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ALFXRACT 

Punfied, bad-gum polysaccbarlde contains D-galactose (71%), L.-arabmose 
(12 5”‘0), L-rhnmnose (6 50/a), and D-galacturomc acid (7%) Hqdrolysls of one mole 
of the fully metlqlated polysaccbarldc gale (a) from the neutral part. 2,3,4-m-O- 
methyl+rhamnose (2 mole>), 2,3,5-trl-O-meth>I-L-arabmose (4 moles), 2,3,4,6_retra- 
0-methyl-D-galactose (8 moles), 3,~dl-O-methvl-L-rhamnos(: (2 moles), 1,5-dl-O- 
methyl+arabmose (I mole), 2,4 6-ul-O-methyl-o-g~acto~e (IO mole>), 2,3-dl-O- 
methyl-L-arabmose (I mole), 2,4-dl-0-methyl-D-galactose (I-I moles), and 2-O- 
methyl-o-galactose (2 moles). and (h) from the acldlc part, 2,3,4-tr@-methyl-D- 
galacturoruc acid (1 mole), 2 4 6-ln-0-methyl-j-O-(2.3,~Ln-O-methyl-D-galacto- 
pyranosyluromc acid)-D-galacto~e (2 6 moles), and 2,+6-tn-0-metlql-3-O-[X6- 
In-O-methyl-3-O-(2,3,~-tn-O-methyl-o-golactop~~nnosyluro~c acid)-u-galacto- 
pyranosyl]-Pgalactose (1 mole) hllld hydrolysis of the whole _gm ylelded ohgo- 
saccharides from wkch 3-0-/I-D-galactopyranosyl-L-arabrnose, 5-0-/?-D-galacto- 
pyranosyk-arabmose, 3-0-F-D-galactopyranosyl-o-galactose. and 6-0-ji-D-galacto- 
pyranosyl-D-galactose could be lsolnted and characterized The results of methylatlon, 
penodate ourdauon, Smith depadatlon, Barry degradation, and @aded hydrolysis 
studies were employed for the clucldatlon of the structure of the whole gum 

INTRODLCTION 

in preilous communxa.lons’ ‘, structural studies on the degraded bael gum 
obtained by nuld treatment of the whole gum wth oxahc acid were reported 

The punfied gum from bael fnut (Aegle mamrelos) has [aID +84’ (In bbanter), 
and contams galactose (7 l30), arabmose (I2 5%). rhamnose (6 5%), and galactLromc 
acid (7%) The homogenelry of bael gum was confirmed by paper electrophoresls 
Invesugauons on elucidation of the structure of the average repeatlog-umt of the 
polysacchande present III bael gum are reported here 

-- 
*SLructural Inwstlgarlons on Bael (Aegle nrcwme/os) Gum Part III, for Parh I and II, see refs I and 
2 respecD\ely 
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RESULTS AND DISCUSSION 

The gum was methyiated, first by the Hakomon method3 and then by Pur&e’s 
methods, to obtain a permethylated product, [LY]~ -40” (III cnloroform), this was 
methanolyzed Hlth methanohc hydrogen chloride, and the methyl esters were 
sapon&d \\llth banum hydroslde solution After neutrahzatlon of the excess of base 
with carbon dloude, the acidic methyl sugars uere adsorbed on a column of Dowex-I 
Y-4 (HCO;) resin The eluate and the washmgs from thrs column contamed the 
methyl glycosldes of neutral, methylated sugars, these were combmed, and evaporated 
to a syrup wtuch was hydrolyzed v&h aqueous hydrochlonc acid The hydrolyzate, 
after the usual treatment, was examined chromatographlcally lvlne spots \\ere 
detec:ed on a paper chromatogram The mlsture was resolved on Whatman No 3 M hl 

filter paper rnto its components, which mere characterized,, and their mole ratlo> 
de:crmmed 2,3,4,6-tetra- 0-methyl-D-galactose (8 moles), 2,4,6-tn- O-methyl-D- 
galactose (IO moles), 2,4-d+O-methyl-D-galactose (14 moles), 2-O-methyl-D-galactose 
(2 moles), 2,3,4-tn-0-methyl-L-rhamnose (2 moles), 3,4-dl-0-methyl-L-rhamnose 
(2 moles), 2,3,5-tn-0-methyl-L-arablnose (4 moles), 2,3-&-0-methyl-L-arablnobc 
(1 mole), and 2,5-dl-0-methyl-L-arabmose (! mole) 

