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CLAIMS TO ORIGINAL RESEARCH

1. A method, for the isolation of vanilloyl and syringoyl
methyl ketones as pure crystalline compounds from the bisul-
fite-soluble fraction of the maple-wood-ethanolysis oils, has

been developed.

2. The presence of vanillin and syringaldehyde in the bisulfite-
soluble fraction of the maple-wood-ethanolysis oils has been

confirmed by isolation of the two aldehydes as free compounds.

3. Two new compounds, nemely, (4-hydroxy-3,5-dimethoXyphenyl)
-propanone-2 and (4-hydroxy-3-methoxyphenyl)-propanone~2, have
been isolated from the bisulfite-soluble fraction of the maple-

wood-ethanolysis oils, and identified by direct syntheses.

4. Some properties of the diketones and of the new compounds

have been determined.
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Part A. Historicel Review

Early Developments in ILignin Chemistry

Recent reviews on the structure of lignin by von wWacek (1)
Freudenberg (2), Erdtman (3) and Hibbert (4) have emphasized the
essentially aromatic character of 1lignin and its relationship to
coniferyl types.

During the period 1897 (5) to 1936 (6), Klason's original
"coniferyl-oxyconiferyl alcohol hypothesis", in which polymers
of coniferyl eicohol, coniferyl asldehyde, guaiacol aldol, etc.
were included, underwent various modifications. This theory,

which may be regarded as constituting the first phase of lignin

reaearch, was based (i) on the universal occurrence of coniferyl
alcohol in young plant tissue (7), (ii) on data derived from the
ethanolysis of the spruce lignin sulfonic acids and from solvent-
extracted material (spruce wood) presumably céntaining both poly-
merized coniferyl and oxyconiferyl alcohol, and (iii) on the
occurrence of products such as catechol, guaiacol and proto-
catechuic acid in the lignin alkali-fusion reaction mixture (8).
In the second phase of lignin research (1926-1932) emphasis

was laid on new methods for the isolation of lignin from wood
and on identification of functional groups (methoxyl,hydroxyl,

carbonyl, aromatic nucleus) in the extracted lignins. In this



connection, methods were employed involving the use of concent-
rated acids such as sulfuric acid (9), hydrochloric aeid (10),
and mixtures of hydrochloric and phosphoric acids (11l), as well
as much milder procedures such as alcoholysis (4) by the use
of alcohols, glycols, glycerol and glycerol chlorhydrin.
Freudenberg's earlier theory of the structure of lignin (12)
was based essentially on the isolation of small amounts of
catechol, protocatechulic acid and formaldehyde from spruce hydro-
chloric acid lignin, and on analyses of this lignin. These
results indiceted (a) aromatic character and absence of free
phenol groups: (b) attachment of the methoxyl groups to aromatic
nuclei; and (¢) presence of aliphatic hydroxyl groups in side
chains attached to the benzene nucleus. Freudenberg's modific-
ation of Klason's view of lignin as a propylphenol derivative
differed only in the type of side chain envisaged and in the
agssumption that the building units were joined through ether
linkaeges to give a "linear type" condensation polymer (12,
page 134). Such a polymer, however, should readily undergo

CH=O CH=zOQ
e =CHo=CHOH-CHgo=0 ~CHo=-CHOH-CHe~
CHo—=C

(I)

degradation by hydrolytic action into simple molecular units,
and, this not being the case TFreudenberg found it difficult

to postulate transformation into "secondary 1ignins" (12,



assumed
page 136). The/presence of the dioxymethylene group was based

on the liberation of a small emount of formaldehyde (up to 1.2
per cent) (13,14,16). The side chains visualized by Freudenberg
were R-CHOH-CHOH-CHo0H, R=-CHp~CHOH-CH90H, R~-CHOH-CHo-CHO and
R-CHOH~-CO-CHx (12, page 135). According to his definition

these compounds are "biochemically identical" (12,page 137);
this expression, however, has, scientificelly, no biochemical
significance and can only be assumed to imply they are in

equilibrium with each other, at least in vivo.

On the basls of the studies on alkali degredation of spruce
lignin, followed by methylation and oxidetion (16,17,18),
Freudenberg has abandoned the ether-type linkage of assumed
propylphenol units and now considers the union to be of a carbon-
to=carbon type involving oxygen-ring formation between side

chains and aromatic nuclei (2, page 95) (II).

CH=O CHz0
HO _on” N\ AL HO e’ N\ AL?
é(on) CHOH jﬁ CH
b o bt CE
(IJH:; (l:HS
(11) (II1)

(from two moles of R-CHOH-CO-CHgz)

It ean be seen that this structure (II) is similar to the
dimer resin-type polymer (e.g. dehydrodiisoeugenol,(III)

suggested by Erdtmen (19)).



One of the chief objections to this new Freudenberg
conception has been the assumed presence of the dioxymethylene
group either on terminal,(12, page 134) or (in his later theory)
centrally disposed (2, page 95, 109) arometic nuclei, to the
extent of 25 per cent of the spruce lignin structure. This
theory has been seriously criticized (4), especially from the
roint of view of the non-isolation of piperonyl units.
Furthermore the inclusion of such nuclei as centrally-located
units in a dehydrodiisoeugenol type of polymer implies a new
and unusual form of condensation. It is also of importance to
note that such a condensation polymer (II) could not be formed
with syringyl derivatives where the five position (ortho to the
phenol group) is blocked by a methoxyl group.

Recent Developments in Lignin Chemistry

The recent developments (constituting the third phase )

which have led to a clearer understanding of the structure and
origin of protolignin are those connected with studies on (i)
alkaline oxidation of lignin, wood, and lignin sulfonic acids;
(ii) high pressure hydrogenation of wood and lignin; and (iii)
early experiments on the alcoholysis of wood. The results of
these studies have provided experimental support for (i) the
above mentioned theoretical conception of lignin originally
proposed by Klason and extended by Freudenberg and (ii) the
modern theory of plant respiratory catalysts as lignin

progenitors developed by Hibbert (4).



l. Alkaline Oxidation of Lignin and Iignin Derivatives

The action of aikali on lignin sulfonic acids has been in-
vestigated extensively following earlier observations (4,page 37)
regerding the presence of venillin, at least in small quentit-
ies, in the reaction mixture. With spruce lignin sulfonic acid
a yield of 6-7 per cent of vanillin (20) and a smaller emount
of acetovanillone (21) and guaiacol (22) are obtained, while,
with oak lignin sulfoniec acid, in addition to these there are
present syringaldehyde (23), acetosyringone (24), and 1,3-
dimethoxypyrogellol (23). The addition of an oxidizing agent
such as metanitrobenzene sulfonic acid, in small quentity, to
the alkeline spruce lignin sulfonic acid mixture gave a lower
yield of aldehyde (25). tiore recently Freudenberg and co-
workers have developed an alkali-nitrobenzene oxidation
technique by which yields of 20-25% of vanillin from spruce
wood and spruce lignin sulfonic acid are obtained. (26).

Although yields of 257 vanillin appear to be the maximum
obtainable from soft woods, an extension of this method to
maple and aspen woods gave yields of 46 and 48% respectively
of mixtures of vanillin and syringaldehyde (£7). If it be
assumed that these aldehydes are derived from propylphenocl
units similar to those obtained by the ethanolysis of maple
wood, these yields indicate that approximately 58-62% of the
protolignin in angiosperms is aromatic in nature, and, thus

the validity of Klason's assumption that lignin hes a funda-



mentally aromatic structure is established.

Lautsch and riazolo (28) oxidized a brominated spruce
lignin with alkeli and nitrobenzene and obtained 6-bromovanillin
(8 per cent), & product which cannot be prepared directly from
vanillin. This result is assumed to prove that the units in
lignin are united with each other by etherification at the
4-position. Attempts to increase the yield of aromatic lignin
oxidation producis by substituting certain metallic oxides

(29) for the nitrobenzene were unsuccessful.

2. Hydrogenation of Wood and Lignin

The preliminary work concerned with the high-pressure
hydrogenation of lignin heas been reviewed (3,4). Complete
ligquefaction of the wood is effected by epplication of this
technique to spruce and meple woods (30), the protolignin
being converted, in part, to 4-n-propylecyclohexanol (IV) and
3-(4-hydroxycyclohexyl)-propanol-1 (V) in yields of 19.5 and
5.8 per cent respectively (based on the Klason lignin content

of wood). Using the carbon content of these isolated units

Ho@-CHg-CHg-CHS HO-@-Cﬂg-CHg-CHg-OH

(IV) (V)

and of the "methoxyl-free protolignin" in the wood as a basis
for calculation, the combined yield of propylcyclohexane de-

rivatives represents a recovery of 36 per cent (30) .



Examination of the yields of hydrogenation products from
various amorphous fractions of a maple lignin isolated by
ethanolysis (31) indicates that, for a given series of such
fractions, increasing solubility and increasing susceptibility
to depolymerization into simple, monomolecular propylphenol
units by ethanolysis are paralleled by an increasing yield of
the water-insoluble propylcyclohexanol hydrogenation products.
This observation is thought to indicate the prevalence of
~-C=0-C~- bonds between the propylphenol "lignin building-units"
in those lignin fractions which are readily-soluble and are
easily cleaved by ethanolysis and hydrogenolysis and, conversely
an increasing incidence of «C=C-C- bonds in lignin fractions
having these characteristics to & lesser extent;

Hatihama et al. (32) hydrogenated hydrochloriec aeid lignin
in the presence of several less active catelysts, particularly
nickel, and obtained a 50% yield of ether-soluble aromatic
oils containing pyrocatechin and n-propylgualacol. 3imilar
results have been reported by Freudenberg and co-workers (33)
who, following earlier work by Bobrov and Kolotova (34),
extended the investigations to sulfite liquor. More recently,
Freudenberg and Adam (35) have developed a procedure which
consists of the simultaneous dry distillation and catalytic
hydrogenation of isoiated lignins on the surface of which
various metallic catalysts had been precipitated. 1In this

menner ether-soluble, tarry fractions (20-50% yield) contain-



ing among other products, phenols and phenolic ethers were
obtained.

In addition to establishing the foregoing evidence for
the presence of the propylphenol unit in lignin, hydrogenation
studies have shown that a relatively large proportion of the
propyleyclohexane derivatives obtained from wood (30) and
certain lignins (31,36,37) contain oxygen atoms attached to
the terminal carbon atom in the propyl side chain. This result
provides the only experimental proof of the presence of oxygen
in that position in protolignin.

A further contribution of the hydrogenating technique to
lignin chemistry has been the classification of lignins accord-
ing to their relative complexities (based on the yield and
nature of hydrogenation resins). The results of Adkins and co-
workers (37,38) have shown that sulfuric acid, soda and alkali
lignins are more complex than either protolignin (30) or

alcoholysis lignins (31,36).

3. 4Alcoholysis of Wood

The fourth phase in the elucidation of lignin estructure
may be regarded as that associated with the more recent con-
tributions of Hibbert and co-workers on the action of ethanolic
hydrogen chloride on various plant materials.

The belief that proto- and extracted lignins exist only

as highly polymerized, complex substances led investigators to



conclude that the amorphous water-insoluble product obtained
by customary extraction methods was the only form in which
lignin could be isolated. Precipitation into water from
concentrated alecohol, acetic acid, or other solutions has
been almost an invariable step in the isolation or purific-
ation of lignin.

Prior to the recent developments of the ethanolysis lignin
extraction process by Hibbert and co-workers, the aqueous pre-
cipitating liquors had been examined on only two occasions,
namely, by Priedrich and Br#da (39) (methanolysis of beech)
and by Brauns and Hibbert (40) (methanolysis of spruce ). The
former investigetors isolated a small amount of lignin which
apparently had been suspended in the water as a sol, and only
minute traces of methoxyl-containing material were found in
true solution in the concentrated aqueous liquors. Brauns and
Hibbert also found only a small quantity of methoxyl-containing
material in their work.

When it was observed, however, that the sum of the weights
of the amorphous water-insoluble lignin and of the Klason lignin
remaining in the alcoholysis wood residue was almost always
considerably less than the weight of the Klason lignin in the
untreated wood, Hibbert became interested in the cause of this
discrepancy. The explanation of this was found when Cramer,
Hunter. and Hibbert (41) showed that the loss in weight was due

(in the case of the ethanolysis of spruce and maple woods) to
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the water solubility of a large proportion (12% of the Klason
lignin, spruce; 30%, maple) of the methoxyl-containing materials.

As a result of this important observetion an extensive
series of investigations was started immediately in these lab-
oratories to determine (a) the structure of the components of
the water-soluble fraction; (b) the factors involved in their
isolation, especially those relating to their actual presence
as such in the wood or their appearance as stabilized end-
products derived from more complex polymers and/or more
reactive simple units; (c¢) the significance of the simple
units in relation 10 the structure of the amorphous, water-
insoluble ethanol lignin and (d) the significance of the simple
units in relation to photosynthesis, plant respiration and the
formation of protolignin.

To date, approximately one-third (12% of Klason lignin
content) of the water-soluble oils from maple wood has been
shown to be composed ofd(-ethoxypropiovanillone (VIII) (4la)
and its syringyl analog (IX) (41b), vanilloyl methyl ketone
(X) (43a) and its syringyl analog (XI) (43b), vanillin (VI)
(42) and syringaldehyde (VII) (42).

CHx CH=Q CHz0
0

' .
A 80235 0
(VI) (VIII) (X)
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CHz0 CH=0 CHzO

HO -CHO HO C-CH-CHz  HO C-C-CHz

CHx CHz0 g 502H5 CHzO g g
(VII) (IX) (X1)

An actual relationship between these monomeric units and
extracted lignins has been established by Peniston, McCarthy
and Hibbert (44). These investigators refluxed an acetylated
oek lignin with anhydrous ethanolic hydrogen chloride (£7%)
for 15 hours. The crude, water-soluble oils thus obtained
(36% of the acetyl-free lignin content of the starting material)
were separated into four fractions whose characteristics were
very similar to those obtained by the action of ethanolic
hydrogen chloride on maple wood.

As a direct result of the isolation and identification of
the propyl phenol derivatives and of 3-(4-hydroxycyclohexyl)-
propanocl-1 (V) (by means of hydrogenation) interest has been
centered on the potential significance of related compounds
such asAg-hydroxypropiovanillone (X1I), l-guaiascyl-3-hydroxy-
propanone=2 (XIII) and their corresponding syringyl derivatives.

R-C0-CHo~CHpo=OH R-CHo=-CO~CHs-0H
(X1I) (XIII)

4. Miscellaneous Experiments

The effect of variables in the Klason lignin determination

has been carefully studied by Freudenberg and Ploetz (45,46).



The results indicate that this determination is, to a large
extent, an arbitrary one and of particular significance is
the fact that reaction conditions applicaeble to the production
of the lowest yield of lignin of highest methoxyl content in
the case of soft woods are not necessarily epplicable to
hardwoods. The use of hydrogen fluoride as & solvent for
lignin has been suggested by Wiechert (47,48). Preliminary
investigations indicate that its use in a standardized method
for the determination of lignin would eliminate many of the
objections to the established sulfuric acid procedure, although
the requisite expensive equipment (platinum or silver) renders
its general acceptance doubtful. The difficulties encountered
in applying the Klason procedure to plant products (grains,
vegetables, etec.) have been emphasized recently (49); in
particular with respect to (i) the apparent condensation of
lignin with protein material and (ii) the higher values found
when the plant material is pre-dried at a relatively high
temperature (lOOOC.).

Benson and co-workers (50,51), in an attempt to establish
a lignin research program of industrial significance, have
commenced a study of desulfonated (with sodium hydroxide)
calcium lignin sulfonate. Their recent results (52) indicate

that nitrated desulfonated lignin closely resembles nitrated

butanol lignin.
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Butanol lignin, obtained by treating wood with butanol-
water and butanol-water-slksli at 16000., has been studied
extensively by Bailey (53). He concludes (54) from compara-
tive butanolysis studies of aspen and jack pine that a portion
of the lignin in softwoods (but not in hardwoods) is chemically
bound to cellulose. The presence of glucosidic linkeges
involving phenolic hydroxyl groups of the lignin is rendered
doubtful by the results of investigations (55) on model sub-
stances (glucosides of the ethanolysis lignin units).

The necessity for careful classification of lignin sources
is re-emphasized in results obtained by Ritter (56) on the
lignin content of various cross-sectional regions of birch trees.
For example, the lignin content in a twenty-nine year old white
birch was found to drop from 37.4% at the center to 19.5% at
the periphery.

The similarity of the behavior of coumarin and of scetic
acid lignins towards diazomethane has led Wright (567) to
suggest that lignins contain e coumarin-type of lactone linkage.
von Wacek and Nittner (58) subjected beechwood tars to ozonolysis
and from analyses of the reaction products concluded that sub-
stituted coumarones were present in the taers. The presence of
two pyran rings in each "lignin building unit" (60) is assumed fr-
om absorption spectra studies (59) on spruce native lignin (60),
spruce native lignin derivatives, lignins isolated from spruce

wood by compounds conteining hydroxyl and mercaptyl groups, and

related compounds.
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5. Blochemical Aspects of Protolignin Formation

Mechanism of Plant Synthesis of Propylphenol Derivatives

(1) Synthesis of Simple Phenols- Verious theories concerning

the synthesis of phenolic compounds in plants have been based on
assumed transformation of hexoses (61,62), while a more recent
theory (4) considers the phenolic substances as being formed
from intermediate photosynthetic and/or plant respiratory

products.

(i) Free Radical Theory (63)- Specific types are assumed

to be present in the active stages of plant growth (formic aéid
(XIV), glycollic aldehyde (XV), and acetaldehyde (XVI)) in

equilibrium with the copresponding enol-radicals:

!
HCOOH == G(OH)p CHoOH.CHO==CHOH.CHOH  CHg.CHOS=(Hg.CHOE
(XIV) (XV) (XVI)

Union of the free radicals may give rise to hydroaromatic

derivatives which, by loss of water, could yield phenols; for

example, phloroglucinol (XVII) from (XV):

HO OH HQ
. . -3H20
%(CHOH-CHOH) —> HO~- OH——> OH
HO OH HO

(XV) Inositol (XVII)
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(i1) Methyl Glyoxal Theory of Phenol Formation (64) -

Methyl glyoxal, which i1s a well-recogniged intermediate in
animal cell respiratory processes (65, page244), presumably
occuples a somewhat analogous position in plant carbohydrate
metabolism (66, page 264) and has actually been isolated from
a number of higher plants (67). Hibbert suggests the possib-
11ity of two molecules of methyl glyoxal polymerizing to
vield a cyelic dihydroxydiketone (XVIII| capable of under=-
going the indicated reactions to give quinone (XIX) and 1,28~
dihydroxy-4-ketocyclohexadiene (XX). This ketohexadiene, (XX),

CHxz ocg CHs — CHOH /:H=ca
co =+ cCoO —> CO C0 —> HO-C Co
\ / \ / N\

CHO H=aC CHOH—CHo HO-C —CHs

(XVIII) (XX)
2124
“2Ho0
2 Y
-HoO
o= =0 HO <— HO
HO~ HO- H
H
(XIX) (XXI1I) (XXI)

on reduction could give rise to a hydroxy-enediol, (XXI) which
could yield catechol (XXII) upon the loss of a mole of water.
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Pyrogallol (the precursor of the syringyl nucleus) could be
formed by enzymatic oxidation of catechol (XXII) just as the
latter is formed from phenol (68).

