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ABSTRACT 

A galactomannan, purfied by repeated complex formatlon with copper acetate, 
was shown to be composed of D-mannose and D-galactose m a molar ratio of 3 1 
From methylatlon expenments, the followmg p artxally methylated sugars were 
ldenttied 2,3,4,6-tetra-0-methyl-D-mannose, 2,3,4,6-tetra-O-methyl-D-galactose, 
2,3,6-trr-0-methyl-D-mannose, 2,4,6-tn-O-methyl-D-mannose, 3,4,6-tn-O-methyl-D- 
mannose, and 2,3-dl-O-methyl-D-mannose (molar ratlo 1 27 60 4 2 32) Ordinary and 
sequential (Smith) penodate degradation mdlcated that the D-galactose umts occupied 
single umt branch pomts lmked (146)) approxunately one m every twenty D-mannose 
units was reslstant to perIodate attack, the occurrence of small and eqmmolar 
quantltles of 2-0-/I-D-mannopyranosyl-D-erythntol and U-j?-D-mannopyranosyl- 
(I +3)-0-P-D-mannopyranosyl-(l-2)-D-erythrltol Indicates a low frequency of 
isolated (1’3) lmkages and consecutive (1 -3) linkages A relatively simple structure 
may be assrgned, based upon the experimental results 

INTRODUCTION 

A rather large number of gums of varying composltlon and varying degrees of 
structural complexity have been Isolated from seed of legumes Ordmanly, the neutral 
gums mostly found m the endosperm are less complex structurally (composed of 
D-mannose and D-galactose m varymg ratios) than the acldlc polysacchandes which 
are most charactenstlcally associated with seed coats and usually contam more than 
two different bmldmg umts 

DISCUSSION 

ExtractIon of fractured seed of Caesalpmra pulcherzma with hot water resulted, 
upon coolmg, m a highly VISCOUS solutlcn Preclpltatlon with ethanol gave a charac- 
teristic greylsh, strmgy preclpltate The polysacchande was puriied by repeated 
complex formatron with copper acetate’ ‘, [CC]‘,” +6” m 0 1 M sodmm hydroxide 
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This low value suggests that the glycosidic linkages m the mam chain have a P-D 
anomenc configuratron Smce the galactomannan was unaffected by prolonged 
treatment with emulsm, it would appear that the D-galactose units are attached by M 
lmkages Ultracentrrfugatron showed a smgle peak, thus indicating that the poly- 
sacchande was relatively homogeneous Hydrolysis of the polysaccharide gave 
D-mannose and D-galactose m a molar ratio of 3 1 The D-galactose content is hrgher 
than that found m some of the more commonly known galactomannans, such as 
guar gum (16% D-galactose), Carob bean (14-27% D-galactose), and Kentucky 
coffee bean (20% D-galactose), although some galactomannans are known to contam 
up to 50% D-galactose3. 

HydroIysis of the fully methylated gum gave the following partially methylated 
sugars 2,3,4,6-tetra-O-methyl-D-galactose, Z&3,4,6-tetra-O-methyl-D-mannose, 2,4,6- 
tn-O-methyl-D-manaose, 2,3,6-tn-O-methyl-D-mannose, 3,4,6-tn-O-methyl-D-manno- 
se, and 2,3-di-O-methyl-D-mannose m the molar ratlo 27 1 4 60 2 32 (by g 1 c ) 
The isolation of these partially methylated sugars IS m agreement w&h the perlodate 

oxidation results (see next paragraph), namely approximately one out of every twenty 
D-mannose units is linked (1+3) In addition, the occurrence of a small number of 
(142) hnkages was Indicated by the identification of the requlslte tnmethyl sugar 
AI1 of the D-gaIactose umts occupy termmal non-reducing positions, since only 
2,3,4,6-tetra-O-methyl-D-galactose was found, and the ratio of tetra-O-methyl-D- 
galactose to di-O-methyl-D-mannose was essentially 1 1 (the slightly lower proportion 
of tetra-O-methyl-D-galactose, as reported m Table I, is probably due to inadvertent 
loss durmg evaporation) The absence of 2,4-dr-O-methyl-D-mannose indicated the 
absence of (I+3)-hnked mannose umts associated with branching at C-6 The 
approximate D P of the repeating unit based on the amount of tetra-U-methyl-D- 
mannose found was 120 The behavror on ultracentnfugation of the polysaccharide 
indicated an approximate molecular weight of 60,000, hence three repeatmg units of 
an approximate D P of 120 each could account for one single polymeric molecule 
Further structural detans were obtained from ordinary and sequential (Smith) 
periodate degradation studies. 

