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The Structare of Salmalia Malabarica Gum*. Part ITL
A Tentative Structure from Methylation Studies

8. Bose and A. B. Duila

Methylaied Salmalis malsberico gum on hydrolysis has heen found to yisld 4, 3, 4, &-teirs-, 3, 6-di-, snd
2,4-di-O-methyl-D-galsctoss and 2,3,8-4rl- and 1,5-dl-0-methyl.-L-arahinose. A probable structurs for the
gum has bomn suggested in $he light of thess and previous rasults,

Previous investigations® of Salmalia malabarica gum have shown that the gum is com-
posed of D-galactose, L-arablinose, and D-galacturonio acld residues together with traces
of rhamnose. Graded hydrolysis of the gum furnishes an sldobiouronio ecid and s degrad-
od gum, the structure of which have already been reported’. In the present commumication,
melthylated sugars, obtained from hydrolysis of the methylated Salmalia malabarica gum,
have been examined end theirsignificance on the siructure of the gum has been discussed.
The structure of aldobiouronic seid, obtained esrlier' from the gnm, has been further con-
firmed by reduoing its fully methylated derivative.

Reduction of the fully methylated aldobiouronic acid with sodium borohydride fur-
nished a dissocharide which on mild acid hydrolysis yielded 2,3-tri-O-methyl-D-galac-
tose. The sugar was idemtified by preparing its crystalline anilide, m.p. 164", Isolation
of & singlo methylated galaotose residue, namely, 2,3,4-tri-0-methyl-D-galactose, confirms
that the uronie acid moiety of the aldobiouromio acid is D-galacturonic acid and is linked
through Cgs of another D-galactose residue.

Purified Salmalia malabarica gum was convarted to its fully methylated derivative.
The methylated polysaocharide wes hydrolysed and the hydrolysate after ireatment with
barium hydroxide was separated into ether-soluble fraction (A) and sther-insoluble residus
(B). The neutral methylated sngars present in (A) were fractionatad chromatographically
on Whatman No. 3 MM filter paper sheets to reveal presence of six compoments of which
the following five were identified: 2,3,4,6-tetra-0-methyl-D-galactose, 2,6-di-and 2,4-di-0-
methyl-D-galactose, 2,8,6-tri-O-methyl-Lrarabinose, and 2,5-di-O-methyl-L-arsbinose.
The remmaining sugar residue, which was obtained in a verysmall amount, appeared to be &
maono-0-methyl-D-galactose from ita rate of migration, but it could not be identified definite-
ly. The exiremely poor yield of mono-0-methyl-D-galactose excludes its posaibility as a
major siructural unit of the gum. Fraction (B) consisting of barinum salt of methylated
uronic acld was made barinm free and charsoterised as 2,3,4-tri-O-methyl-D-galactuoronio
aoid from its rate of movement on the paper chromatogram and by preparing the correspon-
ding orystalline «-methylpyranoaide amide, m.p. 152°.

*N.8.1. cvmmunicasion No. 18 oo the strusturs of plant polymsccharides.
L. Boss sad Deiia, this Journsi, 1963, 48, 357, 557,
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A quantitative estimate of the ratio of the methylated sugar moieties present in bho
methylated gum wasnot attempted ag the hyd:o}yuin of the methyhted_gum Was aceompani-
od by considerable decomposition and the yields of pure sugars molnt.ed were Tather
low a8 & result of number of atops involved in their separation. The existence of a.ll the
methylated sugar moieties can, however, be accommodated by edvaneing s provisional
partial structure (1) for the Salmalia malabarica gum after taking into consideration the
structure of the degraded Salmalia malabarica gum' which consists of a t'nmpwork-of
D-galactopyranoseresidues with mainchain linked 1 -» 3 and withaide chain of the a..ldoblo-
uronic acid attached by 1 — ¢ linkage. The absence of tri-O-methyl-D-galactose res.ldnu n
the cleavage products of methylated Salmalia malabarica gum shows that the labile sugar
residues are attached in the form of side chains R, as ahown in structure (I), to those
galactose residues in degraded Salmalia malsberica gum which give rise to 2,3,4-tri-0-
methyl-D-galactose and 2,4,6-tri-0-methyl-D-galactose an hydrolysie of the methylated
degradegd gum.