(11) sSugzested Plant Synthesis of Propylphenol Derivatives -

Condensation of the "methoxylated" ketocyclohexadiene, (XXIII),
with a third mole of methyl glyoxal, followed by the loss of a
mole of water and reduction would yield (XIII). 4n intra-
molecular chenge involving an allyl shift in (XIII) would give
the primary dismutation isomer, (XXIV), (not yet isolated)
which could then yield the ense-diol (XXV), this in turn giving
the benzoin derivative (XXVI). The benzoin derivative (XXIV)
on reduction could yield the desoxybenzoin (XXVII). Moreover
the ene-diol, (XXV) is a dihydro derivative of the 1,2-diketone
(X).
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CH=O
HO- =0 -+ HzC-CO-CHO T— HO =CHp~CO=CHO
H
(XXIII)
(R= guaiacyl radical) R=-CHo-CO~-CHpOH (XIII)

i

R-CH C(OH)-CHp0H

T

R=CHp=CO=~CHz $—— R-CHOH-CO-CHx “— R-CHOH~C (0OH)=CHp
(XXVII) (XXIV)

e

R=-CO=-CHOH-CHz === R-?:C-CHZ_: R-C0-C0~CHg

2H

+2H
CH OH

(XXVI) (XXV) (X)

The only reaction of this series which conceivably could
be open to question is concerned with the rearrangement of (XIII)
to (XXIV). Apparently there are no.analogous reactions described
in the literature, although, if it is assumed that (XIII) is
in equilibrium with its aldehydo form (R-CHe~CO~CHsOH
R-CHo-CHOH-CHO), then the reaction undergone by its analog,
benzyl glycollic aldehyde, (XXVIII), in the presence on ethanol
and sulfuric acid is highly significent (69), in view of its

conversion, by this means, into a mixture of phenyl acetyl
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carbinol and benzoyl acetone. Furthermore, since it has been

2 CgHg=CHp~CHOH-CHO — CgHp~CHOH~CO~CHz —+ CgHg~C0-CO-CHg
(XXVIII)

shown experimentally (70) that the veratryl derivative of (XIII)
is converted into the ethyl ether of (XXVI) by ethanolic
hydrogen chloride, the postulation of (XXIV) and (XXV) as
intermediates would appear to be justified.

There is ample support in the literature for the postulated
equilibrium (XXIV)—> (XXVI). The simplest, and best known
examples of sueh dismutation reactions, in the cese of 1,2~
hydroxy ketones and aldehydes, are to be found in‘the field of
carbohydrate chemistry, as for example, the well-known Lobry
de Bruyn equilibrium transformation of glucose -T—\_mannose =
fructose, and of glyceric aldahyde.;:E'dihydroxyacetone. ete.
(71). A detailled review of this type of dismutation transfor-
mation is given in part C of this introduction (page 52 ).

In this review it is pointed out that in the equilibrium system
R-CHOH-C0-CHg =——R~-C( OH) =C(OH)-CHz == R=CO-CHOH-CHz where

R is a para substituted benzene radical, R-CO-CHOH-CHz is more
stable than its dismutation isomer. This is in sgreement with
the results obtained in the ethanolysis of wood in which the
products isolated are tine ethyl ethers of the stabilized form
R-CO-CHOH-CHx, namely X-ethoxypropiovanillone (VIII) and
-gyringone (IX). In the 1ight of the above literature refer-
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ences (69,70),it is probable that these substances (VIII) and
(IX) represent only stabilized end products originating from
the assumed lignin progenitors, l-guaiacyl-3-hydroxypropanone
-2 (XIII) and its syringyl analogue respectively: (see also
page 30) in other words, the first members of the proposed new
aromatic system of plant respiratory catalysts (4).

It is therefore of great importance to consider to what
extent members of the second type of ethanolysis products
isolated, namely, vanilloyl- (X) and syringoyl methyl ketones
(XI), represent also stabilized end ethanolysis products
derived from more reactive lignin progenitors. A consideration
of a series of products, namely coniferyl alcohol (XXIX)
(R-CH=CH-CHpOH) , oxyconiferyl alcohol (XXX) (R-CHp=CO-CHpOH =
R-CH=C(0H)~-CHg0H) and dioxyconiferyl alcohol (XXXI)
(R-CO=-CHOH-CHpOH == R~-C(OH)=—C(OH)-CH50H), points to the
possibility of the existence of a similar dismutation equil-

ibrium involving the dioxy-ketone (XXXI) as one constituent:
R-CO-CHOH=CHpOH == R-C(OH) =C(0H) -CHg0H <= R~CHOH-CO-CHgOH

Examination of the enediol (XXXI), shows it differs only
from that present in the dismutation system R~CO-CHOH-CHzT=
R-C(OH)= C(0H) -CHg === R-CHOH-CO-CHz in that the methyl group
is replaced by e terminal -CHpOH, and by analogy this dioxy-
coniféryl alcohol type of compound might be expected to yield
vanilloyl methyl ketone in the presence of dilute acids:
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R-C(OH)=C(0H)=CHgOH — R-C(0H) 5=C ( OH)=CHg ~——3 R-C0-C0~CHz

Substantial experimental support for this theory is to
be found in the behavior of analogously constituted chain and
cyclic derivatives. Thus Bradley and Easton (194) observed
that chloromethyl A-acetoxybenzyl ketone (XXXII), when heated
with a solution of sodium acetate in glacial acetic acid and
methanol, was converted in almost quantitative yield into
benzoyl methyl ketone (XXXIII). The same chloroketone (XXXII)

when left standing at room temperature for one year decomposed

CHzOH--HOAG
) NaOAc
66H5-§1H-CO-CH2-CI > CgHp~C0-CO-CHzx
OAc
(XXXII) (XXXIII)

spontaneously into (XXXIII)., It seems justifiable to conclude
that during this period, (XXXII) underwent slow hydrolysis to
CgH5-CHOH—CO-CH20E, followed by a molecular rearrangement to

the diketone as indicated above.

Further evidence for these speculations is to be found in
the action of dilute sulfuric acid on the hydrogenated metabolic
product terrein isolated by Raistrick and coworkers 7101) by

the action of several strains of Aspergillus terreus Thom on

glucose as the sole organic substrate. It was found that terrein

could be hydrogenated readily to yield tetrahydroterrein (LXVID),
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and this in the presence of acid underwent rearrangement to a

cyclic diketone (LXVle). It is evident that the molecule of

0 0
I Il
C c\
c':H2 cl:Hon 2N HpSC, 5 cé c|:=o
CHz-CHp~CHo-CH CHOH CH5—0H2-CH2-JJH CHo
(LXVID) (LXVIc)

tetrahydroterrein contains a grouping analogous to that in

dioxyconiferyl alcohol (XXXI) so that the diketone formation

is not surprising.
It therefore seems highly probable that the 1, £2~-diketones

isolated in the ethanolysis of wood represent stabilized end

products derived from one or other of the dioxyconiferyl alcohol

members of that dismutation system.

The plant origin of these dioxyconiferyl alcohol derivatives
is, as yet, unknown, but it is interesting to note that their
plant synthesis can be visualized as consisting of & primary
condensation of two moles of methyl glyoxal, with the loss of
a mole of water, followed by a further condensation with a third
molecule, in this case hydroxymethyl glyoxal (instead of methyl

glyoxal as in the case of the end methyl group derivatives)-

(page 17).
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0
I
HO~ \ H X=0 -+ HCO-CO-CHpOH —> HO- ;g--'c-cnzon
HO HO H..
0 0
-2H, Il
HO ~-C(0H)=C(0H) -CHg0H =— HO- C--C~CHgOH
+2H

HO HO

(6) Possible Significance of Lignin Progenitors

in Plant Oxidase Systems

The mechanism of animal respiration has engaged the
attention of a large number of workers in biochemistry for
some time. At present most workers in this field (65) believe
that the energy necessary for the animal cell is liberated by
the transformation of carbohydrates into carbon dioxide and
water. This transformation consists of decarboxylation and
dehydrogenation reactions. The greater part of the energy is
derived from the reaction of hydrogen with oxygen. 1In the cell,
carbohydrates undergo degradation and from the simpler fragments
hydrogen is split off under the influence of enzymes known as

dehydrogenases. This hydrogen is transported by what is known

as a "carrier" or "hydrogen transporter". Thus hydrogen is
transferred from one substance to another; this resulting in a

chain of reactions which serve to transport hydrogen from

negative to less negative oxidation-reduction systems until
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finally the stage of union with oxygen is reached. Thus during
the course of a series of dehydrogenation reactions energy is
liberated stepwise, in small amounts, and this provides the
required energy for the living organism.

Szent-GyBrgyi has demonstrated the presence of & number
of dehydrogenase-catalyst systems in various forms of plants;
such as those of catechol (XXXIV) (73), ascorbic acid (XXXV)
(74), and dioxymaleic acid (XXXVI) (75).

0

OH ! H@
OH 0-C =:C-CH-C.:HOH | -COOH
OH OH CHsCH £-COO0H
OH
A A
-2H | +{2H -2H| +|2H -2H |4 2H
0 v v
Il
=0
0 » C0=-CO0H
co-co-co-cn-?ﬂoa 0=-COOH
CHgOH
(XXXIV) ( XXXV) (XXXVI)

Each of these can function as an oxidation-reduction system,

the oxidized molecule being & 1,2-diketone and the reduced

molecule an enediol.

Hibbert (4) has pointed out that the principal water-



gsoluble ethanolysis products from spruce and maple represent

enediol-1,2-diketone oxidation-reduction systems (XXVI) and((X).

As discussed above (page 19), these presumably represent stabil-

ized end products, their forerunners, being lignin progenitors

present in the plant cell as a series of monomolecular,

hydrogen transporting catalysts, which later undergo conversion

into more complex condensation polymeric products.

The presence of coniferin in the cambial sap of prectically

all plants, and other considerations have led him (4) to propose

a plant respiratory catelyst system similar to the Cy-dicarboxy-

lic acid system of Szent-Gy¥rgyi (76).

Animal System
(Szent Gy8rgyi)

HOOC-CHg=CO=-COOH
A (oxalacetic acid)

4

+2H| -|12H

HOOC~CHgo=-CHOH-COCH
B (malic acid)

=|Hs0

4

HOOC=-CH=CH=-COOH
¢ (fumaric acid)

-\-zal -TzH

AOOC-CHpe=CHo=~COCH
p (succinic acid)

AI

Bl

Cl

D1

Plant System
(Hibbert)

R~-CHg=CO~-CHoO0H

A

+2H | ~|2H
Y

R=-CHp-CHOH-CHgOH

~1Ho0

\ |

R-CH=CH-CH20H
(coniferyl alcohol)

-\-EHL-FH

R-CHp=CHo=CH5OH

-=s8yringyl or guaiacyl radical
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The first member (A') of the plant system, corresponding
to oxalacetic acid (4), is the keto alecohol believed to be
obtained from the condensation of three mols of methyl glyoxal
(page 17 ). 1t is seen that the third member of the new system
is coniferyl alcohol corresponding to fumaric acid in the C4
éystem. The isomeric form of (A'), R-CO-CHp-CHgOH, may also
function similarly to (A') in the new system, while (B') and
its isomeric form would provide analogs of the citric and
isocitric acids which are the components of the Krebs animal
cell oxidation system (77). The passage from Hibbert's new
gystem to the ene-diol-l,2-diketone system can take place by
an allylic rearrangement of the oxyconiferyl or oxysyringyl

alcohol isomer, as represented on (pagel? ).

(7) Formation of Protolignin from Propylphenol Units

(a) Polymerization Mechanisms of Guaiacyl Units

Prominent workers in the field of lignin chemistry believe
that lignin originates from propylphenol units of the type
isolated from wood by Hibbert and coworkers, or from closely
related compounds, and Freudenberg, Erdtmenn, Holmberg, and
Hibbert have made significant contributions to the elucidation
of the mechaniséyiignin formation. TFreudenberg (2) considers
the union of the monomers to be of a carbon-carbon type

involving oxygen-ring formation between side chains and

aromatic nuclei (11). (page 3 of part 4).



26

Hibbert (4) points out that the "lignin building units”
containing a phenol group together with a carbonyl or an un-
aaturated linkage in the side chain would have a strong tendenecy
to undergo para- and ortho -nuclear condensations both individ-
ually and collectively, under mild conditions, with formation
of condensation polymers. This phenol-carbonyl type of reasction
is well known, and was first suggested by Freudenberg solely on
theoretical grounds, inasmuch as he has never succeeded in

isolating any C¢Hs~C-C-C units .

CHz0 CH=O CHO:
HO- DCH-C 0-CHz HO-O-&Q,-‘(%-CHS
(I‘)H ;'cg'é"-.
HO /ﬁ _> :HO.
HzCO -CHOH HzCC . HOH
e b
éHg éHg
(XXXVII)

The condensation of the ortho-hydrogen aiom of one unit with
the carbonyl of another, followed by the elimination of two
molecules of water as indicated would result in formation of

a benzofurane derivative. Condensation with a third molecule
would yield & trimer and so on. It is seen that this mechanism
differs from Freudenberg's only in the order in which the first

two steps are assumed to occur.



Under the action of bacterial enzymes or ferric chloride
(88) isoeugenol forms a dehydrogenated dimer, dehydrodiisoeugenol

considered by Erdtmann (3) to have the formula (III).

TCHg ?CHg
C
d TO
CHz-CH=CH- ——CH
CH5
(III)

By the oxidation of the methyl ether of this dimer with cold
potassium permanganate, Erdtmann prepared the acid (XXXVIII),

which 18 regarded by Freudenberg as a model substance for the

lignin polymer.

jCHS CHz
/O\CH- -0CHz
HOOC -——-éH
(!1H5
(XXXVIII)

Freudenberg found that (XXXVIII), after degradation with alkali,
methylation, and permangenate oxidation, yielded isohemipiniec
acid (XXXIX) and veratric acid (XL). By the same treatment of
gpruce lignin Freudenberg obtained 2% of isohemipinic acid and

12% veratric acid, and traces of trimethyl gallic acid, end
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OCHz OCHz
OCHgz OCHz
HOOC COOH
COOH
(XXXIX) (X1)

concluded (89) that some of the lignin molecules are of a type
cepable of yielding isohemipinic acid on alkali degradetion,
followed by methylation and oxidation. It is apparent that
this observation supports the theory of Erdtmann (3) and of
Hibbert (78) that protolignin is made up of dimers of the
dehydrodiisoeugenol type (III).

Erdtmann in his recent review (3) points out that the
structure of a wide variety of plant resins, e.g. o0livil
(XL1), lariciresinol (XLII), conidendrin (XLIII) and others
conform to a generél dimer type, the monomer being a propyl-
phenol derivative closely related to coniferyl alcohol and
that the dimer formation apparently elways involves the @-—
carbon atom of the side chain.

The similarity between these simple natural products and
dehydrodiisoeugenol, and the analogies between lignin and
dehydrodiisoeugenol have led Erdtmann to the belief that the
phenomenon of dehydrogenative coupling of molecules probably

rlays a great role in the blogenesis of plant products.
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HOH Ho
s
CHz CHg % \clz-cnz CHx / \'(|)H-CO\
0
7
H HO -CHz HO \ _CH-CH%
H-Tég cH
OCHz "0CHz
OH H
(X11) (XLII) (XLIII)

He states that the ethanolysis products &L-hydroxypropio-
vanillone, (XXVI) and vanilloyl methyl ketone (X) end their
syringyl analogues are not necessarily true lignin building
units, since they may represent stabilized end products origin-
ating from dimeric types similar to dehydrodiisoceugencl. That
such may well be the case has been recognized by Hibbert (78).
(see also page 19)

There is & close relationship between the enolic forms of
the side chains of certain propylphenol derivatives R-C(OH)=C(OH)-CHz
(¥XV); x-CH=C(OH)~-CHzx (XXVII); R-CH=C(OH)~CHgOH (XIII); and
the side chains of isoeugenol R-CH=C(CH-CHz and coniferyl alcohol
R-CH==CH-CH20H. This fact strongly suggests that protolignin
may be present in the plant as a series of polymers of the
dehydrodiisoeugenol type (III) derived from monomers of the
oxyconiferyl alcohol type (XIII). These reactive dimers during
the course of the ethanolysis could partially polymerize and

partially undergo transformation to the stabilized ethanolysis
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units, as shown below.

Application of the dehydrodiisoeugenol type of polymeriz-
ation to the enolic forme of certain propylphenol units, for
example oxyconiferyl alcohol (XIII), as pointed out by Hibbert
(78), could give rise to two general types of lignin polymers:
(XLIV) and (XLV). |

O‘CHz (IJH20H ?CHg
0
HO TN
l :GH'.
CoRe CH=C -0B-CHgOH
(XLIV)
CCHgz (|3H20H
HO - -CH= C~0H-CHo0H
IEEH}
--C<*<‘O’/'
OCHz
(XLV)

Each of these could condense further to give a trimer, a
tetramer etc., while the elimination of a mole of water from
each dimer would yleld benzofurane derivatives. Ring opening
of (XLIV) could give rise to the (XLVI) form,from which, by

a double allylic shift, and by cleavage, one mole each of the
diketone (X) and of the ketol (XXVI) could be obtained. Such
a cleavage would only be possible with & reversible type

polymer and not with the benzofurene irreversible type. The
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C|)CH3 CI)HQOH O\CHg (|3H20H O'CH3 (|)H5 C:CH:; CHz
HO CO HO COH HO co HO CHEH
'éH ———gH xé v -—-éO
L
(XLVI) (XLVII)

same dehydrogenative-coupling type of polymerization and depoly-

merization can be applied also to two moles of the enediol of
o -hydroxypropiovanillone (XXV), or to two moles of the enol
of (4-hydroxy-3-methoxyphenyl)~-propanone-2 (XXVII).

(b) Polymerization Mechanism of Syringyl Units

It is apparent that the syringyl analogs, due to the
blocking of the ortho positions of the phenol could not under-
go the same dehydrogenative coupling. Hibbert (4) points out
that since the "lignin building units" (XXVI),(XXVII) and
(XI1I) in their enediol forms are derivatives of styrene,
they could possibly undergo the styrene type of polymerization,
although this is regarded as much less probable.

Inasmuch as coniferyl, oxyconiferyl, syringyl, and oXy-
syringyl alcohols may be regarded as substituted cinnamyl
alcohols, and in view of the ease with which cinnamyl derivat-
ives, in the presence of dilute acids, not only undergo the
allyl shift but also form dicinnamyl ethers (79) in high yield,
it is possible that the syringyl units may exist in the woody

tissue as ethers, thus accounting for their much readier
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extraction by ethanolysis and other methods.

In any event the type of polymerization of gymnosperms
appears to be much more complex than in the case of the angio-
sperms, the reversible type being present in the latter to a
much greater extent (4). Recent work (80) has shown that both
the ether-soluble and -insoluble ethanol maple lignins undergo
depolymerization on further treatment with ethanol-hydrochloriec
acid to give the 1,2-diketone (XIII) and the keto-alcohol (XXVI)
a result in harmony with the above theoretical speculations.
(page 31 )

The reactions of lignin with mercaptans, particularly
with thioglycollic acid, have been investigated over a period
of years by Holmberg (8l) and are of particular importance in
any appraisal of the various suggested polymerization mechan-
isms. The mercaptans, R-SH, are thio-alcohols, and in the
presence of acids, react in the same way (namely through the
-SH~-group) as alcohol with lignin in the wood. This is
emphasized by the fact that treeatment of ethanol lignin with
thioglycollic acid results in the replacement of the ethoxyl
groups by the =3-CHps-COOH radicel (82). By treating wood
with thioglycolllc acid in the presence of hydrochloric acid,
Holmberg obtained products containing even more thioglycollie
acid than the treated ethanol lignin.

Holmberg's experiments dealing witl the reactions of model

substances (presumably related to lignin) with thioglycolliec
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acid (8l) as well as the related experiments carried out by
Freudenberg (83), by Higgland (84) and by Richtzenhain (85)
were all designed to throw light upon the question of the
actual groupings present in proté- and isolated lignins.

