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Note 

A neutral seed-gum from Cassia twnigera 
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Species of Cassiai (N.O. Leguminoseae) are described as being highly 
medicinal, and rich sources of polysaccharide. With a view to studying the nature 
of the seed gum of Cussiu renigeru, a chemical examination was undertaken. It was 
found to contain a galactomannan that possessed a novel structural feature; the 
presence of a galactobiose moiety not reported by Seth et aL2. Earlier studies had 
shown its presence in seeds of Cassia corymbosa3. 

RESULTS AND DISCUSSION 

The polysaccharide was conveniently extracted from the extractive-free seeds 
(light petroleum, 90% ethanol) with 1% aqueous acetic acid, and isolated by re- 
peated precipitation from the extract and then its aqueous solution with ethanol. It 
was purified by repeated fractionation with ethanol, deproteinization with 
chloroform, and complexation with Fehling solution. Xylose, present as the free 
sugar, was removed by the Fehling solution. The homogeneity was verified by zone 
electrophoresis, and via acetylation and deacetylation. The white, amorphous poly- 
saccharide had [(Y] 6’ +40.2” (water), ash content 0.32%, and a negligible percent- 
age of methoxyl, acetyl, and uranic acid contents. Acid catalyzed hydrolysis gave 
galactose and mannose in the molar ratio of 35. 

To determine the mode of union of the building units in the galactomannan, 
it was exhaustively methylated, first by the Hakomori and then by the Purdie 
method. Hydrolysis of the fully methylated polysaccharide, [c$,8 +23” 
(chloroform), gave four methylated sugars, as follows. (I) 2,3,4-Tri-O-methyl-D- 
galactose (2 mol); this must represent the nonterminal, unbranched D-gakGtOSy1 

end-groups in the side chain. (2) 2,3,4,6-Tetra-O-methyl-D-galactose (4 mol); this 
must have arisen from the terminal D-galactosyl end-groups in the side chain. (3) 
2,3-Di-0-methyl-D-mannose (4 mol); this constitutes the branch points in the main 
chain of the molecule. (4) 2,3,6-Tri-0-methyl-o-mannose (6 mol); this indicates 
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the presence of (1+4)-linked D-mannose units forming the main chain of the 
molecule. The percentage of terminal groups calculated from methylation studies 
was 36.4%. 

The anomeric nature of the glycosidic bonds and the sequential arrangement 
of the sugar units were determined by characterization (see Experimental section) 
of the following oligosaccharides: trisaccharides identified as a-D-Ga@(b6)-a-D- 
Galp-(l-6)-D-Manp, a-D-Galp-(1~6)-p-D-Man-(1~4)-D-Manp, and j3-D-Manp- 
(1+4)-@D-Man& 1+4)-D-Manp; disaccharides identified as a-D-Gab-( 1+6)-D- 
Galp, a-D-Galp-(1+6)-D-Manp, and P-D-Manp-(1~4)-D-Manp, along with the 
component sugars D-galactose and D-mannose. 

The accumulation of evidence suggested the most suitable pattern of structure 
as follows, although the sequential arrangement of the side chains has not yet been 
ascertained. 

EXPERIMENTAL 

All evaporations were conducted under diminished pressure, !nd all specific 
rotations are equilibrium values. Amberlite IR-120 (H+) ion-exchange resin was 
used for decationizing the hydrolyzates. The emulsin used was extracted from 
almonds. 

Paper chromatography was performed at room temperature by the descend- 
ing technique, using the following solvent systems (v/v). (S,) 5: 1:4 l-butanol- 
ethanol-water’; (SJ 11:6:3 l-butanol-2-propanol-watel5; (S,) 10:4:3 ethylacetate- 
pyridine-watel4; and (S,) 2:1:2 ethyl acetate-pyridine-water’. The spray reagent 
used for detecting the sugar spots was aniline hydrogenphthalate. 

Isolation of the polysaccharide. - Crushed seeds were successively extracted 
with light petroleum, 90% ethanol, and 1% aqueous acetic acid. The acid extract 
was slowly added, with stirring, to ethanol (4 vol), and the crude polysaccharide 
was collected. Dissolation and reprecipitation were repeated, in order to minimize 
the impurities. 

Purification of the polysaccharide. - Deproteinization8. The aqueous solution 
of the crude polysaccharide was shaken well with chloroform, and then centrifuged, 
whereupon the denatured protein formed, at the water-chloroform interface, a gel 
that was removed. This treatment was repeated several times, to remove almost all 
of the protein. 

