce wood ethanolysis

products XX and XXVI.

CHz0
HO Ho-CO-CHoOH
XXXT
CHzO0 CHz0 _
HO@CO-CH(OCZH5) -CHgz HO@CH(OCgﬂs) -C0-CHz
XX XXVI

The phenyl analogue of XXXI has been synthesized
by a number of workers (82) but, as already mentioned, in
none of their studies was the synthesis undertaken with a
view to ascertaining the possibllity of intramolecular re-
arrangements under the influence of mild reagents. The
methods of preparation vary, but none is readlly applicable
to the guaiacyl analogue since, in order to synthesize the

latter the chemist is more or less limited to such readily
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available starting materials as gualiacol (XII), vanillin (XI)
and eugenol (XXVIII)

CH0 CHz0 CHz
HO H CHO H H,- CH=CH,

XII XTI XXVIII

In the first attempted syntheslis of XXXI the fol-

lowing serles of reactions was investigated:

CHy CHz0
H Hg- CH=CHg perphthalic .y CHp-GH-CHy
acid \\//
0

XXVIII CXII
HCY
CHz0 CHz0 v
HO@CHQ-COCHQCI <L2xidation H CHp- CHOH-CHoC1
CXIII
hydrolysis

CH-zO
S Y
HO CHg=CO-CHgOH

Direct conversion of eugenol (XXVIII) to the chlorhydrin (CXIII)
by addition of hypochlorous acid to the ethylenic linkage 1is
not possible because of the strong tendency for the aromatic

phenol nucleus to undergo chlorination with this reagent.
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conversion of eugenol to eugenol oxlide (CXII) was
not found practical. The reaction does not take place readlly
and gives an oil, apparently the oxide, in a yleld of 8-10%.
Similar results are reported by Arbuzov and Mikhailov (85)
for the oxidation of eugenol with peracetlc acid. This
difficulty was overcome by the writer by first acetylating
the eugenol. Treatment of the eugenol acetate (CXIV) then
gave crystalline eugenol acetate oxide (CXV) in a yield of
50%.

CHz0 CHgz
- AcsO -
HO CHo=-CH=CH 2 y- CHzCO=O CHo-CH=CH-
2 2 pyridine 3 2 2
XXVII CXIV
CHSO
—
perphthalic

CH=zCO- CHo-CH=-CH
acld S 2 2

o)
CXV

Similar results were reported subsequently by
Schopf et al (86).
conversion of eugenol acetate oxide to the chlor-

hydrin (CXVI)
CH=zO

CHzC0-0 CHo-CHOH-CH,C1

CXVI
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was accomplished in good yield but required considerable care
in order to avold deacetylation. The oxide was added slowly
at -10° to a dry ethereal solution containing the theoretical
amount of hydrogen chloride and complete reaction obtained in
45 minutes. The product, a colorless oil, b.p. 137°/0,06 mm,
was isolated by high vacuum distillation in yields of 90% or
more. For reasons not known 1t was found necessary to use
freshly prepared ethereal hydrogen chloride for this reactlon.

The product formed an o-naphthyl urethane in low
yield (45%).

The possible presence of the isomeric chlorhydrin

(CXVII)
CHaz

HO CHp-CHC1-CHoOH

CXVII

cannot be disregarded, but from fractionation results, from
Markovnikov's rule, from literature analogies and from the
fact that a single urethane 1s obtained from the product it
appears highly probable that CXVI is the main product and
that CXVII can only be present in small amounts 1if at all.
The attempted oxidation of the chlorhydrin to the
corresponding chloro-ketone by means of chromlc oxide, 1n
a varlety of solvents and under various conditions, was un-

successful. After complete reaction of the theoretical amount
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of chromic oxlde, the greater part of the chlorhydrin was
recovered unchanged indicating that secondary reactions pre-
dominated. No products were isolated from the residue al-

though a pronounced odor of vanillin was noted.

Following this first unsuccessful attempt to syn-
thesize the 3-hydroxy-l-(4-hydroxy-3-methoxyphenyl)-propanone-2,
i1t was decided to attempt the synthesis of the corresponding

veratryl derivative (CXVIII) by methods which might later be

CHSOs

CHso@ CHg- CO-CHpOH

CXVIII

applicable to the guailacylic compound. Haworth and Atkinson
(87) synthesized the chloro-ketone CXIX by converting homo-
veratric acid (CXX) with thionyl chloride to 1ts aeid chloride
(CXXI) and then treatlng the latter with diazomethane and

hydrogen chloride, 1l.e.

CH=0 CHz0
CHz CHoCOOH —30012——>-CH30©0320001__ CHgNg
HC1
CXX CXXI
CHz0
CHz0 HoCO-CHoCl <€

CXIX
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It was felt that these reactions might provide a suitable
method of synthesls in spite of the known lack of satisfactory
methods for the preparation of homoveratric and homovanillic
acids.

The synthesis of substituted phenyl acetic acids
has received considerable attention from various workers (88)
possibly because of the interest aroused i1n naphthalene
acetic acid and related products as plant growth promoting
substances. After examination of the various methods for the
synthesis of homoveratric acid, those of Arndt and Eistert
(88a) and of Hahn, Stiehl and Schultz (88b) appeared to be
the most suitable. The process developed by the former
workers was employed in the initial studlies but was abandoned
later in favor of that of the latter workers which is less
expensive, and somewhat more convenisent.

The method of Arndt and Eistert is indicated in

the following series of reactlons:

CHz0 CHg CHz0x
HO cao —(CH3)2804 _ o, cio K¥0Os CHSOQCOOH
Nﬁ:H (B) (D) |vIII
X1 () CAXLL 180012
CHz0~ CHg CH30~ 0
CHz Ho=CO-NHp et NH4°H CH50<£::2>AfCHN2 CH?N? csso<i:;>kfy
o1

CHo-COOH
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The conversion (A & B) of vanillin (XI) to vera-
traldehyde (CXXII)and of the latter to veratric acid (VIII)
were carried out by the methods of Buck (89) and of Schriner
and Keiderer (90) respectively. Both reactions proceed
smoothly and give excellent yields (80-90%). Similarly, con-
version of the acid to its chloride (D) with thlonyl chloride
takes place smoothly with a yield of 85-90%. In the subse-
quent reactions (E, F and G) good agreement with the results
of Arndt and Eistert was obtained, that is, an overall yield
of 40-50%. The overall yield for the six.steps was of the order
of 25%. The method of Hahn, Stiehl and Schultz can be rep-

resented as follows:

CHz0 CH3z0,
NaHSO
CH CHO %) CH CHOH-CN
CXXV
A020
KAce
CHg CH0 ¥
CHz0 HC1-CONH,, ~232— CHz0 -
OAc
CXXIII CXXVI
CHy i CHyz
. - NaOH
CH, HoCONH, - CH 0 HyCOOH

CXXIV
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It was modified slightly for the present investigation in

that the reduction of the chloro-amide (CXXIII) to homoveratric
amide (CXXIV) was carried out with hydriodic acid in place

of catalytlc hydrogenation over palladium. The yield was
slightly lower but the reaction was found to be more convenient,
particularly with larger scale operations.

The chief difficulties 1n the synthesis were en-
countered in the 1lnitial steps. The condensation of veratric
aldehyde with HCN glves good ylelds but the reaction mixture
1s difficult to handle because 1t tends to form stiff emul-
sions which must be broken quickly. Best results were ob-
tained by shaking the emulsions with a mixture of alcohol and
ether. To ensure good ylelds, the oxy-nitrile (CXXV) must be
acetylated as soon as it is isolated. In most cases conver-
sion of the acetoxy-nitrile (CXXVI) to the chloro-amide (CXXIII)
took place smoothly and gave good ylelds, but as noted by
Hahn, Stiehl and Schultz, poor yields are occasionally ob-
tained with much tar formation. The reason for this 1s not
known.

The chloro-amide can be rapidly reduced to homo-
veratric amide with hydriodic acid 1In glacial acetic acid.

The product precipitates out as a beautiful crystalline,
dark purple preciplitate and 1s freed from iodine with sodlum

bisulphite. The yield 1s 75-80%. The amlde is quantitatively

hydrolysed to the acid by alkali.
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The chloro-methyl ketone, 3~-chloro-1-(3, 4-dimethoxy-
phenyl) -propanone-2 (CXIX) is obtained smoothly and in
excellent ylelds from homoveratric acid by means of the so-
called "Nierensteln reaction" (87,91). For good yields it

is essential that the homoveratric acld and more especlally,

CHg CHz0x
CH, H,-COOH S0Cla cnso@ﬁg-com
CHoNy
CHz0, CHy \
CH Hy = CO-CHpCl ~—is CHz0 CHy-CO-CHN,,
3 (ether)
CXIX

the thionyl chloride should be carefully purified before use.
Fallure to observe this precaution may easily result 1n com-
plete decomposition of the homoveratric acid. The chloro-
ketone is obtained in yields of 90% or better, the crude
product melting at 50-51°. Recrystallization failed to
ralse the melting point above 51°. When pure it will keep
for several days but decomposes slowly.

To check the structure of the chloro-ketone, the
corresponding bromide (CXXVII) was prepared in exactly the
same way and its melting point found to be 44°-45°, The

isomeric 2-bromo-1-(3, 4-dimethoxy-phenyl)-propanone-1 (CXXVIII)
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CH, O CHz0,

3
CH;_:,@HQCO‘CHQBI' CH30©CO-CHBr-CH3

CXXVII CXXVIII

is lmown and melts at 89°, The two remaining isomers, CXXIX
and CXXX, have been prepared in these laboratories, the former
by Mr. S. B. Baker, the latter by Mr. H.E. Fisher, and found
to melt at 107-108° and 86-87° respectively. CXXVIII and CXXX

CH 30\ CH3

CHSOOCO-CHZ-CHQBI' CHz0 CHBr-CO-CHz

CXXIX CXXX

were prepared by direct bromlnation of the corresponding
ketones, while CXXIX was synthesized from f-brom-propionic
acld and veratrole by a Friedel-Craft reaction. The chloride
corresponding to CXXIX has been reported by Freudenberg and
Kentscher (92) and melts at 113°-114°, From these comparisons
and since no rearrangements could be detected in the synthesis
of these halides, there can be no doubt that they have the
structures assigned to them. Furthermore, Bradley and Eaton
observed no rearrangement in the preparation of the chloro-
ketone, 3-chloro-l-acetoxy-l-phenyl-propanone-2 from the cor-
responding diazo compound (see pg.72). It seems probable
that the conversion of these diazomethyl derivatives to chloro-

ketones without rearrangement is due to the fact that the re-
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action involves the addition of a molecule of hydrogen
chloride rather than the replacement of a group by a chlorine

atom or ion.

In all of the writer's experimental work the chloride
(CXIX) was used, because the bromide, even when pure, is very
unstable. It decomposes completely to a black tar in two

days at room tempserature.