Thus thioglycollic acid condenses with cinnemyl alcohol (86)
with the loss of water to give cinnamyl thioglycollic acid.
Céﬁ;;-CH:: CH-CHgOH+4 HS~-CHg~COOH — CgHg~CH=CH~CHo~-S~-CHp~COOH+H20 .
A similar reaction occurs with butyl alcohol,  -phenylethyl
alcohol, and, more significantly with benzyl alcohol (87), its
derivatives and the ethers of it and its derivatives, e.g.
phenyl methyl carbinol (XILVIII), benzohydrol (XLIX), f-eth-

oxyphenylethane (L) and benzyl ethyl ether (LI).

CgHg-CH(CHz) -OH- HS-CHgp~COOH —3CgHs - CH( CHz ) -~ S=CHp=COOH4-Hg0
(XLVIII)

05H5-CH(CH5)OEti—HS—CHg-COOH-—4705H5-CH(CH3)-S-CHg-COOH-+EtOH
(L)

(CgHg) o~CHOH CgHg-CHo~OE
(XLIX) (LI)

(XL.IX) and (LI) react in the same way as (XLVIII) and (L).
Thioglycollic acid does not condense with such alcohols &as
phenylpropanol (CgHg-CHp-CHgo=CHoOH), and phenyl ethenol
(CgH5~CHp-CHp-OH) (82).
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From the foregoing results, the following conclusion is
drawn: Holmberg's experiments on the reaction of thioglycollic
acid with model substances have shown that this reagent condenses
with derivatives of benzyl alcohol and only with a limited
number of other types of alcohols. The fact that lignin conden-
ses with thioglycollic acid very readily, would suggest that
the former is a derivative of benzyl alcohol. Examination of
the various structures proposed for lignin (II), (XLV) eand
(XLVII) shows that they are such derivatives, hence Holmberg's

work lends support to the proposed theories of lignin structure.
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Part B. Yetabolic Products formed by Molds

from Carbohydrates

The application of fermentation reactions to the arts,
guch as brewing, production of vinegar and tanning, has been
practised for a long time, though only during the nineteenth
century wes it definitely recognized that these processes are
accomplished by the aid of living organisms. The formation
of acid by molds is so easilly recognized by simple titration
that it was only natural that acid production early excited
attention and most of the pioneer work in mold products dealt
with the formation of carboxylic acids. The following ecids
have been recognized as metabolic products: oxalic, citric,
fumaric, malic and succinic. Other metabolic products are
ethyl alcohol, acetaldehyde, mannitol, fats and polysaccharides.

In 1922 Raistrick and co-workers commenced a comprehensive
program of work on the generasl biochemistry relating to action
of micro-organisms, and the "molds", a family of the Eumycetes,
were chosen as the first group of micro-organisms for invest-
igation. After twenty years of intensive work, many new
products formed from different genera of molds were isolated
and identified. Of these the anthraquinones, benzoquinones,
quinols, benzoins, diketones, desoxybenzoins, and pyrones are

of special interest and appear to be of marked biochemicel

importance.
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The molds were grown on the Czapek-Dox medium which is a
5% glucose (the sole organic substrate) solution conteining
mineral aalts. The sterilized medium was inoculated with the
gpores of the mold and incubated. The time of incubation,
temperature and pH were varied to suit the particular species
or strain of the mold. Both the reaction medium and the mold
mycelium contained metabolic products (aromatic and aliphatic)
which Raistrick and co-workers undertook to isolate and identify.

Micro-organisms apparently have their own biochemical
characteristics. In general, the metabolic products isolated
from one genus or gpecies differ from those of another. Thus
fifteen species or strains of Penicillium when grown on the
Czapek-Dox medium, all yielded the same three phenolic acids
(LXIII), (LIV) and (ILXV) (page 41 ); in addition twelve of
them produced mycophenolic acid whose structure has not yet
been established. So far as is known these compounds are not
produced by any other series of organisms. Their specific
grouping on morphological grounds 1in one series is thus support-
ed by their biochemical characteristics.

Another example in support of the specificity of micro-
organisms is the fact that most o1 the species of the genus
Helminthosporum when grown on the Czapek-Dox medium produce
anthraquinones which are formed only by a limited number of
gspecies of other genera. It is interesting to note that

Hibbert and co-workers, have found in the ethanolysis products
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from different woods, (gymnosperms) aromatic derivatives

having a three-carbon side chaein identical with those present

in (LXIII), (LXIV) end (LXV) in which the aromatic nucleus is
represented by the guaiacyl radicle. In the case of angiosperms,
in addition to these, the syringyl analogs also have beeﬁ obtain-
ed.

In the present investigation the author has been able to
prove the presence of desoxybenzoins, analogs of (LXV) (both
guaiecyl and s8yringyl types) in the ethanolysis products from
meple wood. These results are of marked interest from the
point of view that molds are lower forms of plant life.

Raistrick and co-workers have examined the metabolic
products obtained by use of many strains and species of several
genera of molds, and have established the structures of their
products by direct syntheses.

Two derivatives of benzoquinone and a quinol of one of
these were isolated (90) from different cultures grown on the
Czapek-Dox medium. Fumigatin (LII) end spinulosin (LIII)
were each formed by different strains of Aspergillus fumigatus

Fresenius (91) and spinulosin (LIII) was also found to be a

metabolic product of Penicillium spinulosum Thom. (9la). This

represents one of the few examples where molds of different
genera give rise to the same metabolic products. The structures

of (LII) and of (LIII) have been confirmed by direct syntheses

(92,93).
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0 o
| l |
CHz OH _+2H . CHa
OCHz-2H OCHx OCHz
u g N
(LII)

(LIV) (LIII)

From freshly-separated mold metabolism reaction mixtures,
Raistirick and co-workers (91)were able to isolete the quinol,
3-hydroxy-4-methoxytoluquinol (LIV). It was found to be un-
stable in air and rapidly oxidized to fumigatin (LII). Also
(LII) was readily reduced to (LIV). Since (LIV) and (LII)

are readlly interconvertible and siace they are both meta-
bolic products, Raistrick was led to believe that they function

as an oxidation-reduction system in the life processes of the

mold.

Different species of the genus Helminthosporum and a
few of the species of the genera Penicilliumeznd Aspergillus
when grown on a modified Czapek-Dox medium produce in the
mycelium, a pigment consisting of different polyhydroxy-
anthraquinones. These were obtained from dried and powdered
mycelium by extraction with chloroform. Helminthosporin
(4,5,8=-trihvdroxy~-2-methylanthraquinone) (LV) (9%4), cyno-
dontin (1,4,5,8-tetrahydroxy-2-methylanthraquinone) (LVI) (95),
catenarin (1,4,5,7-tetrahydroxy-2-methylanthraquinone) (LVII)
(96) and tritisporin (6-(or 7)-hydroxymethyl-l,3,5,8-tetra-



39

hydroxyanthraquinone) (LVIII) (97) were isolated from the
mycelium of the different species of the genus Helmintho-
gsporum. The yields were variable and as high as 30% of the
dried mycelium. It is to be noted that many of the anthra-

quinones are isomeric, and that all are very closely related.

0 0
HO u HO “ OH “ GH
~CHz -CHz  HO ~CHz
I cE HO I oH o || o=
0 0 G
(LV) (LVI) (LVII)

@
o
(@

HO 0OH Il i
HO 00H  HO CHoOH
HU=C Z0H
& a |l om g0 || om

0 0 0
(LVIII) (LIX) (LX)

Il oH |

CHz Hg CHzO He
g0 |l om 50 I om
0 0

(LXI) (LXII)
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The coloring matters present in the mycelium of & strain

of Penicillium eyclopium Westling grown on a glucose solution

were also investigated.(98). Two anthraquinones, emodic acid
(4,5,7-trihydroxyanthraguinone-2-carboxylic acid) (LIX), and
w-hydroxyemodin (4,5,7-trihydroxy-2-(hydroxymethyl)-anthra-
quinone) (LX) were isolated end identified. (LX) is easily
convertible to (LIX) by acetylation, followed by oxidation, and
hydrolysis. The structure of emodic acid was confirmed by
synthesis. The coloring matters produced by two different
species of Aspergillus contained partially methylated quinones:
erythroglauein (1,4,5-vrihydroxy-7-methoxy-2-methylanthraquinone)
(LXI) (96) and physcion (4,5-dihydroxy=-7-methoxy-2-methylanthra-
quinone) (LXII) (99). ZErythroglaucin is easily prepared by
methylating catenarin (LVII), while physcion (LXIII) is a close
relative of partially methylated (LX).

Since the only source of carbon was the glucose used as
a substrate, these aromatic substances must have originated
from this carbohydrate. Their formation by the mold is
difficult to explain, but Reistrick believes they are formed
from the sugars by a complicated series of oxidation-reduction
processes (93).

A very interesting series of compounds is that of the

phenolic acids formed by the action of Penicillium brevi-compac-

tun Dierckx and related species (100), on 5% glucose solution

containing mineral salts. These are 3,5-dihydroxy-=2-carboxy-
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benzoylmethyl ketone (LXIII), 3,6=-dihydroxy-2-carboxyphenylac-
etylcarbinol (LXIV) and 3,56-dihydroxy-2-carboxybenzylmethyl-
ketone (LV) respectively.

OH OH OH
-COOH | ~CO0H COOH
HO CO-C0-CHz  HO CHOH-CO-CHz  HO CHo-CO-CHg
(LXIII) (LXIV) (LXV)
OCH= OCHgz CHz
HO HO HO
C0-CO-CHg CO=-CHOH=-CHz CHs~-CO-CH3
(X) (XXVI) (XXV11)

Oxford and Raistrick point out that the structure of the side
chain of (LXIV) is uncertain and that it may be either one or
other of the following: -C0-CHOH-CHz, -C(0H)=C(OH)-CHgz,
-CH=-C(0H)-CHz or -C(Q0H)-CH-CHz or an equilibrium mixture of

\OI - '__0_'
several of the possible isomerides. They found that (LXIV)
was opticelly inactive and explained this as due to the presence
of an equilibrium with its enediol form. The three compounds

were found to be readily interconvertible, i.e.
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(LXV) Lot WaS0y (LXIII)

In most cases the pfincipal constituent of the metabolic
mixture was the diketone (LXIII). The yield of (ILXV) was in
general quite small - about 3% of the mixture. In the case of
a few specles, the benzoin (LXIV) was apparently the chief
constituent.

These three metabolic produects (ILXIII),(LXIV) and (LXV)
show a remarkable parallelism both in regard to side chain
structure and interconvertibility with certain aromatic der-
ivatives isolated from the ethanolysis products of wood,
namely vanilloyl methyl ketone (X), d~-hydroxy-propiovanillone
(XXVI), and (4-hydroxy-3-methoxyphenyl)-propanone~-2 (XXVII).
The interesting question of their possible function as
oxidation-reduction systems in the life of the higher plants,
is thus raised. Inasmuch as they have been shown to be derived
from lignin, this similerity in type would seem to provide
support for Hibbert's view of lignin as & mixture of products
arising from a group of monomolecular compounds of Cg-C~C=-C
type whose primary function is that of respiratory catalysts (7).

It is of great importance to note that presumebly Raistrick's
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and the analogous wood ethanolysis products actually represent
stabilized end products rather than primery substances. This
is rendered highly probable by the recently discovered re-
markable ease of transformation of Hibbert's probable lignin
respiratory catalyst R-CO-CHp-CHoOH, under the influence of
acids, into the corresponding benzoin, R-CO-CHOH-CHz (70),
isolated as the ethyl ether.

One metabolic product synthesized by several strains of

Aspergillus terreus Thom may be classed as a keto-alcohol

(LXVIe) (101). Of further interest is the fact that it
contains a propenyl side chain. From a study of its properties,
derivatives and breakdown products it has been shown to be
4-propenyl-2-hydroxy-3,5-oxidocyclopentane-l-one (LXVia). It

is also known as terrein.

0 0
I I
PREN PR
HEC{ CHOH _ 4H HeC CHOH
ol T |
CHz~-CH=CH-C——TCH CHz-CHp—CHg~-C —— CHOH
H H
(LXVIa) (LXVID)
0
Il
PALN
2N.'- H2304 ) Hz? C=0
boil CHg-CHg-CHg-%--—CHg

(LXVIc)
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Terrein is readily hydrogenated to tetrahydro-terrein (LXVIb)
which on boiling with 2N sulfuric acid yields the interesting
compound (LXVIe),- a eyelic 1,2-diketone with a propyl side
chain.

Kojic acid (5-hydroxy-2-hydroxymethyl-¥-pyrone) (LXVII)
has been known for a long time. It was isolated (10Z) origin-
ally from the metabolic products formed by a small number of
the Aspergillus family in yields of 16-18% of the sugar used.
The production of kojic acid was shown to be characteristic of

species of the A. flavus-oryzoe group, and the ferric chloride

reaction proved a useful diagnostic test for species of
Aspergillus belonging to this group. Kojic acid is produced
by these fungi from & large number of carbon compounds- includ-
ing not only glucose, sucrose, polysaccharides, but also five

and three carbon compounds such as xylose and glycerol.

0
I COOH
c
H0-0” No- HO O\C\
| |/,C4H60
-G A~ OOl HO NIPC
(LXVII) (LXVIII)

Another §-pyrone (ILXVIII) called citromycetin is formed
by the actidn of various species of citromycetes (102) on
glucose or glycerol. From the study of the properties of its

derivatives and degradation products, the formule (LXVIII) was



4b

assigned to it. The nature of tpe side chein is unknown and the
position of the seventh oxygen has not been determined.

Closely related to kojic acid are carolic (LXIX) and
terrestric acids (IXX). The latter is produced by Penicillium

terrestic Jensen (103) when grown on the Raulin-Thom medium

which is a 6% solution of glucose containing mineral salts

including tartrates. The two acids have very similar properties.

| ° | | °
cl: C-CO-CHp~CHo-CHg C C-C0-CHp~CHo~CH-CoHg
CH5-CE\§O’,EO CHg-gH\\O/,éO
(LXIX) (ILXX)

Both form monohydrates and on acid hydrolysis yield carbon
dioxide, acetoin, and a lactone.

Simpler compounds in addition to those already mentioned,
gsynthesized by different strains of molds are 6-hydroxy-2
methyl-benzoic acid (104) and 2,5-dihydroxybenzoic acid (105).
l’any other metabolic products have been isolated, but their
complicated structures have not yet been established. ‘The
chlorine of the mineral salts in the Czapek-Dox medium is
metabolized by the species of a few "mold" genera into chlorine-
containing metabolic products, such as the three compounds
griseofulvin (106) (CynHy70g Cl), geodin (Cy5HgO05Cls) (OCHZ)s )
and erdin (107) (CygH70gClo(0CHz)s). In each case the chlorine
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atoms are believed to be attached to an aromatic nucleus. The
two latter compounds are believed to be derivatives of benzo-

phenone. The action of Byssochlamys fulva QOlliver and Smith

(108) on glucose gives high yields of mannitol (30%) as well
as a yellowish acid-insoluble substance, Byssochlamic acid
(C1gHonO0g) in small yields (0.5%). The latter substance is
toxic to mice. It is a tetrabasic acid and forms silver, iron
and barium salts readily.

The production of anthraquinones from glucose by the genera
Helminthosporum has already been described. In addition to
these, more recently (109) two other compounds have been isolated
from H. leersi Atkinson to which the names luteoleersin (CpgHzgO7)
and alboleersin (CgéH4QOV) have been given. The structures of
these compounds have not yet been determined, but they appear
to be of great importance. The biochemical significance of
luteoleersin and alboleersin lies in their relationship to
each other. They are very readily interconvertible in vitro
and while both substances have been isolated from all cultures
of H. leersi so far examined, their relative proportions varied
in different preparations. Luteoleersin may be readily reduced
to alboleersin by catalytic reduction with palladium-charcoal-
hydrogen or by heating with phenylhydrezine. Alboleersin may
be smoothly and almost quantitatively oxidized to luteoleersin
by treatment with a cold ferric chloride solution. Luteoleersin

behaves as a quinone or semiquinone and alboleersin as the
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corresponding phenol. It is believed that tiese two substances
play a role as an oxidation-reduction system in the life

process of the mold H. leersi. Several other similar products

have been isolated and their structures are under investigation
by Raistrick and co-workers. The probable relstionship of
these metabolic products and their origin to analogous lignin
units isolated in the ethanolysis of wood is reviewed in the

"Discussion of Experimental Results".
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Part C. Properties of Hydroxy-ketones and their Relationship

to the Corresponding Enediols, Diketones, and Monoketones.

Hydroxy-ketones, diketones, and also monoketones of the
desoxybenzoin type are all found among the ethanolysis
products from wood. d-Hydroxypropiovanillone is obtained
from softwoods (4la), and a mixture of o~-hydroxypropiovanill-
one and A-hydroxypropiosyringone (41b) from hard woods. The
isolation of the 1,2-diketones namely vanilloyl methyl ketone
(43a) and syringoyl methyl ketone (110) (43b) and A-hydroxy-
propiovanillone and syringone from the ethanolysis products
from maple wood, has raised a question of considerable bio-
chemical importance. Hibbert (111) (4) has discussed the
probable function of the aromatic enediol -1,2-diketones as
oxidation-reduction systems, and compared them with the
similar Szent Gy8rgyi, catechol, ascorbic ac;d and dioxymeleic
acid systems (76) (page 24).

A more complete understending of the relationship of
d-hydroxy-ketones, 1,2-diketones, enediols and monoketones to
the mechanism of plant synthesis and their probable role as
building units from which lignin is derived, can be obtained

by a consideration of the general properties of these compounds.

(1) Etherification and Polymerization Reactions of

Hydroxy-ketones
one of the most interesting properties of &L-hydroxy-ketones,
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considered in relation to the structure of ethanol- and
methanol-lignins is their behavior towardis alcoholic solut-
ions of hydrogen chloride. Although the hydroxyl end carb-
onyl groups are attached to adjacent carbon atoms, the former
8till retains many of the properties of earboxylic hydroxyls.
E. Fisher (112) discovered that the hydroxyl group in benzoin
may be etherified by the same process as used for erdinary
acid etherification, i.e. treatment with ethanol and hydro-
chloric acid. Furthermore o{-acetoxypropioveratrone (4la)

and related acetoxy compounds behave more like acid anhydrides
than ordinary esters. For example when the acetate is refluxed
with ethanol and hydrochloric acid, ethyl acetate and the ethyl
ether of the benzoin are formed.

While studying these etherification reactions Irvine and
McNicol (113) noted curious anomalies which served to demon-
strate the marked influence of substituents in the benzene ring
on the functional groups in the side chain. Thus, although
benzoin is readily methylated or ethylated, anisoin can be
ethylated but not methylated by alcoholic hydrogen chloride
treatment. Another case showing the influence of substituents
in the benzene ring is to be found in the behavior of symmetrical
o-dimethoxybenzoin. This compound can be methylated only under
most carefully controlled conditions i.e. using 15% methanoliec
hydrogen chloride at 10°C.. On the other hand furoin appears

to ethylate almost instantaneously in the presence of traces of
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hydrogen chloride, but the resulting compound is so active
that it immediately undergoes a further intermolecular condens-
ation so that the simple methyl ether cannot be isolated.
dpﬂydroxypropiovanilibne (4la), -syringone, and -veratrone can
be ethylated by using 0.5% solution of hydiogen chloride in
ethanol, but also here, the parent substances are so reactive
that polymerization occurs and only a small amount of the
ethylated product can be isolated.»

Nothing definite is known regarding the mechanism of
etherification, but one possibility would seem to be the
formation of a primary addition product, followed by loss

of water and migration of hydrogen.

