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Mmwt-Hydrolysis products from mcthylaled Acacicr karruo gum have betn separated by column 
chromatography and identi5al by tid procadura including the charactaintion of their methyl 
glycosidca by GLC. The resul(s c~nforrn lo the gmcd pattern of m~kcdar stmctunz pomsscd 

by other Acacia gum exudatea. Examination of the acidic fragments from the hydrolysbd mcthylated 
gum hazl given information about this distinctive feature of the Acacia karroo structure. 

INTRODUCTION 

A RECENT paper’ compared the results obtained from GLC examination of the 
methanolysis products of eight methylated Acacia polysaccharide gums. In view of 
earlier work that indicated* that the gum exudate of Acacia kurroo Hayne contains 
glucuronic acid residues linked in two different ways (Bl ---c 6 and al --, 4 to D-galao 
tose), a feature which is shared by only a limited number of the Acacia gums hitherto 
examined,‘*‘*’ a further study has been made of this polysaccharide by the methylation 
and hydrolysis procedure. An object of this work was to test further the validity of 
the technique of analysis of methylated polysaccharides, as complex as those derived 
from Acuciu gums, by methanolysis and GLC of the ckavage products. 

EXPERIMENTAL 

General ex@menral comlirions. Paper chromatography, on Whatman No. 1 paper, was carried 
out using the following solvent systems (all v/v): (a) butan-l-al-EtOH-water (4: 1 :S. upper layer). 
(6) A&Et-AcOH-formic acid-water (18:3:1:4). (c) A&Et-pyridinbwater (10:4:3). TLC WBS 
carried out on silica gel G with chf-McOH mixtures in various proportions (generally 5: 1, v/v). 
Paper ionophorab was conducted for 2-4 hr a1 10 V/cm in QlM-borate buffer at pH 9.2.’ R,, 
RoandM,rcfertoratcaofmovancn t relative 10 galactosc. 2,3,4,6~ctraU-methylglucose, and glucos+ 
respectively. GLC for analytical purposes was with a Beckman Gc2A inseumeot (helium carrier, 
Efoot t in. o.d. copper column of 14% ethylene glycol succinatc polyester on &IO0 mesh G~J 
Chromoaorb W at 155”. flame ionisation d-or), for preparative work with the Wilkam Autoprep 
model A-700 (H carrier, 2-nutre ) in. o.d. Al column of 20% dicthylene glycol suai~tc on 80-100 
mesh Gas Chromosorb P, isotharrmlly a1 ‘anps from 150 to 190’). Retention times (Tvaluca) were 
meuured relative lo methyl L3,4,6-~e~nOm~hyl-8_Dglucoside (mual retention time, ca. 4 
minutes). Unless otlxnvix stated, solutions were concentrated at 354” and 20 mm in rotary 
evaporarors. qxcific rotations were equilibrium values for aqueous solutions at ca. 20”. m.p ara 

’ Part II-M. Kaplan and A. M. Stephen, Tcmakdron 23, 193 (1967). 
* A. J. Charison, J. R. NUM and A. M. Stephen, J. C&m. SC. 5987 (19SS). 
’ A. M. Stephen and E. A. C. L. E. Schclpe, S. Afr. In&w&l Cat 12 (1964). 
’ D. M. W. Mn ad K. A. Karamalla, 1. Gem. SC.(C) 762 (1966). 
A A. B. Foster. J. Chem. Sot. 982 (1953). 
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Fruction 17. Uutal with water, a r&due was obtained which was separated from salts by utrac- 
tion with EfOki. The syrupy extract (l@g), R,s @l&021, on acid hydrolysis and p+r dtroma- 
tography &owed uranic acid and the 2,3&t& 2,3,4-t+, 2,4di-, and 20monomethyl ethers of 
galactosc. Methanolysis of a second portion of the atmct gave glycosidos of the following (approri- 
mate molar proportions, found by GLC, in parentheses): 2.3.~tri-O-mcthylgluonk acid methyl 
ester (40); 2.3-di-Gmcthylglucuronic acid methyl ester (20; T 12.5, 134sh. 17.1); 2,3,6tri-o- 
mcthylgakctose (10); 2.3,~tri-O-mcthylgalactosc (2); 2,4-di-O-mcthylgalactose (20). The presence 
of 2.4,M.ri-G-mcthylgalactosc was also indicated. 

