
A SYNTHESIS OF D-TAGATOSE FROM D-GALACTURONIC ACID1 

ABSTRACT 

D-Tagatose has been synthesized by a series of reactions from D-galacturonic 
acid. 

INTRODUCTIOK 

D-Tagatose is generally prepared by the isomerizatioil of D-galactose with 
very dilute alkali (1) or hot pyridine (4). However, the yields from these 
reactions are small and the isolation of the product tedious. D-Tagatose has 
also beell prepared by the biochemical oxidation of the rare sugar derivative 
D-talitol using Acetobacter suboxydans (5). 

We now describe a preparation of D-tagatose from D-galacturonic acid. 
This material is readily prepared by the enzymic hydrolysis of pectic acid 
(3). Isomerization of D-galacturonic acid (I)  with lime water gave the calcium 
salt of 5-keto-L-galactonic acid (11; 2) which on treatment with an acetone - 
sulphuric acid mixture followed by esterification with ethereal diazomethane 

CO, H $Oa$ca I C0,Me 

yielded 3,4;5,6-di-0-isopropylidene-5-keto-~-galactofuronic acid methyl ester 
(111). An ethereal solution of this material was reduced with lithium aluminum 
hydride to 1,2;3,4-di-0-isopropylidene-D-tagatose (IV) which was identical 
with an authentic specimen prepared from D-tagatose. Acid hydrolysis OF 
(IV) gave a material indistinguishable From D-tagatose (V) in 25y0 over-all 
yield from the calcium salt of 5-lteto-L-galactonic acid. 

'Manz~script  received Febrilary 14, 1955. 
Co?ztribzrtiolt from the Departnzeltt of Chentistry, Queen's U?ziversity, k'i?zgston, Ontario, and 

the Research Depart,?zent, H. 1V. Carter and Company Limited, Coleford, Gloz~cester, E,tgland. 
2Department of Chentistry, Queen's University, Kingston, Ontario. 
3Research Department, H. W .  Carter and Company Li?nited, Coleford, Glozicester, England. 

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

N
O

R
T

H
E

A
ST

E
R

N
 U

N
IV

E
R

SI
T

Y
 o

n 
12

/0
3/

14
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 



GORIN ET AL.: SYNTHESIS 01; D-TAG.-ITOSI? 11 17 

EXPERIMENTAL 

Evaporations were carried out under reduced pressure. Optical rotations 
were measured a t  1 6 f  2°C. Melting points are uncorrected. 

3,4;5,6-Di-0-iso~ropylidene-5-keto-~-gala~ronic Acid Methyl Ester (111) 

The calcium salt of 5-keto-L-galactonic acid (11; 620 rngm.), prepared by 
the isomerization of D-galacturonic acid (I) by alkali, was shaken in dry 
acetone (12 ml.) containing sulphuric acid (0.5 ml.) for four hours. The 
solution, which contained a suspension of calcium sulphate, was neutralized 
by rapid addition to aqueous lime. The  alkaline solution was then neutralized 
with carbon dioxide, filtered, and the filtrate evaporated to a white solid (the 
calcium salt of 3,4;5,6-di-0-isopropylidene-5-l~eto-~-galactofuro1ic acid). 
The free acid was obtained from the salt by the addition of dilute sulphuric 
acid to an emulsion of ether and a solution of the calcium salt in ice-cold water. 
The ethereal extract was washed with water (four times), dried (sodium 
sulphate), filtered, and esterified by addition of an excess of ethereal diazo- 
methane. After 30 min. the solutioil was evaporated to a sirup which crystal- 
lized. Two recrystallizations from ethanol gave white needles (353 mgm.) 
with n1.p. 60°C. and [a] ,  +22" (c, 1.0 in chloroform). Found: C, 54.4; H,  
7.0%. Calc. for C13H2007: C, 54.2; H ,  6.9%. 

1,2 ;3,4-Di-0-isopropylidene-D-tagatose (I V) 

3,4;5,6-Di-O-isopropylide11e-5-keto-~-galact0fur011ic acid methyl ester (111 ; 
848 rngm.) was added with stirring to an excess of lithium aluminum 
hydride (500 mgm.) in ether (20 ml.). After five hours, excess of reagent was 
destroyed by addition of ethyl acetate. Water (50 ml.) was added and organic 
solvents evaporated. The solution was neutralized with acetic acid, filtered, 
and the filtrate extracted with an equal volume of chloroform. The extract 
was washed once with water, dried (sodium sulphate), filtered, and evaporated 
to  a sirup (674 rngm.) which crystallized. Two recrystallizations from light 
petroleum (b.p. 30-60°C.) gave white needles which had m.p. 63-64°C. 
not depressed on admixture with an authentic specimen of 1,2;3,4-di-0- 
isopropylidene-D-tagatose which had been prepared from D-tagatose and 
[a] ,  +64" (c, 0.80 in chloroform). Found: C,  55.1; H ,  7.5%. Calc. for 
C12H?oO6: C, 55.4; H,  7.6%. 

n-Tagatose ( V) 

1,2;3,4-Di-0-isopropylidene-D-tagatose (IV; 173 rngm.) was hydrolyzed 
by heating in 0.05 N sulphuric acid (5 ml.) a t  100" for one hour. The reaction 
mixture was neutralized (aqueous barium hydroxide, then barium carbonate), 
filtered, and evaporated to a sirup (115 rngm.). The product was crystallized 
twice from ethanol to  give white crystals (71 rngm.) which had m.p. 131- 
132°C. undepressed on admixture with authentic D-tagatose prepared by 
isomerization of D-galactose and [cY]D +2" (2 min.) + -3" (30 min.; constant 
value) (c, 1.0 in water). Found: C,  40.3; H ,  7.0%. Calc. for C6H1206: C,  40.0; 
H ,  6.7%. 
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