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Carrabiose(3,6-anhydro-4-O-β-D-galactopyranosyl-n-galactose)Was synthesized by a series

of reactions involving the condensation of methyl 2-O-p-tosyl-3,6-anhydro-α-D-galactopyranoside

with tetra-O-acetyl-α-D-galactopyranosyl bromide, followed by deacetylation, detosylation, and

removal of the glycosidic methoxyl group. From the resulting disaccharide, several crystalline 

derivatives were prepared. All of these derivatives were identical in every respect with the 

corresponding compounds, which had been obtained from natural sources.

Carrabiose is a name of the disaccharide, whose

structure is 3,6-anhydro-4-O-β-D-galactopyranosyl-

n-galactose (V).1) The structure was assigned on 
the basis of chemical evidence.1-3) The disac-
charide was isolated from x-carrageenanz) and other 
similar polysaccharides.1,4,5) In the present 
paper, the synthesis of the disaccharide will be 
reported. 

The starting compound, methyl 2-O p-toluene-
sulfonyl-3, 6-anhydro-a-n-galactopyranoside (II),

prepared according to Rao and Smith,6) was 
allowed to condense with tetra- O-acetyl-a-n-
galactopyranosyl bromide (I) in chloroform in the 
presence of silver oxide and anhydrous calcium 
sulfate. The resulting syrup (III) was treated 
with dilute sodium methoxide solution to remove 
the acetyl groups, and then with 12% sodium 
hydroxide solution to remove the p-toluenesulfonyl 

(p-tosyl) group. In the latter reaction, no inversion 
of the configuration would have taken place on 
the carbon atoms concerned, as was proved by 
Rao and Smiths) in the detosylation of the com-
pound (II). Chromatographic purification of the 
detosylated product on a cellulose powder column
gave methyl 3,6-anhydro-4-O-β-D-galactopyra-

nosyl-α-D-galactopyranoside (methyl α-carrabio-

side)(IV)in a crystalline form.

When IV was hydrolyzed with very dilute sulfuric
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acid, carrabiose (V) was obtained in an amorphous 
form. The disaccharide was then converted into 
the crystalline phenylosazone and crystalline 
hepta-0-acetyl-carrabi-itol. On the other hand, 
the treatment of IV with dilute methanolic hydrogen 
chloride produced carrabiose dimethyl acetal, which 
gave the crystalline hexaacetate. All of these cry-
stalline derivatives were identical with the cor-
responding compounds, obtained from natural 
sources. 

Experimental 

General Procedure. Solutions were evaporated
under reduced pressure at about 40℃. Paper chro一

matography was performed on Toyo Filter Paper No. 
51 with 1-butanol - acetic acid - water (4 : 1 : 2 v/v). 
The chromatographic spray reagent used was o-amino-
phenol in ethanol acidified with phosphoric acid.) 

Methyl a-Carrabioside (IV). A mixture of 116) 

(19.8 g), silver oxide (30 g), Drierites) (50 g) and some 
pieces of glass bead was shaken in chloroform (150 ml) 
at room temperature for 1 hr to ensure the dryness. 
Tetra-0-acetyl-a-D-galactopyranosyl bromides) (24.6g) 
was then added, and the resulting mixture was shaken 
at room temperature for 24 hr, at which time a test for 
ionizable bromide was negative. The mixture was 
filtered, and the filtrate was evaporated to dryness. 

The residual syrup (37 g) obtained was dissolved 
in a mixture of absolute methanol (300 ml) and 0.1 N 
sodium methoxide solution (20 ml) in methanol, and 
left at room temperature for 12 hr. The solution was 
then evaporated to a syrup (31 g). When this syrup 
was dissolved in water (150 ml) under ice-cooling, the 
unchanged II (8 g) was crystallized and filtered off. 
The filtrate was then neutralized with carbon dioxide, 
and concentrated to a syrup (23 g). 