R-C0-CHOH-R' 4+~ EtOH —>» R-C-(0Et)~-C(OH)-R' —>

R-C(OEt) =C(OH)-R' /> R-C(HOE%)-CO-R'

Curiously enough, in the same manner in which the sub-
stituents on the benzene rings of the benzoin influence ether-
jfication so those on the benzene rings of the enediols
influence their stability. Thus although the enediol of
benzoin is very unstable and has never been prepared, several
enediols of substituted benzoins have been isolated. Their
gtability is determined by the size, position and kind of
substituents. Symmetrical tetramethylstilbenediol (LXXI)

(116) , hexamethylstilbenediol (LXXII) (114) (116; (117),
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hexaethylstilbenediol (118) and hexaisopropylstilbenediol (119),

show increasing stability towards oxidation or isomerization.

CHz ?H OH CH c on on CH
c-—c
: c
(LXXT) (LXXII)

Enediols in the naphthalene series (LXXIII) (120) are also
stable but methoxystilbenediols are unstable, especially
p-dimethoxytetramethylstilbenediol (LXXIV) (121).

on OH CHz oa ?H CH

(LXXIII) (LXXIV)

The stablility of enediols is also determined by their stereo-
configuration. Thus the trans modification is much more stable
towards oxidation and isomerization than the cis modification.

Another interesting property of «-hydroxy-ketones is
their tendency to polymerize in the presence of acids. When
&A~hydroxypropiovenillone (4la) is treated with 6% sulfuric
acid, 5% methanolic hydrogen chloride or 95% formic acid,

amorphous lignin-like polymers are obteained. Benzoin, when



52

subjected to treatment with methanol and hydrogen chloride, in
addition to undergoing methylation, is partially converted into
condensation polymers (113). To two of these, the structures
(LXXV) and (LXXVI) have been essigned; their confirmation by
direct synthesis is still lacking. Anisoin and furoin give
products analogous to those from benzoin.

OCHgz OCHz

| | 2
CgHs-CH C-CgHs CgHg-CH————C-CgHp

CgHg- (‘3< >| C-CgHg 611;,-(':\ /cl-c6115

OCHgy 0CHgz
(LXXV) (LXXVI)

(2) Dismutation Reactions of Hydroxy-ketones

One of the most interesting properties of hydroxy-ketones
is their marked tendency to undergo intramolecular dismutation

transformations, such as typified below:
R=-C0=-CHOH-CHz — R~C(OH) == C(0H)-CHg=—=R~CHOH-CO-CHg

The best known examples of such intraemolecular dismutation
rearrangements are those which occur in the field of carbo-
hydrate chemistry. The well known Lobry de Bruyn transform-
ations, embracing the equilibrium system, glucose, mannose,
fructose (122) and that of glyceric aldehyde and dihydroxy
acetone (123, 124, 125), both of which occur in weekly alkaline

golution, are only two of a very large number of similar
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examples. Nef (126)explained these phenomena on the basis of
selective hydration and dehydration of the gugars involved,

and postulated a common enediol intermediate:

III H H
| I

H-C=0 +Hp0 HO=C-OH -Hp( H-C-OH +Hy0 HO-C-OH -Hs0 =0
| — I = 1 = |

H-cl:-oa “H 0 H-cl:-cH Y50 (|3-0H *H;0 HO-lC-H ¥Ho0 HOC-H
’ I
R R R R R

Hg-C-OH -Hgo Ho-C-OH
—
HO-(l}-OH ¥Hx0  €=0
l
R R

Lewis and co-workers (127), however showed that such a mechan-
ism was not tenable - at least in the case of methylated sugars.
Thus, for example, on the basis of Nef's hypothesis, tetrame-
thyl glucose should be converted by alkali into methylated

fructose by the loss of methanol from the intermediate hemi-

acetal:
| | i
I
H-C=0 +Hy0 HO-C-OH -HpO C-OH +H;0 H~C-OH Ho=C=0H
| = =i — | ="
H"C-OCH@-H?O H-?-OCﬁq‘\Hgoc -0C S-H 0 CligféH =
é R R R 5 A

Wolfrom and Lewis (128) showed, however, that no methylated
fructose was formed by the action of dilute alkall on tetra-

methyl glucose. To explain this result, as well as those
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obtained in the alkaline oxidation studies of methylated
sugars, Gustus and Lewis (127) postulated a simple keto-
enol shift to the intermediate enediol. Thus in the case of
the unsubstituted sugars the labile hydrogen could migrate in

the following manner:

H-C=0 H-C-0H H-C=0
l —> | —_—>
H-(II-OH D I— C-0H € HO-C-H
! ! g
Hg-?-OH
C=0
|
R

whereas in the case of the methylated sugars, the methyl group
of the methoxyl presumably could not shift in this way and
the changes would be limited to the following:

H-C=0 H-ﬁ-OH H-C=0

-C
I ,
H-?-OCHg < ?~OCH5 CHzo-?-H
R R R
Such dismutations are also encountered with many other
types of compounds. Of special interest in the field of lignin
chemistry is the marked ease of rearrangement of compounds of

the type CgHg-CO-CHOH-R where R may be either aliphatic or

aromatic. The nature of the R group and that of the sub-
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stituents in the benzene ring have a marked influence on the
tendency towards intramolecular dismutation changes. While
a thorough study of the effect of these substituent groups
has not.been made as yet, sufficient work has been done to
indicate a few basic principles, and these are of considerable
importance in view of their bearing on some of the postulated
lignin units, e.g. K~-hydroxypropiovanillone.

Thus Henze (129) effected the isomerization of benzoyl
acetonyl carbinol (LXXVII) into its isomer mandelyl acetone
(LXXVIII) by treatment with a cold alcoholic solution of

sodium ethoxide.

NaQEt .
CgHgCO-CHOH-CHg~C0=CHy —— CgHg~CHOH-CO-CHp-CO-CHz
Alec ‘
(LXXVII) (LXXVIII)

Considerable work has been done on rearrangements of the
two isomeric ketols, phenyl acetyl carbinol (LXXIX) and ben-

zoyl methyl carbinol (LXXX).

CgHg-CHOH-CO~CHgz CgHg~CO~CHOH~CH3
(LXXIX) (LXXX)

Favorskii (130) heated (LXXX) with a few drops of concentrated
sulfuric acid in e sealed tube at 120-130° and obtained the
isomer (LXXIX). This isomerization has since been carried out

by Temnikova and co-workers (131 ,132) and by Auwers and co-
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workers (133,134) under a variety of conditions.

Temnikova and Favorskil (131) showed that each of the
ketols (LXXIX) and (LXXX) was stable in the absence of catal-
ysts (acids, bases, yeast), but that on treatment with simi-
carbazide, phenyl isocyenate, the Grignard reagent or benzoyl
chloride, they behaved as teutomeric mixtures. Auwers and
co-workers found that the conversion of methyl benzoyl carbinol
into phenyl acetyl carbinol could be effected by refluxing
with aqueous barium carbonate for 20 hours (133); by the action
of dilute sodium ethoxide at 0° for 24 hours (133), or by heat-
ing with 2% methanolic hydrogen chloride (134). Temnikova came
to the conclusion that benzoyl methyl carbinol (LXXX) is read-
ily convertea into its stable isomer, phenyl acetyl carbinol
(LXXIX) by the action of either acid or alkali but that the
reverse isomerization does not take place.

Recently she (135,136) has extended this work to a study

cf the two isomeric ketols, ethyl benzoyl carbinol (LXXXI)

and phenyl propionyl carbinol (LXXXII).

CgH5CO-CHOH-CHo-CHz CgHsCHOH-CO=-CHo=CHz
(LXXXI) (LXXXII)

When (LXXXII) is heated in a sealed tube with a little sulfuric
acid in ethanol an equilibrium mixture results containing 60-
65% (LXXXI) and 40-357% (LXXXII). The same equilibrium mixture
is obtained when either (LXXXI) or (LXXXII) is allowed to



57

stand at room temperature with a little ethanolic potassium
hydroxids.

McKenzie and co-workers (137) assumed that benzoin trans-
formations represent eguilibrium reactions proceeding through
the enediol stage:

R-CHOH R-COH RC=0

| @ — I — |
R=-C=0 R-COH RC-HOH

Kohler and Kimball (138) found that when ihe Q-lactone
of’drphenyl-Q-hydroxy-Q-benzoyl propionic acid was shaken for
an hour with 5% aqueous sodium hydroxide, it lost carbon

dioxide with the formation of a mixture of the isomeric hydroxy-

ketones (LXXXIII) and (LXXXIV).

CgHg~CHo~CO-CHOH-CgHg CgHg~CHo~CHOH~CO-CgHg
(LXXXIII) (LXXXIV)

They believed that (LXXXIII) was the primary reaction product
and that this was converted secondarily to its isomer (LXXXIV).
Kohler and Leers (139) investigated drphenyl-e-hydroxy-

%-anisoyl propionic acid (LXXXV) in which one of the phenyl

groups is "tagged" by a methoxyl group. The bshavior of this

compound as outlined below confirmed their previous views.
At ordinary temperatures in the presence of cold dilute alkalil,
the only product of the reaction is (ILXXXVI), but when the

latter is heated with dilute alkali, it passes completely into
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& low melting isomeric ketol (LXXXVII).

cZn,;-c;-cnon-co-chfo CHgz-p —> ch5-c|:H-co- CHOH=CprHy=0CHz=p —
COoH COoH
(LXXXV)

CgHp=CHo~CO-CHOH-CgHy~0CHz~p — CgHp~CHo- CHOH=C0-CgHa-0CHR=D
(LXXXVI) (LXXXVII)

Kohler and co-workers believed that these isomeric hydroxy-
ketones were in equilibrium, but they cite no experimental
evidence and were unable to demonstrate the reverse shift
-CHy~-CHOH-CO~ —>» ~CHo=~CO-CHOH=-.

Stevens (140), however, working with the para-chlor
analog of (LXXXVI) succeeded in doing so and provided definite

evidence for this equilibrium.

CHg-CHp-CHOH-CO-CgHy~C1-p ———~ CgHg-CHp~C0O-CHOB-CgHg~Cl=p
(LXXXVIII) (LXXXIX)

Starting with either isomer he was able to show that under

the influence of aqueous alcoholic sodium carbonate both isomers
were present in the reaction mixture. He concluded that prob-
ably all such 1,2-ketols represent, in solution, equilibrium
mixtures of dismutation isomers, and that the falilure to observe
this in some cases may be due either to the position of the
equilibrium being almost entirely on one side or tine other, or

to the peculiar properties of one of the two isomers in question,
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which render the isolation difficult.

The position of the equilibrium, as well as the stability
of the isomeric ketols, is markedly affected by the presence
of substituents in the benzene ring. Thus Auwers and co-
workers (1l4l) have shown that, whereas in the parent ketols,
phenyl acetyl carbinol (LXXIX) and benzoyl methyl carbinol
(LXXX), (LXXIX) is the stable

CgHg~CHOH-CO-CHz CgHg-CO-CHOH~CH3
(LXXIX) (LXXX)

form, this stability is reversed by introducing substituents
in the benzene ring. Thus (XC) and (XCII) are more stable

Br Br
HO- CO=-CHOH-CHz HO=- CHOH-CO-CHz
Br B
(Xc) (XCI)
CH50-<C:::>-CO-CHOH-CH3 CHzO~- CHOH-CO-CHg
(XCII) XCIII)

then their isomers (XCI) and (XCIII) respectively.

This inversion of stability due to tue presence of a
para-methoxyl group is also evident in the work of Kohler
and co-workers (138, 139). Thus while CgHg-CHOH-CO-CHo-CgHg

appears to be the stable form of the unsubstituted benzoin,
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CgHg~CO-CHOH-CHo=CgHg, in the case of the para-methoxyl sub-
stituted compounds the stable form is CgHg~CHp=CHOH-CO-CgHy-0CHZ-D.
Barnes and Tulane (142) have studied this same effect and

obtained similar results. They acetylated anisbenzoin
(p-CHz0-CgH4-CHOE-CO-CgHg), its dismutation isomer, and the
bromo derivative, anisoyl phenyl bromomethane and in esch case
obtained a mixture of the monoacetate (XCIV) and the diacetate

(XCV). When an alcoholic solution of the diacetate was treated

| |

CAcOAc
(XC1IV) (XCV)

with acid, benzanisoin (p-CHz0-CgH4~CO-CHOH-CgHg) (XCVI)
resulted. The authors believe that the diacetate on acid
hydrolysis is converted into the unstable enediol which then
passes into the more stable high melting benzanisoin (XCVI).
They believe also that the directing influence of the methoxyl
is manifest in the intermediate enediol and explain this
effect in tue following manner: The methoxyl group has a
strong tendency towards electron release thereby giving rise
to an electronic strain in the aromatic¢ nucleus. The para-
carbon will be negatively charged and the two intermediate
carbon atoms (alpha and beta) charged positively and negat-

ively, respectively. A proton is therefore added at the beta
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carbon followed by ejection of a proton from the alpha-

hydroxyl, the stable benzanisoin resulting:

i
w50 == OO
OH CH OH

|
OH

One of the etnanolysis products from maple wood is &-
hydroxypropiovanillone (XXVI), and its dismutation isomer
(XCVII) has not yet been isolated.

CHAO CHz0

HO-<::::>-CO-CHOH-CH5 HO-<::::>~CHOH~CO-CH3

(XXVI) (XCVII)

In view of the foregoing discussion this is not surprising since
the influence of the para-hydroxyl should maeke (XXVI) the more
gsteble isomer. (The meta-methoxyl group should have no influ-

ence) .
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(3) oxidation and Reduction Reactions of Keto-alcohols

A-Keto-alcohols are very susceptible to oxidation; the
following oxidizing agents convert them to the corresponding
diketones: nitric acid, copper sulfate and pyridine (43a) (43Db),
Fehling's solution (143) (144), alkaline iodine solution (145),
lead tetra-acetate (146), and ammonium nitrate (147). The
mechanism of the reaction is not quite clear as yet, but it
is quite likely that the oxidation goes through the enediol
stage. Thus the reaction of benzoin with iodine and sodium
methylate is believed to compriseof the formation of the
enediol-disodium aalt, followed by the removal of the two
godium atoms by two atoms of iodine. Lead tetra-acetate is
a more drastic reagent than iodine, and in the presence of
hydroxyl-forming solvents such as water, alcohols or hydro-
cyanic acid, oxidative cleavage of benzoin to one mole of an
acid and one of an aldehyde or a ketone occurs. However, in
the absence of hydroxyl-forming solvents the keto-alcohol 1is
oxidized slowly to the diketone. Ammonium nitrate is a good
reagent for oxidizing benzoins to benzils, althcugh, in the
case of certein substituted benzoins, the tendency towards
nitration is greater than that towards oxidation.

In addition to a merked susceptibility to oxidation, &~
hydroxy-ketones are also characterized by their tendency to
undergo intramolecular oxidation and reduction. The commonest

exemples are found in the carbohydrate field. A8 is well known,
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glucose, fructose, and mannose readily undergo oxidation in
alkaline solution in the presence of atmospheric oxygen.
Kohler and co-workers (138) encountered this prhenomenon in
their work on hydroxy-ketones and hydroxy-ketonic acids. Thus
in alkaline solution (5%sodium hydroxide) 1,3-diphenyl-2-
hydroXy-propanone-l undergoes a simultaneous oxidation and

reduction even in the absence of atmospheric oxygen.

CgHg=CH o=CHOE=CO=CgHr ——— CgHg-CHo=CHp=CO=CgHr
C6H5-CH2-CO-CO-C6H5

The sensitive character of ol -hydroxy-ketones in the presence
of alkelis was also observed by Stevens (140) in his work on
the dismutation o0 t~-hydroxy-p-chlorobengyl benzyl ketone

(LXXXIX). Apparcntly this reaction involved formation of the

intermediate enediol followed by simul taneous reduction and

oxidation.

CgHg-CHp=CO~CHOH=CgHy~C1l-p 06H5-CH2-(i =<I:-CGH4-01-p-——>
(LXXXIX) OH OH
CgHg-CHp-CO-C0~CgHy~Cl-p + CgHp-CHo-CHp-CO-CgHg~Cl-p

In acid media similar results are obtainable. Thus
anisoin in methanol or ethanol hydrogen chloride (113) at
room temperature gives anisil among other products. Benzoin
in the presence of methanolic hydrogen chloride, (148) is

converted to its ether and two other compounds which readily

hydrolyse to benzoin and desoxybenzoin.
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(4) Properties of 1,2-Diketones

1,2-Diketones are nearly always colored subatances, for
example, diacetyl is greenish yellow, benzil &and vanilloyl me-
thyl ketone are deep yellow, while syringoyl methyl ketone is
light orange. They are quite stable substances, especially
the aromatic derivatives. Benzil, when heated with éoncent-
rated hydrochloric sascid, remains unchanged (149) whereas
diacetyl polymerizes in the cold to the trimolecular form
(150). Syringoyl methyl ketone is stable to boiling 2% ethan-
olic-hydrogen chloride. Diketones are cleaved when exposed to
sunlight. Thus benzil dissolved in elcohol and irrsdiated
gives rise to benzoin,benzaldehyde, benzoic acid as well as
to a considerable eamount of resinous material (151).

1,2-Diketones are easily reduced catalytically, by a
combination of a metal and an acid or an alkali, or phyto-
chemically. Aryl diketones (152) may be reduced almost
quantitatively to the corresponding benzoins or hydrobenzoins
by use of low pressure hydrogen and platinum black as catalyst.
Hindered diketones such as dimesityl diketone or veratril are
more diffieult to reduce and require more dréstic treatment.

Gomberg and co-workers (153) (154) have developed a mild
method of hydrogenating diketones. A series of benzils, some
of which were sterically hindered, were treated with the

binary system magnesium-megnesium iodide with excellent results.
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The mechanism of the reaction has been proven beyond doubt to
congist of the formation of thz magnesium glycolate (XCVIII)

followed by hydrolysis and rearrangement.

R-C=0 R-C-OMgI HOH R~-CHOH
|  +Mg-Mglo —» | —_—
R-C=0 R-C-0MgI R-C=0
(XCVIII)

Combinetions of a metal and an acid produce stepwise
reactions, the extent of reduction depending upon the concen-
tration, and reaction time. Thus in the presence of tin and
hydrochloric acid or zinc and acetic acid, mesityl phenyl
diketone (155) is reduced to a mixture of 2,4,6,-trimethyl-
benzoin, and 2',4',6'-trimethylbenzoin, whereas a prolonged
treatment yields 2,4,6-trimethylbenzyl phenyl ketone only.
Amalgamated tin and hydrochloric acid (156) and zinc with
dilute sulfuric acid {100) have been used successfully to
reduce benzoins to the corresponding desoxybenzoins. Pearl
and Dehn (157) observed that the extent of the reduction of
benzil to benzoin or desoxybenzoin by means of amalgamated
tin, zinc, aluminum or magnesium and hydrochloric acid, depend-
ed upon the temperature, solvent and concentration. With
properly ccntrolled conditions these workers were able to
prepare each of the reduction products in almost quantitative
yield.

The mechanism of reduction of 1,2-diketones has been est-

ablished by Gomberg (153) (154) and by Thompson (114). It
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consists of a 1,4 addition of hydrogen to the dicarbonyl
compound, and rearrangement of the resulting enediol to the
more stable keto-alcohol.

2H

R~C0~C0=-R ——> R-( C-R —>=ER~-CHOH-CO-R

| I
OE  OH

Gomberg isolated the magnesium glycolate (XCVIII) of the inter-
mediate enediol. This glycolate reacted with acyl halides to
produce diacylates; it added two atoms of a halogen and the
halogenated addition product on hydrolysis yielded the benzil
quantitatively. Thompson observed that 1,2-diketones under-
went catalytic hydrogenation in the presence of an acetylating
agent (acetic anhydride) to yield the diacetate of the unstable
enediol. He also prepared the stable enediol of dimesityl
diketone. Recently, it has been found that substituents on

the benzene rings of an aromatic enediol have a stabilizing
influence, and now several stable enediols are known (115, 116,
117, 118, 119, 120, 121).

