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THE FORMATION OF CONIFERYL ALCOHOL DURING 
ALKALINE DELIGNIFICATION WITH ANTHRAQUINONE 

R.D. Mortimer 

Pointe  Claire, Quebec, Canada. 
Pulp and Paper Research I n s t i t u t e  of Canada 

ABSTRACT 

Coni fery l  a lcohol  is the  major building block of softwood 
l i g n i n .  Although i ts  formation i n  the cooking l iquor  during 
k r a f t  pulping is predicted by the proposed mechanism, it  has not 
been previously found a t  any appreciable  concentration during 
a l k a l i n e  d e l i g n i f i c a t i o n .  The reason f o r  t h i s  is its i n s t a b i l i t y  
in hot c a u s t i c  l iquors .  I have observed the formation of coni- 
f e r y l  a lcohol  at supr i s ing lp  high concentrat ions as a t r a n s i e n t  
product of d e l i g n i f i c a t i o n  of softwood chips i n  soda, soda- 
anthraquinone (AQ), k r a f t  and haft-AQ pulping under normal con- 
d i t i o n s .  Higher y i e l d s  were obtained with woodmeal than with 
chips .  The maximum concentration is reached a t  the end of the 
i n i t i a l  de l ign i f  i c a t i o n  phase during the rise-to-temperature and 
is p a r t i c u l a r l y  dependent on the nature  and quant i ty  of addi t ives  
such as Na2S, AQ and anthraquinone mono-sulphonate. This obser- 
v a t i o n  supports  the proposed mechanism of a l k a l i n e  de l ign i f ica-  
tion and is, i n  f a c t ,  the  f i r s t  evidence of t h i s  mechanism based 
on wood r a t h e r  than model compounds. 

INTRODUCTION 

Coni fery l  a lcohol  (a) is the  major building block of s o f t -  

wood l i g n i n  (1). Although enzylnic oxidation of the phenolic 

a l c o h o l  leads t o  polymer formation even i n  v i t r o ,  depolymerisa- 

t i o n  of l i g n i n  has yielded only minimal amounts of the monomer, 

i n  s p i t e  of the f a c t  t h a t  its formation is predicted by the 
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mechanism of k r a f t  pulping (2) .  Indeed, r a t h e r  special condi- 

t i o n s  are needed t o  produce any con i f e ry l  a l coho l  a t  a l l .  For 

example, hydrolysis  of spruce woodmeal f o r  l h  with 50% dioxane- 

water  a t  14O-18O0C gave a maximum y ie ld  of c o n i f e r y l  a l coho l  of 

1.7% based on Klaaon l i g n i n  ( 3 ) .  Raisanen ( 4 )  generated CA under 

mild a l k a l i n e  condi t ions by t r e a t i n g  spruce woodmeal with 0.2 

Na2S i n  methanol a t  100OC. The author  claimed t h a t  t he  y i e l d  of 

c o n i f e r y l  a l coho l  amounted t o  0.53% of the l i g n i n  depending on 

t h e  r eac t ion  time, temperature and sample of wood. Ashorn ( 5 )  

t r e a t e d  spruce sawdust with huffered,  aqueous Na2S (pE 8 . 5 )  f o r  

72h a t  100°C and de tec t ed  CA i n  unspecif ied amount by paper chro- 

matography. 

Under normal pulping condi t ions,  however, CA may be e n t i r e l y  

absen t  from spent  pulping l i quor .  A recent, comprehensive analy- 

sis of the monomeric phenolice i n  k r a f t  black l i q u o r  by GC and 

GC/MS did not r e v e a l  c o n i f e r y l  a lcohol  among the i d e n t i f i e d  mono- 

mers (6). On the  o t h e r  hand, Gierer and Lindeberg (30) have 

r epor t ed  CA as a minor, phenolic component of k r a f t  spent  l i q u o r ,  

although no s t r u c t u r a l  proof w a s  presented. 

Nevertheless,  c o n i f e r y l  a lcohol  and c o n i f e r y l  a lcohol- l ike 

s t r u c t u r e s  are considered important intermediates  i n  t h e  degra- 

da t ion  of the p-hydroxyl arylglycerol-8-aryl e t h e r  u n i t s  of l i g -  
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n in  (7,  8 ) .  Figure 1 presents  the scheme developed by Gierer 

(31, 32) and by Brunow and Miksche (33-35) t o  expla in  the  r o l e  of 

su lphide  i n  a c c e l e r a t i n g  d e l i g n i f i c a t i o n .  According t o  t h i s  

hypothesis ,  c o n i f e r y l  a lcohol  would be r e a d i l y  formed from a 

phenol ic  precursor  during h a f t  pulping. Brunow and Miksche (9) 

po in ted  out,  however, t h a t  c o n i f e r y l  a lcohol  would be present  

only a t  low, s teady-state  concentrat ions i n  the l i q u o r  of a k r a f t  

cook because it is only moderately s t a b l e  i n  a l k a l i n e  media at  

pulping temperature. 

A few years ago, anthraquinone (AQ) was demonstrated t o  

a c c e l e r a t e  d e l i g n i f i c a t i o n  (10). Shor t ly  t h e r e a f t e r ,  Landucci 

( l l ) ,  then Gierer  (12), showed t h a t  the reduced form of AQ (AQp-) 

combined with quinone methides t o  form a thermally unstable  in te -  

rmediate. Collapse of t h i s  adduct r e s u l t e d  i n  8-aryl e ther  clea- 

vage and formation of the o r i g i n a l  AQ. Based on these observa- 

t i o n s ,  the  mechanism of soda-AQ pulping is thought (11,12) t o  

resemble t h a t  of k r a f t  pulping, i l l u s t r a t e d  i n  Fig. 1, with the 

except ion t h a t  reduced AQ takes the place of sulphide ion. This 
l eads  t o  the  same r e s u l t :  acce le ra ted  8-aryl e t h e r  cleavage and 

formation of c o n i f e r y l  alcohol.  I wish t o  repor t  t h a t  CA does i n  

f a c t  occur i n  k r a f t ,  kraft-AQ and soda-AQ l i q u o r s  at s u r p r i s i n g l y  

high Concentrations depending on the  a d d i t i v e  and i ts  charge but 

only during the rise-to-temperature of the cooks (110-17O'C). 

RESULTS AND DISCUSSION 

To determine the  p r o f i l e  of the  anthraquinone cqncentrat ion 

dur ing  soda-AQ pulping of black spruce,  samples were withdrawn 

from a 20L d i g e s t e r  at regular  i n t e r v a l s  f o r  HPLC ana lys i s  (13). 