CHz0 CHy
CHz0 Hy-CO-CH,0H CHz CH,-CO-CH,0COCHz

CXVIII CXXXI

The first plan for the conversion of the chloro-
ketone to its corresponding ketol (CXVIII) involved the pre-
paration and hydrolysis of the corresponding acetate (CXXXI).
The chloro-ketone was treated with potassium acetate 1n
ascetic acid or acetic anhydride and gave a partially crystal-
line product which proved extremely difficult to isolate. The
crystalline component was separated by transferring the mix-
ture to a porous plate and on recrystallization was shown, by
mixed melting point determinations to be 2-acetoxy-1-

(3, 4-dimethoxy-phenyl)-propanone-1 (CXXXII). Analysis of the

CHz0~ CHzO\
CH CH -0~ CHoC1 KOAc » CH CO-CHOCOCH,~CH
S 2 2 (HOAc or Acg0) S 7 3" V13
CXXXII
B8.003
CH30-

CH30©O 0-CHOH-CHz

CXI
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partially crystalline material indicated that it was prob-
ably a mixture of acetates of which CXXXII formed 50%. Hyd-
rolysis of the mlxture gave an oil which analysed for the
ketols, and which was shown spectroscopically by Dr. R.
Patterson of these laboratories, to contain about 92% of
2-hydroxy=-1-(3,4 dimethoxy-phenyl)-propanone-1 (CXI). It
was therefore apparent that the chloro-ketone had undergone
a rearrangement in these reactlons.

Hydrolysis of the chloro-ketone with 5% aqueous

potassium acetate gave a new ketol (CX) at first believed to

CHZO,

cX

be the desired product (CXVIII). It was separated from the
aqueous solution by repeatedly extracting with chloroform,
concéntrating the extract, and distilling the residue under
high vacuum in a carbon dloxide atmosphere. The distillate
which set to a sticky crystalline mass, was taken up 1n ether
and the solutiog/éggled to -10°, The ketol crystallized out
and was filtered off. It proved to be a water soluble, white
crystalline solid, melting at 78°-77°, and readily soluble in
all organic solvents except petroleum ether. It could be
(76-770)

recrystallized to constant melting point/from small volumes

of ether or benzene. The yield, about 50%, was decreased
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when barium carbonate or silver oxide was substituted for
the potassium acetate.

The ethereal residue left after isolating the ketolfrom A
was fractionated in a small but efficient column under a few
microns pressure of carbon dioxide. A small amount of a low
boilling crystalline solid was isolated, but the remainder of
the fractions showed neither constant boilling points nor con-
stant refractive indices. The low boiling crystalline frac-
tion was identified by mixed melting points as the 1,2-diketone,
1-(3,4~-dimethoxy-phenyl) -propanedione-1,2. (CXXXIII) and 1ts
formation, in view of the precautions taken, could not have

been the result of atmospheric oxidation. It 1is perhaps

formed as the result of an intermolecular condensation re-
action followed by a hydrogen migration as wlll be explalned

later,

CHz0

CH:’;O@ C0-C0-CHz

CXXXIII

Tdentification of the New Ketol (CX)

From its method of preparation the new ketol was
believed to have the structure CXVIII. The lsomeric ketols
2-hydroxy-1-(3,4-dimethoxy-phenyl) -propanone-1 (CXI) and
3-hydroxy-1-(3,4-dimethoxy-phenyl)-propanone—l (CXXXIV) have



been previously syntheslzed (42,93) and were shown not to be

identical with the new ketol. There remained however, the

Cﬂso@CHQCO -CH50H @O-CHOH- CHz u@co ~-CHo CHoOH

CXVIII CXXXIV
CHz0, CHz0, CHz 0
CH30©OH200-0H201 0H50@H0H-CO-CH3 CH, HBr-CO-CHy
CXIX cX CXXX

possibility that the new derivative might be the fourth lsomer
(CX) and to check this point the corresponding bromide (CXXX)
was hydrolysed with potassium acetate by the same method as
employed with the chlor-ketone (CXIX). The same hydroxy-
ketone was obtained in a similar yield so that a rearrange-
ment had occurred in one of these reactions and the product
was elther CXVIII or CX.

Its structure was definitely established as
l-hydroxy-1-(3,4-dimethoxy~phenyl)-propanone-2 (CX) by oxi-
dation with pyridine and copper sulphate. This reagent has
been employed previously (94) for the oxidation of benzoins
to benzils and when applied to the new hydroxy-ketone gave
1-(3,4-dimethoxy phenyl)-propanedione-1,2(CXXXIII) identical
with that obtained in the same way from 2-hydroxy-l1-(3,4-di-

methyoxy-phenyl) -propanone-1 (CXI).
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The semicarbazone and oxime of the new hydroxy-
ketone were prepared. The latter was obtained as a glass and
could not be crystallized. It was purified by crystalliza-
tion as a chloroform addition product from chloroform or
chloroform-petroleum ether solution. The addition compound
1s very unstable and on drying yields the glass-like product
from which all chloroform is removable, although with some
difficulty.

On oxidation with periodic acid in dilute sulphuric
acid the new hydroxy-ketone (CX) gives veratric aldehyde in
good yield.

Ethanolysis of l-hydroxy-1l-(3,4-dlmethoxy phenyl)-propanone -2(CX)

Ethanolysis with an absolute ethanol-ECl (29%) mix-
ture for 48 hours gave 2-ethoxy-l1l-(3,4-dimethoxy phenyl) -
propanone-1 (CXXXV) in a yield of 50% together with a small
amount (5%) of an amorphous, petroleum-ether insoluble material.

No other products could be isolated from the residues but the

presence, in small quantities, of isomers of CXXXV 1s not excluded.

CHz

CH CO-CH(OCEHS)-CH

3 5]

CXXXV

on treatment with 72% sulphuric acid under the con-

ditions of the standard Klason lignin determination, the new
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hydroxy ketone (CX) gave a 75% yleld of a brown amorphous,
lignin-like materlal. Treatment with aqueous sulphuric acid
(5%) at 70°-80° for 4 hours apparently brought about no re-
action, 70% of the starting material being recovered unchanged.

To obtain further information regarding these re-
arrangements, 2-hydroxy-1-(3,4 dimethoxy phenyl)-propanone-l
(CXI) was treated with 5% aqueous potassium acetate but none
of the new ketol could be detected in the reaction product.
The semlcarbazone of the starting material only was obtained
and although the yield was low (40%) the purity was quite
high. Since the isomer (CX) forms a semicarbazone much more
readily than does CXI, this would indicate that no rearrange-
ment had occurred.

The rearrangements reported here are summarized in

the followling dlagram.

R~CHo-COCHoCL
(CXIX)
KOAg/1n 57 aq
HOAc or Acgo KOAc
/—'&—‘
R-CO-CH(OCOCHS)-CHs R-CHOH-COCHS + R-CO-CO-CHS
CXXXIT cx A CXXXITI
B&COS 5% aq.
(H,0) KOAc
2
Y
R-CO-CHOH—CHS R-CHBP-COCH5
(CXI) (CXXX)

R-CO-CH(OCsz)-CHs
( CXXXV) (R = 3,4 dimethoxy phenyl)



Mechanism of 1l,2-diketone formation by hydrolysis of 3-chloro-l1l-

(3,4-dimethoxy phenyl)-propanone-2 (CXIX)

The formation of the 1,2 diketone, 1-(3,4 dimethoxy
phenyl) -propanedione-1,2 (CXXXIII), in the hydrolysis of
3-chloro-l-(3,4-dimethoxy phenyl)-propanone-2 (CXIX) raises
agaln the questlion of the mechanism whereby the corresponding
l,2-diketone, 1l-(4-hydroxy-3-methoxy-phenyl)-propanedione-1,2
(XXI) 1s formed in the ethanolysis of wood. Perhaps the most
interesting work in this connection is that of Kohler (84)
already discussed (pg. 74) but which will be briefly reviewed
again here,

Kohler found that hydrolysls of «-bromo-ketones of
the type R-CO-CHBr-CHRR' (where R in general is aromatic)
with alcoholic potassium hydroxide gave three products, namely
(1) R-CO-CHOH-CHRR', (2) R-CO-CO-CHRR' and (3) R-CO-CH,-CHRR'.
Thus 2-bromo-l-(4-bromophenyl)-propanone-1 (CV) gives
p-Br-CgHq-CO-CHOH-CH3(CVI), P-Br-CgH,-C0-CO-CHz (CVII) and
p-Br-CgHy-C0-CHo-CHz (CVIII), in ylelds of 11, 20 and 20%
respectively. This mixture, however, 1s only obtained when
the strongly alkaline alcohollc solution is added slowly to
the bromo-ketone at room temperature. If added rapldly to
the boiling solution instantaneous reactlion and a high yield

of the benzoin (CVI) is obtained. The dlketone is formed in

high yield only when the solution 1s alkaline,



- 94 -

Kohler showed further that the benzoins, when sub-
jected to the same treatment with alkall as used with the
bromo-ketones, gave no diketones and he concluded from this
that the benzolns were presumably not intermediates in the
diketons formation.

A possible explanation of these reactions 1s the
following: The primary action of the alkali on the d-bromo-
ketone 1s the formation of the corresponding benzoin which

immediately undergoes rearrangement to the ene-dlol.
R-CO-CHBr-CHRR' = R-C0-CHOH-CHRR'—>»R~-C(0H) = C(OH)~-CHRR'

The acidic ene-diol then forms a mono-potassium salt which

reacts with a second molecule of the bromo-ketone.Mlgration

R~C(OH) = C(OE)-CHRR' R-IC = ¢-CHRR' R-CO-CO-CHRR'
T B
R=CO=- G N
N
R-CO~-CH-CHRR! R-CO"CH2-CH3

of the hydrogen atom then occurs, followed by fission of the

-0~-0-C- linkage to give one mole each of a mono-ketone and a

1,2-diketone.
A similar type of reaction may be involved in the

case of 3-chloro-1-(3,4 dimethoxy phenyl) -propanone-2, as

shown below:
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R-CHp-CO-CHpCl —BQAC: 84 o R_(cH, - CO-CHyOH—R-CH=C (OH) ~CHy OH
R-CO-CO~CHy R-(0=C-CHz R-CHOH-CO-CHz
O] 0
J,/’/’ <ﬁ§fi
R-CH,-C0~-CHy R-CH-CO~CHz

Actually, in the ethanolysis of wood, there is always present

the desoxybenzoin in addition to the 1,2 diketone.(See pg. 22)

Etherification E{ggriments.

Various unsuccessful attempts were made to prepare
ethers i.e. R-CHoCO-CHoOR' and RCHOR'-CO-CHz, where
R = 3,4 dimethoxyphenyl and R!' = CHzor CgHs, from the chloro-

ketone CIX and the hydroxy-ketone CX.

Treatment of the chloro-ketone with one equlvalent
of potassium hydroxide in methanol or with one equivalent of
sodium methylate in methanol gave high ylelds of an isomer
of the methyl ether. The compound was beautifully crystalllne
(mep. 40-41°), soluble 1in petroleum ether and in very dilute
alcohol, but showed no carbonyl reaction and was decomposed
by dillute acids. It is believed from litereture analogles

to have structure CXXXVI although the isomeric forms(CXXXVII

and CXXXVIII) are also possible.

