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ABSTRACT 

Birch (1) and spruce (II) dioxane lignins, and related models 

were each reacted with nitrous acid in an aqueous medium. Both 1 and II 

underwent side-chain displacement, axidation, dea~lat~on and fixation 

of nitrogen. From l, 4-nitroguaiacol (III), 4,6-dinitroguaiacol (IV) 

and 2,6-dimetho~-l,4-benzoquinone (V) were for.med; from II, onlY III 
and IV were isolated. Reactions of model campounds have yielded products 

which can help to explain the reaction of lignine From l-(4-hydro~-

3-methoxyphenyl)-l-propanol, treatment with HN02 yielded III, IV and 

l-(4-hydr~-3-metho~-5-nitrophenyl)-1-propanone. From l-(4-hy~-

3-methrucyphenyl)-l-methoxypropane, only III and IV were isolated. Both 

l-(3,4-dimethoxyphenyl)-1-propanol (VI) ànd l-(3,4-dimethoxyphenyl)-l
metho~ropane yielded the earne products on mild treatment: 

l-(3,4-dimethoxyph~1)~1-propanone and l-(3,4-dimeth~henyl)-l-nitro
propane. But when VI was treated under harsher conditions, it yielded 

6-nitroveratric acid, 4-nitroveratrole, 4,5~troveratrole and 

l-(3,4-dimeth~-6-nitrophenyl)~1-propanone. Syringyl alcohol, s,yring

aldehyde and s3~Lïgic acid all yielded V and 2,6-dimetho~-4-nitrophenol. 

Two mechanisms have been proposed: (1) for the cleavage of 

phenyl ether links in hardwood lignin; and (2) for the manner of 

degradation of the lignin polymer network. 



THE DEGRADATION OF LIGNIN WITH NITROUS ACID 

BY 

MOH-LIAN KEE 



THE DEGRADATION OF LIGNIN WI'l'H NITROUS ACID 

Hoh-Lian Kee, B. Sc. (B8IJ1'&II8 Uni v., Singapore) 

A thesis 8ubmitted to the Faculty of Graduate 
Studies and Research in partial tultilment of 

the requirements for the degree of 
Doctor of Phi108~ 

Department of Chemistr.r, 
MeGill Universit7, 
Montreal, Canada. 

C§) Moh-Lian Kee 1968 ',<1 
f 

March 1969 



ACKNOWlEOOEMENTS 

The author wishes to ,express his eincere thanks to his 
research director, Dr. H.l. Bolker, tor his considerate and inspiring 
supervision ot this project, and his inva1uab1e he1p in the preparation 
ot the thesis. 

Gratetul aclmow1edgem.ent is ext.ended to: 

The late Dr. C. B. Purves tor his assistance and encouragement, 

Fellow members ot the Organic Chemistl"1' Division ot the Pulp 
and Paper Research Institute ot Canada tor the1r suggestions and 

co-operation at all times, 

1965-66, 

1965-66, 

Mrs. T.W. Yim tor her contribution ot Russian translations, 

McGill Universit7 tor demonstratorships during 1964-65 and 

Spruce Falls Power and Paper COIDp8.D1 tor a Fellowship during 

The Pulp and Paper Research Institute ot Canada tor a summer 
grant in 1965, 

The National Research COUDei1 ot Canada for a Studentship 
during 1966-67 and 1967-68. 

-- - ---- ---------



TABLE OF CONTENTS 

J?!&Ç 

GENERAL INTRODUCTION • • • • • • • • • • • • • • • • • • • • •• 1 

HISTORICAL INTRODUCTION • • • • • • • • • • • 

Chemical Constitution of Wood Lignin • • 
• • • • 

• • • • 

• • • • • 

• • • • • 

3 

3 

Some Relevant Reactions of Lignin • • • • • • • • • • • •• 7 
Review of the Delignification of Wood and Pulp 

with Nitrous Acid • • • • • • • • • • • • • • • • • • • 16 
Review of Reactions of Nitrous Acid with Isolated 

Lignins and Model Compounds • • • • • • • • • • • • •• 19 

RESULTS AND DISCUSSION • • • • • • • • • • • • 

Degradation of Lignin with Nitrous Acid • 
• • • • 
• • • • 

• • • • • 
• • .. . . 

Fixation of Nitrogen and Demethylation • • • • • • • • •• 29 
Alkaline Hydrolysis of Nitrolignin • • • • • • • • • • •• 37 
Permanganate Oxidation of Methylated Spruce Nitrolignin •• 43 

Reaction of Nitrous Acid with Model Compounds 
representing Units of Lignin • • • • •• • • • • • • •• 46 

Mechanism of Dealkylation and Subsequent Reaction • • • •• 63 

GENERAL CONCLUSIONS • • • • • • • • • • • • • • • • • • • • •• 74 

EXPERIMENTAL • • • • • • • • • • • • • • • • • • • • • • • • •• 83 

• • • • • • • • • • • • • Analytical Methods • • • • • • • 

Preparation of Wood Meal • • • • • • • • • ••• • • • • • • 
Preparation of Dioxane Lignins . ' . • • • • • • • 
General Procedure for the Reaction of Lignins 

with Nitrous Acid • • • • • • • • • • • • • • 
Products fram Birch Dioxane Lignin treated at 

pH 2 and 70° for 1 Hour • • • • • • • • • • • 

Proùucts from Spruce Dioxane Lignin treated at 
pH 2 and 70° for 1 Hour • • • • • • • • • • • 

Alkaline Hydrolysis of Birch Nitrolignin •••• 

• • • • • 

• • • • • 

• • • • • 

• • • • • 

• • • • • 
Isolation of Products of Hydrolysis of Birch Nitrolignin. • 

Alkaline Hydrolysis ot Spruce Nitrolignin ••••••••• 

Isolation ot Products of Hydrol1sia 
of Spruce Ni trolignin • • • • • • • • • • • • • • • • • 

83 

84 

84 

85 

86 

88 

88 

89 
90 

92 



TABLE OF CONTENTS (Cont'd.) 

Nitrobenzene Oxidation of Acid-insoluble Residue fram Alkaline Hydro~sis of Birch Nitrolignin • • • • • •• 92 
Nitrobenzene Oxidation of Acid-insoluble Residue fram Alkaline Hydrolysis of Spruce Nitrolignin • • • • •• 93 
Permanganate Oxidation of Methylated Spruce 

Ni trolignin • • • • • • • • • • e • • • • • • • • • • 93 
Pennanganate Oxidation of 5-Nitroveratraldehyde • • • •• 95 
Preparation of 1-(4-H1dro~-3-Methoxyphenyl)-1-

Propanone • • • • • • • • • • • • • • • • • • • • •• 95 
Preparation of 1-(4-H1dr~-3-Meth~henyl)-1-

Propanol • • • • • • • • • • • • • • • • ; • • • • •• 96 
Preparation ot 1-(4-H1dro~-3-MethoX1Phenyl)-1-Metho:x:ypropane • • • • • • • • • • • • • • • • • • •• 96 
Preparation ot 1-(3,4-Dimeth~henrl)-1-Propanone. • • 97 
Preparation of 1-(3,4-Dimetho:x:yphenyl)-1-Propanol. •• 97 
Preparation of 1-(3,4-Dimeth~henyl)-1-

Metho2CYPropane • • • • • • • • • • • • • • • • • • •• 98 
General Proceduretor the Reaction of Model Campounds with Nitrous Acid • • • • • • • • • • • • • • • • •• 98 
Products fram 1-(4-Hydro~-3-Meth~henyl)-1-Propanol treated at pH 2 and 70° for 1 Hour •••••••••.• 99 
Products from 1-(4-Hydro~-3-Meth~henyl)-1-Metho~propane treated at pH 2 and 70° for 1 Hour • • • • • • 100 
Products from 1-(3,4-Dimethoxyphenyl)-1-Propanol treated at pH 2 and 70° for 1 Hour • • • • • • • • • • 100 
Products from 1-(3,4-Dimeth~henyl)-1-Methoxypropane treated at pH 2 and 70° for 1 Hour • • • • • • • • • • 101 
Products fram Veratryl Alcohol treated at 

'pH 2 and 70° for 1 Hour •••••••••••• • • • 
Products fram Veratryl Alcoho1 treated at pH 0.5 

and 100° for 1 Hour • • • • • • • • • • • • • 
Products tram 1-(3,4-Dimetho~heny1)-1-Propanol 

• • 

101 

101 

treated at pH 0.5 and 100° for l Hour • • • • • • • • 102 
Products from 3,y.ringy1 Alcohol treated at 

pH 2 and 70- for 20 Minutes • • • • • • • • • • • •• 103 



TABLE OF CONTENTS (Cont 'de ) 

Products from Syringaldehyde treated at 
pH 2 and 70° for 20 Minutes • • • • • • • • • • • • • • 104 

Products fram Syringic Acid treated.at 
pH 2 and 70° for 20 Minutee •••••••••••••• lOS 

CLAOO TO ORIGINAL RESEARCH •••••.••••• • • • • • • • • 107 

BIBLIOGRAPHY • • • • • • • • • • • • • • • • • • • • • • • •• 110 

; 



·e 

FIGURE 

1 

2 

LIST OF FIGURES 

Postulated Phenylpropane Monomers ot Lignin • • • • • 

Postulated Intermonomeric Linkages in Lignin • • • • • 

4 

S 

3 Mechanism ot Chlorine-catalyze~ Demethylation ot 
Phenolic Methyl Ethers as proposed by Sarkanen 
and Denee • • • • • • • • • • • • • • • • • • • •• 14. 

4 Products trom Reactions ot Nitrous Acid with Guaiaco1, 

s 

Veratrole, 2,6-Dimeth~henol and 
1,2,3-Trimethoxybenzene • • • • • • • • • • • • •• 22 

Water-soluble Products tram Reactions ot 
Ni trous Acid wi th Lignins • • • • • • • • • • • • • 2S 

6 Electrophilic DisplacElJlent Reaction ot HN02 on the 
Guaiac:v'lpropane Unite of Lignin • • • • • • • •• 26 

7 Intrared Spectra ot Birch Dioxane L~gnin and 

8 

Birch Ni trolignin • • • • • • • • • • • • • • • •• 30 

Infrared Spectra ot Spruce Dioxane Lignin and 
Spruce Nitrolignin • • • • • • • • • • • • • • • e 31 

9 Products tram the Hjdrolysis of Nitrolignin 
by Alkali • • • • • • • • • • • • • • • • • • • •• 38 

10 Infrared Spectra of Birch Nitrolignin and 
Acidified Residue !rom Alkaline Hydrolysis ot -1 
Birch Ni trolignin in the Region ot 1400-1800 cm • 41 

11 Infrared Spectra of Spruce Nitrolignin and 

12 

Acidi1'ied Residue fram Alkaline Hydrolysis ot -1 
Spruce Nitrolignin in the Region ot l4OO-18OO cm. 42 

Products 1'ram the Oxidation 01' Spruce Nitrolignin 
with Permanganate (after Alkaline Hydrolysis 
and Methylation) • • • • • • • • • • • • • • • • • 44 

13 Products trom Reactions of Nitrous Acid with 

14 

1-(4-Hydroxy-3-Metho~henyl)-1-Propano1 and 
1-(4 ... Hydroxy-3-Metho~henyl)-1-MethOJqpropane •• 49 

Producta !rom Reactions of Nitroue Acid with 
1-(3,4-Dimeth~h~1)-1-Propano1, 
1-(3,4-Dimeth~h~1)-1-Heth~ropane and 
Veratr,yl Alcohol • • • • • • • • • • • • • • • • • S2 



LIST OF FIGURES 

FIGURE 

15 Infrared Spectrum of . 1-(.3 ,4-DimethoocyphelVl)-
1-Nitropropane • • • • • • • • • • • • • • • • • • 56 

16 Mass Spectrum of 1-(.3,4-Dimethoxypheny1)-
1-Nitropropane • • • • • • • • • • • • • • • • • • 57 

17 Products from Reactions of Nitrous Acid with 
Syringy1 Alcoho1, Syringaldehyde and 
Syringic Acid • • • • • • • • • • • • • • • • • • • 61 

18 Mechanism of Nitrous Acid-catalyzed Demethylation of 

19 

21 

Phenolic Methy1 Ethers as proposed by Bunton et al. 65 

Mechanism of Nitrous Acid-catalyzed Demethylation of 
Phenolic Methyl Ethers as proposed by Bunnett 
8Jld Cook • • • • • • • • • • • • • • • • • • • • • 66 

Mechanism of Nitrous Acid Oxidation of 
4-Methyl-6-Nitroguaiacol as proposed by Sobolev. • 67 

Mechanism of Formation of 2,6~Dimethoxy-l,4-
Benzoquinone by the Action of Nitrous Acid on 
1,2,.3-Trimethoxybenzene as proposed by Bolker 
alld Kung. • • • • • • • • • • • • el' • • • • • • 69 

22 Proposèd Medhanism for the Formation of 2,6-Dimethoxy-

2.3 

24 

25 

26 

l,4-Benzoquinone by the Action of Nitrous Acid on 
Hardwood Lignin • • • • • • • • • • • • • • • • •• 72 

Reactions 'of rlX Groups" in Lignin •• • • • • • • • • 

Reactions of "Z Groups ri in Li.gnin • • • • • • • • • • 

Reactions of "B Groupsu in Lignin • • • • • • • • • • 

Constitutional MOdel of Spruce Lignin • • • • • • • • 

75 

76 

77 

80 

27 Isolation of Products of Alkaline aydrolysis 
of Ni trolignin • • • • • • • • • •.• • • • • • •• 91 



e 

TI 

LIST OF TABLES 

Anal.yeis ot Lignine betore and alter Treatment 
with Nitrous Acid (pH 2, 70·, l hour) •••• 

Effect ot pH on the Yield and Composition of 
Nitrol1gn1n (70·, l hour) •••••••••• 

• • • .32 

• • • .34 

III Ettect of Reaction Time on the Yield and Composition 
of Nitrolignin (pH 2, 70·) • • • • • • • • • • • •• .35 

IV Effect of Reaction Temperature on the Yield and 
Composition ot Nitrolignin (pH 2, l hour) •• • • • 



GENERAL INTRODUCTION 

Nitrous acid, generated 1D ~ from NaN02 and HC1, has been 

found to be an effective delignifYing agent in the bleaching of sulfite 

pulp Cl). The. suggestion that nitrous acid could be used instead of 

chlorine as the first stage in bleaching sequences for pulp (1) is 01 

considerable industrial interest, technically and economicallY. Most of 

the problem.s of the chlorination prc~~as, su..:lh as uniform mixing, pro

duction 01 by-product hydrochloric aCid,harmtul to both pulp and equip

ment, and hazards of sh1pping and handling, are not encountered in the 

nitrous acid system. In addition, sodi\DD nitrite, if used in the tonnage 

quantities required by the pulp and paper industry, should become a very' 

inexpensive bleaching chemical. 

The delign1fy1ng effect of nitrous acid is a result of several 

competing reactions occurring among the various structural components of 

the lignin, the latter being degraded into fragments which are soluble 

in water or dilute aqueous alkali. However, the mechanism of de1ignifi

cation has not been studied to aqy appreciable extent. The object 01 

the present investigation was to discover how nitrous acid degrades 

lignin, because this information might be applicable to the practical 

problem of delignifying pulps. This purpose vas approached in two W31's: 

by studying reactions first 01 isolated lignins, and second,. of related 

model compounds. Since the n?rma1 procedure for de1ignii)ing pulpe 

requires a second stage, i.e., extraction with alkali, such extraction 

on the portions 01 lignins which had not dis80lved in the aqueous nitrous 

--------------
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acid were a180 performed, and the degradation products tram this 

treatment were isolated and identitied. 

~------------- - - --- - - ------- -----
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HISTORICAL INTRODUCTION 

Chemical Constitution ot Wood Lignin 

Lignin occurs with cellulose and hemicelluloses as one ot the 

major components ot woody plant tissue. In mature wood tissue lignin 

is present in amounts ranging trom about 18 to 38% (2). It deposits 

partl1 in the intercellular spaces, where it ~ constitute up to 70 

percent ot the soUd present, and part~ in the JC;Ylem cell walls. 

Wood lign:!m can be di vided into two broad classes depending 

upon whether they occur in softwoods (gymnospems) or hardwoods (di

cotyledonous angiosperms). In sottwood lignin, the building units 

appear to be almoat entirely guaiacylpropane monomers, whereas in 

hardwood lignin they appear to be made up ot both guaiacylpropane 

and syringylpropane uni ta. As a minor component, some wood lignine 

may also contain E-hydroxyphenylpropane monomers. For instance, 

Leopold has isolated a smal.l amount (0.25 percent) ot ,E-hydrmey

benzaldehyde trom the nitrobenzene oxidation ot spruce wood lignin (3). 

However, in the lignins of grasses (monocotyledonous angiosperme) 

including bamboo, bagasse and straw, the ~hydroxyphenylpropane unit 

is said to be a major constituent (4,5,6,7). 

In the Ugnin macromolecule, the monomeric phenylpropane units 

are gener~ believed to be linked with each other both b,y ether and 

b,y carbon-to-carbon linkages. Figure 2 smmnarizes current views on the 

nature of such linkages in lignine These linkages were origina]Jy 

propœsl to account tor the chemical behaviour ot lignin, and it should 

be emphasized that man;r ot them have not yet been confinned b,y rigorous 



Guaiacylpropane 
Monomer 

-4-

CH.3 

Syringylpropane 
Monomer 

p-aydroxyphenylpropane 
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FIGURE 1 Postulated Phe~lpropane MOnomers of Ldgnin 
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FIGURE 2 Postulated In~ermonomeric Linkages in Lignin ( 2, 8) 
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ehemieal proof. However, the reeent biogenetie and bios,ynthetie etudies 

using C14-labelled preeursors (9,10) has given them strong support. AU 

the indeeisive ehemieal evidenee available and the bioehemieal proof as 

well have been reviewed bT Sarkanen (2) and will not be reviewed here. 