The m3CN e x t r a c t s  of these samples contained not only AQ but 

a l s o  a number of o ther  l iquor  components. One such compound, now 

i d e n t i f i e d  as c o n i f e r y l  a lcohol ,  w a s  found t o  increase  mrkedly  
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during the rise-to-temperature and then to disappear. At subse- 

quent mill trials of soda-AQ pulping of mixed hardwoods, the same 

phenomenon was again observed. Figure 2 shows the profiles of 
the coniferyl alcohol concentrations from two, hardwood, mill 

trials and from tvo laboratory cooks of softvood. During the 

mill trials, the maximum AQ concentrations measured were 42.4 and 

233 mg/L for trials 1 and 2, respectively. This was the first 

indication that the AQ charge could affect the maximum coniferyl 

alcohol concentration. 

Identification of Coniferyl Alcohol 

That the unknown was coniferyl alcohol was first suggested 

by comparison of the W spectra and HPLC retention times of vinyl 
guaiacol and isoeugenol with those of the unknown peak. Figure 3 

shows that the W spectra are essentially identical. The order 

of elution (6.6, 9.9 and 11.4 min. for the unknown, vinyl guai- 

acol and isoeugenol respectively) indicated that the unknown was 

a more polar compound than vinyl guaiacol or isoeugenol. 

The unknown was then isolated from a CA2Cl2 extract of a 

neutralized cooking liquor from a soda-AQ, softwood cook which 

was stopped at 140'C during the rise-to-temperature. Comparison 

of the mass spectrum, melting point, W spectrum and HPLC reten- 

tion time of the isolated solid with those of a commercial sample 

of coniferyl alcohol confirmed the structural assignment. 

Analysis of coniferpl alcohol in pulping liquor 

Whereas W L C  analysis of the CH3CN extract of the pulping 

liquor might have provided a convenient means of determining the 

coniferyl alcohol concentration, the extraction efficiency was 

low (15-25%) when equal volumes of acetonitrile and liquor were 
used. Furthermore, the dependence of extraction efficiency on 
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Absorbance 
(254 nm) 

0.1 

0.05 

0 
0 

6' OCH, 

OH 

5 10 15 

Time, min 

Figure  I V .  I s o c h r a t i c  port ion of the HPLC a n a l y s i s  of coni- 
f e r y l  a lcohol  i n  a l k a l i n e  pulping l i quor .  

conif  e r y l  a l coho l  concentrat ion was  unknown. To circumvent t h i s  

p o t e n t i a l  problem an ana lys i s  w a s  developed based on the  l i quor  

i t s e l f  (see Experimental) .  Figure 4 r ep resen t s  the i s o c h r a t i c  

p o r t i o n  of a t y p i c a l  W L C  chromatogram. The W spectrum of the 

c o n i f e r y l  a l coho l  peak ( the  W 1084B l i q u i d  chromatograph has a 

s t o p  flow-W scan c a p a b i l i t y )  suggested t h a t  i t  was a s i n g l e  

component. The small peak a t  8.5 minutes is v a n i l l i n ,  while the 

o t h e r  peaks are thought t o  arise from carbohydrate degradation. 

I n  order  t o  measure the conif e r y l  a l coho l  concentrat ion 

accu ra t e ly ,  a l i q u o t s  (10 uL) of s tandard s o l u t i o n s  (10-200 mg/L) 

of both i s o l a t e d  and purchased material were i n j e c t e d  i n t o  the 
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HPLC. A p l o t  of peak area versus concentrat ion provided a cali- 

b r a t i o n  curve f o r  subsequent l i quor  analyses.  Since l i q u o r  sam- 

p l e s  were d i l u t e d  5-10 times, the range of s tandard concentra- 

t i o n s  was  s u f f i c i e n t  f o r  our purposes. The s tandard curve w a s  

necessaryJ  however, s ince  the  absorbance-concentration r e l a t i o n -  

s h i p  was l i n e a r  only below 50 mg/L (500 ng) of c o n i f e r y l  a l coho l .  

The r e p r o d u c i b i l i t y  of the a n a l y s i s  would be improved i f  an in- 
ternal s tandard were added t o  the  samples (13). 

The Coniferyl  Alcohol Concentration P r o f i l e  

Coniferyl  a l cohq l  production is much a f f e c t e d  by the pre- 

sence of AQ or sulphide and inc reases  in the  o rde r ,  soda < k r a f t  

<< soda-AQ - kraft-AQ. Figure 2 shows concentrat ion p r o f i l e s  f o r  

c o n i f e r y l  a l coho l  produced during k r a f t  and kraft-AQ cooks of 

black spruce ( 2 0 L  d i g e s t e r )  and during soda-AQ cooks of mixed 

hardwoods ( m i l l  t r i a l s ) .  For reference,  the maximum concentra- 

t i o n  of c o n i f e r y l  a l coho l  found in a softwood soda cook has a l s o  

been included. This  value,  63.7 3.5 mg/LJ w a s  der ived from 

t h r e e  sepa ra t e  1L bomb cooks (see Experimental). A l l  t h e  p r o f i l e  

maxima i l l u s t r a t e d  in Figure 2 occur a t  the same temperature,  

145 f 2OC, r ega rd le s s  of the time-to-temperature p r o f i l e ,  wood 

type or nature  of the cooking l i quor  (see Table I). 

Fac to r s  Af fec t ing  t h e  Yield of Coniferyl  Alcohol 

1. The Addit ive Charge 

Analyses of m i l l  l i q u o r s  and l i quor s  from lab.  cooks had 

i n d i c a t e d  t h a t  t he  maximum c o n i f e r y l  a lcohol  concen t r a t ion  was 

r e l a t e d  t o  the  a d d i t i v e  charge and, possibly,  t o  t h e  type of 

a d d i t i v e .  I n  o rde r  t o  de f ine  these r e l a t i o n s h i p s ,  a series of 

bomb cooks of black spruce chips  were done a t  var ious anthra-  

quinone and anthraquiaone monosulfonate (AMS) charges.  I n  a l l  
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FORMATION OF CONIFERYL ALCOHOL 393 

TABLE 11. Coni fe ry l  Alcohol Produced i n  Alka l ine  Cooking 
w i t h  Various Addit ive Charges 

- 

CA i n  Liquor a t  14OoC, 
mg/Ll 2 I 

Charge of Addit ive,  Addit ives  
AQ (Duplicate)  AMS' I AQ 

X on 0.d. wood 

0 
0.012 
0.048 
0.10 
0.20 
0.40 
0.80 
1.6 

66.8 60 
n.a. 163 
n.a. 323 

405 480 
533 640 
635 760 
675 n. a. 
733 n.a. 

n.a. 
n. a. 
n.a. 
n.8. 
155 
210 
300 
425 

I 

The dev ia t ion  i n  d u p l i c a t e  CA analyses  w a s  2 0.5%. 
Liquor-to-wood = 4 L/kg, EA 
Sodium anthraquinone monosulphonate monohydrate. 

