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The exis tence of IIngnoearbohydrates has been f i rmly  established at the p resen t  t ime,  which support  
the hypothesis  of liguin being linked to the hemicel lu lose  port ion of eholocel lulose.  However,  up to now an 
unequivocal answer is lacking to the problem of the number and types of chemical  linkages between lignin 
and carbohydra tes .  These  linkages can a r i se  via phenolic and alcoholic hydroxyl  groups (and the CO 
groups of lignin a re  capable of enolization),on the one hand, and the OH, CO, and COOH groups of the ca rbo-  
hydra te  components,  on the other  hand. As a resul t ,  the most  probable types of linkages can be e ther ,  e s t e r ,  
acetal  and phenol-glycoside l inkages.  

The difficulties that face invest igators  when trying to elucidate the charac te r  of the chemical  bond 
on natural  complexes ,  make it expedient to study this problem on simple model compounds. 

In this r e spec t  the studies on the acid and alkaline stabil i ty of the phenol-glycoside linkage in the 
f i-D-glucosides of phenol and acetovanillone (I), and the f i-D-xylosides of phenol, guaiaeol, acetovanillone,  
a-hydroxypropiovani l lone (II) and c~-hydroxypropiosyringone (HI), a re  of in teres t  [1] 
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It was shown that an acyl grouping in the p-posi t ion to the glycoside linkage does not affect its r e s i s -  
tance toward acids,  but it does make this linkage more  res i s tan t  toward alkalis.  The p resence  of o -me th -  
oxyl groups dec reases  the stabil i ty of the glycoside linkage with respec t  to both acids and alkalis .  The 
great  stabili ty of the alkyl-glueoside linkage in the fl-D-glucoside of c~-hydroxypropioveratrone (IV) made 
it possible to postulate [1] that an a ry l -g lycos ide  linkage is more  probable between lignin and carbohydra tes ,  
and not the alkyl-glycoside linkage. 

The presen t  paper r ep resen t s  an at tempt to study the comparat ive  stability of the chemical  bonds in 
l ignocarbohydrate  complexes on model compounds. Most of the methods existing at the present  time for 
the isolation of lignin f rom wood is associa ted with the use  of acid catalysts  and solvolytic agents, like wa-  
te r ,  alcohols,  ketones and ace ta ls .  We studied the comparat ive  acid stabili ty of the phenol-glucoside linkage 
on the s impler  compounds that model this type of linkage: the fi-D-glucosides of phenol, guaiacol, 1-guaiacyl-  
propane (V) and the methyl ether  of 1 -gua iacy l - l -p ropanol  (VI), and on coniferin (VII) and dihydroconiferin 
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TABLE i. Hydrolysis Rate Constants and Half-Decomposition Pe- 
riods of Phenol fl-D-Glucopyranosldes (!4, rain -i, ~'1/2, rain) 

~- D- Glucopyranoside 

Phenol 
Guaiacol 
1- Guaiacylpropane 

Methyl ether of 1-guaia- 
1-propanoI 
Coniferyl alcohol (eonifefin) 
Dihydroconiferyl alcohol 
(dihydroeoniferin) 

p H  1,08 l~H 2,02 

80~ I 
h. lO s 
(+_5%) 

2,15 
5,05 
4,6 

4,93 

i2,4 

5,05 

320 
137 
i50 
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i37 

lO0 ~ 

h.10 ~ 
(+_5%) 

i ,5 
5,i 
4,6 

4,2 

tt ,5 

5,t 

46 
t4 
t5 

16,5 

6 

14 

k.  10 s 
(+_5%) 