CHs i)CH3 CHz0 | ?cns CHz0 ?CHg
CH CHo-C-CH CH o{i :>CH-C-CH CH C-CH-CH
3 2 ;’2 3 \/ 3 50<:::2> / 3
\b 0 \b

CXXXVI CXXXVII CXXXVIII
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Kohler and Addinal (95) studied the effect of sodium
alcoholates on d,f-dibromo~benzal-p-bromo-acetophenone (CXXXIX)
and similar wgﬁ-dibromo-ketones. They found that when this
compound was boiled with excess sodlum methylate in methanol,
they obtained products corresponding to formulse CXLI and

CXLII.

CgHg-CHBr-CHBr-CO-CgHyBr CgHg=C (0CoHg) o-CHa-CO-CgHy BT

CXXXIX CXLI

CXLII

They believed that two different mechanisms were
involved in the formation of these products. The flrst was
proposed earlier by Wieland (96) to account for the presence
of the diketone acetal (CXLVI). It presumes that the first
reaction 1s loss of a molecule of hydrogen bromlde from the
dibromide CXLIII to give an unsaturated bromo-ketone (CXLIV)
and that this is followed by addition of methanol to the

ethylenic link to give a saturated ether (CXLV). According

R-CHBr-CHBr-CO-R ——HBry R-CH=CBr-CO-R LH&R-CH( OCHz) -CHBr-CO-R

CXLIII CXLIV CXLV

to Wieland the next stage is exactly similar;
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R-CH(OCH3) -CHBr-CO-R —HBL .r_c(0CH5) = CH-CO-R

CXLY CH;O0H
R-C(0OCH3) o~ CHo~CO-R

CXLVI

Kohler and Addinal state that in all cases examined
by them, some of the dibromide reacted in this manner.
Occasionally CXLVI represents the sole product of the reaction
but this only occurs when an unusually active hydrogen 1is
present on the F-carbon atom of the dibromide (CXLIII) (96,97).

To explain the formation of the second product,
R-CH(OCHz) -CHOH-C(OCHg) o-R (CXLVII), these workers propose a
mechanism involving an intermediate oxlde ring. The first
two steps are identical with those of Wieland's mechanlsm and
give rise to the same bromo-ether (CXLV).

Kohler and Addinal believe, however, that the next
step 1s addition of sodium.methylate'to the carbonyl group
followed by loss of sodium bromide to glve an ethylene oxlide

(CXLVIII). Cleavage of the oxide by the methanolic alkali

then gives the final product, CXLVII.

OCH3
|
R-CH(OCHg) - CHBr-co-R —CH30N8 o R-CH(OCHz) -CHBr-¢-R
ONa
CXLV o
OCH
JCHz

CHzOH

- - - R-CH(OCHz) -CH-C-
R CH()CHQ-CHOH C(0CHz) o-R == (0CH3) -QH-C-R

CXLVII CXLVIII
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Ward (98) showed that dd-chlor-desoxybenzoin (CXLIX),
when treated with sodium ethylate, gave benzoin acetal (CL)
and like Kohler and Addinal, explained his results by assuming
a primary addition of sodlum ethylate to the carbonyl group
followed by loss of sodlum chloride to give an ethylene oxide
intermediate (CLI). This intermediate then added a second

molecule of methanol to glve the acetal.

O0CoHg 0CgHg

CeHs-CHCl-CO-CGH5 CQHBONQ’_ 06H5~CHCI-L-C6H5-—bCSHS-CH-C-CGHs

ONa
CXLIX CLI

CoHg0H
Y
CgHg~ CHOHCH(OC ,H) 5=CHg

CL

Aston and Greenburg (99) attempted to methylate
(CHz) 5C(OH) -CO-CHz with dimethyl sulphate in alkali and also
with methanolic-HC1l but were unsuccessful. They suggested
theif failure might be due to the ease of hydrolysis of the
ether when formed.

From the results of these various workers it appears
probable that the new compound is an oxlde. If Kohler's theory
1s correct and addition to the carbonyl 1s the first reaction,
then the compouné;g;;bably has structure CXXXVI. If however,
the replacement of the halogen occurs first and is accompanied

by an allylic shift then formula CXXXVII 1s possible. Other

{ somers are much less probable than these two.
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The methyl derivative was studied in the suthor's
experiments because it was crystalline. Substantially similar
results were obtalned by the use of ethylates and also of
potassium acetate in ethanol.

It seemed that etherification in the case of
R=-CHo-00-CHoCl (CXIX) might be possible if the carbonyl group
were blocked. The ketone could then be regenerated following
etherification, since the ether would prevent rearrangement.
However, due to condensation reactlons between the halogen
and the amino group of the carbonyl reagents (2,4-dinitro-
phenyl hydrazine and semicarbazide) no derivatives could be
prepared from the chlor-ketone. No reaction was obtained
with hydroxylamine and the chlor-ketone.

The oxime of the hydroxy ketone R-CHOH-COCHz (CX)
was treated with diethyl sulphate in 0.2N sodium hydroxide
at room temperature, but apparently no ethylation occurred.

The stablility of semlcarbazone groupings under
methylation conditions was investigated in the case of the
semicarbazone of 2-ethoxy-1-(3,4 dimethoxy phenyl) -propanone-1
(XX). It was found that on treatment with dilute alkali at
room temperature rapid and complete hydrolysis took place so
that the product was useless for the object in view.

Attempts to obtaln etherification of the chlor-
ketone (CXIX) with silver oxlde in ethanol were unsuccessful
because of the strongly oxidizing action of this reagent.

Potassium iodide in ethanol likewise gave no ether,



- 100 -

Attempted Synthesis of 3-Hydroxy-1l-(4-hydroxy-3-methoxy-phenyl)-

E;gggnone—z (XXXI) .

HO CHy-CO=-CH,0H
CHz
XXXT
Initial studies on the preparation of the non-

methylated hydroxy-ketone (XXXI) were carried out on llnes
roughly paralleling those on the veratryl analogue. For
the preparation of homo vanillic acid the method of Hahn and
Schales (100) was adopted with slight modification. It is

represented in the following scheme:

CHy CHg CHs
H CHo-CH=CHomO3 ,H Ho-CHO~1H2O0H o5 Ho- CH=NOH
XXVIII CLII
A020
H CH,_COOH4———AC CHy=CN
2 NaOH
CLIII

ozonization of eugenol (XXVIII) to give homovanillin
(CLII) was carried out by Harrles and Haarman (101) and by
Hahn and Schales (100). Their methods differed only in the

mode of decomposition of the ozonide. Harries used zinc in
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acetic acld as the reducing agent, while Hahn employed hydro-
genation with palladium as catalyst; the latter method gives
somewhat better ylelds. In the writer's work a modification
of Harries!' procedure was used by which the amount of zinc
requlred was reduced to one third of that employed by Harries.
The new method reported by Whitmore (102) for reduction of
ozonldes, in which Raney nickel alone serves as the reducing
agent, was also tried but proved unsuccessful. Homovanillin
(CLII) was obtained in yields of about 50% by rapid distilla-
tion of the neutral residue from the ozonide reduction. Since
some decomposition occurred during this distillation the
heating period was made as short as posslible. It is conceiv-
able that preparation of an oxime directly from the reaction
mixture might give better yields, but this point has not been

examined.

The conversion of homovanillin to homovanillic acid
(CLIII) presented little difficulty. It was found necessary
to add the hydroxylamine hydrochloride to a solution of the ho-
movanillin mixed with potassium acetate to avolid decomposltilon
in the preparation of the oxime. Homovanillin is very sensi-
tive to the action of acid, especially in warm solutions so
that the mixtures must be kept slightly alkaline.

Tt was hoped that the hydroxy-ketone (XXXI) could

be obtained from homovanillic acid (CLIIJ according to the

following scheme:
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CHz0 CHz0,
Ac 0
HO CHoCOOH 20 . CHzCO CHpCOOH
CLIII CLIV
50C1,
CHy CHyg
Y
Ac CHp-CO-CHoCL «Sh2N2  CH,CO0 CHy=COCL
HC1 S
CLV
hydrolysis
CHz
H Ho-CO-CHpOH
XXXI

Acetyl homovanillic acid (CLIV) was prepared by
direct acetylation of homovanillic acid with acetic anhydrilde.
Its preparation has been reported previously by Tlemann and
Nagai (103) who obtalned it by fractional crystallization of
the permanganate oxidation products from acetyl eugenol.

The acetyl homovanillic acid was converted smoothly into its
acid chloride by treatment with pure thionyl chloride and
the product isolated and purified by high vacuum distillation.,

It was added slowly to a solution of dlazomethane
and after the reaction was complete, ethereal-HCl1 was added,
exactly as in the preparation of the veratryl chlor-ketone
(CXIX) from homoveratroyl chloride. The product obtalned was

a yellow oil which resisted all attempts at crystalllzation
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and which decomposed when low pressure distillation was
attempteds It was purifled as far as possible by precipita-
tion from ether solution by addition of petroleum ether
(30-50°) and then dried under vacuum. The viscous yellow

01l thus obtained gave methoxyl and chlorine analyses in
good agreement with the theoretical values for the chlor-
ketone (CLV). No evidence was found to indicate the possible
presence of 1isomeric chloro-ketones.

Simultaneous hydrolysls of the acetyl and chlorine
groups was effected by refluxing the chlor-ketone with an
aqueous suspension of lead oxide. The product was a par-
tially crystalline yellow oill, A small amount of the crystal-
line component was separated by crystallization from ether-
petroleum ether and was shown by mixed melting polnt deter-
minations to be 2-hydroxy-1l-(4 -hydroxy-3-methoxy-phenyl)-
propanone-1 (LXVIII). The remainder of the material was not

identified.

CH.O

3 )
HO<DCO--CHOH-—CH:5

LXVIII

Tt was apparent that an intramolecular rearrange-
ment had agaln occurred and from analogy with the veratryl
derivatives it would appear that in this case also the re-
arrangement took place during the hydrolysis of the chloro-

ketone rather than in the steps preceding the chloro-ketone
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formation. The experiment suggests howevey that the free
phenolic group may exert a different directing effect on
the rearrangement than does the para-methoxyl group since

the final hydrolysis product is R-CO-CHOH-CH, (LXVIII)

)
rather than R~CHOH-CO-CH3 (LXVII).