45 g/L as Na20, 25-140°C i n  72 min. 

cases, the  bombs were heated from 25°C t o  140°C at  1.6"C/min then 

qu ick ly  c h i l l e d .  The r e s u l t s  are l i s t e d  in Table I1 and p l o t t e d  

i n  Figure 5. 

The apparent  gap between t h e  two AQ series is  probably due 

t o  the use of d i f f e r e n t  batches of chips.  A t  140°C the  l a r g e r  

ch ips  ( th i ckness ,  >4  nnn) were incompletely penetrated.  Small 

d i f f e r e n c e s  i n  the  chip s i z e  d i s t r i b u t i o n  would account f o r  the 

observed v a r i a t i o n  of t he  c o n i f e r y l  a l coho l  y i e l d .  The chips  

used f o r  t h e  f i r s t  AQ series and f o r  t he  AMS series were from the  

same batch; t h e r e f o r e ,  t he  higher  y i e l d  of CA from AQ is consis- 

t e n t  with t h e  greater a c t i v i t y  of AQ as a d e l i g n i f i c a t i o n  cata- 

l y s t  compared t o  AMS (10). 
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Conc., 
mg/L 

AMS 

0 1  I 
I I 1 I 

0 0.4 0.8 1.2 1.6 2.0 

Additive charge, % 0.d. wood 

Figure  V. The formation of c o n i f e r y l  a l coho l  from black 
spruce chips as  a funct ion of a d d i t i v e  charge. 

Because of t h e  incomplete pene t r a t ion  of wood chips  a t  14OoC 

and below, nrany of the  subsequent experiments were done with 

woodmeal. CA y i e l d s  were inva r i ab ly  higher  (20-60%) when using 

meal r a t h e r  than chips .  

Werthemann and Pekkala (14) r e c e n t l y  observed a l i n e a r  rela- 

t i o n s h i p  between t h e  r e c i p r o c a l  of t he  Kappa number of the pulp 

and the  square roo t  of t he  AQ charge up t o  an AQ dose of -0.3%. 

For  AMS, the  p l o t  was l i n e a r  f o r  a l l  charges t e s t e d ,  up t o  3% AMS 
on 0.d. wood. Likewise, when the c o n i f e r y l  a lcohol  concentra- 

t i o n s  were p l o t t e d  a g a i n s t  the square root  of t h e i r  r e spec t ive  

charges ,  t he  r e l a t i o n s h i p  w a s  l i n e a r  (Figure 6)  f o r  AQ up t o  an 

AQ dose between 0 .2  and 0.4% and fo r  AMS throughout the range 

t e s t e d  (<1.6%). The curvature  of the AQ p l o t s  in Figure 6 above 

an AQ charge of -0.2% may be due t o  incomplete s o l u b i l i t y  of the 

anthraquinone. F ine ,  yellow c r y s t a l s  of AQ were observed in t he  

spen t  l i q u o r s  a t  the  higher  AQ charges. This was e s p e c i a l l y  

no t i ceab le  when the experiments were done a t  125OC (see l a t e r ) .  
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Conc., 
mg/L 

640 

320 

0 
0 0.4 0.8 1.2 1.6 

-e, % 0.d. wood 

Figure  V I .  The l i n e a r  r e l a t i o n s h i p  of c o n i f e r y l  a l coho l  con- 
c e n t r a t i o n  and the  square roo t  of t he  a d d i t i v e  
charge. 

2. E f f e c t  of Temperature 

Examination of the CA concen t r a t ion  p r o f i l e s  i n  Figure 2 
shows t h a t  CA formation is a func t ion  of t i m e .  Because t h i s  p a r t  

of the cooking cycle i s  the rise-to-temperature,  CA formation is 

a l s o  a f u n c t i o n  of t e m p e r a t u r e .  During the rise t o  [CAImax a t  

145"C, the  curve passes through an i n f l e c t i o n  po in t  at 125°C 
which is the  point of optimum CA formation, i -e . ,  rate of forma- 

t i o n  is  highest  r e l a t i v e  t o  rate of degradation. Figure 7 shows 

t h e  formation of CA at t h r e e  d i f f e r e n t  temperatures:  l l O " C ,  125" 
and 140°C. I n  each case,  the cooks were s t a r t e d  at  80°C and 

heated t o  the required temperature a t  l"C/min and held there .  A t  

llO°C, the  rate of CA formation was slow and the CA concentrat ion 

remained low- A t  14OoC, the rate of degradat ion r ap id ly  became 

dominant and the c o n i f e r y l  a l coho l  maximum concentrat ion was 

passed wi th in  a few minutes a t  temperature.  A t  125'C, a plateau 
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loo0 r 
MORTIMER 

Conc., 
mg/L 500 

1 25OC 

1 ooc 

4 O°C 

0 
0 30 60 90 120  

Time at Temp., min 

Figure  VII. The e f f e c t  of temperature on formation of c o n i f e r y l  
a l c o h o l  from black spruce chips:  Liquor-to-wood = 
5 L/kg, 1N - NaOH, 0.1% AQ on 0.d. wood. 

was reached a f t e r  about 60 minutes shoving t h a t  the r a t e  of 

degradat ion was r e l a t i v e l y  slow a t  t h i s  temperature. 

The rise-to-temperature is a c r i t i ca l  t i m e  i n  t he  pulping 

cyc le .  Unfortunately,  the number of i n t e r r e l a t e d  v a r i a b l e s  makes 

i t  complex. Thus, changing the cooking temperature i n  soda-AQ 

pulping alters not only the  balance of c o n i f e r y l  a l coho l  forma- 

t i o n  and degradat ion but a l s o  the concentrat ion of dissolved AQ. 

During at tempts  t o  maximize the production of c o n i f e r y l  a lcohol ,  

charges of 0.1 and 0.41 AQ yielded the  same CA concen t r a t ion  

a f t e r  60 min a t  125'C. Presumably, t he  higher  charge w a s  not 

f u l l y  dissolved. A t  140'C, the higher AQ charge produced more 

c o n i f e r y l  a l coho l  than t h e  lower charge, c o n s i s t e n t  with the 

plots in Figures  5 and 6. 
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FORMATION OF CONIFERYL ALCOHOL 397 

3. The A l k a l i  Charge 

Black spruce woodmeal w a s  cooked a t  125°C €or 60 min a t  

var ious a l k a l i  concentrat ions (L:W = 10, AQ = 0.1%). The f i n a l  

concen t r a t ions  of con i f e ry l  a lcohol  i n  the  cooking l i quor s  are 

presented i n  Figure 8 (upper curve) as func t ion  of i n i t i a l  a l k a l i  

concentrat ion.  The CA l e v e l  reached a maximum concentrat ion a t  

0.3N NaOH and then gradual ly  declined. The lower curve i n  Figure 

8 shows the  r e s i d u a l  a l k a l i  l e v e l s  i n  the  cooking l i quor  as a 

func t ion  of i n i t i a l  a l k a l i .  There w a s  no s i g n i f i c a n t  r e s i d u a l  

u n t i l  the i n i t i a l  a l k a l i  was 0.3E, at  which point  t h e  CA concen- 

t r a t i o n  had reached a plateau. The y i e l d  of c o n i f e r y l  a l coho l  

seems t o  be independent of the a l k a l i  charge provided t h a t  t he re  

i s  enough a l k a l i  t o  n e u t r a l i z e  a l l  a c i d i c  f u n c t i o n a l  groups. 