1,2 
5,7 
5,0 

5,2 

t3,2 

5,2 

i 0 0  ~ 
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139 

133 

53 
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We were  the f i r s t  to obtain compounds (V) and (VI). The synthesis  of phenol glycosides  containing 
labi le  aglycons,  which mos t  natural  aglycons a re ,  p r e sen t s  definite diff icult ies .  A l a rge  excess  of the phenol, 
quite d ras t i c  reac t ion  conditions, and low yields  a re  the main disadvantages  of these methods .  In the p r e -  
sent  pape r  the main attention was devoted not to the y ie lds ,  but to the pur i ty  of the g lucos ides .  The gluco-  
s ides of phenol, guaiaeol ,  1 -gua iacylpropane  and the methyl  e ther  of 1 - g u a i a c y l - l - p r o p a n o l  we re  synthes ized 
by a modif icat ion of the K 3 n i g s - K n o r r  method, by the condensation of ace tobromoglucose  with the a p p r o p r i -  
ate phenol, with subsequent  r emova l  of the ace ta te  protect ion using sodium methyla te .  Conifer in  (VH) was 
i so la ted  f r o m  the cambia l  sap of f r e sh ly  cut pine,  while the hydrogenat ion of (VII) in the p r e s e n c e  of Pd on 
BaSO 4 gave dihydroconifer in .  

The ac id -ca t a lyzed  hydro lys i s  of g lycosides  has been extensively  studied, but compara t ive ly  l i t t le  
informat ion exis ts  on the hydro lys i s  of the glucosides of subst i tuted phenols .  The glucosides synthes ized  
by us were  invest igated for  their  r e s i s t a n c e  to acids at a definite acidity of the medium.  The hydro lys i s  
was run In ace ta te  - h y d r o c h l o r i c  acid buffer  solution at pH 1 and 2, and 80 and 100 ~ As it proved,  D-glucose  
under  these conditions r e m a i n s  unchanged and is quanti tat ively isolated f r o m  the hydrolyzate  as the ch ro -  
matograph ica l ly  pure  m a t e r i a l .  The ha l f -decompos i t ion  per iod was taken as a m e a s u r e  of the s tabi l i ty  of 
the glycoside l inkage.  In o rde r  to e s t ima te  the degree  of decomposi t ion we used  a co lo r ime t r i c  method that 
was based  on measu r ing  the optical  densi ty of the o range-ye l low solution that  was obtained by t rea t ing  the 
sugar  with phenol and conc. H2SO 4. This  method makes  it poss ib le  to de te rmine  mie roamount s  of the sugars  
(10-80 ~g) with an accu racy  of • which has  g rea t  impor tance  when working with difficultly acce s s ib l e  
glycosides  [3]. 

Aliquot s a m p l e s  of the hydrolyza te  were  deposi ted on chromatograph ic  pape r ,  the c h r o m a t o g r a m  was 
developed with a mixture  of e t h a n o l - n - b u t a n o l - w a t e r  (5:5:1), and the glucose was ex t rac ted  with wa te r  and 
de te rmined  quanti tat ively f r o m  the ca l ibra t ion  cu rve .  Using the equation for  f i r s t  o rder  reac t ions  we ca lcu-  
la ted the r a t e  constants  and the ha l f -decompos i t ion  pe r iods .  In Table  1 a re  given the average  values  of the 
ha l f -decompos i t ion  per iods  and the hydro lys i s  r a t e  constants  of 0.1 M solutions of the f l -D-glucosides  in-  
ves t iga ted  by us .  The obtained data show that the s tabi l i ty  of the phenol-g lucos ide  linkage depends on the 
pH of the medium and the reac t ion  t e m p e r a t u r e .  The hydro lys i s  p rac t i ca l ly  does not go at r o o m  t e m p e r a -  
tu re ,  while its r a t e  i nc rea se s  10 t imes  when the t e m p e r a t u r e  is changed f r o m  80 to 100 ~ 

As can be seen  f r o m  Table  1, the o-OCH~ group exer t s  a much g r e a t e r  effect  on the s tabi l i ty  of the 
phenol-g lucos ide  linkage than do alkyl subst i tuents ,  in which connection the p r e sence  and posi t ion of an OH 
group in the p-subs t i tuen t  a r e  p rae t ia l ly  without effect  on the s tabi l i ty  of this l inkage,  s ince the double bond, 
conjugated with the a rom a t i c  r ing of the aglycon, weakens it g rea t ly .  

EXPERIMENTAL METHOD 

The cambial sap of freshly cut pine was carefully heated up to the boil, the liberated plant proteins 
were filtered, while the clear sap was evaporated to 1/3 of the original volume. Crystalline e~fiferin (VII) 
deposited on cooling, mp 173-176 ~ (water); [O~]D--71.2 ~ (C 1.5; methanol). 