Yeast, in a fermenting solution of sugar reduces aliphatic
diketones to glycols (158) and aromatic diketones to keto-
alcohols (159).

The ease of reduction of 1,2-diketones is of great signif-
jecance for it indicates a close relationship among the ethan-

olysis producte of wood, e.g. between vanilloyl methyl ketone,

«~hydroxypropiovanillone, and (4-hydroxy-3-methoxyphenyl)-
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propanone~2 on the one hand, and between syringoyl methyl
ketone, A-hydroxypropiosyringone, and (4-hydroxy-3,5-dimeth-
oxyphenyl)-propanone-2, on the other.

One of the characteristic tests for 1,2-diketones is
cleavage by alkaline hydrogen peroxide; this results in the
formation of two moles of an acid (160) (161). Cyeclic diket-
ones are cleaved onemole of a dibasic acid (162) (163).

The sensitivity of dicarbonyl compounds to alkalis has
been known for a long time. Thus benzils are readily converted
to benzilic acids by alkali treatment. The extent of rearrang-
ment is dependent on the temperature, the concentration of
alkali and the type of dicarbonyl compound. Most benzils
rearrange in the presence of potassium ethylate at room temper-
ature (164). Mesityl glyoxal in the presence of warm dilute
calcium hydroxide rearranges completely to mesityl glycollic
acid (165). Sterically hindered dikatones such as dimesityl
diketones (166) are not altered, even by concentrated sodium
hydroxide at high temperatures.

A very important property of 1,8-diketones is their ability
to form dioximes in acid or elkali media, which in the presence
of nickel, cobalt or iron salts produce insolutle glyoximetes
(XCIX). This property has been made use of in the separation
of 1,2-diketones from monocarbonyl and other compounds. The

diketones may be regenerated by treatment of the glyoximates
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with strong acids. Thus dioximes find application in anal-

ytical chemistry (167) (168) (169).

AN\
0] 0
AN
R-G==NOH R-(|:=m\ ,.N=cIJ-R
2 4+ NiCly —>- Y 2HC1
R-C==10H 2 R=-C=N"" \\N==C-Rﬂk

(XCIX)

The action of hydroxylamine on aromatic diketones is slow,
and substituents in the ortho positions of benzene nuclei
seem to retard oximation, as in the case of the inert dimes-
ityl diketone. In the case of mixed aryl-alkyl diketones,
two structurally isomeric monoximes are possible, the Q-
monoxime (aryl-CO-CNOH-alkyl) and the &K-monoxime (aryl-CNOH-CO-
alkyl). It has been found (170) that the latter are more
difficult to form and less difficult to decompose than the
corresponding @-monoximés; also theg -monoximes when refluxed
with 2% sulfuric acid, rearrange completely to the ® ~monoximes.
The apparent rearrangement is probably a matter of relative
stability.

The two carbonyl groups of symmetrical 1,Z-diketones are

of equal reactivity, the symmetrical aliphatic diketones being

more resctive than the aromatic. Unsymmetrical diketones such
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as the aryl-alkyl compounds, contain one highly reactive
carbonyl, and one comparatively unreactive. It is an accep-
ted fact that substituted aryl radicles tend to deactivate
neighboring carbonyl groups, while the most activating group-
ing is a second carbonyl, as in compounds containing twinned
carbonyl groups. The reason for the greater reactivity of the
e-carbonyl relative to the &~-carbonyl in aryl-alkyl diketones
is thus apparent. That mesityl glyoxal (165) (C) conteins a
highly activated carbonyl group is demonstrated by the fact
that it readily forms a hydrate (CI).

CHn CHz
| HOH
CHg CO=-CHO ———> CHz CO-CH(OH) o
z 3
(C) (CI)

Aryl-alkyl diketones also undergo condensation resctions
with the common reagents such as substituted hydrazines and
semicarbazides to form mono-hydrazones and monosemicarbazones.
This again shows the presence of an activated and a less re-
active carbonyl group. Conversion of an aryl-alkyl diketone
to a dihydrazone or a disemicarbazone (43) requires drastic
treatments. The relative degree of stability and the relative

ease of formation of A- and Q-monoximes of aryl-alkyl diketones

is further evidence of a difference in the reactivity of the

two carbonyl groups.
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The difference in the reactivity of the two carbonyl
groups in vanilloyl methyl ketone and related substituted
diketones, may be due to electronic displacements as shown

below:

Bl
E H6\ ?—C:—C——Cﬂg
. CHg0 '

»

The hydroxyl group has a strdhg tendency towards electron re-
lease, giving rise to an electronic strain in the aromatic
nucleus. The para-carbonyl together with the phenolic-
hydroxyl form a neutralized system (fragment A) similar to
that in a carboxyl group. The reactivity of the para-carbonyl
is fhus reduced in the same way as that of a carboxyl group.
No such neutralization of the carbonyl in fragment B can take
place.

The separation of syringyl from gueiacyl dicarbonyl deriv-
atives by the precipitation from ethanol of the former, as the
ammonium phenolate salts has been standardized in this labor-
atory (43b). It is interesting and important to note the
possible effect of ammonia on other functional groups present.
When benzil, p-anisil or p~-tolil is heated with concentrated
ammonium hydroxide in a sealed tube at 120°, triphenyl-tri-p-

tolyl and tri-p-snisil oxazoles are formed respectively (171).
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The course of the reaction is indicated by the following

equations:
HOH
R-C0-C0-R ———» R~-COCH -} R-CHO
R-c|:=o i " R—C =0
NH R=-CHO —3m ] R
R=C=0 3 RGN

More recently (172) the effect of an alcoholic solution
of ammonia on benzil at 40° has been studied. Along with the
oxazole, two other condensation products were obtained --
benzilimide and imabenzil.

In the presence of aldehydes and ammonie or ammonium salts,
l,2-diketones react to form glyoxalines. Thus, when benzil,
benzaldehyde and emmonium acetate in acetic acid are heated,

lopine (CII) is produced quantitatively.

CrHe=-L =0 CgHg-C=N /H
& + 2NHx 4 CgH5-CHO — | N>c\ >
C6H5-C=O CGH5-C=N CGH5
H
CeHg—C —N.
] \\C-C6H5
z
CgHg—C—N
(CII)

Thus in using emmonia for the separation of phenolic salts

of 1,2-diketones, conditions must be so controlled as to pre-

vent carbonyl condensation products.
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.(5) Properties of Desoxybenzoins

Closely related to keto-alcohols and diketones are com-
pounds of the desoxybenzoin type (CIII). 4 study of the
properties of such compounds is also helpful to an understand-
ing of their relationship to plant synthesis and their

probable role as lignin building units.
R-CHo-CO-R' (CIII)

The methylenic group is an active functional group and
undergoes the characteristic oxidation and condensation reac-
tions. 38pecific oxidizing agents such as selenium dioxide
(173, 174), nitrous acid (175) and nitrogen tetroxide (176}
convert desoxybenzoins to 1l,2-diketones. With nitrous acid
and nitrogen tetroxide, the monoketone forms a monoxime which
readily hydrolyzes to the diketone.

The condensation of desoxybenzoins with aromatic aldehydes,
with the elimination of a molecule of water, and the formation
of an arylidene-desoxybenzoinnave been known for a long time
(177). Even such an unreactive aldehyde as vanillin forms
vanillylidene-desoxybenzoin under comparatively mild conditions.
The arylidene desoxybenzoins are not very stable and may undergo
further reactions, especially if the aldehyde portions contain
resctive substituents. Thus salicylidene desoxybenzoin (CIV)

is very unstable and undergoes immediately an internal ketone-

alcohol condensation (178).
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OH
— ¢
CH=—=C-Cg4Hs _0—Cél5

[ O

(CIV)

Desoxybenzoins may also add to &,Q -unsaturated aldehydes
(179). Thus cinnamaldehyde reacté with desoxybenzoin in the
presence of a small amount of sodium methylate at 5° to give
the condensation product (CV).

CgHp~CH——CO-CgHpg
CgHg~CHp-CO-CgHp+ CgHp~ CH=CH~-CHO —Y» |
CgHg=C ——CHo=CHO
:
(cv)

Although the desoxybenzoins undergo oxidation and conden-
sation reactions, the activity of the methylenic group is not
as pronounced as in compounds such as malonic or aceto-acetic
acids (180). While substences containing two carbonyl groups
separated by a methylenic group are able to form condensstion
products with aldehydes under the influence of basic catalysts
such as piperidine, desoxybenzoins do not reaet under the
same conditions. However, under the influence of gaseous hydro-

gen chloride or alcoholic alkali, condensation can be brought

about.
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The relative ease of oxidation of desoxybenzoins and
related compounds, and their ability to condense with aromatic
aldehydes and &, -unsaturated carbonyl compounds, is highly
important in view of the fact that vanillin, syringaldehyde,
(4-hydroxy-3-methoxyphenyl)-propenone-2 and its syringyl
analog are found in the ethanolysis products of maple wood.

In addition, although &,8—unsaturated carbonyl compounds, such
as coniferyl aldehyde, have not been isolated from wood ethan-
olysis products, they may be present in the wood, since

derivatives of coniferyl alcohol have been found.
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Discussion of Experimental Results

In the Historical Review the significance of the ethan-
olysis products from wood has been stressed from the point of
view of lignin structure. It has been indicated that the
actual progenitors of the "lignin building units" have not
been isolated as yet and mey be present in part, at least, in
the unidentified ethanolysis oils. A4lso certain of the ethan-
olysis products were considered to represent "stabilized end
products™ of other more labile active forms, the latter repre-
senting the true lignin buildihg units. The problem assigned
the writer was, firstly, that of improving the technique of
ethanolysis with a view to easier identification and improve-
ment of yields of the products already isolated, and secondly,

the identification of the unknown constituents.

1. ZEthanolysis of Wood

(a) Status of Wood Ethanolysis Prior to the Writer's

Investigation.- The ethanolysis procedure (18l1) consisted of

the following steps:

(1) Removal of the fats, waxes, resins and tannins from

the wood meal by extraction with organic solvents.

(11) Refluxing the dried wood meal with 2% ethanol-

hydrogen chloride in an inert atmosphere.

(111) Separation of the "ethanolysis oils"™ from the
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ethanol lignin by precipitation of the concentrated alcoholic
liquor into a large volume of water, filtration from the pre-
cipitated ethanol lignin and extraction of the water-soluble
ethanolysis products from the concentrated aqueous solution.

(1V) TFractionation of the "ethanolysis oils" into
bisulfite-soluble, bicarbonate-soluble, alkali~-soluble and
the neutral fractions.

The bisulfite-soluble fraction of maple wood had been
investigated previously (42) and found to contain in addition
to syringeldehyde (VII) two other substances later identified
as syringoyl methyl ketone (XI) (182) and vanilloyl methyl
ketone (X), isolated as semicarbazones, but not as the free
carbonyl compounds. The presence of vanillin in this fraction
was noted in only one or two instances and this was also true
in a similar examination of the bisulfite fraction of spruce
(43a) .

Specifically, it was desired to develop a method for the
isolation of the 1,2-diketones as such, and to isolate and
identify the remaining ethanolysis components of the bisulfite
fraction. Therefore efforts were first directed to improving

the yields and purity of the water-soluble ethanolysis products.

(b) Modifications of the Ethanolysis Procedure. - 4

separation of the water-insoluble ethanol lignin from adsorbed
0ils was customarily effected by extraction with benzene (181).

The 1lignin tars are however partially soluble in this solvent,
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so that the separation was incomplete. In the modified proce-
(Flow Sheet I)
dure, used by the writer/a complete separation was ensured by
dissolving the ethanol lignin in acetone and reprecipitating
into water (183).
The previous method of extrscting the water-soluble ethan-
olysis oils from the combined aqueous filtrates, i.e. by

benzene extraction of the concentrated water-ethanol precipit-

ation solutions, was substituted by extraction in the uncon-

centrated state in a twenty liter continuous extractor. In

this way the tendenc& towards polymerization of the labile
components during the concentration, as well as loss due to
volatility in water vapor, were avoided. In spite of these
precautions, it was found that the ethanolysis oils so
obtained, still contained a considerable amount of resinous
material. This was removed by application of the petroleum
ether fractionation technique (183).

A modification introduced to afford a more efficient
fractionation was that of back-extraction with benzene of
each of the bisulfite-solutle, bicarbonate-soluble, and slkali-
soluble fractions. This was <Zound necessary in view of the
fact that tune ethanolysis oils are water-soluble, and in conse-
quence there was always a tendency for a smell amount of the
true alkali-soluble phenol fraction to remein in the bisulfite

and bicarbonate solutions respectively.

The primary aim of the modified ethanolysis technique was
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the elimination of the resinous material present in the water-
soluble ethanolysis oils, with a view to the isolation of the
monomolecular water-soluble ethanolysis products in a purer
state and higher yield. The latter object was not attained,
but it was found possible not only to isolate the various
constituents of the bisulfite fraction in a far purer state
than heretofore, but elso to separate therefrom and identify
two previously unknown constituents, namely, (4-hydroxy-3-
methoxyphenyl)-propanone-2 and (4-hydroxy-3,5-dimethoxyphenyl?’-

propanone-=2.

£. Separation of the Bisulfite-goluble Components

Method (a)
The bisulfite fraction of maple wood,as already pointed

out, was known to consist of dicarbonyl compounds, aromatic
aldehydes and unknown carbonyl derivetives. The problem which
confronted the writer was to separate these components, in the
free state, if possible, and to identify the unknown carbonyl
derivatives. Several attempts such as sublimation and mercury
salt precipitation were unsuccessful. The final method of sep-
aretion (outlined in the flow sheet page 79B)was only developed
after an extensive investigation of the properties of the di-
ketones and aldehydes considered in relation to those of the

unknown products, tie latter possessing the properties of

monoketones.
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I. Flow Sheet of the Ethanolysis of Maple Wood Meal
(Flow Sheet I)

Maple Wood Meal

Reflux with ethanolic hydrogen chloride,
filter and wash with ethanol

Extfact residual wood meal with ethanol

' j
Ethanol Solution and Washings Pulp
Neutralize, concentrate and Dry to constant weight
precipitatelinto water
| ’ 1
Filtrate X! Weter-insoluble Precipitate

Dissolve inlaoetone and
precipitatelinto water

| o
iltrate X" Water-insoluble Precipitate

Dissolve inlacetone and
precipitatelinto water

‘ |
Filtrlte X Water-insoluble Lignin

|

]
Water~soluble Ethanolysis Products

Extract directly with benzene

Benzene Extracts

I
Extract w%th I\Ia,HSO_5

Bisulfité-soluble Benzene éolution
Fraction Extract with NaHCO,
Al |
Bioarbongteasoluble Benzene Solution
Fraction I
Extract with NaQOH
B
Alkali-soluble Neutral

~ Fraction Fraction




1. Flow

Sheet of Analysis of the Bisulfite-soluble Fraction

Bisulfite
Fraction

Nicl, (NH OH),H-~S0O
2’andeNaOic2 4

PreciLitate
Nickel glyoxime
salts (A)

12N Ha SO)_',

Mixture of
diketones (C)

Filtrlte (B)
benzene extraction

Syringaldehyde, vanillin
and the oximes (C')

bisulfite!extraction

(F\ow Sheet IT)

© EtOH-NH, ! 1
&~ | Bisulfite-sol, Bisulfite-insol,
| ] aldehydes (D') oximes (E')
Insol. NH4 galt Sol, NH) salt
(E) (F dil, Hp80) and 7N HpS0) and
| extraction extraction
acid acid :
, | fractional distillation fractional distillation
Syringoyl Vanilloyl - ]
methyl ketone methyl ketone | | | | ]
Vanillin | Syringaldehyde  (4-Hydroxy-3- (4-Hydroxy-3,5=-
methoxyphenyl) dimethoxyphenyl)
(4~Hydroxy-3,5- ~propanone-2 -propanone-2
dimethoxyphenyl)
~propanone-2 syringsldehyde

(small gamount)

(emall amount)
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Advantage was taken of the well-known tendency of 1,2~
diketones to form dioximes which could be precipitated quantit-
atively as the nickel salts. Under the conditions used, it
was found that vanillin and syringaldehyde did not form oximes,
while the unknown carbonyl derivatives rcacted readily with
hydroxylamine, so that after removal of the insoluble nickel
salts, and extraction of the filtrate with benzene, the two
aldehydes could be removed from the benzene solution by shak-
ing with sodium bisulfite solution. Thus the components of
the bisulfite fraction were separated into three different
classes of compounds: the dicarbonyl compounds isolated in the
form of nickel glyoxime salts, the aromatic aldehydes in the
free form and the unknown compounds as oxXimes.

Recovery of the Diketones (Flow Sheet II)
The next problem was to recover the free compounds from

their derivetives i.e. the diketones from their nickel salts
and the unknown compounds from their oximes, and to separate
the syringyl from the guaiacyl components present in each of

the three classes of compounds.

The nickel salts of the diketones were subjected to treat-
ments with different acids, varying the concentration, temper-
ature and time, and at the same time control runs with the
free diketones were made to ensure their stability under the
conditions used. It was found that 12N sulfuric acid at room
temperature was the best hydrolytic reagent end that 80-85%

of the diketones could be recovered from the hydrolytic mixture.
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The determipation of the solubility products of the
ammonium salts of the two diketones, namely vanilloyl methyl
ketone and syringoyl methyl ketone, showed that the mixture
of these dicarbonyl derivatives, isolated from the above hydro-
lytic solution by extraction, could be separated by precipitation
of the ammonium salt of syringoyl methyl ketone from anhydrous
ethanol solution, leaving the ammonium salt of vanilloyl methyl
ketone in solution. The free carbonyl derivatives were easily
obtained from the ammonium salts by acidification. The total
dicarbonyl content of the ethanolysis oils of meple wood was
found to be £ to 3% of the Klason lignin.

Recovery of the Aldehydes (Flow Sheet II)

It was found that the two aldehydes, namely, syringaldehyde
and vanillin (D' Flow Sheet II), could also be separated by pre-
cipitation of the ammonium salt of the former from anhydrous
ethanol solution, but a simpler method was that of fractional
distillation (Flow Sheet II). The total aromatic aldehyde content
of the ethanolysis oils of maple wood was found to be 0.4 to 0.8%
of the Klason lignin.

Recovery of the Unknown Phenol Products

The oximes (E' Flow Sheet II) of the unknown carbonyl deriv-
atives, insoluble in the bisulfite solution, were decomposed with
TN sulfuric acid, recovered by solvent extraction and finally
submitted to & careful fractionation in a new Cooke-Lower type
of micro-fractionating column developed in these laboratories.
This apparatus is vacuum-jacketed and contains a new type of
packing so that a column some thirteen centimeters in length hes

an efficiency of around seven plates. In this way it was possiile
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to separate two new products each containin keton i ne.
Method (b) g & one grouping

Another method of separating the components of the bisul-

fite fraction was that of removal of the diketones as nickel
salts and treatment of the mixture of aldehydes and oximes,
dissolved in anhydrous ethanol, with ammonia in ethanol solution.
This latter operation presumably precipitated the syringyl com-
ponents, leaving the guaiacyl components in solution. However,
on acidification of the ammonium salt solutions, extraction of
the free phenolic derivatives and fractional distillation, 1t
was found that the ethanol-ammonia-soluble fraction, presumably
containing only guaiacyl components, yielded a mixture of both
the guaiacyl and the syringyl derivatives. This method of
separation was incomplete, and was therefore abandoned.