Complexationg. The protein-free, mucilaginous solution was slowly poured 
into an excess of Fehling solution, and the copper complex was precipitated. The 
complex was separated, thoroughly washed with water, and then decomposed with 
M hydrochloric acid. The polysaccharide was regenerated by slowly adding the acid 
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extract to ethanol (5 vol.), with stirring. The pure product was reprecipitated from 
its solution in 1% aqueous acetic acid by ethanol, to yield a nonreducing, white, 
amorphous material having ash content 0.32% and [a# +40.2” (water); its i.r. 
spectrum10 showed bands at 3400 (OH, prominent), 2850,2300,890, and 810 cm-‘. 

Homogeneity of the polysaccharide. - Fractional precipitatiorS1. The poly- 
saccharide (1.5 g) was fractionally precipitated from aqueous solution (300 mL) by 
addition of ethanol (400 and 800 mL). The fractions (a and 6) were collected by 
centrifugation, washed with ether, and dried. Hydrolysis of fractions a and b gave 
D-galactose and D-mannose in 3:5 molar ratio, and both fractions retained the 
original specific rotation. 

Acetylation and deacetylation 12. The polysaccharide (1.0 g) was acetylated, 
giving a peracetate having [a]&* +19” (chloroform). Deacetylation regenerated the 
polysaccharide, [ala5 +40” (water). 

Zone eZectrophoresS3. A 0.3% solution (50.2 mL) of polysaccharide in water 
was subjected to zone electrophoresis on Whatman No. 1 MM paper in 0.1~ 
sodium tetraborate (pH 9.3) for 6.5 h at 320 V and 320 mA. A plot of the ab- 
sorbance against segment number showed only a single, sharp peak. 

Structural investigation of the polysaccharide. - Complete hydrolysis. The 
polysaccharide (1.0 g) was hydrolyzed with M sulfuric acid at 100” for 42 h P.c. 
(solvent S,) revealed D-galactose and D-mannose (Co-p-c., m.p., [a]n values, and 
preparation of three crystalline derivatives). 

The polysaccharide (300 mg), together with D-ribose (30 mg) as a reference 
sugar, was hydrolyzed, and the hydrolyzate fractionated (solvent S,) on Whatman 
No. 3 MM paper. After separation on a preparative scale, quantification14 of the 
o-galactose and D-mannose by periodate oxidation indicated a molar ratio of 3:5. 

Methylation analysis. The polysaccharide (8 g) was first methylated by the 
Hakomori methodIs. The product was twice methylated by the Purdie method16, to 
yield fully methylated derivative, [a] as +23” (chloroform). The i.r. spectrum of 
this product had no absorption at 3700-3200 cm-*. 

The methylated galactomannan (3.2 g) was hydrolyzed with 90% formic acid 
for 6 h at loo”. The hydrolyzate was fractionated on Whatman No. 3 MM paper 
(solvent S,) using 2,3,4,6-tetra-O-methyl-o-glucose (TMG) as the reference sugar, 
to give the following compounds. 

(1) 2,3,4-Tri-O-methyl-D-gafactose, m.p. 82”, [aIs +148-, +153” (water); 
lit.” m.p. 85”, [a]o +154“; RTMG 0.64; Found: OMe, 42.1; Calc.: OMe, 41.8%; 
2,3,4-tri-0-methyl-N-phenylgalactosylamine, m-p. 164”, [a# +42” (methanol), 
lit.*s the same 

(2) 2,3,4,6-Terra-0-methyl-D-galctose, m.p. 72-73” (light petroleum), [c# 

+120.3” (water); lit.*9 m.p. 74”, [aID +121”; RmG 0.89; Found: OMe, 51.32; Calc.: 
OMe 52.54%; 2,3,4,6-tetra-0-methyl-N-phenyl-~-galactosylamine, m.p. 192-193”, 
[alA +42.2” (acetone), lit.18 the same. 

(3) 2,.?-Di-O-methyl-D-mannose, [alA -16.8” (water); lit.l” [aID -15.8”; 
R TMG 0.53; syrup, Found: OMe, 40.2; Calc. : OMe, 29.81% ; 1,4,6-tri-O-p-nitro- 
benzoate, m.p. 191-192”, [alA +63.8” (chloroform), lit.l* the same. 
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(4) 2,3,6-Tri-O-methyZ-D-mannose, syrup, [a]h5 -11” (water); lit.*’ [a]o 
-10”; RTMG 0.81; syrup, Found: OMe, 40.2; Calc.: OMe, 41.8%; 2,3,6&-O- 
methyl-D-mannono-l&lactone, m-p. 80”; lit.” the same; 2,3,6-tri-O-methyl-D- 
mannonic acid phenylhydrazide, m.p. 12~129”, [a]&* -18.9” (water); lit.” the 
same. 

The methylated polysaccharide (1.0 g) together with added D-ghCOSe as a 
reference was hydrolyzed with 0.75~ sulfuric acid for 18 h at loo”. The resulting 
sugars were separated by p.c. (solvent S,), and quantified by the alkaline hypo- 
ioditeB method. The molar ratios of fractions 1 to 4 were 2:4:4:6. 

