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THIOACIWLYSTS OF LIGNIN: 
COMPARISON WITH ACIDOLYSIS 

Catherine Lapierre, Bernard Monties and Christian Roland0 
Laboratorie de Rtochimle, INRA 

INA-PG, 78850 Thiverval-Grignon, France 
and 

Lahoratorie de Qllmie 
E.N.S., 24 rue Lhomond, 75231 Paris, France 

Arylglycerol-ether bonds of lignin samples or model compounds 
were selectively cleaved by treatment with dioxane-ethanethfol 
(9 /1,  v/v) and 0.2 N HBF,, etherate or 0.2 N BF 
for €our hours. Monomers resulttng from "thioacidolysis" were 
identified by gas chromatography-mass spectrometry of their tri- 
methylsily derivatives. Compared to acidolysis (dioxane-water, 
0.2 N HCL, 100°C 4h), thioacidolysis yields less complex mixtures 
of monomers. The monomer yields for 11gnin thioacidolysis were 
also higher than f o r  acidolysis. Thls increase was particuIarly 
evident €or hardwood ltgnlns. 

etherate at 100°C 3 

INTRODUCTION -____-- 
Alkyl-aryl ether linkages are the main intermonomeric bonds 

i n  llgnins. Therefore, their cleavage has been extensively 

studied. Some of the degradatton procedures vhich lead to low- 
molecular weight products are ethanolysis,' acldolysis,2 and 

thi oace to1 ysi s . Aci dolysi s was comprehensl vel y studied by 

Lundquis~.~ It was shown to be a rapid and reliable method of 
analysis €or various samples. 5 ' 6  However, in acfdic medium, 

ticularly at high temperature, severe condensation reacttons 

par- 

whl ch 
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2 78 LAPIERRE, MONTIES, AND ROLAND0 

o c c u r  in l i g n i n  d e c r e a s e  t h e  y i e l d  of  t h e  monomers r ecove red  from 

a r y l - g l y c e r o l  e t h e r  ~ p l i t t i n g . ~  

p r i m a r i l y  because  of t h e  i n t e r m e d i a t e  b e n z y l i c  c a t i o n s  formed i n  

t h e  a c i d i c  media. In t h e  t h i o a c e t o l y s i s  p r o c e d u r e  developed by 

Nimz, t h e s e  I o n s  are e f f i c i e n t l y  c o n v e r t e d  i n t o  a S-benzyl 

t h i o a c e t a t e  d e r i v a t i v e s .  

These  s i d e  r e a c t i o n s  o c c u r  

3 

The o b j e c t i v e  of t h i s  s t u d y  was to e v a l u a t e  t h e  e f € e c t i v e n e s s  

o f  a c i d o l y s e s  u s i n g  e n t h a n e t h i o l - d i o x a n e  and 0.2 N HBF4 e t h e r a t e  

o r  0.2 N BF e t h e r a t e  as t h e  a c i d i c  r e a g e n t .  Compared t o  c lass i -  

c a l  a c i d o l y s i s  u s i n g  wa te r -d ioxane  w i t h  0.2 N HCI i t  was thought  

t h a t  t h e  n u c l e o p h i l i c  e t h a n e t h f o l  c o u l d  p o t e n t i a l l y  d i s p l a c e  pro- 

t o n a t e d  a-hydroxyl  o r  a - a l k o x y l  g roups  and t h e r e b y  minimize con- 

d e n s a t i o n  r e a c t l o n s  due t o  the benzyl ium c a r b o c a t i o n ;  i.e. an SN2 

t y p e  r e a ~ t i o n , ~  r a t h e r  t han  a SN1 one d e s c r i b e d  f o r  a c i d o l y s i s  

mechanisms c o u l d  o c c u r .  E i t h e r  L e w i s  o r  Xrbndsted a c i d s  can be 

used f o r  c l e a v a g e  OF e t h e r s  w i t h  t h i o l s . 8  

cal example of each t y p e ,  i.e. RF3 e t h e r a t e  and HRF4 e t h e r a t e .  

