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I. 

GENERAL INTRODUCTION 

Part A. Historical Revie~ 

Recent reviews on the structure of lignin by 

von Wacek (1), Freudenberg (2), Erdtman (3) and Hibbert (4) 

have emphasized the essentially aromatic character of lignin 

and its relationship to coniferyl types. 

During the period 1897 (5) to 19~6 (6}, Klason's 

original "coniferyl-oxyconiferyl'. alcohol hypothesis~· in 

vvhich ·polymers of coniferyl ale ohol, cor1iferyl aldehyde, 

guaiacol aldol, etc. were included, underwent various 

modifications. This theory, ~hioh may be regarded as con~ 

stituting the first Ehase of lignin research, was based (i) 

on the uni ver·sal ooourrenae of conifer yl alcohol in young 

plant tissue (7), (ii) on data derived from the ethanolysis 

of the spruce lignin sulfonic acids and from solvent-extracted 

material (s~ruce ~ood) presumably containing both polyermized 

ooniferyl and oxyconiferyl alcohol, and (iii) on the 

oaa-urrence of pi oduots such as catechol, guaiacol and proto­

catechuic acid among the ·products in the lignin alkali-fusion 

reaction mixture (8). 
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In the second phase of lignin research (l926-19D2) 

emphasis ~as laid on new methods for the isolation of lignin 

from ~ood and on identification of functional groups (methoxyl, 

hydr·oxyl, carbonyl, aromatic nucleus) in the extracted 1 ignins. 

In this connection, methods were em~loyed involving the use 

of concentrated acids such as sulfuric acid (9), hydrochloric 

acid (10), and mixtures of hydrochloric and phosphoric acidS 

(11), as ~ell as much milder procedures such as alcoholysis 

(4) by the use of alcohols, glycols, glycerol and glycexol 

chloi'hydr in. 

Freudenberg's earlier theory of the structure of 

lignin (12) ~as based essentially on the isolation of small 

amount~ of catechol, protocatechuic acid and formaldehyde 

from spruce hydrochloric acid lignin, and on analyses of 

this lignin. These results iildioated (a) aromatic character 

and absence of free ~henol groups; (b) attachment of the 

methoxyl groups to aromatic nuclei; and (o) presence of 

aliphatic hydroxyl groups in side chains attached to the 

benzene nucleus. Freudenberg's modification of Klason's 

view of lignin as a propylphenol derivative differed only 

in the type of side chain envisaged and in the assumption 

that the building units ~ere joined through ether linkages 

to give a "linear type" condensation polymer (12, pa6e i)4J,. 
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I. 

Such a polymer, however, should readily undergo degradation by 

hydrolytic action into sim·ple molecular units, and, this not 

being the case, Freudenberg found it difficult to postulate 

transformation into "secondary lignins" (12, page 135). Tha 

-presence of' the dioxymethylene gr·oup was based or1 the 

liberation of a small amount of formaldehyde (up to 1.2 per 

cent) (lo, 14, 15). The side chains visualized by Freudenberg 

~ere R-CHOH~CHOH-CH20H, R-CH2wCHOH-CHO, R~CHOH-CH2~CHO and 

R-CHOH~co~cH3 (12, p.l35). According to his definition these 

compounds are "biochemically identical" (12, p.l37); this 

expression, ho~ever, has, scientifically, no biochemical 

significance and can only be assumed to imply they are in 

equilibrium ~ith each other, at least in vivo. 

In later investigations, in ~hich ouproxam lignin 

was subjected to alkali degradation follo~ed by methylation and 

permanganate oxidation, veratric. isohemipi11ic and dehydro-

diveratrio acids ~ere isolatbd in yields of 10-14, 2-4 and 

3 per cent, respectively (16, 17, 18). 
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On the basis of these ne~er spruce lignin studies, 

Freudenberg has abandoned the ether-type linkage of assumed 

propylphenol units and no~ considers the union to be of a 

oarbon-to-oarbon type involving oxygen--ring formation bet~een 

side chains and aromatic nuclei (2, p.95) (II). 

HO-. 

II. III. 
I 

(from two moles of R~CHOH-COCH3 ) 

It can be seen that this structure (II) is similar 

to the dimer resin-type polymer (e.g. dehydrodiisoeugenol, 

(III) suggested by Erdtman (19). 

One of the chief objections to this new Freudenberg 

conception has been the assumed presence of the dioxymethylene 

group either on terminal (12, p.l34) or (in his later theory) 

centrally disposed (2, p. 95, 109) aromatio nuclei to the 

extent of 25 per cent of the spruce lignin structure. This 

theory has been seriously oritioised (4), especially from 

the point of vie~ of the non-isolation of piperonyl units. 

Furthermore the inclusion of such nuolei as centrally-located 
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units in a dehydrodiisoeugenol type of polymer implies a ne~ 

and unusual form ot conder1sation. It is also of importance 

to note that suoh a condensation polymer ( II) oould not be 

Iormed ~ith syringyl derivatives ~here the five position 

( ortho to the phenol gr ou·p) is blo_cked by a methoxyl group. 

The reoent developments (constituting the third 

phase) whioh have led to a clearer understanding of the 

struature and origin of protolignin are those connected with 

studies on (i) alkaline oxidation of lignin, ~ood, and lignin 

sulfonic acids; ( ii) high-·pressure hydrogenation of vv ood and 

lignin; and (iii) early ex~eriments on the alooholyais of ~ood. 

The results of these studies have provided experimental 

support for ( i) the above-mentioned the or eti oal conception of 

lignin originally ·pro·posed by Klason and extended by Freuden .... 

berg and (11) the modern theory of plant respiratory oatalysts 

as lignin progenitors developed by Hibbert (4). 

1. Alkaline Oxidation of Lignin and 
Lignin Derivatives 

The action of alkali on lignin sulfonic acids has 

been investigated extensively following earlier observations 

(4, p.37) regarding the presence of vanillin, at least in 

small quantities, in the reaction mixture. With s~ruoe 

lignin sulfonic acid a yield of 6-7 per oent of vanillin (20) 
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and a smaller amount of acetovanillone (21) and guaiacol (22) 

are obtained, ~hile, with oak lignin sulfonic acid, in 

addition to these there are present syringaldehyde (26), 

acetosyr i11gone ( 24), and 1, D-dimethoxypyrogallol (2cJ). 

The aduition of an oxidizing agent, such as meta-nitrobenzene 

sulfonio acid, in small quantity, to the alkaline spruoe 

lignin sulfonic acid mixture gave a lovver yield of aldehyde 

(25). More recently Freudenberg and eo-workers have developed 

an alkali-nitrobenzene oxidation technique by which yields of 

20..,25 per cent of vanillin from spruce wood and spruce lignin 

sulionic acid are obtained (26). 

~~lthough yitlds of 25 per cent 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 per 

cent respectively of mixtures of vanillin and syringaldehyde 

(27). If it be assumed that these aldehydes are derived from 

propylphenol units similar to those obtained by the ethanolysis 

of maple wood these yields indicate that approximately 

58-62 per cent of the protolignin in angiosperms is aromatic 

in nature, and, thus, the validity of Klason's assumption 

that lignin has a fundamentally aromatic str·ucture is 

established. 

Lautsch and :Pi.azolo (28) oxidized a brominated spruce 

lignin ~ith alkali and nitrobenzene and obtained 6-bromovanillin 



- 7 .. 

(8 ~er cent yield), a product which cannot be prepared directly 

fi· om vanillin, This re~ult is assumed to provo that the 

units in lignin are united ~ith eaoh other by etherification 

at the 4-position. .d.ttempts to increase the yield of aromatio 

lignin oxidation products by substituting certain metallio 

oxides (29) for the nitrobenzene were unsuccessful. 

2. Hydrogenation of Wood and Lignin 

The preliminary ~ork concerned with the high-~ressure 

hydrogenation of lignin l1as been reviewed (3, 4). Complete 

liquefaction of the wood is effected by application of this 

teclmique to spruce and maple ~oods (DO), the protolignin 

being converted, in part, to 4w£-propylcyolohexanol (IV) and 

D~(4-hydroxyoyolohexy~propanol-l (V) in yields of 1~.5 and 

5.8 per cent respectively (based on the Klason lignin content 

of v-;ood). 

HO HO 

IV. v. 

Using the carbon content of these isolated units and of the 

"methoxyl-free protolignin" in the vvood as a basis for 

calculation, the combined yield of propyloyclohexane derivativ~s 

represents a recovery of 36 per cent (30). 
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Examination of tl_e yields ot hydrogenation pr oduots 

from various amorphous fractions of a maple lignin isolated by 

ethanolysis (~1) indicates that, for a given series of suoh 

fractions, increasing solubility and increasing susceptibility 

to depolymerization into simple, monomolecular propylphenol 

units by ethanolysis are ·paralleled by ar1 increasing yield of 

the ~ater-insoluble propylayclohexar1ol hydrogenation pi'Oducts. 

This observation is thought to indicate the prevalenoe of 

-C-o-c .. bonds between the pr·opylpher1ol "lignin building-units" 

in those lignin fractions which are readily-soluble and are 

easily cleaved by e thanolysis and hycii' ogenolysis and, con-­

versely, an increasing incidence of -C-C-C- bonds in lignin 

fractions having these characteristics to a lesser extent. 

Hatihama et al. (32) hydrogenated hydrochloric acid 

lignin in the presence of several less active catalysts, 

particularly nickel, and obtained a 50 per cent yield of 

ether-solu~le aromatic oils containing pyrocatechin and 

r1--proJ)ylguaiacol. Sin1ilar results have been :reported by 

Freudenberg and eo-workers (33) who, following earlier ~ork 

by Bobrov and Kolotova (~4), extended the investigations to 

sulfite liquor. More recently, Freudenberg and Adam (35) 

have developed a procedure which consists of the simultaneous 

dry distillation and oatalytio hydrogenation of isolated 

.lignins on the surface of which various metallic catalysts 



had been precipitated. In this manner ether-soluble, tarry 

fractions (20-50 pei' cent yield) containing among other 

products, phenols and phenolic ethers ~ere obtained. 

In addition to establishing the foregoing evidence 

for the presence of the propylphenol unit in lignin, hydrogen­

ation studies have shown that a relatively large proportion 

of the propylcyclohexane derivatives obtained from wood (30) 

and certain lignins (Dl, b6, 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 

according to their I-e la ti ve complexities (based on the yield and 
nature of hydrogenation resins}. The results of Adkins and 

oo-~orkers (37, 38) have shown that sulfurio aoid, soda and 

alkali lignins are more complex than either protolignin (30) 

or alcoholysis lignins (61, 36). 

3. Alcoholysis of Wood 

The fourth phase in tl1e elucidation of 11 gnin 

structure may be regarded as that associated with the more 

recent contributions of Hibbert and co-worktrs on the action ot 
ethanolio hydi- ogen chloride on various plant materials. 
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The belief that proto~ and extracted lignins exist 

only as highly polyermized, complex substances led investigatois 

to oonolude that the amorphous ~ater-insoluble product obtained 

by customary extraction methods was the only form in whiah 

lignin could be isolated. Precipitation into ~ater from 

concentrated alcohol, acetic acid, or other solutions has been 

almost an invariable step in the isolation or purification of 

lignin. 

Prior to the recent developm6nts of the ethanolysis 

lignin extraction process by Hibbert and eo-workers, the 

aqueous precipitating liquors had been examined on only two 

" occasions, namely, by Friedrioh and Bruda (39) (methanolysis 

of beech) and by Brauns and l:ibbert ( 40) (methanolysis of 

spruce). The former investigator a isolated a small amount of 

lignin which apparently had been suspended in the water as a 

sol, and only minute tra.ces of methoxyl-oontaining material 

~ere found ln 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 observ~d, ho~ever, that the sum of the 

weights of the amorphous water-insolubleJ lignin and of the 

Klason lignin remaining in the alcoholysis v. ood residue ~as 

almost always considerably less than the weight of the 

Klason lignin in the untreated wood, Hibbert became interested 
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in the cause of this discrepancy. The explanation of this 

was found ~hen Cramer, Hunter and Hibbert (41) showed that 

the loss in ~eight ~as due (in the case of the ethanolysis of 

spruce and maple woods) to the ~ater-solubility of a large 

proportion (12% of the Klason lignin, spruce; ~o%, maple) of 

the methoxyl-oontaining matei'ials. 

As a result of this important observation an 

extensive series of investigations ~as started immediately in 

these laboratories to determine (a) the structure of the com­

ponents of the ~ater-soluble fraction; (b) the factors involved 

in their isolation, especially those relating to their actual 

preser1oe as such in thb V'J ood or tr.1.eir· appearance as stabilized 

end-products derived from more complex polym~rs and/or more 

reactive simple units; (o) the significance of the simple 

units in relation to the structure of tr.le amor·phous, water­

insoluble ethanol lignin; and (d) the significance of the 

simple units in relation to photosynthesis, plant respii!ation 

and the formation of protolignin. 

rro date, ap·proximately one-tl;.lrd (10/b of Klason 

lignin content) of the ~ater-soluble oils from maple wood 

has been shown to be composed of vanillin (VI) (42), 

syringaldehyde (VII) (42), ~ ~ethoxypropiovanillone (VIII) 

(4la) and its syringyl homologue (IX) (4lb), and vanilloyl 

methyl ketone (X) (43a) and its syringyl homologue (XI) (43b). 
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VI. 

VII. 
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CH30 

HOD-C-CH-CH3 
11 I 
0 OC2H 6 

VIII. 

IX. 

CH3oo 
HO- -C-C-CH 

11 If 3 
0 0 

x. 

c-c...,cH'2 
11 If v 
0 0 

XI. 

An actual relationship bet~een these monomerio units 

and extracted lignins has been established by Peniston, 

MoCarthy and Hibbert (44). These inve~tigators refluxed an 

aoetylated oak lignin with anhydrous ethanolio hydrogen chloride 

(2%) for 15 hours. The crude, water~soluble oils thus obtained 

(36% of the acetyl-free lignin content of the starting material) 

~ere separated into four fractions whose characteristics ~ere 

very similar to those obtained by the action of ethanolio 

hydrogen chloride on maple wood. 

As a direct result of the isolation and identification 

of the propyl phenol derivatives and of 3-(4-hydroxycyclohexyl)­

propanol-l(V) ~Y means of hydrogenation) interest has been 

cantered on the potential significance of related compounds 

suoh as ~-hydroxypropiovanillone (XII), 1-guaiacyl-3 hydroxy-
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propano~2 (XIII) and their corresponding syringyl derivatives. 

R-CO·CH -CH OH 2 2 

XII. 

4. Miscellaneous Experiments 

XIII. 

The effect of variables in the Klason lignin 

determination has bee:n 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 r~action conditions applicable 

to the production of the lo~est yield of lignin of highest 

methoxyl content in the case oi soft ~oods axe not necessarily 

applicable to hardwoods. The use of hydrogen fluoride as 

a solvent for lignin has been suggested by Wieohert (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 sulfurio 

acid procedure, although the requisite expensive equipment 

(platinum or silver) renders its general aaoeptanoe doubtful. 

The difficulties encountered in applying the Klason procedure 

to plant products (grains, vegetables, eta.) have been 

emphasized recently (49); in particular with respeot to 
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(i) the apparent condensation of lignin with protein material 

and (ii) the high~r values four1d when the plant material is 

pre-dried at a relatively high temperature (100°0.). 

Benson and co-~orkers (50, 51), in an attempt to 

establish a lignin research program of industrial significance, 

have commenced a study oi desulfonat6d (with sodium h~droxide) 

calcium lignin sulfonate. Their recent results (52) indicate 

that nitrated desulfonated lignin closely resembles nitrated 

butanol lignin. 

Butanol lignin, obtained by treating wood with 

butanol-water and butanol-~ater-alkali at 160°0., has been 

studied extensively by Bailey (5~). He concludes (54) from 

comparative butanolysis studies of aspen and jaok pine that 

a portion of the lignin in softwoods (but not in hard~oods) 

is chemically bound to cellulose. The presence of glucosidic 

linkages involving phenolic hydroxyl groups of the lignin is 

rendered doubtful by the results of investigations (55) on 

model substances (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 t·rees. For example, the lignin content in a twenty­

nine year old white birch was found to drop from ~7.4 per cent 

at the canter to 1~.5 p~r cent at the periphery. 
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The similarity in the behavior of coumarin and of 

acetio aoid lignin to~ards diazomethane has led Wright (57) 

to suggest that lignins oontain a coumarin-type of lactone 

linkage. von Wacek and Nittner (58) subjected beeohwood tars 

to ozonolysis and from analyses of the reaction products 

concluded that substituted coumarones were present in the 

tars. The presence of two pyran rings in each "lignin 

building unit" ( 60) is indicated in absorption spectra studies 

(59) on spruce native lignin (60), spruce native lignin 

der i vati vas, lignins isolated from spruce ~o od by oompour1ds 

containing hydroxyl and mercaptyl groups, and related compounds. 

5. Bioohemical Aspects of Protolignin 
Formation 

(a) Meohanism of Plant Synthesis of Propylphenol 
Derivatives 

Synthesis of Simple Fhenols - Various theories 

concerning the synthesis of -pherlolia compounds in plants have 

been based on assumed transformation of hexoses (61, 62), 

while a more recent theory (4) considers the phenolic sub~ 

stances as being formed from intermediate photosynthetic 

and/ or ·plant respiratory products. 

(i) Free Radioal Theory (6D) - Specific types 

are assumed to be -piesent in the active stages of plant 
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gro~th (formic aoid(XI~, glycollic aldehyde (XV), and acetalde­

hyde (XVI)) in equilibrium ~ith the corresponding enol-radioalf: 

HCOOH ~, ===:} =C (OH )2 

XIV. 

f I 
CH20H.CHO~ CHOH.CHOH 

xv. 

' CH3 .CHO~CH2 • CHOH-

XVI. 

Union of the fre6 radicals may give rise to hydroaromatia 

derivatives ~hioh, by loss of ~ater, could yield phenols; for 

example, phloroglucinpl (XVII) from (XV): 

OH OH OH 

I I 
3 ( CHOH-CHOH ) -~> HO OH OH 

OH 

xv. Inositol XVII. (Phloroglucinol) 

(i:i) Iv~ethyl l7lyoxal Theory of l?henol Formation (64) -

Methyl glyoxal, ~hich is a ~ell-recognized intermediate in 

animal cell respiratory processes (65, ~.244), presumably 

occupies a some~hat analogous position in plant carbohydrate 

metabolism (p. 264, 66) and has actually been isolated ·from 

a number of higher plants (67). Hibbert suggests the 

possibility of t~o molecules of methyl glyoxal polymerizing 

to yield a cyclic dihydrox3diketone (XVIII) capable of under­

going the indicated reactions to give quinone (XIX) and 

l.~-dihydroxy-4-ketooyclohexadiene (XX). 
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,CH3 OCH 1
CH2-CHOH CH-=-CH 

--H20 
, po CO + 'eo ~eo 'eo • HO.-C 

' I ' , 0 .xx. 
CHO H3c CHOH-CH2 CH2 I 

OH 
XVIII. 

l+2R 
-H2<> H. H 

c . -. 
,-OH: 
~ 

.I # 

OH(H: 
. 