The acid frachon was displaced from the amon-exchange resin and, after the 
usual rreatment, was examined on paper chromatograms Three spots were detected 
The In&vldual, methylated acid sugars were Isolated, characterized,, and their molar 
ratios deterrmned 2,3,4-trr-O-methyl-D-galacturomc aad (I mole), 2,4,6-tn-O- 
methyl-3-0-(2,3,4-tn-0-methyl-D-galaCtOpyranOsylUrOlllc aad)-D-galactose 

(2 6 mol:s), and 2,4,6-tn-O-methyl-3-0-[2,4,6-tr~-O-methyl-3-0-(2,3,4-tn-O-methyl- 
D-g~ileCtOpyr~OSyiUrO~C acid)-D-gdactopyranosyl]-D-gdactose (1 mole) 

In the bael gum, the proporuon of galacturomc acid accounts for 7 O%, but 
the acid fraction (375 mg) obtined from the hydrolyzate of the methylated. whole 

gum is - 13% of the total mixture (2 57 g) This &as to be expected, as tbc acid 
fraction contained mainly aldoblouromc acid, and the monouromc and aldotno- 
uroruc acids are III the same proportIon 

Isolation of only 2,3,4-tn-O-methyl-D-gaiacturonic acid (and no dl- or mono- 

0-methylgalacturomc acid) from the h>drolyzate mdlcated that all the galacturomc 
acid residues present ID the molecule occur as nonreduclog end-units, and that there 

are none In the mtenor of the molecule Isolation and charactenzatlon of the methji 
aldoblo- and aldotrm-uromc acids mentIoned shows that these galacturomc acid 
residues are Joined to the adjacent galactose moletIes at O-3 It IS possible that these 
galacturomc acid-contammg branches may be three units long, or that they may 
contarn even more umts 

Two merhylated sugars were Isolated from the hydrolyzate of the methylated, 
whole _gum and characterized They were 2,3,4-tn-O-methyl+rhamnose and 2,3,5- 
tn-0-methyl-L-arabmose These residues are ob\lously present as nonreducing end- 
umts In the methylated polysacchande molecule, as they appeared as tn-O-methyl- 
rhamnose and tn-0-methylarablnose The correspoodmg, unmethylated, acid-lablle 
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residues are removed from the whole gum dunng the preparation of degraded gum, 
the loss of arabmose dunng this process IS much more than that of rhamnose, and, 
correspondmgly, the proportlon of tn-U-methyl-L-arabmose IS much greater than 
that of the tn-0-methyl-L-arahtnose In the hydrolyzate of methylated, degraded gum 

The molar proportlons of tetra-, tn-, and dl-0-methyl-D-galactose In the 
hydrolyzates of methylated, whole gum and methylated, degraded gum dafTered, as 

shown In Table I Tfirs sh0ib.s that the acid-labile rhamnose and arabmose residues 
In rhe molecule are lmked to galactose residues only The molar proportlon of 

TABLE I 

MOLAR PROPORTlOhS OF DLFFERENT t ETH\L\TED SUGARS CHARACTERIZED. 

PRESENT IN THE HYDROLYZAT= OF CIETHI LA-I-ED. 

