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Conditions of the hydroxylation of D-galactal by hydrogen peroxide 
under the catalytic action of sodium molybdate were investigated in detail. 
A procedure has been elaborated for conversion of D-galactal into D-talose in 
90% yield. The stereoselectivity of the hydroxylation is considered to be 
a consequence of the formation of an initial transitory complex between the 
hydroxyl group at C-3 and permolybdenic acid which is subsequently der 

composed under the formation of aldose with cis relationship at carbons C-2 
and C-3. 

Hydroxylation of glycals leads to the formation of corresponding aldose epimers, 
Their ratio depends on the conditions of hydroxylation and on the starting glycal. As 
hydroxylating agents, perbenzoic acid or hydrogen peroxide in the presence of osmium 
tetraoxide have been used. Hydroxylation of glycals by perbenzoic acid affords preferen
tially cis 2,3-substituted products when OH-3 is unsubstituted. Substitution of OH-3 
results in the formation of trans 2,3-substituted products. Thus, D-glucal gives pre
ponderate^ D-mannose [1], and 3,4,6-tri-O-acetyl-D-glucal [2] and 3,4,6-tri-O-methyl-D-
-glucal [3] afford the corresponding derivatives of D-glucose. Similarly, D-talose is formed 
from D-galactal [4, 5], D- and L-ribose from D- and L-arabinal [6 — 8] and D-lyxose from 
D-xylal [9]. Epi-maltose [10], epi-cellobiose [11, 12], epi-lactose [13—16], and epi-
-gentiobiose [17] were also prepared by perbenzoic acid hydroxylation of unsubstituted 
glycals- of disaccharides. 

Treatment of glycals with hydrogen peroxide and osmium tetraoxide in tert-hutanoi 
gave predominantly the aldoses having trans substituents at positions 2 and 3, regardless 
of substitution of OH-3 [18, 19]. Tungsten trioxide and in smaller extent also molybdenum 
trioxide and selenium dioxide were reported to be suitable catalysts of the hydroxylation 
of unsaturated compounds by hydrogen peroxide in water solution [20]. Hydroxylation 
of glycals of monosaccharides by hydrogen peroxide in the presence of M0O3 proceeded 
with high stereoselectivity yielding aldoses with cis relationship at carbons 2 and 3. 
The reaction carried out with WO3 also gave cis 2,3-substituted products, but was less 
stereoselective. Trans 2,3-substituted products were predominantly obtained in the pre
sence of SeOo. in lower yields, however [21]. 

This paper presents the results of the study of optimum conditions of hydroxylation 
of D-galactal by hydrogen peroxide in the presence of molybdate ions carried out in 
water solution. The evaluation of the catalytic effect of Na2Mo(>4, M0O3, Na2WÜ4, 
and WO3 in the hydroxylation showed that the replacement of M0O3 with Na2MoÜ4 enhan
ced the stereoselectivity of the reaction. Smaller amount of both epimeric aldose —gal
actose and 2-deoxy-D-lyxo-hexose was formed as a consequence of the reduced acidity 
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Table 1 

Formation of by-products d u r i n g h y d r o x y l a t i o n of D-galactal in t h e presence of 

different ca ta lys t s 

D-Galactose 2-Deoxy-D-lyxo-hexose Reaction t ime* 
C a t a l y S t [%] [%] [hrs] 

Na,Mo04 3 3 6 
M0Ö3 5 7 40 
Na.W04 8 3 6 
WÖ3 10 7 40 

* Time of the conversion of all D-galactal. 