OH . . . 

XIX. XXII. XXI. 

This ketohexadiene, (XX), on reduction could give rise 

to a hydroxy enediol, (XXI), ~hioh ~ould yield catechol (XXII) 

upon the loss of a mole of ~ater. Pyrogallol (the precursor of 

the syringyl nucleus) could be formed by enzymatic oxidation 

of catechol (XXII) just as the latter is formed from phenol (66). 

Synthesis of Propylphenol Derivatives - Condensation 

of the "methoxylated" ketooyclohexadiene, LXXIII), with a third 

mole of nl6thyl glyoxal, follovted by tl1e loss of a mole of 

~ater and reduction ~ould yield (XIII). An intramolecular 

change involving an allyl shift in (XIII) would give the 

primary dismutation isornt;r, (XXIV), (not yet isolated) ~hich 

oould then yield the er1e-diol (XXV), this in turn giving the 

benzoin (XXVI). 'fhe benzoin derivative LXXIV} or1 re duct ion 

could yield the desoxybenzoin (XXVII). Moreover the ene-diol, 

(XXV) is a dihydro derivative of the 1,2-diketone (X). 
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= 0 + H30-CO·CHO --~>HO 

XXIII. 

CH2 .... co-CHO 

to& 
.........,;iii-" • • •• 

... ·- .~···" ·H···.· : / · .. ~· 

RCH2 .cO.CH3 4---- rR-CHOR-CQ .. QH~ ___ ., < allyl R .. QH -CO-CH OH 
rearrange- 2 2 
ment 

XXVII: XXIV. XIII. 

R. CO~CHOH-CH3 ~[R--C (OH) = C (OH )-CH3] ;;::=...,==2=H~, R-co~co ... cH3 
-+2H 

XXVI. xxv. x. 

The only reaotion in this series ~hioh conceivably 

could be open to questi on·• is oonoerned with the rearrangement 

of (XIII) to CXXIV). .d.pparently there are no analogous 

reactions described in the literature, although, if it is 

assumed that (XIII) is in equilibrium with its alde:hydo form 

undergone by its analogue, benzyl glyoollia aldehyde, (XXVIII), 

in the presence of ethanol and sulfuric acid is highly 

significant (69)t in view of its conversion, by this means, into 

•The products (XXVI) (as the ethyl ether), and (X) have been 
isolated from the ethanolysis reaction mixture (41, 43). 
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a mixtur~ of phenyl acetyl carbinol and benzoyl acetone. 

2C 6H 5~cH2-CHOH~CHO 

XXVIII. 

•C6H5--CHOH-CO-CH3 · + C6H5-CO-CO-CH3 

LXXV ( s.). 

Furthermore, since it has been 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 ~ould appe~r to be 

justif~ied. 

There is ample support in the literature for the 

postulated equilibrium (XXIV); "=(..K~{VI). The simpl8st, and 

best known examplesof such dismutation reactions, in the case 

of 1,~-hydroxy ketones and aldehydes, are to be found in the 

field of carbohydrate chemistry, as for exam~le, the ~ell­

kno~n Lobry de Bruyn equilibrium transformation of glucose , • 

mannose:;:!:-fr·uctose, and of glyceric aldel1yde~ '>dihydroxy­

acetone, etc. (71). ~ detailed revie~ of this type of dis­

mutation transformation is given in ·part B of this introduction 

(page 39). 

One of the most interesting properties of the 

ac ... hydroxy ketones (R 'CO-CHOH-R'', R' is phenyl or substituted 

phenyl; R'' is either aromatic or aliphatic), considered in 

relationship to the above equilibrium (XIII)~(XXIV) is 

their behaviour to~ard alcoholic solutions of hydrogen 

chloride. Although the hydroxyl and carbonyl groups are 

attached to adjacent carbon atoms. the former possess many 
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of the properties of a carboxylic hydroxyl grou·p. Thus 

E. Fisoher (72) sho~ed that benzoin may be etherified by the 

same process used for or·dinary acid etherification, i.e., 

treatment ~ith ethanol M1d hydrogen chloride. 

The interrelationship of benzoins ((XXIV) and (XXVI)), 

desoxybenzoins (XXVII) and benzils (diketones) (X) has been 

vvell established. l~umerous ex·perimental confirmations of the 

following cycle of reactions are available: 

R' .. cQ ... CHOH-R' -0 R'-CO-CH2-R' 
"" •0 

-ZH 
+O 

-0 
-2H +2H-

R' - CO • CO - R' 

~here R' is aromatic or aliphatic. 

In addition to a marked susceptibility to oxidation, benzoins 

are characterized by their tendency to undergo intramolecular 

oxidation-reduction reactions as sho~n by Kohler (7~). Thus 

in the presence of alkali, 1 .~-di·phenyl-2-hydroxypropanone-l, 

(XXIX), yields both a reduction product (XXX), and an 

oxidation ·product, (XXXI). 

XXIX. xxx. XXXI. 
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Experimental support for the view that the ethanolysis 

derivatives, obtained by Hibbart and oo-~orkers ( 4 ),,~are true 

synthetic plant products is provided in the recent researches 

of Oxford and Raistriok (74) on the action of Eenicillium 

brevi~oompactum on glucose in acid medium (pH 4-6) whereby 

the derivatives (XXXII), (XXXIII) and (XXXIV), are formed. 

OH COOH 

-COwCO-CH3 -CH2-CO-CH3 

OH 

XXXII. XXXIII. XXXIV. 

These products werenot subjected to the action of ohemioal 

reagents and were isolated by simple evaporation, under 

reduced pressure, of their aqueous solutions. 

The parallelism bet~een these carboxylic acids and the 

products isolated by ethanolysis is remarkable. Moreover it 

seems probaole that th~ acids were synthesized from phloro­

gluoinol (l,o,6~trihydxoxybenzene) by a prooess of plant 

synthesis similar to that outlined above for the formation 

of the correslJonding gu.aiacyl derivatives from the Keto form 

of 1,4-dihydroxy~o-methoxybenzene (XXIII). 

The introduction of the carboxyl group (XXXII) 

(XXXIII) (XXXIV) is not remarKable in the light of the ease 
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with ~hioh carboxylation of phenols (resorcinol (75), phloro~ 

glucinol (76)) occurs on heating ~ith aqueous bicarbonate at 

quite low temperatures (50-100°0.). 

These investigators (74) also studied the order of 

production of the above mentioned c6c3 acids in a glucose­

tartaric acid mixture. The hydroxy ketone (XXXII) was 

produced in increasing amounts until all of the glucose had 

been consumed: at this point the quantity of (XXXII) 

decreased to zero and the concentration of the diketone 

increased. Apparently after complete consumption of the 

glucose, the follo~ing reaction occurred and the mold was 

then able to obtain additional energy: 

CH
3 I 

CH3 
I 

c = 0 c - 0 -
I > I + 2H 

HCOH c - (J -
I I 
R R 

The desoxybenzoin (74) was never present in large amounts. 

The significance of the above observation lies in the 

fact that the complete conversion of the a-hydroxy ketone 

to the diketone occurred after all of the glucose had been 

consumed. Prior to this time both compounds-~ere present in 

approximately equal amounts suggesting that an equilibrium 

existed during the respiration stage. Cessation of respiration 

resulted in the accumulation of the diKetone; thus indicating 

the system 
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R -2H ~CHOH-CO-CH3 ~======'~ R-CO~CO-CH3 +2H 

played a positive role in the respiration process. Although 

their results do not prove necessarily that c6c3 units can 

act as hydrogen transportation catalysts as pr!oposed by 

Hibbert, it does show that this equilibrium may exist in 

plant systems. 

6. l'ossible Significance of Lignin Progenitors 
in Plant Oxidase SystemsX 

Hibbert has pointed out (4) the striking similarity 

between the structure of the lignin ethanolysis units and the 

ene-diol plant oxidase systems of Szent~Gy8rgyi (77). Thus 

a -hydroxypropiovanillone (isolated as the ethyl ether·) is a 

benzoin, and should be capable of undergoing the ene-diol 

dismutation changes (page 18) shown by other similar benzoins 

(78). These ene-diols may function as reductants of ene-diol-

1,2-diketone systems, the oxidants being the isolated 

ethanolysis pr·oducts, vanilloyl and Sftingoyl methyl ketones, (X, 

XI). The similar·ity of suoh systems to those investigated by 

Szent-Gy&rgyi (79, 80, 81), namely catechol (XXII), dioxy-

maleic acid (XXXV), and asoorbio acid (XXXVI) is apparent. 

X 
For a recent comprehensive review on plant oxidase systems 
see Bos~ell and Whiting (86). 
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=o 

OH 
XXII. 

HOOC-C(OH)=C(OH)-COOH~--~-~H __ , Hooc ... co-co .... cooo 
+2H 

XXXV. 

XXXVI. 

There would also seem to be a close relationshi·p between the c4 

aliphatio dioarboxylio aoid system of animal oell respiratory 

catalysts (77) and a possible aromatic c6c3 system related to 

lignin progenitors. In the latter system one carboxyl group 

is replaced by guaiaoyl or syringyl, the other by the carbinol 

group. 

" Szent-Gyorgyi c4 System (animal) 

(R' = -COOH) 

(.!) R'.CH2 .co.R' 

-2H 1 ~+2H 
(B) R'.CH2 .CHOH.R' 

t -H20 

(0) R' .CH~tCH.R I 

-'~H 1 ~+2H 
(D) R'.CH2-cH2.R' 

Hibbert c6c3 System (plant) 

(R • guaiaoyl or syringyl) 

(A') R.CH2 .cO.CH20H 

-2H 1l+2H 

(B') R.CH2.CHOH.CH
2

0H 

!-H20 

(C') R.CH=CH.CH20H 

-2H 1 ~+2H 
(D') R.CH2.cH2.cH20H 
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The first member (A' ) of tl1e plant sybtem, correspond­

ing to oxalaoetic aoid (A), is the keto alcohol presumably 

obtained as a primary condensation product from three moles of 

methyl glyoxal (page 18). Coniferyl alcohol, C', would be the 

analog of fumaric acid, C. The passage from this system to 

the ene-diol-1,2-diketone system oan take place by an allylia 

rearrangement of the oxyoonifer$1 or oxysyringyl alcohol 

isomer: (A') R.CH2 .co.cH20H..... R.CH•C(OH).CH20H , ......_ 

R.CHOH.C(OH)=CH~ R.CHOH.COCH3 (page 18). The isomerio 

form of A', R.COCH2 .cli20H, may possibly function similarly to 

A' in the suggested c6c3 system, whilb the interoonvertible 

reduction products from these ((B'') R.CHOH.CH2 .cH20H and 

(B') R.CH2 .CHOH.CH20H) ~ould ·provide analogs o1· oitr·io and 

isocitric acids which are components of the Krebs animal 

cell ~xidation system (82). 

Experimental support for tl1e assumption that a 

primary hydr~yl grouf is present in lignin progenitors is 

to be found i11 the bXper iments on hydrogenation of wood show-

ing the rresenoe in protolignin of large amounts of prin1ary 

carbinol (-CH20H) or of methylene etl1er ( ... cH2 .o.cH2..-) linkages. 

7. Formation of Protolignin from Propylphenol 
Units 

Freudenberg's earlier speculations (2) regarding the 

-polymer·ization mechanism (page 2) for spruce lignin building 
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units hav~ recently aroused greater interest in view of 

(i) Erdtman's interesting researches in the field of plant 

resins; (ii) results of lignin and wood hydrog~nation at 

high pressur~s; and (iii) isolation of c6.c
1

, c6 .c2 and. 

especially, c6 .C0 units in increased yields (4). In the 

absence of such experimental results Freudenberg's speculations 

hitherto have lacked real significance. Erdtman, in his 

recent revi~w (3), points out that the structure of a wide 

variety of plant resins (olivil (XXXVII), larioiresinol 

(XXXVIII), oonidendrin (XXXIX), and others) contorms to a 

general dimer type, the monomer being a propylphenol derivative 

closely related to coniferyl alcohol and the dimer formation 

apparently always involvi11g the ~-oar'bon atom. 

Olivil 
(XXXVII). 

Conidendrin 
(XXXIX). 

OH 
OCH 3 

Larioiresinol 
(XXXVIII). 
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Erdtman has stressed repeatedly (3) the analogy 

bet~een isoeugenol and ooniferyl alcohol, and the probable 

existence oi a close relationship bet~een lignin and dehydro-

diisoeugenol (III) (page 4). Ha~orth (83) ho~ever, believes 

the absence of free phenolic groups suggests an important 

difference in the mechanism of the hypothetical polymerizations 

of propylphenol units to plant resins and to lignin. 

8. Feasible Relationships of Ethanolysis £roduots 
to :Proto-lignin 

(a) Structure of Lignin frogenitors 

Since the ethanolysis products ( a-hydroxypropio­

vanillone and a-hydr oxypro·piosyr ingone (as their ethyl et hers) 

(XXVI), var1illoyl- and syr ingoylmethyl ketones (X)) may only 
•· 

represent stabilized end ·products originating from dimerio 

types similar to dehydrodiisoeugenol, Erdtman c-oncludes that 

these monomers are not necessarily the true lignin building 

units. That such may ~ell be the case has been recognized by 

Hibbert, and, accordingly, investigations concerning the 

synthesis and ·properties of isomeric forms of the diketones and 

hydroxyketones art: in progress. 

A comparison of the side chains (enolio forms of 

certain ·propyl})henol deri vati v~s (XXVI), (XXVII ) , and (XIII) 

now kno~n to be directly related to the lignin complex, ~ith 
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the side chains of isoeugenol (XL) and coniferyl alcohol (XLI) 

shows a close relationship; R.C(OH)=C(OH).CH3 (XXV); 

R.CH•C(OH).CH3 (XXVII); R.CH=C(OH).CH
2

0H (XIII); R'.CH~CH.CH3 
(XL); R.CH=CH.CH20H (XLI) (R' = guaiaoyl). 

The univ6rsal ooourrence of coniferyl alcohol (XLI) 

in the early period of plant gro~th, and its later absence, 

may point to its conv~rsion into the oxyconiferyl type (XIII) 

during the postmortal stage. 

The question arises as to ~hich of these units ((XXVI) 

(XIII) ,(XLI)) represent the primary form or forms from whioh 

lignin is derived. The 1,2-diKetones (X) apparently do not 

exist as such in the ~ood; ~hile oxyconiferyl alcohol (XIII), 

in vie~ of its extraordinary reactivity and the indicated 

presence of terminal -CH20H groups in protolignin (page 7) 

is probably pres~nt along with its isomeric forms, the guaiaoyl 

and syringyl ene-diol systems (XXIV), (XXV), (XXVI) (page 18) 

At the moment a rational view of lignin structure 

would seem to indicate that protolignin is present in the 

plant in large measure as a series of polymers of the dehydro­

diisoeugenol type (III), derived, for example, from monomeric 

oxyconiferyl alcohol (although oxyconiferyl alcohol ~as 

presumably first isolated from spruce by Klason {84) it was 

characterized merely by empirical analysis). During, or prior 

to, extraction by ethanolysis these highly reactive products 
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' probably undergo partial transformation to the stabilized 

ethanolysis units. 

(b) Nature of Polymer Formation 

The tendency for the lignin progenitors (the assumed 

hydrogen transportation respiratory catalysts} to undergo 

polymerization is apparently due to (i) the presence of a 

~henolic hydroxyl group in the para position ~ith respect to 

a three-carbon side chain; (ii) the presence, in th~ three~ 

carbon side chain, of a propenyl group conjugated with an 

aromatic ring; (iii) the pronounced reactivity of the hydrogen 

atom in the phenol group and of that attached to the nuclear 

carbon atom in the position ortho to the phenol hydroxyl group; 

(iv) the reactivity of the terminal oarbinol grouping; (v) the 

tendency of the side cnain to undergo an intramolecular 

rearrangement; and (vi) the labile character of the methylene 

group in 1-guaiaoyl-D-hydroxypropanone-2 (the keto form of 

oxyconiferyl alcohol) situated, as it is, between a phenyl and 

a oar·bonyl group. 

Application of the principle of dehydrodiisoeugenol 

polymerization (3) to oxyooniferyl alcohol (XIII) -would yield 

a dimer (XLII) or (XLIII). 

HO 

XLII. 

CH20H 
I 
C~(OH) 

11 
CH 
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XLIII. 

which could then react further to give a trimer, tetramer, eta. 

Through loss of ~ater, benzofuran polymers (XLIV) and (XLV) 

CH20H 
I 
C (OH) 
11 
CH 

.ALIV. 

XLV. 

could be formed, whereas ring opening of (XLII) could give 

(XLVI) from ~hioh (XLVII) could be obtained by a double allyl 

shift. The latter could split, as indicated (dott~d line), 

to give one mole of the diketone (X) and the ketoaloohol (XXVI) 

HO 

yH20H 
eo HO 
I 
CH---' 

XLVI. 

CH2 0H 
I 
C (OH) 
11 
CH 
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CH3 OCH3 r3 I eo HOO CHOH 
I , I 

HO c / CO 
1/ 
QH 

' 
XLVII 

Similarly, two moles of a~bydroxypropiovanillone (XXVI) 

(enol form) upon enzymatic oxidation could yield. ~ dirrer (XLVIII) 

whicb could also split to yield (XXVI) a,nd (X). 

C(R3 
C(OH) 
11 + HO C( OH) 

XXVI 

HO 

XLVIII 

CH 
OCH3 I J 

C(OH) 

(two 

11 
C (OH) 

moles) 

CH 
CH I 3 

3 C( OH) 
11 
C(OH) 

-2H 
~ 

Such fi esion rea.ctions would only be possible with the ttrever-

~ible type polymer" in contradistinction to the benzofure .. n 

"irreversible type". 

It is not justifiable to a.ssume th~t the dehydro­

diieoeugenol type of lignin polymer is the only one CBr;>a.ble of 

providing a, sati sfa.ctory explanation of the known e~perimenta,1 

facts. For example, a polymer (XLIX) derived from two moleR 
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of (XIII) 'V'¥Ould presumably undergo preferential dehydration 

to give (L) rather than a benzofuran derivative. 

CH -O CH2-o 
?(~H>DOCH3 I CH3 c 

~ H 11 
HO CH CH 2 CH2COCH20H 

XLIX. L. 

This system ((XLIX) and (L )} would account for such well ... known 

pro~erties of spruce lignin as (i) absence of phenolic hydroxyl 

groups; (ii) presence of tertiary, secondary and primary 

hydroxyl groups; (iil) formation of labile and stable sulfonio 

acids; (iv) formation of vanillin on oxidation, and (v) ·presence 

of terminal methyl groups, but it ~ould not explain the 

formation of the 1,2-diketones. 

It is apparent that the syringyl analogs, due to the 

blocking of the t~o positions ortho to the phenol group could 

not function in this manner except as end groupings. 