That the ammonium salt of the unknown syringyl derivative
igs goluble in ethanol is not surprising since, as found later,
it has no carbonyl para to the phenolic hydroxyl. Recently
it has been shown (198) that salts of phenols of the type

CHzo

HO -CO- are insoluble in ethanol while salts of phenols
CHzO CHzC

of the type HO- CHo- are much more soluble. Thus, while

CHz
the ammonium and potassium salts of k-ethoxypropiosyringone (IX),
d-hydroxypropiosyringone, propiosyringone, and gsyringaldehyde

are precipitated from ethanol by ammonia and potassium acetate
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respectively, the ammonium and potassium salts of 4-hydroxy-
3,5-dimethoxyphenyl-propane and pyrogallol 1,%-dimethyl ether
are not. Apparently, the carbonyl para to the phenolic

hydroxyl confers the property of insolubility in ethanol on

salts of syringyl derivatives.

3. JIdentification of the two Unknown Ethanolysis Products

These were separated by fractional distillation (Flow Sheet
II) and Table 4, page 111. The molecular weight determination
of the higher boiling product, its anelysis and that of its
semicarbazone, established the empirical formula oi the former
as Cy71Hy404 and also proved the presence of one carbonyl and
two methoxyl groups. Oxidation of the diazomethane methylated
compound with potassium permanganate yielded 3,4,5-trimethoxy-
benzoic acid, thus establishing definitely the presence of the
syringyl nucleus. It was therefore possible to assign to the

unknown substance one of the two following structures:

CHzO CH=O
A HO- CHg-CO-CH5 or B. HO «~CHg~CHo~CHO
CH50 CHz0

Since the product yielded iodoform on treatment with alkeline
iodine it could not have the structure B anu must therefore
correspond to A. Direct synthesis and comparison of the pure
crystalline derivatives provided final confirmetion of A as
(4-hydroxy-3,5-dimethoxyphenyl)-propanone-2. The identity of
the second lower boiling unknown product was established in a

gsimilar manner as (4-hydroxy-3-methoxyphenyl)-propanone-2.
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4. Synthesis of (4-Hydroxy-3,5-dimethoxyphenyl)-

propanone-2 and its Guaiacyl Analog

An attempt to synthesize these new compounds by the
reduction of the corresponding diketones, namely, syringoyl
and vanilloyl methyl ketones, was unsuccessful for the reason
that a mixture of the reduction products was formed and could
not be separated due to limited amount of meterial. The syn-
thesis was finally accomplished in the following menner:
Syringaldehyde (VII) wes condensed with nitroethane and the
nitroalkene so formed, was reduced to the oxime, which gave
on hydrolysis, (4-hydroxy-3,5-dimethoxyphenyl)-propanone-£.

The guaiacyl analog, (4-hydroxy-3-methoxyphenyl)-propanone-Z,
was synthesized similarly using venillin (VI) as the starting
material instead of (VII).

Catalytic reduction of the nitroalkenes using Raney nickel
or palladiumized charcoal as catalyst was attempted first. The
former catalyst brought about too drastic a reaction, in that
hydrogenolysis took place and the nitrogen of the nitroalkene
was liberated as smmonia., sSo that _ only small amounts (10-25%)
of the new compounds could be isolated from the reaction mixtures.
The application of palladiumized charcoal as catalyst to the
reduction of the nitroalkenes in pyridine as solvent, proved
successful and yields of 50-60% of the carbonyl compounds could
be obtained. The method of reduction finally employed, namely,

use of iron powder, ferric chloride and hydrochloric acid, was
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that developed and patented by the Purdue Research Institute
(191). The yields obtained were higher (60-70%) and the tech-
nique much simpler than when palladiumized charcoel and hydrogen
were used.

The method of synthesis is illustrated in the following

equations:
CHz-NHo Pd-C-H or
R=-CHO -+ CHg(NO,) ~CHz » R-C=C=~CHg >
| Fe-HC1l
(75-85-5) NOg
(7NH2504)
R-—CHg-ﬁ—CHS > R-CHs-C0-CHz
NOH (60-70%)

R = guaiacyl or syringyl radical.

The reaction represented in the first equation is that of
Kn3venagel and has been used previously for the synthesis of
various nitroalkenes. For example, benzaldehyde (184, 185),
veratrylaldehyde (186), p-methoxybenzaldehyde (184), venillin
(184), and others (187), have been condensed with both nitro-
methane, and (with the exception of vanillin) with nitroethane,
to yield the corresponding nitroalkenes.

The second phase is also a well known reaction. Nitro-
stilbenes (188, 189) as well as nitrostyrenes (190) have been
reduced catalytically using palladium on carbon with very

good results. Kecently the réduction of nitrostilbenes to the
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oximes of desoxybenzoins using iron, ferric chloride and
hydrochloric acid in dilute ethanol has proved very success-
ful (191). The hydrolysis of the oximes to the corresponding
ketones was accomplished readily by using 7N sulfuric acid at

a low temperature.

5. Possible Relation of the Isolated Units

to Lignin Structure

It is of interest to discuss briefly the possible bearing
of these new ethanolysis products on the structure of lignin.
In the section dealing with the "Fresent Status of the Lignin
Problem" (page 19), it was pointed out that lignin probably
originates from a series of plant respiratory catalysts of the
type R-C-C-CH-.OH where R is the guaiacyl or the syringyl
radical. It was emphasized that there appears to be a remark-
able parallelism between these units and those of the Cy
dicarboxylic acid system of Szent-Gydrgyi. Although no actual
proof of their function as respiratory catalysts has yet been
obtained, work on this phase is now in progress in these lab-
oratories. In spite of this gap in our knowledge, interesting
and valuable support is to be found for the theory of Hibbert
in the parallelism between the author's newly discovered
desoxybenzoins ((4-hydroxy-3-methoxyphenyl)-propanone-2 and
the corresponding syringyl derivative ) and the recently-discovered
3,5-dihydroxy-2-carboxybenzyl methyl ketone,found by Reaistrick

and co-workers (100) among the water-soluble metabolic products,
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formed by the action of a large number of different molds of
the Penicillium family on glucose (as the sole organic sub-
strate) in aqueous solution.

They were able to isolate in each case the three aromatic
substances (A), (B) and (C), the side chains of (B) and (C)
being identical with those of the two diketones (B') and of
the two -hydroxy derivatives (C') regspectively isolated from
the ethanolysis products from maple wood (C' as the ethyl ether).
It can be seen that the author's newly discovered ketones (A')

(desoxybenzoins) fit perfectly into the picture.

Reistrick Products Ethanolysis Products
ruce Maple
Maple
HQ COOH CHz0 * CHzG v
A CHo-CO-CHz A' HO-<i:::>-”Hg-CO -CHg HO<<:::>>-CH2-CO-CH3
H CHz0
HQ _COOH CHzO CH=O
B C0-C0-CHz B’ HO-<i:::>rCO-CO-CH5 HO -C0-C0-CHz
H CHx0
HO COOH CHzO
C CO-CH-CHg C' —O-CO CH-CHz HO«O-CO-?H-CHg
H éH CH=O CH

It is thus of considerable importance that ethanolysis products,

derived from higher forms of plant life, namely, gymnosperms
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and angiosperms, should show such a remarkable gimilerity with
the Raistrick products formed by lower forms of plent life,
molds, from glucose in slightly acid aqueous solution.
According to Hibbert (4) the ethanolysis lignin units
represent stabilized end products derived from more labile
Cg-C~C-C units, the latter, in turn being analogs of the Szent-
Gy8rgyl animal cell respiratory system. In Hibbert's theory
of plant respiration, the first member of the Szent-Gy8rgyi
gystem of animal respiration catalysts, oxalacetic acid
(HOOC-CHo=~CO-COOH), is replaced by l-guaiacyl-3-hydroxypropanone-
-2 (XI11I) which in its enol form is oxyconiferyl alcohol. .hus
far it haes not been possible to isolate this (XIII), as such,
from the ethanolysis products from wood and the explanation of
this, as suggested earlier by Hibbert (4) is to be found in the
very remarkable ease with which 1t has been shown to undergo an

allylic shift (70), thus yielding as a stabilized end produect,

R~CHp=CO~CHo~OH —3»R-CH=C (OH)-CHo-OH —>R-CHOH-C (OH) = CHp

|

R-C0-CHOH-CHz «—— k~-CHOH-CO-CHgz

A-hydroxypropiovanillone as its ethyl ether.
With regerd to the 1, 2-diketones (vanilloyl and syringoyl

methyl ketones), found among the ethanolysis products, the

opinion of Hibbert (Private Communication) is that these also

represent stabilized end products. Their progenitors are
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probably lignin respiratory catalysts of the oxyconiferyl or
dioxyconiferyl alcohol types:

R-CH=C( 1E)H) -CHo0H R=-C(OH) ==C(0H)-CH50H
R-CHg~CO-CHoO0H R-CHOH-CO=-CHsOH

With the former a primary conversion into the isomeric aldehyde

can be assumed:
R-CHg~CO~CHpOH ~—>» R=-CHo-C (0H) =CHOH ——>»R~CHe-CHOH-CHO

This. under the influence of acids could then yield a mixture
of a benzoin (R-CHOH-CO-CHz) and a diketone (R-CO-CO-CHz), &
reaction similar to that undergone by benzyl glycollic aldehyde
(XXVIII) (69).(see Historical Review page 18). 1In the latter
case, the dioxy coniferyl alcohol might undergo an intramolec-

ular shift (allyl shift type) to yield the diketones.

R-CHOH-CO-CH20H-———)'R-C(OH)==C(OH)-CH20H

|

R-C0-C0-CHz €«———— R~C(OH)s—C(OH)=CHg

Nothing definite can be stated at the moment regarding
the origin of the desoxybenzoins (4-hydroxy-3-methoxyphenyl) -
propanone-2 and its syringyl derivative and their relation to
lignin structure, although 1t is very probable that they also

represent stabilized end products derived from more reactive
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lignin progenitors. The following speculations may perhaps
be permissible in this connection. '

The ease with which benzoins, in the presence of acids,
undergo simultaneous iﬂtramolecular oxidation-reduction
reactions to yield the corresponding benzil and desoxybenzoin,
hes already been discussed (page 63).

acids
R-CO-CHOH=-R. ->» R=-C0-CO-R -¥~R-CH2-CO-R

It is possible that the two newly discovered compounds are
degradation products derived from the corresponding benzoins
namely, ek-hydroxypropiovanillone and its syringyl analog.
While this hypothesis could account for the presence of the
newly-discovered desoxybenzoins, it would not suffice to explain
the much larger quantity of the diketone present in the ethan-
‘olysis mixture. However, as indicated above in all probability
there are two additional sources from which this could origin-
ate.

Another possible source of the author's desoxybenzoins
may be l-guaiacyl-g, 3-dihydroxypropane (CVI) suggested by Hibbert
as the second member of the new plant respiratory catalyst
system, corresponding to malic acid in the Szent-Gydrgyi s&stem.
Thus analogously constituted products, such as l-anisyl,-1,2-
dihydroxypropane (CVII) under tha influence of dilute sulfuric

acid are converted into ketones, in this case anisic acetone (192) .
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CH50-05H4-CHOH-CHOH-CH5 > CHgO-C6H4-CH2-CO-CH5

(CVII)

A similar reaction might be expected with (CVI).

HY
R-CHp~CHOH-CHpO0H ——3 R~CHp-C0-CHz -} Hs0
CVI.

Inasmuch as the above changes are predicated on transform-
ations in an acidic medium, already shown applicable for example
to the formation of K~hydroxypropiovenillone and syringone, it
seems highly probable that the metabolic products isolated by
Raistrick (100) by evaporation of slightly acid solutions,also
represent final stabilized end products originating from
analogous progenitors functioning as mold respiratory catalysts
in a similar type of new plant respiratory system, but in which

the guaiacyl and syringyl radicles are replaced by R.

H

H

The presence of the carboxyl group, presumably formed at a later
stage in the respiratory process, is not surprising in view of
the ease with which carboxylation takes place with phenols in

0
aqueous solutions of bicarbonates at low temperatures (50-80")

(195, 196).
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Since the mold respires exclusively on glucose, it seems
reasonable to assume that the phenolic substances originate
also inthis case from the methyl glyoxel formed as an inter-
mediate carbohydrate product of metabolism. A comparison of
the isolated phenolic products and their probable forerunners,
with those obtained from the higher plants indicates that the
former could be derived from condensation reactions between
methyl or hydroxymethyl glyoxal and the keto form of 1,3,5-
trihydroxybenzene (CVIII) while in the latter the condensation
teakes place with the keto form of 1,2,4-trihydroxybenzene (CIX)

as illustrated in the following diagram:
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Suggested Mechanism for Plant Synthesis of Respiratory Catalysts

Molds
H H COOH
COs
OH——>» CH
(CVIII) lT
H O0OH
cng-CO-CHO‘4— C=0

CHp-CO-CHpOH

llylic
hift

CHOH-CO~CHz

H COOH
CO-CHOH~CHz

Higher Plants

HO CHz0
HOO-OH —> HO-OOH
(CIX) l T

CHzO0 —
CHz-CO-CHO -} Ho-{ =0

Ho

CHo~CO-CHO
OH:

gH
CHp-CO-CHg0H

allylic
shift

-CHOH-CO-CHz

-CO-CHOH-CHz

CHz0
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Furthermore a similar type of condensation, e.g. of the
above phenols (CVIII) and (CIX) with hydroxymethyl glyoxal
instead of methylglyoxal, would yield R-C0-C0~-CHo0H, convert-
ible on reduction into R-CHOH~CO~-CH50H, the pPreviously sug-
gested progenitor of the 1,8-diketones. (see page £0)

QOH COOH
O - HCO-CO-CHo0H —» @ =-C0~C0-CHpOH

-2H| |+H
OH COOH oL _cocH Y
CO-CO-CHz <« -C(0H)=C(0H) ~CHp0H

o) CH

Inasmuch as it is difficult to avoid the conclusion that
the Raistrick products are formed from respiratory catalysts
of lower plant forms arising by degradation (respiration) of
& single monomeric substrate, namely,}glucose, the remarkable
analogy between them and the ethanolysis products from wood,
seems to provide str&ng indirect evidence for Hibbert's theory
of the origin of lignin as originating from an analogous
series of higher plant respiratory catalysts.

There remains only the question of the possible origin

of the aromatic aldehydes present in the ethanolysis reaction

mixture. It is certain that these are not derived from either

A-ethoxXypropiovanillone (70, 72) or the corresponding syringyl
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analog. Nelther are they degradation products of the diketones.
It seems possible they may originate from either an enol
or an aldol type of condensation polymer, or from an unsaturated
ethylene union, R—CHOE-é-é or R-CH==é-? respectively, R being
the guaiacyl or syringyl radical. The fact that by the action
on wood of mild oxidizing agents such as nitrobenzene, cupr-
ammonium hydroxide etc., high aldehyde yields are obtainable
(27) may be cited in support of the wovove view. Much turther

invegtigation is necessary to elucidate this point.
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Experimental

1. Modified Procedure for the Ethanolysis of Wood(Flow SheetI)

(a) Extraction of the Wood - Thirty-five to forty-five

'year old maple wood, ground to a meal (40 mesh) was extracted
with a 50-50 mixture of ethanol-benzene for 48 hours, followed
by 24 hours extraction with ethanol. Hot water (50-60°) was
then allowed to run for 12 hours through the extracted wood
meal contained in & cotton bag. The wax~- and resin-free wood
meal was air-dried (3 days) and vacuum-oven dried (50°, 20 mm.
£4 hours); moisture content, £.4%; Klason lignin, 20.3%.

The resulting dry wood meal (1000 g.) was transferred to
a 12-1liter flaék, dry ice was added to sweep out the air, then
ethanol (8.5 liters) and more dry ice. A stirrer operating
through a short condenser, and & long condenser were fitted to
the flask and the mixture was stirred for one half hour to
expel any remaining air. Then a solution (18.5%) of hydrogen
chloride in ethanol (1030cc.) was added through the long
condenser. The reaction mixture was refluxed for 438 hours in
an inert atmosphere (carbon dioxide) on & water bath (80-85°),
cooled, and filtered through a cloth on & Blichmer funnel. The
residual wood meal was extracted with ethanol exhaustively
(e.g. until no more colored material was removed, about 12
hours) in a Soxhlet apperatus, air-dried and vacuum-dried at

50°; weight, 496 g.. The alcoholic extract was edded to the



97

main alcoholic filtrate, and the combined golution was neutral-
ized (pH, 6) by adding sodium bicarbonate (175 g.) and water
(50 cc.) and stirring overnight. The resulting sodium chloride
was filtered off, and the filtrate concentrated to about £
litres at 45-50° under reduced pressure (20 mm.), in an inert

atmosphere.

(b) Separation of the Ethanol Lignin from the Water-soluble

Ethanolysis O0ils - The concentrated alcohol solution was pre-

cipitated in a fine stream into distilled water (15 litres) with
vigorous mechanical stirring, and the mixture then allowed to
agglomerate and settle overnight. As much as possible of the
clear aqueous licuor wes siphoned off, the remaining "sludge"
filtered by suction and sucked dry on the Bfichner funnel. The
lignin was dissolved in acetone (1200 cc.) and precipitated in
a fine stream into distilled water (12 litres) as described
above. The resulting colloid was coagulated by stirring with
a few cc. of a concentrated sodium chloride solution and the
lignin separated as before. The reprecipitation was repeated
once more to ensure a complete separation. The resulting ethan-
ol lignin was air-dried and vacuum-dried at 250; weight 116.5 g.
The combined agueous liquors containing the ethanolysis
0ils were extracted with benzene in a 20-liter continuous
extractor, similar to that designed by Hossfield (197). The
extraction was carried out in an atmosphere of carbon dioxide,
and the benzene was renewed at intervals of about 10 hours.

After 100 hours the extraction was essentially complete.
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The combined benzene extracts were dried with sodium sulfate

and the solvent removed under reduced pressure (20 mm.).

(c) Separation of the Resinous Material in the Crude

Water-soluble Kthanolysis 0ils - The crude ethanolysis oils

(76.0 g.) were dissolved in acetone (750 cc.) and the solution
introduced as a fine stream into petroleum ether (b.p. 50-500)
(15 liters) with vigorous mechanical stirring. 7he retroleum
.ether solution was siphoned off, from the dark oil which had
gettled in the vessel and the oil dissolved in acetone (150 cc.)
and reprecipitated into petroleum ether (& liters). The rep-
recipitation was repeated, and the solution again siphoned off.
The residual petroleum etaer-insoluble viscous resinous material
weighed 25.3 g. The solvent from thc combineu petroleum ether
solutions was distilled off on a water bath (50-60°) and the
last traces removed under reduced pressure; weight of the
residual light-colored petroleum ether-soluble ethanolysis oils,

45.3 Zoo

(i) Solvent Group Fractionation of the Petroleum Ether-

gsoluble Ethanolysis 0ils - By this procedure the crude ethanolysis

0oils were separated into four fractions, soluble in (1) Bisulfite

(£) Bicarbonate and (3) Alkali together with a final "neutral

fraction”. ' The oils (45.3 g.) were dissolved in benzene (300 cc.)
and the solution extracted successively with (a) eight-30 cc.

portions of £0% sodium bisulfite (the bisulfite extract was

back-extracted with two-30 cc. portions of benzene and the back-

extracts were combined with the main benzene golution): (b) three-
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30 cc. portions of 6% sodium bicarbonate (back-extraction as
in (a)); and (c¢) six-35 cc. portions of 5% sodium hydroxide
(back-extraction as in (a)). The residual oil remaining in
the benzene solution was the "neutral fraction".

Each of the extracted fractions (a), (b) and (c) was
neutralized individually with dilute sulfuric acid (the sulfur
dioxide removed from the neutralized solution (a) by bubbling
in carbon dioxide under reduced pressure), and each then
extracted with benzene. The tenzene solutions including that
containing the neutral fraction were dried with sodium sulfate
and the solvent removed, yielding a bisulfite-soluble fraction
(10.3 g.); bicarbonate-soluble fraction (0.4 g.): alkali-

soluble or phenol fraction (24.7 g.); and neutral fraction (5.4 g.).