The objects of this research were (a) to synthe-
size 3-hydroxy-l-(4-hydroxy-3-methoxy-phenyl)-propanone-2
and (b) to investigate relationships between this compound
and the water-soluble lignin progenitors isolated in the
ethanolysis of wood. Due to the experimental difficulties
involved the first of these objects was not achieved, but
the second was accomplished, at least in part. It has already
been shown in the discussion on allylic rearrangements that
substituted allyl alcohols and their halides behave analogously
in their intramolecular rearrangement reactions and since it

has been shown in this experimental work that the rearrange-

ment represented by the change

KOAc(aq)

R-CH,CO-CH,C1

o 5 » R-CHOH-CO-CHz (R=veratryl)

actually occurs, and under very mlld conditions, it seems
permissible to conclude that a simllar rearrangement would
also occur with the corresponding hydroxy derivative,
R~CH,-CO-CH,O0H. Furthermore, experimental evidence has
been provided to show that the hydroxy-ketone R-CHOH-CO-CHS,

on ethanolysls, readily undergoes rearrangement
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to R-C0-CH(OCoHg)-CHz and thus a very definite relationship
has been established between (a) the veratryl analogues of

the ethanolysis ethoxy-ketones (CXXXV and CLVI),

CHz0 CHz0
CH30<i::2>CH(OCZH5)-CO-CHS CH3O<:::2>CO-CH(OCQH5)-CH5

CLVI CXXXV
(b) the corresponding ketols (CX and CXI),

CH

30 CHzO,.
CHS()@C HOH-CO-CH, CH30©CO- CHOH-CHz,

cX CXI

and (c¢) their potential precursor (XXXI),

CH50
CH50<i::2>CHQCO-CH20H

XXXTI

Tt has been shown also, in preliminary experiments,
that the hydrolysis of the corresponding chloro-ketone,
3-chloro-1-(4-acetoxy-3-methoxyphenyl)-propanone—z, (CLV)
gives the gualacylic ketol, 2-hydroxy-1-(4-hydroxy-3 methoxy-
phenyl) -propanone-1 (LXVIII) which on ethanolysis is known

to glve the corresponding ethoxy derivative (XX) in high

yields (104).
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CHz0 CHz0 CHa
CH3CO HoCO-CHoCl  H COCHOH-CHz H 0-CH(0CoHg) -CHz
CLV LXVIII XX
H CH(0CgHg) - CO-CHz
XXVI

This result is in harmony with the &perimental findings on
the ethanolysls of spruce wood which show a ratio of XX to
XXVI of about 4:1. Since hydrogenation of lignin indicates
the presence of considerable amounts of primary hydroxyl
groups in the three carbon side chain, the first product of

the ethanolysis is presumably a hydroxy-ketone of the type

CH
H CH,-CO-CH,OH .

The isomeric form, R-CO0-CHo-CHoO0H is eliminated from con-
sideration since it has been shown (42) to give, under
ethanolysis conditions, only the corresponding ethyl ether
R=C0-CHo=CH50CoHg .

As a result of these studles an interesting explana-
tion has been provided to account for the presence of the
1,2-dlketone, namely l-(4-hydroxy-3 methoxyphenyl)-propanedione-

1,2 (XXI) found in the ethanolysis products from both spruce
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and maple woods. Experimental proof has been provided to
show that the veratryl analogue (CXXXIII) of this diketone
is formed, in the absence of oxygen, during the hydrolysis
of the chloro-ketone, 3-chloro-l1l-(3,4 dimethoxyphenyl)-
propanone-2 (CXIX) and it is suggested that its formation
i1s due to a blmolecular condensation reaction involving loss
of a molecule of water and followed in turn by migration of
a hydrogen atom (see pg. 93).

Finally, the eXperimental results provide strong
direct and indirect support for the theory that oxy-coniferyl
alcohol, in equilibrium with its keto-form forms one of the

principal bullding stones of the natural lignin structure.
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EXPERIMENTAL

I. Attempted Syntheslis of 3-Hydroxy-1l-(4-hydroxy-3-methoxy-

phenyl) -propanone-2.

(a) Addition of Oxygen to Eugenol by treatment with

Perphthalic Acid.

7 g+ of freshly distilled eugenol were added to
9,0 g. of perphthalic acid in 200 cc. of ether. (The perph-
thalic acid was prepared by the method of Bohme (105))s The
solution was sallowed to stand at room temperature and ali-
quots were removed at intervals for perphthalic acld deter-
minations. Reaction was complete in three days.

The ether was distilled off and the residue ex-
tracted with 150 cce. of chloroform. The extract was washed
with 5% sodium bicarbonate solution, dried over sodium sul-
phate and concentrated. The residue was distilled at 0.2 mm.
pressure and after the removal of unchanged eugenol gave 0.85 g.
(L0Z) of a clear 611 which was probably eugenol oxide.

Analyses - calcd. for CqoH3203: CHzO, 17.3; Found: CHz0, 17.Z2.

(b) Preparation of Eugenol Acetate.

50 g. of freshly distilled eugenol and 50 g. of
acetic anhydride were dissolved in sufficlent dry pyridine
to make 275 cc. of solution, and allowed to stand for two
days. The greater part of the solvent was dlstilled off and

50 cc. of water added. The low boiling materials were re-
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moved and the residue distilled in vacuum. Yield 58 g. (93%),
m.p. 29-31°.

(Tiemann and Nagal (103) report the melting point
to be 30-31°)

(c) Synthesls of Eugenol Acetate Oxide.

50 g. of eugenol acetate were added to 59 g. of
perphthalic acid in 700 cc. of ether and the mixture allowed
to stand 10 days. The ether was distilled off and the residue
thoroughly extracted with chloroform. The extract was washed
with 57 sodium bicarbonate solution, then with water, dried
and concentrated. The residue was distilled in vacuum and
gave 26 g. (48%) of a yellowish oil which solidified in the
recelver to a white solid, m.p. 48-50°. Recrystalllzed from
petroleum-ether - m.p. 49-50°,

Analyses - Calcd. for CygHj404: CH3O, 13.4; Found: CHz0, 13.4.

(Schopf and co-workers (86) later reported the

melting point of this oxide as 50-52°)

(d) Cleavage of REugenol Acetate Oxide with Hydrogen Chloride.

29 cc., of ether containing 1.14 g. of dry hydrogen
chloride were cooled to =-10° and 6 g. of eugenol acetate oxide
added slowly. The mixture was allowed to stand at 410°, with
occasional stirring, for 45 minutes. The ether and hydrogen
chloride were removed under reduced pressure and the residue
distilled at 0.06 mm. The product was a clear, colorless

25
0il, boiling almost entirely at 137° {ﬁlD = 1.,5346; yield 90%.

Analyses - Calcd. for 012H1504Cl: CH30, 12.1; Found: CH50, 12.0.
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For satlsfactory results the above procedure must
be followed carefully. Deacetylation occurs readily and
reduces the chlorhydrin yleld to about 50%. This can be de-
tected by a sharp drop in the refractive index and by the
ferric chloride test for phenols, For reasons not known 1t

was found necessary to use freshly prepared ethereal-HCl.

di-Napthzl Urethane of the Chlorhydrin.

0.49 g. of the chlorhydrin and 0.47 g. of d-napthyl
1socyanate were warmed at 60°-70° for 18 hours. The reaction
mixture was dissolved in 100 cc. of bolling petroleum ether
(80°-90°) and filtered. The urethane crystallized out on
cooling. Yield 0.36 g. (45%), m.p. 126-129°,

Recrystallization from methanol and from petroleum
ether raised the melting point to 130-131°,

Analyses - Calcd. for Co4Ho4NOsCl: C, 64.2; H, 5.2; CHZ0, 7.2;

Found: C, 65.0; H, 5.4; CHz0, 7.2;

Schotten-Baumann Reactions with p-nitro-benzoyl

chloride and with 3,5-dinitro-benzoyl chloride falled to give

crystalline derivatives of the chlorhydrin.

(e) Oxidation of the Chlorhydrin.

Repeated attempts were made, under various condi-
tions of temperature and concentration, to oxidize the chlor-
hydrin to a chloro-ketone with Cr03-HAc mixtures. In all
cases the greater part of the chlorhydrin was recovered un-
changed. The remainder of the material appeared to undergo

oxidation to lower molecular weight compounds such as wvanillin,
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II. Synthesis and Properties of 1l-Hydroxy-1l-(3,4-dimethoxy-

phenyll:grqganone-z.

(a) Synthesis of Homoveratric Acid by the Method of

Arndt and Elstert (88a).

(1) Synthesis of Veratric Acid.

200 ge of vanillin were methylated with dimethyl
sulphate and alkall by the method of Buck (89). The crude
product was washed with water and without further purifica-
tion, oxidized with potassium permanganate according to the
procedure of Schriner and Kleiderer (90). The manganese
dioxide formed in the reactlon was dissolved by passing S0o
into the solution and the veratric acid was then preclipl-
tated by acidifying and cooling the solution. It was filtered
off, washed with water and dried. Yield 196 g. (82% based on
vanillin) m.p. 178-181°, The crude product was sufficiently
pure for use in the preparation of veratroyl chloride.

(Goldschmiedt (107) gives the melting point of

veratric acid as 181°)

(11) Synthesis of Veratroyl Chloride.

196 g. of veratric acld, 150 g. of toluene and 150 g.
of thionyl chloride were heated at 100° for 90 minutes. Toluene
and excess S0Cl, were removed under reduced pressure and the
residue distilled at about 1 mm. pressure. Yield 185 g. (85%),
m.pe. 70-71°,

(The melting point of veratroyl chloride, according

to Meyer (108), is 70°)
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(1i1) Synthesis of Veratroyl Diazomethane.

25 go of veratroyl chloride were added to an ethereal
solution of diazomethane and allowed to stand two hours and
the solution concentrated and cooled. Veratroyl diazomethane
precipitated out in yellow, thread-like crystals. Yield 25.5 g.
(957), m.D. 72-74°,

(Arndt and Eistert report the melting point to be 75°)

(iv) Synthesis of Homoveratric Amide.

15 g« of crude veratroyl dilazomethane were treated
with aqueous ammonia in the presence of finely divided silver
exactly as in the procedure of Arndt and Eistert (88a).

Yield 5.1 g. (38%), m.p. 140-142°, Recrystallized from a
small volume of methanol; m.p. 145-146°.

(Kaufmann and Muller (109) give 145-147° and Arndt

and Eistert give 146° as the melting point of this amide,)

(v) Synthesis of Homoveratric Acid

23 g. of homoveratric amlde were hydrolysed to
homoveratric acid with aqueous sodium hydroxlde, according
to the method of Hahn and Schultz (106). The product was

recrystallized from a small volume of ethyl acetate.

Yield 2005 go (90%), mopo 98"‘9900
(Various workers (106, 88) give the melting point

of homoveratric acid as 98-99°)
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(b) Synthesis of Homoveratric Acid gccording to the Method

of Hahn, Stiehl and Schultz (88b)

(1) Preparation of Veratraldehyde.

200 g. of vanillin were methylated with dimethyl
sulphate and alkall according to the procedure of Buck (89)
and the product purified by distillation. Yield 215 g. (97%),
m.p. 44-45°.

(The melting point of veratraldehyde according to
Buck 1s 46°%)

(11) Preparation of &-Chloro-homoveratric Amilde.

