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ABSTRACT 

In  order t o  examine the s t a b i l i t y  of li&nin-aarbohydrath 
complex6s (LEI during a l k a l i n e  chemical pulping, b-1 e the r  
type  LCC d o 1  
were synthesized and cooked uador a h a p i u  pulp- conditions. A t  
least 80% of the starting subs tmae  vw n c o v o r d  oacb.Ilgd, flpl 
sodo, kzaft  and acid sulfite react ions ladiaating the -1 other 
linkage i n  t h i s  owpound is s t a b l e  during pulping. 
by blocking tho r eac t ive  b a q l i c  Wdroxyl group, the C l W t Y S  Of 
adjacent B-ethor linkages i n  1-n miety is retarded. 

Containing diff-t m - p h w l i a  Wts 

p&emml 

Thus It is concluded that non-phenolic a-ether llnk8geS 
betueen 1- end aarbohydratea M s t a b l o  under alk8liM W P a  
conditions and may be t he  cause for the residual  lLgn.ln t o  resist 
a c a p l e t e  dOligrifiC8tiOn. 
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MTRODUCTION 

TANLDA ET AL. 

A s i g n i f i c a n t  drawback of t he  k r a f t  pulping process is the 
r e l a t i v e l y  hi64 content of r e s i d u a l  l i g n i n  i n  this pulp. 
obtain a 1-n free pulp, k r a f t  pulp bas to  undergo a tedious 
mult iple  stage bleaching process, a c h  i s  not  only expensive but 
also prone t o  u t e r  pollution. 

To 

In our earlier work’, fo r  the purpose of improving these 

current  pulping and bleaching processes, t he  residual l i g n i n  i n  
k r a f t  pulp ias i s o l a t e d  by s e l e a t i r e l y  hydrolyzing and dissolving 
the  carbohydrates w i t h  c e l l u l o l y t i c  enzymes and character ized in 
CoPporison with HUL and kraft l i g n h .  
uontained about 10s unremovable carbohydrates and was c m p l e t e l y  
soluble i n  an a l k a l i n e  solut ion and most of t h e  l i m n  solvents.  
Elemental composition, molecular w i g h t  d i s t r i b u t i o n s ,  phenolic 
and a l i p h a t i c  hydroryl group contents  and nitrobenzene oxidation 
products were examlned i n  cooparison with mL and k r a f t  l ignin.  
The results showed that the residual  1- was found t o  have 
reacted to a lesser extent  than the k r a f t  l ignin.  
these facts, the s t a b l e  linkages between 1- and hemicellulose 
w e r e  suggested t o  e x i s t  i n  kmft pulp. The r e s i s t ance  of r e s idua l  
lignh to  d e l l s n i f i c a t i o n  uas thus explained by the presence of 
these ligriin-carbohydrata linkages. 

ihe residual  lignin 

Judging from 

Pnv ious ly ,  it ma suggested by Freuaenberg et a1.2 that the 

b a y 1  ether llakaga could be forwd by the add i t ion  of hydro-1 
groups in v 8 r i O u s  lonosaccharide units to qu inor rmth ide  
intelwdlatar during the biosynthesis  of l imb.  Later, Tanaka at 
- ~ 1 . 3  rsp0rt.d that even in the presence of water, the  h z y l  ether 
linkago vw lormod b th. additioa of C-6 h y d r o q l  group in 
glucose t o  quinonomthide which was syri theaizd from guaircpl 
glycerol-B-guaiocyl ether.  Furthermore, teary et  al. reported 
that t)M bQ-1 ether li-e u s  formed in the  n e u t r a l  aquwus 
solut ion of vani l ly1 alcohol and the sugars4. 
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STABILITY OF LCC 

This s-ry suggest t h a t  benzyl e t h e r  t ypes  of l ing in-  

carbohydrate complex (LCC) a r e  present  in wood. 
benzyl e t h e r  type LCC may be s t a b l e  under a l k a l i n e  pulping 
condi t ions  and prevent complete d e l i g n i f i c a t i o n  dur ing  chemical 

pulping. 

