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Structure of Chloroxylon Swietenia Gutn.• Part I. Nature of Sugars 
Present a:Qd the Structure of Aldobiouronic Acid 

S. Bose, N. N. Mod7, and S. Mukherjee 

Ol&lornzy!nn •widft~-14 gum on hydrolyaia yicl<la a. mid.ure of D-ga.la.ctoae, L-ara.binoae, D-ga.la.ot.uronio 
a.ci•l, .J-0-rnrt.la~:l-D-p:lul'Uronic acid, and three other minor euga.ra. Graded hydrolyaia of the gum p1ovidea 
~~on 1\hlubiouronic ac:il\, which has been ahown to be R-0-l..C.-D·g,.lactopyta.nOI!yluronicBDid)-D·ga.\actoae£rom 
methylo.t.ion utudil'R. 

Difforont parts of Ohloroxylon awietenia DC'·11 (Fam. Rutacea.e), namely, its timbers. 
sun-llricd b:ukt-, and seods•, have boon chemically examined. 

A preliminary investigation6 of the gum as to its chemical nature and purification 
hus already a.ppoan•d. In thtJ prosont commwlica.tion, a. detailed study of the composition 
of Lito gum and tho structure of an aldobiouronic acid, obtainod from it on graded 
hyclrolyHis, has boon described. 

Completo hydrolysis of the gum& has shown that it is mainly composed of 
D-gtl.la.ctose, L-arabinose, D-galacturonic acid, and 4-0-methyl-D-glucuronic acid. The 
occurrence of two different uronic acids in a gum is rare and has been reported so far in 
two other gums, na.moly, Kotha' (Ferania elephantum) and Khaya grandifolia8 gum. 

Aqueous solutions of the gum are sufficiently acidic (pH 2.4:) to undergo slow auto· 
hydrulysis when the solutioD is heated on a water bath. L-Arabinose was liberated withil• 
4 hours, whereas the presence of D-go.lactoso in the hydrolysate was detel"ted after 30 hours. 
Th.o autohydrolysato was resolved into two fro.ctions: (A) the neutral sugar mixture and 
(B} the barium salt of the degraded gum. Fraction (A), when subjected to paper chroma to­

Jraphy, revealed the presence of D-galactose, L-ara binose, and three other minor sugars6, 

ha1ing Rg 0.26, 0.27, and 0.30 respectively; one of them is rhamnose and the other two 
(Rg 0.26, 0.27) appear to be methylated in nature. Isolation of the three minor sugars in 
an homogeneous state could not be made due to closeness of theirrateof migr&tion on 
paper and also duo to paucity of the ma.teria.l. Fraction (B), the barium salt of the 
degraded gum, was found to be associated with D-galacturonic as well a.s 4-0-methyl-D-
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glucuronic n.cifl. Partial hydrolysis of fraction (B) with C.IN-H
2
SO.c. provided a. mixture 

of neutral sugars (Fraction C) and tho barium salt of tho aldobiou:ronic acid (FractionD). 
Resolution of fraction (C) on cellulose column furnished L-a.ra.binose a.nd D·ga.la.ctose, 
which were identified in the usual ways. 

Fraction (D), coJ\Bisting of a.ldobiouronic o.cid with traces uf D-gala.cturonic and 4:-
0-mothyl-D-glucuronic acid, wa.s hydrolysed completely with 2N-H2S0

4 
to obtain the uro­

nic acid moieties (Fraction E). Pa.porchroma.togro.phic examination of fro.ction(E) revealed 
a.strongsput for D-ga.lo.cturonic acid(Rr 0.1 5)and a very weak spct(R10_27)for4-0-methyl­
D-glucuronic BC'id. Fraction (E) after reduction with sodium borohydridcV and hydrolysis 
afforded only D-galacto!lc, thns confirming tho presence of D-galacturonic acid. The 
nature of the second uronic a.cid in Ohlorozylon Bwicteniagumwaa established in twowaysli. 
Roc:luction of the gum and tho dogradE,od gum with sodium borohydridc fumis:tJ.cd a. mixture 
of neutral sugars consisting of D-go.lactose, L-ara hinol!6, nnd an unknown suga.t tl, identified 
a.s4-0-methyl-D-glucoae from its spec.ific ruto.tion [ a<] 0 3°+47 .6° (wator}and rate of migra­
tion in difforont aoh·ont systoms. Tho mcthnxyl values of the products during graded 
hydrolysis (gum, 4.4; fro.ctiun B, 3.6; fraction D, 3JH; fraction E, 1.95%) show a. 
gradual decrease, contrary to tho ox:pectations. This shows that 4-0-methyl-D-glucuronic 
a.cid is boing gradually ducompuscd during graded hydrolysis, thus making ita isolation 
as such not pnasible. Such decomposition of 4-0-mothyl-D-glucuronic acid was also 
observed oarlior10