fZxu&arrbnt’ o/ oddic ffacfiorr 17. Part (1 *18 9, of fraction 17, in water, was passed through 
Ambcrhtc IR-120 (H+) to remove Ba. concentrated. and frcabdricd. The residue was heated under 
rctlux in lS% mcthanolic HCI for 6 hr. ncuMized (Ag,COJ, filtered, concentrated. the0 sapon&d 
in aqtkous @lSN Ba(OH), (50 ml) at 55” for S hr. The soln was treated with Ambcrhte LR-12O(H*), 
and that poured through Duolite A4(OH-) resin (1636 mesh; column 10 x 2.S cm.) and dutal with 
water. 

Thencutralmaterial(fraction 170,108 mg)thusdutodhad[z], +79”(c2~32inMcGH)andsbowed 
several components on TLC. Analysis by GlC showed fmion 17a to contnin methyl glycooidcs 
of 2.3.Ctri-G-mcthylgalact~lndoac (14 molar proportions), 2,4,dtri-O-methylgalactose (3). f3.4-t&O- 
mcthylgakctosc (4). and 2,4-di-O-mcthylgakctose (64). The major component (R, OS5 on TLC) 
w from a solution of 170 in c&light pctrokum (b.p. 60&P), first as prisms m.p. 162” 
(the /J-methyl giycoaide of a4-di-Gmethyl-bgalactosc, T 26.2). tbat as a mixture m.p. 1X%135”, 
[x]n f70” (c 1.71) (22 mg, containing the B_ and a-methyl glycosidcs T%2 and 319 rospc&vdy). Acid 
hydrolysis and paper chromatography of the mother liquors indicated a mixture of the methyl ethers of 
galsctose as listed above (fraction 17 hydrolysate). including 2-Gnu%hylgalactosc. 

Elution of the Duolitc column at 4” with 1 N NaOH until the eluate was Molii-negative, removal 
of sodium by addition of Ambcrlite IR-12O(H’), and cautious evaporation yielded an acidic fraction 
17b (87Omg), portions of which were hydrolyscd and mcthanolysed to give: 2.3,~tri-O-mcthyl- 
glucuronic tid (42 molar proportions), 2,3-di-O-methylglucuronic acid (33), 2,3,&t&O-mcthyl- 
galactosc (13), 2.4,6tri-O-mcthylgalacto~ (2), 2.3,~u-i-O-methylgalaaox (2), 2,4di-Gmethyl- 
galactosc (8). 2-O-mthylgalactosc (trace). Tbc bulk of 17b was treated to convert acids to their 
Me utaa. and t-c&ad in THF (40 ml) with LAH (0.8 g). Working up of the product by the addition 
of wet AcGEt, evaporation, and extraction with chf gave a syrup from which residual Al was removed 
by passage in aqueous soln through Ambcrlitc IR-12O(H+). The product (@76 g) contained no free 
sugars (uamination by paper chromatography and by TLC); part of it was mcthanolyscd and analysai 
by GLC and the rest was hydrolyscd by boiling in IN H$O, for 7 hr, neutralized (BacOJ, and 
concentrated to a syrup. The hydrolysatc was scparatcd on a ccUulosccolumn (60 x 3 an) as described 
before, fractions being sampled and tested by paper chromatography and TLC. Eight frraions were 
obtained, all containing neutral sugars. 