Some o f  these  

I n  t h i s  paper, w e  sought t o  confirm the  p o s s i b i l i t y  of the  

For this purpose, a model compound of an a -e the r  type 

presence of t he  l i g n i n  carbohydrate linkages uhich survive k r a f t  
cooking. 

LCC was prepared and s tudied  under a l k a l i n e  as well as ac id  
s u l f i t e  cooking condi t ions .  

EXPERIMENTAL 
Syn thes i s  of  Hodel Compounds 
Quinonemethide 

The quinonemethide of guaiacylglycerol-0-guaiacyl ether (CC)  

To a was prepared according to the  method of  Ralph e t  a ~ ~ .  
so lu t ion  of  1.0 8 GC (3 .1 W) i n  30 ml chloroform was added 2.0 g 

of t r i p l e thy l s i ly l  bromide (14 EM). The mixture uas stirred f o r  2 

hours a t  0%. The chloroform so lu t ion  uns t r a n s f e r r e d  i n t o  a 

separa tory  funnel together with 30 m l  sa tu ra t ed  sodium bicarbonate 
so lu t ion  and shakaned. The chloroform l a y e r  which contained 

quinonemethide was separated and dried over anhydrous sodium 
s u l f a t e .  

Compound I 

The chloroform so lu t ion  of quinonemathide was poured i n t o  20 
ml dry  DUSO solution conta in ing  10 g o f  Methyl a-D-glucopyranoside 

(UuC) (52 sM) and t h e  mixture was kept  over n igh t  a t  mom 
temperature. 
t he  disappearance of a ye l lou  color, chloroform was removed under 

reduced p r e u u r e .  The r e s idua l  Dclso s o l u t i o n  was poured i n t o  500 

m l  water and t h e  aqueous mixture nas ex t r ac t ed  wi th  50 ml chloroforn 

After the  absence of  quinonemethide nas conPirmed by 
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488 TANEDA ET AL. 

removal of t% and its condensation products and then extracted 

a l s o  with th ree  port ions of 100 ml e thy l  acetate. After removal 

OP e thy l  acetate, a syrup was obtained utlich contained compound I 
and unreacted Mac. Compound I uas pur i f i ed  with €Ugh Pressure 

Liquid Chromatography (HPLC). 

High Pressure Liquid Chromatography (HPLC) a n a l y s i s  of 
Compound I showed four peaks (Pig. 11, and each of fou r  isomers 
was separated and analyzed by C’3 NUR. HPLC cond i t ions  were 
column, 20x250 nm; packing, CHEHCOSORB 70 DS-H; so lven t ,  222 

a c e t o n i t r i l e  i n  water; flow r a t e ,  6 ml/min; and d e t e c t o r ,  UV- 
254. cr3  NHR was determined i n  (CD3)$0 Using Z O L  FX-100. 

As shown i n  Table 1,  the chamical s h i f t s  of C-3 and C-6 i n  
a l l  four isomers of Compound I are 8 and 9 ppn, r e spec t ive ly ,  
lower than those i n  GG and Hcdi, whereas the chemical s h i f t s  of a l l  
o the r  carbons i n  compound I are similar t o  those of t h e  

corresponding carbons i n  CC and methyl-a-glucoside. 
it is obvious t h a t  a l l  four isomers of compound I have an e the r  

linkage between the s i d e  chain C-a of l i g n i n  moiety and t h e  C-6 of 
glucoside. The four isomers are formed due to th8 presence of t he  

two c h i r a l  cen te r s ,  C, and CB of s i d e  chain. 
poss ib l e  t o  i d e n t i l y  each i-er based on t hese  c h d c a l  shift 
da ta  OP C-13 NUR. 

Consequently, 

However, it was not 

Compound 11 

Compound 11 uas obtained f r o m  compound I (mixture) by 

methylation of phenolic hydroxyl group with diazolwthane. 