Lignin eontains a higb proportion of guaiac;yl earbinol elements, 

with iree or etherified phenolie or aleoholie ~l groups. From 

experiments on the methTlatian with methanolic hydroehloric acid of spruee 

milled-wood lignin and of a great variet)" of model canpounds, Adler (11) 

eoneluded that the total number of various types of guaiac;yl carbinol 

units is 0.4.3 per meth~l group.- Of these, 0.05 were shown to be 

guaiac)"l earbinol groups with both lv'dr<D1'ls free, and 0.14 vere non

phenolic benZTl alc~holie groups. The number of non-CTclic benZTl 

ether groupe would theretore 10e 0.4.3-(0.05 + 0.14) - 0.24. 

·C C 
~ !-oH ç 

~OH 

Qx~ 
0.05 0.14 0.24 perOC~ 

phenolie guaiac;yl .' etherified guaiacyl aryl carbinol 
carbinol carbinol ether 

Based on the reactivities of these guaiaa,rl carbinol elements towards 

sulphonation, Erdtman (12), Lindgren (1.3 ,14), and Mikawa et al. (15,16) 

di vided them into three types: 1. X groups - phenolie benzyl alcohol 

groupa, or their corresponding ethers, vere eulf'onated 1"~ in neutral 
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solution (pH 5-6); 2. z grOups - guaiac71 carbinols etheritied at the 

phenolic hydr~l groups, vere sultonated slowq in neutral solution 

but rapidly in acidic su1tite solutions; .3. B groups - guaiaC1'l 

carbinols etheritieel at l ;.\th the phenolic anel benzylic hy'clr0JeiT1 groupe, 

were sultonat~ only in an acidic mediUm. In the present stuclies, tour 

moclel compounels, 1-(4-hydr~-.3-methooqphenyl)-l-propanol (1), 1-(4-

hydro~-.3-meth~henyl)-l-methooqpropane (II), l{.3,4-climethoX1Phenyl)

I-propanol (III) and 1-(.3,4-dimethOJqphenyl)-1-methœ;ypropane (IV) 

vere s,ynthesized and their reactions ~th nitrous acid vere investigated. 

Compounds l and II represent X groups, canpound III represents Z groups, 

and compound IV represents B groups. 

It should also be mentioned here that lignin is considered 

to have the tollowing tunctional groups: (a) metho~l, (b) hydrOJC;Yl 

(both phenolic, and primar,y and secondar,y alcoholic groups), (c) 

carbo~l (traces), (d) terminal methyl, (e) carbonyl, (t) ethylenic 

linkages and (g) conifer,yl aldehyde groups. Among them, methOJeiTl is 

probab4 the Most characteristic. The methOJC1'l content of sortwood. 

protolignin has been estimated to be 15 to 16%, while hardwood. lignin 

contains al.5 to 21.5% (17). The meth~l group is expected to plq 

an important role in the delignitication process; for instance, its 

cleavage fram lignin may be accampanied b,y the introduction of a new 

hydrophillc grOl;.p, which would help to malte the lignin soluble in 

alkali. 

Sane Relevant Reactions ot Lignin 

Lignin is a hipq reactive substance. As Dlentioned above, 
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(1) (II) 
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its mole cule containe certain functional groups, Most ot which are 

tree to undergo their characteristic reactions. Functional groups, 

such as phenolic hyc:lrox7l and methox;yl, are electron-releasing suh

et1tuente Whieh activate the aromatic DUe le! and enhance their re

activities towards electrophilic displacement ~eactions. 

Ot all the reactione which lignin undergoes, electrophilic 

displacement, oxidation and demethy'lation are of particular importance 

because of their signiticance to pulping and bleaching pro~esses. In 

the wood pulp industries, chlorine represents the Most important 

bleaching chemical. Acidic chlorine water, which is used in the tirst 

stage of the commercial bleaching process, acts as a delignit,ying agent 

and converts Most of the residual lignin in pulps to water- or alkali

soluble forma. Likewise, industrial pulps can be produced !rom wood 

and straw b.f the nitration method, although this process has not yet 

proven competitive with the more conmon pulping procedures. Both the 

chlorination and nitration ot lignin are believed to involve electro

philic disp1acement, oxidation and demethylation. 

Chlorination (18-21) and nitration (22-28) of lignin usually 

invo1ve e1ectrophilic substitution resulting in the displacement of 

either or both a h1drogen atom or the side chain from the aromatic ring. 

The diflplacement of the side chain is significant from a practical view

point because it is responsible for degrading and solubilizing the 

residual lignin during the delignification process. B.1 analogy with 

aranatic substitution, the electrophilic dieplacement of the side chain 

mq proceed via a transitory s1pa ccaplex according to the tollowing 

scheme (2),29):. 
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R , R' = H or alkyl 

R" = H or CI-!;O-

+ where E represents the reactive species in the displacement reactions 

+ + of lignin, such as C12 and Cl in chlorination, N02 and N205 in 

nitration. The reactions have been shown to be particularly facilitated 

when the side chain contained a carbinol group adjacent to the ring 

(18,28) • The replacement of the carbino1 side chain by chlorine is a 

commonly observed reaction among model campounds such as vani11 y1 and 

veratr,yl alcohols, 1-(4-hydr~-3~ethOX1Pheny1)-1-propanol (1), 

1-(3,4-dimethoX1Phenyl)-1-propanol (III) and the end unite of spruce 

lignin as well (18,19,21). In nitration (23-28), the electrophilic 

side-chain displacement by a nitro group has been demonstrated by the '. 

isolation of 4,6-dinitroguaiacol (XI) fram both lignins and model 

campounds. 

It is of interest to consider the relative reactivities of the 

aromatic sites in sOIIle lignin model caapounda towards electrophiles. 

The site of attack of the electropb1lic reagent i8 determined by whether 
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or not the phenolic hydr~l group of the guaiae,yl nucleus 1s free. 

Chlorinat10n of lignin model compounds suggested the sequence of 

react1vit1es of the aromat1c sites as k6 > ~ > kS > k2 for an 

etherif'1ed guaiae,ylpropane unit (20) where k 1s the rate constant. Verr 

recent work b)" Van Buren and Denee (21) has suggested that during 

ac1dic chlorination the S- and 6-po~itions of the free guaiae,yl 

nucleus were acti vated to nearly the same degree, and S- and 6-mono-

chlorosubstituted products were found in about equal amounts. The 

sequence becomes kS == k6 >. ~ > k2 (21). This finding is in d1s

agre~ent vith the earlier reaction sequence proposed b)" Hibbert and 

co-workers (30) in which the 5-position of a guaiac11 unit wa8 

des1gnated as the Most react1ve site. In the nitration of guaiacyl 

derivatives containing free phenolic hydr~l groups (23-28), position S 

is also the most react1ve site, and no 6-nitro derivative has been 

isolated. However, whenthe phenolic hydr~l of the guaiacyl nucleus 

is blocked, substitution takes place ma1nl1 in the 6-position. Sub

stitution of the 2-position has also been observecl in the presence of 

a large amount of nitric acid (24). 

R, R' = H oralky'l 
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Lignin is verr 8U8ceptible to oxidation, and even under mild 

oxidizing conditions, it is partl1 broken down into aromatic acids. 

Under more draetic conditions, lignin is axidized toacids such as 

formic, acetic, oxalic and succinic (31) •. Under the relativelJ mild 

conditions used in the commercial bleaèhing process, it is convertecl 

into products which are soluble in either water or alkali. The 

oxidation reaction has been observed in the nitration of lignin model 

compounds; for instance, the formation of 2-hydrOJC1'-5-meth,.1 ... ,3-

nitro-l,4-benzoquinone (XLIII) frOID 4-methylguaiacol (32), 1-(3,4-

dimethOJQFPhelJ1'l).2.p~~one frOID 1-(3,4-dimethOJqphenyl)-2-propanol 

(25), and an orthoquinone fram 3-(4-hydroxy-3-meth~henyl)-1-propanol 

(26). In the reaction with nitrous acid, the formation of 2,6-dimethoxy

l,4-benzoquinone (XVII) tram a hardwood model, 1,2,3-trimethoxybenzene 

(XVI), is another example of oxidation (33). In the present studies, 

products fram the oxidation b.Y nitrous acid of both the aliphatic and 

aromatic portions of lignin have been isolated: 2,6-dimethoxy-l,4-

benzoquinone (XVII) from birch dioxane lignin and from its model 

compounds, syringy'l alcohol (XXXIX), syringaldehyde (m) and syringic 

acid (XXIV); 6~nitroveratric acid (XXXII) and 1-(3,4-dimetho~henyl)-

1-propanone (XXX) fram 1-(3,4-dimethoxyphenyl)-1-propanol (III); 1-(4-

hydroxy-3-methoxy-5-nitrophenyl)-1-propanone (XXIX) from 1.(4-hydroxy-3-

methoJC;fphenyl)-l-propanol (1). In the chlorination of llgnin, the nature 

of the axidation has been the subject of considerable speculation, much 

of which is unsupported b7 experimental results. In aU probabUi14Y, 

the chlorination involves oxidation ot the p,y.rocatechols to~ed as the 
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result of demethylation, and the1r conversion to the corresponding ortho.:. 

benz~ones. These compounds are stabilized either b,y undergoing 

turther oxidation or by' polymerization (21). 

Demethylation is another important campeting reaction which 

has been encountered in the nitration and chlorination of lignine Hibbert 

and co-workers (30) found that demethylation by' chlorine occurred most 

easi17 in acid solution, less easi17 in neutral solution and only to a 

negligible extent in alkali.Dence and Sarkanen (18,19) have proposed 

that in the acid1c chlorination of softwood lignin the formation of 

catechol derivatives is a result of demethylation. In the1r earl1 

publication (19) two alternative mechanisme were considered for the 

chlorine-catalyzed demethylation. The tiret consisted of an attack of 

the polarized chlorine molecule at the position para to the meth~l 

group, and resulted in the formation of intermediates, V and VI. 

(V) (VI) 

Either of these species may be converted to the free phenol with 

simultaneous generation of methanol and regeneration of the chlorine 

molecule. The second mechanism involved an attack of a molecular chlorine 

on the oxrgen atem of the methoxrl group, and of a water mole cule on its 

c~ atom, fellowed by' removal ot a molecule ot methan~l (Figure 3). 
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FIGURE 3. Meehanism or Ch1orine-eat~zed Demethy1ation 
of Phenolie Methy1 Ethers as proposed b.1 
:Sarkanen and Denee (19) 
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tater results from model compound studies showed the first mechanism 

to be less probable (34): whether the group para to a methooc;yl was 

chlorine or an aldehyde group had no major effect on the demethy'lation. 

Further.more, ~-substituents showed a strong inhibitive ettect which 

was not eas~ compatible wi th the tirst mechanism, and might be due to 

inhibition either ot the tormation of the transition complex ot the 

second mechanism or ot the proper solvation of this camplex (34). 

Recently, Van Buren and Dence (21) investigated the demethylation 

behaviour ot 1-(4-hydrooc;y-3-methQX1Phen;yl)-1-propanol (I) and 1-(3,4-

dimethaxyphen;yl)-l-propanol (III), and reported that the application 

of 1 mole of ch10rine reBulted in the lOBS of 30% of themeth~l 

content in the tirst compound and 10-15% in the second. However, 

the nature ot the aromatic products resulting tram the demethylation 

was not determined. In the nitration ot lignin, a loss ol metho~l 

content, as wall as the tormation ot methanol, has been observed (35). 

The occurrence ot demethylation has also been observed in the nitration 

ot aromatic methyl ethers (32,36,37). Bunton and co-workers (36) have 

suggested that these reactions have the nature ot a nitrosonium ion

catalyzed solvolytic cleavage (Figure 18). tater, when Sobolev (32) 

studied nitration ot a lignin model compound, 4-methylguaiacol, he 

proposed that S-methyl-3-nitropyrocatechol (XLII) was formed trom 

4-methTl-6-nitroguaiacol (XLI) via ter.molecular displacement catalyzed 

by nitrosonium ion (Figure 20). Recently, Sergeeva and co-workers (26) 

reported the formation ot a red crystalline substance tram the nitration 

of 3-(4-bydrooc;y-3-meth~heqyl)-1-propanol. Spectroscopic and chemical 

analyses indicated that the substance wu an orthoquinone contai ni ng a 
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nitro group in the S-position with respect to the unaffected side chain. 

The,r suggested that demethylation of 11gn1n during nitration proceeded 

·in the same manner. The mechanism ot nitrosonium ion-catalyzed de

methylation will be discussed in detai1 in a 1iLter chapter. 

Review of the Delignification ot Wood and Pulp with Nitrous Acid 

The potential utillty of nitrous acid as a delignitying 

agent was first suggested in a patent by' C1emo <:38) as earq as 1860; 

it claimed the use of "nitric or nitrous .acid, or the aqua fortis of 

commerce for converting straw and grasses into pulp su1tab1e for the 

manufacture of paper". C1emo treated straw and grasses wi th a dilute 

acid solution for 4. hours at 200 OF , and then digest.ed the w&shed 

residue With a di1ute alkaline solution st boiling temperature for 

2 heurs. He thus obtained a pulp which he deemed readiq bleachable 

by the methods then in common use. Young and Pettigrew, in 1884 and 

1885; received British, Canadian and U.S. patents (39) for a process 

for treating vegetable substances to produce fibers su1tab1e for making 

paper. The first step was reaction with nitric or nitrous acid. The 

treated products were subsequentq axtracted with alkali and thus 

reduced to a pulp which could be wsshed and b1eached, and afterward 

dealt wi th as ordinary pulpe In 1910, Schwalbe (AD). patented the 

use not OIÙ.J' of nitrlc and nitrous acids as pulping chem1cals but also 

of oxides of nitrogen and several other oxidizing agents. Darling (41), 

. in 1931, ws granted a patent for the use of a nitrogen acid as pulping 

agent. In bis specification, nitrogen acid ws referred to as nitric or 

nitrous acid, or ~valents thereot, such as, for examp1e, a mixture of 

sodium nitrate and sulphuric acid; sodium nitrite and hydrochloric acid 
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or sulphuric acid, or a solution ot tuming nitric acid which consista 

ot a mixture ot nitrous and nitric acids, etc. He claimed that when 

straw was treated with a nitrogen acid of a strength substantiall1 

equivalent to ~ HN0
3

' under conditions avoiding the liberation ot 

nitrogen oxides and physical disintegration ot the straw, tollowed 

by alkaline digestion ot the treated straw, the resulting cellulose 

was high in alpha-cellulose content. Dreyfus (42), in 1938 and 

1940, received patents which described more c1early the use ot nitrous 

acid as a pulping agent tor lignin-containing cellulosic materials such 

as wood, strawand the like. The nitrous acid ws generated in 

situ tram a suitable nitritè, such as sodium or potassium nitrite, 

. and an organic or a suit able mineral acid, present in amount 

sufficient or more than sufticient to decompose the nitrite. The 

nitrous acid treatment was again to~owed b7 a treatment with alkali. 

Further, Dreyfus mentioned the possibility, although without e.xamples, 

ot using the method tor the purification ot pulps which still contain 

residual lignine 

Clarke (43), in 1944, investigated the use of the nitrous 

acid system described b7 Schwalbe (40) ,i. e., a combination of 

equivalènt weights of sodiwn nitrite and hy<trochloric acid, and found 

that it was moderatelyeffective as a delignitication agent for pulps 

even with only 3% ot sodiwn nitrite. He also observed that temperature 

~s an important factor in the reduction of the lignin content of pulp, 

but he did not report the viscosities ot the pulps so delignitied. 

It should be noted that none of the prevïous authors appears to have 

recognized or suggested that acidit7 ot the reacting solution might be 
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a ke.r factor in controlling the degree ot del1gnification and v1scosit7 

of the pulps. 

Quantitative results on the PnJsical properties of pUlps 

del1gn1fied ldth nitrous acid were recEllt17 reported br Bolker Cl). 

He tound that unbleached pulps, particulàr17 sulfite pulp, ~ould be 

partiall1 del1gnitied b,y consecutive treatment with nitrous acid, 

generated iD ~ trom sodium nitrite and nJdrochloric acid, and aJ1ral1 ï 

without degradation of the cellulose. Anal1sis of 'a statistically 

designed series of experiments on a carmercial sulphite pulp of Kappa 

number 11.7 and v1scosit7 ,3,3.1 revealed that the removal of l1gnin and 

degradation of cellulose could be 1ndepend.ent~ controlled, as shown 

b,y equations (2) and (,3), which were derived b,y regression analJsia: 

K a - 1,3.5 - 0.69 P + 7.75 loget + 0.69 T - 1.04 10geC 

- 0.125 PT + 0.12 T 10geC ••••••••••••••••••••••••••••••• (2) 
. 2 

V a .30.4 - ,3.99 P + 0.51 loget + O.Z3"r - 2.08 P 

- 0.0034 T
2 + 1.27 P log t - 0.16 PT - 0.067 T log t •••• (,3) e e 

Mhere K a Percent reduction ot Kappa HUmber 

V a Viacosit7 (cp., 0.5% C.E.D.) 

T - Temperature (ec) 

t ='Time (minutes) 

P = pH 

C a Concentration (%) of sodium nitrite on pulp 

It ia clear fram these equations that the extent of delignification was 

a tunction of pH, temperature, t1me and concentration of NaR02, whUe 

the reduction in "vlsco.,it7 depended 0IÜ1' on pH, temperature and tille. 
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In contrast with nitric acid or nitrogen dioxide, nitrous acid can be 

generated in solution at various values of pH. Thus pH becames one 

of the variables in the search for optimum oonditions of delignification. 