• 

The uronic o.cid impnritios in fraction (D) was removed by repeated extraction with 
hot motha.nol. P11ro aldobiouronic acid {Rr0.053) on further hydrolysis yielded D-ga.lactoBO 
and D-galacturonic acid. Reductirm of the aldobiouronio acid with sodium borohydride 
afforded D-gala.ctose only. Finally, the structure of the aldobiouronic acid was established 
from methylation studies. The fully methylated derivatin of tho a.ldobiouronic acid 
is tlll:l:tro-rota.tory and on hydrolysis furnishes equal amounts of 2, 3,4-tri-0-methyl-D­
ga.la.ctose (I) and 2,3,4-tri-0-methyl-D-galactur<..nic acid (II) (vide Experimonta.l). 2, 3,4-
Tri-0-mothyl-D-galactu:ronie acid (II) was identified from its specific rotation, rate of 
migration on paper chromatogram, by propa.ring crystalline methyl2,3,4-tri-O-methyl­
muca.te(m.It- 101°), and also by roducing it to 2,3,4-tri-0-mothyl-D-galactoae. Iaola.tiOD 
of componnd.s (I) and (II) indicates that D-galactu:runic acid is linked ~hrough C6 of 
D-gala.ctose residue in the aldobiouronic acid. Hence the aldobionronio a.cid is 6-0· 
( -<·D-ga.la.cto-pyra.nosylnronic a.cid)-D-ga.lactose (Ill). 

o( 

D -gal P -----+ D-gal PA 
6 I 

D-ga.l P 
D-ga.l PA 

{Ill) 
= D-galactopyranose. 
= D-gala.ctopyranosyluronic a.cid. 

Among the vo.rious gums studied so far, jwl' 1
- 18, Semw•s, and Ohlorozylon BWietenia 

gums produce only one aldobiouronic acid, composed of D-gala.ctose and D-gala.cturonic 
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add. It is rather interesting ttl observe that the a.ldobioumic acids, occuring in Semul and 
(Jh.lorozylo-n &toi~tenia gums, ca.rry tho siinil~trlinkage (6 ~ 1), but they differ in a.nomerio 
configuration, the formor being f3 and the latter, a(. 

EXl'.ERUIENTAL 

l 1a.por chromn.tog;aphic analyses wore carried out by the descending method on 
\Vhatman No. l filter pa.pors, using nrm-~~oquoous phase of anyone of th'e following solvent 
syt~tems: (A) ?~--butanol-othanol-watcr (5:1 :4:); (B) n-buta.nol-acetic acid-water(4:1:5); 
(C) othyl acetate-acetic n.cid-pyridine-water (5: 1 :5::~); (D) ethyl acotato-acetic acid-formic 
ar:id-wat_r.r-(18:3 :1 :4); (E) ethyl "cetn.to-pyridino-water (2: 1 :2); (I!') ethyl-acetate-acetic 
n.C'irl-formic acid-water (20:3:1 :4). All specific rotations are equilibrium values aJ\d all 
meltin.!{ p.Jints o.ro uncorrected. Unless otherwise stated, aU evaporations were carried 
out at 4:0-50° under reduced pressure. 

Purification nf the Gum.-Thc finely powdered gum (100 g., sulphated ash 7.36%) 
waFJ Htirrcd with water (150 ml) to form o. gel. It was mixed with 3N-NaOH solution 
( ll'.iO ml) nncl heated at 60° fur 2 hr. Tho gum solution after filtration was cooled, 
acidified with acetic acid, and poured into acotono (2litres) with continuous stirring. The 
precipitated gum was dissolved in wator (200 ml), addifi.ed with HCl (Congo-red paper), 
and reproeipitatod with acetone (2 litros). This procedure was repeated three times to 
obtain the gum acid in the form of a. slightly bro'\\-71 powder (sulphated ash 1.8%). Final 
purifi,ca tion of the gum samplewas effected by passing its aqueous solution(400 ml) through 
a column of freshly regenerated Duolite C-25 cation-exchange resin, washing the collliDD 
with water (IOOml), a.nd pouring the effiuent inacotone(4litres). Thewhite precipitate, 
thus o bl:iained, wa.s washed with ether u.nd dried in vacuo (P.05). The pure gum acid (yield 
50 g.), [ <]D19- 20.96° (c, 1 in 0.01N -NaOH) ha.s an equivalent (by titration) 1200; sulpha­
ted ash, 0.43; furfural, 17.95; pentosan, 30.38; pentoses, 34.53; methoxyl, 4.4% It 
did not roduco Fehling's solution a.nd nitrogen, sulphur, and halogens were found absent. 