Compound I11 

Quhonsmethide from G& yas reacted with e t h y l  a l coho l  i n  t h e  

presence of sodium ethoxide and then the  product was methylated 
with diazomethane t o  give Compound 111. 
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STABILITY OF LCC 489 

Rak 1 2 3 L 
Y O  18 33 21 25 

Figure 1. HPtC chart of Compound I detected wi th  W-254 run 

TABLE I 

C-13 chemical s h i f t s  of four diastereoisomers of Compound I 

Compound C-Y C-6 C-4 C-2 C-5 C-3 C-a C-0 

No. 1 61.1 68.8 70.8 71.8 72.5 7Ll.3 81.8 83.6 
No. 2 62.1 69.5 71.9 71.9 73.3 75.3 82.5 86.5 

No. 3 61.8 69.2 71.5 71.9 73.0 74.9 82.0 84.8 
No. 4 61.8 69.2 ?1.3 72.0 73.0 74.7 82.3 84.6 
ne-glc 61.4 70.5 12.1 72.5 ?4.0 
c c s  60.8 72.8 87.1 

t 61 .0 73.1 84.6 

He-glc : Methyl a - b ~ l u c o S i  de 
cc: Guaiacylglycerol-6-guaiacyl ether 

e: erythro 
t: threo 

Compounds I V  and VC 

Veratrylglycerol-6-guaiacyl ether (VC) was synthesized by t h e  

method of Adler e t  al.6. Compound I V  was synthesized fran VG by 

the complete methylation with methyl iodide and NaOX in IMSO and 
puri f ied  by column chromatography. 
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490 TANEDA ET AL. 

Compound I 

CHzOH 

CH-OH 9 2  I 

40M. OMe 

VG 

& Compound If 

CHzOH 

L o Q  I 
CH-OEtO 

C h M e  OMe 

Compound X I 1  

CHzOMe 

OMe 

Compound IV 

Cooking 
Soda c o o k i q  

Each model compound ( 6  mg) was dissolved i n  the mixture of 3 
dl &OH and 3 m l  2N NaOH solution respect ive ly ,  and cooked a t  

160°C in a stainless steel autoclave. 
90 and 120 minutes. A f t e r  cooling, the reaction l iquor  was 

neutralized idth 3 m l  2 N  €ICl and diluted idth HSOH t o  25 m l .  

Compound I1 w u  cooked I n  various concentration of alkali ( 3  m l  of 
2, 4, 6 and 8N NaOB containing an equal volume of HeOH). Cooking 

temperature was 16OoC for 1 hour. 

Rhct ion  times were 30, 60, 
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STABILITY OF LCC 491 

T a b l e  2 
Recovery y i e l d s  of  VC i n  var ious  r a t i o s  o f  MeOH 

W H  ($1 10 20 40 10 100 
Yie ld  ( 2 )  45 44 4.) 43 38 

Cooking Temperature: 160% 
Cooking Time: 30 min. w i t h  1N-alkali 

Cooking with va r ious  w u n t s  of MeOH 

I n  the present  experiments, MeOH was necessary for d i s so lv ing  
the model compounds i n  cooking l iquor .  
e f f e c t  of HeOH under a l k a l i n e  pulping condi t ions ,  VG (10 w) and 
NaOH (0.24 g) uere  d isso lved  i n  6 ml o f  aqueous MeOH s o l u t i o n s  and 

cooked at  160°C for 30 minutes. The W H  concent ra t ions  were 
varied from lO-lOO$. As shown i n  Table 2, there  is l i t t l e  
d i f f e rence  i n  the recovery of  VC in var ious  concent ra t ions  of  
Heotl. 

r e s u l t s .  

I n  order  t o  access the 

Thrw, the presence of Methanol does not affect t h e  cooking 

Kraft and ac id  s u l f i t e  cookinq 

Compound I1 uas t r e a t e d  by k a f t  and acid s u l f i t e  l i quor s .  
Compound I1 (4.88 mg) UBS disso lved  i n  2 m l  MeOH and 2 ml of  the 

cook- l i q u o r ,  and then  cooked for 1 hour and 2 hours i n  a 

stainless autoclave.  
f o r  Kraft and s u l f i t e ,  mspec t ive ly .  The compositions of  cooking 

l i q u o r  were: 
25% f o r  k m f t  liqUOr with total so2 of 6.6s and combined So2 of 
1.5s for aaid s u l f l t b  liquor. 