Reyiew ot Reactions of Nitrous Acid with Isolated Lignin~~ 
Model Compounds 

As a delignification process, treatment w:l.th nitrous acid is unique 

in that, under conditions far milder than those employed in the conventional 

pulping operations, lignin ls more or 1ess readil1 degraded into fra~ents 

soluble in water or alkali. Although there le a large body of literature 

on the reaction of nitric acid with lignin and its model compounds, the 

reaction of nitroue acid doee not appear to have been inveetigated in 

a1'J1' detail. However, an earlJ contribution to this study came tram 

the field ot eoil chemistry when an effort ws made to determine, bl' 

reaction with nitrous acid, how much of the nitrogen in humic acid occurs 

as free amin9 groùps. Since a lignin-like trac.tion is believed to be a 

component of humic acid (44), Br~er (45), who recognized that lignin 

ltself could react with nitrous acid, studied this latter reaction so 

that he might determine how to distinguish it from the reaction of amino 

groups. Two-gram samples ot soluble native spruce lignin, Meadol, 

Indulin 'A, Tanlinite, alkali wheat lignin prepared according to Waksman 

and Jl'er (46a), alkali oat straw lignin prepared according to Norman 

and Jenkins (46b), acid oat straw lignin prepared according to Lancaster 

(40c) were each treated with ~ ml of 3N hydrochloric acid and 8 ml. of 

50% sodium nitrite solution at room temperature for varioue periode of 

time; aU )'ielded Ditrogen-containing l.1gni.na. It w&e found that lignine, 

like humic acide, fixed Ditrogen and lost methOlq'l groupe in their reaction 
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with nitrous aCid, and the amount ot nitrogen fixed increased with the 

time of reaction. The behaviour ot the nitrogen in moditied lignin in 

the Van Sl1ke method for determining amino groups vas al.so inveatigated. 

It ws found that lignin interfered with the estimation ot amino groups, 

and was respo~sible tor the hi8h apparent amino-nitrogen values obtained 

with humic acid preparations. 

Sarkar (47) has reported that treating lignin with nitrous 

acid, as with nitric acid, "" led' to the fomation of oxalic acid in 

considerable quantity. The nature of gases produced b,y the reaction 

has been investigated by several workers. Bi"Emner (45) observed the 

evolution of hydrogen cyanide and what appeared to be nitrous OJidde or 

nitrogen during the reaction. Stevenson and co-workers (48,49) dem.on

strated the presence of methyl nitrite among the reaction products ot 

the lignin-HN02 reaction. Since other experiments showed that ~ 

compounds containing the syringyl group produced methyl nitrite, they 

concluded that the syringyl group ws the structural unit in lignin 

responsible for forming this gaseous substance. The mechanism ot this 

type of demethylation, however, has not been defined. 

AIl the previous results seem to indicate that reaction ot 

lignin with nitrous acid is similar in many respects to ita reaction 

with nitric acid. For example, fixation ot nitrogen, destruction 

of metlnt;yl groups, formation" ot oxalic acid, and evolution ot gaseous 

products such as hydrogen cyanide, methyl nitrite, nitrous oxide and 

nitrogen, have aU been observed in the reaciion ot lignin vith nitric 

acid (,31). 

Recentq, Bolker!! al. (,3,3) studied the reactions ot nitrous 
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-acid with compounds such as guaiacol (VII), veratrole (xn), 2,6-

dimethoJC1l)henol (XIV), and 1,2,3-trimethOJeybenzene (XVI), an models tor 

various structures tound in lignin - (Figure 4). At pH 2.0 and 70·, 

treatment ot guaiacol (vn) with nitrous acid gave mainl.y the 4-monoxime 

ot 2-methoq-~,4-benzoquinone (VIII), ànd traces ot 6-nitro- (IX), 4-nitro-

(X) and 4,6-dinitroguaiacol (XI); veratrole (XII) reacted only slight17, 

producing traces ot XI and 4-nitroveratrole (nII); 2,6-dimethoxyphenol 

(XIV) J1,elded cerulignone (XV); 1,2,3-trimethQX1benzene (XVI) did not 

react. At pH 1.0 and 100·, VII J1,elded IX and X, both in greater yields 

than under m11der conditions; and XVI yielded 2;6~eth~-1,4-benzo

quinone (XVII) and S-nitro-l,2,3-trimethooqbenzene (XVIII). Thus, onq 

XVI underwent extensive demet~lation resulting in the tormation ot XVII. 

The mechanism ot demet~lation was turther studied and shown to tollow 

the sequence ot intermediates (50): S-nitroso-l,2,3-trimethoxybenzene 

-~) 4-nitroso-2,6-dimethoqphenol ) 2,6-dimeth~-4-oximino-

2,S-a,vclohexadienone-l (Figure 21). 

Results trom these model canpound m;periments (33,50) provide 

some important information tor the study ot the mechanism whereb,y nitrous 

acid degraded lignin in the delignitication process. For instance, it 

gave a possible mechanimn tor the cleavage ot the phenyl ether linkage 

in hardwood lignine However, since electrophilic side-chain displacement 

is one ot the most important campeting reactions in the bleaching process, 

in order to study the mechanism ot- the degradation, ii; seems necess&l7 to 

include a studJ on reactiona ot some other model campounds with a aide 

chain RAU- to a h7dr~1 or etheritied ~œr;rl group in the aromatic DUclei. 

In part ot the present studies, th11 Une ot attack hal been pursued. 
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RESULTS AND DISCUSSION 

Degradation ot Lignin vith Nitrous Acid 

When birch dioxane lignin was treated vith aqueous nitroua 

* 
acid at pH 2 and 70- tor l hour, an insoluble residue (90% yield ) 

remained in the acid liquor. From the latter 4-nitroguaiacol (X), 

4,6-d1nitroguaiacol (XI), 2,6-d1metho.x;y-l,4-benzoquinone (ml) and 

oxalic acid were iaolated in yields ot 1.06%, 2.61.%, 1.06% and 1.80%, 

respectiveq. Spruce lignin, subjected to the same treatmenti 71el.ded 

o~ the two nitro compounds (X, 4.81%; XI, 0.47%), ·oxalic acid (1.09',() 

and 95 percent or insoluble residue. The two nitro compounds, X and II 

are products ot the electrophilic displacement ot aliphatic· aide ehaina 

ot pheJ1Tlpropane units, while 2,6-dimethOJ!;Y-1,4-benzoquinone (XVII) is 

product ot electrophilic displacement and oxidation as welle 

The electronic influences operati ve in the guaiacyl nucleus 

ot lignin during the action ot nitrous acid are 8uch that the electro

phile is directed strongly to the position pya or ortho to the 

phenolic hydrooc;yl. Substitution ot the nitroso group ~ to the 

phenolic hy'drooc;yl causes the displacement ot the prop,yl side chain, 

by' which. the end uni ts ot lignin are cleaved trom the remainder or 

lignin macromolecule. This displacement glves rise to the ex:pected 

product, '~~nitroguaiacol (X). When both nitroso substitution at 

the ~position and side-chàin displacement at the Ril!-position 

are applieci to the same gua1ac71 unit, a water-soluble canpound, 

* Yiel.ds are expressed bere as a percentage ot the start1Dg mater1al. 
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N02 ~ ~ HND2 Qx"!3 + 02N9cH3 +CIB CH3 Birch Dioxane Lignin :. 
pH2~ 700 

(x) (XI) 0 (xvn) 

(1.06% yie1d) (2.64% yie1d) (1.06% yield) 

~Z·2ftP 
(1.80% yield) 

N 
\II 

HND2 
'{/;OH.21f!J Spruce Dioxane Lignin ~ X + XI + 

pH 2, 70
0 

(4.81% yield) (0.4'7% yield) 
OOH 

(1.09% yield) 

FIGURE 2 Water-soluble Products fram Reactions of 
Nitrou8 Acid with Lignins 
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(x) 

FIGURE 6 Electrophilic Displacement Reaction 9f HN02 on the Guaiaa,ylpropane:Units of Lignin 
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4,6-dinitroguaiacol (XI) is formed. In the absence of side-chain dis

placement by the nitroso group, nitrosation of the aromatic rings occurs 

in the vacant position ortho to phenolic h7droxyls, as shown by the 

isolation of a series of 5-nitro phenolic compounds trom. the alkaline 

digestion of nitrolignin. This reaction will be discussed in a 

separate section. 

Aromatic substitution b.r Ditrosating species has been in

vestigated and summar1zed by several authors (36,51,52). Bunton ~ li . . 
(36) concluded that the reaction of nitrosonium ion with the aramatic 

nucleus, when no point of attachment for the ion is present in aD7' 

side chain, involves a rate-detem1n1ng addition of the nitrosonium 

ion, succeeded by a fast ejection of the aromatic proton, and a fast 

oxidation of the nitroso- ocompound to a nitroocanpound. However, 

more recentlT, the existence of a significant kinetic hydrogen-isotope 

eftect( kH/kD = 3~6) W&S interpreted by Ibne-Rasa (53) in terme of a 

two-step mechanism involving the reversible formation of a qŒinonoid 

interm.ediate, Q2' which then undergoes loss of the proton to give the 

nitrosated product: 

NOX + X-

Ga?TS + 8H+ 
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where B is the solvent or an added base, and NOX is the nitrosation 

carrier. Since the kinetic hydrogen-isotope ettect is pronounced . 

and since this reaction is base-catalJzed, the second step must be 

rate-determ1n:ing. The vin is in accord with the views ot other 

authors. For example, reactions such as the iodination ot phenol where 

the ring deuterated phenol reacts at onlf one-tourth the rate ot the 

unlabells:l phenol (54), and aromatic sul.tonation where H3 is substituted 

considerably more slow11' tban r (55), are believed to tollow the two-

step mechanism, the second step being rate-controlling. More recent11', 

Schmitt (56) proposed a mechanism of nitrosodeprotonation of phenol which 

is essentially the same as the above. B;y analogy with aromatic sub

stitution, the electrophilic displacement reaction maT also proceed via 

a trans:Ï.tor;y sigma complex as shawn in equation (1). (2),29). 

It has prev10usly been reported that on11' the analogue ot a 

1'ully etherified hardwood lignin, such as 1,2,3-trimeth~enzene showed 

ev1dence ot &DY'. appreciable degree ot demeth1'lation (Figure 4, XVI~xv.n) 

(33). This evidence, together with the formation ot 2,6-d1meth~-1,4-

benzoquinone (XVII) tram birch dioxane lignin, suggested that the pheJ'J1'l 

ether links in hardwood lignins might be more readily cleaved than in 

sottwood lignins. This reactivit7 maT be responsible tor the previous 

results that hardwoods are more readily pulped than softwoods b7 mixtures 

ot nitric and nitrous aci~s (57). This suggestion was further sub-

stantiated b7 the observation that, under the same degradation conditions, 

the 71eld ot insoluble residue tram hardwood lignin 1s lower than that 

tram sottwood lign1n, and, an digestion with a'kal1 , the llardwOod 

residue dissolved ccmpletelT while the sottwoocl did note 
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Fixation ot Mitrogen and Demetbylation 

The inf'rared epectra ot insolubleproducts obtained trOm the 

react10n ot nitroua ac1d with b1rch and spruee lignine revealed a band 

at about 1550 cm -l, not present in the spectra of the original lignine 

(Figures 7 and 8). It thus' appeared 1ike~ that nitroso or nitro canpounde 

were tormed. '. Spot tests (58), us1ng phenol and: sulturic aCid, and sodium 

pentae,yanoamine terroate, respective~, tailed to indicate the presence 

ot nitroso groups. Quantitative determination by titanou8 cfùoride, based 

on the method proposed by Kneckt et!l. (59), and moditied by Ma et al. 

(60), showed that ni trogen in the modified lignin ws present maillly 

as nitro groups and 0IÙ.1' traces as nitroso groups; 80me nitrogen ws 

present in another torm not yet determined. For instance, the product 

trom the birch lignin - HN02 reaction at pH 2, 70° and 1 hour contained 
.. 

76.4% ot the total nitrogen present as nitro groups and ollly 2.1% present 

as nitroso groups;' the product tram spruce lignin contained 80.1% ot 

the total nitrogen present as nitro groups and 1.4% as nitroso groups. 

However, an iodometric method(6l) indicated the absence ot nitroso group 

in both insoluble products. The absence ot the nitroso group can be 

attributed to its insta~ility towards oxidizing agents such as NO+ and H20e 

+ . 
NO in the aqueous HN02 solution. It is reasonable to believe that the 

lignin-HN02 reactioninvolves nitrosation tollowed by oxidation ot the 

nitroso compound, as does the nitrous acid-cat~zed nitration ot aromatic 

compounds (36). For convenience, the insoluble lignine are commollly reterred 

to as "nitrolignins". 

The nitrolignins tram treatment ot th~ originslJ1 butf-coloured 

lignin with nitroue acid vere ligbt brown' in colour. It w&e 
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TABLE l 

~ysis of Li e 0 e 
with Nitrous Acid 

Samp1e 

Birch dioxane lignin 

Product from birch 1ignin 

Spruce dioxane 1ignin 

Product from spruce lignin 

N Content (%) 
o 
0.93 
o 
2.06 

QHJO- Content (fo) 

::!J.7 
18.2 

15.4 
13.6 
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tound that the product obtained tram b1rch dioxane 11gn1n (pH 2, 70-', 

1 hour) contained 0.93% ot nitrogen and 18.2$ of methoql, while that 

tram spruce lignin contained 2.06% of nitrogen and 13.6% of mGthoql. 

Clearly, treatment of nitrous acid led to the tixation of nitrogen and 

destruction ot metho.xyl groups (Tabl.e 1). 

It w&s tound that the amount of nitrogen tixed and the amount 

ot methoql lost increased with the initial pH of the mixt.ure, reaction 

time and temperature. The nitrogen and methoql contents, and the pelds 

ot the insoluble products tram experiments done with var,ying acidity, 

reaction time and temperature are given 'in Tables II, III and IV. The 

methQX1'l group determinations were done by the method ( slightly 

moditied) developed by Cobler et al. (62). It w&s tound t~t nitrosation 

ot lignin, or more correctly, the action of nitrous acid on lignin, 

occurred more readily with increasing acidity, temperature and reaction 

time, as shown by the increase in nitrogen content. However, reactions 

at temperatures above 90- gave irregular results, for example, birch 

and spruce nitrolignin8 obtained trom reactions: at 95- contained 1.07% 

and 0.93% of nitrogen, respectively, which were lower than the values 

obtained trom reactions at 90-. At temperatures above 90-, the powdered . 

lignin resinitied into anadhesive and elastic mass, an~ hence impaired 

the vigorous st1rring ot the react10n s.ystem. This thermal sottening 

and adhesive behaviour has been investigated.by GoriDg .!!!!l. (63,64); 

it 1s due to a glas8 transition in the lignin pol1mer and the temperature 

at which lt oc cure le lover in the presence ot water thaD in dr7 Ugnin • 
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TABLE II 

Effect of p'H on the Yield and Composition 
of Ni troligm"n (70 0

• 1 hour) 

Starting Lignin Initial !2H of Ana~sis of NitroliSBin Yield z ~ 
Reaction Uixture l!Wf CH 0- d 

-3~ 

Birch dioxane lignin 3 0.47 18.6 92 

Birch dioxane lignin 2 0.93 18.2 90 

Birch dioY~ne lignin 1 1.15 18.0 78 

Birch dioxane lignin 0.5 1.29 17.8 7e 

Spruce dioxane lignin 3 1.63 14.6 96 
Spruce dioxane lignin 2 2.06 13.6 95 
Spruce dioxane lignin 1 2.09 12.7 90 
Spruce dioxane lignin 0.5 2.30 11.1 88 

• 
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TABLE III 

Effect of Reaction TL~e on the Yie1d and Co~osition 
of Nitro1ignin (pH 2. 70°) 

Startine; LiR!lin Tirne of Reaction ' Ana~sis of Ni tro1ie;uin Yie1d l ~ 
(hours) 

liWf. CH
3
0- 1 % 

Birch dioxane 1ignin l 0.93 18.2 90 

Birch dioxane lignin 3 1.10 17.1 87 

Birch dioXélIle 1ignin 5 1.18 16.8 80 

Birch dioxane 1ignin 7 1.23 16.5 78 
Spruce dioxane lignin 1 2.06 13.6 95 
Spruce dioxane 1ignin 3 2.06 13.0 93 
Spruce dioxane lignin 5 2.07 12.4 90 
Spruce dioxane lignin 7 2.08 12.1 89 

• 
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TABLE IV 

Effect of Reaction T~ erature on the Yield and 
Composition of Nitro1ignin pH 2, 1 hour 

Starting Lignin Tem)2erature of Anat~sis of Nitro1i~ Yie1dl~ 
Reaction (Co) 1ia..1 m!JO-. % 

Birch dioxane lignin 30 0.66 20.1 93 
Birch dioxane lignin 50 0.86 18.6 91 
Birch dioxane lignin 70 0.93 18.2 90 

Birch dioxane lignin 90 1.18 18.0 79 
Birch dioxane lignin 95 1.07 18.9 77 

Spruce dioxane 1ignin 30 .0.71 13.8 99 
Spruce dioxane 1ignin 50 1.15 13.8 97 
Spruce dioxane lignin 70 2.06 13.6 95 
Spruce dioxane lignin 90 2.25 12.1 90 
Sprucedioxane lignin 95 0.93 13.8 89 

• 
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The )"ields of the insoluble Ditrolign1ns under ditterent 

conditions a1so revealed that the degree of degradation of llgnin 1I&S a 

function of pH, temperature and time. This result 1I&S consistent with 

the equation for reduction of Kappa number of pulp as found b,y Bolker (1). 

It should be noted that sottwood lignin, a1though less re~ 

degraded, could have been "idtrated" or "nitrosated" to a greater ment 

than hardwood l1gnin as shown by its greater nitrogen content. This 

nitrogen-ricb nitrolignin, however, 1I&S less readily soluble in alkali. 

At this point, we can assume that delignification using nitrous acid 

consists of nitrosation and oxidation, the latter rather than the former 

determining the solubiUty of the modified lignin. Since the normal 

procedure for del1gnifieation of pulp requ1res a second stage, i.e., 

extraction vith alkali, both the birch and spruce nitrolignins were, 

accordinglf, digested in HaOH solution and the compounds thus solubilized 

were isolated and identified. The results will be discussed in the next 

section. 