DEGR4DED GLV.1 AND hmHYLATED. bt HOLE GU’.I 

iracrron hferi: 1 lart d sugars Afole proporrrons tn merht lured 

No 
Degrade-d gum Whole pum 

I 

2 

3 
3 
5 

6 

7 

8 

9 

IO 

Ii 

1’ 

2 3 J 6 lclra 0 methyl-r, g313c[fi,e 

2 4 6 III 0 methvl Dgal;Lcto>e 

2.4dl-O-methyl D grilaclose 

t-0-methyl-o-galaclose 
2,1.4-tn-0-methyi+rhamnose 
3 J-dl-0-methyl+-rhamnosc 
2 3,5 [n-O-methyl L-arabmoae 
2,3_dl-0-methyl-L-anblnose 
2.5-d+0-meLh>I L-arabmasc 
2,3,+ trl-0 methyl o-galacturomc acid 
2 4 6-117-O nwh)I-3-0-t’ 3 a-trl-0-melhqk- 
galactop>ranosyluromc acid)-r, galaclose 
2 46 ~n-O-methyl-~-O-[2,~,6-tn-O-me~hyl 3-O- 
C.3.4-trl 0-methyl-o-galLctopyrano>jIuromc acid)- 
D gak~clopy~anosy~j D galacIose 

I2 
8 

I2 
2 

‘5 26 

I 

8 
IO 
I4 
3 
2 
2 
4 
I 
I 
I 

I 

2-0-methyl-D-galactose I; constant (UT, 2 moles) IQ the hydrolyzates of methylated. 
whole gum and methylated, degraded gum It was found that the molar proportions 

of the tetra-O-methyl-D-galactose changed from I2 to 8, those of the tn-O-methyl-D- 
galactose, from 8 to IO. and those of the di-O-methyl-D-galactose, from 12 to 14 A 
total of 6 molar proportions of the methylated sugars, IX, 3,3,5-tn-O-methyk- 
arabmose (4 moles) and 2,;,4-trl-O-methyl-L-rhamnose (2 moles), appeared In the 
hydrolyzate of I mole of the methylated, whole gum, these can be explnmed as 
mdlcatmg a loss of 4 moles of tetra-O-methyl-D-galactose and 2 moles of tn-O- 
methyl-D-gaiactose, with a gam of 4 moles of tn-0-methyl-D-galactose and 2 moles 
of dl-0-methyl-D-galactose 

Consldenng all these facts, and with knowledge of the structure of the average 
repeating-umt of the polysaccharrde’ of the degraded gum, It IS posblble to asslgn a 
structure to the average repeatmg-umt of the polysacchande present In whole bael 
gum (see Fig 1) Ttus structure tdenhfies the linkages through wbch the dllicrent 
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sugars arc: hoked to each other It IS not, however, possible to asslgn the 
sequence of branches In the mam cham of the molecule from rhese data 

Gal 
I 

N RAO 

correct 

4 
-+3) Gal-(l-3)-Gal-(1~3)-Gdl-(I~3) Gal-(l-3)-Gal-(1 &3)-Gal-(I-3) Gal-(I-+3)-Gal (I- 

6 6 6 6 6 6 6 6 
f r t ; t t t i 
I I I I I I I I 

Gal Rha Gill Gal 4r3 Gal Ara Cd 
3 1 3 3 WI 3 

t i t t t ; t 
I I I I I I I 

Gd Gal Rhs AKS Gal Gal Gal 
J 
; 3 
I I 

GalA GalA 

Rg I The average repeatmg-umt of the polysacchande of the nhole gum (where Gal represent, rl 
o-gslaclopyranos>l rtildue or group. Gal4 a D-galactopy~osyluronlc acid group. Rha, an 
L-rbsmnopyranos~l raldue or grcup. and Ara an L wab nofuranos}I residue or group) 