D-GalP1 — 3 D-GalP1 ——> 3D-GalP1l —» 3D-GalPl..:‘ ......
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R =L-Amfl ..., D-GalP 1, — > 3L-Araf 1l ....
L-Amfl —— JL-Araf 1 ....

GalP = Galactopyranose.

Araf = Arabofuranose.

GalPA = QGalacturonic acid.

The residnes ‘R’ are obviously composed of those sugars which ave eliminated from
the stable nuoleus of the degraded Salmalia malabarica gum during mild acid hydrolysis.
The isolation of 2,3,6-tri-0-methyl-L-arabinose in & greater yield than 2,3.4,6-tetra~O-
methyl-D-galactose indicates that most of the side chaina R are terminated by L-arabofura-
nose units, whereas a few of them are terminated by D-galactopyranose units. This oan-
clusion ie supported by the fact that prolonged antohydrolysis of the gom liberates both
L-arabinose and D-galactose, ocntrary to L-arabinose alone, ss reporied previcualy'.
The ocourrence of 2,3,4-txi-O-methyl-D-galacturonio acid in the eleavege product of the
methylated gum indicates that it is present as the termrinal residue in the gum avdno othar
substituent is attached to it. A portion of arabinose units in the methylated Salmalia.
malabarica gum appears as 2,5-di-O-methyl-L-arabinose in the products of hydralyxis
This shows that some of the arabinose residues are interposed between. the texminal groups
of side chains B and the nncleus of the degraded gum. The point of sttachment of these
‘B’ residues with the main-chain galactose residuss is not yet known, but it may bo sasumed.
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Phat these are linked to the main chein in the same manner as the aldobiouronic acid resf-
duea, becauss this is generally the case with majority of gums. The possibility of R rewidues
being linked through position Oy of the main-chain galactose residue cannot, however, be
eliminated altogether. As far as the attachment of R groupe to the galictoss moiety of
the sldobicuronic acid side chains designated by (a) are concerned, the only poesibility is
that it may be attached through position C, of the galactose residues (a), thus giving riss
to 2,4-di-0-methyl-D-galactose after methylation and hydrolysis. In structure (I), units
of rhammose are not included, althongh the sugar was obtained in trace amounts because
hydrolysis of the methylated gum furnished no derivative of rthamnose. One striking fes-
ture of Salmalia malabarica gum and degraded Salmalic malabarica gum is thatin both
the cases, the aldobiouronic acid branching starts fram the non-reducing end of the main
galactan chain. Buch a kind of attachment of aldobiouronic acid side chains has also been
observed in the case of mesquite' and Acacia Sundra® gums. Like Salmalia malabarica
gum, these gums also do not furnish any tetramethylgalactoss derivative after meshylation
and hydrolysis.

The tentative structure (I) is obviously an outline of the type of poasible structure for
Salmdlia malabarica gum and has been put forward only to explain the varied types of
linkagea present in the gum. The speculation as to the detailed molecular structure of
Salmalia malabarica gum can only be more deflnitely decided by further quantitative
evaluation of the methylation and pericdic acid oxidation results.

EXPERIMENTAL

Paper chromatographic analysis was carried out by the descending method on What-
man No.1 and Whatman No.3 MM fllter paper sheeta using non-aqueous phase of any ons
of the following solvent systems: (&) n-butanol: 'ethanol: water (5:1:4), and (b) »-butanol:
acatio acid: water (4:1:5); p-anisidine phosphate wasused as a spray reagent. Thespecifio
rotations reported are equilibrium values and the melting points are uncorrecied. Unleas
otherwise stated, all evaporations were carried out at 40-50° under reduced pressure and
the methylations were carried out in an atmosphere of nitrogen Demethylation of the
methylated sugars wes carried out by the procedure of Hough et gl.¢ Aniline derivaiives
of methylated sugars were prepared by refluxing the sugar in ethanolic aniline for'2 hr.