Alkaline Hzdrolysis of Nitrolignin 

Nitrolignins recovered trom the reaction of lignins with nitrous 

acid were subjected to alkaline hydrolysis vith N sodium hydroxide solution 

at 80° for 24 hours. The aqueous solution 1I&S tUtered and acidified vith 

dilute hydrochloric acid. A brown precipitate 1I&S produced; it. ws fUtered 

off while hot. In the alkaline treatment about 2A% of birch and 2l$ of 

spruce nitrolignins were degraded into substances which could not be 

precipitated b,y acidification. The acidic solution ws tirst ext.racted 

vith chloroform and then ether. By thin-lqer chrClll&tography using a 

solvent qatem consiating ot benzene-methano1 (1: S. S), the chlorotom 
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+ XXII + XXIII 
(1.81% yie1d) (0.13% yie1d) 

FIGURE 9 Products from the Hydro1ysis of Nitro1ignins byAlkali 
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extract of birch nitrolignin gave vani1l1n (XII), 5-nitrovaniJ l1n (II) 

and syriDgaldehyde (In) (with Rf 0.44, 0.12 and 0.30, respective~). 

The ether extract, on thin-lqer chromatograph1' using a solvent mixture 

of n-but;rl ether (saturated with water) - glacial acetic acid (10:1), 

showed three ~ones at Rf 0.43, 0.34 and 0.25. These zones vere scraped 

from the plates and' the eluates were identified as vanilllc (XXII), 5-nitro

vanillic' (XXIII) and s,yringic ,(XlIV) acids, respectiv~. Similar 

,treatment of spruce nitrolignin gave rise to vanillin (XII), varJillic acid 

(IIII), 5-nit;rovanill:1.n (XI) and 5-nitrovanUlic acid (XXIII). 

The formation of 5-nitrovanillin and 5-nitrovanillic acid was not 

surprising, because of the lmown presence of free phenolic h7droql groups 

in ligninj these groups have a high activating strength and an ~ 

~ directing influence, and should induce 5-substitution during nitro

sation. The presence of free phenolic hydrOX1'l groups in nitrolignins 

was also indicated b;r their infrared'spectra, which had a strong band 

at 3450 c.m-l (Figures 7 and 8). Chromatographic evidence indicated the 

absence of 6-nitrovanillin or 6-nitrovanillic acid among the products of 

hydrolysis. The result was itl contrast with those fram the hy"drolysis 

or alkaline oxidation of other lignin derivatives. Pearl (65) isolated 

6-chlorovanillin from the ether extract obtained !rom the chlorite liquor 

in which black spruce wood holocellulose had been digested. Lautsch and 

Piazolo (66) obtained 6-bromovaniJlin b.1 treating cuoxam spruce bromo

lignin with 10% potassium hy'drox1de and oxygen in the presence of cobaltio 

hydroxide. However the)" did not isolate arrr detectable amount of 5-

bromovanillin, although the free phenolic groups in lignin have a strong 

orienting influence towards aubstitution in the 5-position. Jqne (67), 
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also reported the isolation ot6-chlorovanill1n and the absence ot S

chlorovanill1n trom the oxidation ot chlorite l1gnin with alkaline 

nitrobenzene. He suggeeted that the guaiaa.vl unite ot lignin containing 

frae ph"llol1c b7c1roql IJ'OUP. m1&ht po •• lblT und.rao ohlorinatlon 10 

the S-position during the chloriting reaction, and vere cleaved or de

graded !rom the more resistant position ot the l1grdn Molecule which was 

1ater iso1ated as chlorite lignin. In fact, Barton (68) found the phenolic 

group to be absent !rom. chlonte lignin. Recentl1', Denee and Sarkanen (18) 

indicated., by spectrophotometric techniques, that veratr.r1 and vanillyl 

&lcoho1s and spruce lignosultonic acid alike underwent rapid substitution 

by chlorine into the 6-position ot the aromatic nucleus. However, experiments 

with mode1 compounds containing phenolic hydrooc;yl groups J2.K§. to their 

aliphatic side chains have demonstrated that chlorine substitutes in the 

S-position of these nuclei as well (18, 21). 

In the present studies, the isolation of S-nitro phenolic com

pounds 1eads·to the conclusion that during the nitrous acid treatment, in 

the absence of side-chain displacement by nitroso groups, nitrosation of 

aromatic rings in lignin occurs in the vacant position ortho to phenolic 

hydroxyls. As 1ater seen in the studies ot model compounds, the fonnation 

·of 1-(4-hYdrooc;y-3-methoxy-S-nitrophenyl)-1-propanone (XXIX) among other 

products !rom the action of nitrous acid on 1-(4-hydroxy-3-meth~henyl)-1-

propanol (I) seemed to substantiate this point. 

Nitrolignin recovered. b.r acidit,ying the alkaline hydrolysis mixture 

was obta1ned in 76.1$ yield trom. birch, and 79.0% Iran spruce. The tormer 

contained 0.2>% of nitrogen and 17.9% ot methooc;y1, and the latter 0.4S% 

and 11.91%, respective17. Thus, about 70 to 80% ot the Ditrogen in 
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nitrollgnins had been removed from the maoromo1ecules in the h7dro17sis 

prooess. Infrared speotra also showed a remarkab1e reduction in the 

intensit,. ot the band at 1550 cm-1 (Figures 10 and 11). Demeth7lation 

appeared to be another important aspect in the alkaline h7dro17sis 

process, as indicated by the reduced metboq1 content of the recovered 

nitro1ignins. 

Repetition of the hydroly'sis of these recoVered nitrollgnins 

yie1ded additional amounts of the same degradation products. Oxidation 

with nitrobenzene yielded onl1 the products previously' obtained from the 

liquor of the alkaline digestion as shown by' comparing the thin-lqer 

ehromatograms. 

Permanganate Oxidation of Methylated Spruee Nitrolignin 

The permanganate method has been widely' used for elucidating 

the structure of lignine This method, developed by Freudenberg (69,70), 

consists of the hydrolysis of phenolie ether linkages by alkali, followed 

by methylation to proteet the phenolie groups thus liberated and by 

pemanganate oxidation that degrades the side ·chain3 to carbOJtYlic groups. 

A significant part of the information concerning the occurrence of phenyl

propane units in lignin substttuted cr unsubstituted "in the 5-position has 

been obtained by this method (2). When spruce nitrolignin WBS subjected to 

àlkallne· hydrolysis, then methylation and subsequent oxidation, it yielded 

5-nitroveratric (XXV), veratric (XXVI), isobemipinic (XXVII) and de

hydrodiveratric (XXVIII) acids. 

It ls said that substituted guaiac,ylpropane units ~ eonstitute 

up to 50% of sottwood lignin macromolecules. The groups are or tw dirrerent 
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types (2). In the major1t7 of subst1tuted units, the 5-pos1t10n 1s 

linked to a carbon atam or the s1de chain of the other unit. 

J3-5' intermonomeric linkage 

These subst1tuted units are partially converted to isohemipinic acid 

(xxvn) b7 the h7drolys1s-meth7lation-oxidation treatments (69,70). 

The isolation of isohemipinic acid (XXVII) fram nitroUgnin indicated 
, 

that some of J3-5 C-C bonds had survived nitration. The smallyield 

of deh7drodiveratric acid (XXVIII) showed that some biar,yl links had 

also survi ved. 

5-5' intermonomeric linkage 

From spectrographie studies, Aulin-Erdtman (71) has eetimated that 

about 5% or euch unite containiDg tree phenol1c h7dr0Jq'1 groupe were 
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present in Brauns' native ligr.ir. t'rom coniters and less in other 

preparations ot coniterous lignins. 

The veratric acid (XXVI) isolated was deri ved from un-

substituted guaiacyl units in the lignin macromolecule, while 5-nitro

veratric acid (XXV) ws derived trom "nitrosated" units. Since it 

has been previouslJr reported that part of the veratric (XXVI) and iso

hemipinic (XIVII) acids was destra,yed during the oxidation (69), the 

amount of aromatic acids actually tormed should have been larger than 

that tound. As a matter of tact, pure 5-nitroveratraldehyde, when 

oxidized·b,y KMn04 in alkali y1elded onl1 61.9% ot 5-nitroveratric acid 

(XXV), with no trs:ce of residual 5-nitroveratraldehyde. This indicated 

that 5-nitroveratric acid (XXV) ws also ver,y sensitive to KMn04. The 

formation of XXV tromnitrolignin substantiated the earlier conclusion 

that during the treatment with nitrous acid (at pH 2, 70-), in the 

absence of side-chain displacement b,y nitroso groups, nitrosation ot 

the aromatic rings in lignin occurred in the.v.àcant .. position·.2I1Jl2 to the 

phenolic hydroxyls. 

Reaction of Nitrous Acid with Model Compounds representing Units ot Lignin 

In the present studie&, since the comple7JLty of the products 

fram the reaction or nitrous acid and lignin itself made structural 

evaluation extremelJr ditficult, the subject was approached b,y using 

model compounds related to lignin. Although the compounds used here 

!DaY have been simpler than the' actual structures which occur in lignin, 

sane of the products vere the same as tbose obtained frai iisolated 

lignins treated with nitrous acid. The results trca the model caapound 
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experiments have he1ped to exp1ain the reaction ot l1gnin under .'m11 ar 

conditions. 

1) Modal Compounds tor Sottwood Lignin 

Of the mcx:l.l compound. us.d, 1-(4-~-.3-methOXifPheDT1)-

1-propano1 (I), 1-(4-hydro.x;,y-3-methooqphe111'1)-1-methooqpropane (II), 

1-(3,4-dimethoxyphenyl)-1-propano1 (III) and 1-(3,4-d1methoxy

pheny1)-1-methoxypropane (IV) represented non-condensed, etherified and 

non-etherified softwood l1gnin·un1ts. 

Compounds l and III were prepared by reducir~ 1-(4-hydr~-

3-meth~heny1)-1-propanone and 1-(3,4-dimethooqpheny1)-1-propanone 

with sodium borohydride. The ketones had been obtained by means of a 

Friedel-Crafts type of synthesis, using po~hosphoric acid as the 

Lewis acid catalyst according to the procedure deve10ped by Nakazawa (72) 

and by Gardner (73), respectively. 

~fB~ RO 0 1 CIt!CIt3 

R = H, CI-f3 
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The camp1eteness of reduction of the carbo~l tunctions WBS deter.m1ned 

!rom infrared spectra. Compounds II and IV were prepared trom their 

corresponding alcoho1s l and III b7 meth7lation lfith methanolic h7dr0-

chloric acid as described b7 Sergeeva and Shor;ygina (27). Elemental 

analysis of the meth7lated produclD gave results which agreed with 

the structures II and IV, and thus indicated that l, II, III and IV had 

all been the desired compounds. 

When 1-(4-hydrœ;y-.3-methoX1Pheny1)-1-propano1 (I) was treated 

with a~eous nitrous acid at pH 2, 70· for l hour, 4-nitroguaiaco1 (X), 

4,6-dinitroguaiaco1 (XI) and 1-(4-h7drœ;y-.3-meth~-5-nitropheny1)-1-

propanone (XXIX) were iso1ated fran among the reaction products. The 

* yie1ds were X, 1.1%; XI, 1.3.8%; and XXIX, 1.6%. S1mUar treatment 

of 1-(4-h7drOJCY-.3-meth~heny1)-1-methoxypropane (li) gave rise to 

1 • .3% of X and 11.9% of II, and a black gumm;y mixture whose nature 

could not be determined. 

Frœ the results it seemed apparent that the tree guaiacy1 

units in lignin reacted readi17 under mild conditions, and that the nitroso 

R " R' = H or &ll<;y1 

* Yie1ds are expressed here as a percentage of the starting material. 
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(13.8% ,-ie1d) 
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FIGURE 13 Products from Reactions of Nitrous Acid with 
1-(4-~dr~-3-Meth~heny1)-1-Propano1 (1) and 
1-(4-Hydr~-3-MethOXJPhenr1)-1-MethOX1Propane (II) 
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group substituted in the 5-position and displaced the side chain ot 

these aromatic nuclei 8S we1l. From the isolation ot the axidation 

product, 1-(4-hydroJO"-3-iD.eth~-5-nitropheDT1)-l:.propanone (XXIX), it 

might be concluded that simjJar oxidation ot ben~l alcoholic OH 

occurred in lignine Moreover, it seemed that etheritication ot the 

ben~l alcohol group ot guaiaa,rl unite did not retard the side-chain 

displacement to a great extent, but it did lead to. faUure to ieolate 

the benql ketone. Cœnparing the 1ields ot X and XI tram l and II, 

it seemed that oxidation ot the side chain vas Dot a Decessar.y step 

preceding electrophilic substitution. Treatment ot l (representing 

X groups in lignin) with nitrous acid might rollow the sequence ot 

reactions: 

. (1) 

(XXIX) 



:1 

- 51 -

The tirst reactions were displacement ot the side chain or nitration at 

C-5. The second reactions were displacelilent of the side chain or oxida

tion ot.. the benQ'l alcohol group. Canpound II probablJr fo11owed a 

s1m11 ar reaction sequence except that no oxidation of the side chain 

occurred. 

Etherification ot the 4-~1 group ot guaiaC11 units, 

however did have a strong retarding etfect on the displacement ot the side 

chain. This W8S demonstrated tram the studies of the verat171 mode! 

compounds. The compound 1-(3,4-dimeth~h~1)-1-propano1 (IIIhreacted 

with aqueous nitrous acid at pH 2 and 70· for one hour, tormed 44 .• 0% of 

1..,(3,4-dimethœypheny'1)-1-propanone (XXX) and 11.8% of 1-(3,4-dimethOJq'

pheny1)-1-nitropropane (XXXI). Fran its react1cnwith nitrous acid at 

pH 2 and 10°, 1-(3,4-di.methoxypheny'1)-1-metho:x;,ypropane (IV) W8S recovered 

unchanged in a yie1d of 67.0%, and 1:(3,4-dimethoxypheD11)-1-propanone 

(XXX) W8S found in 6.0% yield with a small amolint (0.6%) of 1-(3,4-

'dimeth~h8D11)-1-nitropropane (XXXI). 

Failure to isolate 4\-nitroveratrole (XXXIV) or 4,S-dinitro

veratr01e (XXXV) demonstrated that electropbil1c substitution in 

compounds III and VI either didnot occur at all, or was substantiall7 

retarded. When the results obtained were applied to consideration of 

lignin itselt,they indicated that etheritied guaiacyl units in lignin, 

under the same reaction conditions, probablJr vere 1ess prone to undergo 

e!ectropbil1c substitution, either the displacement ot an aromatic 

~gen or a side-chain displacement than wen thq were tree. More 

drastic treatment, such as increae1Dg acidit7, temperature, and 11H02 
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concentration is reqgired. 

In tact, nI, when treated with HN02 at pH 0.5 and 100· tor 

1 hour (III: NaN02, 1:10), gave ~nitroveratric acid (XXXII), 1-(3,4-

dimeth~-6-nitropheny1)-1-propanone (XXXIII), 4-nitroveratro1e (XXXIV) 

and 4,S-dinit.rovêrat.ro1e (mv). The fields wars 12.6%, 1a.~, 10.9% 

and traces, respectively. By the same treatment, veratr,y1 alcoho1 

(XXXVI), which had yie1ded 0lÙ.7 veratraldebyde (XXXVII) at pH 2 and ?O., 
was transtormed to 6-nitroveratric acid (XXXII), 6-nitroveratraldebTcle 

(XXXVIII), 4-n1troveratro1e (XXXIV) and 4,5-d:initroveratro1e (XXIV). 

The yie1ds were 9.6%, ro.8%, 8.8% and trace~ respectively. 

This evidence indicated that nitrosation of etherit1ed 

guaiacy1 units, under the conditions used in these experiments, 

resulted in the introduction of a nitro group tnto the ring on carbon 

. 6, and e1ectrophilic displacement and oxidation ot the side chain 

as welle The seqUence ot reactions ot III (representing the Z groups in 

llgnin) ma"1 be. generalized 8S tollows : 

1 (XXXV) 

(In) 

(xml) 
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The f'irst reactions were ox1.dation of the benBTlic ~l group (main 

reaction) or displacement of the side chain. The a-keto group could have 

& retarding effect on turther reactions. Onlr on treatment under draati* 

conditions. vas the N02 group introduced into the 6-position of the 

aromatic nuclei, and final.ly, the side chain ox1.dized again to give a 

carbœ;yl group. The nitro group at C-6 withdra1f8 electrons trom C-l, 

b,y both mesaner1c and inductive effects, and induces stabilit7 of the 

side chain towards electrophilic displacement. Bence, onll' to a ver,

small ment, the ox1.dized side chain of the nitro compound might be 

displaced b,y an N02 group to give 4,5-dinitroveratrole (XXXV). This 

finding vas ditferent fram that reported with respect to chlorination 

of model compounds, in which the mesaner1c etfect ~f the substituted 

chlorine at C-6 would activate C-l and counterbalance part of the 

inductive effect; in the chlorination of III, 4,5-dichloroveratrole 

was found in appreciable amount (21). 

It should be noted that, in the present series of experiments 

on model campounds, althougb cleavage of. the side chain, including 

oxidation and electrophilic displacement, took place onll' to the ment 

of 13-24%, such c1eavage, especial.ly that in Z·groups, would effective~ 

reduce the size of the l1gnin macramo1ecule. Such a reduction might 

increase the solubilit7 of lignin even if c1eavage had occurred onll' 

in a small proportion of the pheny1propane units. 

The ident~7 of a n8W compound 1-<:3,4-dimethQX1Pheny1)-1-

nitropropane (XXXI) vas determ1ned b,y pemanganate oxidation and b,y 

use of intrared, proton magnet10 resonance and II&SS spectl"Cllletr,-. 
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The intrared spectrum ot th1e compound (Figure 15) exhibi ted the &QJD

met~c and s,y,mmetric stretchinge ot a nitro group at 1SS0 cm-1 and 

1350 cm-l, respective~. The p.m.r. Sp8ctrum (COO1
3

) had a s1nglet at 

63.85 (area 6) correspond1ng to 2 methoq1e, and a multiplet between 

ô 6.60 to 6.92 corresponding to 3 pheIV'l ring protons. On ox:Ldation 

with permanganate, the canpolUld tormed veratric acid (XXVI) in 68% yield, 

indicating that the nitro group must ~ave been CIl the side chain located 

on carbon 4 ot 1,2-dimeth~enzene. The mass spectrum (Figure 16) ehoved 

a parent peak at ml! 22S, an intense peak at ~/! 179 corresponding to 

the 10s8 ot a nitro radical, and a peak at ml§. 46 due to the nitroDium 

ion as welle There .WB.&. also a peak at JAl! 196 due to 10ss ot an eth71 

radical and a peak at 78/fl 2!J due to the corresponding ion (C2H
5 
+). The 

result indicated the presence ot a 1-nitroprop,y1 side chain attached to 

the benzene ring. 

