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A HIGH PERFORMANCE PREPARATIVE PROCEDURE 
FOR THE ISOLATION OF DEGRADATION PRODUCTS 

FROM D-XYLOSE 

Gijran Lindgren 
Pharmacia Fine Chemicals AB 

Box 175 
S-751 04 Uppsala, Sweden 

Per-Ake Pernemalm 
Department of Chemistry, College of Agriculture, 

Swedish University of Agricultural Sciences 
S-750 07 Uppsala, Sweden 

ABSTRACT 

An improved method for the preparative isolation of 3 , 8  dihydroxy- 
2-methylchromone, formed by degradation of D-xylose at 100°C is 
presented. From the ethyl acetate extractable part of the reaction 
mixture the chromone was isolated by preparative HPLC in less than 

one hour u s i n g  a highly cross-linked dextran gel. 

INTRODUCTION 

Aromatic compounds are formed by degradation of carbohydrates in 
aqueous solution at different pH. This has been extensively studied 
by Theander et a1 (I). The purpose has been to characterise the pro- 
ducts and elucidace their mechanism of formation to throw some light 
upon caramelisat ion and non-enzymic browning reaction of irn- 
portance in food manufacturing and pulping processes. 
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The i s o l a t i o n  of d e g r a d a t i o n  products  and t h e i r  p r e c u r s o r s  a r e  o f t e n  

time-consuming due t o  t h e  complex mixtures  and low y i e l d s  (0,l - 3% 

o r  l e s s ) ,  which causes  s e v e r e  e x t r a c t i o n  and s e p a r a t i o n  problems. 

The genera l  method is u s u a l l y  group s e p a r a t i o n  on Sephadex LH-20, 

followed by p u r i f i c a t i o n  on s i l i c a  g e l .  

This  p a p e r  d e s c r i b e s  a s imple  and r e p r o d u c i b l e  h i g h  performance 

l i q u i d  chromatographic procedure f o r  t h e  a n a l y s i s  of aromat i c  

compounds from t h e  d e g r a d a t i o n  of D-xylose and t h e  i s o l a t i o n  

of t h e  main product  (Fig.  1 ) .  

MATERIAL AND METHODS 

Ins t rumenta t ion  

The l i q u i d  chromatograph c o n s i s t e d  of t h e  f o l l o w i n g  components: 

Chromatronics CMP-2 pump (Laboratory Data C o n t r o l ,  R i v i e r a  Beach, 

F l a ) ,  a SR10/50 J column packed wi th  Sephasorb HP U l t r a f i n e ,  two SRV-i, 

va lves  wi th  t e f l o n  loops  of d i f f e r e n t  volumes. f o r  i n j e c t i o n  under 

p r e s s u r e ,  a d u a l  path monitor  UV-2 (Pharmacia Fine Chemicals, L ' p p s a t ~ ,  

Sweden), and a. Waters d i f f e r e n t i a l  r e f r a c t o m e t e r  R 403 (Waters 

Assoc ia tes ,  Milford MA). 

Degradation and e x t r a c t i o n  

The method used by PopoEf ( 2 )  was modif ied a s  fo l lows:  

D-xylose (20,O g) i n  sodium a c e t a t e  b u f f e r  (0,5M, 750 ml, pH i . 5  1 
was re f luxed  f o r  48 hours .  The r e a c t i o n  mixture  was cooled and 

e x t r a c t e d  w i t h  e t h y l  a c e t a t e  (3x100 ml). The d r i e d  (sodium s u l f a t e )  

and evaporated e x t r a c t  w a s  d i s s o l v e d  i n  t h e  a p p r o p r i a t e  amount of 

methanol. 

Chromatography 

The column w a s  d ry  packed. The bed h e i g h t  a f t e r  e q u i l i b r a t i o n  

wi th  water  w a s  40 cm. The temperature  was kept  a t  65OC. A 100 
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OH 

0 

Figure 1 .  3,8-Dihydroxy-2-methylchromone. 

p l  or a 250 ul loop was used for the analytical experiments. For 

preparative purpose a 2 ml loop was used. With a flow rate of 1 

mllmin the pressure was about 8 bar. 

Eluant s 

Ethanol was purchased from AB Svensk Sprit, Sweden. A Milli-Q 

system was used to obtain highly purified water. (Millipore, 

Gothenburg, Sweden). The mobile phase was ethanol/water of 

different compositions or pure water. A gradient was formed at 

the low pressure side by adding pure ethanol to a water reservoir 

(400 ml) at the same rate as the flow rate. 