Partial hydrolysis with acid. The polysaccharide (8.0 g) was hydrolyzed with 
0.05~ sulfuric acid for 12 h at loo”. The hydrolyzate was fractionated by p.c. on a 
preparative scale (solvents S, and S,), and elution of fractions with distilled water 
gave D-galatose and D-mannose, along with the following oligosaccharides. 

(1) Guluctosylgalactose: a-~-GaZp-(1~6)-D-Gal, m.p. 128”, [alA +lW 
(water); lit.” m.p. lW, [ol]n +154”. The octaacetate had m.p. 223”, [alAs +179.3” 
(chloroform); phenylosazone, m.p. 191; lit.” the same. Acid hydrolysis gave [P.c. 
(solventS,)] D-galactose only. The high, positive optical rotation and the resistance 
to emulsin hydrolysis indicated (Y linkages. During 48 h, the disaccharide consumed 
4.96 mol of oxidant, and liberated 2.98 mol of formic acid. Metbylation and sub- 
sequent hydrolysis gave [p.c. (solvent S,)] 2,3,4-&i- and 2,3,4,6-tetra-O-methyl-D- 
galactose. 

(2) Guluctosyl-mannose: ~-D-Gu@-(I+~)-D-Mu~, m.p. 19, [alA* +120” 
(water); lit.= m.p. 201-2W, [a]n +123+124’; phenylosazone, m.p. 173” lit.= the 
same. Acid hydrolysis gave [P.c. (solvent S2)] galactose and mannose. Periodate 
oxidation (48 h) liberated 3.02 mol of formic acid, and consumed 5.02 mol of oxid- 
ant. Resistance to em&in, and the high, positive optical rotation, support a lin- 
kages. Methylation followed by hydrolysis gave, by p.c. (solvent S,), 2,3,4,6-tetra- 
0-methylgalactose and 2,3,4-tri-0-methylmannose. 

(3) Munnosylmannose: PD-Mu~~-(I~~)-D-Mu~~, m.p. 200”, [alAs -9” 
(water); lit.25 m.p. 203-204’, [aID +7+8.5”; phenylosazone, m.p. 204”. Acid and 
emulsin hydrolyses gave [p.c. (solvent S,)] mannose only. Successful emulsin 
hydrolysis and the negative optical rotation support p-linkages. Periodate oxidation 
liberated 2.02 mol of formic acid and consumed 4.01 mol of sodium metaperiodate. 
Methylation followed by hydrolysis gave [p.c. (solvent S,)] 2,3,4,6-tetra- and 2,3,6- 
tri-O-methyl-D-mannose. 

(4) Galactosylepimelibiose: a-D-Gulp-(1+6)-a-D-Gulp-(1+6)-D-Manp, m.p. 
122”, [a]hs +124” (water), litzJs m.p. 124”, [a]n +131” (water). Controlled acid 
hydrolysis gave [p .c. (solvent S2)] galactosylgalactose , galatosylmannose , galactose , 
and mannose. Periodate oxidation liberated 3.98 mol of formic acid and consumed 
7.01 mol of sodium metaperiodate. Methylation and subsequent hydrolysis gave 
[p.c. (solvent S,)] 2,3,4,6-tetra- and 2,3,4-tri-0-methylgalactose, and 2,3,4-t&0- 
methyhnannose. 

(5) Galactosylmannobiose: a-D-Galp-(l~6~-_B-D-Manp-(1~4)-D-Manp, m.p. 
225-227”, [a]$ +93” (water); lit.% m.p. 228-229”, [a]n +98.4”. Controlled acid 
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hydrolysis gave [p.c. (solvent S,)] epimelibiose, mannobiose, galactose, and 
mannose. Emulsin hydrolysis gave (p.c.) epiamelibiose and mannose. Periodate 
oxidation liberated 2.98 mol of formic acid and consumed 6.04 mol of sodium 
metaperiodate. Methylation and subsequent hydrolysis gave, by p.c. (solvent S,), 
2,3,4,6-tetra-O-methylgalactose, and 2,3,4- and 2,3,6-tri-0-methylmannose. 

(6) Mannotriose; /3-D-Manp-(l+#)-/3-D-Manp-(l-*4)-D-Manp, m.p. 164- 
166”, [ollr$” -18” (water); lit.27,28 m.p. 169.5”, [(Y],, -1% -26”. Controlled acid 
hydrolysis gave [p.c. (solvent S,)] mannobiose and mannose. Successful emulsin 
hydrolysis and the high, negative optical rotation suggests that the inter-sugar 
linkage is p. Periodate oxidation liberated 2.02 mol of formic acid, and consumed 
5.03 mol of oxidant. Methylation analysis revealed [p.c. (solvent S,)] 2,3,4,6-tetra- 
and 2,3,6-tri-0-methylmannose. 
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