The formation ot such a compound tram the action of nitrous 

acid on 1-(3,4-dimethQX1Pheny1)-1-propano1 (III) and its meth71 ether 

(IV) has pointed to the possibility- that nitro groups might be introduced 

into the aliphatic side chain and occup,r a position G with respect to 

the aromatic ring when lignin itself is subjected to the same treatment. 

The formation ot XXXI might occur through protonation ot the ~~1 

group ot III (or methoJq'l group of IV), and formation of an intermediate 

carbonium ion, by- analogy with the sulfonation ot 1-(4-hydro~-3-methoJq'

pheny1)-1-p~01 (I) (74). VerT recentq, ShorTg:l.na and co-workers (75), 

on the basie ot model compounds and 11gn1.n, reported that nitration ot 

lignin in CCl
4 

invo1ved the introduction ot nitrate groupe into the Cl 

posit1DD ot the aliphatic side chain. It 1e re&sonab1e to assume that 



nI 

:IV 

- S9-



-60-

tonnation ot the nitrate might &lso PRas through a benzyl carboDium iOD, 

with attack by nitrate ion as a subsequent step. 

2) Model CompoWlds tor Hardwood Lignin 

In complement to the work done by Bolker et al. (33) which 

indicated that a model tor tull:' etheritied hardwood lignin, such as 

1,2,3-trimethoxybenzene (XVI) showed an appreciable degree ot cleavage 

ot the phenyl ether linkage and ws converted to 2,6-dimetho.xy-I,4-

benzoquinone (XVII), reactions ot nitrous acid with some related model 

compoWlœ ldth' a tree phenolic hydroql group ~ to the aliphatic side 

chain were studied. 

Syring.vl alcohol (XXXIX), 81l'ingaldehyde (m) and qringic acid 

(XXIV), treated with nitrous acid at'pH 2 and 70 0 tor 20 minutes, pro

duced (among other coloured products which have not been identitied) 

2,6-dimetho.xy-I,4-benzoquinone (XVII) (yields: 10.7%, 37.8% and 52.2%, 

respectivel1) and 2~6-dimethoxy-4-nitrophenol (XL) (yields: 11.0%, 20.6% 

and 21.9%, respectivel1). Ot these models tor hardwood lignin, syring

aldehyde (XXI) might be consider~ the least reactive towards nitrous 

acid, in the sense that !rom its reaction, about 5% ot the unchanged 

starting material was recovered. Syringy'l alcohol (XXXIX) and syrir.gic 

acid (XXIV) both reacted vigorously and no starting material was detected 

among the products. Treatment ot XXIV 'WaS accompanied by an immediate 

and rapid evolution ot carbon dioxide, and the tormation ot a purple 

colour in the reaction mixt.ure trom which XVII and XL were isolated. 

The reaction ot XXXIX 'WaS more complicated: although it reacted completely',it 

gave- the lowest yields ot XVII and XL. Other products were tormed, but thq 
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N02 

.""'~ + CH30~ 
(XVII) 

(10.7% 71e1d) 

(XL) 

(U.O% 71eld) 

_ ..... >~ XVII 
pH 2 (37. 8% 71eld) 

+ XL 
(3).6% 71eld) 

700 

XVII + XL > (52. Z' yie1d) (21. fil, 71e1d) 
pH2 

700 

FIGURE 17 Products hem Reactions ot Nitrous Acid with 
Syringy'1 Alcoho1 (XXXIX), S7ringaldehyde (xn) 
and Syringic Ac1d (XXIV) 
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have not been identif'ied. 

According to Andersen (76), when phenolic compounds vere 

treated with nitrous acid in ether or ether-acetone, the atability ot 

substituents decreased in the order CH) » CHO> COil > CH20H. The 

same order ot' stability appeared among the lignin model canpounds studied 

by Gustatsson and Anderson (28). Under their conditions, it seemed that 

the release ot substituents ws the rate-determining step in the reaction 

process. Such a release would conceivabq be facilitated by the stabillty 

ot the departing species. 

It has already' been noted that Bolker et.!l. (33) tound that 

1,2,3-trimethooc;ybenzene (XVI) yielded 2,6-dimethoJC1'-1,4-benzoquinone 

(XVII), thus imp:Qring that 'XVIItran the treatment ot lignin had arisen 

tran tull.y etherif'ied syringy'l units. Results trom the present model cam-

, pound studies have, indicated the likelihood that the formation or xvn 

tran hardwood lignin could also be attributed to oxidation or terminal 

syringyl units with Iree phenollc h1'dr0X1'1. 

OCH.3 

terminal syringy'l UDit etherified syringyl unit 
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According to Levitt (77), the rormation or this axldation product 

fram the above model compounds or terminal syringyl unIt.s. in hardwood 

lignin should be initiated b.r the attack of a positive charged species 

+ such. as NO , and should result in a nitroso intermediate. As a matter 

of tact, 2,6-dibromo-4-nitrosophenol has been obtained from 3,5-dibromo-

4-hydroJC1'benzoic acid through electrophilic displacement of side chain' 

b.r the action of NaN02 (53). The tautomeric behaviour ot nitrosophenols 

(quinone oximes) is weU known (78, 79). Bolker and Kung (50) have in

vestigated the tautomerization of 2,6-dimetho~-4-nitrosophenol (XLV) 

to 2,6-dimeth~-l,4-benzoquinon&4-oxime (XLVI) which was then converted 

b.Y nitroua acid to XVII (Figura 21). Baeed on their meahanism, a re-

action scheme is here proposed tor the cleavage of a s.y.r.ingyl unit 

from hardwood lignin by the action of nitrous acid (Figure 22). It 

is also possible that alter nitrosation the nitroso intermediate may 

be oxidized to a nitro compound, as indicated by the tormation ot 

2,6-dimethoxy-4-nitrophenol (XL). 

The formation ot XVII fram an etherified s.y.r.ingyl unit involves 

cleavage of the ether group which lies between the two meth~l groups 

in the syringyl unit. The mechaniem ot such a cleavage w.:Ul be discussed 

in the nèxt section. 

Mechanism of DealkYlation and Subsequent Reaction 

De~lation ot phenolic ethers during nitration or nitrosation 

has been studied by several investigators. Bunton and co-workers (36) 

have suggested that deal.lqlation duriDg nitration involve<l the addition 

of ni troson1um ion to the ~gen atClll of a phenol1c ether, followed b7 
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departure ot the allq'l group as a carbonium ion. The ar;yl nitrite 

then sutfered rapid acidolrsis to yield a phenol (Figure 18). A second 

possible mechanism for d~lation, which vas suggested to Bunton ~ al. 

b.t Bunntt and Cook (36), involved a slow stage ot nitrosation (or nitration) 

which led to an almost ~ quinonoid oxonium ion, and then the loss of 

a meth7l cation (Figure 19). Bunton..!! al. otfered three pieces ot evidence 

to support either ot these mechanisms. First, the proportion ot dealk;rlation 

under a single nitration mechaniam was independent ot the absolute rate ot 

nitrationj this indicated that. the processes of deallq'lation and ot normal 

nitration had kinetics ot the same torm. Second, unlike an1sole and E

chloroaDisole, 2,6-d1chloroaDisole and 2,6~eth7lanisole were not 

deal.kylated during nitration; the lack ot dealkylation was attributed to 

steric hindrance in the formation, either ot a branched side chain as 

in the first mechanism., or ot the fullJr quinonoid structure as in the 

second. Third, the·met~l group e11minated during the nitration ot E

chloroaDisole in acetic acid as solvant was recovered as meth7l acetate. 

Sobolev (32) has studied the oxidation of 4~eth7lguaiacol 

with nitric acid and has proposed that 5~eth7l-3-nitropyrocatechol 

(XLII) was tormed trom 4-metbyl-6-nitroggaiacol (XLI) via a termolecular 

. displacemént cat~zed by nitrosonium ion (Figure 20). The demeth7lation 

mechaDism. involved attack ot a nitrosonium ion on the QX1gen atem ot the 

phenolic ether, and ot a water mole cule on the carbon atem of the meth~l, 

. tollowed by the loss ot a proton and a methanol mole cule , and, t~, 

the removal ot the nitrosoD1um ion in conSequence ot the uptake of a 

proton te give XLII.. CCDp01Uld ILlI could undergo turther oxidation to 
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FIGURE 18 Mechanism 01 Nitrous Acid-catalyzed 
DemethTlation 01 Phenolic MethTl Ethers 
as propose<! b;y Bunton et Il, (36) 
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slow 

FIGURE 19 Mechanism of Nitrous Acid-catalyzed 
Demethylation of Phenolic Methyl Ethers 
as proposed bT Bunnett and Cook(36) 
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CH,jOH 
-NO'" 

(XLII) (XLIII) 

FIGURE ;p _ Mechanism of NitroUB Acid Oxidation of 
4-Methy'1-6-Nitroguaiacol (XLI) as proposed 
by Sobolev(32) 
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give 2-bydr0JC7-5-meth71-3-Ditro-l,4-benzoquinone (XLIII). Sobolev con

cluded that formation of a "t'ree" methTl carbonilDll ion in an Sr reaction 

as originall1' proposed bT Bunton et !le was unlikely ~ since he had 

detected no methyl acetate, when the reaction had been run in near:q 

anhydrous acetic acid. 

More recent work has been done bT Bolker and Kung (50), in 

this laborator,r, on the mechanism of formation of 2,6-dimeth0JC7-1,4-

benzoquinone (XVII) from l,2,3-trimethooc;ybenzene (XVI) by' nitrous acid 

in an aqueous medium. The mechanism of demetbylation was formulated as 

comprising the following steps (Figure 21): nitrosodeprotonation ot XVI 

to giva 5-nitroso-l,2,3-trtmeth~banzene (ILlV); approach of a proton 

to the nitroso group lead!Dg to an electron deficienc.y on carbon 2 Which 

then attracted a water Molecule; loss of a proton and Methanol to give 

nitrosophenol (XLV), Which tautomerized to its mono-oxime (XLVI); 

nitrous acid-catalyzed bydro~sis of XLVI to give the end product XVII. 

This mechanism stands in direct contradiction to that of Bunton et al. 

(36). In support of their mechanism, Bolker and Kung have offered two 

observations as evidence. First, thq performed a control experiment 

for the one from Which Bunton et al. had obtained 2. S g of methyl 

acetate trom 36.5 g of ~cbloroan1s01e. In Bolker and Kung's experiment, 

without E-cbloroanisole, but with a molar equivalent (S.17 g) of Methanol 

in the reaction mixture, 2.5 g of methyl acetate was isolated, indicating 

that. the methyl carbonilDll ion postulated bT Bunton et !J:. could have 

been a secondar;r product of the reaction, while methanol could have been 

the primarT one. Secondly, Bolker and Kung did, in fact, isolate a 

deal.k;ylated product tl"'Jll l,2,.3-triJaethoqDenzm8 (AvI). 'l'h!s GYidence 
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has made untenab1e Bunton's argument ot inhibition ot demethy'1ation b7 

sterio hindranee. 

The proposal that nitrosation W8S the tirst reaetion in the 

course ot demeth7lation W8S strengthened b7 the exper1mental ev1denee 

(33) that 2,6-dimethOJO'Pheno1 (XIV), treated w1th nitrous aeid, produeed 
, , 

sac 1ie1d ot 3,3,S,S-tetramethOJE7Cl1phenoquinone (XV). Henee 

'1-W2 

pH 2, 70' 

(XIV) (xv) 

(S(g yield) 

in the reaetion of l,2,3-trimethooc;ybenzene (XVI), nitrosation should 

oeeur·betore demethy1ation otherw1se the dimer quinone (XV) would be 

found among the produets. 

In the present studies, part ot the 2,6~ethoX1-1,4-benzo

quinone (XVII) whieh vas isolated tram hardwood 11gn1n alter treatment 

with nitrous aeid, vas presumed to have been der1ved from an etheritied 

syringyl unit. It was reasonab1e to assume that its tormation tram 

11gn1n tollowed the meehanism proposed tor its tormation tram 1,2,3-

trimethOJC;Ybenzene (XVI). Figure 22 shoWs th1s mechan1am as appl1ed to 

the present prob1em. Sinee ion1e organie oxidationa are alwqs eonaidered 
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tO,be initiated b1 the attack of cationic species derived tram the 

oxidant (77)," we may asslDIls that oxidation of the syri.ngyl unit is 

initiated by electrophilic displacanent of the side chain b1 a Ditroso 

group. The powertul activating effect of the nitroso group is eDhanced 

by protonation leading to an electron deficiency of the ring at the ~ 

position which ie then attacked by a water mole cule to give an activated 

protonated hemiketal. From this hemiketal 4-Ditroso-2,6-d1methox;r-
1 

phenol ls then split and tautomerizes to an axime which fiDS]]7 undergoee 

a ,nitrous acid-catalyzed, hydrolysis to give 2,6-dimethox;r-l,4-benzoquiDone 

(XVII)' by the mechaniam proposed by Wieland and GriDm (SO). 

Though the mechaniam proposed by Sobolev (.32) cannot be 

applied to the formation of 2,6-dimeth~-1,4-benzoqu1none (xvn) tran 

1,2,J-trimethoxybenzene (XVI) and hardwood lignin, lt might account for 

the demethylation which W8S observed in both softwood and hardwood lignine. 

It W8S ment10ned earlier that nitration or nitrosation on guaiacyl 

derivatives would only induce substitution on the position ~ or ~ 

to the phenolic hy'droxyl group; 1t aeems difficult to introduce a 

nitroso group to the S-position of 4-methylgua.1acol and even more 

difficult to do so in 4-methyl-6-nitroguaiacol (XLI) in order for the 

demethylation to proceed b,y,the mechan1sm proposed b1 Bolker and Kung. 

Furthermore, Sobolev (32) did lsolate the demethylated product, 3-nitro

pyrocatechol (XLII) tran 4-methyl-6-nitroguaiacol (XLI) and thWJ gave 

strong support to the mec~anism which he proposed. 
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GENERAL CONCWSIONS 

Thei'e is one strildng ditf'erence between the resu1te obtained 

in experimente vith spruce lignin and thoee with mode1 eanpOlD'lde. The 

low-molecular weight nitrated products. trOll llgnin, wenever the;r were 

nitrated at all in aJV' position other than at C-1, were invariabq 

nitrated at C-5. This seems an indication that all such products were 

derived trom guaiacyl unite ("X groups") in the lignin. Figure 23 

shows how these compounds were f'ormed, and bow the tormation of' 

4-nitroguaiaco1 (X) and 4,6-dinitroguaiacol (XI) does not break the 

pol1mer chain. The chain 1s broken oDq when S-nitrovanillin (XX) 

and 5-nitrovanillic acid (XXIII) are split out b1' the action ot 

8J1mB. 

On the other hand, tran veratry1 model compounds (III and XXXVI) 

products substituted with nitro groups at c-6 were obtained. Since 

there are believed. to be nearly two-and-a-half' times as many etherified 

phenolic groups as f'ree groups in lignin, some answer must be of'f'ered 

as to why' 6-nitro compounds were never iaolated. 

The explanation lies in the turther observation that no evidence 

was f'ound of demethylation (of aromatic methooc;y1 groups) among the mode1 

compounds III, IV and XXXVI. A1though it mq be argued that dem.ethy"lated 

compounds might have been present among the unidentif'iable products, 

considerable weight must be given to the f'act that not even a trace of' 

such a compound ws detected. Thus, if', &8 seems probable, nitrous 

acid doea not break aromatic ether links in veratry1 compounde, tboee 

unite with the 6-nitro group, derived troa "Z groupe", must remain 



• 
CH.3.0 CH20H ~i:v.~~ or 

--. ----, 0 CH-ÇlxOl-O Carbohydrate HN(è L· nl.n a --r-+ ~~romolecule lB J, 

~~/ 
02NrgJx~ NaOH 

+ CH~H 
CH
(1) 

H, or 
Lignin or 
Carbohydrate 

NaOH 

CHO COOH 

~IB+ ~IB 
CHO ~H. 

02N~+02N~ 
C 

+ -, ~-. ~~-~~-ole-CUl-e Ko)oè + H 

FIGUliE 23 Reactions of "X Groups" in Lignin 

• 

H, or 
Lignin or 
Carbohydrate 

"! 
\Il 

1 



• 

'\t:N02 

~.3 

Lignin 
Macromolecule 

HN02 

'" T 

'" 7 

Lignin 
Macromolecule 

. t~H20H 
~~_ HNQ2 

~H3 
Lignin 

cromolecule 

/t"" " 

",'" 
" 

'H3 ~ 

~ 

Lignin 
Macromolecule 

''-CH20H 
C=O 

.H.3 

Lignin 
Macromolecule 

/ 

'H.3 + 

e 

Lignin 
Macromolecule 

Lignin' 
Macromolecule 

CH-CH2C)H 
(1) 

FIGURE?4 Reactions or "Z Groups" in Lignin 

~ 
1 



e 

Lignin 
Macromolecule 

I----tl LÜsnin or 
Carbohydrate 

HN02 
"""'-----
i' 

H-C~OH 
tH-NCè 

Lignin 
Macromolecule 

+ 

FIGURE 25 Reactions of nB Groups" in Lignin 

+ 'H-C~H 

C-=O 

e 

Reacts as ~H3 --> .. "Z GrouiS" 

Lignin 
Macromolecule 

Lignin or 
Carbohydrate 

...:1 

...:1 

1 



- 78 -

attached to macromolecular fragments of lignin, as show in Figure 24. 