Table 2 

Format ion of D-galactose dur ing hydroxy la t ion of D-galactal as t h e function 

of t h e a m o u n t of Na2Mo04 

Na->Mo04 • 2HoO D-Galactose Reaction time 
[mg] [%] №™]_ 

0.S 8 48 
S б 24 

40 4 6 
80 4 3 

160 3 3 

Table 3 

Effect of p H on stereoselectivity of h y d r o x y l a t i o n of D-galactal 

тт. D-Galactose T T r. , , 

p H г о / n p H D-Galactose 
L/oJ 

2 8 6 6 
3 7 7 7 
4 6 8 10 

5 9 13 

Table %4 

Effect of t e m p e r a t u r e on stereoselectivity of h y d r o x y l a t i o n of D-galactal 

Temperature D-Galactose Reaction time 
Ľ°CJ [%] [hrs] 

0 10 60 
20 7 10 
40 5 4 
60 5 2 
80 6 1 

100 7 0.5 
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Table 5 

Effect of me thano l concent ra t ion on stereoselect ivi ty of hyd roxy la t ion of D-galactal 

Methanol D-Galactose 

[%] [%] 

0 5 With increasing concentration of meth-
20 7 anol larger quantities of 2-deoxy-D-
40 7 -lyxo-hexose and D-tagatose are formed 
60 9 
80 10 

of t h e react ion m e d i u m (Table 1). The stereoselect ivi ty of t h e react ion was no t substan
t ia l ly reduced when Na2Mo04 a n d M0O3 were subs t i t u t ed b y Na2W04 a n d W O 3 , res
pect ively. The use of Na2MoC>4, readi ly soluble in water , ins tead of M0O3 was advantageous 
because i t enabled t o find a sui table selection of concent ra t ion of m o l y b d a t e ions which 
form pe rmolybda te ions wi th hydrogen peroxide . Increase of pe rmolybda te ions con
cen t ra t ion in the react ion m e d i u m led t o higher stereoselect ivi ty of t h e react ion a n d to 
ab r idgement of the react ion t ime (Table 2). The stereoselect ivi ty of hydroxy la t ion of 
D-galactal was also dependen t upon the p H of t h e solution. Bayer a n d Voelter [22] re
por t ed t h a t aldoses form complexes wi th sodium molybda t e in aqueous m e d i u m between 
p H 5 a n d 7.8. T h e y observed t h a t t h e o p t i m u m complex format ion occurs a t p H 5.7 — 6. 
The o p t i m u m p H range for hydroxy la t ion of D-galactal was found be tween p H 4 and 
p H 6 (Table 3). Increased quant i t ies of D-galactose a n d 2-deoxy-D-lyxo-hexose were 
formed a t lower p H values. Higher p H values of t he react ion m i x t u r e caused also an 
increase in t h e format ion of D-galactose and des t ruc t ion p roduc t s . F u r t h e r m o r e , it 
was found t h a t t h e o p t i m u m react ion t e m p e r a t u r e is a t 40 —50°C (Table 4). A t lower 
t empera tu re s t h e hydroxyla t ion proceeded slower a n d less stereoselectively; higher 
t empera tu re s caused an increment in des t ruc t ion p roduc t s . The addi t ion of methanol 
t o t h e react ion m i x t u r e lowered t h e react ion stereoselect ivi ty resul t ing in increased 
quant i t i es of 2-deoxy-D-lyxo-hexose a n d des t ruc t ion p roduc t s a n d in t h e formation 
of t aga tose (Table 5). Selection of su i table values of individual factors affecting the 
stereoselect ivi ty of hydroxyla t ion of D-galactal enabled t o e labora te a p repa ra t ive pro
cedure for t h e p repa ra t ion of D-talose in 9 0 % yield accompanied b y t h e format ion of 
3 % of D-galactose a n d 3 % of 2-deoxy-D-lyxo-hexose. 