The composition of the gradient is approximately : 

-vt I V  P z 1 - e  
100 

P = percent ethanol (volume) 

v = flow rate ( ml/min.) 

t = time ( min.) 

v = volume of (water) reservoir (ml) 

RESULT AND DISCUSSION - 

The extraction procedure removed most of the unreacted D-xylose 

and the highly polar by-products. 

the main product, 3,8-dihydroxy-2-methylchromone (Fig. 1) and 
other aromatic products on this matrix, the chromatographic 

Due to the high adsorption of 
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procedure is  t e d i o u s  when run i n  water, a l though t h e  separa-  

t i o n  of d i f f e r e n t  compounds i s  good. By an i n c r e a s i n g  amount 

of e t h a n o l  t h e  chromatogram i n  Fig.  2 i s  o b t a i n e d .  A l l  high  

molecular  weight compounds a r e  excluded from t h e  g e l ,  which 

has  a e x c l u s i o n  l i m i t  of about 500, and appear  c l o s e  t o  t h e  

void  volume. Fig.  2 shows t h a t  an opt imal  s o l v e n t  composi t ion f o r  

t h e  i s o l a t i o n  of t h e  main product  should  c o n s i s t  of e t h a n o l / w a t e r  

a t  about 2:3  as confirmed (Fig.  3 ) .  

Although t h e  amount s e p a r a t e d  was c o n s i d e r a b l e  h i g h e r  i n  t h e  pre-  

p a r a t i v e  run,  ( Fig.  4 ) ,  t h e  r e s o l u t i o n  is  c l o s e  t o  t h a t  in t h e  

prev ious  chromatogram. 

0 i 2 3 
TIME (houm) 

Figure  2 .  S e p a r a t i o n  of t h e  e t h y l  acetate e x t r a c t .  
Column: Sephasorb HP U l t r a f i n e  
Solvent :  Water-ethanol g r a d i e n t  
Flow rate:  1.0 m l / m i n .  
Temperature: 65OC 
Sample: 100 ul , 150 ug 
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L 
30 60 

TIME (minutes) 
Figure  3 .  Solvent :  Water-ethanol 3:2  

0 

Sample: 250 u l ,  230 ug 

Sephasorb HP U l t r a f i n e  is  a h i g h l y  c ross - l inked  r i g i d  d e x t r a n  g e l ,  

l i p o f i l i s e d  wi th  hydroxypropylene oxide .  which makes i t  s u i t a b l e  

f o r  u s e  i n  o r g a n i c  s o l v e n t s .  It has been shown t h a t  t h e  a f f i n i t y  

f o r  a romat ic  compounds t o  d e x t r a n  g e l s  i n c r e a s e s  w i t h  i n c r e a s i n g  

degree  of c r o s s - l i n k i n g  of t h e  carbohydra te  back-bone ( 3 ) .  The 

a f f i n i t y  f o r  phenol ic  compounds may be due t o  i n t e r a c t i o n  between 

phenol ic  hydroxyls  and t h e  e t h e r  oxygens of t h e  c r o s s - l i n k s  ( 4 ) ,  

but i t  has  a l s o  been sugges ted  t h a t  a hydrophobic and a s p e c i a l  

7 - e l e c t r o n  i n t e r a c t i o n  a r e  involved ( 5 ) .  The hydrophobic e f f e c t  

can be decreased  by changing t h e  s o l v e n t  composi t ion from water  

t o  e t h a n o l .  In  p r o t i c  s o l v e n t s  l i k e  a l c o h o l  i t  i s  u n l i k e l y  t h a t  

hydrogen bonding between t h e  g e l  and t h e  phenol ic  hydroxyls  pre- 

dominates. However, t h e  i n c r e a s e  i n  a d s o r b t i o n  observed i n  a p -  

r o t i c  s o l v e n t s  l i k e  a c e t o n i t r i l  o r  chloroform i s  probably due t o  

t h i s  e f f e c t  ( 6 ) .  
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Figure 4 .  P r e p a r a t i v e  s e p a r a t i o n .  
Detec tor :  R e f r a c t i v e  i n d e x  
Sample: 2 m l ,  60  mg 
Yield o f  chromone 14 mg. 

We t h i n k  t h a t  t h i s  method w i l l  be oE c o n s i d e r a b l e  v a l u e  f o r  i d e n t i -  

f i c a t i o n  and p r e p a r a t i v e  s ca l e  i s o l a t i o n  rspeciallv f o r  a romat ic  

compounds such a s  n a t u r a l  p roducts .  
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