Complete Hydrolysis of the Gum.-The purified gum (10 g.) was dissolved in 2N­
H1SO"' (200 ml} and hydrolysed completely (30 hr.) over a. boiling water bath. The hydro· 
lysate was neutralised (barium carbonate) and filtered. The filtrate was concentrated 
to a syrup. To o bta.in. the neutra.lsuga.rs, the syrup was exhaustively extracted with boiliDg 
methanol and tho metha.nolio extract was again concentratod to a. syrup. The amorphous 
residue, insoluble in metha.uol, consisting of the barium salts of the uronic acids, was washed 
thoroughly with methanol o.nd dried in tHJcuo, Paper phromatography of the syrup, using 
solvent A and silver nitrate'• spray reagent, revealed a strong spot of arabinose and a 
fairly strong spot of galactose. 

Resolution of the sugar syrup on cellulose columm using n-buta.nol, half saturated 
with water. a.seluentyielded(a}L-a.rabinose, ·m.p. andmixedm.p.l59°, [ <]D119 +108.1° (t:,l 
in wa.ter);phenylosa.zone, m.p,a.nd mixedm.p.l62°;pnitro-N-phenyl-L-ara.b:inoslya.mine, 
m.p. and mixed m.p. 201°; (b)D-ga.la.ctose, m.p.an.d mixed m.p.I66-J67°, [ <]D"9+81.56o 

14.. Trevelyrm d cd., Namre, lUiJO, 16&, 444. 
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(e, 0.6 in wa.tor); methylphonylhydrazono, m.p. and mixed ln.p. 186°; p·nitro-.N phenyl-D 
gala.ctosylamina, m.p. and mixedm.p. 205°, 

A small portion of the barium salt of uronic acid was acidified with H~04 (dil.) and 
the free uronic a.citls on paper chromatographic examination (solvent B and p-anisid.ine 
phosphate spray reagent) produced two pink spots: a. strong spot due toD-galacturonic 
acid (Rf 0.15) and a. fa11ter moving weak Apot (Rr 0.27) duo to 4-0-mothyl-D-glucuronic 
acid. 

A.utah.1Jdmly&ill.-A solution of the gum (50 g.) in wa.ter (I litre) waH heated over a. 
boiling water bath till tho hydrolysis was completo( 100 hr.), all dct.crminodiodometrically'' 
since the sulutinn was too dark for pollLrimetric ohrrorvatiun. Paper chromatographic 
examinatil)n of tho hydrolysate was carried out every hour. L·Arabinose wBB liberated 
within 4 hr. •m•l galartoso wa.B dotoctod after 30 hr. ThA autohydrulysate waa worked 
up in the usual way to obtain thenttntml sugarM(Fraction A) and barium salts of the dt'grad­
od gum (Ji'ra.l~ticm B; yield 2-l g.). Pa1mr (·hruma tugraphic examinatiun of fraction A (sol­
vent A; silver nitrate spray reagent) rove1tlod two very weak spots (Rg 0.26 and0.30 res­
pectively) in addition to galactose and arabinose. Uo.solution oftho syrup on the celluloll& 
column yielded four fraction!.'!. Tho first two fractions, obtained in a very small amo1Dlt, 
when e:x:•lminod pa110r chromatographil'ally using solvents A BJ~d B, wert~ foUJ'I.d to be mix­
tures of throe su~ars having Rg 0.2H, 0.27, and 0.30 respecth·ely. When sprayed with 
p-al'isidine hydrochloride, the sugar bn ving Rg 0.30 developed a colour indicative of rham­
nose, whereas sugars with Rg 0.26 and 0.27 exhibited a. colour, rominisC;tiJltof methylated 
suga.rs. The th.inl and fourth fractions, consisting of L-ara.binose and D-galactose, were 
identified ill the manner, described earlier&. 