Inasmuch as ooniferyl, oxyconiferyl, syringyl and 

oxysyringyl alcohols may be regarded as substituted cinnamyl 

alcohols and in vie~ of the ease ~ith which oinnamyl 

derivatives, in presence of dilute acids, not only undergo 

the allyl shift but also form dioinnamyl ethera (85) in high 

yield, it is possible that the syringyl units may exist as 
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ethers in the ~oody tissue, thus accounting for their muoh 

readier extraction by ethanolysis and other methods. 

:b1 inally, the ene-di ol forms of the propyl-phenol units 

under discussion (page 28) may be regarded as derivatives of 

styrene, and therefore possibly capable of undergoin5 a 

typical linear styrene-type of polymerization. Other types of 
condensation polymers such as those involving condensation 

reactions between ketone and end methyl or active methylene 

groups appear less ~robable. The solution of this problem 

must evidently await ~uoh further experimentation. 

In any event the type of lignin polymerization in 

the case of gymnosperms appears to be much more complex than 

in the oase of angiosperms, the reversible type being present 

in the latter· to a much greater extent ( 4). Recent work has 

shown that both the ether-soluble and -insoluble maple ethanol 

lignins undergo degradation (depolymerization) on further 

treatment ~ith ethanol~hydrochlorio acid to give the 1,2~ 

diketone (X) and the keto alcohol monomers (XXVI) a result 

in harmony ~ith the above theoretical speculations. 

It seems probable that in the oase of both the lower 

and higher forms of plant life monomolecular 1,4-propylphenols 

are synthesized in order that they may funotion as hydrogen 

transportation respiratory catalysts. With the lower forms 

these, or their more stable end products, or both, are 
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isolable, as such, from the slightly acid medium; with the 

higher forms the catalysts presumably function in a similar 

manner but due to the strongly oxidizing, postmortal 

environment readily undergo dehydrogenation-condensation­

polymerization reactions to yield protolignin. 

The reactions of lignin with meroaptans, particularly 

~ith thioglycolic acid, have been investigated over a period 

of years by Holmberg (87) and are of particular importance in 

any aprraisal of the various suggested polymerization mechanisms. 

The mercaptans, R-SH, are thio-substituted derivatives of 

aloohols, and, in the presence of acids, react in the same 

manner (namely through the (SH) group) with the lignin in the 

~ood. This is emphasized by the fact that tr·eatment of ethanol 

lignin ~ith thioglycolic acid results in the replacement of 

the ethoxyl groups by the -S-CH2-COOH radicals (88). 

Holmberg's experiments dealing ~ith the reactions of 

model substances (presumably related to lignin) with thio-

glyoolio acid (87), as ~ell as the related experiments 

( " ( oarried out by Freudenberg 89), by Hagglund 90) and by 

Riohtzenhain (91) ~ere all de~igned to throw light upon the 

~uestion of the actual groupings present in proto- and 

isolated lignins. 
,, 

Hellstrom and Lauritzson found (9~) that, while 

tertiary butyl alcohol reacts ~ith thioglyoolic acid, the 



- ~5 -

secondary and normal butyl ar1d propyl alcohols do not (92 ). 

The structures typified in phenyl substituted alcohols and 

their ethers are more closely related to those suggested 

for lignin polymers and these ~ere found to react ~ith thio~ 

glycolic acid i.n var-yir1g manner. Thus, "Ahile addition of 

thioglyoolio acid, through the medium of the hydroxyl group, 

takes plaoe ~ith or ~ithout cleavage, with benzyl alcohol 

C6H5CH20H (LI) (93); phenyl dimethyl carbinol, c6H5C(CH3 )20H 
I 

(LII) (93); benzyhydrol (C6H5)2CHOH (LIII) (93); cinnamyl 

alcohol c 6n 5cH = CHCH20H (93); diphenylglycolio aoid 

(C 6H0 )2C(OH)C02H (LIV) (93); styrene C6H5CH ~ CH2 (93); 

benzyl ethyl ether c6H5CH2oc2H5 (LV) (88); ~-phenyl diethyl 

ether c 6H 5CH(CH3 )-oc2H0 (LVI) (88); triphenyl methyl ethyl 

ether (C6H6 )3coc2H5 (LVII) (88) diphenyl methyl ethyl ether 

(C 6H5 )2CHOC2H0 (LVIII) (88); it does not take place ~ith 

j-phenylpropanol-1 c6H 5~cH2~cH2~cH20H (9~), phenyl glyoolio 

acid c 6H 5-cH{OH~COOH (~b) and ~-phenylethyl alcohol 

C H -CH ~CH OH (88). 
6 5 2 2 

Richtzenhain (91) investigated the behaviour of a 

seiies of guaiaoyl ethers ~ith bisulfites, aqueous sulfur 

dioxide and thioglycolio acid. He found that ~ith the last-

named, a reaction did not take place ~ith either p-nitrobenzyl 
CH~~ 

guaiaoyl ether N02-~cH2-o~ or E-methoxybenzyl 

guaiaoyl ether CH30~-CH20~~hen heated on the 

CH3~ 
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?Water- bath I or SbVbral hours in the prest;noe of 21~ hydrogen 

ahloride. On the other hand cleavage to the extent of 22% 

occurred v;i th a. -methylbenzJl guaiacyl ether 0~~=--g~ 
under th~ same c ')lldi t ionb. 

His most significant experim8nts (~1) from the point 

o! vie~ o~ relationshi~ to lignin structure ~ere tho~e dealing 

~ith the behaviour of hetcrocyclic comf:Jounds having structures 

similar to those proposed for lignin polymers. He found that 

vw ll i 1 e t 1 a van , 

9-methoxyf'la.varl, 

2-methyloournaiane, 

phenylcoumar ane, 

ooumarone 

LIX. • 
) 

LX. • 

"'----CH2 

1_..cH3 
0____...., '-H 

H 
/ 

~---G---~ 
I,H 
c 

o/ \cH3 

(LXIII), 

) 

(LXI); 2-methyl-3~ 

(LXII); and 2-phenyl-

did not reaat ~ith 
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thioglyoolic acid, the introduction of a carbonyl group, as 

typified in flavanone 
0 
If 
c 

"'-eH 
I 2 
C-H 

o/ 'rp LXIV 

sufficed to bring about a reaction to the extent of 38fo (~1). 

In view of the foregoing, it i~ possible to dra~ a 

fe~ general conclusions regarding the acceptability of the 

various structures proposed for lignin polymers. It ~ould 

seem that reactivity towards t.h 1 o glycolic acid is a property 

common to both benzyl and substituted benzyl alcohols 

(LI to LVIII). Examination of the various proposed lignin 

formulae II, XLVIII, and XLIX sho~s the presence in each of a 

substituted benzyl alcohol, thus implying possible reaotability 

to~ards thioglycolic acid. 

On the other hand, since heterocyclic ethers, 

typified by flavans (LIXandLX), and cournai anes (LXI, LXII, 

LXIII), do not undergo cleavage ~ith thioglycolia acid, the 

reactivity shO\\n ·by lignin polymers vvould indicate the 

necessity for postulating the presence of a carbonyl group 

in any lignin structure assumed to contain an ether of this 

type. It is evident that this is not the case ~ith the 

proposed structures (XLII, XLIII, XLIV, XLV, XLVIII, XLIX, L). 

Freudenberg (8~) claims to have proven that the acid (LXV) 
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undergoes ring fission, even in the absence of a carbonyl 

group under the influence of thioglycolic acid, as sho~n: 

COOH 

CH~-y-H 

HC-0 

OCH3 

OCH 
3 

LXV. 

COOH 

LXVI. 

However due to the uncertainty connected with the structure of 

both the acid (LXV) and its degradation product (89, 91) 

(LXVI), little value can at preser1t be attached to conclusions 

dra~n from this ~ork. 

Before definite structural conclusions oan be dra~n 

from the behaviour of lignin polymers to~ard thioglycolio 

acid a much ~ider variety of model compounds of k.no~r1 structure 

~ill have to be studied. 
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PART B 

DIS1IDTA.TION TRAl~S~,OID~ATIONS OF HYDROXY 

KETONES AND RELATED CO!v1POUNDS 

In Part .Li (pp. 27-29) the evidence fo1· the poss i bi li ty 

of lignin building units of the types (a) RCOCHOHCH3 ; 

(b) RCHOHCOCH3 ; (c) RCOCH2CH20H; (d) RCH2COCH20H; and 

(e) RCOCOCH3 has been disoussed. One of the most important 

pro-perties of these types of compounds, especially in vie~ of 

the recent theories of Hibbert (4) on the mechanism of lignin 

formation, is their marked ter1dency to undergo intramolecular 

dismutation transformations, such as typified below. 

1-------------------, 
I CH30 CH30 I CH300 
1

1 
HO D cocHOHCH3, • HO c == c-GH31--2ll .. HD c-c .... cH3 

f I +2H " n I OH OH I 0 0 

~ lt I 
B. 

I I 
HO CH-C--CH3 I I I ll 

I OH 0 I --------A-------------------

It oan be seen that t~o different types are involved in such 

cycles; (I} the dismutation system A and (2) the oxidation­

reduction system A-B. 
best 

With respect to (A) perhaps the/examplesof such 

intiamolecular dismutation rearrangements are those kno~n to 

oocur in the iield of carbohydr~te chemistry. The well kno~n 
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Lobry de Bruyn transformations, already mentioned, embracing 

the equilibrium system glucose, mannose and fructose (94) 

and that of glyceric aldehyde and dihydroxy acetone (96, 97, 

95), both occurring in ~eakly alkaline solution,are only t~o 

of a veiy large number of similar exarnt--les. I~ef ( J8) explained 

this phenomenon on the basis of selective hydration and 

dehydration of the sugars involved and postulated a common 

enediol intermediate: 

H ~ H H H 
0=0 C-OH • . 

HOC-OH HOC-.OH C=O 
I +H20 I -..H2 0 11 +H20 I wH2Q I 

HCOH .. HCOH :111111 C-OR .. HOCH .,HOCH 
~ q 

I -..H20 I +H20 I -H20 I +H2 0 I 
R R R R R 

(common enediol) 

+HtJO J t -H 0 2 
H H • • 

H{}-OH -H20 H~-OH 

I a. I 
HOC-..OH +H 0 C-=0 

I 2 l 
R R 

( 

Lewis and eo-workers (99), however, sho~ed that such a 

mechanism ~as not tenable - at least in the case of the 

methylated sugars. ·T:t1us, for exarnple, on the basis of !fef 's 

hypothesis, tetramethyl glucose should be converted by alkali 

not only into tet ram ethylmar1nose but also into methylated 

fructose by the loss of methanol from the intermediate hemi-

acetal. 
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~ H . 
C•O HO-G-OH 
I 

H-C-OMe ~--
I 

H-C ... QMe 
+HOH -H 0 

2 'tnr 

1 I 
R R 

H • H-C-OH 
I ... c-cm-.. \. . 
I ·01\[e: R · ...... .-· ! hemiacetal 

yn2on 
c=o + MeOH 
I 
R 

Wolfram and Le~:s (99(b)) sho~ed, ho~ever, that no tetra 

methyl fructose ~a~ formed by the action of dilute alkali on 

tetramethyl gluco~e. To explain this result, as ~ell as those 

obtained from alKaline oxidation studies of methylated sugars, 

Gustus and LelAiS (99(a)) postulated a simple--keto-enol shift 

to the intermediate enediol. Thus in the case of the unsub-

stituted sugars the labile hydrogen could migrate in the 

follo~ing manner: 

HC~O HC~OH HC=O 
I n I 

HC-OH aq c .. oH 
q HO-C-H 

I I I 
R R R 

l t 
H 
I 

H-C-OH 

' c::o 
I 
R 
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~hereas in the case of the methylated sugars, the methyl group 

of the methoxylpresumably could not shift in this ~ay and the 

changes ~ould be limited to the follo~ing: 

H-C ... QH H-C=O 

" 
I 

y-OCH3 -.--- CH30.-C-H 
I 

R R 

Such dismutations are also encountered ~ith many 

other types of compounds as obser·ved, for example, by Shoppee 

(lOO) in the case of highly substituted cyclic hydroxy ketones. 

Thus 2,2, D,~-tetra methyl~ b-hydroxy cyolo~entanone (LXVII) 

on treatment with benzoyl chloride and pyridine, gave two 

distinct banzoyl derivatives (LXVIII) and LXIX), each possess~ 

ing different physical propertibs. Ho~ever, on hydrolysis bot~ 

benzoates yielded the same original starting material. 

/O,OOC6H6 

O•C CH2 hydrolysis ~ 

(CH 'A )2J ! (OH,;{ )2 ..... ~....._c~6_H.w..pC~O~C-l __ _ 
v v -pyr i dine 

LXVIII. 

pyridine 
E 
hydrolysis 

LXIX. 

/c~ 
o-1 TH2 

(CH3 )2C C(CH3 )2 

LXVII. 



.... 4o -

Favorskii(lOl) ~orking ~ith a series of 1,2 aliphatio 

hydroxy ketones found that intramolecular rearrangements of the 

hydroxyl and carbonyl groups took place very readily v.ith 

formation of the products shown below: 

-----.~- CH 3-.CO-CHOH-CH
2

-CH 3 

These rearrangements ocourred on heatir1g an alcoholic solution 

of the keto alcohol 'Aith a few drops of concentrated sulfurio 

acid in a sealed tube at 120-130°. 

Favorsk1iconcluded from these studi~s that the 

carbonyl group has a tendency to shift to~ards the end of the 

chain, forming, ~herever possible, an acetyl linkage. 

This tendencJ to form an acetyl gr oupir1g is shovvn 

also by other substances. Thus acid hydrolysis of lactic 

aldehyde acetate (LXX) at 100° gives acetol (LXXI) and not 

the corresponding aldehyde (102) 

LXX. LXXI. 
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Similarly, attempts to prepare mandelic aldehyde (LXXII) by 

hydxolysis of either the acetate (102) or the acetal (103) 

yielded invariably the isomeric benzoyl carbinol (LXXIII). 

Evru1s (103) has summarized the behaviour of these aldehydes 

as folloV\s: 

(a) Lactic aldehyde and mandelic aldehyde in the 

presence of ~ater, at 100°, rearrange to acetol and benzoyl 

carbinol, respectively; 

(b) Lactic aldehyde does not undergo this rearrange­

ment at ordinary temperature; 

(o) Mandelic aldehyde, the aromatic analogue of 

lactic aldehyde, not only undergoes this rearrangement to 

benzoyl carbinol at ordinary tem~erature in the presence of 

Viater and dilute sulfuric acid, but this trar1sforrnation also 

takes place at QO; 

(d) Mandelic aldehyde undergoes rearrangement to 

benzoyl carbinol not only in the presence of ~at6r and of 

dilute ethyl alcohol at ordinary temperature and at 0° but 

also ~ith the ~ater vapour of the atmosphere at room temper-

ature. 

c
6
H

5
COCH 20H 

LXXIII. 

Similarly, ~hen benzyl glycolic aldehyde (LXXIV) is 

heated to l30-lo5° in a sealed tube for six to seven hours 
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~ith ~ 14% ethanolic sulfuric acid solution, a mixture of 

phenyl acetyl carbinol (LXXV(a)) and a diketone are obtained (6~). 

C H CH CHOHCHO EtOH • c6I-I 5CHOHCOCH3 + c6H5COCOCH3 
6 5 2 H2S04 

LXXIV. LXXV( a). 

Of especial interest in the field of lignin chemistry 

is the marked ease of rearrangement of compounds of the type 

c6H6COCHOHR where R may be eithe1· aliphatic or aromatic. 

The nature of the grou"P R as V~Jell a.s that of the substituents 

in the benzene r·ing have u marked influence on the tendency 

toV~Cards intramolecular· dismutat ion changE-s. While a thorough 

study of the eflect of these substituent groups has not beenmade 

as yet~sufficient: ~ark has been done to indicate a fe~ basic 

principles, ar1d these are of considerd.ble in1porta.nce in 

vie~ of the close relationship of some of the postulated 

lignin units, e.g. o(-hydroxypropiovanillone. 

Thus Henze (104) effected the isomerization of 

benzoyl acetonyl carbinol (LXXVI) into its dismutation 

isomer mandelyl acetone (LXXVII) by treatment ~ith a cold 

alcoholic solution of sodium ethoxide. 

LXXVI. LXXVII. 
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Considerable ~ork has been done on rearrangemente 

of the t~o isombric k~tols~phenyl acet~l carbinol (LXXV(a)) 

and benzoyl methyl carbinol (LXXV(b)) 

LXXV( a). LXXV(b). 

Favorskii (105) predicted that the isomer ~hich contained the 

acetyl grouping (LXXV(a)) would be the stable form. He (101) 

confirmed this vie~ experimentally by heating an alcoholio 

solution of (LXXV(b)) with a fe~ dro~s of concentrated su1furic 

acid in a sealed tube at l20~1D0° ~hereby the isomer (LXXV(a)) 

V\as obtained. This isomtrization has since been cor1fiz-med by 

Temnikova and eo-workers (106, 107) andbyv.Auwers and eo­

workers (108, 109) under a variety of conditions discussed 

belo\\. 

Temnikova and ~'avorskii (106) sho~ed that eac:'n of the 

ketols (LXXV(a)) and (LXXV(b)) ~as stable in the absence of 

catalysts (acids, bases, yeast), but that on treatment ~ith 

~emicarbazide,phenyl isocyanate, the Grignard reagent and 

benzoyl chloride they behaved as tautomeric mixtures. v.auwera 

and eo-workers found that tl1e cor1version of methyl benzoyl 

carbinol into phenyl acetyl carbinol oould be effected either 

by refluxing ~ith aqueous barium carbonate for 20 hours (108~ 

by the action of dilute sodium ethoxide at oo for 24 hours 
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(108) or by heating ~ith 2% methanolic hydrogen chloride (109). 

Unfortunately many of the early ~orkers prepared their ketols 

by the action of barium carbonate on the bromo derivative, so 

that the assumed homogeneous starting material ~as, in reality 

a mixture of isomtrs. For this reason, much of the early ~ork 

is both controversial and unreliable. For example, v. Auwers 

and Jordan (110) had found muoh earli~r (1924} that the 

product resulting from the action of a4u~oua barium carbonate 

on u-acetoxypropioyhenone (C 6H5COCH(OCOCH3 )CH3 ) and regarded 

by them as a pure material (LXXV(b)) ~as unchanged on ~arming 

~ith dilute alkali or acid. Ho~ever, in the light of more 

recent ~ork, it is apparent that their starting material ~as 

in rea.li ty an equilibrium mixture of (LXXV( a)) and (LXXV(b)). 

Temnikova (107) reinvestigated the problem of the inter­

relationship existing bet~een these t~o ketols (LXXV(a)- (b)), 

vvitl1 special attention to (a) the ilreparation of a ·pure ketol, 

(b) the conditions for mutual interconversion of the ketols, 

and (o) the dismutation changes occurring during the pre-

paration of their derivatives. These transformations ~ere 

summarized by her as iollo~s: 

C6H5 C6H5 

I I 
c = 0 acid or CHOH 

I alkaline I 
(a) CHOH c = 0 

I reagent I 
CH3 CH3 

LX.XV(b). LXXV( a). 



