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The ni t ra t ion products  of spruce  lignin [1], which was isolated by a mechanica l  grinding method 
(MGL), were  p r e p a r e d  e a r l i e r .  It was noted that p rac t ica l ly  the same d e c r e a s e  in the contents of OCH 3 
groups,  which amounted to approx imate ly  one third of those or iginal ly  avai lable  in the lignin, takes place 
when lignin is n i t ra ted  with var ious  amounts of HNO 3 in var ious  anhydrous mediums .  This  quantity c lose ly  
co r r e sponds  to the content of the f r ee  phenolic hydroxyl groups in the or iginal  lignin. Similar  data were  
also obtained when lignin hydrochlor ide  was n i t ra ted  [2]. It was shown in [3] that an o-ni troquinone is 
f o rmed  in an ~ 70% 
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yield of the or iginal  guaiacylpropanol  when 1-guaiacylpropanol -3  is n i t ra ted  in absolute ether;  the o - n i t r o -  
quinone is decomposed  with the rupture  of the r ing during fu r the r  t r ea tmen t  with ni tr ic  acid. It has been 
proposed  [1-3] that the demethyla t ion of lignin under the ni t ra t ion conditions p roceeds  bas ica l ly  analogously,  
i . e . ,  through s t ruc tu ra l  e lements  of the guaiacyl  type. The COOH groups acquired by the lignin were  
bas ica l ly  a t t r ibuted  to the oxidation of the in te rmedia te ly  fo rmed  quinones with the rupture  of the ring. 
The author of [4] showed that nitroquinone is f o rmed  when 4-methylguaiacol  is n i t ra ted with dilute nitr ic 
acid; it is decomposed  when reac ted  fu r the r  with ni tr ic  acid forming  the following final reac t ion  products :  
N2, N20, NO, NO 2, CO, CO2, and (COOH) 2. The authors  of [5] obse rved  the fo rmat ion  of o-benzoquinones 
during the chlor inat ion of lignin. It was shown in [6 and 7] that 1 mole  of methanol  pe r  mole  of a guaiacylic 
compound is f o rm ed  when oxidation of a guaiaeol solution and solutions of  its de r iva t ives  is c a r r i ed  out 
with sodium per iodate .  These  r e su l t s  were  used by the authors of [7] to de te rmine  the guaiacylic s t r u c -  
tures  quanti tat ively in lignin p repa ra t ions .  The reac t ion  probably p roceeds  through an ionic mechan i sm 
[8] (see Scheme 1): 
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The o-quinone fo rmed  is oxidized fu r the r  with excess  per iodate .  Thus,  c i s - c i s - m u c o n i c  acid [7] is ob-  
tained by react ing  per iodate  with guaiacol .  

In o r d e r  to prevent  the fo rmat ion  of quinones during the ni t ra t ion of the guaiaeylic s t r uc tu r e s  in lignin, 
and, consequently,  the i r  des t ruc t ion ,  we ni t ra ted  MGL which had been p re l imina r i l y  methylated.  The 
lignin was methyla ted  with d imethylsul fa te  in an aqueous acetone solution in the p re sence  of KOH (the yield 
was 91% of the or iginal  weight taken). The e lementa l  composi t ion  of the MGL af te r  methylat ion was:  C 
65.08; H 6.34; and OCH 3 28.49%. The ave rage  e lementa l  composi t ion of the s t ruc tu ra l  unit C6-C 3 was:  
CgH?.I6Oi.73(OCH3)l.84; tool.  wt. 200. The ave rage  e lementa l  composi t ion  of the s t ruc tu ra l  unit C6-C 3 of the 
original  MGL was: C9H8,9502.74(OCH3)0.96; tool.  wt. 190.6. The mo lecu l a r  weights ofthe methyla ted  p r e p a r a -  
tion de te rmined  ebul l ioscopical ly  in dioxane and ch lo ro fo rm amounted to 2710 and 2745, r e spec t ive ly  (the 
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degree of polymerization was 13.5). The molecular weight of the original MGL equalled 5200 (ebullio- 
scopically in dioxane), which corresponds to a degree of polymerization of 27, Consequently, the degree 

of polymerization of the lignin is decreased by exactly one-half during the methylation with dimethylsulfate. 
A product (yield 110.5~ of the original weighed sample) with the composition: C 47.97; H 4.41; N 6.94*; 

OCH 3 19.11; and COOH 2.32% was obtained when the methylated lignin was nitrated in CCI 4 at room tem- 
perature for 1 h (9 mole of HNO 3 per mole of the structural unit of the methylated lignin), The average ele- 

COOH mental composition of the structural unit C6-Cawas: CgH6.79OI.9~(OCHa)i.6r )0.i4; tool. wt. 
264. When the product was fractionated in ethanol, an ethanol-insoluble nitrolignin (A) and an ethanol-solu- 
ble nitrolignin (B) were obtained in yields of 89.5 and 21,0% respectively on the basis of the original product. 
In addition, dinitroveratrol (yield 1.63%) and ,~ 5% of other unidentified products were isolated. Oxalic acid 
was not detected in the reaction products. The composition of A is: C 47.84; H 4.30; N 6,74; OCH 3 19.23; 
and COOH 1.83%o The composition of B is: C 48.60; H 4~ N 7.80; OCH 3 18.63; and COOH 4.40%. We did 
not succeed in determining accurately the amount of nitroester nitrogen in preparations A and B. However, 
it can be presumed from IR spectroscopic data that its quantity amounts to 0.3 to 0.2 and 0~ to 0.3% res- 
pectively in the preparations. 