Hytlrolysi8 of tke Barium 8ali(B) antllaolatio'll. of ..4./oobitJtlrrmir A.rid.-The .fractiun 
(B)(24 g., Ba, 11.68~ -OMe, 3.7%) containing tro.ces ofD-galacturunic acidand4-0-metbyl· 
D-g1ucuronic acid, as detectedpa}Jer chromo.togr&J>hically, was dissolved in H~04 (480 ml) 
ofsuchstrengththattheresultingsolutionwasO.JN. It was heated over a boiling water 
bath till com1Jloto hydrolysis (50 hr.). The solution was neutraliscd (barium carbonate) and 
worked up to obtain tho neutra-l sugar fractiul'l (C) and the barium snlt of the a.1dobiouronic 
acid (Fraction D~ yield 11.0 g.). Partition chromatography of fraction (C) on filt-er paper 
a.nd also on collulose column showed it to be composed of L-arabinose and D-galactose. 

Fraction(D). barium salt of the aldobiouronic acid [Ba, 15.01; 0Me,3.01; mono methyl 
aldobiouronate (C, 5H 11 ,011) 11 Ba. requires Ba.,l5.70; OMe, 7.08%] was treatod with freshly 
regenerated Duo lite C-25 cation-exchange resin and chroma.tographed on filter paper, using 
solven't B and p-a.nisidino phosphate spray reagent. Throe pink spots were observed: (a) 
strong spot ofaldobiouronica.cid(Br0.053); (b)weak spotofD-ga.lacturonic acid (Rf 0.15); 
(c) a. faint spot of 4-0-methyl-D-gluouronic acid (Rr 0.27). 

Hyarolyaia of Aldobiouronic Acid to UronicAcida.-}'rutilonD(5.Ug.)on complete 
hydrolysis with 2N -H11S04 for 25 hr. yielded a neutral sugar fraction, identified as D-go.lac· 
tose and the barium salts of the uronic a.cidfraction(E) [yield2.6g.; Ba, 24.43; Ol\Ie,l.OO; 
monomethyl hexurona.te (C7H,,07) 11 Ba requires Ba, 24.92; 01\Io, 11.24%]. Paper chroma· 
togra.phy of the free uronic a.cids, using solvents B, C, D, and F and p-anisidine phosphate 
spray reagent, revealed two pink spots, the stronger one corresponding to D-galacturonic 
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acid and the weaker one agreeing with 4-0-methyl-D-glucuronic acid. A portion of frac-
.tinn (E) (0.2g.) lVO.S refiuxed with 4% methanolic hydrogen chloride for 8 hr , neutralised 
(silver carbonate), filtered, 1md the filtrate evaporated to dryness. A solution of this pro­
dm·t in wa tor (2ml) was o.dded dropwise to a solution ohodinm borohydride(O.l g.) in water 
(2 ml) during 5 min. After keeping for 1 hr., the excess borohydride was removed {acetic 
a<'id). Tho so I ution was doionised by passing successively through the columns of freshly 
rogl!noTB.tud Dunlite C-25 and Duolito A-7 ion-exchange rosins. The deionised solution was 
crmcentra tnd and hydrolysed on a boiling water bath with N-H~S04 for 20 hr. The solution 
on hf>ing worked up pro.vided a single spot for D-ga.lactose, whon examined paper chrnmato­
gr;tphic·ally (Aolvcnts A ancl B). 

Demelhylidion of the Gum.-Purifiod gum (2 g.} and freshly distilled hydroiodio acid 
(20 ml) wqrc heated in a soo.led tube on a boiling water bath for l hr. The solution was 
nontralfSt>d with 2N-H.S04 fur 25 hr. and on working up.Curnished a syrup, which 
nn p11}lUr chromatograJlhy (solvent B and p-anisidine phosphate spray reagent) provided 
in acldit.iun to tho yellow spots for galactose and arabinose, two pink spots: a 
r.ombi.nrd ~pot (llr 0.15) for D-galacturonic arid and D-glucuronic acid and a spot for 
D-glu~uronn (Rt0.33). 

RP.tlurt ion f1f the Parent Gum aml Degraded n.,m {Fradiof! B).-Theparent gum (5 g.) 
waa cCIJwcrtcd into the methyl ester l"f!.Cthylglycoside by treating with 4% methanolic 
hydrogen chloride (80 ml). It was then reduced with sodium borohydrido (3 g.) in the same 
mnnnor, described oarlier6• The reduction product was hydrolysed with 2N -H8SO 4 for 25 hr. 
Subsequent wurking U!l ftt:rnished a B)"TUp (yield 3.7g.), which on paper chromatography 
(soh·ent A) revealed in addition to the spots for galactose and arabinose, a faster moving 
(Rg 0.265) spot. The faster moving sugar was isolated by paper chromatographic 
rosolution of the syrup on Whatman No. 3 MM paper and identified as 4-0-methyl-D­
glucosc (01\Ie, 15.2; monomethylhexose C7H, 40 6 requires Olio, 15.9%); [ <]n30+47.6• 
(c, 0.3 in water); Rllyloae values'0 in solvonto;: B, D andE were 1.29, 1_.17, and 1.12 respec­
tively. Degraded gum (Fraction B) was also rf>duced and hydrolysed in the same manner 
and the presence of 4-0-methyJ-D-gJucose in the hydrolysate was confirmed. 