(b) 

LXXV(b). 

(a) 

LX.XV(b). 
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(2. 1parts) 

16H5 
CHOH 
I 
C--OH 

/'\ 
CH3 CH3 

(D parts) 

LXXV( a). 

LXXV( a). 
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Cld0 C6H5wCOCl 
• 

~6H5 
c=o 
I 
1HOwCO-C6H5 CHOH 

I 
CH3 CH3 

LXXV(b). 
( 5 parts) 

LXXV( a). 

(1 part) 

The figures in brackets indiodte the approximate quantitative 

ratio between the isolated products of the reaction. 

The main conclusions to be dra~n from this author's 

studies are: 

1. Benzoyl methyl carbinol (LXXV(b)) is readily 

converted into its stable isomer, phenyl acetyl carbinol 

(LXXV(a)) by the action of either acid or alkali. 

2. The reverse isomerization has not been effected. 

3. The stable isomer (LXXV(a)) may be converted 

into derivatives of the unstable isomer (LXXV(b)). 

In vie~ of these facts Temnikova believes no true 

dynamic equilibrium exists bet~een the t~o ketols, but rather, 
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that the isom~rization takes place under the influence of the 

reagent. Considering the effect of CH3MgBr on the stable 

ketol (LXXV(a)) from ~hich a mixture of glycols is obtained, 

Temnikova endeavoured to sl10~ that the existence of an equilibrium 

is unlikely as ttis ~ould necessarily entail a very much more 

rapid addi t io11 or: the Grignard to (L.XXV(b)) t~han to (LXXV( a)) 

a fact ~hich does not appear likely. 

--------------~~ C6H5COCHOHCH3 (traces) 
very 

LXXV(a) com-paratively 
slo~ ly 

CH3MgBr 

/CH3 
C6H 5CHOH-..C--- OH 

'CH 3 

rapidly 
L.XXV(b). very 

rapidly 
lv1eMgBr 

Instead, she believes that an intermediate fragment 

is formed during the r6action and that this is capable of 

rearrangement. In the case of addition oi the }rignard 

reagent, first a proton is lost and then the remaining fragment 

rearranges. 

~6H6 
HC - 0-

\ 
c = 0 

' CH3 

~6H6 
c = 0 
I 

HC - o-
1 

CH
3 
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The entering radical may then add directly to eithbr the 

rearranged or unrearranged fragment. 

Temnikova (107) also dra~s atter1tion to the fact 

that the z·eaction is greatly influenced by the nature of the 

incoming radical. When the radical in the Grignard reagent 

is the same as that on the carbonyl group, derivatives of both 

isomers are obtained, ~hereas ~hen the t~o radicals are different 

there seems to be no tendency to~ards rearrangement. 

Recently she (111, 112) has extended this ~ork to 

a study of the t~o isomeric ketols, ethyl benzoyl carbinol 

(LXXVIII(a)) and phenyl propionyl carbinol (LXXVIII(b)). 

LXXVIII (a). LXXVIII (b). 

(LXXVIII(a)) ~as prepared either directly from the correspond-

ing bromo derivative by treatment ~ith potassium formate in 

methanol or by the action of aqueous barium carbonate on the 

corresponding acetate (111). 

KOAc C6H5-cO-CH(OAo)-CH2CH3 (70%) 

EtOH or AcOH .. ~ 
Ba.C03 

(70/o) 
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When (LXXVIII(b)) is heated in a sealed tub€ ~ith a little 

sulfuric acid in ethanol an e~uilibrium mixture cor1taini1:1g 

60..,657~ (LXXVIII (a)) and 40-65?6 (LXXVIII (b)) is obtained. The 

same equilibrium mixture is obtained ~hen either (LXXVIII(a) 

or (b)) is allowed to stand at room temperature with a littlG 

ethanolio potassium hydroxide. 

~s ~ith the mtthyl homologue, Temnikova (112) found 

that only the normal glycol is formed by the action of the 

Grignard reagent on either isomer except ~hen the radical in 

the Grignard reagent is the same as that attached to the 

carbonyl group in the keto alcohol. In this case a mixture 

of glycols is obtained from both isomers. 

_P_r_M...,;:;;g;....B_r_.,.._..,_ c
6
n

5
-r (OH }-CHQH ... c

2
n5 

C3H7 

C H 6 5'C(OH}-CHOH-C H (mainly) 
CH/ 2 5 

6 5 

+ 

(a little) 
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Et~JigBr 
~ 

Pr:tvlgBr • 

(mainly) 

+ 

(a little) 

Urion and Baum (113) also have studied the isomerio 

ketols (LXXVIII(a) and (b)). They found that (LXXVIII(a)) 

~as readily converted into (LXXVIII(b)) and could only be 

distilled ~ithout dismutation at a pressure less than 2~3 mm. 

whereas (LXXVIII(b) ~as heat stable. The dismutation ~as 

sho~n to be markedly oatalyzed by the presence of hydroxyl ions. 

Ho~ever, in contrast ~ith the ~ork of Temnikova, Urion and 

Baum found no evidence for the ir1ver se isomerization and 

concluded that this could only be effected by preparing 

derivatives of the alcoholic hydroxyl group. 

Dismutations similar to those discussed above also 

have been observed ~itL benzoin type compounds. Thus McKenzie 

and eo-workers (114} assumed ber1zoin transformations represent 
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equilibrium reactions proceeding through the ene-diol stage. 

RCHOH 
\ • 

RC--OH 
11 

RC=O 
I Rc=o RC--OH RCH-OH 

Kohler and oo-~orkers (115) studied rearrangements of 

di phenyl propane der'i vat i ves V\hich they regarded as equilibrium 

reactions, although in no case was this demonstrated experi-

mentally. 

Kohler and Kimball (115&) found that the ~-lactone 

(LXXIX( a)) of a-phenyl-~ -hydroxy-~ -benzoyl propionic acid 

(LXXIX), on shaking for an hour ~ith 5% aqueous sodium hydroxide, 

lost carbon dioxide ~ith formation of a mixture of the isomeric 

hydroxy ketones (LXXXI) ru1d (LXXXII) and of other products. 

c 6H5~tH~qH-CO-C 6H 6 c 6H 5•yH-CHOH-CO~C 6H 5 co-o l --~ co
2

H 

LXXIX( a). LXXIX. 

LXXX. 

Lx:xxr. LXXXII. 
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They believed that (LXXXI} ~as the primary reaction 

product and that this ~as convtrted secondarily to its isomer 

(LXXXII). Accordingly, they considered there must have been a 

previous shift from (LXXIX) to (LXXX). Treatrner1t oi· the 

lactone (LXXIX(a)) V\ith a solution containi11g 20 oc. of 

methru1ol and 10 cc. of 40)b hydrobromic acid for 24 hours 

gave the ester corresponding to the original acid, but none 

of the isomeric ester ~as detected. 

In order to study this mechanism further, Kohler 

and Leers (115(b}) irlvestigated oe.-phenyl-~-hydroxy .. ~­

anisoyl propiOilic acid (LXX~XIII) in ~hi eh or1e of the phenyl 

groups is "tagged" by a methoxyl group. The behaviour of 

this compound as outlined belo~ confirmed their previous vie~s. 

c 6n 5 ... yn-cnon-co-c 6n4 ... ocn3 P -----4~-- ( c 6n 5-rn .. co ... cnon-c 6n 4 ... ocn3 P} 

C02H C02H 

LXXXIII. 

~•~c H CH ~COwCHOH-C H ~OCH 
6 6 2 6 4 3p 

r.xx.xrv. LXXXV. 

~t ordinary temperatures, in the presence of cold 

dilute alkali, (LXXXIV) ib the or1ly product of the reaction, 

but the latter, on heating ~ith dilute al~ali, passes com­

pletely into a lo~ melting isomeric ketone (LXXXV). Kohler 

et al. believed that these isomerio hydroxy Ketones V.bre in 
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equilibrium, but they cite no experimental evidence and were 

unable to demonstrate the reverse shi!t -CH
2

-CHOH-CO­

-CH2-.co-CHOH-. 

Stevens (78), ho~ever, working ~ith the para-chlor 

analogue of (LXXXI V) succeeded i11 doing so ar1d provided 

definite experimental evidence for this equilibrium. 

Starting ~ith either isomer he ~as able to sho~ that under the 

influence of aqueous alcoholic sodium carbonate both isomers 

~ere pres6nt in the reaction mixture. He concluded that pro-

bably all such 1:2 ketols represe11t, ir1 solutior1, equilibrium 

mixtures of dismutation isomers, and that the failure to 

observe this ir1 some oases may be due either to the position 

of equilibrium being almost entirely to one side or the other 

or to the peculiar ~roperties of one of the t~o isomers in 

question rendei·ing the isolatiorl dil'ficult. 

The position of the equilibrium, as ~ell as the 

stability of isomeric ketols, is markedly affected by the 

presence Oi. substi tuents in tl1e benzene ring. Thus A.u~ers and 

co-~orkers (116) have sho~n that, ~hereas in the parent ketols 

phenyl acetyl carbinol (LLlV(a)) and benzoyl methyl carbinol 

(LXXV(b)) (page 4b) (LXXV(a)) is the stable :torm, this 

stability is reversed by introducing subot i tuents ir1 the benzene 
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ring. They found that ~,5-dibromo-4-hydr-oxyphenyl br·omoethyl 

ketone (LXXXVI) did not undergo rearrangement ~hen subjected 

to treatment ~ith aqueous barium carbonate or sodium hydroxide 

but yi6lded (LXXXVII) exclusively. 

HO COCH(Br)-CH3 OI' NaOH 

Br Br 

LXXXVI. LXXXVII. 

v. Au~ers and Noll (117} extended th~se investigations 

to a study of methyl (£-hydroxybenzoyl) carbinol (LXXXVIII) 

and its methyl ether (I.XXXIX). In both oases it ~as found 

that the presence of the substituent conferred stability on 

the unstable parent ketol (LXXV(b)). 

l~aOH 

LXXXIX. 
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This inversion of stability by the ~resence of a 

para methoxyl group is also evident i11 the 'Aork ot Kohler and 

oo~~orkers (115). Thus, ~hile c 6H 5-CHOH-CO•CH2~c 6H5 (LKXXI) 

appears to be the stable form of the unsubstituted benzoin 

(ll5(a)), in the case of the para methoxyl substituted com~ 

pounds the stable form is c 6H 5~cH2-CHOH~co-c 6H4-ocH3P (LXXXV) 

(115 (b)). 

Barnes and Tulane (118) have studied this same 

effect. They acetylated para methoxyphenyl benzoin (XC), its 

isomer (XCI) ar1d the bromo derivative, anisoyl phenyl bromo-­

methane (XCII) and in each casb obtained a mixture or the 

monoaoetate (XCIII) and the diacetate (XCIV). 

CO-CH OH 

(XCI) 

co ... cHBr 

(XCII) 

~ 
-~~cH3 o ... Q -CO-CH ( OOOCH3 ) 

/ (XC~II) 

CH 0-3 
-

(XCIV) 
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When an alcoholic solution of the diaoetate ~as treated ~ith 

acid, benzanisoin (XCI) separated out. The authors believe 

that the diaoetate on acid hydroly~is is converted into the 

unstablt enediol ~hich then passes into the more stable high 

melting benzanisoin. They believe also that the directing 

influence of tb_e methoxyl group is manifest in the intermediat~ 

enediol and explain this effect in the follo~ing manner. The 

metr1oxyl group has a str·ong ttnderlcy to~ards electron release 

thereby giving rise to an electronic strai11 ii1 the aromatic 

nucleus. The para carbon will be negatively charged and the 

two int{jiT!lediate carbo.u atoms (alpha and beta) charged 

positivtly and negatively, respectively. A proton is therefore 

adden at the beta carbon follo~ed by the ejection of a proton 

from the alpha hydroxyl, the stable benzs.niaoin resulting. 

CH -0 
3 c -

~ 
Of interest to plant chemists is the observation 

that dismutation reactions may also be brought about by the 

action of f~rmenting yeast. 
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~ Au~ers and Mauss (11~) demonstrated the conversion 

of benzoyl methyl carbinol (LXXV(b)) into phenyl acetyl oarbinol 

(LXXV(a)) under the influence of y~ast oarboligase. 

The same dismutation ~ab effected by Favorskii (101) 

in an extension of Neuberg's (120) Bynthesis of phenyl acetyl 

carbir1ol (LXXV(a) ). lreuoerg had found that this comf-O,~nd V\as 

oynthesized by adding benzaldehyde to a solution of glucose 

undergoing a vigorous yeast fermentation. Favorskii believed 

that (LXXV(a)) ~as not the primary reaction product, but that 

it ~as formed irom its dismutation isomer (LXXV(b}). He 

accordi.ngly ir1troduced the latter into a vigorously :termenting 

yeast solution and succeeded in isolating a considerable 

quantity of phenyl acetyl carbinol (LXXV(a)}. 

Summary 

The principal generalizdtions to be drawn from 

tl1is rE:vieVJ of ~ork on dismutatior1s of compounds of the 

type l\COCHOHR2 a1 e as follo~ s: 

1. Hydroxy carbonyl compounds, either aliphatic, 

aromatic or both, readily undergo intramolecular dismutation 

reactions in the ~resence of either dilute acid or alKhli 

and in some cases ~ith fermenting yeast. 

2. In aliphatic chains containing the 1:2 Ketol 

grouping there appears to be a pronounced tendency for the 
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oarbonyl group to move to~ards the end of the chain ~ith 

the accompanying forrnation, ~herever possiblb, o1 ar1 acetyl 

grouping. 

~. When R1 is ph~nyl and R
2 

is methyl, the isomer 

C6H5CHOHCOCH3 (LXXV(a)) is the more stable form in the 

presence of either acids or alkalis. 

4. The isomerization of c 6H 5~CHOH-COCH3 (LXXV(a)) 

to C6H5-COwCHOH-CH3 (LXXV(b)) has not yet been eflected; 

ho~ever, derivatives of the unstable isomor may be formed 

tram the stable isomer (LXXV(a)). 

5. The presence of a hydroxyl or m~thoxyl group 

in the benzene ring para to the side chain results in an 

inversion ~~the stability of the t~o dismutation isomers, 

CO-CHO~being the stable form. 

f-Ieserlce oi an equilibrium has been sho¥Jn 

in the case of 

Cl 

7. It is possible that ~ith all 1,2-hydroxy ketones 

an equilibrium exists in the presence of acid or alkali. 

In vie~ of the foregoing discussion, the difficulties 

encountered in the isolation and synthesis of lignin building 

units oi the oxygenated ~henyl propane type are not surprising. 
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Treatment of such monorners V\i th ethanolic hydrogen chloride 

during the isolation procedure almost certainly bi·ings about 

dismutation reactions, so that a mixture of products ir1 the 

ethanolysis oils is to be expected in ~hich the preponderance 

of any or1e unit ~ill deper1d, to a marked extorlt, or1 the 

dismutation equilibria involved. 

Thus ~ith the isomeric ketols (XCV) and (XCVI) 

HO -CO-CH01I-CH3 

(XCV) (XCVI) 

the presence of the methoxyl group in the meta position should 

exert no el~ctronio effect upon the side chain ru1d the para 

hydroxyl should therefore be the determining factor resulting 

in the stabilization oi the form 

-COGHOH-

This is in accord ~ith the observation that the 

main product from the alkali soluble ethanolysis oils is 

a-ethoxy propiovanillone (4la). However this is not 

necessarily t.he primary product of the ethanolysis reactions, 

it may represent merely the final stabilized form of a less 

stable parent constituent. The probable presence of other 

isomeric compounds oan also be pre~ioted on this basis. 
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Finally such dismutation changes may explain the presence of 

the large amounts of amoi'phous material found among the 

ethanolysis products oi ~ood in spite of the rel[i,tively slight 

tendency of tt-hydroxypropiovanillone to polymerize under 

these conditions. It is possible that one or other naturally 

occurring OI' intermediate isomeric form may undergo conversion 

to an amorphous material much more readily than does 

Cl-hydr oxy·pr opiovarlillone. 
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II. 

DISCUSSIOl~ OF EXFERIMENTAL RESULTS 

~. Introductory Remarks 

The primary object of this research ~as to study 

the synthesis and properties of ~-hydroxy propiovanillone and 

its relationship to the structure of protolignin. The latter, 

according to Hibbert (4), is an aggregate of substances 

representing stabilized end products of a highly reactive 

group of plant respiratory catalysts who~e assumed function 

is the facilitation of hJdrogen transfer in the metabolism 

of plant carbohydrates, in order to provide the requisite 

energy for plant grov~tl1. To fulfill such a function the 

oatalyst s in question, at tbe general C 6c3 type It-C-c-o-

(R ~ guaiacyl or syr·ingyl),must necessarily be highly 

reactive and. thei;efore capable of undergoing remarkably 

ready transformation ~ith change of pH and other cell 

environmental factors. From this point of vie~ the methods 

in common use for the extraction oi lignin from plant 

material are much too drastic, the one involving acid 

alcoholy5is, as used in these laboratories, prubably 

representing the mildest existing method. However, even 

under these conditions it has no~ been sho~n that depoly­

merization and concuirent condensation-polymerization 
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reactions take place, so that the products i~olated certainly 

aannot be regarded as unchanged "protolignin". 

The dii~iculties inher~nt in the older (and some 

of the modern) methods of investigation rel&ting to lignin 

structure, are to be closely absociated ~ith the lack of 

recognition of these facts and the still evident assumption 

t:hat the amorphous lignins isolated by various processes 

repres6nt actual protolignin entities, modified only to the 

extent of polymer ization-conderlsation reactiuns V\i th formation 

of a more or less uniform lignin aggregate. A marked 

departure from this point of vie~ is to be found in Hibbert's 

recent theories, based or1 the assumption that protolignin 

actually represents a series of stabilized end products 

possibly (at least in the case of hardwood.) dimerio in type, 

and derived from 11ighly reactive f;lant respiratory catalysts. 

The isolation in high yi~ld (about 12% calculated on the 

Klason lignin) of ~at~rwsoluble monomolecular maple ~ood 

ethanolysis pr·oducts, togetl1er with the conver'sion of ma-ple 

"pr otolignir1" in to a mixture of syr ingaldehyde and vanillin 

on oxidation (in yield of ~bout 48~~ h~s established 

definitely its aromatic character. 

Inasmuch as,at the time that this research ~as 

cornmenced,not more than about 5-8)~ of lignin pr·esent in the 

ethanolysis reaction mixture had been identified, it 

appear·ed probable that other assumed respiratory catalysts 
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of the types RCOCH2CH20H and RCH2COCH20H might be present in 

the ethanolysis reaction mixture, their isolation being 

rendered diffioul t on accour1t of lacK 01 knoV¥ledge of t!1eir 

properties, hence the necessity for their synthesis and 

chemical examir1ati or1. 