The mechan i sm of stereoselective hydroxy la t ion of glycals b y hydrogen peroxide 
in t h e presence of m o l y b d a t e ions m a y be suggested in t h e following w a y : The permolyb
da t e ions [ H M O O G ] ~ form an initial t r ans i to ry complex wi th D-glycal ( /) . The hydroxyl 
g roup a t C-3, unde r t h e effect of t h e C2 = Ci double bond , is sufficiently electronegative 
t o form a coordinat ion bond w i t h t h e central m o l y b d e n u m a tom. The hydroxyla t ion 
a t C-2 t h e n occurs from t h e same side of t h e r igid sys tem where t h e t r ans i to ry complex 
w i th C-3 hydroxy l g roup has been formed w h a t resul ts in cis addi t ion . Similar orientation 
of reac t ing componen ts m a y be assumed in t h e hydroxy la t ion of D-glycals b y perbenzoic 
acid (II). T h e difference be tween t h e degrees of s tereoselect ivi ty of hydroxy la t ion of 
glycals b y pe rmolybda te ions a n d perbenzoic acid p robab ly consists in abi l i ty of for
m a t i o n a n d in s tabi l i ty of these t r ans i to ry react ion s tages (I a n d II) (Scheme 1). 

The suggested mechan i sm of stereoselective hydroxyla t ion of glycals b y permolybdate 
is suppor ted b y t h e observat ion t h a t t h e subs t i tu t ion of t h e hydroxy l group a t C-3 

Note 
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Scheme 1 

results in t h e formation of epimeric aldoses in t h e ra t io 1 1. E q u a l a m o u n t s of 3-0-

-methyl-D-glucose a n d 3-0-methyl-D-mannose were o b t a i n e d from 3-0-methyl-D-glucal. 

The subst i tut ion of C4-OH is n o t so significant since t h e h y d r o x y l a t i o n of m a l t a l gave 

epi-maltose in a h igh yield. These results will be t h e subject of t h e for thcoming p a p e r . 

E x p e r i m e n t a l 

Specific ro ta t ions were measured wi th a E T L - N P L , t y p e 143 A a u t o m a t i c Polari

meter and mel t ing points wrere d e t e r m i n e d w i t h a Kofler microstage a p p a r a t u s . W a t e r 

solutions were deionized on columns ( 1 0 0 x 4 cm) of Amber l i te IR-120 (H+) a n d D o w e x 

3(0H~). Mother l iquors obta ined after crystal l izat ion of D-talose were f ract ionated b y 

chromatography on a W h a t m a n C F 12 Cellulose co lumn ( 1 1 0 x 6 c m ) w i t h b u t a n o l — 

—ethanol—water (5 1 : 4 v/v). S t a r t i n g D-galactal, p r e p a r e d according t o [5], h a d m . p . 

98-100°C a n d [a] D

4 - 6 . 6 ° (c 2.0, water) . 

Investigation of the stereoselectivity of hydroxylation 

The stereoselectivity of h y d r o x y l a t i o n of D-galactal was followed b y p a p e r c h r o m a t o 

graphy of react ion m i x t u r e s on W h a t m a n N o . 1 p a p e r w i t h b u t a n o l — e t h a n o l — w a t e r 

( 5 : 1 4 v/v). T h e c h r o m a t o g r a m s were de tec ted b y d iphenylamine reagent [23] a n d 

directly scanned wi th a n E R I - 1 0 dens i tometer (Zeiss, J e n a ) . T h e stereoselect ivi ty of 

hydroxylation was expressed as percentage of t h e trans epimer (D-galactose) formed. 

a) Comparison of the catalytic effect of Na2Mo04, M0O3, N a 2 W 0 4 , and WO3 

In a m i x t u r e of 25 m g of M0O3 or WO3 in w a t e r (10 ml), or in 2 x Ю - 4 м solut ion 

of N a 2 M o 0 4 - 2H2O (48 mg) or N a 2 W 0 4 • 2 H 2 0 (66 mg) in w a t e r (10 ml), 1 g of D-ga

lactal was dissolved followed b y a d d i t i o n of 1 m l of 1 5 % a q u e o u s h y d r o g e n peroxide . 

After one a n d t w o h o u r s addi t iona l 1-ml port ions of 1 5 % h y d r o g e n peroxide were a d d e d 

and the react ion m i x t u r e w a s left t o s t a n d a t r o o m t e m p e r a t u r e (Table 1). 

b) Effect of N a 2 M o 0 4 concentration 

To solutions of D-galactal (1.0 g) in w a t e r (10 ml) var ious a m o u n t s of s o d i u m molyb-

date were a d d e d followed b y a d d i t i o n of 1 5 % aqueous h y d r o g e n peroxide (3.0 m l ) . 