I n  t h i s  s t u d y ,  t h e  t h i o a c i d o l y s i s  c o n d i t i o n s  were no t  

3 

Thus,  we t r i e d  a t y p i -  

op t imized .  The t e m p e r a t u r e ,  r e a c t i o n  t i m e ,  and a c i d  c o n c e n t r a t i o n  

employed were t h e  same as tn a c i d o l y s i s .  T h i o a c i d o l y s e s  were per-  

formed wi th  sof twood and hardwood s o l u b l e  lignins, and a l s o  wi th  

an  i n s o l u b l e  grass p a r i e t a l  r e s i d u e .  In a d d i t t o n ,  t o  a i d  i n  

i n t e r p r e t i n g  t h e  r e a c t i o n s ,  g u a i a c y l  and s y r i n g y l  a ry lg lpce ro l - f3  

e t h e r  d imers  were s u h f e c t e d  to t h i o a c i d o l y s i s .  

For comparison p u r p o s e s ,  t h e  r e s u l t s  of a c i d o l y s i s  of t h e  

same l i g n i n  s a m p l e s ,  as w e l l  as s e v e r a l  8-0-4 d i m e r s ,  are 

shown i n  T a b l e s  1 and 2. 

A t y p i c a l  g a s  chromatogram of t r i m e t h y l s i l y a t e d  (RIS) mno- 

mers o b t a i n e d  from a c i d o l y s i s  of  t h e  s y r l n g y l  dimer 2 is shown i n  

F i g u r e  1. The peaks of  t h e  s y r i n g y l  k e t o n e s  (S) used f o r  quan- 

t i t a t i v e  a n a l y s i s  and a l s o  some peaks (X) t e n t a t i v e l y  a s s i g n e d  to 

THS s y r i n g l y p r o p a n e  m n o c h l o r i d e  d e r i v a t i v e s  ( s e e  d i s c u s s i o n )  are 

i n d i c a t e d  i n  t h e  chromatogram. The c o m p l e x i t y  of t h i s  chromat- 

ogram makes i t  d i f f i c u l t  t o  u s e  q u a n t i t a t i v e l y .  Chromatograms 

o b t a i n e d  from hardwood samples  were even more complex. 
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TABLE 1 

Yieldsa of Acidolysis Ketones ( x )  for Lianin Preparations 

T4BLE 2 

Acldolysis Yields €or Dimers 
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FIGURE 1. CC analysis of TMS acfdolysis monomers from dlmer 2. 
s: Syringyl ketones; X: monochloride derivatives; 
i .s . :  internal. standard. 

EXPEK IMENTAL ____-- - - - -  
Mat er i a I - --- - 

Dioxane, freshly distilled from a benzophenone-sodium m i x -  

ture; tetra€luoroboric acid-diethyl ether complex (HBF4 etherate); 

boron trl fluoride-diethyl ether coioplex (EF3 etherate, freshly 

distilled); and ethanethiol were osed throughout the experiments. 

L i g n i n  fractions extracted from compression pine wood (Pinus 

marl tima) and poplar (Populus trichocarpa - C.V. Fridzi Pauley), 

and previously characterized by acidolysis (Table 1); extrsctive- 

free parietal residue from wheat straw (Triticum aestlvum, C.V. 

Bastlon), with 18.6% Klason Iignin; and model compounds 2 and 2, 
available as pure crystalline products, were degraded by the 

thioacidolysis method. 

Thioacidolysis ---- 
Thioacidolysev were performed in duplicate OK triplicate as 

described for acid~lysis,~ but using ethanethiol and HBF4 o r  

BF3 etherate instead of water and HCl. L i p p i n  (20 mg), model com- 
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THIOACIDOLYSZS OF LIGNIN 281 

pound (10 mg), or parietal residue (100 mp) were put in a tube 

with a Teflon-lined screw cap together with 10 ml of dioxane- 

ethanethiol (9 /1,  v/v), 0 . 2  N HBP4 etherate or BP3 etherate, under 

argon. The tube was then held at 100°C i n  a oil bath for 4 hours, 
with occasional shaking. The cooled mixture, adjusted to pH 3-4 

with aqueous 0.4 M NaHC03, was extracted with dichloromethane. 

The organic extracts, to which was added 1 mg tetracosane in 

dichloro-methane solution, were dried over Na2S04. and concen- 

trated by film evaporation. The residue was dissolved in 

dichloromethane (1 ml). 