The results of penodate oxldatlon stuches tie III reasonable agreement with 
those to be expected from a polysaccbande bavmg the average repeatrng-urui 
suggested The polysaccbar~de consumed 0 70 mole of penodate, hberatmg 0 30 mole 
of forrruc acid, per mole of hexose realdue Theoretxally. a polysaccbarrde nltb the 

struchwe shown would consume 0 67 mole of penodate, bberatmg 0 27 mole of 

formx acid, per mole of heuose residue 
The penodatc-oudlzed polysacchande was reduced wth sodium borohydnde 

and the product was Isolated as usual The matenal contamed 95% of galactose and 
4% of arabmose A polysaccbande bavmg the structure suggested Hould yield a 
product contalnmg galactose and a small proporuon of 0- I - and 0-3-hnhed arabmose 
after tbe first penodate ovldatlon and subsequent reduction When tb~s matenal was 
subjected to a second South degradabon, a product contammg only galactose was 
obtamed, this mdxates that the backbone of the molecule consists of (l-+3)-bnked 
galactose residues only, from which branches ongxnate Barry degradauon” of Lhe 
pzrrodate-ox&zed, whole gum ylelded a matcnal conta~mng 94% of galactose and 
4% of arablnose Tbe results of all these studies support the struchu-e advanced for 
the average repeating-umt of the bael-gum polysaccbandc 

The whole gum was SubJected to graded hydrolysis with 0 05~ sulfunc acid The 
neutral and acid frachons were separated and the ohgosacchandes from each fracuon 
were Isolated and Identified, they were 3-O-P-D-galactopyranosyl-L-anbrnose 
5-O-fl-D-galactopyranosyl-L-arabmose, 3-O-,!?-D-galactopyranosyl-D-galactose, and 
6-O-/Y-D-galactopyranosjl-D-galactose ISI the neutral Frachon, and t+galac!uronlc 

acid, 3-0-(8-o-galactopyosyluromc acid)-D-galactose, and 3-O-(B-D-galacto- 
pyranosyluron~c acid)-3-0-P-D-galactopyranosyl-D-gallactose m the acid fraction 



Sl-RUCXURE OF BAEL GUhi 119 

All, excep; the ( ! +6)-hnked galactoblose, had also been isolated from the products of 
paded hydrolysis of the de_mded gum ’ The ckaccbande obwously onpnated from 
rh+ branchmg urut of the mam cham The major@ of the hnkages arc generally of 
rhe /3-type. as IS evident from the lso!atlon and charactenzatron of j?-lmbed dlsac- 
chandes 

Graded-hydrolybls studies thus provide addItiona ekydence for the hnhages 
shown In the structure gven for the average repeating-umt of the polysaccharrde 
present 111 the whole gum isolated from bael fruit 

EXPERMENTAL 

General - All specific sotatlons are equlllbrlum values Unless otherwse 
stated, all evapcgratlous were conducted in PIICUO at 3040” Whatman No I KM 

filter paper was used for paper ptitron chromatography, and quanutles up to 
ZOO mg of sugar nuxture were separated on Whatman No 3 MM paper The solvent 
rmxtures (v/v) used for ptition chromatography of sugars and their den\atives 
were (A) 18 3 1 4 ethyl acetate-acetic aad-fornuc acid-water, (B) upper layer of 
-1 I 5 I-butanol-acetic acid-water, (C) 5 5 1 3 ethyl acetate-p_yndme-acetIc acid- 
water, (D) 8 2 1 ethyl acetate-pyndme-Nater, (E) upper layer of 4 I 5 butanol- 
ethanol-water, and (F) 10 4 3 ethyl acetate-pyndme-water Spray reagents used were 
(a) mhne hydrogen oxalate, (b) benzldme penodate, and (c) alhalme sl!ver rutrate 
The kmehcs of penodate ovldatron were studled spectrophotometncally5 6, and the 
amount of fomuc acid bberated dunng the reactlon wasdetermined by titratmg It with 
standard sochum hydrovlde solution’ The mole fraction of each merhylared sugar 
was determmed by the allalIne bypolodlts methods 

Methylatlon o/the whole gum - The punfied bael gum (3 g) was methylated 
by the Hakomon method3 The product was rzmethylated once by the Purdle 
method’, to yield a fully meLhylated denbative showmg no OH absorpbon band In 
1t.s lnfrvcd spectrum, yield 3 3 g, [xl;’ -10” (c 0 5, chloroform) Found OMe. 
41 9% 