Dihydroconiferin was obtained in 87% yield by the hydrogenation of coniferin in alcohol in the pres- 
ence of Pd/C, mp 139-140.5 ~ (acetone), see [4]; [e~]D -57.5 ~ (C 2; methanol). Found: C 54.38; H 7.08%. 
CI~H2408.1/2 H20. Calculated: C 54.37; H 7.17%. 
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T e t r a a c e t a t e  of the f l -D-Glueopyranoside  of 1-Guaiaeylpropane .  1-Guaiacylpropane was obtained by 
the hydrogenat ion of f resh ly  dist i l led eugenol in ethanol over  10% Pd/BaSO 4 [5], bp 113-114 ~ (5 ram), see  [6]. 

Ace tobromoglucose  was synthes ized as desc r ibed  in [7], mp 86-88 ~ To a solution of the gua iacy lp ro -  
pane in aqueous alkal ine solution (0.63 g of NaOH in 25 ml  of water)  was added 3.57 g of ace tobromoglucose  
in 35 ml  of acetone,  and the reac t ion  mix ture  was allowed to stand overnight  in the dark  at ~20 ~ Then the 
mix ture  was ex t rac ted  with benzene,  and the benzene solution was washed in success ion  with 2 N NaOH 
solution and wa te r ,  and then dried over  anhydrous CaC12. Remova l  of the benzene gave 2.04 g (12%) of the 
c rys ta l l ine  glucoside,  mp 120-122 ~ (from ethanol); l a i D - 4 0 " 6 ~  (C 1.5; methanol) .  Found: C 58.24; H 6.43%. 
C24H32Oil. Calculated:  C 58.06; H 6.45%. 

f l -D-Glucopyranoside  of 1-Guaiacylpropane .  To a solution of 3.5 g of 1-guaiacylpropane  f l -D-gluco-  
pyranos ide  t e t r aace ta t e  in 25 ml  of methanol  was added 7 ml of 0.1 N CH~ONa solution, and the mixture  
was kept overnight  at ,,,20 ~ After  r e m o v a l  of the sodium ions with a slight excess  of cationite KU-2, and 
dist i l l ing off the methanol ,  we obtained 3.1 g (90%) of subs tance ,  mp 138-140 ~ (from water) ,  af ter  drying at 
108 ~ (1 .5 .10 -2 ram); [O~]D-62.3 ~ (C 2; methanol) .  Found: C 57.91; H 7.54%. C1~H2407. Calculated: C 58.54; 
H 7.31%. 

Te t r aace t a t e  of f l -D-Glucoside of Methyl Ether  of 1 - G u a i a c y l - l - p r o p a n o l .  1 -Gua i acy l - l - p rop an o l  
was obtained by the Gr ignard  reac t ion  f r o m  vanill in in 80% yield,  mp 84-85.5 ~ (from benzene),  see [8]. The 
alcohol group was methyla ted  by t r ea tmen t  with methanol ,  containing 0:5% HC1, at ~20 ~ for  a day. After  
neut ra l iza t ion  of the reac t ion  mix ture  with alcoholic KOH solution, and r emova l  of the methanol ,  the res idue  
was ex t rac ted  with e ther .  F r o m  the e ther  was isolated the methyl  e ther  of 1 - g u a i a c y l - l - p r o p a n o l  with bp 
122.5-123.5 ~ (5 mm) .  

To 0.58 g of the methyl  e ther  of 1 - g u a i a c y l - l - p r o p a n o l  in caust ic  solution (0.15 g of NaOH in 4 ml 
of water)  was added 0.8 g of ace tobromoglucose  in 6 ml  of acetone.  The mixture  was allowed to stand o v e r -  
night (~20~ af ter  which it was ex t rac ted  with benzene.  The benzene solution was washed in success ion  
with 2 N NaOH solution and wa te r ,  and then dried over  anhydrous Na2SO 4. After  r emova l  of the benzene we 
obtained a c rys ta l l ine  product  in 63% yield,  mp 107-110 ~ (from alcohol); [C~]D-37.4 ~ (C 2; methanol) .  Found: 
C 56.68; H 6.66%. C25H34012. Calculated: C 57.02; H 6.46%. 

f l -D-Glucopyranoside  of Methyl Ether  of 1 -Gua i acy l - l - p ropano l .  The compound was obtained by the 
saponif icat ion of i ts  t e t r aace t a t e  with a 0.1 N solution of CH3ONa in methanol  at ~20 ~ yield 100%, mp 152- 
154 ~ (from ethanol,  p rec ip i ta ted  with ether) ,  a f te r  drying at 110 ~ (10 -2 ram); [ ~ ] D - 5 3 . 4 ~  (C 2; methanol) .  
Found: C 56.66; H 7.34%. C17H2608. Calculated:  C 56.92; H 7.26%. 