Gas Ch r oma t oxr2h~L$'>_, Gas Chroma t og r aph y -Mas s Sp-e-~c~~o~~~~ry 
(GC-MS) 
---- 

and High Performance Liquid ChromtoKraphy (HE'LL) Analyses. - -- --1 ___________I_-__-------- - --- _-___ 
Silylations: an aliquot of the sample solution was dried 

over Na SO and 5 u l  was reacted with 50 u1 of BSTPA in a 

200 ~1 reaction vial for 24 hours at room-temperature. 
2 4  

GC analyses were carried out on a Girdel model 30 instrument 

fitted with a 50 m x 0 . 2 5  mn i.d. CP SIL 5 fused-silica capillary 
column (1  Iim film thickness - Chrompack), with a Girdel moving 
needle type injector and a flame ionization detector. The carrier 

gas was helfum (inlet pressure: 1.5 bar) and the temperature was 

programmed from 180 to 280°C, at S0C/min. 
GC-MS analyses were performed with the same chromatographic 

system combined with a Nermag R 10-10 B quadrupole spectrometer 

operating in the electron impact mode (ionization energy: 70 ev). 

For HPLC analyses (performed for thioacjdolysates of compound 

- 31, sample aliquots were dried under nitrogen, dissolved In  a 

methanolic solution of the internal standard (3,4,5-trimethoxy- 
cinnamic acid-0.5 mg/ml) and filtered (Millex-SR, 0.5 Ilm filter 

uni t-Millipore). The experimental conditions for reversed-phase 

HPLC analyses were the same as revlously described. 5 

Quantitative Analyses ---.--__ 

As authentic reference compounds were not available, the 

thioacidolysis monomers were quantitatively analyzed accordlng to 

two methods: 
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282 LAPIERRE, MONTIES, AND ROLAND0 

Method I: I n  t h e  t h i o a c i d o l y s i s  of compound 3, t h e  y i e l d  of  

g u a i a c o l  was s p e c u l a t e d  t o  be v e r y  close t o  t h e  y i e l d  of  g u a i a c y l  

C -C monomers, s imilar t o  t h e  a c i d o l y s i s  r e s u l t s  €or g u a i a c y l  

model compounds (Tab le  2) .  T h e r e f o r e ,  t h e  gualacol r e c o v e r y  was 

c a l c u l a t e d  from HPLC a o a l y s e s  and t h e  amount of g u a i a c y l  phenyl-  

propane monomers, as well as t h e i r  r e s p o n s e  f a c t o r s  r e l a t i v e  t o  

t e t r a c o s a n e  €or q u a n t i t a t i v e  gas c h r o m a t o g r a p h i c  a n a l y s i s ,  was 

e s t t m a t e d  from t h i s  c a l c u l a t i o n .  

6 3  

Method 11: t h e  CC r e s p o n s e  f a c t o r  of an e a s i l y  p r e p a r e d  

mono th ioe thy l  D a i a c y l p r o p a n e  compound r e l a t i v e  t o  t e t r a c o s a n e  was 

o b t a i n e d .  This compound, t h e  trans-3-(4-hydroxy-3-methoxyphenyl)- 

1-thioethyl-2-propene (G-CH=CH-CH2SC2H5) d e r i v a t i v e ,  was syn the -  

s i z e d  from eugeno l  acet.ate by t h e  method d e s c r i b e d  by 

Lindeberg'' f o r  t h e  s y n t h e s i s  of c o n i f e r y l  a l c o h o l  d e r i v a t i v e s ,  

The t h i o e t h y l  d e r i v a t i v e  was r e c o v e r e d  as a pure o i l  a s  i n d i c a t e d  

by 

t i v e  a f t e r  t r f m e t h y l s i l y l a t i o n  c o n t r o l s .  

1 H and 13C NMR a n a l y s e s  and GC-MS a n a l y s i s  OP t h e  TMS d e r t v a -  

The GC r e s p o n s e  f a c t o r s  o b t a i n e d  from methods I and 11 were 

used  t o  d e t e r m t n e  t h e  p-hydroxyphenyl,  g u a i a c y l ,  and s y r i n g y l  

monomers. T h i s  is j u s t i f i a b l e  oil t h e  b a s i s  t h a t  t h e  TMS d e r i v a -  

t i v e s  of p-hydroxyphenyl ,  g u a i a c y l ,  and s y r l n g y l  k e t o n e s  o b t a i n e d  

from a c i d o l y s e s  had v e r y  similar r e s p o n s e  f a c t o r s .  