This conclusion holds even when the reaction conditions are sutticiently 

harsh to break the polymer chain at C-1 or between the a.- and P-carbons 

of the side chains. 

The "B groups" of lignin are of special significance, for the;y 

represent trifunctional units, and as such are sites of cross-linking 

within lignin itself or with carbo~drate residues. It is reasonable 

to assume that the cleavage of such cross-links constitutes as important a 

contribution towards the solubilization of lignin as does simple reduction 

in molecular weight. Indeed, it m.e.y be more important, since reduction 

in molecular weight is difficult to achieve unless an appreciable 

proportion of cross-links are broken. 

Figure 25 illustrates the fate of "B groups" under normal 

conditions of degradation of lignin with nitrous acid. The ben~l ether 

groups are cleaved, and the trifunctionality ~f the groups is reduced to 

difunctionality. If, as is thought, linkages with carbohydrate occur 

at the benzyl carbon, then this reaction has a special·meaning in terms 

ot releasing lignin into solution. However, the tact that the yields of 

nitro and keto products trom compound IV were not DlUch more than six per

cent may explain why delignification with nitrous acid has not been found 

to be as efficient as might be desired. 

Figures 24 and 25 illustrate yet another point: they show why 

the spectra and analyses of "nitrollgnins" indicate the presence of nitro 

groups (presumablJr some alkyl nitro, but mai.nlJ" 6-nitro) and a higher 

content ot carbo:DTl groups, both conjugated and ûDconjugated, than in the 
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untreated lignins. 

The model compounds emplO1ed in the present series of 

experiments were actual.ly inadequate to represent the comple:k structure 

found in llgirln itself. In evaluating the significance of the products, 

the influence of carbon-carbon bonds, 'and of more tullf ~genated side 

chains could not be estimated. 

Nevertheless, the conclusions so far described lead to another 

line ot thought that may have even wider signiticance in the general 

field ot delignitication. 

The picture published by Freudenberg in 1965 ot an "average" 

fragment of lignin (Figure 26) (81) may still be incanplete., but it is 

. usetul to consider it in the terme juet diecuesed, e..~d to examine the 

etfects ot cleavage ot its l, Z and B groups. 

Freudenberg'e model containe 7 1/2 trifunctional units among 

eighteen phenylpropane monomer unite. Of theee, two are attached at . 

one link to end-groups, and cannot be coneidered cross-links. Neverthe

leee, the model may be described ae having onlY about 3.3 linear units 

per cross-link. Thie ie surely a ratio which would render a:ny polymer 

completely insoluble. The idea that natural lignin is insoluble is 

quite iri accord with the views of Pew (82) and others. At least 85% 

of the cross-links must be broken (to achieve, say, a ratio of about 

20 linear units per cross-link) before one might expect such a molecule 

to became slight~ soluble. 

Cleavage of trI groups" is not efficient in. this respect. Sane 

breakage of chains oeeurs (Figure 23) so that new end-groups are tormed 

to render cross-links inetteetive, but the moleeule probabl1' retains a 
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FIGURE 26 . l Model of Spruce Constitutiona Lignin (81) 



ratio of about 4.5 linear units per effective cross-link. 

When "Z groups" are cJ.eaved (Figure 24), the ratio ot Unear 

units to cross-links is again about :7.2 ta 1. 

However, when the benzy1 ether groups are complete~ broken, 

the net effect on this model (Figure 25). is that all cross-links are 

lost.: 

This reasoning May seem fancifUl, but it leads to a· conclusion 

which may be subjected to experimental test: that any reagent which 

cleaves the benzyl ether links of models of the "B" type faster and 

more extensively than another reagent, should be the more effective 

and efficient agent for de1ignif.ying wood or pulp. This prediction 

has a1ready received a partial test in the recent work of C.H. Chew 

(83) who found that dialk~ropanes were somewhat more efficient than 

alcohols in reacting wi th the' ben$ ether links of models for the liB 

groups". This reèult accorded with the previous finding of Bolker and 

Terashima (84) that dialkoxypropanes extracted lignin trom wood far 

more rapi~ and in greater yields than when &lcohols were ueed as 

agents of delignification. 

If the converse of this proposition also proves to be true 

then certain of the puzzling features cf commercial delignification 

~ become explicable. 

Modela for hardwood (birch) lignin have not been extensive~ 

investigated in the present research. An earlier study had pointed to 

the possibillty that tul.ly etheritied syriDgfl compounda might readi~ 

undergo de-etherifioation when treated with nitroua acid. This ws 
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taken as the reason for the readier degradabillty of hardwood lignine. 

From the present work itwas seen (Figure 17) that syringy1 alcoho1 

(XXXIX) and syringaldehyde (In) gave the eeme products as had been 

obtained from l,2,3:-trimeth~enzene (XVI), but, in this instancè, 

yie1ds were considerab17 higher. These reactions must contribute to 

depollmerizatioD, but, as the structure of hardwood lignin is aven 

1ess well-lmown than that of eottwood lignin, th~ significance of 

these D8W observations ie Dot· readiq apparent. 
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EXPERIMENTAL 

Analrtical Methods 

Intrared spectra were measured on Unicam SP-lOO and SP-3)() 

prism-grating spectrometers. P.m.r. spectra were recorded on a Varian 

A-60 spectrometer, with tetrametbyl-eilane. as an internal standard •. ' 

Me.:!s spectra were determined b;y the Morgan Schaffer Corp., Montreal, on 

a Hitachi Perldn-Elmer RMU60 mass spectromeier operating at 70 ev. AU 

the/lJÎélting points were determ1ned with a calibrated Fisher-Johns 
1 

apparatus. Acidity of the solutions \liaS measured with a Beckman glass 

electrode pH meter; Model H2. H1croan~ses (C,H,N) were performed b7 

Baller Mikroanalytisches Laboratorium ot GOttingen, West Ge~. 

Determination of Klason lignin \liaS done b.r the general procedure out

lined in Tappi Standards (85). 

Methoxyls were determined using the method (slight~ moditied) 

developed b.r Cobler, Samsel and Beaver (82), for determining alk~l 

groups in al.kyl cellulose ethers. A quantity of 20-30 mg lignin was 

suspended in a solution of 2 grams of phenol and 6 ml of h7droiodic 

acid, and the mixture ws heated at 150- tor 1 hour in an atmosphere 

of nitrogen. Liberated methy1 iodides were distilled through a washing 

device, containing water, to a trap conta1n:!.ng 2 ml of 2,2,5-trimethy1-
; 

hexane cooled b.r dry ice in acetone. Of this solution, 50 J.Ù. were used 

for ~sis on the gas chramatograph at 75-. A Perkin-Elmer vapor 

fractometer model 154, with a column of d1isodecylphthalate (Perkin-Elmer 

c01umn A), \liaS used for this purpose. Curves for quantitativ~ measuriDg 

metbyl iodides had been prepared previousl1' using E-JIleth~enol and 
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Preparation ot Wood Meal 

Birch wood 
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Canadian Whit'e birch' wood meal, 60 mesh, was ext.racted con

tinuous~ with a mixture ot ethano1-benzene (1:1) tor 48 hours, washed 

with hot water, air-dried, and t1nal.q dried to constant wight in a 

vacuum desiccator over phosphorus pentoxide. ~sis: Klason 1ignin,(a) 

22 •. 46%. 

Spruce wood 

màck spruèe wood meal, 60 meah, was extracted with ethano1-

benzene (111) for 48 houri, washed with hot water, air-dried, and 11n8 117 

dried to constant weight over phoaphorus pentoxide. ~sis: IUason 

lignin, (a) 28.53%. 

(a) Ash and moisture-tree basia 

Preparation of Dioxane Lignins 

Dioxane lignins were isolated trom wood meals by modif)ing 

the procedure of Pepper (86), and using 0.21 Hel dioxane-water (9:1) 

,as extracting sol vent. 

Birch diaxane lignin 

Two h\D'ldred grams of pre-extracted, vacuum-dried birch., wood 

meal was placed in a 4-liter, three-necked, round bottom pyrex flask, 

fitted w.i.th refiux condenser, nitrogen inlet, a two-necked adapter 

w.i.th a dropping tunnel and a three-~ ·stopcock. The stopcock Wa8 

connected to a water pump. The fiask wu tiret evacuated b7 the 
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water pump for 15-20 minutes. Then the stopcock leading to the pump was 

closed and 2 liters of solvent ~s added tram the dropping tunnel slow~ 

so that no air entered the ~k. The pressure in the tlask was restored 

by' slow~ introducing nitrogen. Another 2 lit ers of solvent ws added. 

The flask was gradually heated to 87±2° :ln an oU bath. This temperature 

was maintained for one hour. A slow stream of nitrogen ws maintained 

throughout the period of heating and subsequent cooling. The reaction 

mixture was cooled down to about 35° and filtered. The wood residue was 

washed with neutral dioxane-water (9:1) untU the washings became colourless. 

The red-brown fUtrate and washings were combined, and reduced 

to a volume ot about 300 ml by' vaouum evaporation. The concentrate was 

pipetted ~lowl1 into 16 liters of vigorous~ stirred water. After the Whole 

concentrate had been added, theprecipitated lignin was recovered b,y 

centrifugation. It was then washed several times with a large excess ot 

oocygen-free water until neutral. Finall1, it was freeze-dried and weighed. 

The yield was 26.46 grams (1. e., 58.9%, based on K1ason lignin). ~sis: 

carbon, ;8.6%; hydrogen, 5.97%; nitrogen, 0.00%; methœyl, 20.7%. 

Spruce dioxane lignin 

Pre-extracted wood meal, 200 grams, was first extracted with 

0.2N Hel dioxane-water (9:1) and the lignin was recovered according to 

the procedure described above. The yield was 10.80 grams (i.e., 19.5%, 

based on Klason lignin). Analysis:. carbon, 63.9%; hydrogen, 6.13%; 

nitrogen, 0.00%; methœyl, 15.4%. 

General Procedure for the Reaction. of Lignins with Nitrous Acid 

Solutions ot n1tr~ acid were prepared bT gr~ addiDg 
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e· hy'droehlorie aeid to a stirred solution ot 2 gr&ms ot NaN02 in lSO ml 

ot distilled water until the desired pH w&s reaehed, as read on a pH 

meter. To prepare solutions at pH l, 2 and 3, about 56.0 ml, 28.0 ml 

and 14.5 ml of LON HCl were used respectively. 

Two grama of dioxane lignin vas. ~troduced to the above treshlT 

prepared nitrous' acid solution in a three-necked .300 ml tlask, equippecl 

with a vater-cooled renux condenser. B.Y means ot an oil bath placed 

over a magnetic stirring hot plate, the tlask vas rapidly heated to the 

desirecl temperature. The reaction mixture, under constant stirring, 

waa kept at this temperature tor the desired reaction time. A slow 

stream ,of niti'ôg~ 1taS maintained throughout the reaction periode The 

mixt.ure was then cooled to roan temperature and tiltered. The brown 

residue vas w&shed wi th distilled water until the washings were neutral 

to pH paper.· It vas treeze-dried and then analyzed. 

Following this generalprocedure, lignins were treated. at the 

ditterent initial acid concentrations (pH 0.5, l, 2 and 3), ditterent 

reaction temperatures (JO ° , 50·, 70·, <)00.) and ditterent reaction times 

(l, 3, 5 hours). The effects ot the reaction conditions on the composition 

ot the insoluble products can be seen tram the a.ns.lytical results gi ven 

in Table n, In and IV. 

The filtrate and the washings were combined. Analysis ot this 

aqueoua solution is described in the following sections. Yields ot the 

products are expressed as a percentage ot the starting material. 

Products trom Birch Dioxane Lignin treated. at pH 2 and 70° for 1 br. 

Treating birch dioxane lignin with nitroua acid at pH 2 and 70° 

tor 1 hour 7ielded a brown in8ol.uble traction. The 7ield vas 1.8 g (m). 
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A~sis showed carbon, 56.)%; hydrogen, 5.86%; nitrogen, 0.9)%; and 

metho:ql, 18.7J,. 

The tUtrate and washings were combined and e.xt.racted with 

ether (4 times, 50 ml each). The aqueous layer ~s retained tor later 

work. The ether solution was ext.racted with saturated aqueous NaHCO) 

solution· (4 times, 40 ml each), the NaHCO) extract vas aciditied and back

eXtracted vith ether (4 times, )0 ml each). Thi8 last ether extract was 

dried over· anhydrOU8 SodilDll sulfate, and evaporated to yield 52 mg ot a 

ye110w residue, m.p. 10)-118·, corresponding ·to 2.64% ot the starting 

material. Recrystallization tran water gave 10 mg ot ye110w needle8, 

m.p. 119.5-1aJ°, identical with 4,6-dinitroguaiacol (n), prepared 

according to Klemenc (88). 

The NaHCO)-extracted ether solu~ion was further extracted with 

'1 N NaOH (4 times, 40 ml each). Acidit,ying the NaOH extract with dUute 

hydrochloric acid, extracting with ether, ctr.ying with anhydrous 80dium 

sulfate and evaporating the ether extract gave 18 mg of ·a. pû.e ye110w residue 

(m.p. 90-98°); 1.06% yield, which could be recrystallized trom ether

petrolelDll ether to yie1d ye110w needle-like cr,ystals (approximately) mg, 

m.p. 99-100°), tound, by intrared spectrlDll and mixed m.p., to be identical 

with authentic 4-nitroguaiacol (X) prepared according to Po11ecott and 

Robinson (89). 

The original ether-extracted aqueous l~er was extracted with 

chloroform (5 times, 50 ml each), and the combined chlorotorm extracts alter 

dr,ying with SodilDll sulfate and evaporation gave a pale yellow compound 

(m.p. 249-252°); the yield WBS 21.2 ~ (1.06%). This ether-insoluble 

product wae completely soluble in chlcrotorm anel benzenec Cl"78tallization 
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tram acetic acid gave )"ellow cr)"8tals ot m.p. 251-252° (sealed tube), 

identical with authentic 2,6-dimeth~-1,4-benzoquinone (XVII) (90) b7 

mixed m.p. and intrared spectrum. 

The reaction ot nitroùs acid with birch dioxane lignin vas 

repeated. The acidic liquor was neutralized b7 ammonia, and (J) ml ot 

saturated calcium acetate solution was added. The precipitated calcium 

eéÙ.t was separated, w&shed with water and then dissolved in 40 ml ot dU. 

Hel; the resulting solution liaS extracted with ether (3 times, 3) ml each) 

and ether solution evaporated to gi ve 36 mg ot a white crystalline &'Sub

stance, m.p. 101.0-101.4°. Its melting point and intrared spectrum were 

identical with tho!e of oxalic acid. The )"ie1d WB! 1.80%. 

Products trom Spruce Dioxane Lignin treated at pH 2 and 70° for 1 br. 

Spruce dioxane lignin ws treated b)" the same procedure as the 

birch. The yield ot insoluble residue was 95%. Analysis: carbon, 58.3%; 

hydrogen,. 5.53%; nitrogen, 2.06%; and meth~l, 13.5%. Extraction ot the 

water-soluble traction )"ielded 96.2 mg of 4-nitroguaiacol (X) (4.81%) 

and 9.4 mg ot 4,6-dinitroguaiacol (XI) (0.47%). No 2,6-d1methOJq'-l,4-

benzoquinone ws tound. Oxalic acid was isolated in 1.09% yield. 

Alkal ; ne Hydrol.ysis ot Birch Ni trolignin 

Ten graMS ot birch nitrolignin obtained tram treatment at pH 

2, 70· tor 1 hour, ws immersed in 100 ml ot 1.ON sodium hydroxide solution 

and was stirred for 24 hours at 80°. The reaction mixture ws then filtered 

and the filtrate wae acidified with dilute hydrochloric Rcid to about pH 3. 

A brown precipitate ws produced. The mixture was heated to boiling and 

filtered while hot, and the residue wu wuhed. with boiling wter untU 
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it vas neutral. This brown powdered. residue 1mS freeze-dried. and 

weighed. The yield ws 7.61 grams (76.1$). Analysis: carbon, 53.3%; 

hydrogen, 5.70%; nitrogen, 0.20%; and meth~l, 17.1$ 

Isolation of Products of HYdrollsis of Birch Nitrolignin 

The filtrate from the above treatment ws ext.racted with 

chloroform (3 times, 40 ml each). These chlorotorm ext.racts were 

combined, dried with anhydrous Na2S0
4

, and then evaporated. The aqueous 

l~er trom chlorotorm extraction was then extracted with ether (4 times, 

50 ml each). Thèse ether extracts were combined, dr1ed over anhy"drous 

Na
2
S04, and evaporated. The ether and chlorotorm mracts were each 

used tor analJeea bf thin-181er chramatographr. 

The ehlorotorm extract wss chromatographed. on a thin l.qer 

ot silica gel, with a sol vent mixture ot methanol-benzene (1: 5.5). Its 

chromatogram revealed the presence ot more than six separate compounds, 

which could not aU be identitied. Preparative TLC was used to isolate 

the materials 01' Rt 0.56, 0.44, 0.30 and 0.12. The zones at these Rt 

values were scraped tram the plates and each ws extracted with methanol. 

The methanol ext.racts were evaporated and then dissolved in chlorotorm; 

and the CHe13 solutions, alter being W8shed several times with dilute 

HGl solution, were dried with anhydrous Na2so4 overnight. Evaporating 

the dried chlorotorm solutions yielded residues ot 0.083 g (Rt 0.56), 

0.170 (Rt 0.44), 0.221 g (Rf 0.30) and 0.031 g (Rt 0.12), respectively. 

On recrystallizatiOil tram water, the material at Rt 0.12 gave a "ellow 

canpound of m.p. 175-177°; the material at Rt 0.44 gave colourless 

needle-like cr,ystals ot m.p. 81.5-83°; the material at Rt 0.30 gave a 

white powder of Dl.p. 110-113°. Infrared. spectra and mixed Dlelting points 
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revealed that these compounds were 5-nitrovanl111 n (XX) (Rf 0.12; 

:Yield: 0.31%), vanill1n (XIX) (RfO.M; Yield: 1.70%) and syringaldehyde 

(XXI) (Rf 0.30; Yield: 2.2J$). The material with Rf 0.56 bas not bean 

identified. 