The detosylation6) was carried out by dissolving the 
above syrup in methanol (600 ml), adding 12% aqueous 
sodium hydroxide solution (34 ml), and heating the
mixture at 60℃ for 30 hr. The resulting dark solution,

after being diluted with water and evaporated to 
remove most of the methanol, was passed through the 
columns of Amberlite IR-120 (400 ml) and Amberlite 
IR-45 (400 ml). Evaporation of the deionized solution 

gave a syrup (10 g), which showed, on a paper chromato-
gram, several spots, of which the spot with Rf 0.32 was 
the most intense one. The syrup was chromatographed
on a cellulose powder column(4.5×30 cm), using 1-

butanol -water (6 : 1 v/v). Fractions of 14 ml were 
collected and monitored by paper chromatography. 
The compound with R f 0.32 was obtained as a syrup 
(5.0 g). Crystallization was effected by dissolving 
the syrup in methanol (25 ml) and adding ethanol 
(25 ml); yield 3.8 g (31% of the theoretical amounts, 
when the recovered material was subtracted) ; mp
201-203℃. Two recrystallizations o｣the crystals

from methanol-ethanol(1:1v/v)gave the pure glycoside

(IV);mp 203-204℃,[α]17D+36.0°(c 1.0, water),

[α]17D+44.0°(c1.0, methanol). This compound is

anew crystalline derivative of carrabiose, the R-anomer

bcing reported previously.1)

Found:C,46.32;H,6.35;OCH3,9.33%. Calcd

for C13H22O10:C,46.15;H,6.56;OCH3,9.16%.

Carrabiose(V). A solution of IV(1.5 g)in 0.02 N

sulfuric acid(30 ml)was heated at 100℃. The optical

rotation of the solution changed from[α]D+36.0°to

aconstant value[α]D+18.8°during 45 min. The

solution was then neutralized with barium carbonate, 
filtered, and evaporated to dryness. The residue was 

purified by dissolution in methanol, filtration, and 
re-evaporation to dryness. Carrabiose was obtained
as a colorless amorphous solid;yield 1.4 g,[α]17D+15.2°

(c1.25, water). The reported value is[α]11D +15.6°

(water).1)

Phenylosazone:Recrystallized from 80% ethanol;

mp 214-215℃,[α]30D +68.2° (5 min)→ +45.0°

(48hr, c 0.60, pyridine-ethanol(2:3)). The reported

values are mp 216℃ and [α]10D +46.0°(pyridine-

ethanol (2 : 3)).1) The melting point was not depressed 
on admixture with an authentic sample of natural 
origin.1) 

Found: C, 57.90; H, 6.20; N, 11.09%. Calcd for 
C24H30O8N4: C, 57.36; H, 6.02; N, 11.15%. 

Carrabi-itol. Carrabiose (0.50 g), obtained above, 
was reduced with sodium borohydride (0.06 g) in 
water (10 ml) for 15 hr. The solution was then neutraliz-
ed with dilute sulfuric acid, and deionized with Amber-
lite IR-120 and Amberlite IR-45. Evaporation of the 
solution gave a syrup (0.50 g).
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Heptaacetate. Recrystallized twice from 90%ethanol;

mp 143-145℃,[α]12D -6.4°(c 0.78, chloroform).

The reported values are mp 144-145℃ and[α]22D

-7 .6°(chloroform)5)

Found:C,50.52;H,5.98%.Calcd forC26H36O17:

C,50.32,H,5.85%.

Carrabiose Dimethyl Acetal. A solution of IV

(0.18g)in 0.5%methanolic hydrogen chloride(15ml)

was refluxed for 30 min. The solution was then neutraliz-

ed with silver carbonate, filtered, and evaporated to a

syrup (0.17g);[α]20D +24..6°(c 0.61, water). Thc

reported value is[α]11D +25.0°(water).

Hexaacetate. Recrystallized from methanol-water

(1:2v/v);mp 146-147℃;[α]D -16.2°(c0.93,

benzene). The reported values are mp 147-149℃

and[α]16D-16.3°(benzene),1)and mp 154.5℃ and

[α]20D-8.5°(benzene).3) The melting Point was not

depressed on admixture with an authentic sample1) 
of natural origin. 

Found: C, 50.43; H, 6.10; OCH,, 9.81%. Calcd 
for C26H38O17: C, 50.16; H, 6.15; OCH3, 9.96%. 
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