B. Stability of Lignin Building Units and 
Ethanol Lignin Fractions to~ards ~thanolio 
Hydrogen Chloride 

T~o types oi' products have b6en obtained in the 

etha.nolysis of' spruce and maple woods. The first group includ~s 

the monome ri c propyl n henol "lignin building units': a-hydroxy-

P ropiova.nillone and -syr ingone (is alated as tht;lr ethyl ethers} 

and the 1:2 diKetones, namely vanilloyl and syringoyl methyl 

kotones. The second group oonsists of various amorphous 

ethanolysis lignin fractions separable by solvent fraotionation 

methods. One of these, developed by the ~riter in conjunction 

V\ith Hawkins, Lovell and Patterson (121)1is based on varying 

solubility in the solvents ~ater, et11dilO.i., petroleum ether, 

ethyl& ethbr, acetone, benzene and pyridine. The method is 

outlined in the flow sheets (Fig. l (a) and (b)). 

It can be seen that the total amount of material 

extractabl6 from maple ~ood meal (by ethanol hydrogen chloride) 

is separable into three distinct types of lignin rEferred to 
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Figure l (a) 

Ethanolysis of Maple Wood Meal 

Seearation of the Ethanol Lignin into Solvent Groups 

Maple v;ood 1Eeal 

Reflux ~ith ethanolio hydrog!n chloride, 
v.i th ethanol 

filter and Vfash 

I 
Soxhlet extraction ~ith ethanol 

I I . I 
:Pulb' Ethanol Solution ru1d Washings (A) 

Neutralize and evaporate amost to 
dryness 

I 
Dry to constant ~eight 
and extract ~ith pyridine 

Residue (B) 
Dissolve in acetone and 
evaporate almost to 
dryness. Repeat 

I 
4cetone Solution 

I 
Preci~itate into ~ater 

~ '1 ' . ' Filtrate (C') :Precipitate (D) 
Dissolve in acetone 
and repr·e ci-pi tate into 

~ater 
I 

I I 

I 
I 

lyridine 
Solution (p) 

EvaporatJ to dry­
ness, dissolve in 
aoatone and pre­
cipitate into 
petroleum ether 
l?yridine Lignin 

( Q) 
(Group I) 

4 Filtrate (C'') 
Combined 

water 
soluble 

Precipitate 
Dissolve in acetone and 
reprecipitate into ~ater 

(E)~Filtrate (C''') 
I 
Precipitate 

Dissolve in acetone and 
precipitate into ether 

I 
:Precipitate Filt!ate 

Dissolve in acetone and 
reprecipitate into ether 
, .. ____ ..... -------.1'1 

Precipitate Filtrate (J') 
Dry to constant 'Aeight Evaporate almost to 

I dissolve in acetone 
t c i pit ate in t o Vt ate r 

~ther Insoluble Lignin t 
(F) ~ther-Soluble Lignin 

(Group II) (Group III) 

I 
dryness, 
and pre-

(H) 
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Figure l (b) 

Combined Concentrates (~) 

(Filtrates C', C'', C''' concentrated 
separately and combined) 

~xtract ~ith btnzene 

I 
Aqueous solution 
Evaporate to dryness 

Hydrophilic Residue (R) 
(1tethoxyl-free) 

I 
I 

Benzene solution 
Precipitate into 
petroleum ether 

( J) 

Precipitate (K) Filtrate (N) 

I 

I 
:Preci~itate (L) 
Dry to constant 
under vacuum 

I 
Water Soluble 

Lignin (M) 
(Grou~ IV) 

Dissolve in acetone 
and reprecipltate 
into petroleum ether 

I I 
Filtrate (N') 

weight ~vaporate combined 
filtrates and ~eighed 

I 
Low-Boiling Lignin 

Oils (0) 
(Group V) 



- 69 ... 

in the flow sheet as (a) "v.ater soluble", (b) "ether soluble" 

and (c) "ether insoluble" (characterized by ar1 ir1crease in the 

degree of polymerization as sho~n by viscosity measurements) 

and also the ad<iitional fractions namely (d) "petroleum ether 

soluble, readily distillable oils", and (e) a "hydroJhil.ic 

part "• The last named is a hygroscopio material not extract­

able from its aqueous solution by benzene and showing on 

isolation a zero lignin content by the usual Klason lignin 

determination. In addition, a further lignin-like product 

~as obtained from the rEJsidual ~~ood meal after ethanolysis, 

by continuous extraction ~ i th pyr, idine. The Klason lignin 

cont6nt of the ~ood meal ~as reduced in this manner by an 

amount oor·respondir1g to that of the lignin-like product 

isolated. 

The ~eight of lo~-boiling oils obtained by this 

procedure is in good agreement ~ith those obtained by earlier 

methods of isolation (122) 

The technique of tha separation of lignin into 

distinct solubility groups involves essentially the prboipitation 

of suitably concentrated lignin solutions into an exoess of a 

second organio solvent V\hio!1 has the property of being a non­

solvent for a part, or parts, of the total dissolved lignins, 

the oondi tions beirlg so arranged as to bring about the 

desired preclpitations. A ratio of 1:20 of solvent to 
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non-sol vent \\as four1d very satis~·actory ar1d under these 

conditions the precipitated product settles out in a 

flocculent,po~dery form ~hereas ~ith a smaller ratio of 

non-solvent the material separates as ru1 oily mass. Under 

these conditions the solubility factor due to the presence of 

solvent is very lo~. 

Of particular practical importance has been the 

application of this pr-ocedure to the separation of monomerio 

lignin building units from th~ more comflex material. Thus 

~hen a mixtur6 oi· l1igh- and lo'A-boili.ng material ~as dissolved 

in a solvent such as acetone, or chloroform, and precipitated 

into petroleum ether, an almost complete separation into 

distillable and no~n-distillable oils 'has obtained. 

Ir1 order to determir1e the relationsllip existing 

betV\eerl the amorphous lignin fractions and the monomeric 

c
6
-c

3 
compounds, the monomers as V~; ell as samples of the lignin 

fractions ~erE su~jected to a re-treatment ~ith ethanolic 

hydrogen chloride under the star1dard cor1di tions of ethanolysis, 

the object being to study the relative amounts of monomer and 

polymer present after the ethanolysis rather than to determir1e 

the actual identity ar1d characteribtics of the products. 

Ho~ever, in most oases the monomerio oils ~ere identified by 

the preparation of orybtalline derivatives. 

The fact that vanilloyl and syringoyl methyl ketones 
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obtained from the bisulfite-soluble fraction of the ethanolysis 

oils are readily synthesized by mild oxidation from o-hydroxy­

nropiovanillone ano_ its syringyl analogue, resnecti vel;r, 

suggested that these diketones might nossibly have been formed 

during ethanolysis (in s~ite of efforts to maintain an oxygen­

free atmosphere). However, both a.-hydroxypr-oniovanillone and 

a-hydroxy~roniosyringone were found to be readily convertible 

into their oorres1)onding a-ethoxy ethers without any evidence 

of o~tion to diketones. In view of the ~revious work it 

se ems highly probable the se are actually forraed during etha.n­

olysis by degradation of a polymeric or more likely a dimeric 

type of nroduct, the building unit of which is one or other 

of Hibbert •s assumed -plant resuiratory catalysts (nage 2ll). 

a-Hydroxypropiovanillone ( XC'fl) and va.nilloyl methyl 

ketone (X) in various concentrations were then subjected to 

treatment with ~ ethano~ic hydrogen chloride. Both derivatives 

were found to be relatively stable in dilute solution but their 

stability decreased shar~ly at higher concentrations, a result 

appa>rently, of condensation-polymeriZ?tion reactions. The 

tendency tov:ards ~olymerization is least at a concentra.tion of 

0.2.:1·~ of either (XCV) or (X), that is under conditions si~nilar 

to those existin.g in the customary ethanolysis extraction (122) 
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Vvhile ~-hydroxy propiovar1illone V\as cor1verted, 

under such conaitions, into ~-ethoxy propiovanillone 

( ider1ti:I'ied as o/..- ethoxy propioveratrone) vanilloyl methyl 

ketone ~as recovered unchanged, and similar results were 

obtained ~ith the corresponding syringyl derivativeb. With 

both series, the diKeton~s have been found to be more stable 

to~ards such treatment than the ~-hydroxy derivatives. In 

genbral, the monomolecular· syr-ingyl derivatives under dis­

cussion appear to sho~ a somewhat greater tender1cy tovr;jards 

polymerization-condensation reactions than tl1eir guaiacyl 

analogues. 

The presence of the dikttone (vanilloyl or syringyl 

methyl Ketone) did not ir1crease the tendency of d.- hydroxy 

propiovanillone or -syringone t.o undergo ·polymerization. 

Thus with a mixture of o(- hydroxy propiosyringone and syr ingoyl 

methyl keto11e, the di.ketor1e component ?Jas recovered unchanged, 

in almost quantitative yield, indicating no ter1dency towards 

interaction or interconversion during the ethanolysis of 

maple V\OOd. 

In the guaiacyl series,~,acetoxy propiovanillone was 

found to be considerably more stable than the corres~onding 

o/.-hydroxy derivative under ethanolysis conditions, V\l1ich 

is in agreembnt ~i th an earlier observation that reconversion 

into monom~rs proceeds readily in the case of an dCetylated 
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lignin (44). With the oor·respondir1g syringJl derivatives, 

a-acetoxy .. and (l..-hydroxypropiosyr i11gor1e, the r·ever se is 

true, and at the prtsent time, no explanation tor this 

anornaly oan be oiler ed. Both acetoxy derivatives are con-

verted to the corresponding ethyl ethers under ethanolysis 

conditions. '.(hese results art: sumrnarized in Table I (page 102). 

This work was extended to include three lignin 

fractions obtained in the standard ethanolysi~ of maple wood 

(121), namely a ~atbr-soluble-(Fig. I (E)), an ether-soluble­

(Fig. I (H)), and an ether-insoluble maple lignin (Fig. I (F)). 

~ retroatment of each under standard ethanolysis conditions 

(ethanol-hydrogen chloride (2%) for 48 hours) indicated a 

correlation bet~een degree of polymerization ~.nd reconversion 

to monomtric (petroleum ether-acetone soluble) products, 

the less highly polym6rized fractions undergoing reconversion 

to a greater exte.nt. These retiults are summarized in Table II 

(page lOD). 

It ~ould seem from these results that in addition to 

degradation.of monomolecular uerivatives there taKes place, 

concurrently, formation of complex polymerization-condensation 

products either from monomers or more probably from dim6rs or 

other lo~ molecular ~eight products present initially. 
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C. Synt~1esis and Properties of e -Hydroxy 
Prop1overatrone and t .... Hydroxy l)ropiovanillona 

From tt.Le rbvievu giver! in the historical ir1tr·oduction 

(pp. 1-38), it is apparent that the fundam6ntal lignin building 

units consi&t of an aromatic phenol nucleus ~ith a substituted 

propyl side chain. 

~thanolysis of various ~oods has led to the isolation 

from the reaction mixture of ~-ethoxy propiovrulillone (VIII) 

and-syringone (IX) and or vanilloyl-(X) and syringoyl (XI) 

methyl ketones. Up to the present time, these four are the 

only c6c3 units which have been positively identified among th6 

ethanolysis prociucts, and in each the side chain is characterized 

by the presence of a terminal methyl group. 

Ho~ever, there are various indications of the presence 

in lignin of building units in ~hich the side chain terminates 

in a primary hydroxyl group. The possible role of a compound 

of· the type RCOCH
2

CH20H (R = guaiacyl or syringyl) as a plant 

res~iratory catalyst has been di~cussed (pp. 29-32). 

Furthermore, cor1iferyl alcohol, ~.hich also cont air1s a terminal 

carbinol group, is kno~n to be present in the form of its 

glucoside, coniferin (XCVII) in practically all young plants 

( 7). 

GlO 

XCVII. 
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Further evidence for the ~resence of this type of 

terminal group is to be found in recent hydrogenation studies 

on ~ood and extracted lignins (06), one of the hydrogenation 

products being ~-(4-hydroxycyclohexyl)-propanol-l.i Its 

presence suggests the ~Obbibility of its derivation by 

demethoxylation and reduction ot a lignin building unit such 

as f -hydroxypropiovanillone (XII), 

H2 ,_ HO 
CuCrO 

XII. 

since this type of change taKes place (12~) ~ith related 

model substances such as .G -hydr·oxypropiovanillone o.nd 

~-ethoxypropiovanillone. Ho~aver, up to the present time, 

no lignin building unit having this type of side chain (XII) 

has been isolated from ~ood or extracted lignins by ethanolysis 

or other reactions. Nevertheless, it may be present in one 

or other of the fractions isolable from the ethanolysis 

"distillable oils" still under· investigation. On the other 

har1d. failui·e to isolate it by present nu:;thods of lignin 

extraction may be due to the manner in ~hich it is united in 

the lig.Din complex or possibly to its abser1ce in older \\Oods. 

w 1other less likely possibility, in viev, ot the results of 

the authots investigations, is that a rearrangement may occur 
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during the ethanolysis treatment so that the terminal carbinol-

cor1taining cor1st i tuent undergoes transformation into ot -ethoxy-

propiovanillone. 

The synthesis of ~-hydroxypropioveratrone and 

~-..hydroxypropiovanillone ~ere therefore llnder·taken in order 

to study their properties and posbible interconversion to 

other lignin building units. Their behaviour under conditions 

of ethanolysis has also been studied with a vie~ to facili tati115 

their identification and possible isolation from ~ood. 

The synthesis oi ~-hydroxypropioveratrone was first 

attempted by the following Stries of reactions: 

0 CH3 0._.._..,... 
11 
C-CH2CH20COCH3 --.. -.-CH30 

XCIX. 

0 
~-CH2CB2 Cl 

X·JVIII. 

0 
11 
C-CH2CH 20H 

c. 

The f-ohloropropioveratrone (XCVIII) v;as prepared by a slight 

modification o! the method of Freudenberg (124} consisting of 
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a Fr iedel-Grafts condensation of veratrol and (3- chloro 

propionylchloride. It was found that an incr~ase in the amount 

of aluminum chloride in this condensation gave an improved 

yield of p-chloro propioveratrone. Thus,~hereas one molar 

equivalent of aluminum chloride gave yields of around 60% 

(124), ~ith t~o mols this has been increased to around 76%. 

~cetylation of the chloro compound ~as first carried 

out by treatment ~ith acetic anhydiide and freshly-fused 

sodium acetate. The product obtained from this reaction 

mixture by the usual manipulations had a rubber-like texture. 

Ho~ever it ~as found possible to extr~ct from it ~ith a hot 

300-500 petroleum ether a small amour1t ( appr~oximately 20/o) 

of the crystalline acetate. By carrying out this acetylation 

~ith freshly-fused potassium &estate and glacial acetic acid 

a much improved yield ( 70·;6) of the acetate ~as obtained. 

Various attempts to deaoetylate t6-acetoxy propio­

veratrone "~ere unsuccessful although a serias ot somewhat 

anomalous and interesting results were obtained. 

The Zem·ple.tn method of deacetylat ion as applied 

successfully by Fisher, Ea~kins and Hibbert (5b) to similar 

compounds 1 ~as first attempted but the acetoxy derivative 

was recovered unchanged. 