The ether extract, on thin-layer chromatograpby wi th n-butyl 

ether (saturated with water )-glacial acetic acid (10 :1), showed three 

spots at Rf 0.43, 0.25 and 0.34. The zone at Rf 0.34 wae scraped from 

the plates, and extracted with methanol. When the methanol wa8 evaporated, 

9 mg of a light ;yellow solid lfaS obtained (Yield: .09%). It lfaS ra

c17st allized !rom gla,cial acetic acid. The product was 4 mg of yellow 

needle-like c17stals of m. p. 213-2;1.4 0 
• This ;yellow compoW'ld proved, 

b:r its intrared· spectnun and mixed melting points, to be identical to 

5-nitrovanill1c acid (XXIII) prepared according to Bentle,y (91). 

Chranatograph;r of lmown compounds showed that the other two unknOWllS 

were probably vanillic acid (Rf 0.43) and syr1ngic acid (Rf 0.25). 

Extracting the zones at Rf 0.43 and 0.25·with methanol and evaporating 

gave residues of 0.121 g (1.21%) and 0.130 g (1.30%), respectiv~. 

The,y were acidified with dilute HCl and extracted with chloroform. The 

chloroform extracts were dried with anh;ydroue Na2S0
4 

and evaporated. 

Infrared ·spectra of the residues were exactly identical to thoee of 

vanill1c acid (XXII) and s.yringic acid (XXIV). 

Alkaline HYdrolYsis of Spruce Nitrolignin 

Tan grams of epruce nitrolignin we bydrolyzed in alkali b:r 

a simi]ar procedure. It gave 0.28% of alkali-ineoluble residue. 

Acidification of the aqueous portion 71eldecl 7~ of broWll powdered 

residue. Analysie: carbon, 56. ZC; h7dr0gen, 5.20%; nitrogen, 0.45%; 
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and meth~l, 1l.9%. 

Isolation of Products of ijydrollsis of Spruce Nitrolignin 

By the same procedure used above, chloroform extraction of the 

water-soluble fraction yie1ded 392 mg of vanillin (XIX) (Rf 0.44; 

Yield: 3.92%) ~d 14 mg of5-nitrovani11in (XX) (Rf 0.12; Yield: 

0.14%); ether extraction yie1ded 181 mg of vanillic acid (XXII) (Rf' 0.43; 

Yie1d: 1.9].%) and 13 mg of 5-nitrovanillic acid (XXIII) (Rf 0.34; Yie1d: 

0.13%). Neither syringalde~de nor s.y.ringic acid was found. 

Nitrobenzene Oxidation of Acid-insoluble Residue fram Alkaline Hydrollsis 
of Birch Nitrolignin 

One gram of reoovered biroh nitrol1gn.in wall immerlled in a 

solution of 2 ml of nitrobenzene and 10 ml of 6N sodium hydroxide solution. 

The mixture was heated to 150· for 24 hours in a stainless steel bomb 

(19 mm inside diameter and 15 cm in length). The total product was 

fi1tered and extracted for 24 hours with ether, and the ether ext.ract 

was discarded. The aqueous layer was aCidified, and extracted first with 

chloroform and then with ether. 

The chloroform extract was chromatographed on a thin lqer of 

silica gel with a methanol-benzene mixture (1:5.5) as solvent. Its 

chromatogram waa identical to that of the aldehyde fraction from alkaline 

hydroly'sis of birch nitrolignin, and revealed the presence of vanillin 

(nx), 5-nitrovanillin (XX) and syrlngaldehyde (m). Simi J ar:q, the 

ether ext.ract gave a chromatogram (solvent: n-butyl ether-glacial acetic 

aCid, 10:1) which indicated the presence of vanll11 c (XIII), 5-nitro

vanillic (XXIII) and eyringic (mv) acidll. 
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Nitrobenzene Oxidation of Acid-insoluble Residue fram Alkaline Hldrolrsis 
of Spruce Nitrolignin 

Recovered spruce nitrolignin vas oxidized by the saille procedure 

described above. Thin ~er chromatograph7 showed that van1]]1n (XII), 

vanillic acid (XXII ), 5-nitrovanillin (XX) and 5-nitrovanilllc acid 

(XXIII) had been formed. 

< Permanganate Oxidation of MethYlated Spruce Nitrolignin 

Four grams of spruce ilitrolignin W88 added to 100 ml ot 3N 

NaOH solution in a three-necked tlask equipped vith a separating tunnel, 

a reflux condenser end a mercur,y-sealed mechanical stirrero The suspension 

vas retluxed for two hours, then coo1ed to about 10· by immersing the 

. flask in an ice bath. Twenty four ml of dimeth7l sulfate 1m8 added 

dropwise through a separator,y fUD1lel tû t,ha ~ mixture whilst atirring 

the mixt.ure vigorously. It vas renuxed for two hours to cauplete the 

methylation, and was then allowed to 'cool. 

To the resulting suspension, potassium permanganate vas added 

in portions of one gram with continuous stirring. The pH ot the solution 

was kept at 7-8 by adding dU. H2S0
4 

solution, and the temperature vas 

kept at 90°. About 35 grams of KMn04 vas needed so that the KMn04 colour 

was steady for 5 minutes. The Mn02 was rUtered while hot, and washed with 

hot water. The filtrate and washings were combined and acidified with 

dil. H2S0
4 

until precipitation occurred. The precipitate vas filtered 

off and the filtrate was ext.racted with ether (4 timeS j 50 ml each). 

Drying (with Na2S0
4

) and evaporating the ether ext.ract yielded a pale 

yellow residue (5C mg, i. O.:i 1.25% 1ield). Two recr,ystall1zations trœa 

ether gave white cr,ystals, m.p. 24S.0-246.5·, lIihich had previously 
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been shown to be isohem1pinic acid (XXVII) (92). The ramaining ether 

solution ws evaporated, and the residue ws combined wit.h t.nG &bcV~ 

precipitate and extracted exhaustiveq with methTlene chloride. The C82C12 

ws extracted wi th saturated aqueous NaHC0
3 

solution (4 times, 40 ml each) , 

and the NaHC0
3 

extract ws aciditied an~ back-ext.racted with C82C12 (4 

times, 30 ml each). This last. C82C12 extract ws dried over aDb1droua 

Na2S04, and evaporated to 7ield 1.1 grama ot a residue. The residue ws 

extracted with boiling ether and tiltered. The ether insoluble portion 

ws dissol ved in boiliDg nitrobenzene which ws then coo1ed to gi ve 8 mg 

(0.2$ 7ie1d) ot a white precipitat«, m.p. 299-301-. Its intrared apectrœa 

ws identical to that ot authentic dehTdrcdiveratric acid (mIII) which 

ws obtained by the methTlaticn with dimethT1 sultate and subsequent 

oxidation with potassium permangantt.e ".0'1 dehydrodi vanU' 1 n, prepared by 

the method of Elbs and Lercb (93). The ether soluble portion ws 

chromatographed on a thin ~er of silica gel with a solvent mixture of 

n-butyl ether (saturated witb 820)-glacial acetic acid (10:1). The chro

matogram revealed the presence of more than four separate compounds, 1drl.ch 

could not aU be identif'ied. Chranatograp~ of known compounds indicated 

that two of the unlmows were probabq veratric acid (ml) (Rt 0.36) 

and 5-Ditroveratric acid (XXV) (Rf 0.44). Preparative thin-l.qer chrœIato

graphy ws used to isolate the materials at Rf 0.36 and 0.44. Extracting 

the zone at Rf 0.36 with methanol anà evaporating gave 128 mg of a white 

solid material. It ws rec17stallized tw:1.ce tran ethano1 to.7ield small 

white c17stals, m.p. 176-178-; no depression ot m.p. ws found when mixed 

with cClllllercial authantic v.eratric acid. Ext.racting the zone At. Rt ·a.44 vith 

methano1 and evaporating gave 13 mg ot a 7ellow redDIe, i.e., O.33%·1ield. 
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it was puritied by pouring on the top ct an alumine. ool\1JIII1 and eluting 

with carbon tetrachloride to give 7ellow c17stale, m.p. 19S-196-. It 

ehowed no depreeeion in melting point when mixed vith authentic S-nitro

veratric acid (94). 

Permanganate ~dation ot 5-Nitroveratr81dehyde 

The compound S-nitroveratraldehyde, 'l.S g, lBS added to 100 ml 

ot a saturated solution ot KMnO,. Alter being stirred at roam temperature 
'" , 

tor hill an hour, the mixture lBS heated to boiling and tiltered while 

hot. Acidif.ying and cooling the tiltrate gave a pale 7ellow precipitate 

(1.0 g; 61.9% ot theoretical), m.p. 19S-196°. Its intrared spectrum 

showed the presence ot a carboxy1 group. Reported m. p. tor S-nitro

veratric acid'was 19S-196° (94). The solution tram which the 7ellow 

precipitate was separ~ted was extracted with chlôroiurm and examined by 

thin-1~er chromatography (on silica gel with met~~ol-benzene, l:S.S), 

and no unreacted S-nitroveratrald~e was detected. 

Preparation of 1-(4-Hydroxr-3-MethoXYphegy1)-1-Propanone 

This compound was prepared by a Friede1-Crafts type ot synthe sis , 

using polJrphosphoric acid as the Lewis acid according to the inethod deve10ped 

by Nalœ.za~ (72). 

To 12.4 grams of guaiac01 was added 120 grams ot polyphosphoric 

acid. The mixt.ure was stirred vigorously, and eight grams of propionic 

acid was added dropwise over a period ot 10 minutes tram a separato17 

f'unne1. After comp1etion of the addition, the mixture was heated at 

7O-7So tor 30 minutes. The solution rapi~ turned dark red. A1'ter 

cooling to rocm temperature, cole! vater 1f&8 added., whereupon a heav 
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red oU separated. The mixture WBS extracted with ether (4 times, 100 

ml each). The ether extract was dried with a.nhydrous sodi\Dll sulfate then 

evapora.ted in· vacuo. The remaining oU WBS distilled under vacUlDll. ~ 

material vas collected at 148-150· at 4.0 mm pressure. The 71e1d was 12.1 

grams (66.5% of theoretical). 

Preparation of 1-(4-!J.ydroxyl-3-Methoxyphenyl)-1-Propanol (1) 

Twelve grams of 1-(4-hydr~-3-methox;yphenyl)-1-propanone WBS 

dissol ved in ~ ml of 9.5% ethanol and 150 ml ot 10% sodi\Dll hydroxide 

solution added. To the solution 1.5 grams of sodium borohydride was added 

in small portions over a period of 24 hours whi1e the mixture vas kept 

at 60°. When the reduction vas compieted, the solution was neutralized 

with dr7 ice and extracted with ether (4 times, 100 ml each). The ether 

extract was dried wi th anhydrous sodium. sulfate, and then evaporated 

in vacuo. The remaining oU vas distilled under vacuum and the desired 

product collected at 175-177· at 4.0 mm. An infrared spectrum of the 

product indicated complete reduction of the carbonyl function. The 

yie1d was 10.89 grams (90.8% of theoretical). The same reduction 

procedure has been reported b.r Schubert (74). 

Preparation of l:(4-H.vdroxy-3-Methoxyphen.yl)-1-Methoxypropane (II) 

CompO'.!."lds l:(4-hydroxy-3-methooqphepyl)-1-methox;ypropane (n) 

and 1-(3,4-dimethoxyphenyl)-1-methooc;ypropane (IV) were prepared for their 

corresponding alcohois l and In b.r methylation with methanolic hydre

chloric acid as described b.r Sergecya and Sho17g1na. (Zl). 

Eight grams of 1-(4-h1droq-3-methOX1Ph~1)-1- propanol was 

dissolved in 100 ml of methano1 conudn1ng 0.60% bJdrochloric acid. The 
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solution 'HaS kept at room temperature tor 24 hours, and the react.ion 

mixt.ure ws then neutralized by dilute alcoholic KOH solution. The 

methanol 'HaS evaporated in vacuo and the remaining oily' material wa.a. dissolvecl 

in ether. This ether solution w&S wshed with water and dried over 

a.n1l7drous magne sium sultate and then evaporated in~. The oilJ" 

residue 'Ws distiUed under vacuum, and the desired product was 

coUected at 134-135° at 4.0 DID.. The yie1d was 4.15 grams (48.5% ot 

theoretical).. Analysis: Calcd. tor Cu l1.6 0
3

: carbon, 67.4%; bydrogen, 

8.16%. Found:carbon, ~7.410; hydrogen, 8.13%. The a.na:b'sis indicates 

that both II and its corresponding alcohol l, tram which it 'HaS derived, 

were the ~.desired~ ·compounds. 

Preparation ot 1-(3.4-Dimethooqphenyl)-1-Propanone 

This compound was prepared by the procedure ot Gardner (73). 

Veratro1e, 33.5 grams, was mixed with 200 grams ot poly

phosphoric acid. To the mixtiure, 15 grams ot propionic acid ws added. 

It was heated at 60° tor 2.5 hours with vigorous stirring. The red, 

viscous mixture was poured into 300 ml ot wter and mracted wi th ether 

(2 times, 100 ml each). The ether solution 'HaS washed with water, then 

dried over anhydrous Na2S0
4

, and evaporated in vacuo. Art.er cooling, the 

oily residue turned to orange cr,ystals Which, alter recr,ystallization 

from ether, had a. m.p. 58-59°. The m.p. tor 1-(3,4-dimeth~h~1)-1-

propanone reported by Fuson et al. was 58-59° (87). The yield was ,31.5 

gm (80.3% of theoretical). 

Preparation ot 1-(3.4-Dimethoxyphenyl)-1-Propanol (In) 

The cClllpOUDd 1-(3,4-d1metho:xn>he!V'1)-1-propanone w&e reducecl in 
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the same wa:y as deecribed in the preparation of 1-(4-hldrOJq'-)-methoq

phe~1)-1-propan01 (1). The yie1d wse 93.5% of theoretical, b.p. 145-147· 

(5.0 JIDIl). 

Preparation of 1-(3,4-Dimethoxrphenr1)-1-Methoxvpropane (LV) 

Methylation of 1-(3,4-dimethoxyphenrl)-1-propan01 (III) wse 

perfonned as described in the preparation of 1-(4-hydroq-3-methOJq'

phe~l)-l-methoX1Propane (II). The yield wss 7.40 gm (86.5%), b.p. 

114-115· (5.0 mm). Analysis: C~lcd. for C12'1.803: carbon, 68.6%; 

hTdrogen, 8.47%. Found: carbon, 68.6%, hydrogen, 8.58% 

2en'ral Prooedure for the Reaotion of Meà,l QampOUP9' witb Nitrou. Apià 

Solutions of nitroue acid were prepared b.1 gradua!l1 adding HCl 

to a stirred solution of 2 grams of NaN02 in 150 ml of distilled water 
., 

until the desired pH wss reached, as read on a pH meter.'- The wight 

ratio of model compound to NaN02 wss kept at 1:1 except in two eJQleriments 

where the ratio wss 1:10 • 

. Two grams of the model compound being studied W8S added to the 

freshly prepared nitrous acid solution in a three-necked 300 ml flask, 

equipped with a thermometer, nitrogen inlet tube, and a water-cooled 

reflux condenser. The flask wss rapidly heated to the desired temperature, 

by meane of an oil bath placed on the magnetic stirring hot plate. The 

reaction mixture, under constant stil-r1ng, wae kept at tha~.temperature for 

the desired reaction time while the fiow of nitrogen wss maintained. It 

was then cooled to roan temperature. Anaqsis of the mixture is described 

in the following sections. Yields ot the products fram the reactioos are 

expressed here as a percentap ot the start,1ng material. 
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Products fram 1-(4-Hrdraxr-3-Methoxrphenr1)-1-Propano1 (1) treated 
at pH 2 and 70· for 1 br. 

The reaction mixture was filtered to remove a black gumDJ1' 

material which was then washed tvice vith water. The filtrate and washings 

were combined and extracted vith chloroform. The chloroform solution was 

dried over a.nhydrous Na2So
4 

and cbromatographed on a thin 1qer of sil1ca 

gel, with a solvent mixture of methanol-benzene (1:5.5). The chromate

gram revealed the presence of two separable canpounds at Rf 0.50 and 0.23. 

The zones at these Rf values were scraped from the pl.àtes and each was 

extracted with methanol. The methanol extracts were evaporated and 

the residues were dissolved in chloroform. ~e CHC1
3 

solutions, atter 

being washed several times with dilute HCl solution, were dried overnight 

over a.nhydrous Na2S0
4

• Evaporating the dried chloroform solutions yielded 

yellow cr;ystals, 22 mg (Rf 0.50) and 276 mg (Rf 0.23). Intrared spectra 

and mixed m.p. showed that they were 4-nitroguaiacol (X) (Rf 0.50) and 

4,6-dinitroguaiaco1 (XI) (Rf 0.23). Yields: X, 1.1$; XI, 13.8%. 

The black gtUJJD.y' material was chromatographed on an Al.20
3 

column 

(diameter, 2 cm; height, 60 cm) with e1ution by a mixture of benzene and 

methano1 (8:1). It gave two fractions. The second fraction was evaporated 

to give a.yellow cr;ystalline canpound with m.p. 160.5-161.5·. A.nalysis: 

carbon, 53.3%; hydrogen, 4.89%; and nitrogen, 6.22$. It gave an 

empir.iœl formula of C101fu. NOS' The canpound was identified, by means of 

intrared and p.m.r. spectra, as 1-(4-h1drQX1-3-methoxy-S-nitropheny1)-1-

propanone· (XXIX). Reported m.p. of th1s compound b;y Sergeeva et al (14) 

was 160-161·. The yield ws 32 mg (1.6%). The first fraction t'raD column 

chromatograph1', after evaporatian, remained as a reddish g1DJIIG" mixture. 
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It has not been identified. 