Further  i nc reases  i n  the a l k a l i n i t y  cause degradation of CA. 

- 

000 

400 

Conc., 
mg/l 

200 

0 
0 0.3 0.6 0.9 1.2 

Initial alkali, 

?.2 

0.9 

Residual 
0.6 alkali, 

0.3 

0 

Figure V I I I .  The e f f e c t  of a l k a l i  concentrat ion on con i f e ry l  
a lcohol  formation from black spruce woodmeal. 
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FORMATION OF CONIFERYL ALCOHOL 399 

The s a m e  observat ion was made with black spruce chipe under 

t h e  same cond i t ions  (except L:W = 5). The maximum c o n i f e r y l  

a l coho l  concen t r a t ion  w a s  reached between 0.25 and 0.5 N NaOH. - 

4 .  The E f f e c t  of t h e  Liquor:Wood Rat io  

Table 111 lists the concentrat ions of c o n i f e r y l  a l coho l  

produced by cooking black spruce chips  f o r  var ious per iods of 

t i m e  a t  125°C at  L:W = 5 and L:W = 10. There was a s i g n i f i c a n t  

r educ t ion  in the  amount of CA produced when the L:W r a t i o  w a s  

increased.  This is as expected. When the liquor:wood r a t i o  is 

i nc reased  a t  a constant  AQ charge, a l a r g e r  f r a c t i o n  of AQ w i l l  

be i n  the  l i q u o r  (15) and less w i l l  be present  in t he  wood t o  

boost the CA y ie ld .  

A similar observat ion w a s  made with black spruce woodmeal 

cooked f o r  60 min at 125°C (Table I V ) .  As the  L:W r a t i o  increas-  

ed the  y i e l d  of c o n i f e r y l  a lcohol  based on Ugnin decreased u n t i l  

TABLE I V .  The E f f e c t  of L:W Ra t io  on CA Formation (Woodmeal) 

Sample* L:W Ratio 

10 
15 
20 
25 
30 
35 

CA Yield,  
CA, mg/L X of l i g n i n  I 
475 
29 1 
176 
145 
123 
105 

1.70 
1.56 
1.26 
1.29 
1.32 
1.31 

* t i m e  t o  temp. = 45 min (80-125°C); AQ = 0.1%; 1N NaOH - 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
4
4
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



400 MORTIMER 

L:W = 20 was  reached. Above t h i s  r a t i o ,  the y i e l d  became rela- 

t i v e l y  constant .  The reason f o r  t h i s  is, as ye t ,  unknown. 

5. E f f e c t  of Wood Type 

Whereas softwood l i g n i n  is e s s e n t i a l l y  a polymer of coni- 

f e r y l  a l coho l ,  hardwood l i g n i n  is  a co-polymer of two phenolic 

monomers, c o n i f e r y l  and s inapy l  a lcohols  (16).  I f  they a r e  in- 

corporated i n t o  t h e  hardwood l i g n i n  i n  the same manner, with 

p r o p o r t i o n a l l y  the  same number of f r e e  phenolic groups, one might 

expect both c o n i f e r y l  and s inapy l  a l coho l s  i n  the  l i quor s  of AQ- 
c a t a l y s e d  cooks. Prel iminary r e s u l t s  on poplar and white birch 

indeed show t h a t  both monomeric phenols a r e  formed i n  soda-AQ 

cooks. 

6 .  E f f e c t  of Methylating Wood 

Our present  knowledge of a l k a l i n e  de l ign i f  i c a t i o n  i n d i c a t e s  

t h a t  t he re  a r e  two s i g n i f i c a n t  pulping s t a g e s ,  the i n i t i a l  and 

t h e  bulk d e l i g n i f i c a t i o n  phases (17-20). I n  the i n i t i a l  phase 

which occurs during the rise-to-temperature,  t he  l i g n i n  u n i t s  

w i t h  f r e e  phenol ic  hydroxyl groups are thought t o  react i n  the  

manner ou t l ined  i n  Fig. 1. The l i g n i n  u n i t s  with e t h e r i f i e d  

pheno l i c  hydroxy groups can not react u n t i l  the  r e a c t i o n  tempera- 

t u r e  is s u f f i c i e n t  (150-17O'C) t o  accelerate hydroxide ion  cleav- 

age of the 8-aryl e t h e r  groups (21). Na tu ra l ly ,  any f r e e  pheno- 

l i c  hydroxy groups r e l eased  as a r e s u l t  of t h i s  e t h e r  cleavage 

can undergo the r eac t ions  c h a r a c t e r i s t i c  of the i n i t i a l  phase. 

Diazomethane r e a c t s  r ap id ly  with a c i d i c  hydroxyl funct ions 

found i n  phenols and carboxyl ic  acids .  Gierer (17) has demon- 

s t r a t e d  t h a t  r e a c t i o n  of woodmeal with diazomethane e f f e c t i v e l y  

i n h i b i t s  t he  i n i t i a l  d e l i g n i f i c a t i o n  phase but not the bulk de- 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
4
4
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



FORMATION OF CONIFERYL ALCOHOL 401 

l i g n i f i c a t i o n  phase. We have observed a 95% reduct ion i n  coni- 

f e r y l  a l coho l  formation (910 + 50 mg/L) as a r e s u l t  of methyla- 

t i o n  of spruce woodmeal with excess diazomethane. This observa- 

t i o n  i n d i c a t e s  t h a t  c o n i f e r y l  a lcohol  i s  formed from a precursor  

with a f r e e  phenolic hydroxy group. 