The next attempt involved the use of methw1olio 

potassium hydroxide as applied to the deacetylation of 

~~~ acetoxy pro pi ovanillone ( 4;1 (a)) and aG-a.oetoxy pro-pio-



- 78 ... 

syringone (41 (b)). By varying the conditions or this 

treatment it was finally Iound possible to obtain a crystalline 

compound, in almost quar1ti ta ti ve yield, by mer tly all :)Wing the 

acetate to stand for !ive minutes at room temperature ~ith a 

4% solution ot met:narlolic-pota5sium hydroxide. Ho\~ever attemftS 

to re-acetylate tr1is product V\ere unsuccessful, ir1dicating 

absence of hydroxyl gr·oups. .b,ur thermore, cryscopic molecular 

~eight determinations gave a value of 22~ sho~ing that the 

molecule was monomeric and obviating the possibility of an 

ether linkage bet\\een t~o molecules through the primary hydrox~yl 

groups. Also the methoxyl valu~ of the compound was 41.5/~ in 

contrast to the theoretical value for e-hydroxypropioveratrone 

of 29. 5jo. This latter value, the carbon and hydrogen values 
,. 

and the properties oi' the product, indicated that etherification 

had taken place by reaction ~ith the methar1ol vtith forrnation 

of the ~methyl ether. This V~Jas confirmed by preparing the 

~ethyl ether in an analogous manner using ethanol a~ solvent 

and comparing it with a sample of ~ethoxypropioveratrone 

(CII) prepared accdrding to the method previously outlined by 

Cramer, Hunter and Hibbert (41 (a)). 

If this etherification takes place through the free 

hydroxyl derivative as an intermediate, the results indic~te 

an unusually reactive hydi'OXyl group • An alter-native explanation, 

involving the pri~ary formation of veratryl vinyl ketone (CI) 

as an intermediate is also possible. The latter could then 
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undergo 1,4 addition of ethanol to yield p-ettoxy propio~ 

veratror1e (CII). 

CI. 
Et OH 
KOH 

(R = veratr·yl) GII. 

In an attempted deacetylation of f-acetoxy propio­

veratrone ~ith sodium carbonate in aqueous dioxane a crystal-

line compound was obtained ~hich did not agre6 either in 

an~lysis or ol.1emioal berJ.aviour v\i tn tl1e expectt.d J-hydroxy 

derivative. This ne'A .t\S-ubstance could not be reacetylated 

under nor,mal oondi tions to yield the original acetate. 

Its. molecular weight (Rast) ~as B25 sho1Jtir1g that the pr·oduct 

~as monomolecular. The c~rbon and mtthoxyl values (C, 62.9; 

OMe, 29.7) were very similar to those for f-hydroxy propio­

veratrone (C, 62.8; OMe, 29.3). although the hydrogen ~as 

some~hat low. These facts suggest the possibility of an 

ethylene oxide structure of t11e type (CIII )1 

COCH .... CH2 '/ 
0 

CIII. (0, 6~.4; H, 5.77; OCH3 , 29.8) 
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a.l though no simple mtchanismfor t:his type of reaction can be 

given. The presence of a fr6e carbonyl group ~as shown by 

the ready formation of a 2,4-dinitro~tenylhydrazone. It ~as 

not fur't~ner ir1vestigated. 

(J -Hydroxy propiovt:ratrone was finally synthesized 

by refluxing ,tJ-chlor~o pr'opioveratrone 'Ai th vrwater in the 

presonce of silver oxide. 

COCH2CH20H 

XCVIII. c. 

Its structure ~as confirmed by reconversion into the acetate 

by means of acetyl chloride and pyridine. 

These exper·imental results are summarized in Chart I. 
I 

-~ 

2. Properties of p -Hydroxy Propioveratrone 

The aotion of ethanolic hydrogen chloride on 

p~hydroxy propioveratrone, under the usual conditions employed 

in the ethanolysis of wood, gave ar1 almost quantitative con­

version into ~ -ethoxy propioveratrone ~hile the corresponding 

treatment ~ith 2~ methanolio hydrogen ahloride yielded the 

f3 methyl etht~r (75%) although in this oase oonsiderable 

quantities of high-boiling materials ~er~ formed. This 

latter phenomenon is in accord V\ith previous V\Ork on ~ood 
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Chart I 

_Reactions of ~-Hydroxy Pr·opioveratrone 
and its Derivatives 

R'COCH2CH2Cl 

' 
R'COCH2CH20H 

I 
G-lacial acetic --'.cetyl chloride 
acid potassium and pyr· idine 
acetate 

R'COCH2CH20COCH3 

I 
Potassium hydroxide 
Me·thar1ol 

I 
R'COCH2CH20CH3 

R' = Veratryl. 

Water 
~odium 
carbonate 

! 
R'COCH-CH2 ,, 

0 

Fotassium hydroxide 
Ethanol 
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methanolyois (40) in ~hich it ~as found that methanolic 

hydrogen cr1loride gives rise to l~ss distillable oils and 

more amor~hous lignins than does ~thanolic hydrogen chloride. 

The inrpor·tance of using mild extractior1 m{'jthods for 

tr1e isolation of monomeric lignin building units is appar·erlt 

from the results obtairl6d V\hen p .-hydr,oxy propioveratrone ~as 

treated ~ith sulfuric acid under the conditions of the usual 

Klason lignin determination. An almost complete conversion 

to an amorphous ligr1in-like material V\a.s obtained in contrast 

to the negligible amounts formed by "ethanolysis". 

3. S nthesis of 

Attempts to prepare ?-hydroxy propiovanillone by the 

syntheses ( 1, 2 and 3) out lined belo~ were ur1successful. 

Ho~ever,after considerable experimentation the synthesis was 

accomplished as indicated in Method (4). 

Iviethod 1. 

_d._l_C_l .... 3'--ii!!~ ... HO 

crv. 

CH30,...,__~ 0 
If 

-----~~ ... H 0 C-CH2CH20H 

\CV. XII. 
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I~,Iet:hod 2. 

,___,.OCH3 
.············ --. 0 
• • •• # ___ ... ~J:.f-G-CH2 CII2Cl 

CVI. 

D 
11 

AJCJ 3__,.. HO C--CH2CH2Cl ----"!!~-HO 

XII. 

1~e thod ~. 

CVII. crv. 

---~••HO OCH2CH20COCH3 --~•~ HO 

cv. XII. 

l'lethod 4. 

0 
•• + Cl-- J-C1i2 CH2Cl-...... •~ HO 

civ. 

--• ... HO 

cv. XII. 
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Method 1. It ~as not found possible to condense 

p -chloro propionylchloride ~itL guaiacol in a similar manner 

to that using veratrol. 

Method 2. The attempted Fries rearrangement ~as 

abandoned dlle to inability to synthesize the int~rmediate 

ester (CVI). 

Method 3. This ~as not fully investigated as a 

successful synthesis (Method 4) ~as dev~loped in the meantime. 

Ir1 an attempt to demethylate (CVII) by ht;atirlg to 450-470 for 

t~elve hours in the fTesence of concentrated sulfuric acid 

(4l(b)) the starting material was recovered unchanged. Use 

of hydriodic acid (Sp. ~J.. 1. 70J.5) at room temperature ~as 

also uns-uccessful. 

a careful review of' the literature ?Jas made on the 

use of aluminum chloiide as a demethylating agent and the 

follo~ing interesting data compiled in this conntotion~ 

The demethylating aotion of aluminum chloride has 

long been observed in Friedel-Craits reactions, and in those 

involving phenolic ethers prolonged heating is avoided in 

order to prevent same. 

This ether cleavage is ~~ll illustrated in the 

condensation of phlozoglucinol trimethyl ether (CVIII) ~ith 

acetyl chloride in the presence of aluminum chloride. When 

this reaction is carried out at a lo~ temperature in the 
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absence of solv~nt, 2,4,6-trimethoxy acetophenone (CIX) is 

obtained (126) 

CVIII. crx. 

At a temperature of 50° in the presence of petroleum ether, 

a mixture of the trimethyl ether (CIX) and the dimethyl ether 

2-hydroxy-4,6-dimethoxy acetophenone (OX) is obtain~d (127). 

OCH3 

+ 
OCH3 

CVIII. 

Cl-COCH3 
A1Cl3 
heat 

+ crx. 

ex. 

By heating (CVIII) with acetyl chloride and aluminum chloride 

to 1100 for thirty minutes Kostanecki and Tambor (128) also 

obtained the dimethyl ether (OX). Finally, the monomethyl 

eth~r (CXI) ~as obtained (126) by refluxing the trimethyl 

ether (CIX) in chlorobenzene v.i th alumir1um chloride tor one hour. 
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OCH3 OH 
COCH3 COCH3 

CH3 CH3 
J.lCl~ in ... 
Chlorobenzene HO OCH3 
reflux one 
hour 

crx. cxr. 

These studies indicate a marked difference in the ease of 

removal of methyl groups dependent on their position ~ith 

respect to the tiCetyl group, the ortho methyl group being 

most labile. 

This cleavage action dur ir1g Friedel-Crafts reactions 

~as also noted by Tu tin (129) in the preparation of o-methoxy 

chloroacetophenor1e (CXII) by tl1e condensation o:I chlor·oacetyl 

chloride and anisole. He found it ~as important to avoid an 

excess of aluminum chloride and the application of heat due 

to the mark.ed ease oi" el imirlation of tt.t.e methyl group. He 

also found (129), that if' the methylated product (CXII} \\as 

dissolved in carbon disulfide, r6fluxed for t~o hours with 

one molar equivalent of aluminum chloride then heated to 

1000 for ten minutes in the absence of ~olvent, the methyl 

group ~as removed. 
Q. 

CXII. 
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On the other hand, removal of the methyl group 

from the para isomer of (CXII) is ap~arently muoh more 

di!'ficul t. Robertson and Robir1son (l.jQ) accomplished this 

during the condensation of anisole and chloroacetyl chloride 

by heating the mixture ~ith one mol. of aluminum chloride on 

the steam bath for four hours. 

Pfeiffer and Loe~e (1~1) found that aluminum bromide 

(one mol.) in boiling benzene was a very effective demethyl­

ating agent. Thus in the oases(CXIII), (CXIV), (CXV), 

(CXVI) and (CXVII) demethylation ocourredalmost quantitatively 

and (CXVIII) ~as demethylated to the extent of 72%. 

QC-H 8-0 
3 

• , • 
) 

CXIII. cxrv. 

. 
) 

cxv. CXVI. 

. 
) 

CXVII. OX VIII. 
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Baker and co-~orkers (lo2) have made very 

extensive use of aluminum chloride as a demethylating agent 

in the synthesis of a variety of naturally occurring flavones 

and thtir derivatives, as, for example, 5,6-dihydroxy 

flavone (CXIX) (1D2 (a)) and 5-hydroxyw8-methoxy flavone 

(CXX) (132 (b)) from 5~6-dimethoxy flavone (CXXI) and 

5,d-dimethoxy flavone (CXXII) respectively. 

cxxr. 

OCH3 0 

CXXII. 

Ph 

cxrx. 

OH 

cxx. 

Ph 

More recently, these ~orkers have made use of a 

simultaneous conder1sation and preferential demethylation 

reaction. Baker (1~2 (o)) found that 1,2,~,5-trimethoxy 

benzenE; (CXXIII) cor1densed ~i th acetyl chloride ir1 the 

presence of an ethereal solution of aluminum chloride to 
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give the partially demethylated -prouuct 2-hydroxy- ~, ,'f, 6-

trimethoxy acetoph6none (CXXIV). 

Q 

OCH3 + Cl-8-cH3 -. 

OCH3 

CXXIII. 

,J 
I 

t----~C-C~3 
OH 

cxxrv. 

Similarly (162 (d)) ~ith 1,2,~-trim~thoxy-5~methyl benzene 

(CXXV), the mono hydroxy Ketone 1 ,2-dimethoxy-3-hydr·oxy-4-

acetyl-5-methyl benzene (CXXVI) ~ab for-rrled. 

cxxv. r' -rvvr \J.i~ • 

Baker concluded that demethylation of ortho-metboxy 

ketones by ethereal aluminum chloride involves activation by 

a carbonyl group in either the ortho or para position. 

Demethylation in the para pobition takes place less readily 

than in the ortho, ho~ev~r it occurred ~hen 2,~,4-trimethoxy 

acetophenone (CXXVII) ~as subjected to prolonged action of 

aluminum chloride in boiling ether solution (1~2 (a)). 
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HO 

CXXVII. 

Hutahins and Wheeler (1·~3) cilso observed a pre-

ferential ease of Xbmoval of the ortho methyl group in 

2,4,6~trimethoxy acetoph~none (CXXVIII). 

COCH3 ---·~-- CH30 

CH3 

CXXVIII. 

COCH3 (60%) 

Of especial interest to ~orkers in these laboratories 

is the stability of the methyl group in veratrol during a 

Friedel-Crafts reaction. Stephen and Weizmann (134) prepared 

chloraceto~veratrone by condensing chloracetyl chloride ~ith .... _ 

veratrol and aluminum chloride in (a) carbor1 dit-,ulfide, 

(b) petroleum ether (80-90°) and (o) nitro benzene. While in 

(a) and (b) a mixture of methylated and unmethylated ~roducts 

~as obtained' in (c) an ao;b yield of the fully demethylated 

product ~as obtained ai'ttr bight hours'heating at 40°. 

Krannichfeldt (135) found that quite drastic 

conditions ~~re required to remove the methyl group from the 

guaiaoyl nucleus .in chloroaoetovanillone (CXXIX), this 
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neoessi tating l1eatir1g at 100° ~i th four rnols. of aluminum 

chloride for eight hours. 

.d.lC13 
COCH2Cl---,...HO 

CAXIX. 

These differ6nces in ease of removal of ~ethyl groups, 

dependent upor1 their positior1 in the ::1r·omatic nucleus, suggested 

the possibility of bringing about a preferential demethylation 

of the methyl groups in the veratryl nucleus ~ith formation 

of the guaiacyl grouping. Such a reaction had, in fact, 

already been achi~ved by ~ratt and Robinson (136) in the 

preparation of chloroacetovanillorle (CXXIX) in the condensation 

of veratrol ~ith chloroacetylchloride. 

n.lC13 .., HO COCH2
Cl 

CXXIX. 

The reaction ~as oarried out at room temperature in the 

·presence of t'AO mols. of aluminum chloride (lt16). 

( 60;b) 

Cramer and Hibbert (13·7) used this method in the 

preparation of ~-bromo-propiovanillone from veratrol and 

~~romo-propionyl bromide. 
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+ B:rCOCHBrCH3 ----__._HO COCHBrCH3 

(35%) 

This simultaneous oo.ndensation and demtthylation also 

occurred at room temperature in tLe fre~ence of t~o mols. 

of aluminum cl1loride (137). 

On the basis of thes~ latter t~o experim~nts, the 

synthesis of (d-cllloropropiovanillone V\as accomplished as 

sho~n graphically in Method 4 (page83;. 

" The synthesis of the c!1lor·o-compound (CIV} (pageS2 1 

~as accomplished by u simultaneous demethylation-oondensation 

reaction although a higher temperature was necessary than in 

the analogous syntheses of chloroacetovanillone and~-bromo-

propiovanillone. In ~ach ot the latter two experiments the 

reaction ~as brought about at room temptrature in th8 ~resence 

of t~o mols. of aluminum chloride but under these conditions 

veratrol and r-chloropro~ionyl chloride condense to give a 

7b% yield ofr-chloropropioveratrone, no aiprecidble 

demethylation occurring. 

(a) Synthesis of p-Chloro~ropiovanillone 

This ~as finally synthesized by heating veratrol 

and f-chloropropionyl chloride in the prest.nce of four mols. 

of aluminum chloride to 50° for four hours, follo~ed by 
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tv;enty minutes on the steam bath. "'~fter tVwo recrystalliz­

ations, a 60fo yield of the demethylated product ~as obtained. 

(b) Det~rmination ot dtructure 

Compounds (CIV), (CV) and (XII} (page 83) ~ere 

methylated V'\i th diazomethane ar1d the r6 sul tir1g products compared 

~ith the corresponding members of the veratryl series, for 

example, 

HO 

It ~as necessary to sho~ that tha d~methylation took place in 

the position para and not meta to the propyl side chain. 

This vvas done by et:hylating the chlor·ide V\i th diethyl sulfate 

and alkali follo~ed by permanganate oxidation. The oxidation 

product ~as shown to be ethyl vanillio acid by a mixed melting 

fOlnt determination ~ i th an authentic san1ple there by coni·ir·m-

ing the structure of the nuoleus as 

(o) Conversion of the Chloride 
to the Hydroxy Derivative 

HO 

The chloride (.XX::I) v'\as readily converted ir1to the 

crystalline acetate (CV) on treatment ~ith potassium acetate 

and glacial acetic acid, and the acetate in turn, into 

the crystalline r -hydroxypropiovanillone (XII) on 
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refluxing ~ith aqueous barium carbonatb. ~~lthough the 

conditions of deacetylation ~ere varied over a ~ide range 

it vtas impossible to obtairl a higher Jield than approximately 

60% of the p -hydroxypropiovanillone. This is presumably 

due to t~o tactors ( 1) the ei'1ect of alKali on p -hydroxy-

propiovanillone as discussed be lovu, and ( 2 ) the ease of 

oxidation of the guaiacyl nucleus in alkaline solution. 

4. Properties of r-Rydroxypr opiovanillone 

fwHydroxypropiovanillone, as ~as to be expected 

from the point of vie~ of its suggesttd function as a plant 

respiratory catalyst (page 24) was found to be a very 

reactive substance. 

The ~rimary hyaroxyl group in th6 side chain is 

readily etherified ~ith ethanolic hydrogen chloride but does not 

react ~ith diazomethane. The action of the former reagent, 

under conditions of the standard wood ethanolysis, gave a 

high Jield ( ao%> of ra -ethoxypr opi ovan ill one together 11\i th an 

amorphous lignin-like prod.uct (15;,;). The p-ethyl ether 

exists in t~o forms; one modification (A) melting at 35-37° 

and the other (B) at 71-73°. (~) may be convezted into 

(B) by recrystallization from ether and (B) into (A) either 

by drying at room temperature oi heating on the steam bath 

at ordinary pressures. The lo~-melting modification is the 
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true ~-ethyl ether as sho~n by analysis ~hereas the other 

form apparently contai11s bOl vent of crystallization. 

Treatment of r-hydroxy propiovanillonb ~ith sulfurio 

acid under the conditions em~loyed in the Klason lignin 
an 

deter~ination gave abo,_tt a 607o yield oi'Aarnorphous l.ignin-like 

·pr educt. Cai'bon, hydroger1 and rnethoxyl analyst:;s are in 

good agreement ~ith the values obtained by Klason (142) for 

a lignin obtair1ed by treatment of s~ruce lhOOd ~i th 72?b sulfuric 
with 

acid. Treatment ~ith dilute sulfurio acid (5fo) andAdilute 

alkali (1~ NaOH) also resulted in the formation of similar 

"lignins". 

An attempt was made to prepare guaiaoyl vir1yl ketone 

(CXXX) by dehydration of r-hydroxy propiovanillone, by 

heating the latter ~ith a trace of iodine following the method 

of Hibbert (138). 

RCOCH2CH20H ._ RCOCH = CH2 

cxxx. 

~ crystalline product (20~) ~as extracted from the reaction 

mixture but methoxyl analysis indicated that this ~as not the 

desiz·ed product (C.XXX). (r~ethoxyl analysis: Calo'd for (CXXX), 

17.5; found, 16.7). The methoxyl 0011tent ir1dicates that one 

molecule of water may have split off between t~o molecules of 