Cooking t ampera tuns  w e r e  160°C and 135% 

34 g NaOH and 11 g Has i n  1 1 of Yater, s u l f i d i t y  

Analysis with HPLC 

The r eac t ion  l i q u o r  was analyzed with HPLC, and the amount Of 

the s t a r t i n g  compound was da temined  f o r  each cook. HPLC 
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492 TANEDA ET AL. 

conditions were column, 3.9~300 m; packing, P-Bondapack C-18; 

solvent ,  305 a c e t o n i t r i l e  i n  water; f l o w  rate of 1 ml/min;  and 

detector ;  UV-280 nm and RI. 

RESULTS AND DISCUSSION 
Behavior of Compound I 

Quantitative y i e ld  of MaG was obtained when compound I was 

cooked with 1N NaOH solut ion a t  16OoC f o r  15 minutes. Thus the a- 
e the r  in compound I was unstable and uas cleaved completely in 15 
minutes of the treatment. Other react ion products which were 
detected by CLC were i d e n t i c a l  to those which wore obtained by the 

a lka l ine  cooking of GG, that is, v a n i l l i n ,  acetoguaiacone and 
guaiacoxy styrene. 

Cooking of  Compound I1 

Table 3 shows the recovery percentage of Compound 11 under 
soda, k r a f t  and s u l f i t e  cooking conditions.  In  the  three types of 
cookings, Compound 11 was r e l a t i v e l y  s t a b l e ,  about 80% uas 

recovered unchanged a f t e r  two hours. 
differonce between the soda and the  k n i t  cooking. 

difference is probably due to the s l i g h t  d i f f e rence  i n  a l k a l i  

concentration between the two l iquor s  since s u l f i d e  ions are 

expected to have no spec ia l  effect on t h e . s t a b i l i t y  of t h i s  

There uas only a small 
This 

Based on these r e s u l t s ,  soda cooking w s  adopted f o r  
fu r the r  experiments instead of k r a f t  cooking. 

Behavior in soda cook- 

The LCC model compound, compound 11, w s  not as s t a b l e  as b G  
under soda coolring conditions as shown i n  Pig. 2, Canpound I11 
which has a benzyl-ethyl e the r  behaved s imi l a r ly  to a m o u n d  XI. 
Because f4aC 
compound I1 is not due t o  the degradation i n i t i a t e d  by the sugar 
component but t o  a react ion s t a r t i n g  from the s i d e  chain of t he  

did not react a t  a l l ,  the loss of about 20% of 
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STABILITY OF LCC 493 

TABLE 3 
Recovery oP Compound I1 after various cookings 

1 hour 2 h o u n  

Soda 862 
KraPt 912 
Acid  su lPi te  862 

72% 
83% 
78% 

Cooking temperature: 16OoC, soda and k a r t  
135'C, ac id  s u l f i t e  

100 

- 9 0  
L 
c. 

I - Compound 11 

1 

6o b 30 60 90 120 

Time ( m i n )  

F igure  2. Recovery y i e l d s  of unchanged model compounds a f t e r  
soda cooking. (cooking tamperature of 16Ooc with 1N- 
alkali 1 
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494 TANEDA ET AL. 

- - 

---b 1 
- a '? \ m Compound 111 - Compound I v  
?? 