Treatment of the polysaccharide with periodate at 4-5” resulted m periodate 
consumption of 1 2 mole per hexose unit Reduction of the polyaldehyde with 
borohydride, followed by mild acid hydrolysis (Smith degradation) gave glycerol, 
erythritol (no threitol), and two non-reducing components havmg paper chromato- 
graphic mob&ties lower than that of D-galactose Analysis of the hydrolyzate by the 
phenol-sulfuric acid method4 indicated that 4 to 6% of hexoses had survrved the 
periodate attack The appearance of glycerol can be attributed to termmal, non- 
reducing D-mannose and D-galactose umts, mostly the latter, smce no D-threitol was 
detected D-Threitol would arise from internal D-galactose units linked (l-4) The 
major quantity of erythritol produced shows that the mam cham of the polysacchande 
1s composed of D-mannopyranose umts predominantly linked (l-+4) D-Gaiactose 
umts are lmked (l-6) to approximately every third D-mannose umt of the mam 
chain, e g., 
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However, structural studies of a conslderable number of galactomannans have shown 

that the D-galactose units are ordmarlly linked (l-+6) to the D-mannose units of the 

mam cham3 The presence of two non-reducing ohgosaccharlde fractions m a molar 

ratlo approximately 1 1 indicated that a very small proportlon of linkages other than 

(134) and (l-4)-(l-+6) existed Hydrolysrs of component I (RAro,, O-64), gave 

D-mannose and erythrltol m a molar ratio of 1 1 This finding indicates that a small 

proportion of D-mannose units were linked (1+3) and these umts were flanked by 
(1+4)-lmked umts, e g , 

-D-Man,-( 1 -&))-D-Man,,-(l-*3)-D-Man,-( 1 -+4)-D-ManP- 

Hydrolysis of ohgosaccharlde II (RniQn 0 35) gave D-mannose and erythrltol m a 
ratlo of 2 1 This mdicated that a small proportion of D-mannose umts were con- 

secutively hnked (1+3), e g , 

-D-Man6(1 -+4)-D-Man,,-(l-,3)-D-Man6(1 43)-D-Man,-(l-+4)-D-Man,- 

Sequential (Smith) periodate degradation of II gave a non-reducing component 

(shown by hydrolysis to consist of D-mannose and glycerol In a 1 1 molar ratlo), 

glycerol, and formaldehyde Formaldehyde would be expected from the C-4 fragment 

of the erythrltol moiety of II, and glycerol from the termmal, “non-reducmg” (1+3)- 

linked D-mannose unit while the Internal (l-+3)-hmced D-mannose unit would survive 
The low incidence of (132) linkages m the mam D-mannose chain, as mdlcated 

by the rdentlficatlon of the requmte 3,4,6-trAXmethyl-D-mannose (less than 2%) 

In methylatlon expenments IS at least one factor which prevents a detailed representa- 
tion of the possible molecular structure In the absence of detaded sequential lmkage 

analysis, a highly randomized structure would appear the most appropriate conadera- 

tion 
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EXPERIMENTAL 

General methods - All evaporations were performed under reduced pressure 
Whatman No. 1 and 3M paper was used m qualitative and quantltatlve Identtications 

The solvent systems used were A, 4 1 1 ethylacetate-acetlc acid-water, B, 8 2 1 

ethylacetate-pyndme-water, C, butanone-water (azeotrope) , D, 4 1 5 butyl alcohol- 

ethanol-water, and E, 85 15 1 benzene-ethanol-water Chromatograms were sprayed 
with g-amsldme-tnchloroacetlc acid (F)6 or Tollens solution (G)’ The moblhtles 

are reported relative to the front of the solvent (&) or to the mob&y of 2,3,4,6-tetra- 
O-methyl-D-glucose (RT,J Meltmg pomts reported are uncorrected 

Isolation of the galactomannan - A slurry of fractured seed m bollmg water 

was stlrred for 34 h, after which the sohds were removed by centnfugatlon The 

cooled, VISCOUS solution was slowly poured, with vigorous stlrrmg, mto 4 vol of 
ethanol whereupon a light greylsh, stringy preclpltate formed The sohd material was 
removed by iiltratlon, washed with acetone, and dned In a desiccator 

Pwlficatlon by preclprtatron with copper acetate - To a portlon (8 g) of 
polysacchande m 0 S&f sodium hydroxide (100 ml) was added with strrrmg 5% copper 
acetate (300 ml) The gelatinous precipitate that formed was removed by centnfuga- 

t!on Further addltlon of an equal volume of copper acetate sol&on to the supema- 
tant and addltlon of an equal volume of ethanol (95%) resulted m preclpltatlon of a 

copper complex which was not Investigated at this time The gelatmous complex was 

suspended m 95% ethanol (200 ml) and acidtied with 2~ hydrochloric acid (20 ml), 
and after maceratlon m a Waring blender, the fluffy, greylsh preclpltate was removed 

by centnfugatlon and washed free of acid with alcohol Complex forrnatlon with 
Cu2+ was repeated twice more, as described,, resultmg In no observable change m 
the ratio of the sugar components (see succeeding sections), yield 5 g, [oL]$,’ +6” 
(c 0 5, 0 lhf sodium hydroxide) 