RESULTS AND DISCUSSION ---- --__-- 

Q u a l i t a t J v e  A n a l y s i s  of -the T h i o a c i d o l y s i s  Xonomers 

The GC chromatograms of the 3% d e r i v a t i v e s  of monomers 

o b t a i n e d  from samples  s u b j e c t e d  to t h i o a c i d o l y s i s  u s i n g  

HBF4 e t h e r a t e  and BF 
r e s p e c t i v e l y .  They are c o n s i d e r a b l y  less complex t h a n  chroma- 

tograms o b t a i n e d  p r e v i o u s l y  f o r  a c i d o l y ~ a t e s ~ ,  e.g. Fig. 1. 

monomers d e r i v e d  from t h i o a c i d o l y s i s  are e s s e n t t a l l y  l o c a t e d  in 

p a i r s  of prominent  peaks 5 H, 5 G and 6 S ,  for  t h e  p-hydroxyphenyl,  

g u a i a c y l  and s y r i n g y l  d e r i v a t i v e s ,  r e s p e c t i v e l y .  With 

HBF4 e t h e r a t e ,  t h e r e  are also s h o u l d e r s  1. G and 1. S. 

e t h e r a t e  are shown i n  F i g u r e s  2 and 3, 3 

The 
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a 

FIGURE 2. GC analysis of TMS monomers from HBF4 thioacidolysis 
of a) dlmer 3, b) dimer 2, c> pine LR, and d) poplar 
LE. For peak assignments, see Table 3 and the 
discussion; i .s .:  internal standard. In 2a and 2b, 
the peaks, w i t h  4 and 16 mln. retention times, are 
derived Prom r ing  R (Table 2) .  
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W 
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6 G' 
\ 

i s  

FIGURE 3. GC analysis of TMS monomers issued from BF3 thioacl- 
dolysis of a) poplar W and b) poplar LE. For peak 
assignments, see Table 3 and discussion; i.s.: inter- 
nal standard. 
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THIOACIDOLYSIS OF LICNIN 255 

For  l i g n i n  s a m p l e s ,  t h e  area of peaks 6 and I cor re sponded  

t o  55-90% of t h e  t o t a l  area ( c a l c u l a t e d  f o r  peaks  c l e a r l y  d e r i v e d  

from lignin, as d e t e r m i n e d  by GC-MS a n a l y s e s )  and t h i s  v a l u e  

i n c r e a s e d  t o  95-97% f o r  mdels 3 and 5. T h e r e f o r e ,  t h i o a c i d o l y s i s  

y i e l d s  were c a l c u l a t e d  from peaks  5 and I, s i n c e  o t h e r  components 

w e r e  of  minor impor t ance .  Mass s p e c t r o m e t r i c  d a t a  f o r  compounds 

- 6 and L are shown in T a b l e  3, w i t h  s t r u c t u r e s  t e n t a t i v e l y  

a s s i g n e d  from t h e  f r a g m e n t a t i o n  p a t t e r n s .  S i n c e  t h e  p a i r s  of 

compound d e s i g n a t e d  peak a have  v e r y  similar mass s p e c t r a ,  o n l y  

t h e  f i r s t  one o t  t h e  p a r  is r e p o r t e d  in T a b l e  3. The c o n s t i t u -  

t e n t s  of  peak 5 would be t h i e t h y l  pheny lp ropane  isomers, w l t h  t w o  

c h i r a l  c a r b o n  atoms. P o t e n t i a l  r e a c t i o n  pathways to form c o w  

pounds 5 and I_ are shown in F i g u r e  4 .  

one wi th  BF3 e t h e r a t e  and t h e  major one wi th  HBF4 e t h e r a t e ,  t h e  

a l k o x y l  o r  hydroxy l  g roups  of t h e  s i d e  c h a i n  are s u c c e s s i v e l y  con- 

v e r t e d  t o  oxonium c a t i o n s  and then  r e p l a c e d  by t h e  n u c l e o p h f l i c  

s u l f u r  r e a g e n t .  I t  is no t  clear whether  pathway I proceeds  by an  

SN1 or an S 2 mechanism, i.e. wf th  o r  w i t h o u t  i n t e r m e d i a t e  

carbonium ions. Along pathway 11, t h e  minor one w i t h  

HBF e t h e r a t e ,  i n t e r m e d i a t e  en01 e t h e r s  and carbonium i o n s  are 

p r o b a b l y  formed,  similar t o  a c i d o l y s i s .  