5 0 -  

25 - 

I I 

0 30 6 0  9 0  120  

Figure 3. Recovery y i e lds  of unchanged l i g n i n  model compounds 
a f t e r  soda cooking. 
with 1N-alkali) 

(cooking temperature of 16OoC 

phenylpropane unit. This is c l e a r l y  demonstrated by the cooking 
results of l i gn in  model diraers, compounds I11 and IV, uhiah a re  

shown i n  Pig. 3. Compound IV which has no hydroxyl group on the 

s i d e  chain was completely s t ab le .  On t he  o the r  hand, VG which has 

two hydroxyl groups a t  the a and y pos i t i ons  of the  s i d e  chain 
reacted much more rapidly than Compound 111 with oniy one hydroxyl 

group. Thus, it is clear that the  reactivities or these model 
compounds are r e l a t ed  t o  the presence of hydroxyl group on t h e  

s i d e  chain and the 201 l o s s  of Compound I1 is probably due t o  the 
cleavage of B-other as a result of t h e  d i s soc ia t ion  of the 

hydroxyl group a t  y-position, and the  subsequent foma t lon  of  an 
oxirane as proposed by Gierer and Norm7. 

The above nschanlsn is supported by add i t iona l  experimental 
evidence showing that the s t a b i l i t y  of Compound 11 is a l i n e a r  
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STABILITY OF LCC 495 

Alka l ine  concentration (N) 

Figure 4. Degradation of Compound I1 in var ious  concent ra t ion  of 
a l k a l i .  
tima of 60 min.) 

(cooking temperature of 16OoC w i t h  cooking 

func t ion  of a l k a l i  concent ra t ion  (Pig. 4). A t  h igher  a lka l i  

concentration, the increased d i s s o c i a t i o n  of y-hydroxyl group 
accelerates the  degradation of compound 11. 

It should be noted that the 1 N and higher alkali 
concent ra t ions  used i n  the present  s tudy  are much higher than 

those of noml kraft and soda pulp- condi t ions .  
a l k a l i n e  pulping processes  n o m l l y  start with a lka l i  
concent ra t ions  in the ranee of 40-50 g/l, over 505 of alkali 
charged is consumed during the  hea t ing  up period as a r e s u l t  of 
polysaccharide degradation9. Consequently, the alkali 

concent ra t ioa  of the liquor when i t  reaches  pulpin# t u p e r a t u r e  is 
considerably lower than 1 N. Thus, l i g n i n  carbohydrate l inkages  

Altho- 
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496 TANEDA ET AL. 

of non-phenolic a-ether  type should be s t a b l e  under k a f t  pulping 

conditions. 

As shown in Fig. 3, VC, which has both a- and y-hydroxyl 

groups Ls much less s t a b l e  than Compound 111, which has only 

y-hydroxyl group, suggesting that the a-hydroxyl group may play a 
more important role i n  the neighboring group p a r t i c i p a t i n g  
cleavage of B-ethers than the y-hydroxyl groups. Thus, the  

presence of s t a b l e  a-ether type l i gn in  carbohydrate linkages m y  
a l s o  retard the neighboring B a t h e r  cleavage and thereby retard 

l i gn in  degradation. This vould explain our previous findings tha t  

the residual  l i g n i n  i n  pulp is reacted t o  a lesser extent  than the 

k r a f t  l i g n i n  i so l a t ed  frola the black liquor’. 

Contrary t o  our r e s u l t s ,  Enoki et al .  reported earlier that 

the lignin-carbohydrate linkages of the non-phenolic a-ether type 
were unstable under allcallno pulping aonditionslO. 

contradict ion is due t o  t h e i r  improper choice of L C C . m d e l  
compound, which bas a reducing end group in the  carbohydrate 

moiety. 
unstable under a l k a l i n e  conditions and its reac t ion  accounts f o r  

the i n s t a b i l i t y  of the  model compound. 

The 

It is w e l l  knom that the reducing end group is very 

coNcLusIon 

Based on our study of l l gn in  Podel c k o u n d s ,  i t  can be 
concluded that non-phenolic a-ether  type lignin-aarbohydrate 
lidcages are s t a b l e  under 8lkallne and ac id  s u l f i t e  pulping 

conditions. The s t a b l e  a-s ther  Wage also retards the  cleavage 
of the neighboring 6-ether linkage under a lka l ine  pulping 

conditions. 
llgnln in pulp to hrther de l iga i f i aa t ion  during k r a f t  pulping. 

This may explain the resistance of t h e  residual  
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