Products from 1-(4-H.ydroxr-3-Methoxyphenyl)-1-.Methoxypropane (II) treated 
at pH 2 and 70° for 1 hr. 

A black guDIJD1' material was fUtered otf tram the reaction JD1xt,ure, 

and W8S W8shed with water. The tiltrate and W8ehinga vere combined and 

ext"racted with chloroform. The chlorotorm ext.ract was analyzed as described 

above. It ga-ve ll.9% of 4,6-dinitroguaiacol (n) and 1 • .3% of 4-nitro

guaiacol (~). 

Attempts to tractionate the black, gumDV mixture b7 column 

chromatograph7 were not successtul. 

Progucts frgm 1-(.3,4:ptmethoxrphepyl)-1-ProPano1 (III) treated at pH 2 
and 70· tor 1 hr. 

The reaction mixture ws extracted with chlorotorm (4 t1mes, 50 ml 

each), and the chloroform solution was dried over anhydrous Na2S0
4 

and 

evaporated in~. Column chromatography on silica gel(Merck: 0.05-0.20 

DUn) with benzene as eluant WBS used to separate the residual mixture. It 

gave two fractions. The second fraction"was evaporated to give a pale 

yellow crystalline compound with m.p. 58-59°. It was identified, b7 means 

of its infrared spectrum. and b7 a mixed m.p., as 1-(3,4-dimethoxyphenyl)

l-propanone (XXX). The yield WBS 880 mg (W). 

The tiret fraction was passed twice more over a silica gel column, 

both times with benzene. The product WBS dried in vacu\DD. to give a liquid 

substance (236 mg; Yield: 11.8%). Oxidation of 50 mg of this substance 

with 10 ml ot a saturated potassium permanganàte solution yielded .34 mg of 

veratric acid (XXVI) (Yield: 68%). Its 1dentit:r vas established b7 1ntrared, 

p.m.r. and mass spectrometr,y etudies, wh1ch showed that it vas 
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1-(.3 ,4-d1methOOC1Phenyl)-1-nitropropane (XXXI). ~sis (tound): carbon, 

57.9%; bydrogen, 6.57%; .and nitrogen, 6.17%. Calculated tor Cll~5N04: 

carbon, 58.5%; hydrogen, 6.67%; and nitrogen, 6.2zt. 

Products from 1-(3.4-Dimethoxyphenyl)-1-MethoxyproPane (IV) treated at pH 2 
and 70· for 1 hr. 

The chl?rotorm extract ot the reaction m1xt.ure vas chromatographed 

on a column ot si1ica gei (Merck; 0.05-0.20 JIDD) with benzene as eluant. It 

gave tbree tractions. The tirs~ and third tractions were tound, b,y camparing 

the intrared spectra, to be identical to 1-(.3,4-dimethoX1Ph~1)-1-nitro

propane "(xxn) and 1-(.3,4-dimethOX1Pheny1)-1-propanone (: XXX .). The )'ields 

were 0.6% and 6.0% respectivel1'. The second traction gave an intrared 

·spectrwn identical to that ot the starting material (Yield: 67.0%). 

Product tram Veratryl Alcohol (XXXVI) treated at pH 2 and 70· tor 1 br. 

The reaction mixture w&s extracted with chlorotorm (4 times, 50 ml. 

each). The chlorotorm .was dried with anhydrous Na2S0
4 

and evaporated in vacuo. 

The remaining material, chromatographed ovèr an alumtna column (diameter, 2 cm; 

height, 60 cm) and eluated with carbon tetrachloride, gave two fractions. The 

.tirst traction gave an infrared spectrum identical to that ot veratrald~e 

(XXXVII). The yield was 28.5%. The second fraction gave 5.3.0% yield ot 

starting mate~a1. 

Products from Veratr:y1 Alcohol (XXXVI) treated at pH 0.5 and 100° tor 1 br. 

Verat171 alcohol (XXXVI .), 0.5 gram, ws added to a solution ot 

5 grams of NaN02 in .30 ml ot water. Hydrochloric acid (IN) ws added untU 

the pH reached 0.5. The mixture ws treated to 100·, and kept at that 

temperature for one hour. 

The reaction mixi:.ure waa extracted with chlorotorm (.3 times, 20 ml 
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each). The chlorofor.m solution was extracted twice with lN NaOH 80lution, 

(50 ml each time). Acidification of the alkaline solution with dilute HOl 

gave 48 mg of a yellow precipitate, which could be recl'1stallized fram 

ethanol to yield yellow needle-like cl'1stals with m.p. 191.0-192.5-. 

Its infrared spectrum indicated the presence of a carb~l group 

(1710 cm-l, 34sO cm-l ) and a nitro group (15lOom-l ). Cœoparison with an 

authentic sample, which liaS obtained from permanganate oxidation of 6-

nitroveratraldehyde (XXXVIII), showed this compound to be 6-nitroveratric 

acid (XXXII) (b,y mixed m.p. and infrared spectrum). 

The chloroform layer was dried over anhydrous Na2S0
4 

and evaporated 

in vacuo to give a viSCOU8 residue. This residue vas chromatographed on ~w:'! 

alumina column (diameter, 2 cm; héight, 60 cm) and eluated with carbon 

tetrachloride. The first fraction (Yield: 8.8%) gave a ;yellow cr;ystalline 

compound with m.p. 97.0-97.5°. Its infrared spectrum liaS identical to that 

of 4-nitroveratrole (XXXIV) (93). The second fraction gave only a trace 

of 4,5-dinitroveratrole (XXXV) (95) as detected b;y thin-layer chramato

graphy' and identified b.Y its infrared specttum. The third material eluted 

was a ;yellow solid with m.p. 129.5-131.0°. B1 mixed m.p. and intrared 

spectroscop,y it proved to be 6-nitroveratraldehyde (XXXVI) (96). Its 

yie1d was 20.8%. 

Products from 1-(3,4-Dimethaxyphegyl)-1-Propanol (III) treated at pH 0.5 
and 100° for 1 hr. 

T"ne compound 1-(3,4-dimethooc;yphe~1)-1-propanol (III), 0.5 grams, 

was added to a solution containing 5 grame of NaN02 in 30 ml of water. 

Itrdrochloric acid (lN) wa added until the pH of the solution reached 0.5, 

and the mixture ws kept at 100- for one hour. 

--._----_ .. 
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The reaction mixture was ext.racted with chlorotorm (3 times, 

20 ml each), and the ch10rotom solution ws ext.racted with lN NaOH 

solution (2 times, 50 ml each). Aciditication ot the alkaline solution 

yie1ded 63 mg ot a yellow precipitate, which could be recr,ystallized 

trom ethano1 to yie1d yellow needle-like, cr,ystals with m.p. 191.0-192.5·. 

Comparison with' an authentic samp1e, by means ot mixed m.p. and infrared 

spectroscopy, showed th1s compound to be 6-nitr-overatric acid (XXXII). 

The chlorotorm l.a1'er was dried with anhydrous Na2S0
4 

and then 

evaporated in vacuo. The resulting residue waa chromatographed over 

an alumina co1umn (diameter, 2 cm; height, 60 cm) and e1uted with carbon 

tetrach10ride. A yellow material was tirst e1uted in a yie1d ot 54 mg, and, 

'after recr,ystallization tram ethano1, it me1ted at 97.0-97.5°. B.v mixed 

rn.p. and infrared spectroscopy, it proved to be 4-nitroveratro1e (XXXIV) 

(95). The second fraction e1uted was a bright yellow solid, m.p. 129.5-130.0° 

(Yie1d: 18.4$). Its' infrared spectrum indicated the presence ot a nitro group 

(1530 cm-1) and a carbony1 group (1700 cm-1). Camparison with an authentic 

samp1e, s,ynthe$i~ed by nitration ot 1-(3,4-dimethoxypheny1)-1-propanone with 

nitric acid (Sp. gr. 1.4) at 10°, showed th1s compound to be 1-(3,4-dimethOJE1'-

6-nitropheny1)-1-propanone (xxn). Reported m. p. ot this compound, obtained 

tram nitration ot 1-(3,4-dimethoxypheny1)-1-propano1 (III), tollowed by 

oxidation with KMn0
4 

in alkaline medium, was 130-:131°(26)., 

Products tram Syringy1 Alcoho1 (XXXIX> treated at pH 2 and 70· tor 20 min., 

Addition ot 2 grams ot XXXIX,:~ to a freshly' prepared solution ot 
" 

nitrous àcid (pH 2) immediatel:y' gave a purp1e co1our. Heating tor 20 minutes 

at 70· caused no change. The reaction WBS extracted with chlorotorm 
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() times, 50 ml each). (A thin-lqer chromatogram ot this chlorotorm extract 

(on silica gel with benzene-methanol, 5:1) revealed the presence ot at least 

5 compounds, but no starting material was detected.) Atter removal ot the 

chlorotorm, wsh1ng the residue with ether divided the mixture into. two 

tractions: ether-eoluble and ether-insoluble. A yellow material (220 mg), 

m.p. 135.5-137.0~, ws separated tram the èth~. Rec17stallization trom 

ethanol gave 170 mg ot yellow needles, m.p. 136.2-137.0°, which proved, Iran 

their:. ; intrared and p.m.r. spectra, to be 2,6-dimethooçy-4-nitrophenol 

(XL) (97) (lit. 136-137°). 

Column chranatography' on silica gel (Merck; 0.5-0. a> mm) ws 

used to separate the ether-insoluble m1xt.ure. The column (diameter, 2 cm; 

height, .60 cm.) ws prepared by wet packing technique and benzene-methanol 

(9:1) ws used as eluting solvent. A yellow solid was tirst eluted in a 

yield ot 214 mg, and atter one rec17stallization tram glacial acetic acid 

the yell01l needle-like solid, 150 mg, melted at 251-252° (sealed tube). B.r 

mixed melting point and intrared spectroscop,y, the solid ws shawn to be 

2,6-dimethooçy-l,4-benzoquinone (XVII) (90). A purple mixture (600 mg) ws 

next. eluted, but i ts nature has not been determined. 

Products trom Szringaldeh,;yde (XXI) treated at pH 2 and 70°' for 20 min. 

When syringaldehyde (XXI) ws treated with nitrous acid at pH 2 

and 70°, a yell01l precipitate separated tram the resulting purple solution. 

The precipitate 'WaS collected by filtration and 'W8.S washed with cold water. 

The tiltrate ws allowed to stand until no more yellow precipitate settled out. 

Atter the second tiltration the tiltrate was kept for further etudies. 

Tm (on sUica gel with benzene-methanol, 5:1) revealed that the 

ct yellow precipitate was a mixture ot tlfO cCIIIpOt1Dds with Rt 0.60 and 0.50, 
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e the same Rf values as 2,6-dimethœ;y-1,4-benzoquinone (XVII) ~d 2,6-d1- . 

methOJQr~-nitrophen01 (IL), respectiv~. Since XVII is insoluble in 

ether, extraction with ether vas used to separate the 7ellow JD1.xt,ure. The 

ether-inso1ub1e so11d vas separated b7 filtration and repeatedq washed with 

ether, yie1ding 7)<>.mg, m.p. 251-252·, wh1ch proved. to beXVII. On removal 

ot the ether, the ether-so1ub1e traction yie1ded 212 mg ot 7ellow C178tals, 

m.p. 135.5-1.36~6·, identified as XL. 

Additionalyie1ds of XVII and XL could be obtained tram the 

fUtrats described above. A chloroform extrect () times,.5Omleacb) ot 

tbis fUtrate was ev.aporated·!n vaeuo, and thensubje~tecl.t~ co1U1D1l chrômato

graph7 on si11ca gel (Merck; 0.05-0.3) Dm) uS1ng a benzene-methanolmixt.ure 

(9:1) as ·e1uting solvent. A 7ellow sol1d . (26 mg) w&s tirst e1uted. It me1ted 

at 250.5-252-,· and ~s identitied as XVII. The second e1uted product ws 

. a 7ellow so11d (a>o mg), m.p. 135.5-136.5·, identified as XL. The third 

fraction ws a purp1~ m1xtiure wose nature has not been determined. A white 

canpound (99 mg) vas next eluted. It me1ted at 110-11)-, and proved to be 

the unreacted starting material (XXI). 

Products from Syringic Acid (XXIV) treated at pH 2 and 70- for 20 min. 

Addition ofxnv to an aqueous nitrous acid solution (pH 2) caused an 

immediate and rapid evo1ution of carbon dioxide. The resulting purp1e solution 

liaS extracted wi th chlorotorm () times, 50 ml each). A thin-1qer chromatogram 

ot the chloroform extract (on si1ica gel ldth benzene-methano1, 5:1) revealed 

the presence of.three products at Rf 0.60 (yellow), 0.50 b~e11ow) and 0.45 

(purp1e), respecti v~. The Rf values of the first two products wera identical 

to thosa of 2,6-d1meth~-1,4-benzoqu1none (IVII) and 2,6-d1methCD7-4-nitro

phenol (XL). Isolation ot theae two campounda vaa ach1eved b7 the procedure 
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e described iD the treatment of ~1 alcoh01 (XXXIX). The Ji.1da vere: 

XVII, 1.044 g (S2. zh and IL, 438 mg (21.9%) . 
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" CUIMS TO ORIGINAL RESEARCH 

1. An experimental survey ot the reactions ot birch and spruce 

dioxane lignins with nitrous acid in aqueous solution has revealed that 

the tormer waB more susceptible to degradation and gave a lower yield ot 

the insoluble nitrolignin. 

2. Simple degradation p~odu~ts, 4-nitrog.iSiacol (X), 4,6-dinitro-

guaiacol (XI), 2,6-dimethooc;r-l,4-benzoquinone (xvn) and oxalic acid were 

isolated fram the"reaction ot birch dioxane lignin with nitrous acid at 

pH 2 ~d 70· ; whUe only the two nitro canpo~d8, X and XI, and oxalic 

acid were isolated fram spruce dioxane lignin on the same treatment. 

J. Bath birch and spruce dioxane lignins, on treatment with nitrous 

acid, underwent d~ethy'lation and fixation of nitrogen. The degree of 

demethy'lation and the amount of nitrogen tixed increased with acidity, 

reaction temperature (below 9S·) and reaction time. 

4. Alkaline lvdrolysis of birch nitrolignin gave rise to vanillin 

(XIX), S-nitrovani J J i D (XX), syringaldehy'de (XXI), vanillic acid (xxn), 

S-nitrov~llic acid (XXIII) and syringic acia (XxrV)~ which were isolated 

by the thin-layer chromatographic techniqUe. Spruce nitrolignin, by the 

same treatment, yielded XIX, XI, ml and XXIII. 

S. Alkaline hy'drolysis with sodium hydroxide, then methy"lation 

with dimetIvl sulfate, followed by permanganate oxidation of spruce nitro

lignin gave rive to S-nitroveratric(nv), veratric (XXVI), isohaDipinic 
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(XXVII) and dehydrod1veratric (XXVIII) acida. 

6. ReactiC?D8 ot model compounda tor sottwood lignin, 1-(4-h7dro.x;r-

3-methox;ypheDT1)-1-propanol (I), 1-(4-h1'dro:a;y-3-methoX1PheDT1)-1-methoq

propane (II), 1-(3,4-dimethox;ypheDT1)-1~propanol (III) and 1-(3,4-di

meth~heD1'l)~l-methOJqpropane (ri), with nitroua acid have 7ielded 

products which can help to explain the reaction of lignin under s1m1Jar 

conditions. From l, at pH 2 and 70·, 4-nitroguaiaco1 (X) and 4,6-dinitro

guaiaco1 (XI) were formed 1>7 electrophilic displacement of the side chain, 

and 1-(4-bydro:a;y-)-methoq-5-nitropheD71)-1-propanone (mx) 1>7 oxidation. 

With II, on:Qr clilplaeement ot the 11de ohain ooeurred, and X and XI were 

isolated. Both III and IV yielded the same products on mild treatment (pH 2, 

and 70°): 1-(3,4-dimeth~henyl)-1-propanone (XXX) and 1-(3,4-di-

o meth~eD1'l)-l-nitroproparie (XXXI). The results indicate that displace

ment of the side chain 1s facilltated 1>7 the presence of a free phenolic 

hydro:a;yl'group.' But when III ws reacted under harsher conditions (pH 0.5 

and 100° ), 1t yielded 6-nitroveratric acid (XXXII), 4-nitroveratro1e 

(XXXIV), 4,5-dinitroveratro1e (XXXV) and 1-(3,4-dimethox;y-6-nitropheDT1)

l-propanone (XXXIn). 

7. The compound: 1-(3,,4-dimethoocyphenyl)-1-nitropropane (XXXI) has 

been prepared for the first time. Its formation tran III and IV b7 the 

action ot nitrous acid points to the possibilit7 that, when lign1n ia 

aubjected to the aam. treatment, nitro groupa can be introduced into the 

aliphat1c aide chain to ocC1lp7 a polition B w:l.th respect te the arau.tic . 

ring.' 
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8. lf.odel canpounds tor h~od lignin, 81riDs11 alcohol (XXIII), 

syringaldehyde (XXI) and ~c acid (mv), on treatment vith Ditroua 

acid (pH 2 and 70· ), ;yielded 2,6-dimeth~-1,4-benzoquinone (xvn) ancl 

2,6-dimeth~-4-nitrophenol (XL). This result indicatea that the formation 

ot IVII fran hardwood lignin can be attributed to ox1dation ot termiDal 

s11"in8Tl units with free phenolic h1dr~1, as wll as to ox:1dation ot 

. s11"in8Tl un:tts with etherified phenolic bydrox;yl. 

9. Based on the evidence put torward in this thesis, a mechani_ 

for the formation of 2,6-dimethCD1'';'1,4-benzoquinone (xvn) t'rail hardwood 

lignin has been propoaed tor the tirat time. It involvea electrophillc 

displacement of the aliphatio side chain, acid h7drol3tic deal.k;ylation 

and Ditrous ac1d-ca.t~zed axl.me cleavage. 

10. Based· on ~he studies of modal canpounds, mechaniSll8·were proposed. 

to account for var1ous" modes ot degradation ot the l1snin polJ.mer netvork. 
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