60 g. of veratraldehyde were converted to the cyano-
hydrin, and the latter acetylated to give d-acetoxy-homoveratro-
nitrile, according to the procedure of Hahn, Stiehl and Schultz
(88b). Yield 55 g. (70% based on vanillin), m.p. 73-75°,

30 g. of this acetoxy-nitrile were treated with dry
HCl in an ether-benzene solution according to the procedure
of these same workers, to give¢£-chlorohomoveratric amide,

Yield 24 g. (75%), m.p. 139-141°, Recrystallized from ben-
zeney m.p. 143-144°.

(The melting point of this compound accordlng to

Hahn, Stiehl and Schultz is 145)

(111) Preparation of Homoveratric Amide.

6 g. of gi-chloro-homoveratric amlde were dlssolved
in 20 cc. of glacial acetic acid and 8 cc. of constant boiling

hydriodic acid were added. A heavy, beautifully crystalline,
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reddish-purple precipltate slowly settled out. After 15
hours at room temperature the precipltate was filtered off,
sucked as dry as posslible, then placed in a vacuum desiccator
over sodium hydroxide. 22 g. of thls material, which was
apparently chlefly free lodine, were obtailned.

50 cc. of a saturated solution of sodium bisul-
phite were prepared and the above iodine complex was added
with vigorous stirring to this solution. The resulting
solution was treated with charcoal, filtered and the amide
precipitated by addition of ammonium hydroxide.

Yield 4.2 g. (82%), m.p. 141-144°,

An attempt to convertgi-acetoxy-homoveratro-nitrile
directly to homoveratric amide with hydriodic acid was un-
successful. Attempted reduction of the chlor-amlide with
zinc and acetic acid gave a halogen-free product, melting at
146-148°, but which showed a strong depression in a mlxed
melting point with homoveratric smide. It was not studied

further.

(iv) Preparation of Homoveratric Acid.

Hydrolysis of the amide was carrled out exactly as

before (pg.ll2).

(c) Synthesis of 3-Chloro-1-(3,4-dimethoxyphenyl) -

Prqpanone-z

This compound was prepared exactly according to

the procedure of Haworth and Atkinson (87).
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7.5 g+ of homoveratric acid were warmed for a
short time with thionyl chloride, the excess thionyl chloride
distilled off and the residue added to a solution of diaszometh-
ane, After 2 hours ethereal HCl was added until effervescence
ceased, and the solution was then washed, and dried and con-
centrated to a small volume. The chloro-ketone crystallized
out. Yield 6.7 g. (87%), m.p. 50-51°,

(Haworth and Atkinson give the melting point of

this compound as 529)

It 1s essential for the success of this preparation

that the homoveratric acid and more especlally the thionyl

chloride, be of a high degree of purity.

(d) Synthesis of 3-Brom-1l-(3,4-dimethoxyphenyl)-propanone-2.

The preparation of this compound was carried out
exactly as in the case of the chlor-ketone except that a
somewhat larger excess of diazomethane was used to ensure
complete elimination of all chlorine (in the homoveratroyl
chloride) and the dlazo-derivative was treated with ethereal
HBr instead of with ethereal HCl. A pure product was obtained
in 807 yield. Repeated recrystallization from ether-petroleum
ether (30-50°) failed to raise the melting polnt above 44-45°,
The product, even when purified, was very unstable.

Analyses - Calcd. for CllHISOSBr: CHz0, 22.7; Found: CHz0, 22.5.
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(e) Formation of 2-Acetoxy-1l-(3,4-dimethoxyphenyl)-

propanone-1 from 3-Chloro-1-(3,4-dimethoxyphenyl) -

propanone-2.,

8 g. of the chloro-ketone were heated for 8 hours
at 100° with a mixture of 21 g. of freshly fused potassium
acetate and 35 cc. of glacial acetic acid. The reaction
product was poured into a solution of 35 g. of sodium car-
bonate in 300 ce. of water and the mixture extracted wilth
chloroform. The extract was dried over sodium sulphate, the

solvent removed and the residual oil distilled in high vacuum.

Fraction Vapor Temp. Pressure Yield [d%S
1 below 115° Oel5 mm. 0.43 g. 1.5450
2 115°-135° 0.15 " l1.62 1.5392
3 121°-123° o.02 " 2.41 1.5374
4 123°-140° 0.02- 1.02 1.5383
0O.05 "
5.48 g.

Analyses - Calcd. for 015H1605: CHSO, 24.6; TFound: for

fractions 2 and 3, CH50, 24.6.

Each of these fractions ylelded a sticky, partially
crystalline mass which could not be purified by crystallization.
The crystalline component was separated on porous plate and
after recrystallization from petroleum ether, melted at 65-66°,
In a mixed melting point with authentic Z2-acetoxy-1-(3,4-41-

methoxyphenyl) -propanone-1 it showed no depression. This
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compound represented about 50% of the total product; the
remainder was unidentified but appeared to be isomeric with

this compound.

(f) Formatlon of 1-Hydroxy-1l-(3,4-dimethoxyphenyl)-

propanone-2 and 1-(3,4-dimethoxyphenyl)-propanedione-1,2

from 3-Chloro-1-(3,4-dimethoxyphenyl)-propanone-2.

3.3 ge« of 3-chloro-1-(3,4-dimethoxyphenyl)-propanone-2
were refluxed for 43 hours with 250 cc. of 5% aqueous potassium
acetate. A small amount of charcoal was added and refluxing
continued for 15 minutes. The solution was flltered and cooled,
then extracted with chloroform until the aqueous layer gave
no further reaction with 2,4-dinitrophenyl-hydrazine (5-6 ex-

tractions were required).

The chloroform extract was dried over sodium sulphate,
the solvent removed under reduced pressure, and the residue
distilled under high vacuum in an atmosphere of carbon dloxide.
The distillate, a yellow oil which slowly set to a crystalline
solid, waé taken up in a small volume of ether (A) and cooled
to -10°, 1l-Hydroxy-1l-(3,4-dimethoxyphenyl)-propanone-2 crys-
tallized out and was filtered off. After recrystallizing
from ether, it melted at 75-77°., Yield 1.5 g. (50%) .

Further recrystallizations from small volumes of
ether and benzene ralsed the melting point to a constant value
at 76-77°,

Analyses - Calcd. for CllH14 4t c, 62.9; H, 6.7; OCH3,29.6;

Found: C, 62.8; H, 6.9; OCH3,29.7.
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The ether mother liquors (A) from which 1l-hydroxy-
1-(3,4~dimethoxyphenyl) ~-propanone-2 had bsen isolated, were
taken to dryness and a sample of the residue fractionated in
a small but efficlent column under high vacuum in an atmos-
phere of carbon dloxide. About 204 of the material was ob-
tained as a yellow, crystalline solid, but the remaining 80%
of the material could not be separated into its components.
The solid fraction, after recrystallization from ether, melted
at 68-69°¢ Its mixed melting point with authentic 1-(3,4-

dimethoxyphenyl) -propanedione-1,2 showed no depression.

(g) Formation of 1-Hydroxy-l-(3,4-dimethoxyphenyl)-

propanone-2 from l-Bromo-1l-(3,4-dimethoxyphenyl)-

propanone-2,

l-Bromo-1-(3,4-dimethoxyphenyl) -propanone-2 prepared
in these laboratories by Mr. H.E. Fisher (from 1-(3,4-dimethoxy-
phenyl)-propanone-2 by direct bromination) was hydrolysed with
5% aqueoué potassium acetate in exactly the same way as
3-chloro-1-(3,4~dimethoxyphenyl) -propanone-2 (see pg. 117.
l-Hydroxy-1-(3,4~dimethoxyphenyl)-propanone-2 was agaln ob-

tained, this time in a yield of 55%.

(h) Preparation of the Semicarbazones of l-Hydroxy-1l-

(3,4-dimethoxyphenyl) -propanone-2 and 2-Hydroxy-1-

(3,4-dimethoxyphenyl) -propanone-1.

0.10 g. of l=-hydroxy-1l-(3,4-dimethoxyphenyl)-propanone-2

were dissolved in 4 cc, of water with 0.10 g. of semicarbazide -
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HCl and 0.15 g. potassium acetate. Precipitation started
immediately but the mixture was allowed to stand overnight
at room temperature, then cooled and filtered. The product
was washed carefully with water, then dried. Yield 0.095 g.
(65%), m.p. 155~156°,

Recrystallization from water falled to raise the

melting point.

Analyses: Calc'd. for Cy1H1704Nz: C, 53.9; H, 6.4; OCHz, 23.2.
Found: c, 53.8; H, 6.4; OCHz, 25.0.
0.19 g. of 2-hydroxy-1-(3,4-dimethoxyphenyl)-
propanone-1, 0.13 g. of semicarbazide.HCl and 0.15 g. of
potassium acetate were dissolved in 7-8 cc. of water and
allowed to stand 2-3 days. The semicarbazone slowly precipi-
tated. Yield 0.15 g. (55%), m.p. 153-155°., Several recrys-
tallizations from water and dilute aqueous methanol raised

the melting point to 154-155°.
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A mixed melting point with the semicarbazones of
l-hydroxy-l-(s,4-dimethoxypheny1)-propanone-2 and 2-hydroxy-
1-(3,4-dimethoxypheny1)-propanone-l (155-156° and 154-155°

respectively) gave a depression of 23°.
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(1) oxidation of 1-Hydroxy-1-(3,4-dimethoxyphenyl) -

propanone-2 and of 2-Hydroxy-1l-(3,4-dimethoxy-

phenyl)-propanone-1 to 1-(3,4-dimethoxyphenyl) -

propanedione-1,2.

1l.45 g. of CusS0y - SHQO were dissolved by warming
in a mixture of 2.4 cc. of pyridine and 1.2 cc. of water.
To the hot solution was added 0.050 g. of l-hydroxy-1-(3,4-
dimethoxyphenyl) -propanone-2 and heating was continued on
the steam bath for 2 hours. The mixture was then poured
slowly with stirring, into 14 cc. of 3N hydrochloric acid
and a dlrty brown crystalline precipitate was thrown down.
The mixture was extracted with ether; the extract was dried,
concentrated to a small volume and cooled. 1-(3,4-dlmethoxy-
phenyl) -propanedione-1,2 crystallized out in beautiful, blunt
yellow needles, Yield 0.3 g. (60%), m.p. 68-70°., Recrys-
tallization from ether raised the melting polnt to 69-70°
only.

0.4 g. of 2-hydroxy-1l-(3,4-dimethoxyphenyl)-propanone-1
were treated similarly and gave the same yellow crystalline
product. Yield 0.15 g. (40%). Mixed melting point deter-
minations between the two products showed no depression.

Analyses - Calecd. for Cy;,H;50,: CHZ0, 29.8; Found: CH0, 29.7.

(j) oxidation of l-Hydroxy-l-(3,4-dimethoxyphenyl)-

prqganone-Q with Periodic Acid.