7. Supplementary Observations 

a)  Kubes e t  a l .  (22) have demonstrated the a b i l i t y  of amines, i n  

p a r t i c u l a r  e thylene diarnine (EDA), t o  a c c e l e r a t e  a l k a l i n e  

d e l i g n i f  i c a t i o n .  We have observed no s i g n i f i c a n t  increase i n  

t h e  production of c o n i f e r y l  a lcohol ,  however, by adding e i t h e r  

EDA o r  NH3 t o  a soda cook even a t  charges of 200% on 0.d. 

wood. 

b) Once the l i g n i n  precursor of con i f e ry l  a lcohol  has  been ex- 

posed t o  a l k a l i n e  pulping condi t ions,  one might expect it t o  

be destroyed whether i t  generated c o n i f e r y l  a lcohol  o r  follow- 

ed o t h e r  r e a c t i o n  pathways. It w a s ,  t he re fo re ,  not s u r p r i s i n g  

t o  f ind  t h a t  k r a f t  l i g n i n  produced no c o n i f e r y l  a lcohol  i n  a 

soda-AQ cooking l i quor  a f t e r  l h  a t  125°C. Glucose was added 

t o  the r e a c t i o n  mixture t o  reduce AQ. 

I n  c o n t r a s t ,  s e v e r a l  i n d u s t r i a l  l i g n i n  sulphonates did form 

c o n i f e r y l  a lcohol  when t r e a t e d  with a l k a l i  and AQ a t  125OC. 

With a charge of 0.25% AQ, the  y i e l d s  of c o n i f e r y l  a l coho l  

were i n  t h e  range of 0.5-0.75% (based on l i g n i n  sulphonate 

weight).  These values a re  similar t o  those observed i n  the 

case  of wood. Those l i g n i n  sulphonates containing reducing 

suga r s  needed no add i t ion  of glucose. In the  absence of AQ, 

however, t he  y i e l d  of c o n i f e r y l  a lcohol  dropped by 90%. 

The g r e a t e s t  d i f f e rence  between the formation of CA from wood 

and from l i g n i n  sulphonate i s  the g r e a t e r  r eac t ion  r a t e  of 
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Figure I X .  Concentration p r o f i l e s  of c o n i f e r y l  a l coho l  and two 
of i t s  degradation products during soda-AQ pulping 
of black spruce chips. A c e t o n i t r i l e  extracts of 
t h e  pulping l i q u o r  were analysed by IIPLC f o r  v iny l  
gua iaco l  and isoeugenol,  whereas conif e r y l  a lcohol  
was measured in the  l i quor  d i r e c t l y .  

l i g n i n  sulphanate.  By the t i m e  the  r eac t ion  vessel has reach- 

ed temperature (25-125'C i n  47 min.), t he  maximum concentra- 

t i o n  of c o n i f e r y l  a lcohol  has been reached ( a  f u r t h e r  60 min 
a t  125OC w a s  required €or  wood [Fig. 71. In a series of cooks 

wi th  anthraquinone monosulphonate (8%), a maximum y i e l d  of CA 
of 0.93% was a t t a i n e d  wi th in  30 min of adding the r eac t ion  

v e s s e l  t o  the o i l  bath a t  125'. Whether the f a s t e r  rate is 

due t o  the homogeneous condi t ions or  t o  a modif icat ion of the 

CA precursor  under s u l p h i t e  pulping condi t ions i s  not  yet  

known. 
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FORMATION OF CONIFERYL ALCOHOL 403 

C )  The p o s s i b i l i t y  of developing c o n i f e r y l  a lcohol  as a chemical 

product l i k e  v a n i l l i n  was explored, but no simple, low-cost 

i s o l a t i o n  method has been found. Coniferyl  a l coho l  was not 

steam v o l a t i l e  from the cooking l i quor ,  even after neu t r a l i za -  

t i o n ;  and unl ike v a n i l l i n ,  it could not be e x t r a c t e d  from the 

a l k a l i n e  l i quor  with n-butanol (23). Furthermore, no success 

was achieved i n  a t tempts  t o  adsorb CA from a l k a l i n e  l i quor  

with e i t h e r  XAD-2 r e s i n  or  sawdust (24 ) .  The laboratory pro- 

cedure f o r  i s o l a t i n g  conif e r y l  a lcohol  r equ i r e s  e x t r a c t i o n  of 

n e u t r a l i z e d  l i quor  and is probably impract ical .  Nei ther  hex- 

ane nor toluene ex t r ac t ed  CA t o  any ex ten t ,  al though toluene 

has  p o t e n t i a l  f o r  counter-current methods. It was necessary 

t o  use so lven t s  such as e t h y l  a c e t a t e ,  e t h e r ,  methyl e t h y l  

ketone or  methylene chlor ide.  When cooking l i q u o r s  from wood 

are neu t r a l i zed ,  the p r e c i p i t a t e d  l i g n i n s  tend t o  emulsify the 

e x t r a c t i n g  solvents .  The r e s u l t i n g  emulsions were slow t o  

s e p a r a t e  unless  centr i fuged.  I n  the case of l i g n i n  sulphonate 

cooks, however, t he re  is no p r e c i p i t a t e  on n e u t r a l i z a t i o n  

and the problem of emulsions is minimized. 

A l l  our e f f o r t s  t o  produce high y i e l d s  of c o n i f e r y l  alcohol 

were a l s o  thwarted. The maximum y i e l d  of c o n i f e r y l  a lcohol  t h a t  

w e  have produced was 3.5% based on l i gn in .  This  l e v e l  was a t -  

t a ined  with black spruce woodmeal a f t e r  60 min at 125°C i n  1 N  

NaOH (L:W * 10) containing 0.8% AQ and 20% glucose based on 0.d. 
- 

Wood. 

Degradation of Coniferyl  Alcohol i n  Alkal ine Liquors 

The salts of vinyl  guaiacol ( I )  and isoeugenol (11) a r e  

reported t o  be among the numerous products formed when con i f e ry l  

a l coho l  is  t r e a t e d  with white l i quor  (7, 35, 36) o r  soda-AQ (37) 

a t  1 7 O o C ,  and c e r t a i n l y  these two products a r e  revealed i n  the 
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404 MORTIMER 

HPLC chromatograms of the l iquor  extracts. The e f f i c i e n c i e s  of 

e x t r a c t i o n  of these  substances i n t o  a c e t o n i t r i l e  are p resen t ly  

unknown; the re fo re ,  the concentrat ions p l o t t e d  i n  Figure 9 a r e  

only est imated values.  The concentrat ion inc reases  of these two 

compounds, neve r the l e s s ,  correspond t o  the disappearance of coni- 

f e r y l  a l coho l  from the l i quor ,  support ing the concept (7 )  t h a t  

t h e  compounds a r e  degradation products of CA (equat ions 1 and 

2 )  