2. DPreliminary Experiments on the Separation

of Mono- and Dicarbonyl Compounds in the Risulfite
‘raction

(a) Solubilities of the Ammonium Salts of Syringoyl

Methyl Ketone, Vanilloyl Methyl Ketone, Syringaldehyde and

Vanillin. - [he relative solubilities of the ammonium salts

of the two diketones were determined in the following manner:
Each of the dicarbonyl compounds (0.10 g.) was dissolved in

absolute ethanol at 0° (10 ce.) and to each of the solutioms
a 7% solution of ammonia in anhydrous ethanol was added drop-

wise with stirring until a spturated sclution was obtained,

i.e. the ammonium salt just began to precipitate. A few drops
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(0,04 cc.) of the ethanolic ammonia solution were sufficient
to cause the precipitation of the ammonium salt of syringoyl
methyl ketone, while the precipitation of the ammonium selt
of vanilloyl methyl ketone required 6.0 ce.. 71herefore the
approximate solubility products were calculated as 7.3 x 1074
and 5.0 x 10~% respectively.

The solubility products of the ammonium salts of syring-
aldehyde and vanillin were determined in the same way by
R.H.J. Creighton in these laboratories, and found to be 1.7 x

10"% and 5.5 x ].O"2 respectively.

(b) Action of a Mixture of Hydroxylamine and Nickel

Chloride on Vanillin, Syringaldehyde, and 1,2-Dicarbonyl Compounds.

A mixture of vanillin (0.120 g.) and syringaldehyde (0.067 g.)
was dissolved in water (75 cc.) and hydroxylamine-hydrochloride
(0.2 g.), 5% nickel chloride solution (£ cc.) and sodium

acetate (5 g.) added. The resulting solution was refluxed for
100 hours in an inert atmosphere, cooled and extracted with
benzene. The benzene solution was extracted with 20% sodium
bisulfite, the bisulfite extract neutralized with dilute sulfuric
acid, the sulfur dioxide removed by bubbling in carbon dioxide
under reduced pressure, and the resulting solution extracted

with benzene. The benzene extract was dried and removal of

the solvent left in large yiel. a mixture of vanillin and

syringaeldehyde, indicating that the treatment had had little erffect
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on the aldehydes. Their separation was effected by addition

of anhydrous‘ammonia in an anhydrous etheanol solution, whereon

the ammonium salt of syringaldehyde was precipitated (see section

2c below). About 80% of syringaldehyde (0.061 g. ammonium salt)

and 70% of vanillin (0.170 g. as m-nitrobenzoyl-hydrazone) were
recovered. A similar treatment of syringoyl methyl ketone or
vanilloyl methyl ketone or a mixture of the two with hydroxyl-

amine and nickel chloride resulted in an almost quantitative
precipitation (90-95%) of the nickel glyoxime salts (see section Zc).

(c) Investigation on the Separation of a Synthetic Mixture

of Venillin, Syringaldehyde, Syringoyl lMethyl Ketone and Vanill-

oyl Methyl Ketone.

The first step in the separation was thaet of precipitation
of the diketones as their nickel glyoxime salts, followed by
their hydrolysis. It was therefore necessary to determine the

conditions for a maximum recovery of the diketones.

Hydrolysis of the Nickel Glyoxime Salts under Various Conditions

The optimum conditions for the hydrolysis of the nickel glyoxime
salts were determined from a series of studies on the behavior
of the nickel salt of vanilloyl methyl ketone with different

acids using £0 cc. of the acid to 50 mg. of the nickel salt-

at varying temperatures for varying periods of time. The result-

ing acid solution was cooled, extracted with ether , the ether

extract neutralized with sodium bicarbonate and the solvent

removed by distillation. The residue was dissolved in water and

precipitated and estimated as the quinoxaline (see section 44b) .

The following table shows the results obtained:
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Table 1.

Hydrolysis of the Nickel Glyoxime Salt

Hydrolytic Wt. of Ni Reaction Reaction Weight of %
Reagent Used Salt g. Time, hrs.Temp.OC Quinoxaline Diketone

found, g. Recovered

15% HoSO4 0.050 0.25 reflux 0.033 65
" " 0.049 1 " 0.026 54
" " 0.051 g n 0.018 36
15% HoS04%
0.1g. Fe?(SO4)gO 040 0.%25 " 0.026 63
5% H
0.03g- ceﬁgcﬁo 0.036 2 " 0.015 40
5% HoSO
0 5300 il Zéo 0004:6 2 " 00016 55
5% HoS0g+
0.1g. re?(so4)5o 041 g " 0.016 40
12N HOAc +
12N HC1 +
0.05g. Fes(S04)3 0.026 0.01 60 0.000 --
12N HpS0, 0.033 5 90 0.015 46
" " 0.032 16 20+
g 60 0.027 80
nooom 0.031 12 60 0.018 65
" " 0.035 12 40 0.030 79
" n 0.031 48 20 0.024 75
L 0.033 120 £0 0.025 74
moooow 0.036 16 20 +
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Thus the best conditions found were those using 12N
sulfuric acid at room temperature for 16 hours, followed by

3 hours at 40°.

Separation of the llixture. - ‘'his contained the following

components; syringoyl methyl ketone (C.158 g.), vanilloyl
methyl ketone (0.237 g.), vanillin (0.160 g.) syringaldehyde
(0.144 g.) and water (400 cc.). It was treated with hydroxyl-
amine hydrochloride, 5% nickel chloride solution and sodium
acetate (see section 3A). The combined nickel glyoxime salts
weighed 0.4184 g., and were hydrolysed using the conditions
described in section 34 below. The acid solution wes extracted
with benzene and the resulting mixture of the diketones was
separated by precipitation of the ammonium salt of syringoyl
methyl ketone (0.131 g.) from an ethanol solution (see section
3A below); OCHz, 25.67; Calecd. 25.8;0. The vanilloyl methyl
ketone remeining in the ethanol-ammonia solution was estimated
as the quinoxaline (0.285 g.); m.p. 169-160°. Thus tne two
diketones were recovered in yields ol 76 /% and 705 respectively.

Separation of the Vanillin-Syringaldehyde Components -

The agueous filtrate containing the two aldehydes, was extracted
with benzene, the extract dried with sodium sulfate and the

solvent removed. The residue was dissolved in absolute ethanol
(156 cc.), a 7% solution of ammonia in ethanol (2 cc.) added
and the mixture allowed to stand atl 0° for several hours. The

precipitated ammonium salt of syringaldehyde was filtered off

and reprecipitated, after dissolving in ethanol (1¢ ce.), by
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adding 7/ ethanol-ammonia solution (1.5 ce.) a8 before.

The ammonium salt was filtgred off, dissolved in water, acid-
ified and converted to the m-nitro-benzoyl nydrazone (£0)
(0.123 g.); m.p. 190-192°; 69 recovery of syringaldehyde.

The filtrate from the first precipitation of the ammonium
salt of syringaldehyde, was neutralized with dilute sulfuric
acid, concentrated to a small volume under reduced pressure at
room temperature, diluted with water and the solution treated
with m-nitrobenzoyl hydrazine (20); weight of hydrazone,

0.226 g.; recrystallized from dilute ethanol, m.p. £07-2089;

70% recovery of vanillin.

3. Investigation of the fisulfite Fraction of Water-soluble

Ethenolysig Products from Maple Wood.

A. 1,2-Dicarbonyl Components of the Bisulfite Fraction

(a) Isolation of the Diketones. - The bisulfite fractions

from three different ethanolysis runs made by Dr. W.L. Hawkins
using the usual procedure (181), were analyzed for their dicar-
bonyl contents, by the following procedure: An alicuot portion
of the bisulfite-soluble fraction (3.2563 g.) was dissolved in

water (900 cc.), and hydroxylamine sulfate (2 g.), 5, nickel

chloride solution (12 cec.) and
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crystalline sodium acetate (15 g.) added. The reaction mixture
was refluxed gently in an atmosphere of carbon dioxide for
twenty-four hoursf The precipitated nickel glyoxime salts were
removed by filtration through a sintered glass filter, more
hydroxylamine sulfate (0.3 g.) and nickel chloride solution

(3 oc.) added to the filtrate, and the refluxing continued for
an additional twenty-four hours. This process was continued
until there was no further precipitation (four to five days).
The combined precipitated sslts were washed with cold water and
dried at lOOO; yield 1.732 g.. They were now mixed with 12N
sulfuric acid (400 cc.), the solution allowed to stand at room
temperature for twenty-four hours and then maintained at 400 for
four hours. After cooling‘it was extracted with benzene, the
benzene extract dried over sodium sulfate and sodium bicqrbonate
to neutralize any sulfuric acid, and tne benzene removed at

atmospheric pressure leaving a mixture of the crude diketones (C).

(see Flow Sheet II page 79B)
*
(b) Separation of the Diketones. - The mixture (C) (1.2 g.)

was dissolved in absolute ethanol (40 cc.), cooled to 0° and

4 ce. of a cold (Oo) 9% solution of ammonia in absolute ethanol
added. After standing at Oo for a few hours, the precipitated
ammonium salt of syringoyl methyl ketone (E) was filtered, and
washed with a éold (0°) 1% solution of emmonia in ethanol (10 cec.).

The filtrafe (F) was neutralized immediately with dilute sulfuric

* The letters refer to those used in Tlow Sheet II.
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acld and extracted with benzene. 0On removal of the solvent,
vanilloyl methyl ketone separated out as a yellow o0il which
crystallized on standing; yield, 0.21 g. The crude product,
after one crystallization from water, melted at 68-69° and gave
no depression when mixed with an authentic sample of vanilloyl
methyl ketone. The quinoxaline prepared from this product
melted at 160-161° and showed no depression when mixed with a
pure synthetic product.

The ammonium selt of Syringoyl methyl ketone (E) was purir-
ied by dissolving in hot ethanol, cooling and adding an excess
of & 9% solution of ammonia in ethanol. The reprecipitated
ammonium salt (0.911 g.) was filtered, weshed as before, dried
(vacuum), dissolved in hot water, end an equivalent amount of
dilute sulfuric acid added. On standing, syringoyl methyl
ketone separated out in the form of yellow needles /0.7 g.); 1t
was recrystallized first from water and then from petro.eun
éther (bep. 100-110°); m.p. 60-61°; no depression when.mixed
wWith a pure synthetic syringoyl methyl ketone. Anal. Caled.
for C11Hy905: C, 58.9; H, 5.4; OCHgz, 27.7. Found: C, 59.1;

H’ 5.7; OCHz’ 2706’0

Monosemicarbazone of Syringoyl Methyl isetone. - TFine,

white, needle-like crystals; m.p. £10-211° (with decomposition);
no mixed melting point depression. 4inal. Calcd. for CyoHygOsNz;
C, 5102; H, 5.4; N, 14,-.9; QCHZ,, £8ele Found: C, 5100; H, 506;

N, 15.0; 0CHz, 21.9.
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Quinoxaline of syringoyl Methyl Ketone. - Light yellow

needles; m.p. 160.5-161.5°; no mixed melting point depression.
Anal. Caled. for Cy7HygOzNp: C, 68.9; H, 5.5; N, 9.5; C(CH3z,
£0.9. Found: C, 69.1; H, 6.0; N, 9.5; CCHz, 20.8. The complete

results from the above separations are shown in reble &.
Table <.

Analysis of Bisulfite-soluble Fractions

Amount of dry maple wood teken for each experiment was

1000 g. containing 220 g. of Klason lignin
Ethanolysis experiments
1 2 3
uplicate runs
Total bisulfite-sol. oils, g. 13.0 17.5 9.0

Total recovered distilled
oils, g. 10.6 10.0 7.3

Bisulfite-sol. fraction
used, ge. 1.030 1.730 5.268 3253

Nickel glyoxime salts
found, g. O0.4256 0.691 3.544 1.732

Ammonie .salt of syringoyl
methyl ketone, g. 0.193 0.280 1.627 0.911

Syringoyl methyl ketone
in distilled fraction

(a) Found, % 17 15 29 26

(b) Corrected, % * gg &0 38 34
Quinoxaline of vanilloyl

methyl ketone, g. 0.062 0.079 0.659 0.172

Vanilloyl methyl ketone
in distilled fraction

(a) Found,% 4 4 9 4
(b) Corrected, % * 6 5 13 6
Total diketone in distilled
fraction
(a) Found, % £l 19 38 28
(b) Corrected, 5 * 28 25 51
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* Control runs showed that 765 of syringoyl methyl ketone
and 70% of vanilloyl methyl ketone could be recovered from a
mixture of the‘synthetic diketones (section 2(c)). The

ngorrection factors" are thus 1.3 and 1.4, respectively.

In experiment I the results are given of two duplicate
experiments carried out with the bisulfite fractiocn of the.
ethanolysis oils obtained by use of an ethanolysis procedure
varying from that customerily employed. In this case ethyl
orthoformate was added to the ethanol-hydrochloric acid
extraction medium with the object of "fixing" free, possibly
very reactive, carbonyl groups. e ethanolysis yields obtained ,
however, were considerably lower than in the case where the
normal procedure was used (Expts. & and 3); no explanation for
this can be given. ihe average value round for the total
isolated diketones (Expts. gand %), based on the Klason lignin

content of the original wood, was 2%, and that of the correspond-

ing "corrected™ values £.5%.

B. 1Isolation of Iew Components from Bisulfite Fraction

of Maple Wood Obtained by use of the New Ethanolysis Procedure

In this investigation ﬁhe bisulfite fraction was obtained

from the ethanolysis mixture using the new modified ethanolysis

procedure (Flow Sheet I peage 794). The final method of analysis

of this frection is illustrated in hlow Sheet II page 79B.



109

(a) Removal of the Diketones. - The bisulfite-soluble

fraction (10.79 g.) was dissolved in water, and the solution
treated with hydroxylamine sulfate, nickel chloride and sodium
acetate as previously described (section 34). The nickel
glyoxime salts (6.20 g.) were filtered off, the filtrate (B)
(flow sheet, page 79B) extracted with benzene, and the benzene
extract dried over sodium sulfate; on removal of the solvent, &
mixture of the eldehydes and oximes (C') remained. The presence
of the oximes was indicated by nitrogen in the residue (sodium
fusion test), and by the absence of nitrogen on hydrolysis with
"N sulfuric acid (see section 3Bc).

(b) Isolation of Vanillin and Syringaldehyde. - The residue

(C') (4.72 g.) was dissolved in benzene (70 cc.) and extracted
with seven - 17 cc. portions of 20% sodium bisulfite solution.*
The bisulfite solution was back-extracted with benzene (20 cc.)
and this extract combined with the main benzene solution contain-
ing the bisulfite-insoluble oximes. The bisulfite solution

(D') containing the aldehydes was neutralized with dilute sulfuric
acid, the sulfur dioxide removed by bubbling in carbon dioxide
under reduced pressure, and the resulting solution extracted

with benzene. The benzene solution was dried and on remeval

of the solvent, & mixture of the two aldehydes remained (1.68 g.).

* During the extraction, a non-distillable tar (0.55 g.)
geparated at the interface of the benzene~bisgulfite solutionsy

it was readily separable from the aqueous solutions.
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. in the Cooke-Bower column
This was fractionally distilled/and the results are shown in

Table 3.

Table 3

Fractional Distillation of the Mixture of Vanillin

and Syringeldehyde. (Pressure - 0.25 mm.)(Flow Sheet II)

Fraction Bath Col. Weight Weight**

number temp. temp. crude,g. purified Identified as
1 168° 94° 0.19 0.14 vanillin
2 179°  102° 0.06 0.03 syringaldehyde
3 189° 106°  0.54 0.54 syringaldehyde
4 195°  110° 0.10 0.05 syringaldehyde
5 £00° 117° 0.13 0.05 (4-hydroxy-3, 5=

o dimethoxyphenyl)

6 £00° 117 0.06 -propanone-£

**¥ Praction I was recrystallized from water; m.p. 80-810;
no melting point depression when mixed with venillin. Fractions
0
2, 3 and 4 were each recrystallized from water; m.p. 111-112 ;

no melting point depression when mixed with gsyringaldehyde.

(¢) Isolation of {4-Hydroxy-3,5-dimethoxyphenyl)-
(7low oSheet II)

propanone-2 and (4;glgroxy-5-methoxyphqul)-propanone-z/- The

benzene solution containing the oximes (E') was filtered to
remove the tar, then dried and the solvent removed. The
residue (£.30 g.) was treated with 7N sulfuric acid (150 cc.)

at room temperature for 24 hours followed by 4 hours at 40°.
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The acid solution was extracted with benzene, the benzene
extract dried over sodium sulfste and sodium bicarbonate, and
the solvent removed by distillation. The residue (l1.56g.) was
distilled from a Sp#th bulb and the distillate (1.23g.) was

fractionally distilled., The results are shown in Table 4.
Table 4

Fractional Distillation of the Mixture of (4-Hydroxy=3,5-

dimethoxyphenyl)=propancne~2 and its Guaiszcyl Analog.

(pressure 0.25 mm.)

Fraction Bath o Column Weight Weight Identified as
number Temp. Temp.° Crude,g. purified,g.

1 165 g9 0.08 0.03 (4-hydroxy-3-methoxy-

phenyl)-propanone~2

2 175 99 0.09 0.06 "

3 185 107 0.05 Q.02 "

4 192 114 0.08 0.05 syringaldehyde

5 198 124 0.13 0.06 (U~hydroxy-3,5-dimethoxy-

phenyl)-propanone-2

6 200 130 0.27 0.27 "

7 202 130 0.05 0.01 "

g 202 130 . 0,06

(1) Investigation of the Higher-boiling Component (Fractions 5,
6 and 7. - These three fraction had the same structure shown by
recrystallizing each from a mixture of petroleum ether (b.p. 30—
5g°) and ether; m.p. in each cese,68-69°; no melting poin:

depressionwhen mixed with the synthetic product. They were
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united and samples taken for analysis. Anal, OCalcd. for
C11H140y; C, 62.8; H, 6.7; 0CH3, 29.5; Mol. wt., 210.1,
Found: C, 62,9; H, 6.7; OCH;,29.5; Mol. wt. (Rast), 218.

Proof of Structure

(1) The presence of a dimethoxy phenol group having the
structure of either (A) or (B) was proven by methylation
CH;O HO
HO C H300-—<<:::>F43
CH3 CH?O
(4) (3)
followed by oxidation to 3,4,5-trimethoxybenzoic acid.

Method
The product (0.15g.) was methylated with diazomethane,

and the methylated product oxidized with a 3% solution of

0 for two hours., The

potassium permanganate (25cc.) at 100
reaction mixture was extracted with ether, acidified and ex-
tracted agein. The second extrasct contained 3,4, 5-trimethoxy-
benzoaii}d(0.0‘SBg.); recrystallized from water; m.p. 165-—1660;

no melting point depression when mixed with an suthentic sample

of 3,U4,5-trimethoxybenzoic acid.

(2) Proof of the Presence of an end ~CO—CH3,Grouping. -

A small amount (0.0lg.) of the unknown product wes dissolved in
a soluti-n of 0.1N sodium hydroxide (5cc.) and water (70cc.)
and 0.1N iodine solution containing 2Ug, potassium iodide per
liter (35cc.) followed by sodium hydroxide (50cc.), sdded.