To a solution of 0.135 g. of l-hydroxy-l-(3,4-

dimethoxyphenyl)-propanone-2 in 100 cc. of water were added
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0.15 g. of HIO4. 2Ho0 and 10 cc. of 2N sulphuric acid. The
mixture was allowed to stand 24 hours at room temperature
and was then extracted with ether. The ether extract was
washed with 5% N&aoCOz solution, then with water and finally
dried over sodium sulphate. Addition of petroleum-ether
(30-50°), and cooling, precipitated veratraldehyde.
Yield 0.05 g. (50%), m.p. 43-44°.

A mixed melting point with authentic veratraldehyde

showed no depression.

(k) Ethanolysis of 1-Hydroxz-1-(3,4—dimethoxzphenyl)-

propanone-2.

0.62 g. of this hydroxy-ketone were refluxed for
48 hours with 65 cc. of ethanol-HCl (2.1%). The reaction was
carried out under an atmosphere of carbon dloxide in "all-
glass" apparatus.

301id sodium bicarbonate was added to the reaction
mixture until effervescence ceased and the solution was then
filtered and evaporated to dryness under reduced pressure.
The residue, which set to a sticky solid, was recrystallized
from petroleum ether. The product was identified by mixed
melting point determination, as 2-ethoxy-1-(3,4~dimethoxyphenyl) -
propanone-2. Yleld 0.32 g. (50%), m.p. 77-80°,

The yield of petroleum-ether insoluble, amorphous

material was low (about 5%).
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(1) Klason Lignin Determination on 1-Hydroxy-1-(3,4-

dimethoxyphenyl) -propanone-2,

0.23 g. of the hydroxy-ketone were stirred with
2 cc., of 72% sulphuric acld for two hours. The solution was
then diluted with water to 756 cc. and refluxed for four hours.

The product was extracted with chloroform, the ex-
tract washed with water, dried over sodlum sulphate, concen-
trated to a smali volume and precipitated into 75 cc. of
petroleum-ether (30-50°), 0.080 g. of light brown amorphous
powder was obtalned. The flltrate was evaporated to dryness,
the residue taken up in 3 cc. of ether and precipitated agaln
Into 75 cc. petroleum-ether, ylelding a further 0.080 g. of
amorphous material. A third precipitation from ether into

petroleum-ether gave an additional 0.025 g. of material.

Total yield 0.165 g. (727).

(m) Treatment of l-Hydroxy-1l-(3,4-dimethoxyphenyl)-

propanone-2 with Aqueous Sulphuric Acid (5%).

0.49 g. of the hydroxy-ketone were warmed at 70-80°
for 3% hours with 100 cc. of aqueous sulphuric acid (57).
The solution, which remained clear and colorless, was ex-
tracted with chloroform, the extract dried, and the solvent
then removed under reduced pressure. The residue was crys-
tallized from ether to give 0.35 g. (70%) of the unchanged
starting material. No evidence of any rearrangement was ob-

tained in spite of a loss of 30% of the original material.
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(n) Treatment of 2-Hydroxy-l1-(3,4-dimethoxyphenyl)-

propanone-1 with Aqueous Potassium Acetate.

0.5 ge¢ of this hydroxy-ketone were refluxed for 4
hours with 75 cc. of aqueous potassium acetate (5%). The
product was extracted from the aqueous solution with chloro-
form and distilled to give 0.40 g. of yellow oil. On treat-
ment with semicarbazide.HCl 1n aqueous potassium acetate
solution it slowly precipitated the semicarbazone of 2-
hydroxy=-1-(3,4-dimethoxyphenyl) -propanone-2 (identified by
mixed melting points) in 48% yield. The purity of this semi-
carbazone as judged by the melting point of the crude product
(153-155°), was high.

The remaining 52% of the product was unaccountsd
for, However when pure 2-hydroxy-l-(3,4~dimethoxyphenyl)=-
propanone~]l was treated with semicarbazide under exactly
similar conditions the yileld was only 55%. Furthermore,
when l-hydroxy-l1-(3,4=dimethoxyphenyl) -propanone-2 is treated
with semicarbazide, precipitation of the semicarbazone 1is
rapid. It therefore seems probable that very little of the

latter ketol was present in the product.

IITI. Attempted Preparation of Various Ethers Related to Wood

Ethanolyslis Products and Lignin Progenltors,

(a) Reaction of 3-Chloro-1-(3,4-dimethoxyphenyl) -

propanone-2 with Sodium Methylate and with Potassium

gzdroxide in Methanol.

2.5 g. of the chlor-ketone were dissolved 1n 15 cc,
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of methanol and a solution of 0.2 g. (1.3 equiv,) of sodium in
16 cc. of methanol added dropwise. The alkaline solution was
neutralized with a drop of hydrochloric acid and the excess
acid neutralized with solid sodium bicarbonate. The solution
was filtered and then concentrated under reduced pressure.
The residue was crystallized from petroleum-ether (30-50°).
vield 1.75 g. (70%), m.p. 36-39°,

Recrystallization from petroleum-ether and then
from 20% ethanol (aq.) ralsed the melting point to a constant
value at 40-41°,

Analyses - Calcd. for 012H1704: C, 64.3; H, 7.1; CHSO, 41.5;

Found: c, 64.2; H, 7.0; CHz0, 41l.7.

Rast molecular weight determinations gave an average

value of 234, (Calculated for the above formula - 224,

Treatment of this substance under a variety of
conditions with semicarbazide gave no semicarbazone. Simil-
arly, with 2,4-dinitro-phenylhydrazine in acid solution, the
compound was recovered unchanged except when drastic condi-
tions were used. Prolonged treatment in hot solution with
dilute acids converted the product to an oil which was not
identified.

These experiments were repeated by substituting
potassium hydroxide in methanol for the sodium methylate and

using phenolphthalein as indicator. The yleld was somewhat

higher (80%).
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(b) Behaviour of 3-Chloro-1-(3,4-dimethoxyphenyl)-

propanone-2 towards Sodium Ethylate.

203 g« of chlor-ketone were dissolved in 25 cc. of
ethanol and a solution of 033 g. of sodium in 18 cc. of
ethanol added slowly. The reaction product was treated as
in the experiment with sodium methylate. The residual oil
was fractlonally distilled and boiled at 103-105°/0.04 mm.

25°
n] = 1.5150.
D

Analyses - Calc'd., for 013H1904: Alkoxyl (as methoxyl), 39.1;

Found: 39.2

After prolonged treatment with 2,4-dinitro-
phenylhydrazine in dilute HCl a small amount (10 mg.) of a
crystalline product was isolated. It had a methoxyl con-
tent of 15.1% and a melting point of 114-117°, but was not

further investigated.

(c) Reaction of 3-Chloro-1-(3,4-dimethoxyphenyl)-

quggnone-z with Potassium Acetate in Ethanol,

1l g. of chlor-ketone and 2 g. of potassium acetate
were refluxed with 50 cc. of ethanol for 12 hours. The
ethanol was distilled off and the residue extracted with
petroleum-ether (60-70°). The petroleum-ether soluble material
was distilled under high vacuum and yielded a yellow oll show-

Ing no carbonyl activity.
25°
Alkoxyl (as methoxyl) = 37.1% [n]D = 1.5170
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This product was probably composed largely of the
compound previously obtained from the chlor-ketone by action

of sodium ethylate,

(d) (1) Oxime of 1-Hydroxy-1l-(3,4-dimethoxyphenyl)-

propanone-=2,
0.63 g+ of l-hydroxy-1-(3,4-dimethoxyphenyl)-

propanone-2 (pg.1l17), 0.23 g. of hydroxylamine hydrochloride
and 0.33 g. of potassium acetate were dissolved in 18 cc. of
water and allowed to stand for 15 hours at room temperature,
The product was extracted with chloroform and the extract
dried over sodlum sulphate and concentrated. On cooling

the solution a beautifully crystalline product separated

out., It was very unstable when removed from the solution

and decomposed at 65-68°, It had a methoxyl content agreeing
falrly well with that of a chloroform addition product of

the oxime,

Analyses - Caled. for CllH1504N.CH013: CH30, 18.1; Found: CH3O, 18.7.

The addltlion compound decomposes even on standing
which explains the somewhat high methoxyl value.

The crystals on drying at 60° under reduced pres-
sure for seversal hours lost the greater part of the chloro-
form of crystallization leaving 0.48 g. of a stiff glassy

product which could not be freed completely from chloroform

under these conditions,
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(11) Ethylation of the Oxime.

0.4 go of chloroform-free oxime were dissolved in
18 cc. of 0.2N sodium hydroxlide (2 equivs.). 0.48 cc. of
diethyl sulphate were added at room temperature, with con-
stant stirring, over a period of 30 minutes. Stirring was
continued for 4 hours. The neutral solution was thoroughly
extracted with chloroform, the extract dried and the solvent
removed leaving 0.45 g. of a sticky solid.

This residue was taken up in petroleum ether and
the solution cooled. A white so0lid crystallized out and was
recrystallized from petroleum ether to a constant melting
point of 67-68°,

Analyses - CHSO found - 29.7.

Molecular weight - Calcd. on assumption of two

methoxyl groups, 230. Found (Rast method in camphor), 210,
That the compound was not l-hydroxy-l-(3,4-dimethoxy-
phenyl) -propanone-2 was shown by mixed melting point deter-

mination. It was not examined further.

(e) Methylation of the Semlcarbazone of 2-Ethoxy-1-

(3,4 -dimethoxyphenyl) -propanone-1.

0.53 g of the semicarbazone were dissolved in a
mixture of 5 ecc. of dioxane, 4 cc. of 1N sodium hydroxide
and 5 cc. of water and 0.38 cc. of dimethyl sulphate were
added slowly, at room temperature, wlith constant stirring.

One~-half hour after the initial addition, a further 4 cc.
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of alkall and 0.38 cc. of dimethyl sulphate were added,
followed after a further 1/2 hour by 9 cc. of alkali and 0.76
cce of dimethyl sulphate. The solution was stirred for 1-1/2
hours before the final addition of 8 cc. of alkall and 0.74
cce Of dimethyl sulphate. Stirring was continued for 1 hour.
The solution was then slightly acidified with HC1l, filtered,
the filtrate extracted with chloroform, and the extract dried
over sodium sulphate, Removal of the solvent left a semi-
solid mass. Recrystallization from petroleum-ether gave

0.25 g of 2-ethoxy-l1l-(3,4 dimethoxyphenyl)-propanone-l

(meps 78.5-80°), A mixed melting point determination with

an authentic sample showed no depression.

IVe Preliminary Experiments on the Synthesis of 3-Hydroxy-1-

(4-hydroxy-3-methoxyphenyl) -propanone-2.

(a) Preparation of Homovanillin,

20 g. of freshly distilled eugenol were dissolved
in 100 cc. of pure dry ethyl acetates, the solutlon cooled
to -10° to -15°, and a stream of ozonlzed alr, contalning
1.0-1.2% of ozone by volume, passed in at a rate of 500 cc.
per minute until 110% of the theoretical amount of ozone

had been added. About 9 hours were required.