The average composition of the basic units CG-C 3 of these preparations are: A) C9H~.5202.42 (OCHa)I.G~ 
~O COOH~ tool, wt, 267.6; B) CgH~.96OI.a3 (OCH3)I.5~ (NO2)i.45 ~ 2 0.25" (NO2)1.29 t 2 *oAt; ~O COOH) , tool. wt. 263,6. The 

molecular weights of preparations A and B determined ebullioscopically in dioxane came to 2950 and 2755 
and corresponded to an average degree of polymerization of Ii.I and 10.4. When the composition of the 
elemental structural units of preparations A, ]3, and the original methylated lignin are compared, it can 
be seen that the cleavage of the OCH 3 groups is insignificant when the methylated lignin is nitrated. Degra- 
dation manifested by a drop in molecular weight is also insignificant. The degree of polymerization prior 
to and after nitration is 13.5 and 11.1 respectively. It is interesting that the molecular weight of the ni- 
trated unmethylated MGL [I] is 1265 (ebullioscopically in diexane) and has a degree of polymerization of 
4.6 in all. The presence of guaiacylic structures in the lignin molecule, consequently, facilitates its degra- 
dation under the conditions of the nitration. 

It was  shown e a r l i e r  [9] that  when the f l - g u a i a e y l  e t h e r  of c ~ - v e r a t r y l g l y c o l  (I) i s  n i t r a t e d  in an a n h y -  
d r o u s  m e d i u m ,  and e l e c t r e p h i l i c  s u b s t i t u t i o n  of  the s i de  c h a i n  by  a n i t r o  g roup  t a k e s  p l a c e  in add i t i on  to 
n i t r a t i o n  of  the  r ing ;  ( 3 . 4 - d i n i t r o - 6 - m e t h o x y p h e n o x y ) a c e t i e  a c i d  (II) and d i n i t r o v e r a t r o j  (Scheme 2) a r e  
f o r m e d  

S c h e m e  2 
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It was noticed that the fi-alkylaryl ether bond is quite stable under the conditions of the nitration, It 
can be assumed that the formation of the COOH groups by the action of HNO 3 on the methylated lignin in an- 
hydrous organic mediums proceeds basically according to Scheme 3 [I0] and not through the step where a 
quinone is formed [2,3], as occurs with lignins containing the guaiacyl structures 

* Nitrolignim which we obtained from the nitration of lignin hydrochloride with nitric acid under the same 
conditions, has a smaller amount of nitrogen in its composition, which probably is due to the higher degree 
of condensation of this lignin [2]. 
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S c h e m e  3 
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The s tabi l i ty  of the f l -a lkylaryl  e the r  bond under  the conditions of the ni t ra t ion (9 mole  of HNO 3 pe r  
mole  of subs tance  in CC14) was once m o r e  conf i rmed  by ni t ra t ing r  
(Ill) 

H,CO_/x=--~_C0_CU~_ o _ 2  . - ~  

(IH) 

co-(2-methoxy-4,5-dinitrophenoxy)-6-nitroacetoveratrone (IV) was obtained in a high yield (76.070 of the-  
ore t ica l ) .  

E X P E R I M E N T A L  

The quantity of OCH 3 groups  in all  the p repa ra t ions  was de te rmined  by a modif ied Ze i se l  method [1], 
n i t ra te  n i t rogen by the S c h u l t z - T i m a n  method,  the total  ni t rogen by the Dumas  method,  and the carboxyl  
groups by the ca lc ium ace ta te  method.  The m o l e c u l a r  weight was de te rmined  ebul l ioscopical ly  on an I~P-2 
ebul l iograph built at the N. D. Zel inski i  Insti tute of Organic  C h e m i s t r y ,  Academy of Sciences of the USSR. 