GENERAL DISCUSSION 

It is evident  from Figure 2 t h a t  the maximum concentrat ion 

of c o n i f e r y l  a lcohol  r e s u l t s  from a balance between a r eac t ion  

forming CA and a r eac t ion  destroying CA. I n  t h i s  respect, the 

o v e r a l l  process can be represented by a series f i r s t - o r d e r  re- 

a c t i o n  a s  i n  equation 3 (25). I n  t h i s  series, A would be the CA 

precur so r ,  B would be c o n i f e r y l  a l coho l  and C,  the  degradation 

p roduc t ( s )  of c o n i f e r y l  a lcohol .  Equation 3 can produce mre 
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FORMATION OF CONIFERYL ALCOHOL 405 

than one concentrat ion p r o f i l e  f o r  B depending on whether kl and 

k2 have similar temperature c o e f f i c i e n t s ;  i. e., similar ac t iva -  

t i o n  ene rg ie s ,  and whether [A] i s  constant  o r  not. The component 

A,  of course,  cannot be constant  i f  it is being consumed except 

in the  case where B is generated by cleavage of a terminal  u n i t  

from a chain of l i k e  u n i t s  in such a way t h a t  another  terminal  

p recu r so r  u n i t  is regenerated a f t e r  each cleavage u n t i l  the  whole 

chain is consumed. Whereas such a s e r i e s  of events  may be occur- 

ing t o  some extent  i n  t he  formation of c o n i f e r y l  a lcohol ,  our 

p re sen t  knowledge of d e l i g n i f i c a t i o n  i n d i c a t e s  t h a t  the process 

is f a r  mre complex. In subsequent discussion,  the statement 

t h a t  [ A ]  is constant  simply means t h a t  the precursor  u n i t  is not 

depleted during the e a r l y  phase of t he  r eac t ion .  

I f  we assume t h a t  [A]  is cons tan t  and t h a t  k, and k2 have 

similar temperature c o e f f i c i e n t s ,  we would expect t he  concentra- 

t i o n  of c o n i f e r y l  a lcohol  t o  rise wi th  temperature and approach a 

p l a t e a u  l e v e l  a t  or near cooking temperature.  This does not 

occur  (Figure 2);  t he re fo re ,  e i t h e r  [A] is not constant  o r  the 

temperature coef f i c i e n t s  are subs t a n t i a l l y  d i f  f e r e n t .  

I f  we cont inue t o  assume t h a t  [A] i s  constant ,  but now con- 

s i d e r  t h a t  the r eac t ion  destroying c o n i f e r y l  a l coho l  may have a 

s u b s t a n t i a l l y  higher a c t i v a t i o n  energy than the one forming CA, 
w e  could produce a concentrat ion p r o f i l e  f o r  CA similar t o  the  

ones i n  Figure 2. Present  evidence is not s u f f i c i e n t  t o  dismiss 

t h i s  p o s s i b i l i t y  e n t i r e l y ,  but t h e r e  are i n d i c a t i o n s  t h a t  it is 

un l ike ly .  The r a t e  determining s t e p s  f o r  formation (eq. 4) and 

f o r  degradat ion (eq. 5 )  of c o n i f e r y l  a l coho l  are thought t o  in- 

volve e l imina t ion  of a hydroxyl group t o  form a quinone methide 

and a vinylogous quinone methide, r e s p e c t i v e l y  (9). The nature  

of t hese  two s t e p s  is too similar t o  expect s u b s t a n t i a l l y  d i f -  

f e r e n t  a c t i v a t i o n  energies .  Because of the increased conjugation 
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406 MORTIMER 

+ "]OH 

i n  the s t r u c t u r e s  of equation 5 compared t o  equat ion 4, t he  a c t i -  

va t ion  energy f o r  k2 might even be lower than t h a t  f o r  kl .  

I f  kl and kp do have s imi l a r  a c t i v a t i o n  ene rg ie s ,  then the 

f i r s t  assumption must be inco r rec t ;  i.e., the concentrat ion of 

p recu r so r  A cannot be constant  but uust decrease as the tempera- 

t u r e  rises i n  the cooking cycle.  Figure 7 shows a concentrat ion 

p r o f i l e  f o r  c o n i f e r y l  a lcohol  formed a t  14OoC. A p l o t  of log[CA] 

versus  t i m e  f o r  the l a s t  four points  gives a s t r a i g h t  l i n e  whose 

s lope ,  the rate constant  f o r  con i f e ry l  a l coho l  degradat ion,  is - 
1.45 x mmol.L'l.sec'l. Gierer e t  a1 (7) measured the decay 

of c o n i f e r y l  a l coho l  a t  14OoC in 1.06 NaOH (no AQ). A s i m i l a r  

p l o t  of t h e i r  data produced a l i n e  with a s lope  of -1.50 x loe4 
rnmol .L-l .sec-l. The equivalence of these two values  suggests 

t h a t  l i t t l e  or  no f u r t h e r  con i f e ry l  a lcohol  is formed once the 

maximum concentrat ion is reached. This  conclusion is supported 

by the r e s u l t  of t he  following experiment. Wood chips  were cook- 

ed with NaOH t o  140'C, then washed and re-cooked with NaOH-AQ t o  

t h e  same temperature. The amount of c o n i f e r y l  a l coho l  measured 

i n  the  second part of the two-stage NaOH- AQ cook w a s  only 25X of 
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FORMATION OF CONIFERYL ALCOHOL 407 

t h a t  measured i n  a normal NaOIi-AQ cook. The i n i t i a l  a l k a l i  

t reatment  c l e a r l y  destroyed a high proport ion of the c o n i f e r y l  

a lcohol  precursor;  t he re fo re ,  [A] cannot be constant .  

The wst s a t i s f a c t o r y  explanation f o r  the c o n i f e r y l  a lcohol  

concentqation p r o f i l e  is t h a t  CA is  formed by the reduct ive pro- 

cess i l l u s t r a t e d  i n  Figure 1 from a l l g n i n  s t r u c t u r a l  u n i t  which 

i s  present i n  the l l g n i n  macromolecule i n  only l imi t ed  amount. 

By the end of the i n i t i a l  d e l i g n f f i c a t i o n  phase, t h i s  u n i t  has 

been e n t i r e l y  consumed, no f u r t h e r  CA is produced at t h a t  temper- 

a t u r e ,  and the already formed CA is rap id ly  destroyed by a l k a l i n e  

degradation react ions.  As hydroxide ion cleaves 8-aryl e t h e r  

groups from the e t h e r i f  i e d  l i g n i n  macromolecule a t  the higher 

temperature of t he  bulk de l ign i f  i c a t i o n  phase, t he  concentrat ion 

of the precursor  u n i t  can be renewed. A t  t h i s  temperature 

( 1 7 O o C ) ,  hovever, the CA formed is quickly degraded and is not 

e a s i l y  observed. 

What is  the nature  of the c o n i f e r y l  a l coho l  precursor? A l l  

the evidence suggests t ha t  it is the terminal  group 111. 