The ethyl acetate was removed by distillation under

reduced pressure at 35-40°. The ozonide, a reddish brown oil

¥ Eastman Kodak Co. "anhydrous ethyl acetate" extracted with

sodium carbonate, washed with water & drled several days
over calcium chloride, then distilled.
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was added dropwise, with alternate additions of small amounts
of zinc dust to 50 cc. of glaclal acetic acid and the mixture
stirred vigorously throughout the addition. 25 cc. portions
of ether were added occasionally to ald stirring . The addil-
tion of zinc dust was continued until it caused no further
evolution of heat (about 40-50 g.). The mixture was stirred
for a further 1/2 hour, then 150 cc. of ether were added
gradually and the mixture filtered.

The filtrate was mixed with an equal volume of
water, stirred for about an hour with excess calclum car-
bonate, filtered, and the filtrate stirred with a little
sodium bicarbonate until all effervescence ceased. (The
removal of all acid before distillation is important). The
ether layer was separated and the aqueous layer thoroughly
extracted with ether. The ether solutions were combined,
washed with water, dried over sodium sulphate, the ether
removed, and the residual reddish oll distilled as rapidly
as possible under high vacuume The distillate was pure
homovanillin and crystallized on standing. Yield 8-10 g.
(40-50%), m.p. 49-50°.

The product, after recrystallization from carbon
disulphide or carbon tetrachloride and melted at 50-51°.

(Harries (110) reports the meltlng polnt to be

50"510) .
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(b) Preparation of Homovanillin Oxime.,

7.5 g of homovanillin and 7.5 g. of potassium
acetate were dissolved in a mixture of 20 cc. of methanol
and 50 cc. of water. To this solution were added 4 g. of
hydroxylamine sulphate in 50 cc. of water. The mixture was
allowed to stand 24 hours at room temperature and the methanol
distilled off under reduced pressure. The residue, contain-
ing some precipltated oxime, was extracted with ether. The
ether solution, on dryling and concentrating gave an almost
quantitative yield of oxime. The product was recrystallized
from a little ethyl acetate. Yield 7.8 g. (95%), m.p. 114-115°,

(Hahn and Schales (100) give the melting point of

this oxime as 115°)

(c) Preparation of Homovanillic Acid.

Homovanlillin oxime was converted to homovanillic
acid exactly according to the procedure of Hahn and Schales
(100)., 10 g. of the oxime were refluxed with acetlc anhydride
for three hours and yielded 9.0 g. of pure acetyl homovanillo-
nitrile (79%4), m.p. 52-53°. 8.4 g. of the nitrile were re-

fluxed with aqueous sodium hydroxide and gave 7.2 g. of homo-

vanillic acid (96%), m.p. 141-143°.

(These melting points are 1n agreement with those

of Hahn and Schales i.e. 52° and 143° for acetyl homovanillo-

nitrile and homovanillic acid respectively).
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(d) Preparation of Acetyl Homovanillic Acid.

7.5 g of homovanillic acid were refluxed 2-1/2
hours with 40 cc. of acetic anhydride. The reaction mix-
ture was poured into 500 cc. of water and the solution
taken to dryness under reduced pressure at 100°. The resi-
due was dissolved in 100 cc. of water, refluxed with char-
coal and filtered. (At 60-70° the filtrate should be ab-
solutely clear.) Cooling the solution preclpitated 6.4 g.
of acetyl homovanillic acid. The mother liquors, on con-
centration, gave a further 0.7 g. Yield 7.1 g. (78%),
m.p. 138-139°,

(Acetyl homovanillic acid is reported by Tiemann

and Nagai (103) to melt at 140°)

(e) Preparation of Acetyl Homovanilloyl Chloride.

2.5 g« of acetyl homovanillic acid were gently
warmed for 45 minutes with 5 cc. of pure thlonyl chloride.
The excess reagent was distilled off under reduced pressurse,
and the residue distilled under high vacuum. A reddish oil,
which crystallized on standing, was obtained. Yield 2.27 g.
(85%), m.p. 54=56°,

Recrystallization from dry petroleum ether gave the
pure acid chloride. M.p. 56-57°,

Anglyses - Calcd, for CllH110401: CH50, 12.8; Ccl, 14.7;

Found: CHSO, 12.,9; €1, 14.4.
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(f) Preparation of 3-Chloro-1-(4 hydroxy-3 riethoxy-

phenyl)-propanone-2,

0.5 ge. of crystalline acid chloride was added to
a well-cooled ethereal solution of diazomethane prepared from
3 g. of nitrosomethyl urea. A vigorous reaction ensued. The
solution was allowed to stand for three hours and then was
treated with ethereal-HCl until reaction ceased., The solu-
tion was washed twice with water, twice with 5% NaHCO,, and
finally once more with water, After drying over sodium sul-
phate, the ether solution was concentrated, and gave 0.4-0.5 g.
of yellow oil which resisted all attempts at crystallization
and which decomposed on attempted distillation. It was
placed under vacuum at room temperature to remove as ruch as
possible of the solvent.

-— e 2.' o Je
Analyses - Caled. for C,gH,50,Cl: CHZ0, 12.1; C1l, 13.9

Found: CHz0, 12.2; Cl, 13.4

(g) Hydrolysis of 3-Chloro-1-(4 hydroxy-3 methoxyphenyl)-

— —— .~

propanone-2 with Lead 0Oxide.

2.2 g, of the crude chlor-ketone were refluxed for
3 hours with 5 g, of lead oxide and 500 cc. of water. The
solution was cooled, filtered and extracted with chloroform
until it no longer gave a carbonyl reaction with 2,4 dinitro-
phenylhydrazine (about 6 extractions were necessary).

The chloroform extract was dried over Fa2804, the

solvent removed and the residue distilled under vacuum
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(Oe1 mm. be.p. 147-152°) giving 0.5 g. of bright yellow oil.

Analyses - Calcd. for ClOH1204: CHSO, 15.8; Found: CHz0, 15.9.

The product was carefully fractionated and found
to be a mixture. From the higher boiling fractions a small
amount of crystalline material was obtained (m.p. 92-97°).
This, on recrystallization from ether-petroleum-ether, melted
at 100-102°. A mixed melting point with 2-hydroxy-l1-(4 hydroxy-

3-methoxyphenyl) -propanone~l showed no depression.



1.

2.

S

4.

S.

6o

7

8.

9.

BIBLIOGRAPHY

Freudenberg and Ploetz, Ber. 73, 754 (1940);

Ploetz, Cellulosechem. 18, 49 (1940).

Kurth and Ritter, J. Am. Chem. Soc. 96, 2720 (1934);
Ritter and Barbour, Ind. Eng. Chem., Anal. Ed. 7,
238 (1935); Harris, Sherrard and Mitchell, J. Am.
Chem. Soc. 56, 889 (1934),

(a) Hewson, McCarthy and Hibbert, J. Am. Chem. Soc. 63,
3041 (1941).

(b) Cooke, McCarthy and Hibbert, ibid. 63, 3056 (1941).

(a) Fisher, Hawkins and Hibbert, J. Aﬁ. Chem. Soc. 62,
1412 (1940); ibvid. 63, 3031 (1941).

(b) Balley, Paper Trade J. 110, No. 1, 29 (1940);
ibid. 110, No. 2, 29 (1940; ibid. 111, No. 6,27

(1940); 1vid. 111, No. 9, 86 (1940).

(c) Aronovsky and Gortner, Ind. Eng. Chem. 28, 1270 (1936).

Klason, "Beitrgge zur e¢hemlischen Zusammensetzung des
Fichtenholzes", Bomtraeger, Berlin (1911).

Brauns, J. Am. Chem. Soc. 61, 2120 (1939).

Hilpert and Héllwage, Ber. 68, 380 (1935).

Freudenberg, Harder and Markert, Ber. 61, 1760 (1928);

Freudenberg, Zocher and Dirr, ibid. 62, 1814 (1929).

Tilghman, U.S. Patent No. 70, 485 (Nov. 5, 1867).



10.

11.

12,
13,
14,

15.

16.
17,

18.

19.

20,
21,

Klason, Tek. Tid. Kemi. Metallurgi 23, 11 (1893);
Techr. Tidskr. Avd. Kem. 23, 55 (1893).
(a) Holmberg, gsterr. Chem.-Ztg. 43, 152 (1940).
(b) Berg and Holmberg, Svensk. Ken. Tidskr. 47, 257 (1935).
(¢c) Holmberg, J. prakt. Chem. 141, 93 (1934).
(d) Freudenberg, Meister and Flickinger, Ber. 70, 500 (1937).
(e) Hggglund, "Holzchemie", Klinkhardt, ILeipzig (1928).
(f) Richtzenhain, Ber. 72, 2152 (1939).
(g) Hellstrom and Lauritzson, Ber. 69, 2003 (1936).
Harrls, D'Tanni and Adkins, J. Am. Chem. Soc. 60, 1467 (1938).
Godard, McCarthy and Hibvert, J. Am. Chem. Soc. 63, 3061 (1941).
Cooke, McCarthy and Hibbert, J. Am. Chem. Soc. 63, 3052,
3056 (1941).
(a) Bowden and Adkins, J. Am. Chem. Soc. 62, 2422 (1940).
(b) Harris and Adkins, Paper Trade J. 107, No. 20, 38 (1938).
(c) Harris, Saeman and Sherrard, Ind. Eng. Chem. 32, 440
(1940).
(d) Harris, Paper Trade J. 111, No. 24, 27 (1940).
Freudenberg and Adam, Ber. 74, 387 (1941).
Freudenberg, Lautsch, Piazolo and Scheffer, Ber. 74, 171
(1941).
Bobrov and Kolotova, Compt. rend, acad. sci. U.R.S.S.
24, 46 (1939). C.A. 34, 884 (1940).
Loughborough and Stamm, J. Phys. Chem. 40,1113 (1936).

Powell and Whittaker,, J. Chem. Soc. 127, 132 (1925).
Erdtmann, Svensk Papperstidn. 44, 243 (1941); English

translation, "Pulp Paper Mag. Can. 43, 253 (1942).



22. Brauns and Hibbert, Pulp Paper Mag. Can. 34, 187 (1933).
25. Compton, Grelg and Hibbert, Can. J. Res. 14, 115 (1936).
24. Peniston, McCarthy and Hlbbert, J. Am. Chem. Soec. 62,
2284 (1940).
25+ McGregor and Hibbert, unpublished results.
26. Klason, Svensk Kem. Tidskr. 9, 135 (1897).
27. 0dinzow, Centralbl, 1938, 1, 899,
28. Herzog and Hillmer, Rer. 64, 1288 (1931)
29. Heuser and Winsvold, Ber. 96, 902 (1923); Cellulosechem.
4, 49, 62 (1923).
30. Urban, Cellulosechem. 7, 73 (1926).
3l. (&) Freudenberg, Janson,Knopf, Haag and Meister, Ber. 69,
1415 (1936).
(b) Freudenberg, Melster and Flickinger, ibid. 70, 500 (1937).
(¢) Freudenberg, Klink, Flickinger and Sobek, ibid. 72,
217 (1939).
32. Freudenberg and Xlink, Ber. 73, 1369 (1940).,
55, (a) Tomlinson and Hibbert, J. Am. Chem. Soc. 58, 345 (1936).
(b) Leger and Hibbert, Can. J. Res. 16, 68 (1938).
(c) Buckland, Tomlinson and Hibbert, J. Am. Chem. Soc. 59,
597 (1937).
(d) Leger and Hibbert, Can. J. Res. 16, 151 (1938);
J. Am. Chem. Soc. 60, 565 (1938).
34. CGrafe, Monatsh. 25, 982 (1904).
35, Karschner, J. prakt. Chem. 118, 238 (1928).
56. Pauly and Feuersteln, Ber. 62, 297 (1929); 67, 1177 (1934).