Along pathway I, t h e  o n l y  

N 

4 

B e s i d e s  t h e  major monomers, o n l y  t h r e e  o t h e r  p r o d u c t s  were 

of any s i g n i f i c a n c e .  P roduc t  1, in t h e  p o p l a r  s amples ,  

c o r r e s p o n d s  t o  p-hydroxybenzoic a c i d ,  p robab ly  l i n k e d  o r i g i n a l l y  

t o  l i g n i n  by means of ester and ether l i n k a g e s .  V a n i l l i c  and 

s y r i n g i c  a c l d s  were also found in trace amounts in p o p l a r  

s amples .  

t e n t a t i v e l y  i d e n t i f i e d  as a l i p h a t i c  t h i o e t h y l  d e r i v a t i v e s  f rom 

CC-MS a n a l y s e s .  

P r o d u c t s  9 and 2 o s e r v e d  i n  l i g n i n  chromatograms were 

Produc t  9 (M+ = 210 and prominent  ion 135)  c o u l d  

p o s s i b l y  have t h e  s t r u c t u r e  CHR2 - CH2R (R = SC H 
10 (M' - 284 and prominent  ion 135)  t h e  s t r u c t u r e  CHR 

and p r o d u c t  2 5  
- CHR - 2 - 

CH2R. 

t i o n s ,  or l i g n i n  p r e c u r s o r s  c l e a v e d  by t h i o a c i d o l y s i s .  For 
example,  peak c o u l d  r e f l e c t  t h e  o c c u r r e n c e  of  g l y c e r a l d e h y d e -  

2-aryl e t h e r  s t r u c t u r e s  in lignin, as d e s c r i b e d  w i t h  a c l d o l y s i s  

r e s u l t s  . 

They c o u l d  o r i g i n a t e  from l i g n i o  c o n t a m i n a n t s ,  s i d e  reac- 

11 
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TABLE 3 

Mass Spectral Data for the Thloacidolysis Monomers 
in Figures 2, 3 and 5 

t i Peaks 

I 

I I 

; $if 

! 
I 

I 
I I p c  
! 
I 

----- 
I 

i 

! 
I i s  
i 
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FIGURE 4. Potential reaction pathways I and I1 affording the main  
thioacidolysisdolysis monomers 5 and 1. (R5: 
or guaiacyl r i n g ) .  
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Q u a n t i t a t i v e  Ana lyses  of-ch-E_P_rimary T h i o a c i d o l y s i s  Monomers 

R e p r o d u c i h i l i  t y  of t h i o a c i d o l y s e s  was 2 5%, simlar t o  ac ido -  

l y s e s .  However, s i l y l a t i o n  of t h i s  a c i d o l y s i s  monomers appea red  

t o  be easier than  a c i d o l y s i s  monomers. S t a b i l i t y  of t h e  t h i o a c i -  

d o l y s i s  monomers was q u i t e  good s i n c e  q u a n t i t a t i v e  r e s u l t s  were 

unchanged a f t e r  some samples  were s t o r e d  f o r  one y e a r  a t  4°C. 

The error i n t r o d u c e d  by t h e  i n d i r e c t  c a l i b r a t i o n  methods 

a p p a r e n t l y  was not  ve ry  large,  s i n c e  r e s u l t s  from t h e  t w o  methods 

a g r e e d  v l t h f n  a b o u t  10%. 

a .  Model Compounds- 3 and 5 -- - 
Monomer y i e l d s  o b t a i n e d  for  compound 3 s u b j e c t e d  to a c i d o l y -  

sis and t o  t h l o a c i d o l y s i s  w i t h  HRF4 e t h e r a t e  were ve ry  siiaflar 

( s e e  Tab le  4). In c o n t r a s t ,  s y r i n g y l  dimer 5 gave  a h i g h e r  y i e l d  

of monomers i n  t h i o a c i d o l y s l s  t han  in a c i d o l y s i s  on ( T a b l e  4 ) .  

S i n c e  t h e  t r e q u e n c y  of c o n d e n s a t i o n  r e a c t i o n s  is l o w  for model 

compounds,4 t h i s  improvement c a n n o t  be a t t r i b u t e d  to  s y r i n g y l  

i n t e r m e d i a t e s  being less prone  t o  c o n d e n s a t i o n  s i d e  r e a c t l o n s .  