OH 

It is un l ike ly  t h a t  the a - p o s i t i o n  of I11 is occupied by 

e i t h e r  phenoxy e t h e r  or  by carboxyl ic  e a t e r  groups. Both of 

t hese  u n i t s  are exce l l en t  leaving groups under basic condi t ions 

and would be expected t o  form quinone methides even at room tem- 
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p e r a t u r e  (9).  Coniferyl  a lcohol  begins t o  form (from wood) otily 

a t  110°C. The leaving group is U k e l y ,  t he re fo re ,  t o  be a hy- 

droxyl  o r  alkoxy group. The f a s t e r  rate of CA production from 

l i g n i n  sulphonate may be due t o  sulphonation a t  the a-posit ion.  

The need f o r  a f r e e  phenolic hydroxyl group i n  the  precursor  

w a s  demonstrated by the l a rge  reduct ion i n  CA concentrat ion when 

the woodmeal w a s  methylated with excess CH2N2. 

The precursor  is  not simply an e s t e r i f i e d  c o n i f e r y l  u n i t .  

I f  t h a t  were so, CA concentrat ion would not be a func t ion  of the 

AQ charge. Coniferyl  a lcohol  is a product of a reduct ion sequen- 

ce;  most l i k e l y ,  t h a t  proposed by Landucci (11) and Gierer (12). 

This  necessitates a leaving group at the 8-posit ion,  probably an 

a r y l  e t h e r  group. 

Yang and Goring's determination of 0.1 f r e e  phenolic groups 

p e r  Cg-unit  (26) suggests t h a t  a y i e l d  of c o n i f e r y l  a lcohol  of 

10% or  more based on l i g n i n  would k possible .  Our f a i l u r e  t o  

achieve more than a t h i r d  of t h i s  l e v e l  suggests  t h a t  some of the 

f r e e  phenolic groups may lack a s a t i s f a c t o r y  leaving group at the 

8-posi t ion or  have l i n k s  a t  C-5. This  may be due t o  phenyl- 

coumaran- o r  pinoresinol-types of s t r u c t u r e s  adjacent  t o  the  Cg- 

u n i t  with the f r e e  phenolic group. 

It is probably no coincidence t h a t  the t r a n s i t i o n  from in- 
i t i a l  d e l i g n i f i c a t i o n  phase t o  bulk d e l i g n i f i c a t i o n  phase (140- 

150°C) occurs at the same temperature as t h a t  at which the  pro- 

duc t ion  of c o n i f e r y l  a lcohol  ceases. The formation of c o n i f e r y l  

a l c o h o l  sha res  a number of c h a r a c t e r i s t i c s  of t he  i n i t i a l  phase: 

i t  is independent of the alkali  concentrat ion,  it is independent 

of the rate of rise-to-temperature and it ends between 140 and 

150°C. The p rec i se  r e l a t i o n s h i p  of CA formation and i n i t i a l  
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FORMATION OF CONIFERYL ALCOHOL 409 

phase d e l i g n i f i c a t i o n  remains t o  be determined. Bihani and 

Samuelson (27)  have observed a c a t a l y t i c  e f f e c t  of AQ on de l ign i -  

f i c a t i o n  at 120°C. Their  r e s u l t s  support  a JAQ charge r e l a t ion -  

s h i p  f o r  i n i t i a l  phase d e l i g n i f i c a t i o n .  S imi l a r ly ,  an inc rease  

i n  sulphide causes proport ionately more d e l i g n i f i c a t i o n  i n  the  

i n i t i a l  stage (28). 

Our conclusion is t h a t  the conif e r y l  a lcohol  observed during 

t h e  rise-to-temperature is most l i k e l y  a product of i n i t i a l  phase 

d e l i g n i f i c a t i o n  and tha t  i t  is formed i n  the manner depicted i n  

Figure 1 when sulphide o r  AQ i s  present .  Considering the evi-  

dence t h a t  i n i t i a l  phase de l ign i f  i c a t i o n  occurs predominantly, i f  

not  completely, i n  the secondary wal l  (29) ,  i t  is a l s o  poss ib l e  

t h a t  the precursor  of con i f e ry l  a l coho l  is a c h a r a c t e r i s t i c  u n i t  

of the secondary wa l l  l i g n i n  but not of the middle lamella l i g -  

n in .  This r e l a t e s  t o  the f r e e ,  phenolic hydroxyl content of each 

region. 

EXPERIMENTAL 

General 

Conif e r y l  a lcohol  (Fluka, pu r i s s .  ) and isoeugenol (Aldrich)  

were used a s  received. Anthraquinone (Anachemia) was r ec rys t a l -  

l i z e d  from dimethylformamide then ground t o  a f i n e  powder. Anth- 

raquinone sodium 2-sulf onate (Anachemia) was r e c r y s t a l l i z e d  from 

water. Ligninsulphonates (Norlig A, Maracarb N1 and Nq, Mara- 

s p e r s e  N22) were obtained as dry powders from American Can. Co., 

S t r e a t o r ,  I l l i n o i s .  

Kra f t  l i g n i n  w a s  obtained by f i l t r a t i o n  of an a c i d i f i e d  

(H2S04) f r e s h  black l i quor  from a black spruce cook (18% AA, 30% 

S, 1400 H). The recovered s o l i d  was air d r i ed  then ex t r ac t ed  

with CH2Clz f o r  24 h r s  (Soxhlet) .  
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410 MORTIMER 

Vinyl guaiacol w a s  prepared by decarboxylating f e r u l i c  a c i d  

(Ald r i ch )  i n  qu ino l ine  (200°C, 15 min) followed by steam distil- 

l a t i o n  of the  r e a c t i o n  mixture. The condensate w a s  a c i d i f i e d  and 

ex t r ac t ed  with CHZCl2.  The extract was evaporated and the resi- 

due w a s  d i s t i l l e d  bulb t o  bulb (lorn Hg). The co lou r l e s s  d i s t i l -  

l a t e  (10% y i e l d )  had a m l e c u l a r  ion of 150 a.m.u. and a s i n g l e  

peak on HPLC (RP-18, g rad ien t  15-90% m3CN i n  B20, pH 3). 

Routine mass s p e c t r a  were run on a Hewlett-Packard 5985 i n  

t h e  E.I. mode (70 ev, ion source = 200'C). HPLC analyses  vere 

done on a Hewlett-Packard 1084B l i q u i d  chromatograph. Melting 

p o i n t s  were done on a Fisher-Johns apparatus and a r e  uncorrect-  

ed. 

I n i t i a l  and r e s i d u a l  a l k a l i  concentrat ions were determined 

by potent iometr ic  t i t r a t i o n  t o  pH 10.5 with d i l u t e  HC1. 