Ultracentrlfrigatron - Solutions of galactomannan (0 5 to 1%) m alkah (1 to 

561 sodmm hydroxide) were centnfuged for 2 h, at a rotor speed of 60,000 r p m The 

sedlmentatlon pattern of 0 8% galactomannan in 5M sodium hydroxide Indicated an 

approximate molecular weight of 60,000 
Hy~roZy.szs of polysacchande - (a) Wrth M surfio-rc acrd A sample (250 mg) of 

the polysacchande m M sulfunc acid (25 ml) was heated for 8 h at reflux temperature 

After neutralization with barium carbonate, the filtrate was passed through weak 

amon (Duohte A-4) and catlon (IR-120) exchange-resin columns, and the solution 

was evaporated The syrupy residue was chromatographed on Whatman No 1 paper 

m solvents A and B After spraymg with reagent E, D-mannose and D-galactose were 

xdentlfied as the only sugars present Separation on Whatman No 3MM of a portlon 
(100 mg) of the mixture with solvent B gave D-mannose (60 mg) whch was charac- 
tenzed as the phenylhydrazone, m p 199”, [a]? + 33” (c 0 8, pyndme) and D-galactose 

(25 mg), [a]“,” + 80” (c 0 7, water) The molar ratlo of the two sugars was determmed 

by elution of each sugar from a single chromatogram followed by analysis with the 
phenol-sulfunc acid method4, and by g 1 c of the mixture of tnmethylsdyl denvatlves’ 
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on a 5 ft x $ m stamless steel column packed with 20% SE-30 on HMDS treated 
chromosorb W. A D-mannose to D-galactose ratio of 3 1 was obtained m all cases 

(b) Hydroz’yszs zuz?/z enzuZszn To a sterile solution of galactomannan (25 mg) 
(15 ml of phosphate buffer, pH 7.0) was added emulsm (10 mg) The solution was 
kept for 3 days at 25” No observable change m the reducing power (3,5-dmltrosahcyhc 
acid reagent) was observed The solution was evaporated and the residue was shown, 
by paper chromatography (Whatman No 1) m solvents A and B and using reagents 
F and G, to contam no detectable D-galactose (or D-mannose) and no evidence of 
smaller oligomers 

Methylatzon analyszs - A portlon (2 0 g) of the galactomannan was mitlally 
treated with 30% sodmm hydroxide and methyl sulfate, followed by treatment with 
sodium hydnde m methyl sulfoxlde and methyl lodrde* The fully methylated polymer 
(1 5 g) (no OH-absorption evident m the 1 r spectrum of liquid film) was dissolved m 
cold 75% sulfuric acid (15 ml) The mixture was diluted with ice-water to approx- 
lmately M acid concentration, and the solution was bolled for 7 hg A portion (900 mg) 
of the syrupy mixture (1 2 g), which was obtamed after neutrahzatlon (banum 
carbonate) and evaporation of the filtrate, was analyzed by paper chromatography 
(Whatman No 1) using solvents C, II, and E The molar ratio of the partially methyl- 
ated sugars was determined by the phenol-sulfuric acldproced ure and by g 1 c of the 
trlmethylsllyl derlvatlves lo (Table I) The nuxture was separated on Whatman 3MM 

TABLE I 

GAS-LIQUID CHROMATOGRAPHY OF TRILIETHYLSILYL DERIVATIVES OF PARTIALLY ME1 HYLATED SUGARSa 

Trnmethylstl~l ciemattces Retentron tune 
(mm) 

Molar 
rat10 

2,3,4,6-Tetra-O-methyl-n-mannose 

7 3 4 6-Tetra-0-methyl-o-galactose -, 3 > 

2,4,6-Tn-O-methyl-o-mannose 
3,4,6-Trl-O-methyl-o-mannose 
2,3,6-Trl-O-methyl-D-mannose 
2,3-D;-0-methyl-D-mannose 

16 5 1 
152 t~)l 
189OI 

27 

12 0 4 
10 4 2 
13 4 60 
86 32 

aNeopentylglycoIsuccmate (20%) on Gas Chrom 900, 3/16 m by 12 ft copper column, operatmg 
temp 1 SO”, flame-lomzatlon detector 

paper m solvent C (Table IQ and the mdlvldual, partially methylated sugars were 
characterized as follows 

Component 1 and synthetic 2,3,4,6-tetia-O-methyl-D-mannose showed Iden- 
tical RF (solvent C, 0 79), RTG (solvent D, 0 96), and retention time of the trlmethylsllyl 
denvatlve (16 5 mm) 