The improved monomer y i e l d  is more l i k e l y  due to  t h e  absence  of 

c h l o r i n a t i o n  r e a c t i o n s  which d e c r e a s e  t h e  amount of s y r i n g y l  

k e t o n e s  r e c o v e r e d  i n  a c i d o l y s i s .  The peaks  l a b e l l e d  X i n  Figure 

1 were a lways  p r e s e n t  t n  t h e  chromatograms when hardwood l i g n i n  

o r  t h e  s y r i n g y l  d imer  2 were h y d r o l y z e d  wi th  0.2 N HCl In  

d ioxane -wa te r .  These  compounds, on t h e  basis of GC-MS ana ly -  

s is ,  are p r o b a b l y  d e r i v a t i v e s  i n  whfch c h l o r i n e  has c a p l a c e d  

a hydroxyl  g roup  i n  t h e  s i d e  c h a i n .  Such monoch lo r ide  d e r i v a -  

t i v e s ,  r e p o r t e d l y  formed h e n  v e r a t r y l  compounds were r e f l u x e d  3 

h o u r s  in wate r -d ioxane  m i x t u r e  v i t h  5% H C l ?  c o u l d  o r i g i n a t e  from 

c h l o r i n a t i o n  of s y r i n g y l  c a r b o c a t i o n s .  However, i t  s h o u l d  be 

n o t e d  t h a t  a n a l o g o u s  monoch lo r ide  g u a f a c y l  compounds were not  

o b s e r v e d .  Whatever  t h e i r  mechanism of  f o r m a t i o n ,  such c h l o r i n a -  

t i o n  r e a c t i o n s  are ,  of  c o u r s e ,  i m p o s s i b l e  i n  t h e  t h i o a c i d o l y s e s .  

The y i e l d  c a l c u l a t e d  from t h e  t h i o e t h y l  s y r i n g y l  compounds is 

t h e r e f o r e  h i g h e r  t han  t h e  y i e l d  c a l c u l a t e d  o n l y  from t h e  main 

s y r i n g y l  k e t o n e s .  
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TABLE 4 -- 
Thioacidolysis and Acidolysis Monomer Yields for Model Compounds 

TABLE 5 

Thioacidolysis Yields (%>a for Llgnin and 

Parietal Residue 

-- 
b 

I I 

! 

1 I I 8 

I I I , 
- ' ' 3.50 16.9 2 5 . +  1 - 1.99 

I I I !+ 535:) j 
I I 1 I - I 9 . S  I 19.9 I 29.78 1 - 2.01 

' 8.36 9.37 17.73 - 1.12 

I I 

I I 
' :7 125%) 

I 

I 

I 

I 
I r I 6 

I I I 

- .  
0.76 I t0 .U I 16.321 27.52 I 0.07 1.56 

I I I I , I t I 
! 
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FXCURE 5. CC a n a l y s i s  oE t h e  TMS d e r i v a t i v e s  of t h l o a c i d o l y s i s  
p r o d u c t s  from wheat p a r i e t a l  r e s i d u e  (HBF4 e t h e r a t e ) .  
F o r  peak a s s i g n m e n t s ,  see T a b l e  3; i.s.: i n t e r n a l  
s t a n d a r d .  

b. S o l u b l e  ~~IIIS- 
For comparison pu rposes  t h e  y i e l d s  I n  T a b l e  5 are e x p r e s s e d  

on t h e  same b a s i s  as t h e  a n a l o g o u s  a c i d o l y s l s  k e t o n e s .  

S i n c e  t h e  r e s u l t s  from methods I and I1 were In c l o s e  ag reemen t ,  

o n l y  t h e i r  mean v a l u e s  are shown. For t h e  l l g n l n  samples ,  y i e l d s  

f rom t h t o a c l d o l y s i s  were much g r e a t e r  t han  f o r  a c i d o l y s i s  f o r  t h e  

three monomeric s p e c i e s  ( T a b l e  5 ) .  However. f o r  model compounds 

t h e  y i e l d  improvement t s n o t  as good (21, or is non-ex i s t an t  (3) .  

Accord ing  t o  Lundqu l s t  , 4  c o n d e n s a t i o n  r e a c t i o n s  are m c h  more 

i m p o r t a n t  I n  l i g n l n  a c i d o l y s l s  t han  I n  a c l d o l y s l s  of  d l m e r i c  model 

compounds. T h e r e f o r e ,  when a p p l l e d  t o  l i g n l n ,  t h e  t h l o a c l d o l y s i s  

p r o c e d u r e ,  which s h o u l d  l i m i t  t h e s e  c o n d e n s a t i o n  r e a c t i o n s ,  y i e l d s  

more monomers than  a c l d o l y s i s  (+ 50% t o  + 100%. see T a b l e  5) .  