Metlranolysls of rhe methylated xhole gum, and separarlon of the neutral and 
acidrc components - A solution of the fully metbylated gum (3 g) In 2 5% dry 
methanohc hydrogen chlonde (150 ml) was boded under refluv for 16 h, completion 
of methanolysls was ascertamed by momtonng the opbcal rotations of the solution 
at regular Intervals of bme The solvent was removed under dmumshed pressure, and 
the resulting syrup was dissolved In water The soiutlon was made neutral (Ag,CO,), 
the prapltate was centnfuged off, and the solution was evaporated to a syrup, this 
was heated wth 2% banum hydroxide solution (90 ml) for 4 h at 80”, the solution 
was made neutral by passmg in carbon diolude gas, and the sokd was centnfuged off 
The residue was nashed several times wtb warm water, and the washmgs were 
combined wtth the mam solution The multlng, clear solution was then passed 
successively through columns of Amberhte 1 R-l 20(Ht ) and Dowex-1 X4 (HCO;) 
resin The Dowex column was washed thoroughly wrth water (3 hters), and the 
neutral solution and washlogs were combmed, and concentrated to 30 ml 
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The mixture conta.~mng the methyl glycosldes of the neutral sugars was 
hydrolyzed wtb 0 Sh! sulfunc acid on a bodmg-water bath for 13 h The solution was 
cooled, made neutral (BaCO,), the suspension centnfuged, and the supernaitant liquor 
de-:omzed and then evaporated to a syrup (2 5 g) Paper-chromatographlc examma- 
tlo? of the syrup rehealed the presence of rune methylated sugars 

The rmlture was separated into Its components on thick tiltcr-papers, and each 
methylated sugar nas obtained m a homogeneous state They were ldentlfied through 
their specclfic rotations, and by prepanng crystallme products The results are gken 
In Table II 

Exammallon of rhe acldlc components of the rvethylared whole gum - The 
mixture of methylated acid sugars was recovered from the Dower column In the same 
way as for the metbylated, degraded gum*, to yield a syrup (370 mg) A part of the 
syrup (250 mg) was hydrolyzed by heating It wltb 0 25hl sulfunc acid (25 ml) for 6 h 
on a bolhng-water bath The hydrolyzate was made neutral with banum carbonate 
and the suspemlon filtered, the filtrate and washmgs were combined, passed through 
a column of Amberhte IR-120(H+) resin, and evaporated to a sylvp On paper- 
chromatograpluc exammatlon (solbent E), thz rmiturc gave three spots The mluture 
was separated on Whatman No 3 MM filter paper mto Its components, and each of 
them was Isolated m homogeneous state The methyl ester methyl glycosldes of the 
mdlvldual sugars were each reduced with bthmm aluminum hydnde in dry eLber 

Hydrolysis, folloued by the usual treatment, yrelded neutral sugars wtuch were 
characterized The results are gven m Table III 

Periodate o rldatron of the u hole gum - The whole gum was treated wtb 0 Ihf 

so&urn metapenodate In the dark at 0” Consumption of the okldant and Ilberstion 
of forrmc acid became constant withm IO h, correspondmg to consumption of 
0 70 mole of the oxidant and libeiiatlOn of 0 30 mole of forrmc acid per molar 

equivalent of hevose residue 
Smrth degradatron - The penodate-oudlzed, whole gum (450 mg) was 

reduced with so&urn borohydnde’ Part (5 mg) of the resultmg matenal was 
hydrolyzed wvlth 0 Su sulfunc acid for 18 h at 100’ The hydrolyzate was made 
neutra! (BKO,), and, after the usual treatment, was examined chromatographKally 
(solvent B) Besldes spots correspondmg to lower polybydnc alcohols and aldehqdes, 
galactose and arablnose (a trace) were detected The proportion of each sugar 
reslstant to penodate oxldatron was e&mated to be galactose13, 95%, and 
arabmose’ ‘, 4O/o 