Component 2 gave, upon treatment with amhne m dry ethano! contammg a 
trace of glacial ace& acid, 2,3,4,6-tetra-O-methyl-N-phenyl-~-galactosyiam~ne, m p 
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TABLE II 
PAPER CHROMATOGRAPHY OF PARTIALLY hlETHYLATED SUGARS 

Component Weight Butanone-water Butyl alcohol- [a]~ Molar Proposed compoundc 

(mg) azeotrope RF ethanol- (dcgrees)b ratloe 
water RTI$' 

1 - 079 096 - 
2 120 0 69 0 88 +I18 
3 11 0 56 0 82 +150 
4 210 0 50 0 81 -9 

5 120 0 22 0 57 -16 

2,3,4&i-tetra-0-methyl-D-manno 
2,3,4,6-tetra-O-methyl-D-galacto 
2,4,6-tn-O-methyl-o-mannose 
2,3,6-tn-O-methyI-D-mannose a1 
3,4,6-tn-0-methyl-D-mannose 
2,3-dl-0-methyl-D-mannose 

aMobIlity relatwe to 2,3,4,6-tetra-O-methyl-D-glucose Qn water CFrom chromatographx results m butanon 
water azeotrope 

190-191”, [ar]2,2 +40” (c 0 5, acetone) l1 Component 2 and authenttc 2,3,4,6-tetra-O- 
methyl-D-galactose showed rdentrcal RF (solvent C, 0 69), RTG (solvent D, 0 88), 
and retentron trme of trrmethylsriyl derrvatrve (15 2 mm, a-anomer, 18 9 mm, 
/r-anomer) 

Component 3 was treated wrth amhne, as descrrbed for component 2, to grve 
2,4,6-tn-0-methyl-IV-phenyl-D-mannosylamme, m p 133-135”, [a]‘, - 8” (c 0 3, 
methanol)l’ The rdentrty of component 3 was further estabhshed by the followmg 
treatments A small potion (about 6 mg) was reduced with sodrum borohydnde 
(24 h, room temp.) followed by treatment with methanol-hydrogen chiorrde (1 Oh) to 
remove borate Ions The product was treated wrth perrodrc acrd (0 1~) for 2 days at 5” 
The solutron (10 ml) was treated with barmm carbonate to remove lodate and 
penodate Ions, and tnen reduced with sodium borohydrrde as descrrbed m the 
precedmg paragraph Borate Ions were removed, and after evaporatron, the resrdue 
was demethylated with 35% hydrobromrc acrd for 60 mm at 100” D-Manmtol was 
rdentrfied by comparatrve paper chromatography and g 1 c of the correspondmg 
tnmethylsllyl derivatrve 

A solutron of component 4 m dry pyndme was treated W&I a 10% molar 
excess of p-mtrobenzoyl chlorrde After bemg heated for 30 mm to 65”, the mrxture 
was cooled, and after addrtron of a saturated solutron of sodmm hydrogen carbonate, 
extracted with chloroform Evaporatron and recrystalhzatton of the restdue from 
methanol gave 1,4-d~-p-n~trobenzoyl-2,3,6-tn-O-methyl-~-mannose (95% yreld), m p 
187-189”, [a]g a- 33” (c 1 0, chloroform) I3 T 1 c on silica gel, showed 3 components 
m solvent C (RTG 0 78, 0 76, and 0 68) and m solvent E (I& 0 52, 0 50, and O-45), 
thus mdrcatmg three tn-O-methyl sugars G 1 c of tnmethylstiyl derivatives showed 
the presence of 2,4,6-tn-0-methyl-o-mannose, 12 0 mm (mmor proportron), 3,4,6- 
tn-0-methyl-D-mannose, 10 4 mm (mmor proportron), and 2,3,6-tn-O-methyl-D- 
mannose, 13 4 mm (major proportron) A portron (100 mg) of component 4 was 
subJected to the following senes of reactrons reductron wrth borohydnde, oxldatron 
wrth penodrc acid, reduction with borohydnde, demethylatron wrth 35% hydrobromrc 
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Compound II (yield about 7 mg) A portion (about 3 mg) was hydrolyzed as 
previously described for compound I, and the hydrolyzate was shown to contam 
D-mannose and erythntol m a 2 1 molar ratlo The remaining portlcn of II was 
degraded with penodate (Smith degradation, as previously described)) whereupon 1 
molar proportion of formaldehyde was produced (analyzed before borohydrlde 
reductron of polyaldehyde) Glycerol and a non-reducmg compound TII havmg a 
slightly faster moblhty than I were formed upon mild acid hydrolysis of the poly- 
alcohol Complete hydrolysis of III, as described for I, gave D-mannose and glycerol 
m a 1 1 molar ratio (glycerol determined as formaldehyde by the chromotroplc acid 
procedure) 
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