Resulting m i x t u r e s were t h e n allowed t o s t a n d a t r o o m t e m p e r a t u r e (Table 2). 

c) Effect of pH 

To solutions of N a 2 M o 0 4 • 2 H 2 0 (48 mg) a n d D-galactal (1.0 g) in different buffers (10 ml) 

(CH3COOH-H3PO4 buffer for t h e p H region 2 - 6 ± 0.2 a n d K H 2 P 0 4 - N a O H buffer 
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for the pH region 7 - 9 + 0.2) 3 ml of 15% hydrogen peroxide in water were hourly added 
by 1-ml portions. The solutions were then left to stand at room temperature (Table 3). 

d) Effect of temperature 

Solutions of D-galactal (1.0 g) and Na2MoC>4 • 2НгО (48 mg) in water (10 ml) were 
adjusted to the temperature of 0, 20, 40, 60, 80, and 100°C. After addition of 15% aqueous 
hydrogen peroxide (3 ml) they were kept at the above given temperatures for a desired 
time (Table 4). 

e) Effect of methanol concentration 

Solutions of sodium molybdate (48 mg) in 0.5, 2.5, 4.5, 6.5, and 8.5 ml of water were 
made up to 8.5 ml with methanol. After addition of D-galactal (1.0 g) and 30% aqueous 
hydrogen peroxide (1.5 ml) the mixtures were kept at room temperature for 8 hours 
(Table 5). 

Preparation of D-talose 

To a solution of sodium molybdate (5 g) and D-galactal (100 g) in water (650 ml) 
15% aqueous hydrogen peroxide (350 ml) was added at a rate to maintain the tempera
ture of the reaction mixture between 35 —40°C. (The addition of hydrogen peroxide 
took approximately 2 hours and was accompanied by changes of the p H of the starting 
solution. One third of the total volume of hydrogen peroxide solution shifted the pH 8 
to pH 6, two thirds to p H 5.5 and the whole volume to p H 5.) After standing for 4 hours 
at room temperature, 5% palladized charcoal (1 — 2 g) was added and the mixture was 
stored for next 24 hours. The filtered mixture was deionized on columns of cation and 
anion exchange resins and the eluate was evaporated under reduced pressure to syrupy 
consistence. Remnants of water were removed by evaporation with anhydrous ethanol. 
The syrupy product was dissolved in methanol (500 ml) and crystallized (5 days, room 
temperature) to give 84 g of D-talose. The mother liquor, evaporated to syrupy and crystal
lized from 50 ml of methanol, for 8 days at room temperature, gave additional 13 g 
of D-talose. The products were combined, dissolved in water (50 ml) under heating and 
crystallized after the addition of 400 ml of ethanol for 3 days (room temperature) to 
give 84g of recrystalhzed D-talose. Crystallization of the concentrated mother liquors 
from the second crystallization and recrystallization from 50 ml of methanol with the 
aid of 0.1 g of crystalline D-talose for two weeks at room temperature and after that for 
two weeks at 5°C afforded 15 g of D-talose. Recrystallization of this product from the 
mixture of 7 ml of water and 60 ml of ethanol gave second crop of recrystalhzed D-talose. 
11 g. Fractionation of the final mother liquor on a cellulose column yielded 16 g of 
D-talose, 3 g of D-galactose and 3 g of 2-deoxy-D-lyxo-hexose. The overall yield of D-talose 
was l l l g , 90%. 

Next recrystallization of D-taloso from 50% methanol gave material having m.p. 
128-132°C, [a]!? +20.0 ± 0 . 5 ° (c 2, water). Ref. [5] m.p. 133-134°C, [a]f° +20.8° 
and ref. [4] m.p. 130-135°C, [a]g +19.7°. 
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