Frucrkm (i). A mixture of methyl glycosidcs (60 mg), acid hydrolysis of which gave a mixture of 
mcthylated sugars similar to those detected in subsequent fractions, 2.3,4-tri-0-methylglucose pre- 
dominating. GLC of fraction (i) contirmcd the presence of methyl 2,3,4-tri-0methyl-u~n-glucosidcs. 

Frucfion (ii). A colourkss syrup (180 mg). [a] n t66” (c 36). & O-87. homogeneous on TLC; 
T 299 m, 4.56 s. A portion on borohydridc reduction and periodate oxidation gave the same sugar 
as was produced similarly from authentic 23.4t&G-methyl-Pglucosc. Mcthylation of the sugar gave 
methyl 2,3.4.6tctra-O-rncthyl-aap-D_glucoside, identitkd by TLC and GLC, T l+OO m and 1.52 s. 

Fracrion (iii). A mixture (145 mg) containing 2.3.6tri-O-methylglu and 2.3.6t&O-mcthyl- 
galactosc. GLC analysis indicated its composition by wt to be the glucose derivative (T 290 m, 
4.52 s) 2 parts and the galactose dcriv (7 394 s. 4.52 w, SW w, 6.22 m) 3 parts. 

Fmcrlon (iv). A syrup (106 mg). [zk +98” (c 1.63). chr~matographically identical with 2.3.6 
triQmcthyl-o-galactosc, the identity being conhrtncd by GLC; not more than 3% of 2,4.6tri-O- 
mcthytgalactosc may also be present. Borohydridc reduction of a sampk gave the aystallinc galztitol 
derivative, pure on TLC. in the form of colourlus nccdla (from ether-light petroleum). np. 83-84”. 
The 2,3,Ctri-O-methyl-qalactitol (= 1,4,S-triU-mcthyl+galaaitol) was oxidkd completely 
by p&date, yidding the cxpawd sugar. 

Fmcrh (v). A mixture (10 mg) containing 2,3,6-triG-methylgalactox and 2,3.4-tri-O-methyl- 
galactm in the ratio 3:l. 

I’ G. 0. Arpinall, E. L. Hint and A. Nicolson, 1. Glum. Sot. 1697 (19S9). 
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Fmcrbn (vi). A syrup (60 m@, [ab +58”(c 1.3). chromatographially identical (4 068) to 
2,3di&n&ylgiu. Borohydride rcduction md p&date oxidation of a wn gave tbc same 
product as from reduced fraction (iv) above. Mcthanolysi~ and GLC gave the methyl glycojde~ 
of 2,3di-U-methylgluwsc, T 12.1 w, lS.1 m. 21.8 s. 

Fmcrlon (vii). A aystalline residue (41 mg), identical to 2,4di-O-methyl-qalactosc; T 26.2 m, 
310s. 

Fkacrfun (viii). A syrup (7 mg) chromatographiully idcatibad u 2-O-mcthylg~lactor~ 
The mcthanolysate from reduced fraction 17b. on analysis by GLC. gave rc~ults which were in 

good agreement with those obtained by column separation of the hydrolysis prodwu. 

TAWI 1. PR~~~~TKIN~ OF svolu REPWES IN HYDROLYSATB O? 

-TRD Acacb korroo CWN 

Mcthylrtal sugar Wt (mg) MO1 % 
-. ,-..- 

2.3.CTri-O-methyl-L-rhamnosc 150 3.2 
2,3.5-Tri-O-methyl+arabinosc 284 6.5 
2.3,4-T&O-methyl+arabinose 150 3.4 
2.EDi-&ncthy1+arabiiose 87 2.1 
2,5-DiO-methyl-buabinosc 443 10.8 
3,5-DiQaethyl+arabiose 2% 7.3 
3,4-Di-O-u~thyl-L-arabioo 288 7.2 
3-O-Methyl-L-iuabinosc u) 0.5 
2,3.4,6-Tetra-O-methyl-D@actose 67 1.2 
2,3,~Tri-&ncthyC~-galactose 399 7.9 
&4.6Tri-O-methyl-qaIactosc 102 2.0 
2,3,4-T&&ncthyl-~wose 83 1.7 
2,3-Di-O-methyl-qalactm 3 - 

