
Reactions of saccharides catalyzed by molybdate ions. VI.* 
Epimerization of aldotetroses 

V. B Í L I K a n d Ľ. S T A N K O V I Ö 

Institute of Chemistry, Slovak Academy of Sciences, 
809 33 Bratislava 

Received 17 M a y 1972 

E p i m e r i z a t i o n of b o t h D-erythrose a n d D-threose ca ta lyzed b y m o l y b d a t e 
ions gives a n equi l ibr ium m i x t u r e of D-erythrose a n d D-threose in t h e ra t io 
3 : 4. T h e complexing of D-erythrose w i t h m o l y b d a t e ions reflects itself in 
t h e change of its specific r o t a t i o n . 

T r a n s f o r m a t i o n of reducing saccharides in basic m e d i a — t h e L o b r y de B r u y n — 
— Alberda v a n E k e n s t e i n react ion — h a s been k n o w n for a longer t i m e [1]. I n alkal ine 
solutions a n aldose is preferably t rans formed in to 2-ketose a n d epimeric aldose. I n m o r e 
c o n c e n t r a t e d solutions of alkali t h e changes are g rea ter a n d lead also t o format ion of 
t h e so-called saccharinic acids. T h e t r a n s f o r m a t i o n in pyr id ine is i m p o r t a n t for t h e 
p r e p a r a t i o n of 2-ketoses or for t h e inversion of t h e C-2 h y d r o x y l g r o u p of a ldonic acids. 

I n acidified w a t e r solutions u n d e r ca ta ly t ic ac t ion of m o l y b d a t e ions, t h e aldoses 
epimerize a n d equi l ibr ium m i x t u r e s are formed in which t h e epimeric aldose w i t h trans 
re lat ionship of t h e h y d r o x y l groups a t C-2 a n d C-3 [2, 3] p r e d o m i n a t e s . E a c h pa i r of 
epimeric aldoses h a s a character i s t ic composi t ion of equi l ibr ium m i x t u r e . F o r ins tance, 
from t h e equi l ibr ium m i x t u r e of epimerized L-mannose [4] a n d L-rhamnose [5, 6], ь-glu-

cose a n d L-chinovose were o b t a i n e d in a par t icu lar ly s imple m a n n e r , b y fractional crys­

tal l izat ion. This c o m m u n i c a t i o n is one of t h e p a p e r s in a series deal ing w i t h t h e epimeri­

zat ion of aldoses a n d w i t h t h e behav iour of te troses . 

Molybdate complexes of D-erythrose a n d L-threose h a v e been ascer ta ined b y electro­

phoreses ( p H 5) [7, 8]. Their different mobil i t ies enabled t o use electrophoresis as a s imple 

m e t h o d for separat ion of b o t h sugars [7]. We found t h a t D-erythrose a n d D-threose 

epimerize in w a t e r solution of m o l y b d a t e ions (80°C, 2 hours) forming a n equi l ibr ium 

m i x t u r e of te troses in which D-threose p r e d o m i n a t e s . T h e ra t io of D-erythrose t o D-threose 

is a b o u t 3 : 4 a t equi l ibr ium. C o n t r a r y t o t h e t r a n s f o r m a t i o n of D-erythrose in pyr id ine 

[9], t h e epimerizat ion of th is sugar cata lyzed b y m o l y b d a t e ions is n o t a c c o m p a n i e d 

b y format ion of D -glycero -tetrulose. 

Specific r o t a t i o n of D-erythrose ( — 38.6°) showed a r e m a r k a b l e change ( + 1 2 . 6 ° ) 

d u e t o t h e complexing w i t h m o l y b d a t e i o n s ; however, a lmost no change was recorded 

w i t h D-threose. This p h e n o m e n o n m a y be a c c o u n t e d for b y t h e fact t h a t D-erythrose 

(Scheme 1; I) possesses t h e carbonyl g roup a n d t h e h y d r o x y l groups a t C-2 a n d C-3 

in such a steric a r r a n g e m e n t (la) which is a l te red b y t h e complex formed (II). I n t h e 

case of D-threose (III, Ilia), t h e format ion of t h e complex (IV) does n o t cause a n y 

a p p a r e n t changes in t h e conformat ion of t h e l igand, a n d , consequent ly , a n y significant 

change in specific r o t a t i o n . Similar absolute values of specific r o t a t i o n of t h e m o l y b d a t e 

* F o r P a r t V see Ref. [ 5 ] . 
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Scheme 1 

complexes of D-erytlirose (+12.6°) and D-threose (—11.6°) suggest that one complex 
spatially resembles the mirror image of the other one. From the above said it follows 
that the epimerization of D-erythrose or D-threose gives preferably D-threose, i.e. the 
epimer forming energetically a more favourable complex. 

Experimental 

D-Erythrose and D-threose used were prepared by oxidation of D-glucose and D-galac­
tose with lead tetraacetate [10]. The purification of thus obtained tetroses and the fractio­
nation of epimerization mixtures was carried out by chromatography on a Cellulose F 
(Whatman) column (100 X 4.6 cm) in ethyl acetate —acetic acid—4% boric acid in water 
( 9 : 1 1 v/v). The control of D-erythrose and D-threose purity as well as the estimation 
of their ratios during epimerization were done by chromatography on Whatman No. 1 
paper in the above quoted solvent system for 16—18 hours. Sugars (D-threose, RT 1.00; 
D-grZi/cero-tetrulose, RT 1.3 5; D-erythrose, RT 2.00) were detected with the aniline phthalate 
reagent [11]. Specific rotations of water solutions of tetroses were measured after 24 hours 
on a Bendix —Ericsson type 143 A automatic Polarimeter. 

Epimerization of D-erythrose and ъ-ťhreose 

A mixture of D-erythrose or D-threose (2 g), molybdenic acid (50 mg) in water (100 ml) 
was heated at 80°C for 2 hours. The reaction mixture was then filtered and deionized 
with Dowex 1 (OH - form, ca. 1 g), the filtrate was concentrated in vacuo (40°C) and 
fractionated on a Cellulose column. Fractions containing individual tetroses were pooled 
and evaporated under reduced pressure. The residues were dissolved and evaporated 
three times with anhydrous methanol. 

The epimerization of D-erythrose gave: D-erythrose, 0.53 g, [a]f)4 —39.1° (c 1.2); 
D-threose, 0.74 g, [a]f>4 -12.2° (c 1.6). 
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The epimerization of D-threose gave: D-erythrose, 0.58 g, [ot]j} — 38.0° (c 1.3); D-threose, 
0.77 g, [a]|>4 -13.0° (c 1.4). 

Specific rotations of the starting tetroses in water, D-erythrose [a]ff —38.0° (c 1.0} 
and D-threose [a]ff —13.0° (c 1.4), showed following values after dilution with equal 
volume of 4% water solution of moly bdenie acid within 4 minutes: D-erythrose [a]ff 
+ 12.6°, D-threose [a]|>5 —11.6°. Kef. [9] gives for D-erythrose [ajff -40.6° (c 1.0, water) 
and for D-threose [a]!)0 —13.0° (c 1.0, water). 
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