37, Hgnig and Ruziczka, Z. angew. Chem. 44, 845 (1936) .
38, (a) Cramer, Hunter and Hibbert, J. Am. Chem. Soc. 60,
2274, 2815 (1938); 61, 509, 516 (1939).

(b) Brickman, Pyle, McCarthy and Hibbert, 1bid. 61,
868 (1939).
(¢c) Pyle, Brickman and Hibbert, 1ibid. 61, 2198 (1939).
(d) Brickman, Pyle, Hawkins and Hibbert, ibid. 62, 986
(1940); Brickman, Hawkins and Hibbert, ibid. 62,
2149 (1940); Kulksa, Hawkins and Hibbert, J. Am.
Chem. Soc. 63, 2371 (1941).
(e) McInnes, West, McCarthy and Hibbert, ibid. 62,
2803 (1940).
(f) Hibbert, 1ibid. 61, 725 (1939).
(g) Cramer and Hibbert, ibid. 61, 2204 (1939).
39. (a) Kulka and Hibbert - unpublished results.
(b) West and Hibbert - unpublished results.,
40, (a) Freudenberg, Lautsch and Engler, Ber. 73, 167 (1940).
(b) Lautsch, Plankenhorn and Klink, Angew. Chem. 53,
450 (1940).
(c) Lautsch and Piazolo, Ber. 73, 317 (1940).
4l. C(Creighton, McCarthy and Hibbert, J. Am. Chem. Soc. 63,
3049 (1941).
42, West, Hawkins and Hibbert, J. Am. Chem. Soc. 63, 3035
(1941); also unpublished results.

43, Oxford and Raistrick, Blochem. J. 27, 634, 1473 (1933).



44,

45,

46.
47,
48.
49,
50,

51.
o2,

93,
S54.
595.

56.

57,
58.

59,

(a) Hibbert, Ann. Rev. Blochem. 11, 183 (1942);

(b) Paper Trade J. 113, No. 4, 35 (1941).

Bistrzycki and Kostanecki, Ber. 18, 1985 (1885);

Skraup, Monatsh, 10, 724 (1889); will, Ber. 18,
1323 (1885).

Brunner, Ann, 351, 313 (1907).

Hallstrom, Ber. 38, 2288 (1905).

Ruben, J. Am. Chem. Soc. 65, 279 (1943).

Hewson, McCarthy and Hibbert, 63, 3041, 3045 (1941).

Freudenberg, "Tannin, Cellulose, Lignin", Springer,
Berlin (1933).

Hunter and Hibbert, J. Am. Chem. Soc. 61, 2196 (1939).

Freudenberg and Harder, Ber. 60, 581 (1927); Freudenberg
and Sohns, ibid. 66, 262 (1933); Freudenberg, Klink,
Flickinger and Sobek, ibid. 72, 217 (1939).

Freudenberg, Ann. Rev. Biochem. 8, 88 (1939).

Freudenberg and Klink, Ber. 73, 1369 (1940).

Haworth, Nature, 147, 255 (1941).

Hall, Chem. Rev. 20, 305 (1937); Robinson, "The Molecular
Architecture of Some Plant Products", 9th Congr.
intern. quin pura aplicada (Madrid, 1934).

Pugh and Raper, Blochem. J. 21, 1370 (1927).

Szent-Gyorgl, "Studies on Blological Oxldations and Some
of Its Catalysts", Barth, Leipzig (1937).

Lobry de Bruyn and van Ekenstein, Ber. 28, 3078 (1895) ;

Rec. trav. chim. 14, 195 (18995).



60, Nef, Ann. 403, 204 (1913).
61. (a) Gustus and Lewis, J. Am. Chem. Soc. 49, 1512 (1927)

(b) Wolfram and Lewis, ibid. 50, 837 (1928).

62. Shoppee, J. Chem. Soc. 1928, 1662,

63. Favorskii, Bull. Soc. chim. 39, 216 (1926).
64. (a) Nef. Ann. 335, 266. (1904).
(b) Evans and Parkinson, J. Am. Chem. Soc. 35, 1770 (1913).
65. Danilov and Danilova, Ber. 63, 2765 (1930).
66, (a) Kohler and Kimball, J. Am. Chem. Soc. 56, 729 (1934).
(b) Kohler and Leers, ibid. 56, 981 (1934).
67. Stevens, J. Am. Chem. Soc. 61, 1714 (1939).
68, (a) Barnes and Tulane, J. Am. Chem. Soc. 62, 894 (1940).
(p) Barnes and Tulane, ibid. 63, 867 (1941).
(c) Barnes and Lucas, ibid. 64, 2258, 2260 (1942).
(d) Barnes and Cochrane, ibid. 64, 2262 (1942).
69. () Auwers and POtz, Ann. 535, 223 (1938).
(b) Auwers and Noll, ibid. 535, 245 (1938).
70. Favorskii, Bull. Soc. Chim. 43, 551 (1928); Favorskiil
et al, J. Russ. Phys. Chem. Soc. 60, 369 (1928) .
7l. (a) Temnikova and Favorskiil, Compt. rend. 198, 1998 (1934).
(b) Temnikova, J. Gen. Chem.(U.S.S.R.) 10, 468 (1940);
C.A. 34, 7876 (1940).
72, (8) Auwers, Ludewig and M&ller, Ann., 526, 143 (1936).
(b) Auwers, ibid. 535, 219 (1938) .
73. Temnikova and Afanas'eva, J. Gen. Chem. (U.S.S.R.) 11,
70 (1941); C.A. 35, 6580 (1941); Temnikova, J. Gen.
Chem. (U.S.S.R.) 11, 77 (1941); C.A. 35, 6580 (1941).



4.

75,

76

7.

78,

79.

80,
81,

82

83.

Urion and Baum, Congro. chim. ind., Compt. rend. 18 me
congr., Nancy (1938).

Neuberg and Chle, Blochem. Z. 128, 610 (1922).

Auwers and Mauss, Blochem. Z. 192, 200 (1928) .

(a) Meisenheimer and Link, Ann. 479, 211 (1930)

(b) Meisenheimer and Beutter, ibid. 508, 58 (1933)

(a) Prevost, Ann. chim. 10, 113, 356 (1928).

(b) Prevost, Bull. soc. chim. 49, 261, 1368 (1931).

(a) Burton and Ingold, J. Chem. Soc. 1928, 904.

(b) Burton, ibid. 1928, 1650; 1929, 455; 1930, 248;

1931, 759.

Whitmors, J. Am. Chem. Soc. 54, 3274 (1932) .

Young and Prater, J. Am. Chem. Soc. 54, 404 (1932) 5
Young, Winstein and Prater, ibid. 58, 289 (1936) ;
Young and Winsteiln, ibid. 58, 441 (1936); Young
and Lane, ibid. 59, 2051 (1937); 60, 847 (1938) ;
Young, Lane, Loshokoff and Winstein, 1bid. 59,

2441 (1937); Young, Kaufman, Loshokoff and Pressman,
ibid. 60,900 (1938); Young, Ballou and Nozaki,

ibid. 61, 12 (1939); Young, Richards and Azorlosa.
ibid. 61, 3070 (1939); Young and Nozaki, ibid. 62,
311 (1940); Young and Eisner, ibid. 63, 2113 (1941).

Darmon, Compt. rend. 197, 1328, 1649 (1933); Bull. Soc.
chim. 8, 414 (1941); Weill and Darmon, Compt. rend.
194, 977 (1932).

Bradley and Eaton, J. Chem. Soc. 1937, 1913,



84, Kohler, J. Am. Chem. Soc. 41, 417 (1909).
85, Arbuzov and Mikhailov, J. prakt. Chem. igz, 92 (1930).
86, Schopf et al  Ann. 544, 30 (1940) .
87. Haworth and Atkinson, J. Chem. Soc. 1938, 797.
88, (a) Arndt and Eistert, Ber. 68, 200 (1935).
(b) Hahn, Stiehl and Schultz, Ber. 72, 1291 (1939).
(¢) Julian and Sturgis, J. Am. Chem. Soc. 57, 1126 (1935).
89. Buck, Org. Synth. 13, 102 (1933).
90, Schriner and Kleiderer, Org. Synth. 10, 82 (1930)

91. Clibbens and Nierensteln, J. Chem. Soc. 1915, 1491;

Nierenstein, ibid. 1920, 1153; Nierenstein, Wang

and Warr, J. Am. Chem. Soc. 46, 2553 (1924); Lewls,
Nierenstein and Rich, ibid. 47, 1728 (1925)
Bradley and Robinson, J.Chem. Soc. 1928, 1317;
J. Am. Chem. Soc. 52, 1558 (1930).,

92. Freudenberg and Kentscher, Ann. 440, 36 (1924); West
and Hibbert, J. Am. Chem. Soc. 63, 3035 (1941).

93. Cramer, Hunter and Hibbert, J. Am. Chem. Soc. 61, 509 (1939).

94. Clarke and Dreger, Org. Synth. Coll. Vol. 1, 80.

95. Kohler and Addinal, J. Am. Chem. Soc. 92, 3728 (1930).

96. Wieland, Ber. 37, 1148 (1904).

97. Rice, J. Am. Chem. Soc. 50, 1481 (1928).

98. Ward, J. Chem. Soc. 1929, 1541.

99, Aston and Greenburg, J. Am. Chem. Soc. 62, 2590 (1940).

100, Hahn and Schales, Ber. 67, 1486 (1934).

101. Harries and Haarmann, Ber. 48, 32 (1915),



102.
103,
104.
1056,
106.
107.
108.
109.
110.

cook and Whitmore, J. Am. Chem. Soc. _6_5_.3_, 3540 (1941).
Tiemann and Nagal, Ber. 10, 201 (1877).

West, Hawkins and Hibbert, J. Am. Chem. Soc. 63, 3035 (1941).
Bohme, Ber. 70, 379 (1937); Org. Synth. 20, 70 (1940).

Hahn and Schultz, Ber. 72, 1302 (1939).

Goldschmeldt, Monatsh, 6, 379 (1863).

Meyer, Monatsh. 22, 428 (1879).

Kaufmenn and Muller, Ber. 51, 127 (1918),

Harries, Ber. 48, 868 (1915).