(XII) giving rise to an ether of the type RCOCH2CH2-0-CH2-

CH-OC-R (CXXIII) (O~~~e: 16.6%). Hovgever, time did not permit of 
2 
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further investigation of the structure ~f this com~ound. 

In the light of these experimental findings it is 

of interest to examine the structure of ~-hydroxy~ropiovanil­

lone more closely, esuecially with respect to certain of its 

stereo chemi-cal nron erties and nossible enol-configurati on 

(C XXXI). 

#"' 
HO 

OH~-,~ ........ 

.-.C(OH)dJH-CH~H :; kr 
--

C XXXI. 

HO-

HO 

¥/ 
i/~~H 

o,H,.....o 

CXXXII. 

--COCH iJ H2<'H 

XII. 

The indicated nresence of unsaturation as well as of an active 

hydrogen and hydroxyl group as seen in (CI:XXXI), (XII) and 

(C XXXI I) suggests the following reaction tendencies; 

(1) Intramolecular deh:ydration to gi.ve the vinyl 

derivative (CXXX). 

( 2) Intermolecular dehydra.tion to produce the dimeric 

ether (CXXXIII). Such a reaction is tynical of unsaturated 

alcohol s of the cinnan:yl alcohol tyne ( 85) (the enolic form 

(CXXXI) of ~-hydroxypropiovanillone is both an oxyconife~Jl 

alcohol and a substituted cinnamyl alcohol). 

(3) ~-Hydroxypropiovanillone should undergo 
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polymerizationwcondensation reactions, especially in the 

presence of alkaliB. The tendency of a carbonyl group 

attached to an aromatic nucleus to undergo aldol formation 

(follo~ed by spontaneous loE~ of ~ater) ~ith an alkyl radical 

containing an active hydrogen such as H2C(COOEt) 2 ; 

C6H5CH2CN; CH3COCHD; C6H5COCH0 ; C6H5COCH2CHD eto., is well 

kno~n as tor example in the cast of benzaldehyde and acetophenone 

C6H5CHO + CH3COC6H5 .:=!d====-~~~~P> C6H5CHOHCH2coc6H5 

1 -H20 

c6H5CH a CHCOC6H5 

p-hydroxy propiovanillone might therefore be expected to 

undergo a similar condensation ~ith itself to give d bimolecular 

condensation product of the type 

This dimer could then react ~ith further molecules to give a 

trimer, tetramer-, etc., 

each oharaoterized by an increasing number of conjugated 

linkages. Ample opportunity ~ould thus be afforded for the 

formation of a more complex, cross-lir~ed type of polymer 
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characterized by a diminishing number of unsaturated linkages. 

A polymer of this general type may well be that represented 

by "alkali ligninu • 

(4) From the point of view of the possible enolic 

character of 0-nydroxy propiovanillone, its existence as 

oxy-coniferyl &lconol (JAAXI; would i~ply a relationship to 

allyl alconol H-OH=OH-Jri20H and ilence the possi~ility of an 

allyl shift under the influence of tiuitable rea6 ents. 

The resulting vinyl ketone (CA~~) is also a conjugated 

derivative and might be expected to undergo polymerization 

into more complex products. 

Conclusions 

~hile a complete examination of the properties of 

~-hydroxy propiovanillane was not carried out, the author's 

exnerimental results are in general harmony with tne foregoing 
[ 

sneculatio~s. Thus,as a 1-3-nydroxy ketone, in which the 
..... 

carbonyl group is attached directly to the benzene nucleus, 

a-hydroxy propiovanillone contains abnorrnally active hydrogen 
,.., 

a toms and a very reactive .aydroxyl group as shown 

(1) in the remar~aole ease of etncrification of its acetoxy 

derivative oy alcohols in tne p~esence of alkali to ~ive the 
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s-ethers R-CJ-CHc:CH20Rl (Rl = 1netnyl or et~-lyl) (~a6e ol); 

(2) by its very ~arked ease of alkylation on refluxing with 

alcohols in tne presence of ~.~.yd.ro 6 en c~J.loride (2;c) (pa 5 e oO;; 

and (3) by its conversion, iiJ. hi6 il y ielo., iuto arnorpr.~.oue 

lignin-like products in the presence of aci~s ~n~ al~~lis 

(page 52). 
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III. 

LXPBl\ILLSlJTA.L 

A. ~thanolysis of Lignin Building Units 

The ethanolysis of a-hydroxypropiovanillone is given 

in detail as an example of the procedur-e used throughout this 

~ork. In certain cases, ~here large amounts of the partioulai 

lignin building units ~ere not available, stability dbtermin~ 

ations ~ere carried out using only 0.15 g. of material. Such 

small scale runs, however, gave results comparable to those 

obtained ~hen larger quantities ~tre employed. 

a~Hydroxypropiovanillone (1.00 g.) was refluxed 

~i th 2;; etha110lic hydrogen chloride in an atmosphere of carbon 

dioxide for forty-eight hours in an all-glass apparatus. The 

reaction mixture was cooled, n~utralized ~ith sodium ethoxide, 

the solvent removed under reduced pressure and the residue 

taken up ir.t chloroform ( 5 cc.). Tl1e chlor-oform solution 

was filtered to remove inorganic salts and the amorphous 

lignin-like product precipitated by pouring the filtrate, 

in a rine stream, into o0-b0° petroleum ether (5 cc.). It 

~as removed by centr ifugenoe and the supbrrlatant liquor taken 

to dryness. The residual reddish oil ~as dissolved in 

chloroform and agairl pr e c i pi ta ted ir1to ~0- 60° -petroleum ether • 

.~.~small amount of amorphous precipitate ~as 1·emoved as 6-bove 
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and combined ~ith that obtained previously; yield, 4fo, 

based on ~eight of starting material. 

On removal of the solvent from the petroleum ether­

chloroform solution left after the secor1d pr8cipitatiorl, a 

golden-colored oil remained ~hich on methylation ~ith diazo­

methanb gave a 'Ahi te, crystalline pr·oduct; m.p. 81-82°; 

mixed melting ·point V\i th authentic a-ethoxypr opioveratror1e 

sho\-;ed no depression; I'ecovery I.JO%, based on a-hydroxypropio­

vanill one. 

A modified proctidure in ~hich the neutralized 

reaction mixture ~as concentrated, filtered, and then pre­

cipitated directly into D0-50° petroleum ether gave values, 

both for the per cer1tage of lo'V\ boiling oils. and of 

amorphous product, agreeing closely ~ith the first procedure. 

'!:he results obtained with the various lignin 

building units are given in Table I, page 102. 



TABLE I. 

REACTION OF LIGNIN BU1LDING UNITS AND THEIR DERIVATIVES ~! TH 21~ ETHA~JOti0 RYDF:OIJ.~r CHLORIDE. 

Lignin building unit 

(1) a-Hydroxypro~iovanillone 

(2) Vanilloyl methyl ketone 

( 3) a-Acetoxy-oropiovanillone 

(4) 1~ixture of (1) a~nd (2) 

( 5) a-Hydroxy~rou io syringone 

{6) Syringoyl methyl ketone 

( 7) a-Acetoxy~ropiosyringon e 

( 3) Mixture of (5) and (6) 

Percentage yield of 
Concn., ~ Polymer Monomer 

0.2 4 
.b 13 

1.0 20,1Sa 
4.0 33 

0.2 4 
.b 9 

1.0 13 
4.0 30 

4.0 20 

o. 2 (1 ), 0. J(2) 4 

1.0 43 

1.0 

1.0 

26 

76 

o. 5 ( 5 '6) 20 

90 
83 
71, 76a. 
60 

91 
gg 
83 
65 

74 

90 

55 8
' 

73a 

20a 

so a 

~anomer identified as 

a-Ethoxy~ronioveratrone 

a-~thoxyryronioveratrone 

a-Ethoxynronioveratrone 
a-Ethoxynronioveratrone 

Vanilloyl methyl ketone 
Vanilloyl methyl ketone 
,lanilloyl methyl ketone 
Vanilloyl methyl ketone 

~ 
0 

-~-----~~-------------- N 

------------------~-_.---~-

p-Nitrobenzoate of a­
ethoxynroniosyringone 

Syringoyl methyl ketone 

n-Nitrobenzoate of a­
ethoxyproniosyringone 

Syringoyl methyl ketone 

I 

a These values were obtained by the modified nrocedure described in the exneriment~,l section. 
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B. ~thnnoly~is of Ivlaple Ethanol Lignin Fractions 

Each of the mapl~ ethanol lignin fr-actions v.;as 
·f.-

treated as follo~s~ The ~ater-soluble fraction (1.00 g.) ~as 

refluxed v.i th 2';~ ethanolia hyurogen chloride (200 cc.) in an 

atmosphere of carbon dioxide for forty-eight hours ir1 an all­

glass apparatus. The reaction mixture ~as cooled, neutralized 

~ith sodium ethoxide and the solv~nt removed under reduced 

pressure in an intirt atmosphere at a temperat~re belo~ 25°. 

The residual amorphous product ~as dissolved 1n chlorofonn (10 cc.) 

and the inorganic s~lts removeu. frecipitation of the filtrate 

into .JO- 5()0 petroleum ether yielded ar1 amorphous lignin. 

This ~as removed by centrifugation and repreoipitated from 

acetone into petroleum ether; yield, 0.720 g. or 72~ recovery. 

The ~etrolewn etl1er-chloroform liquors from both 

precipitations ~ere combined and the solventb removed leaving 
,, 

a reddish oil; yield, 0.304 g. or ap~roximately ~0~ conversion 

to petroleum ether-soluble oils, (Table II ). 

Table II 

Reaction of Maple Ethanol Lignin Fractions with 2% 
Ethanolic Hydrogen Chloride 

Fraction of Percentage yield Viscosity of lignin 
maple ethanol c 0!10. , of fraction 

lignin lo amorphous low toil- before after 
lignin ing oils tr eatmer1 t treatment 

I Water soluble 0.5 72 DO 389 538 
II Ether-coluble .5 75 22 469 541 

III Ether ... in sol- .5 87 12 600 • • • 
uble 
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C. Synthesis of @-Hydroxypropioveratrone 

1. ~reparation of ~~Chloropropioveratrone 

(modification of Frbudenberg's method (124)) 

Veratrol (G.O g.) ~as added to a suspension of 

aluminum chloride (b.O g.) ir1 carbor1 disulfide (40 cc.) in a 

three-nbcked flask equipptd with a stirrer, a dropping funnel 

and a condenser. ~~chloropro~ionyl chloride (5.0 g.) ~as 

added slo~ly while the reaction mixture ~as stirred vigorously 

at room temperature. When this addition ~as completeQ ~ 

further 5.0 g. oi aluminum chloride 'Aas added, the reaction 

mixture heat~d to 400 for one hour and allo~ed to stand over-

night at room temperature. The carbon disulfide ~as decanted 

off and the reaction product decomposed by pouring on to d 

mixture of chip~ed ice (500 g.) and concentrated hydrochloric 

acid (40 eo.). The mixture was stirred vigorously foi three 

hours and filtered. The resulting ~hite crystalline product 

~as ~ashed several times ~ith b% sodium carbonate solution and 

finally ~ith water. The dr,ied product melted at 109-111°. 

Yield = 6. 7 g. (75%). On r~ecrystallization from ethanol this 

pr educt me 1 ted at ll~-114 ° in agreemtnt ~i th :&,reudenberg' s 

value (124). 
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2. Preparation of ~-Acetoxypropiover atrone 

Method I - Action of Sodium ~cetate and 
acetic Anhydride on @-ChloropropioverB.trone 

A mixture of f.-chloropropioveratrone (5.0 g.), 

anhydrous sodium acetate (10.0 g.) and acetic anhydride (35 cc.) 

~as heated on a cteam bath for lour hour~, cooled, poured 

into a mixture of ice and ~ater (~00 g.) and stirred vigorously 

for three hours. ~fter standing overnight the aqueous solution 

~.as ntutrali zed 'Ai th sodium car·bonate ar1d th~ pi ecipi ta te vvhicl_ 

had separated removtd by filtration. ~fter ~ashing ~ith water 

and drying, the crude product (D.4 g.) was extracted with hot 

methanol leaving an insoluble rubber-like r~sidue. The 

aceto~y derivative crystallized from the methanol solution on 

cooling as a oolorless cr·ystalline product, m. p. 99-lQQO. 

Yield = 15;~. 
Methoxyl Analysis 

Calc'd. for Cl.:>I\ 6 05 ; 24.6tb. Found 24.4%. 

Method 2 - ~ction of Potassium Acetate and 
Gla~ial Acetic Acid on ~Chloropropioveratrone 

A mixture of ~~chloroprapioveratrone (5.j g.), 

freshly fused potassium acetate (12.7 g.) and glacial acetic 

acid (~0 cc.) ~as heat~d on a steam bath for t~elve hours, 

cooled, and pour~d into a mixture of ice and ~ater (500 g.). 
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4 heavy \\:nite crystalline material separated out almost 

immediately. Recrystallization from methanol gave 4.0 g. 

(70~) of ~wacetoxypropioveratrone. m.p. 99-lOOO. 

A small portion of this product ~as recrystallized 

re-peatedly from ether and from metl1ar1ol to give a pure sample I' for 

analysis, m.p. 100-101°. 

Analysis 

Calo'd. for· c 1~H16o 5 : C, 61.9; H, 6.D5; OCH3 , 24.6. 

Found: C, 61.7; H, 6.~7; OCH3 , 24.4. 

A mixed melting point of this product and th~ produot 

obtained by method I sho~ed no depression. 

3. Attempted Deacetylation of 
~ ... 1i.cetoxypropi over atr one 

/ 

Method 1 - Zemplen Method 

(a) ~Acetoxypr·opioveratrone (0.6 g.) ~as dissolved 

in a solution of sodium methylate (formed by solution of t~o 

milligrams of sodium in aboolute methanol (15 cc.)) and the 

reaction mixture refluxed for ~ev~n minutes. On cooling,a 

~hita crystalline product separated ana this ~as sho~n to be 

unchanged starting mater·ial by a mixed melting point deter-

mination. 

(b) The procedure ~as repeat6d and the time of heat­

ing extended to tifteen minutes. Again the original vroduot 

was recovered unchanged. 
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Method 2 - Action of Methanolic Potassium 
Hydroxide 

~-Acetoxypropioveratrone (1.2 g.) ~as dissolved in 

methanol (60 cc.) containing potassium hydroxide (2 g.). 

After standing at room temperature for fiv~ minutes the reaction 

mixture was neutralized ~ith dilute acetic acid and the 

solvent rtmoved under reduced pressure. The crystalline 

residue ~as thoroughly ~ashed ~ith ~ater, filter6d and dried. 

Yield, 1.08 g. (~0%), m.~. 68-70°. Reorystallization from 

~0~50° ~etroleum ether gave pure ~-methoxypropioveratrone. 

m.~. 70.-71°. 

iillalysis 

Calc'd. for c12H16o4 : C, 64.~; H. ~14; OCH3 , 41.5. 

Found: C, 64.5; H, 7.14; OCH3 , 41.5. 

Method D - Action of ~thanolio 
Fotassium Hy~~oxide 

Substitution of ethanol for methanol as solvent in 

the above experiment gave the corresp011ding f:,-ethyl ether; 

m.~· 50--51°. A mixed melting point ~i th ar1 authentic sample 

of ~-ethoxypropioveratrone prepared by the action of sodium 

iodide and ethanol on ~-chloropropioveratrone (41 (a)) 

sho~ed no depieSbion. 
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Analysis. 

Calo'd. for c13H18o4:c, 6E.5; H, 7.60. Found: 

C, 65.3; H, 7.69. 

Method 4 - ~otion of Sodium Carbonate in 
~queous Dioxane Solution 

~-Acetoxypropioveratrone (1.2 g.) ~as dissolved in 

aqueous dioxane (1:1) (lOO oc.) containing sodium oarbonate 

(2.0 g.). ~ft~r standing at room temperature for fourteen 

hours, the mixture ~as neutralized ~ith dilute acetic acid 

then extracted ~ith benzene. On evaporation of the solvent 

a crystalline residue ~as left ~hich on recrystallization 

from ether melted at 88-90°. Yield 0.60 g. (60%). ~lternate 

recrybtallizations from ether and from methanol gave a pure, 

crystalline f·roduct ~hich corre~ por1ded in its analyses to the 

sug~ebted ethylene oxide structure (CIII) (page 79) 

m.f:. ~~-~4° . 

.L~~.naly·s is. 

Calc'd. for c11B12o4: C, 63.4; H, 5.77; OCH3 , 29.8; 

mol. v.t., 2Q8. Found: C, 62.~; H, 5.80; OCH3 , 2~.7; mol. 1At., 

22b (Rast). 

This product formed a crystalline 2,q-dinitrophenyl­

hydrazone. m.p. 182-18J 0
• 

Analysis. 

Calc'd. for c17H16o7N4 : C, 52.2; H, 4.12; OCH3 , 15.9. 

Found : C , 52 • 1 ; }-~ , 11 • 56 ; 0 C H3 , 1 E • 7 • 
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4. Conversion of ~-Chloropropioveratrone into 
f-.-Hydroxypr·opiover·atro.ne by l\etluxing ~i th 

~queous Silver Oxide. 

~-Chloropro~ioveratrone (2.5 g.) and silver oxide 

(1. 5 g.) v..er·e r·6!luxed for ter1 hour~ ~i th distilled "'ater 

(300 cc.). Tl1e reaction mixture V~;as cooled, filtered and 

continously extracted ~ith ether for ten hours. ~fter drying 

over tiOdium sulfate, th~ ether extract ~as concentrated, giving 

a vtr1ite crJ~talline product. Yield 1.1~ g. (bO)~). I.[.p. 78-80°. 

By repeat~d recrystallizations from ether and b0-50° petroleum 
m.n. 

ether pure ~~hydroxypropioveratronela~-84° ~as obtai11ed. 

Analysis. 

Calc'd. for c11H14o4 : C, 62.8; H, 6.66; OMe, 29.5. 

Found: C, 62. 5; H, 6. 82; 0Iv1e, 2 <;.1. D • 
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D. Properties .of ~ ... Hydr oxypropiovez· atr one 

1. action of Ethanolic Hydrogen Chloride 

~~Hydroxypropioveratrone (0.50 g.) ~as refluxed 

V\ith 2/o etha110lic hydrogen chloride (25 cc.) for forty-eight 

h·Jurs under an a tmospr1er e o1 carbon dioxide. The r t;jacti on 

mixture ~as neutralized ~ith sodium ethoxide, concentrated to 

10 cc., filtered from so~ium chloride and precipitated ~ith 

vigorous stirring into D0-50° petroleum ether (100 cc.). The 

very small amount of amorphous -precipitate V\ as removed by 

oentr ifugence, and the solutio11 taken to drynesb, leaving an 

oil ~hich crystallized on btanding. Recrystallization from 

, 00-50° petroleum ether gave ~-ethoxyfropioveratrone as shown 

by a mixed melting point determination ~ith an auth8ntic sampl~. 

~.~. 47-49°. Yibld = 0.50 g. (96~). On reczystallization 

from DO~ooo petroleum ether this product melted at 50-51°. 

2. ~ction of M~thanolic Hydrogen Chloride 

~Hydroxy-pr· opioveratrone ( 0. 50 g. ) \'tas refluxed with 

2/~ methanolic hydroger1 chloride (25 cc. ) for forty-eight hours 

under an atmospheit of carbon dioxide. The reaction mixture 

~as neutralized ~ith sodium ethoxide, the methanol rtmoved at 

reduced pressure, and the residue extracted ~ith hot petroleum 

ether·. From this solution ,orl cooling,a crystalline pr educt 
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(m.~. 67-6~ 0 ) ~as obtained. Yield 75ft. Repeated recrystal­

lizati ons from 30-50° petroleum ether gave pure ~-methoxy-. 

pro~ioveratrone. M.p. 70-71° (mixed melting point ~ith the 

correbf.-O!lding product from (III. C-~ I~ethod 2) shO\l\ed no 

depression). 

J. Action oi L1ethanolic Potassium Hydroxide 

~-Hydroxypropioveratrone (1.0 g.) ~as mixed ~ith 4~ 

methanolic potas~ium hyctroxide (6b cc.) and the mixture allov-ed. 

to stand at room temperature for thirty-minutes. It ~as 

neutralized ~ith dilute acetic acid, thb methanol removed at 

reduced pressure, and the solid residue shaken ~ith a mixture 

of benzene and ~ater to dissolve the product and inorganic salt, 

respectively. The benzene layer was separated, thoroughly 

washed, then dried a.nd th~ solvent removed. Tl1e residual oil 

~as extracted ~ith hot petroleum ether (30-50°) leaving a 

large amount of insoluble residue. On cooling the petroleum 