After standing at room temperature for two hours the iodoform
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was filtered off, washed with water and dried; yield, 0.007g;
m., p, 118-120°,

Semicarbazone of Fractions 5,6 and 7 (Tablel). - Its

semicarbazone,obtained in the form of fine white needle~like
crystals from ethanol melted at 155-156° and showed no melting
point depression when mixed with that prepared from the
synthetic product (page 119). Anal., Caled, for 012H1704N3:

C, 53.9; H, 6.4; OCHz, 23.2; N,15.7; Found: C, 54,0; H,6.7;
OCHz,23.4; W, 15.7.

(11)
Investigation of the Low-boiling Component (Fractions 1,2, and

5, Table 4), - Thies was identified by melting points of the

gsemicarbazone and of the thiosemicarbazone and comparison with

those obtained from the synthetic product. { paqe 120)

Semicarhazone. - Fine, white needle~like crystals from ethanol;

m.p. 157-1580; no melting point depression when mixed with the
&:?:nﬁ)

synthetic productyy’ Anal. Calcd. for 011H1503N3: G, 55.7; H, 6.3;

OCHy, 13.1; N, 17.7. Found: C,55.7; H, 6.5; OCHz, 13.1; N, 17.7.

Thiosemicarbazone. - Microscopic, white, needle-like crystals

from ethanol; m.p, 187-188° (rate of heating, 5-6" per minute);

o 2o
no melting point depression when mixed with the synthetic proéﬁaff, D
Anal, Calcd. for 011H15028N3: C, 52.2; H, 6.0; OCH3’ 12,3; W,
16,6; Found: C, 52.2; H, 6.4; OCHB, 12,4; N, 16,6,

(d) Summary of the Analyses of the Bisulfite Fractions.

In Table 5 a summary is given of the analytical data obtained
from the bisulfite fraction from three different ethanolysis

experiments.
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Table 5

Analysis of the Bisulfite-soluble Fraction

Amount of dry maple wood meal taken for each
experiment was 1000 g. containing 203 g.
of Klason lignin.

Ethanolysis ixperiments

1 4 3

Total bisulfite-sol. oils, g. 10.30 11.47 10.79
Nickel glyoxime salts found, g. 6.23 6.58 6 .20
liixture of the diketones, calcd., g. 4.90 5.16 4.89
% of kKlason lignin 2.42 2.54 2.41
Syringaldehyde (pure), found, g. 0.73 1.30 0.67
% of Klason lignin 0.36 0.64 0.33
Venillin (pure), found, g. 0.08 0.23 0.14
% of Klason lignin 0.04 0.11 0.07
(4-Hydroxy-3,5-dimethoxyphenyl) -

propanone-2 (pure), found, g. 0.47 0.26 0.39
% of Klason lignin 0.2 0.15 0.19
(4-Hydroxy-3-methoxyphenyl) -

propanone-2 (pure), found, &. 0.12 0.08 0.11
% of Klason lignin 0.06 0.04 0.05

(e)Attempted Separation of the lMonocarbonyl components of the

Bisulfite Fraction into Ethanol-ammonia-soluble and -insoluble

Fractions. - It was believed that the separation of the mono-

carbonyl componenis of the bisulfite fraction could be simpli-



115

fied by use of a preliminary separation of the syringyl comp-
onents from the guaiacyl involving precipitation of the former
as ammonium salts from ethanol solution, followed by irection-
ation of each component. The details of the attempted separat-
ion follow: The mixture of the aldehydes and the oximes (C')
(4.62 g.) (Flow Sheet II and Ethanolysis txperiment 1, Table 5)
was dissolved in ethanol (75cc.), a 9% solution of ammonia in
ethanol (2bcc.) was added, and the reaction mixture allowed to
stand at0° for several hours. The precipitated ammonium salts
were filtered, washed with a cold 1% solution of ammonia in
ethanol (l5cc.) and treated with 7N sulfuric acid to remove

the oximino groups from the syringyl components. (section 3Be).

The combined filtrate and washings were neutralized with
dilute sulfuric acid, cohcentrated to about 265cc., water added
(50ce.) and the resulting solution extracted with benzene.

The benzene was removed by distillation and the residue was
treated with 7N sulfuric acid (see section 5Bc).

Cach of the acidified solutions,, presumably containing the
guaiascyl and syringyl components réépectively, were extracted
with benzene. Removal of the solvent left an'ethanol-ammonia-
soluble fraction (1.35g.) and an ethanol-ammonia-insoluble
fraction (1.71g.) Fractionel distillation of these showed
that each contained & mixture of both guaiacyl and syringyl
components, namely, venillin, syringaldehyde and the two new
monoketones. The separation of syringyl from the guaiacyl

components was thus incomplete and the method was therefore

eabandoned.
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4. Syntheses

A. Synthesis of Syringoyl Methyl netone

(a) Oxidation of A-Hydroxypropiosyringone. - o~-Hydroxypropio-

syringone (5.0 g.) was dissolved in a hot eolufion of copper
sulfate (14.4 g.), pyridine (84 cc.) and water (12 cc.), the
mixture heated for two hours on a steam bath, and, after cool-
ing, poured into a slight exceés of dilﬁte hydrochloric acid.
The aqueous solution was extracted with ether, and the latter
removed, leaving 3.5 g. of an oily residue distilling at 147°
(0.04 mm.). This distillate (2.9 g.) was recrystallized, first
from hot water and then from petroleum ether (b.p. 100-110°) ;
light orange-colored needle-shaped crys%als: MePe 80-81°. Anal.
Celed. for C11Hy505: C, 58.9; H, 5.4; OCHz, £7.7. Found: C,

5807; H, 507; OCHz, 27.7.

(b) Derivatives of Syringoyl Methyl Ketone

Quinoxaline of Syringoyl Methyl Ketone. - Syringoyl

methyl ketone (0.20 g.) was dissolved in hot water (20 cc.)

and this solution wes added to & hot solution (700) of o-phenyl-
enediamine (0.12 g.) in water (10 cc.). After standing over-
night, the precipitate (0.24 g.) was filtered, washed, and
recrystallized first from water and then from aqueous ethanol

(1 part ethanol to 6 parts of water); light yellow colored

crystels; m.p. 161-161.5%°. Anal. Calecd. for Cy7Hy40%No: C, 68.9;
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H, 5.5; i, 9.5; OCHz, 20.9. Found: C, 69.0; H, 5.6; N, 9.4;
OCHz, £0.9.

Semicarbazone of Syringoyl Methyl Ketone. - Syringoyl

methyl ketone (0.25 g.) was dissolved in hot water (15 ce.) and
the solution added to semicarbazide hydrochloride (0.15 g.) and
potassium acetate (0.18 g.) in water (10 cec.). After standing
for several hours, the precipitate (0.20 g.) was filtered,
washed and recrystallized first from water and then from ethanol;
fine, white, needle-like crystals; m.p. 210-211o (with decom-
position). Anal. Caled. for CypHy505Nz: C, 51.2; i, 5.4; N,
14.9; OCHz, £2.1. Found: C, 51.4; H, 5.7; N, 14.7; OCHgz, £8.0.

B. Synthesis of (4-Hydroxy-3,5-dimethoxyphenyl)-

propanone-2

(a) l-(4-Hydrogz-5,5-dimethogyphenyl)-z-nitrqpropene-l. -

Syringaldehyde (3.0 g.) was dissolved in ethanol (12 cc.) and
to the solution, nitroethane (1.5 cc.), methylamine hydrochlor-
ide (0.1 g.) and sodium carbonate (0.08 g.) were added. After
standing for 14 days at room temperature in the dark, the
reaction mixture was cooled to 0°, the orange needle-like
crystals were filtered off, washed with dilute sulfuric acid
and with water, then dried; yield, 3.4 g. m.p. 101-102°;

recrystallized from ethanol and from ether; m.p. 105-1040.
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Anal. Calecd. for UyqHyzCgN: C, H66.2; H, 5.4; OCHz, £6.0; i,
5.9. Found: C, b5.i; H, H5.6; OCHz, <6.1; i, 5.8,

(b) (4-Hydroxy-3,5-dimethoxyphenyl)-propanone-2. - The

nitroalkene (1.1 g.) was dissolved in hot ethanol (10 cc.) and
hot water (25 cc.) was added. To this solution iron dust

(2.0 g.), ferric chioride (0.08 g.) &..d concentrated hydrochlor-
ic acid (1 ce.) were added. ‘The reaction mixture was refluxed
for 5 hours, concentrated to about half the original volume,

then filtered, and the black iron oxide washed with hot water.
The combined filtrate and washings were extracted with benzene,
and the benzene extract was extracted with £07% 8odium bisulfite
solution. The bisulfite solution was acidified, the sulfur
dioxide removed, and the resulting solution extracted with ether.
The ether extract was dried, and the solvent removed; the
residual oil (0.50 g.) soon crystallized. The benzene solution
which contained a small amount of the oxime, was eveporated to
dryness and the residue treated with 7N sulfuric acid (20 cc.)
for 24 hours followed by 4 hours at 4C°. By extraction of the
acid solution with benzene, an additional 0.1l2 g. of the ketone
was obtained; total yield, (0.62 g.), 87% distillable (0.05 mm.);
fine, white, needle-like crystals from a mixture of petroleum
ether and ether; m.p. 68-09°%. Anal. Caled. for Cy1Hy404: C,
62.8; H, 6.7; OCHgz, 29.5. Found: C, 6Z.8; H, 6.7; OCHz, £9.4.
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(c) Semicarbazone of (4-Hydroxy-3,5-dimethoxyphenyl)-

propanone-2. - (4-Hydroxy-3,5-dimethoxyphenyl)-propanone-2

(0.20 g.) in water (10 cc.) was added to a solution of semicar-
bazide-hydrochloride (0.18 g.) and potassium acetate (0.18 g.)
in water (5 c¢c.), and the resulting solution was heated at 60-
70° for two hours. The mixture was cooled, the white needle-
like crystals (0.23 g.) were filtered off, washed and dried at
100° in vacuum; m.pe. 155-1540; recrystallized first from benzene
and then from ethanol; m.p. 155-156°. 4nal. Calcd. for CqgoH17
04.%: C, 53.9; H, 6.4; CHz, £3.2; N, 15.7. Found: C, 54.0; &,
6.5; OCHz, 23.1; L, 15.5.

C. Synthesis of (4-Hydroxy-3-methoxyphenyl)-

propanone-g<

(a) 1-(4-Hydroxy-3-methoxyphenyl)-2-nitropropene-l. -

Vanillin was dissolved in a minimum amount of warm ethanol and
condensed with nitroethane, the technique being the same as

that used for the preparation of 1l-(4-hydroxy-$,5-dimethoxy-
phenyl)-2-nitropropene-l; yield, 75%; MePe 99-1000; recrystall-
igzed from ethanol and from ether; m.p. 101-1020; yellow plates.
Anal. Calecd. for CypHy104N: C, 67.4; H, 5.%; 0CHz, 14.6; N, 6.7.
Found: C, 57.5; H, 5.4; OCHz, 14.7; N, 6.6.

(b) (4-Hydroxy-3-methoxyphenyl)-propanone-2. - The nitro-

alkene was reduced with iron and hydrochloric acid as described

in the preparation of (4-hydroxy-3,5-dimethoxyphenyl)-propanone-2;
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Total yield, 70%. 4he yellow oil was 94, distillable; b.p. 115°
(0.15 mm.), n2%=1.5444. Anel. Caled. for CypaysCz: C, 66.6;
H, 6.7; OCHz, 17.2. Found: C, 66.5; H, 6.7; OCHz, 17.1.

(¢) Semicarbazone of (4-~Hydroxy-3-methoxyphenyl)-propanone

-2. - Fine, white needle-like crystals from ethanol; m.p. 157-
158°. Anal. Calcd. for Cq1H1503Nz; C, 55.7; H, 6.3; OCHz, 13.1;
N, 17.7. FOU.Ild: C, 5508; H, 605; OCHZ, 1501; N, 17.4. ( For

details of the preparation see section 4B(c)).

(d) Thiosemicarbazone of (4-Hydroxy-i-methoxyphenyl)-propan-

one-2. - The ketone was treated with thiosemicarbazide in the
same manner as described in section 4B(c); yield 23%; micro
white needle-like‘;rystals from ethanol; m.p. 187-188° {rate

of heating, 5 to 6° per minute). This melting point varies

with the rate of heating, apparently due té decomposition at
temperatures slightly below the melting point. Anal. Calcd. for
Cy1H1500SN%: C, 52.2; H, 6.0; OCHz, 12.3; N, 16.6. Found: C,

5201; H, 602; OCHg, 1204; 1\, 16070

D. Catalytic Reduction of 1-(4-Hydroxy-3-

methoxyphenyl)=-2-nitropropene-1

(a) Using Pallaedium-carbon as Catalyst. - Animal Charcoael

was heated on & steam bath with 20/ hydrochloric acid to which
a few cc. of concentrated nitric acid was added, until the super-

natant solution no longer contained iron. The charcoal was
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filtered off, washed with water and dried at 100° in vacuum
(15 mm.) for 8 hours. This purified charcoal was activated
by heating in an evacuated test tube (20 mm.) with the lumin-
ous flame of a Bunsen burner for fifteen minutes. The char-
coel (3.0 g.) was suspended in a solution of palladium chloride
(0.5 g.) in concentrated hydrochloric acid (0.5 cc.) and water
(26 ec.) and cooled to 5°. While the suspension was stirred
vigorously, 40% formaldehyde (10 cc.) was added, followed by
a drop by drop addition of a 50% solution of potassium hydro-
xide (10 cc.) and the temperature was kept below 5°. The
temperature of the mixture was finally raised to 60° and
maintained at 60° for a rew hours. The catalyst was filtered
off, washed with water, dilute acetic acid, and hot water until
the filtrate gave no test for chloride, and dried in vacuum.

The palladiumized carbon (0.5 g.) was suspended in a
solution of 1-(4-hydroxy-3-methoxyphenyl)-2-nitropropene-1
(2.0 g.) in pyridine (25 cc.), in a reaction vessel fitted with
a glass stopcock. The vessel was evacuated, filled with hydrogen
(purified by bubbling through successive solutions of dilute
godium bisulfite and alkaline pyrogallol), evacuated, and filled
again. This was repeated once more to ensure complete displace-
ment of air from the reaction vessel. The latter was connected
to a 500 cc. gas burette containing hydrogen and agitated and
heated at a temperature of 60-65° until £ moles of hydrogen per

mole of nitroalkene were absorbed (8 hours). The catalyst was



128

filtered off and washed with pyridine. From the combined filtrate

and washings the solvent was removed under reduced pressure (20
mm.) and the residual oxime was hydrolysed with 7N sulfuric acid
as described above (section 3B(c)). ‘The ketone (0.94 g.) was
obtained by extraction of the acid solution.

ihe nitroalkene of the syringyl analog was reduced in a

similar manner with slmost identical results.

(b) Using Raney Nickel as Catalyst. - he reduction of

1-(4-hydroxy-3-methoxyphenyl)-2-nitropropene-1l was repeated

as described above, with Raney nickel instead of palladiumigzed
charcoal and at room temperature only. The yields of the
ketone obtained varied from 10 to 25% depending on the con-
centration of the reaction medium. Maximum yield (25%) was

obtained by using 100 cc. of pyridine per gram of nitroalkene.

5. Properties of the Compounds Isolated

A. Properties of the 1,2-Diketones

(e) Ethanolysis of Syringoyl Methyl Ketone. - Syringoyl

methyl ketone (0.102 g.) was dissolved in a 2% solution of
hydrogen chloride in ethanol (50 cc.) and refluxed for 48 hours
in an atmosphere of carbon dioxide. The solution was cooled,
neutralized with sodium ethylate and teken to dryness at reduced
pressure (20 mm.). The residue was dissolved in water and the

solution treated with hydroxylamine hydrochloride, nickel
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chloride and sodium acetate as described in section 3A. The
precipitated nickel glyoxime salt was filtered, washed and dried

yield, 0.116 g.. The recovery of the diketone was 90%.

(b) Stability of Vanilloyl Methyl Ketone Towards Strong

Acids. - Vanilloyl methyl ketone (0.01 g,) was dissolved in the

acid (7 cc.) and treated for varying lengths of time at different
temperatures. The acid solution was extracted with ether, the
solvent was distilled off, the residue dissolved in water and
treated with o-phenylenediamine (see section 4A(b)). The quin-
oxaline was filtered, washed, dried and weighed. The results

obtained are summarized in Table 6.
Table 6.

Stability of Vanilloyl Methyl Ketone Towards Acids

Wt. of Reactign  Reaction Acid Quinoxaeline % Diketone
Diketone Temp. C. Time, hrs. FEmployed ZPrecipitated Recovered
0.033 reflux 4 6N HCl 0.035 80
0.024 60 2 12N HpS504  0.030 93
0.012 60 5} " " 0.014 88
0.012 60 8 " " 0.015 89

0.012 60 12 " " 0.0156 89
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(¢) Reduction of Syringoyl Methyl Ketone. - Syringoyl

methyl ketone (1.0 g.) was dissolved in 2N sulfuric acid (75
¢c.), heated to 80-90o and zinec dust (4.0 g.) containing a trace
of copper sulfate was added in small amounts during the course
of one hour. The reaction mixture was then heated on a steam
bath for 2 hours, filtered and the excess zinc was washed with
hot water. The combined filtrate and washings were extracted
with benzene and the benzene extract in turn with sodium bisul-
fite solution. The bisulfite-soluble material (0.27 g.) formed
a semicarbazone; m.p. 127-131°; this derivative could not be
purified by recrystallization. It was therefore concluded that

tisulfite-soluble material consisted of a number of reduction

products.

B. Properties of the Monoketones

(a) Ethenolysis of (4-Hydroxy-¥-methoxyphenyl)-propanone-2.

The ketone (0.40 g.) was dissolved in a 2% solution of hydrogen
chloride in ethanol (50 cc.) and refluxed for 48 hours in an
inert atmosphere. The dark alcoholic solution was neutralized
with sodium bicarbonate (2.9 g.), filtered, the filtrate con-
centrated to 5 c¢cc., then poured in a fine stream into water

(60 ecc.). The lignin-like precipitate (0.125 g.) was allowed

to settle overnight, then filtered off, washed and dried at 900;
OCHz, 12.5%. The filtrate was extrected with benzene, and on
removal of the latter, an oil (0.25 g.) remained, 0.20 g. of
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which was found to be petroleum ether soluble (see section 1d),
and identical with the starting meteriesl. The other 0.05 g.
was a resin-like tar. Thus approximately half of the original

ketone polymerized during the ethanolysis reaction.

(b) Klason Lignin Formation from (4~-HydroXy-3-methoXy-

phenyl)-propanone-2. - The ketone (0.27 g.) was treated with

72% sulfuric acid (5 cc.) for two hours at 20°. The resulting
acid solution was poured into water (190 cc.), the dilute solu-
tion refluxed for four hours, and the lignin-like precipitate
(0.01 g.) filtered off. Thus only 3.7% of the original material

was converted into a lignin-like polymer. under these conditions.
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SUMMARY

The syringoyl and vanilloyl methyl ketones present in
the bisulfite-soluble fraction obtained from the ethanolysis
of maple wood have been isolated in the pure crystalline state.
Their quantitative separation has been effected by conversion
into the insoluble nickel glyoxime salts. The total diketone
fraction amounts to £ to 3% of the Klason lignin in the
original maple wood.

Vanillin and Syringaldehyde have been isolated from the
bisulfite-soluble fraction obtained from the ethanolysis of
maple wood. The total aldehyde fraction amounts to 0.4 to
0.8% of the Klason lignin in the original maple wood.

Two new compounds, nemely, (4-hydroxy-3,5-dimethoxyphenyl)
-propanone-2 and (4-hydroxy-3-methoxyphenyl)-propanone-2 have
been isolated from the bisulfite-soluble fraction obtained
from the ethanolysis of maple wood, and identified by direct

syntheses. The total monoketone fraction amounts to 0.2 to

0.3% of the Klason lignin in the original maple wood.
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