Reducation of the Fully Meihylated Aldobiouronic dcid with Sodium Borokydride —
The aldoblourunic acid, obtained by the graded hydrolyris of the Salmalia malabarica
gum, was converted to ité fully methylated derivative by the same procedure as deearib-
ed previously', The fully methylated aldobiouronic acid (0.5g.) wea dissolved in water
(40 ml) and the solution was addsd alowly to a solution of sodinm borchydride (1 g) in
water (40 ml) with continuous sbirring. Excess of sodium barohydride was destroyedafier
4hr. by sdding dilute acetic acid. The solution was then deionised by passing through the
oolurms of freahly regenerated cation-axchange, Duolite C-26, and anion-exchange, Duolite

9. Jones and Smith, “Advanoes in Carbohydrsée Ohsmisiry', Vol. 1V, Academic Pram Ino., New
+ York, 1949, p. 288.

$. Mokhorjee and Shrivasiava, Proc. Fad. Aoad. Sdi., 1069, HA, 274,

4. J. Chem. Soc., 1050, 1'708.
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A-7, resins, The eluate from the columns was concentrated and was hydrolysed with
4%, methanolic HCI (301mn1) for 20 hr.on a boiling water bath, After removal of the methanol,
hydrolyeia waa continued by heating at 100° with N-HCI (30 ml) for 20 hr. The hydralysate,
after neutralisation with silver carbonate, was freed of silver ions by pasmsing H.S. The
excess HLS waa removed by aeration and the solution was concentrated to a syrup (0.33 g.).
Paper chromatographio examination of the syrup (solvent a) showed a singls spot (Br 0.64)
corresponding to 2,3,4-tri-O-methyl-D-galactose. (Found: OMe,4 1.6. Calo. for tri-0-methyl-
D-galactose, CoH,405:0Me, 41.0%). The sugar wes finally identified aa 2,3 4-tri--0-
methyl-D-gulactose by conversion to 2,3,4-tri-O-methyl-N-phenyl-D-galactosylamine,
m.p. 164°; mp. of the compound remained undepressed when mixed with a sample
obtained earlier?’.

Methylation of the Gum —Purified Salmalia malabarica gum (20 g.) was methy-
lated four times with dimethyl sulphate and 30%NaOH solution and the reastion
product after being worked up in the menner, described earlier', afforded s parily
methylted gum (8.2 g., OMe, 36.5%). This was further methylsted three times with
Purdie’s reagent to provide a fully methylated product. Yield 7.22g., OMe 40.839%,
[ «]p®™® —26.2° (c, 0.84 in water). Treatment of this product with Purdie's reagent
ance mare did not increase ite methoxyl content.

Hydrolysis of the Methylated Gum.—The fully methylated gum (7 g.) after being
refluxed with 5%, methanolic HCl (180 ml) for 30 hr. was evaporated to drynees.
The syrup thue obtained was heated with aqueous N-HCl (200 ml) on a boiling water bath
for 40 br. The bydrolysate was neutralised with silver carbonate, filtered, and the silver
ions were removed from the tiltrate by passing H,8. It was egain filtered and excess H8
removed by aeration. It was then neutralised with bariura carbonate, filtered, and evaporat-
ed to dryness. The residue (6.1 g.) was thoroughly extracted with dry ether 4o provide an
ether-soluble fraction (A) (yield 3.83g.) and an ether-insoluble fraction (B) (yield1.72 g.).

Xther-soluble Fraclion (A)

A part of fraction (A) consisting of neutrsl methylated sugars was resolved into six
components by paper partition chromatography on Whatman No. 3 MM filker paper sheeta,
uaing solvent (a). Stripe corresponding to individual sugars were eluted with weter by
Dent's method®. The eluted components were concentrated separately to provide the
following six fractions;

Fraction (1).—The sugar was obtained in & very low yield and fumished galsctoss
on demethylation. It appeared to be monomethylgalactose from its paper chramstographie
examination ( By 0.20). The sugar could not be identified further duse to pauncity of material

Fruction (1) —The syrup (0.160 g.) on paper chramatographic examination (solvend
8) oxhibited & single spot (By 0.40). It had [ <]y +84.0° (¢,1.50 in water) and affard-
od galactose on demethylation. (Found; OMs, 29.58. Cale. for di-0-methyl-D-gulactoss,
OgH,40g: OMe, 20.8%,). The sugar was identified as 2,4-di-0-methyl-D-galactose by eon-
versian to 2,4-di-O-methyl-N-phenyl-D-galactosylamine, m.p. 216* (it ® m.p. 209-10%).