Cooking Procedures 

The laboratory cooks were done i n  autoclaves of 250 mL, 1000 
mL and 20 L capaci ty .  The 250 mL bombs were maintained s t a t i o n -  

a r y  i n  an o i l  bath and, i n  order t o  ensure complete wood contact  

v i t h  the l i quor ,  the L:W rat ios  were 5 and 10 f o r  chips  and wood- 

meal respect ively.  The 1000 mL bombs were a t t ached  a t  an angle 

t o  a r o t a t i n g  s h a f t  immersed i n  e thylene glycol .  Only chips  were 

cooked i n  these bombs and the  L:W r a t i o  w a s  always 4. The 20 L 

d i g e s t e r  had a r e c i r c u l a t i o n  l i n e  with a sampling valve. A c o i l  

of s t a i n l e s s  steel c a p i l l a r y  tubing (lm long) a t t ached  t o  the 

valve was immersed in cold water during sampling. The chips  f o r  

cooks i n  the 20 L d i g e s t e r  and in the 1L autoclaves were pre- 

steamed and L:W r a t i o  w a s  4 excluding wood moisture. Samples 

taken during m i l l  trials were obtained through a sampling valve 

on the r e c i r c u l a t i o n  l i n e  f i t t e d  with a cool ing c o i l .  The c o i l  
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FORMATION OF CONIFERYL ALCOHOL 411 

dead volume was w e l l  f lushed before a sample was taken fof analy- 

sis. 

I s o l a t i o n  of Coniferyl  Alcohol [3-(4'-hydroxy-3'- 
me  thoxyphenyl)-2-propen-l-ol] 

A 1000 m l  autoclave was charged with black spruce chips (250 

g o.d., 66.1% s o l i d s ) ,  AQ (1.0 g) and NaOH s o l u t i o n  (1.0 L, 45 

g/L as  Na20) and sealed.  The bomb w a s  heated from 25°C t o  141°C 
i n  73 minutes then c h i l l e d .  The b r igh t  red cooking l i quor  was 

poured i n t o  a p l a s t i c  b o t t l e  and s to red  i n  the r e f r i g e r a t o r  (3 

days).  The c o n i f e r y l  a lcohol  concentrat ion was  560 mg/L (HPLC 

ana lys i s ) .  

A po r t ion  (0.5 L) of the cooking l i quor  (pH -12) w a s  oxidiz- 

ed by bubbling air f o r  0.5 h then ex t r ac t ed  with U i 2 C l 2  (100 mL x 

4 ) .  The e x t r a c t  was discarded. The cooking l i quor  w a s  then 

adjusted t o  pE 7 and re-extracted with CX2C12 (100 mL x 3). The 

extract w a s  washed with s a t u r a t e d  NaC1,  d r i ed  over anhydrous, 
Na2SOI, and then f i l t e r e d .  The CH2C12 w a s  removed on a ro t a ry  

evaporator t o  y i e l d  a l i g h t  brown o i l  (0.54 8) .  

The ex t r ac t ed  mixture was e l u t e d  through a column of s i l i c a  

g e l  (50 g, 0.08 mm gra ins ;  Hackerey, Nagel and Co.) with CH2C12- 

E t O A c  (1:l). Flow was 1 mL/min. The c o l l e c t e d  f r a c t i o n s  were 

examined by TLC (SiOZ, CH2C12-EtOAc,  1:l) and l i k e  f r a c t i o n s  were 

combined. Coniferyl  a lcohol  was i s o l a t e d  as a pale yellow oil 
which c r y s t a l l i z e d  on s tanding (222 mg, 80% y i e l d  based on the 

HPLC a n a l y s i s ,  mp. 7O-7l0C, = 180 a.m.u.). The mass spectrum, 

the  W spectrum and the r e t en t ion  times on TLC ( S i 0 2 )  and HPLC 

(RP-18) of the i s o l a t e d  material were i d e n t i c a l  with those of 

commercial c o n i f e r y l  a lcohol  (Fluka). 

Analysis of Coniferyl  Alcohol i n  Pulping Liquor 

A 1.0 mL a l i q u o t  of cooking l i quor  was d i l u t e d  with 9.0 mL 

de-ionized water and, then, f i l t e r e d  through a g l a s s  f i b r e  d i s c  
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412 MORTIMER 

(Gelman, Type A/E, 25 mn). A 10 IIL sample of the f i l t r a t e  was  

i n j e c t e d  onto a Spherisorb-ODS column (25 cm x 4.6 m, 5 pm part-  

ic les ,  Laboratory Data Control)  coupled t o  a W d e t e c t o r  monitor- 

i n g  a t  254 nm (0.1 AUFS). The mobile phase was 12% CH3CN-H20 (pH 

2.5-3.0) f o r  12 min then the a c e t o n i t r i l e  content w a s  increased 

l i n e a r l y  t o  90% CH3CN-H2O (pH 2.5-3.0) during 8 min t o  remove 

lignin, AQ and resinous materials. The oven temperature was 45°C 

and the  flow rate w a s  1.5 mL/min. The r e t e n t i o n  t i m e  of coni- 

f e r y l  a l coho l  was 9.80 +_ 0.05 min. 

He thy la t ion  of Woodmeal 

Black spruce woodmeal (40-60 mesh) was ex t r ac t ed  with THF 

( F i s h e r )  under N2 f o r  24 h r  i n  a Soxhlet apparatus .  Diazomethane 

was generated as an alcohol-free e the r  s o l u t i o n  from N-methyl-N- 

nitroso-p-toluenesulfonamide (25 g, Aldrlch)  and used Lmmediate- 

ly .  Po r t ions  of the ice-cold, CH2N2 s o l u t i o n  (25-50 mL) were 
added t o  a th i ck  s l u r r y  of woodmeal (25 g 0.d.) i n  THF a t  25°C. 

Evolution of N2 was vigorous and the yellow colour  w a s  soon dis- 

charged. Excess solvent  was  poured off from the woodmeal s l u r r y  

a s  t he  r eac t ion  progressed. The r eac t ion  slowed not iceably only 

towards the  end of the add i t ions  i n  s p i t e  of the l a r g e  excess of 

CH2NZ [25-30 t i m e s  the  phenolic content of wood, (26)]. After  

a l l  colour  w a s  discharged from the f i n a l  add i t ion ,  t he  woodmeal 

w a s  f i l t e r e d ,  washed with f r e s h  e the r  and air dr ied.  

Klason lignin determinations f o r  t he  o r i g i n a l  unextracted 

woodmeal and f o r  the methylated woodmeal were 28.0 and 28.82, 

r e spec t ive ly .  

A sample of methylated woodmeal (5g 0 . d . )  was cooked i n  a 

stainless steel autoclave charged with 1E NaOH (50 mL), AQ (50 

m g )  and glucose (2g). The temperature of the autoclave was r a i s -  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
4
4
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



FORMATION OF CONIFERYL ALCOHOL 413 

ed from 25'C t o  125'C i n  71 min and then held a t  125OC f o r  60 

min. A con t ro l  cook of ex t r ac t ed  woodmeal was done i n  the same 

way. 
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