Phenyl - f i -D-g lucopyranos ide .  Obtained as descr ibed  above f r o m  phenol and ace tobromoglucose ,  mp 
175-177 ~ (from water);  [eZ]D-73.7 ~ (C 0.93; water) ,  see [9]. 

Guaiacy l - f i -D-g lucopyranos ide .  Obtained in a s im i l a r  manner  via  the t e t r aace t a t e  of the glucoside 
s t a r t ing  with guaiacol  and ace tobromoglucose ,  mp 151-152 ~ (from ethanol), af ter  drying at 100 ~ (10 -4 mm); 
[~]D - 76.03 ~ (C 1; methanol) .  

Hydrolys is  of Phenol f i -D-Glucopyranos ides .  The hydro lys i s  was run in 3 ml glass  ampuls ,  contain-  
ing 1 ml of a 0.1 M solution of the glucoside i n a c e t a t e - h y d r o c h l o r i c  acid buffer  solution (50 ml of 1 N 
CH3COONa solution with the appropr ia t e  amount of 0.1 N HC1 solution was diluted up to 250 ml),  at pH 1.08 
and 2.02, and t e m p e r a t u r e s  of 80 and 100 ~ (in a the rmos ta t ) .  The pH was control led po ten t iomet r ica l ly .  
The ampul  was cooled at definite t ime  pe r iods ,  opened, and 0.2 ml aliquots of the hydrolyzate  were  removed ,  
which were  deposited on Whatman No. 1 chromatographic  paper  (12 • 30 cm,  with a control  band of 3 cm) 
that had been p rev ious ly  washed with wa te r .  The c h r o m a t o g r a m  was developed with the sys tem:  n-butanol  
- e t h a n o l - w a t e r  (5:5:1) for  4 h; the control  band was t rea ted  with a 3% solution of p-anis id ine  in butanol.  
The band on the paper ,  cor responding  to the posi t ion of the glucose (Rf 0.12), was cut out and ex t rac ted  
with 20 ml of wa te r ,  and the solution was f i l te red  through a g lass  f i l te r .  To 2 ml of the glucose solution 
were  added 3 drops  of 80% phenol and 5 ml of conc.  H2SO 5. After  10 rain the solution was shaken and kept 
at 30-35 ~ for  20 min.  The optical  densi ty was measu red  on an F]~K-56 photoelec t r ic  c o l o r i m e t e r  at 490 nm. 
The amount of the sugar  was de te rmined  f r o m  the ca l ibra t ion curve ,  and the ra te  constant  was calculated 
us ing  the equation of a f i r s t  o rder  r eac t ion .  The r e su l t s  were  ver i f ied  by repeat ing  the exper imen t s ,  a f t e r  
which the ave rage  values of the reac t ion  ra t e  constants  were  taken and the ha l f -decompos i t ion  per iod  of the 
substance  was calcula ted.  The obtained r e su l t s  a re  s u m m a r i z e d  in Table  1; the accu racy  of the d e t e r m i n a -  
tion was ~:5%. 
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CONCLUSIONS 

1. A study was made of the comparative stability of the synthesized fl-D-glucopyranosides of phenol, 
guaiacol, 1-guaiacylpropane and the methyl ether of 1-guaiacyl-l-propanol,  and also of coniferin and dihy- 
droconiferin, at pH 1 and 2. 

2. The stability of the glucoside linkage in these compounds depends on the temperature,  the acidity 
of the medium, and the structure of the aglycon. 

3. A methoxyl group in the o-position of the aromatic ring and an a,fi-donble bond in the side chain 
of the aglycon weaken the glucoside linkage. The presence and position of an alcohol group in the side chain 
do not affect the stability of the linkage. 
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