ether extract a crystalline product separated. Yield = 0.100 g. 

(10%) m.p. 67-69°. a mixed melting point determination ~ith 

the ~-methyl ether (from III C-3 I ... ~etllod 2) sho"'ed no 

depression. 
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4. Action of Concentrated Sulfuric Acid 

~-Hydroxypropioveratrone (0.50 g.) ~as treated 

ior t~o hours at room temperature ~ith 72~ sulfuric acid 

(4 oo.) a±ter ~hich time the solution ~as diluted to 

ltiO cc. ~ith distilled ~attr and refluxed for four hours. 

The aqueous 80lution ~as decanttd Irom the amorphous 

precipitate and thb latter taken up in ether. The ether 

solution ~as dried over ~odium sulfate and the ether removed 

leaving a glassy resinous material ~hich, ~hen ground, was 

an amor-phous lignin-like po1Ad6r. Yield= O.D8 g. (76~~). 
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1. Attempted PreRaration by Condensation of 
Guaiacol and p-Chloropropionyl Chloride 
using Aluminum Chloride 

I 

.. i :B,riedel-Cr·afts condensation of guaiacol V\.i th 

~-chloropropionylchloride under conditions similar to those 

used in the condensation of veratrol ~ith~-chloropropionyl 

chloride (III C-l page 104) ~as unsuccessful. The light­

colored residual oil (b.p. 40-45°/0.100 mm.) could not be 

crystallized and gave no carbonyl reaction indicating that 

condensation had not occurred. 

2. Attempt~d Preparation of Guaiacol 
~ -Chloropr opionate (C 6H4 (OCH3 ) ( OCOCH2 CH2Cl) 

(a) Action of Heat on a Mixture of Guaiacol 
and p-OhloroproEionyl Chloride 

Guaiacol (11.0 g.) and ~-C1llorOQIOpionyl chloride 

(10.0 g.) ~ere heated on the steam bath for five hours, then 

allov.:ed to tJtarld overr1ight at room temperature. The reaction 

mixture ~as dissolved in ether (50 cc.),~ashed ~ell ~ith 1% 

sodium hydroxide and vvi th V\ater, dried over sodi11m sulfate and 

the ether removed, leaving a light-colored oil (12.2g.). This 'A~S 
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distilled at 50-100°/0.020-0.100 mm. Attempts to f'ractionate 

the distilleci product by use of a ~Vidmer column \\ere unsuccess­

ful, the product again distilling over the range b5-90°jO.OlO~ 

0.020 mm. ~lso, its methoxyl content (12.ljo) indicated that 

this was not the desired product (OCH3 , 14.4% calo'd.). 

(b) ~ttempted Condensation of Guaiacol ~ith 
~-Chloropropionyl Chloride in the Eresence 

of l?yridine 

~-Chloropropionyl chloride (5 g.) ~as added to a 

mixture of guaiacol (7.0 g.) and pyridine (7 cc.) and allo~ed to 

stand overnight at room temperature. It ~as pcura4 into a 

mixture of ice (500 g.) and concentrated hydrochloric acid 

(50 cc.), the aqueous solution extracted ~ith benzene and the 

benzene extract ~ashed ~ell ~ith a 5% sodium carbonate solution 

and vvith V\later. Removal ot the solvent left a light oolored 

oil (~.0 g.) ~hich on distillation (100-105°/DO mm.) yielded 

a verJ mobile vtater-v;hite liquid. Its metl1oxyl oonter1t 

(20.6~) indicated it ~as not the desir~d product. 

(o) Condensation of the Sodium Salt of 
Guaiacol ~ith @~Chloropropionyl Chloride 

~-Chloropropionyl chloride (2.6 g.) ~as added 

drop~ise to a suspension of the sodium salt of guaiacol 

( 0 ) 4n toluene (20 ocJ. When the addition had been D· g. ...... 

completed, V\ater was added a11d the aqueous ar1d toluene layers 
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separated. The toluene extract ~as ~ashed ~ell with 2~ 

sodium hydroxide then ~ith ~ater, the toluene removed and 

the residual oil (2.2 g.) distilled at 70-85°/0.100-0.150 mm. 

The methoxyl c or1ter1t ( 12. 6%) of tl1e d i sti llat e agairl 

indicated that it ~as not the desired product. 

~. Attempted Demethylation of 
~-Chloro~ropioveratrone 
( 

(a) Use of Concentrated Sulfurio Acid 

rs-Chloropropioveratrone (1.0 g.) VIaS heated for 

sixteen hours at 50-550 ~ith concentrated sulfurio acid 

(5 oc. ). The reaction mixture ~as cooled ru1d poured on to 

ice (lOO g.). A bluish-grey crystalline precipitate 

separated ~hioh on reorystallization was found to be unchanged 

starting material. 

(b) Use of Hydriodic Acid 

~-Chloropropioveratrone (l.h g.) V~as treated for 

tlAelve hours at room temperature 'Aith hydriodic acid (Sp.G. 

1.715) (15 00 .). The reaction mixture ~as then ~oured on to a 

mixture of ice and ~ater and the p+ecipitate filtered off. 

This ~as sl1o~n to be uncha.nged starting material by melting~ 

point and mixed-melting point determination. 
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4. :Preparation of f;-..Cllloro~ropiova.nillone by 
Condensation of Veratrol ~ith ~-Chloro­

propionyl Ghloride by use of a1uminum Chloride 

Aluminum chloride (18.0 g.) ~as added to a mixture 

of veratrol (15.0 g.) and carbon disulfide (40 cc.) in a 

three-ne c.k.ed fla~k equi bJped ~ i th a stirrer, drop ping funnel 

~1d condenser. The reaction mixture was surrounded by cold 

~ater and ~~chloropropionyl chloride (15.0 g.) then added 

slo'-\ly through tl1e drop~ing funnel \'l;hile the reaction mixture 

~as stirred corltinually. Whsn this addition v,as completed, 

threE more portions of aluminum chloride (18.0 g. each) 

~ere added at five minute intervals. The mixture ~as heuted 

at o0° for four hours, the solvent removed and the residue 

heated on the steam bath for t~6nty minutes. After cooling, 

the com~lex ~as decomposed by stirring for six hours ~ith 

ice and concentrated hydrochloric acid,~ith formation of a 

darK. colored product. This ~as filtered, ~ashed ~ell ~ith 

dilute hydrochloric uoid and then ~ith ~ater. The crude 

product ~as dried as thoroughly as possible by suction 

filtration, then crystallized from methanol after first 

decolorizing ~ith charcoal. It ~as recrystallized from 

ether and th6 ether filtrate concentrated, cooled and the 

second crop of crystals again removed by filtration. The 

combined yield of ~-ohloropropiovanillone (m.~· 96-';}8°) 

was 16.0 g. (609~). 
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~ small amount ~as repurified for analysis by 

repeated recrystallizations from ether and from methanol 

(m.p. 101-102°) • 

.Analysis. 

Calc'd. for C1 c)H11o3Cl: C, 56.0; H, 5.1~; OI~ie, 14.4. 

Found: C, 56.0; H, 5.DO; 01l!e, 14.4. 

(a} Proof of the Presence of the 
Guaiacyl Nucleus 

(1) Diazomethane Methylation 

The assumed ~-chloropropiovanillone (0.45 g.) ~as 

dissolved in dry ether (10 cc.) and mixed ~ith an ethereal 

solution containing t~o equivalents of diazomethane. After 

standing for four hours at 0° tl1e solutiorl ~as concentrated 

to around 2-3 cc, coole<i, and the crystalline pr-oduct separating 

out, filtered an~ dried. Yield = Q.j9 g. (82%). It was sho~n 

to be f-chloropropioveratrone by a mixed melting point 

det6rmination ~ith the product from (III C-1, page 104). 

(2) Ethylation and Oxidation 

Diethyl sulfate (7.0 g.) ~as added to a solution of 

~-chloropropiovanillone (2.0 g.) in 1.5~~ aqueous sodium 

hydroxide solution (20 cc.) and the mixturt refluxed for ninety 

minutes. The alkali insoluble portion ~as dissolved in 
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ahlorofoim and the solvent removea leaving a light colored 

oil. 

.d.n aliq·uot (0.2u0 g.) of this 'Aas ouspc:nded in z 1:~ 

aqut ous sodium l1ydr oxide ( bO cc.) and aqutous pot as si urn per­

manganate (1.125 g. in 25 cc. H20) added slo~ly to the ~ell 

stirred roaction mixture at 100° during about t~o hours. 

The precipitated manganese dioxide ~as removed and the filtrate 

acidifi~d and cooled. A crystalline product separated 

(m.~. lSg-191°) and this ~as recrystallized from dioxane 

(m.p. 193-lg4°). A mixed melting point ~ith an authentic 

sample of etl1yl va11illic acid sho"Aed no deprc.ssion. 

o. Conversion of ~~Chloropropionyl Chloride 
into ~-Acetoxypropiovanillone 

A. mixture of ~-ahlor·opropiovanillone (19 .. 0 g.), 

freshly fused potassium acetate, (50 g.) and glacial acetic 

acid (140 eo.) ~as hbated on the steam bath for t~elve hours 

~ith continual stirring. The reaction mixturt ~as cooled and 

poured into 500 cc. 01 ice-water, stirred for t~o hours and 

allo~ed to ~tand in the cold room for foz·ty-eight hours. The 

crystalline ~-acetoxypropiovw1illon~ ~~ich separated ~as 

filttred and dried. M.p. 76-78°; yi~ld 14.0 g. (67%). 

on repeated reorystallization from chloroform­

petroleum ~ther (~0-50°) the melting point ~as raised to 

80-81 o. 
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analysis. 

Calc'd. for c
12

H
14

o
8

: C, 60.5; H, 5.98; OCH3 , 13.0. 

Found: C, 60.b; H, 6.14; OCH3 , 13.1. 

(a) Methylation ~ith Diazomethane 

~..A.cetoxypropiovar1illone (0.~00 g.) ~as methylated 

V\i th an ethtreal soluti:Jll cor1taining t~o equivalents of 

diazomethant;. An 80/~ yield of ~-acetoxypropioveratrone ~as 

obtained, its identity being provon by a mixed melting point 

determination ~ith the product synthesized above (III C-2 

-page 105). 

6. Hydrolysis of ~Acetoxypropiovanillone 
to t3=Hydr oxypropiovani llone 

The acetate (14.0 g.) ~ab refluxed for ten hours ~ith 

a suspension of freshly precipitated barium carbonate (16.0 g.) 

in ~ater (500 cc~). The mixture ~as cooled, acidified ~ith 

hydrochloric acid to dissolve the barium carbonate, filtered, 

and then continuously extracted ~ith benzene. On ooncentrat-

ing and cooling the benzer1e solution, ~hydroxypropiovanillone 

separated as a V~;hite crystalline pr·oduct. L!.p. 107-109o. 

Yield :s 6.3 g. (55%). 

Aft~r repeated recrystallizations from benzene the 

product melted at lQj-110°. 
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Analysis 

Calc'd. ior c10H
12

o
4

: C, 61.2; H, 6.12; OCH3 , 15.8. 

Found: C, 61.4; H, 6.v8; OCH3 , lb.7. 

Methylation ~ith diazomethane gave ~-hydroxypropio­

veratrone identifitd by a mixed melting point determination 

~ith the ~revious product (III C-~ ~age 109). 

F. Eroperties of ~-Hydroxypropiov&lillone 

1. Action of Lthanolic Hydrogen Chloride 

~-Hyuroxypropiovanillone (G.O g.) was refluxed ~ith 

2;~ athanolic hydrogen chloride (lOO cc.) for forty-eight hour~ 

in an atmospherE:: of carbon dioxide. The reacti or1 mixture ~as 

neutralized ~ith sodium ethoxide, conoentrattd to 10 cc., 

filtered from sodium chloride and precipitated with vigorous 

stirring into ~0-50° petroleum ether (200 cc.). The amorphous 

precipitate ~as rtmoved by centrifugence and dried. Wt. = 
0.30 g. (15/~) (% OMe, 19.0). 

The ~etroleum 6ther-ethanol solution ~as taken to 

dryness leaving a light colored oil ~hich crystallized 

(m.p. j5-j70) on sustained scratching. Yield= 1.80 g. (80%). 

It ~as sho~n by methylation (see belo~) to be ~-ethoxy­

propiovanillone. Recrystallization of this product from 

ether gave a product (m.~. 72-74°) ~hich reverted to the 
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original product (m.p. bb-~7°) on drying at 650/20 mm • 

... ~nalysis 

Calc 'd. for ~-ethoxypropiovanillone (C H 0 ): 12 16 4 
C, 64.~; H, 7.14; Alkoxyl calc'd as methoxyl, 27.7. 

Found: C, 64.b; H, 7.54; Alkoxyl calc'd as methoxyl, 27.6. 

(a} Methylation ~ith Diazomethane 

The ~-ethoxypropiovanillone (0.275 g,) prepared 

above ~as methylated ~ith an ethereal solution containing two 

equivalents of diazomethane. Crystalline f-ethoxypropio­

veratrone (0.25 g. )(86%) ~as obtained and identified by a 

mixed melting point determination. 

2. ~ction of Acids 

(a) Concentrated Sulfuric Acid (72%) 

~Hydroxypropiovanillone (0.50 g.) ~as treated at 

room temperature for t'J';O hours ~itr~ 72·% sulfuric acid (4 cc.). 

The mixture ~as then diluted to 150 eo. ~ith distilled water 

and r ~fluxed for four l1ours. The pink-colored amorphous 

precipitate which separated ~as filtered, ~ashed and dried. 

Yield :: 0.22 g. (44%). 

Analysis 

Found : C, 66.2; H, 6.0; OMe, 16.0. Fo11nd for 

"Klason Lignin" J, 66.67; I-1, 5.49; OMe, 14.47 (142). 
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(b) Dilute Sulfurio Acid (5%) 

~-Hydroxypropiovanillone (0.100 g.) \\as refluxed 

for tV\enty-f'our hours V\ith 5;o sulfuric acid solution (10 cc.). 

The mixture ~as cooled and the amorphous precipitate f.iltered, 

~ashed and dried. Yield = 0.02 g. (20 ~). 

~. Action of Sodium Hydroxide (1%) 

~-Hydroxypropiovanillone (0.100 g.) ~as refluxed for 

t~enty-four hours ~ith an aqueous sodium hydroxide solution 

(l7b) (10 cc.). The mixture ~as cooled and acidified and the 

dark colored amorphous precipitate I'iltered, \\ashed and dried. 

Yield= 0.040 g. (40%). 

4. Action of Iodine 

~-liydroxypropiovanillone (O.oOO g.) ~as heated at 

110° for t~enty minutes in the presence of,a trace of iodine 

(0.015 g.). The reaction mixture ~as extracted ~ith hot 

benzene leaving a dark insoluble residue. On removing the 

benzene solution a light colored oil (0.~6 g.) ~as obtained 

~hich could not be caused to crystallize. It did not adsozb 

bromine from a chloroform solution indicating the absence of 

unsaturation. On solution in hot methanol and cooling, a 

crystalline product (A) (O.ll g.) and an oil (B) separated 

out. It V\as not four1d ~ossi ble to induce crustallization of 
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the latter. Both products (A) and (B) ~t.re tested for 

unsaturation ~ith a chloro:t'orm solution of bromi.ne and gave 

negative results. Repeated reciystallization of (A) from 

methanol gave an a-pparently pure product mel tir1g at 163-155° 

and containing methoxyl (16.7%). This latter value pointed 

to the structure of the substance as a di-ether formed from 

two molecules of ~-hydroxypropiovarlillone by loss of one 

molecule of ~ater (CXXIII). 
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G. Miscellaneous Kxperiments 

The preparation of guaiacol acetone ~as attempted 

by methods indicated in the follo~ing reactions: 

Metr10d I 

1vlethod II 

CH 0· 3 

+ Br-CH2COCH3 

------•~ H 

_______ ...,.. .. H(} 

cxxxrv. 

Met:hod I is based on the pass i bi li ty of a rear I ange­

ment of the int~rmediate ether, guaiacyl acetonyl ether 

(CXXXIV) similar to that occur·ring in the rearrangement of 
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isopropyl phenyl ether (CXXXV) (139). 

CH~ 

o-t-H 
\ 
CH3 

---·•~Ho 

cxxxv. 

Unfortunately, only a negative result was obtained. 

Method II represents a Friedel-Crafts condensation 

similar to that carried out ~ith benzene and monochloro 

acetone (140). ~negative result ~as obtained in this case 

also. 

(a} Preparation of Guaiaoyl Acetenyl Ether 
r-----:-OCH3 

-QCH2COCHD 

(1) To a solution of sodium ethylate prepared from 

ethanol (17 cc.} and sodium (1.15 g.), guaiacol (7.2 g.) ~as 

added and the mixture refluxed for a few minutes, then oool~d 

and monobromoacetone (7.0 g.), (prepared by the method of 

Levene (141)) added through a dropping funnel, taking care 

that the temperature did not rise above 25°. ~fter standing 

at room tempera·ture for forty-five minutes, the solution ~as 

freed from sodi.um br amide ar1d tr1e ethanol removed under 

reduced prbssure. The r~sulting oily residue ~db dissolved 
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in ether, V\ashed "ell ~ith sodium hydroxide (10~6) then Vtith 

~ater, dried, and the ~olvent removed. 1he al~ali---insoluble 

product ~hich remained ~as only partially distillable 

(78-ti2°/0.l00 mm.). Yield =1.5 g. (l6'jb} 

lw!ethoxyl Analysis: 

Calc'o.. :tor c10H11o3 : l?.~i~; Found: 17.0!~· 

(2) A mixture of guaiacol (6.2 g.), acetone (8 eo.). 

sodium carbonate (t.~ g.) and rnonobromoacetone (6.8 g~) was 

refluxed ~or ten hours. The sodium bromide was filtered off 

and the acetone removed. The residual oil ~as processed as 

in previous experiment. Yield of distilled product (75-820/ 

0.050-0.l'JO mm.) = 1.6 g. (20%) (OMe, 16.8 g.). 

(b) Attempted Rearrangement of Guaiacyl 
.&cetonyl Ether 

(1) The ether ~as heated to 50° for one hour in the 

presence of alumir1um cl1loride (2.8 g.) and the mixture tl1en 

allo~ed to btand at room temperature for t~enty-four hours. 

By the usual processes an ether soluble oil ~as obtained, 

insoluble in 20~ bisuliite solution indicating that the 

desired rearrangement had not occurred. 
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(o) ~ttempted Condensation of Veratrol 
and Monochloroacetone 

(1) AlC13 (13.8 g.) ~a~ added to a solution of 

veratrol (13.8 g.) in carbon disulfide in a three-necked 

flask equipped ~ith a stirrer, a dropping funnel and a con­

denser. Monochloroacetone (9.2 g.) ~as added slo~ly ~hila 

the reaction mixture was stirred vigorously at room temperaturt. 

The reaction mixture ~as allo~ed to stand overnight and the 

r~action product then ~orked up as described in (III C-l) 

The isolated oil ~as insoluble in 20~ bisulfite solution 

indicating that no condensation had taken place. 

(2) The aGave experiment was repeated, this time 

by heating the reaction mixture at 550 (bath temp.) for 

five hours. Also in this case no appr~ciable bisulfite 

soluble product ~as obtained. 



SID~v1A.RY 

A. The syntheses of f~hydroxy~rofiovanillone (A) 

and ,a.-hydr·oxypropioveratrone (B) have been carried out and 

their behaviour to~ards chemical reagents studied. 

B. Conversion of (A) and (B) into amor~hous 

lignin-like ·products by acid and by alkali has been effected. 

C. ~xoeptional reactivity of the terminal carbinol 

group of the side chains of (A) and (B) has been demonstrated. 

D. A detailed study has been made of the stabilities 

of cG -..hydr oxypropiovanillone, ~ ... acetoxypr opiovanillone, 

vanilloyl methyl ketone, their syringyl analogs, and various 

mixtures of these compounds, to~ards eth~nolic hydrogen 

ohloi·ide under condi tior1s of the standard "ethanolysis" 

procedure. 

E. Depolymerization of various amorphous maple 

ethanol lignin fract ior1s into simpler units has been 

effect6d by ethanolic hydrogen chloride. 
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