5. Bissham. J., 1047, 41, 348.
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Fraction (I11).—The paper chrumatographic examination of the syrup (0.385 g.)
having [ «]p" +86°(¢, 1.2 in water) showed the presence of & msjor componens (Bz0.44)
together with traces of another sugar (Rr 0.40) which may be due to 2,4-di-0-methyl-D-
galactose. Damethylation of the sugar afforded galactose only. (Found: OMe, 20.7. Calo.
for di-O-methyl-D-galactoss, CoH,04: OMe, 20.8%,). The sugar was identifled as 2, 6-
di-0-msthyl-D-galactose by conversion to 2,8-di-G-methyl-N-phenyl-D-galactosylamine;
m.p. and mixed m p. with a sample obtained eerlier’, 121°.

Fraction (IV).—The sugar syrup(0.310 g.) having [ «]5"+456° (¢, 1 in water) showed
the presence of & major component (Bf0.81) and & minar component (Br0.88) when
examined paper chromatographiocally (salvent a). The minor component was present in
traces and may be due to 2,3,4,6-tetra-O-methyl-D-galactose. Demethylation of the syrup
yielded arabincse together with a very emall amount of galactose. (Found: OMs, 34.88.
Cale. for di-O-methyl-I-arabinose, C,H, ,0,: OMe, 34.80%). The main componm$ was
idemtifled a8 2,5-di-O-methyl-L-arabinose by preparing its amide derivative. TheZ2, 5-di-0-
methyl-Irarabonamide derivative was prepared by oxidising the syrup (0.2 g.) with hro-
mine (0.4 ml) in water (1 ml) for 2 days at the room temperature. Excess of bromine was
removed and the reaction prodnot was repeatedly extracted with chloroform to obiaim
the lactone in the form of a syrup. It was then treated with ethanol, saturated with am-
menia at 0°. This was then kept in s refrigerator for 40 hr. On removing excess of
ethanol, crystals of 2,5-di-0-methyl-L-arabonamide, m.p. 128°, were obtained (lit.” m.p.
125-28°).

Fraction (V).—Paper chromatography of the syrup (0.080 g.) having [ «],'84112°
(c, 0.84 in water) showed the presence of & main component having Ry 0.88 and a trace
of another gugar (270.92) which may be due to 2,3,5-tri-O-methyl-L-arabinose, Demethy-
Istion yielded gulactose together with trsces of arabinose. (Found: OMs, 52.18.
Cale. for tetra-0-methyl-D-galactose, C,;H,0s: OMe, 62.50%,). The main component was
identified as 2,3,4,6-tetra-0-methyl-D-galactose by conversion to 2,3.4,8-tetrs-0-methyl-
N-phenyl-D-galactosylamine, m.p. 180° {lit.® m.p. 192°).

Fraction (VI).—The sugar syrup (0.180 g.) having [ «],"® —35.5° was found to consist
of & main component (R 0.92) together with traces of another compaonent (Ry0.88) which
may be due to 2,3,4,6-teira-0-methyl-D-galactose. (Found: OMa, 48.89. Cale. for 2,3,5-
tri-O-methyl-L-arabinose, CoH,40,: OMe, 48.8%,). Demethylatiom of the sugar syrup pro-
vided arabinose together with traces of galactose. The identity of the main componenmt
was oconfirmed by convemsion to 2,3,5-tri-0-methyl-L-arabonamide, m.p. 135° (lit.®.
m.p. 138°).

Ether-insoluble Fraction (B)

Paper chromatographic analysis of fraction (B) using solvent (b) revealed the pre-
senoe of 2, 3, 4-tri-0-methyl-D-galacturonic aoid (RBr 0.64) togethar with mmall amounts
of unidentified methylated sugars. Resolution of the mixturs was then earriad out by parti-

6. Aspinall and Hiret, J. Chem. Soo., 1089, 1631.

7. Kreider and Levens, J. Biol. Chem., 1037, 121, 155,
8. Bmith, J. Chem. Scc., 1940, 1035.

9. Jooem, #id., 1947, 10585.
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tion ehromatography, naing solvent (b) on Whatman No. 3 MM flter paper sheets,and the
paper girips containing the methylated uronic acid only were cut and eluted with wster
to obtain pure uronic aoid. (Found: OMbe, 38.05. Cale. for tri O-methyl-D-galacturonia
acid, G H,0,: OMe, 39.40%,). The uronic acid was identified by preparing the crystaltine
methyl-2,3,4-tri-0-methyl-D-galactopyranceiduronamide; m.p. and mixed m.p. with a
asmple obtained earlier’, 152°.
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