2.4-Di-O-methyl-wgalactosc 1156 24.6 
2,6-Di-O-methyl-qalactose 24 @5 
ZOMcthyl-~galactosc 112 2-S 
2,3.4-Tri-0-methyl-o-glucuronic acid ss9 10-S 
2,3-DI-O-mctlryl-D-glucuronic acid 326 6.4 

DISCUSSION 

Summation of the quantities of individual methylated sugar residues found by 
hydrolysis of methylated Acaciu kornw gum gives the results tabulated above; 
these estimates are the best that can be given in view of the particular di6culty in 
assaying the proportions of sugars in the acidic fractions. For example, the quantity 
of 2,3-d&O-methylglucuronic acid found by GLC assay is considerably higher than 
that indicated by the yield of 2,3di-O-methylglucose obtained by reduction and 
subsequent working up of the hydrolysate. Comparison with the proportions of 
sugar residues found by direct GLC analysis of a corresponding methanolysatti 
of the methylated gum shows (i) that the presence of all the methylated sugars 
(including 2,3di-O- methyl+arabinose) described earlier is now confirmed, (ii) that 
the proportions are in good agreement except that 2,3,6-tri-0-methyl-Dgalactose 
and the two methylated uranic acid components are now found to be in larger amount, 
whereas there is less of 2.44~0-methyl-D-galactose, and (iii) that traces of 2,3di-O- 
methyl-r>-galactose and 3-O-methyl-L-arabinose have been found. Furthermore, one 
or two unidentified components, including possibly a di-O-methylrhamnose, have been 
detected in very small quantity. The 2-O-methyl-Dgalactose, detected earlier by 
paper chromatography, has been authenticated by its isolation as the crystalline sugar. 
The ratio of total end-groups to branch-points is close to unity (mean value cu. 30 %), 
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and the total amounts of the Me ethers of the four monosaccharide components agree 
well with the proportions of these sugars recorded as being present in the original 
polysaccharide. 

The GLC method’s has proved invaluable in the present work as a means of assaying 
the proportions of sugars in the simple mixtures arising from overlap of fractions from 
cellulose column chromatography, and in determining the component residues in the 
acid-resistant methylated biouronic acid and more complex fragments. The measure- 
ment of T values has been of use in the characterization of methylated sugars present 
in small amounts, or of which only small samples could be spared. Preparative GLC 
has afforded a number of Me glycosides as individual anomers, though the [z]n values 
quoted (particularly those of the di-O-methylarabinofuranosides) are possibly low on 
account of impurities which were detected by IR spectroscopy.i4 The order in which 
the anomcric arabinofuranosidcs were cluted from the column depended upon 
whether Co, carried a OMc or an OH substituent.‘” 

The conclusions reached in earlier papers*** regarding the structure of Acacia 
karroo are corroborated, the main framework of D-galactopyranose residues being 
branched through Cc3, and Cc,,), with occasional attachment of another sugar residue 

at Cf.,. The L-rhamnopyranose units constitute (mainly) end-groups, and are probably 
attached to Dglucopyranuronic acid chain units at Co. Most of the acid units, 
however, appear to be end-groups. The 1 ---c 4 and 1 + 6 linkages of acid to D-galacto- 
pyranose chain units are substantiated, the Qlinked galactose bearing no other 
sugar attachment but the 6linked galactose carrying a second sugar at Co,. The 
L-arabinopyranose units are partially end-group, but appear more frequently to have a 
sugar attached at Ct4,. Some of the r_-arabinofuranose units are end-groups, but 
most carry sugars attached at either Cf3, or C,r, (or possibly C&; this feature is 
prominent in a polysaccharide gum recently describedla as being present in the corm- 
sacs of Watsonia pyramidato. 
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