T h l s  i n c r e a s e  Is mre l a p o r t a n t  f o r  s y r l n g y l  t h a n  f o r  g u a i a c y l  

s t r u c t u r e s .  

y i e l d s  t h a n  HBFL e t h e r a t e .  

I n  a d d i t i o n ,  BF3 e t h e r a t e  seems t o  a f f o r d  better 

This Is probab ly  due t o  fewer s i d e  
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r e a c t i o n s  and minor r e a c t i o n  pathways,  as i n d i c a t e d  hy t h e  less 

complex chromatogram. F u r t h e r m o r e ,  t h i o a c i d o l y s i s  r e s u l t s  (Tab le  

5 )  c o n f i r m  t h e  monomeric h e t e r o g e n e i t y  a lways  obse rved  w i t h i n  

p o p l a r  l i p p i n  f r a c t i o n s .  

c. Wheat p a r i e t a l  r e s i d u e  

5 

In c o n t r a s t  to  t h e  r e s u l t s  f o r  l i gn ins ,  t h e  chromatogram 

o b t a i n e d  from t h l o a c i d o l y s i s  of t h e  p a r i e t a l  r e s i d u e  was h i g h l y  

complex, p r o b a b l y  because  of t h e  h i g h  number of t h i o a c i d o l y s i s  

p r o d u c t s  from p o l y s a c c h a r i d e s  ( F i g u r e  5). With c l a s s i c a l  a c i d o l y -  

sis, mainly f u r f u r a l  and h y d r o x y m e t h y l f u r f u r a l  d e r i v a t i v e s  are 

o b t a i n e d  from t h e  p a r i e t a l  p o l y s a ~ c h a r i d e s . ~  However, d e s p i t e  

t h i s  complex i ty ,  t h i o a c i d o l y s i s  from p a r i e t a l  r e s i d u e  can be used 

q u a n t i t a t i v e l y  (Tab le  5 1 ,  because  peaks 6 and 7 are not 

o v e r l a p p e d  hy peaks o€ o t h e r  components ,  as conf i rmed  by GC-MS 

a n a l y s i s .  

d o l y s i s  a l l o w s  q u a n t i t a t i v e  a n a l y s i s  of a l l  t h e  monomers i s s u e d  

from a r y l g l y c e r o l - e t h e r  c l e a v a g e .  With a c i d o l y s f s ,  t h i s  was not 

p o s s i b l e  even w i t h  h i g h  r e s o l u t i o n  c a p i l l a r y  column GC because  

t h e  'LMS d e r i v a t i v e s  of p-coumaric and f e r u l i c  a c i d s ,  cha rac -  

t e r i s t i c  of grass samples ,  had t h e  same retentlon times as t h e  

TMS k e t o n l c  and e n o l i c  d e r i v a t l v e v  of 6-oxy-contferyl  a l c o h o l .  

For  wheat ( T a b l e  5) and o t h e r  grass samples ,  t h i o a c i -  

5 

From t h i s  i n f t t a l  s t u d y ,  t h i o a c i d o l y s i s  performed w i t h  BF3 

e t h e r a t e  seems to  o f f e r  s e v e r a l  a d v a n t a g e s  r e l a t l v e  t o  

aci d o l y s i s  : 

( a )  The GC chromatograms of t h e  TMS d e r t v a t i v e s  ol  t h e  

r e s u l t a n t  mnomers  a r e  m c h  s i m p l e r ,  t h e r e b y  making q u a n t i t a t i o n  

easier;  

( b )  t h e  y i e l d  of monomers, p a r t i c u l a r l y  t h e  s y r i n g y l  monomers 

is much h i g h e r ,  which s u g g e s t s  t h a t  t h e  r e s u l t s  r e f l e c t  more 

c l o s e l y  t h e  monomeric composi t i o n  of  t h e  h y d r o l y z a b l e  s t r u c t u r e s ;  

and 

( c )  t h e  p r o c e d u r e  g i v e s  f a f  r l y  good r e p r o d u c f b i l i t y ,  w i th  

s o l u b l e  as w e l l  as w i t h  i n s o l u b l e  samples .  
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