Methylat ion of Lignin. MGL, 3.0 g, with a composi t ion:  C 62~ H 6.17; and 15o03% was dissolved 
in aqueous acetone (225 m l  of acetone and 17 ml  of water ) .  To the mix tu re  was added with constant  s t i r -  
ring 77 o15 ml  of d imethylsul fa te  and an aqueous alkaline solution (KOH 8~ and wa te r  8.6 ml) ove r  a 6 h 
per iod at room t e m p e r a t u r e .  Af ter  decomposing the excess  dimethylsulfa te  with alkali ,  the reac t ion  m i x -  
ture  was poured into wa te r  (500 ml) .  The prec ip i ta te  was centr i fuged out, washed with wa te r  until neutral ,  
and dr ied  in vacuo to constant  weight at 45~ The product ,  2.73 g, was obtained as a slightly yellow pew-  
der ,  highly soluble in ethanol,  dioxane, acetone,  ch lo ro fo rm,  and in o ther  organic  solvents .  The c o m p o s i -  
tion of the p r e p a r a t i o n  was:  C 65.08; H 6.34; and OCH 3 28.4970; tool.  wt. 2710 and 2745 (ebull ioscopical ly 
in dioxane and ch lo ro fo rm respec t ive ly) ;  the yield was 9170 of the or iginal  sample  weight. 

P r e p a r a t i o n  of r  (III). w-(2-Methoxyphenoxy)ace tovera t rone  was 
p r e p a r e d  [12] by the scheme:  v e r a t r o l  -* ace tove ra t rone  o~-bromo-3,4-dimethoxyacetophenone --* co-(2- 
methoxyphenoxy)aee tovera t rones .  Found,%: C 67.55; H 6.16; and OCH 3 31.06. CI~H902(OCH3)3. Calculated,  
%: C 67.55; H 5.96; and OCH 3 30.89; tool.  wt. 302. The mel t ing  point of the product  was 93.5 to 94.5~ 
{from ethanol).  

Ni t ra t ion of Methylated Lignin. To a mix tu re  containing 2.46 g of methyla ted  lignin and 20 ml  of CCI 4 
and cooled to 0~ was added with constant  s t i r r ing  ove r  a 15 rain per iod 2.75 ml  of HNO 3 (sp~ gr .  1.52) 
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suspended in 6 ml of CCI 4. The mixture was shaken at room temperature for 45 rain. The dark brown 

res in  which formed was isolated f rom the liquid, t r i tu ra ted  in an agate m o r t a r ,  t r a n s f e r r e d  onto a glass 
f i l te r ,  and success ive ly  washed with ether ,  benzene,  and water  until neutra l .  Two f rac t ions  were  ob-  
tained by t reat ing it with ethyl alcohol. The res idue (fraction A), which was dr ied to constant weight in 
vacuo, was a light brown powder with the following composit ion:  C 47.84; H 4.30; N 6.74; OCH 3 19o23; and 
COOH 1.83%. The tool.  wt. was 2950 (ebullioscopically in dioxane). The yietd was 917o of the original  
weighed sample .  A light brown powder (fract ion B), 0.46 g (21.0% of the original  weighed sample),  was 
obtained f rom the ethanol solution af te r  evaporat ing it in vacuo; its composi t ion was: C 48.60; H 4.86; 
OCH 3 18.49; N 7.80; and COOH 4.40%. The tool. wt. was 2755 (ebullioscopically in dioxane). A benzene 
solution was passed through a column packed with A1203. Crys ta l s ,  0.04 g (1.63% of the original  weighed 
sample),  mp 128 to  129~ (from ethanol), were  obtained when the column was eluted with benzene.  No 
melt ing point depress ion  was observed  when a mixed melting point was run on a mixture  of the c rys t a l s  
and 4,5--dini troveratrol  which had been synthesized.  

Nitrat ion of r  (III). To a mix ture  of 2.0 g of ~- (2-methoxyphen-  
oxy)ace tovera t rone  and 20 ml Of CC14 cooled to 0~ was added over  a 10 rain per iod with constant s t i r r ing  
2.48 ml of HNO 3 suspended in 10 mt of CCtr The mix ture  was shaken at room tempera tu re  fo r  1 h, then 
poured into water .  The prec ip i ta te  which fo rmed  was separated f rom the solution on a glass f i l te r ,  washed 
until neutral ,  and dr ied  in vacuo to a constant weight. A ni tro compound, 2.2 g (76% of theoret ical) ,  mp 
172~ (decomp.), highly soluble in acetone,  was obtained; it was poorly soluble in o ther  organic  solvents:  
e ther ,  benzene,  ch lo roform,  ethyl acetone,  and CC14. Found, %: C 47.02; H 3.69; N 9.60; tool.  wt. 440 
(ebullioscopically in benzene).  CIsHIsOilN3. Calculated,  ~o: C 46.70; H 3.44; N 9.60; reel .  wt. 437. 

C O N C L U S I O N S  

1. When mechanica l ly  ground lignin was methylated with dimethylsuIfate and alkali ,  a drop in i ts 
degree  of polymer iza t ion  by half was observed.  

2. Methylated lignin is ni t ra ted with an insignificant dec rease  in its degree  of polymerizat ion.  

3 ~ When methyla ted  lignin was ni t ra ted,  e tect rophi l ic  substi tution of its side chains by the ni tro group 
and oxidation of the a - c a r b o n  atoms with the format ion  of COOH groups was less  pronounced than when non- 
methylated lignin was ni t ra ted under the same conditions~ 
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