A portlon of the reduced, penodate-oxldlzed whole gum (18 mg) was dissolved 
m hl sulfunc acid (10 ml), and the soluhon was kept for 2 days at room temperature 
The solution was made neutral (BaCO,), and the suspension filtered The filtrate was 
concentrated to a small volume Cbromatographic examlnatlon of tis soluhon 

(solvents C and D) revealed the presence of galactose only The mixture was subjected 
to a second penodate ovldahon at 3” m tbe dark iodate and penodate Ions were 
removed as the Insoluble banum salts, and the resulting solutlon was concentrated to 

- I ml On complete hydrolysrs of thus matenal, followed by the usual treatments and 
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paper-chromatographc e\ammatlon (solbents C and D), only 3 spot corresponding 
to galactose was detected 

Burr)? degrudurmn - A mature of penodate-oxrdmd, whole gun (I 5 g), 9 I I 

ethanol-water (130 ml), phenylhydrazme (5 ml), and acetlc scld (5 ml) was heated for 
I 5 h on a steam bath, concentrated to 5 ml, and extracted with ether Chromato- 
g-raphlc euammation of the ether layer did not show the presence of any sugar or Its 
denvau\e, but the aqueous layer &owed the presence of one spot at the OII~J~ 

The aqueous lajer has concentrated to 40 ml, and then heated for 8 h on a 
bteam bath bc~th benzolc acid (I IO mg), ethanol (30 ml), and benzaldehyde (I 5 ml) 
The solutlon was evaporated to dryness, the prod?lct mas taken up in water, and the 
soluuo~ was e\hausuvely extracted, first with chloroTorm and then w~tb ether The 
evtrdcts were combined, and the soknts uere evaporated off The resultmg syrt_p 
showed no spots correspondmg LO any sugars 

The aqueous layer was concentrated, and exammed by paper ctromatograpby 
(solvents D and B), only one spot, at the ortgm, was detected A portion (300 mg) of 
the mllture ins separated on thlch filter-papers, and the potion of the papers at the 
ongm was excised, and eluted ulth water The aqueous solution was concentrated LO 
a small \ olume, and freeze-med. to glre a sold product (I 70 mg) that contained 91% 
of galactose and 4% of arablnose 

Graded IzJdrolJsu of baelgunl - Bael gum (I 0 g) was subJected to hydrolysrs 
w~rh 0 0% sulfunc acid (100 ml) on a boihng-water bath for 40 h, the conditions 
being ascertamed in a pilot evpenment The neutral and acid fractions were separated 
as already described ’ 

Character~zalron cf 6-O-b-D-gaiacfop] ranos] I-D-galaclose’” - The neutral 

fraction (IS 2 mg) had [aIF +27’ (c 0 5. Hater) [Iit ” +30” (c 0 15, Hater), ht ” 
+ 35 2”] and Rc,, 0 20 III solvent F [ht 33 Rc,l 0 20, lit 32 RGnJ 0 161 The dlsaccharlde 
was hydrolyzed Hith 0 5~ sulfuric acid (I ml), and after the usual treatment, the 
hydrolvzate was examined chromatographlcally usmg solvent B Only galactose was 
detected The molecular welghr of the ohgosacchande was estimated, and found to be 
336 (calculated for a dlsacchande contalnlng IWO hexose residues, 342) The dl- 
sacchande (6 mg) was converted Into Its methyl glycosldes In the usual way, and tbe 
mixture was SubJected tc, periodate oxldatlon at 3” In the darh One mole of the methyl 
glycosldes of the drsacchmde consumed 4 I moles of the ovldant in 6 h In a 
heparate expenment, It was found that 2 I moles of forrmc acid were Itberated from 
one mole of the chsaccharlde 

Charactenzation of the other neutral and acidic sugars has actueved as 
described for the product of graded hydrolysis of the degraded gum’ 
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