Reduction of the Alrlobiov,ronic Acid (Fraction D).-Fraction (D) was freed of the 
associ a. ted m·onio acid impurities by extraction with hot methanol (90%) for 50 hr. in a 
'oxhlet. The resdueleft fun1ished a single pink spot (Rr 0.053) on a. paper chromatogram. 
P11re aldo biouronie acid (0 .5 g.) was converted into methyl ester methylglycoaide and 
reduced with sodium borohydride(0.4g.). The reduction product after hydrolysis in the 
usual way provided a. sin~le spnt for galactose iln o. paper chromatogram (solvents 
A and B). 

Methylation of the Alilobiaurow.ic Add a:ntl ita /Jydrolyaia.-The pure aldobiouronic 
acid(Ba.sa.lt, 9g.) was dissolved in wa.ter(lOO ml) and methylated three times with dimethyl 
sulphate and N aOH according to the procedure of Aspina.l t.l al•6• The reaction product was 
cooled, acidified (pH 4.0), and extracted with chloroform in a. liquid-liquid extractor. The 
chloroform extract was concentrated to leave a residue (7.2 g.). This was methylated 
twice by Purdie's method (yield 6.9g., 0Me43.7%). The product was further methylated 
thrice wit:.h Purdie's reagent; yield 6.2 g., [ -<]Dm-'+51.0° (c, 2 inCHCia); OMe, 48.1 %) Treat­
ment of this product with Purdie's reagent once more did not increase its metho.x~1 content. 

16- J. Oiem. Boc., 1965, 1160. 
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Tho fully methylated aldobiouronic acid (2 g.) was hydrolysed with4%MeOH-HCl 
(I OOml) for 50 hr. Moths.nol was distilled undor reduced pressure and tho concentrate wal! 
further hyclrulysod with aqueous N-HCl (lOOml) for 20 hr. The solution was neutralised 
(silver oa.rbona.to) nn<l filtered. Silver ionsweroromovcd from the filtrate as eilveuulphide 
o.n<l tho filtrate was concentrated tn a. small volnmo. This was made alkaline (pH9.5) 
and edractod with chloroform in a.liquid-liquicl extractor. The (~hloroform extract consist­
in~ of mothylated galactose only was evaporated to a syrup (yield 0.6 g.) and identified as 
2,3,4:-tri·O-methyl-D-ga.lactose from ita migration rat{l (Rg0.63 ir solvontA) on a paper 
ohromatogram and also by preparing. its crystalline ani!i(le; m.p. and mixed m .p. 164:". 
(Found: 0Me,4:0.9. Calc. fur tri-O-methyl gal~tctose~9H1806 : OMe, 41.0%). The identity 
of the sugar waH furtl1er confimcd by trcatiJ•g a portion (0.0•1 g.) with sodinm meta­
poriodatel7 whmt formaldohyde was liberated, fumiRhing the cha.racteristic dimcdone 
derivative, rn .p. IR6°. 

The a.qtte:)lls solution loft after chloroforrn extraction was addified (pH2.0) with 
Hr~04 (dil.) and a.gaiJ1 oxtra('ted with chlnrufurm. Tho chloroform extra~t consisting of 
methylated uronic acid was concentrated to a HYl'UJ); yield0.05 g., [ o<Jv"'+97.7° (c, 0.7 in 
water). This was idontifi.o1l as 2,3,4-tri-0-mt~thyl-D-galacturc.nic acid from its Rg value 
(0.63) in solvent B nncl by proparitt~ methyl tri-0-methylmucate, m.p. and mixed m.p. 
(with a. Ramplo obtninod oarlier' 5) 101°. 

A small portion (0.1 g.) ofthe methylated uronic a.cid was esterified by 4%1\loOH-HCJ 
and reduced with sodium borohydrido. The reduction product after hydrolysis developed 
a. single spot (Rg 0.63 in solvent A) on p&per chromatography, corresponding to2,3,4-tri· 
0-mothyl-D-go.la.ctose. 

In conclusion, the authors express their thaPks to the Director of the Institute for his 
interest and the Forest Utilisation O:fficor,l\ladras, for the supply of an authentic sa.mple 
of tho gum. One of the authors (N.N.ll) is also thankful to the l!iJ1istry of Scientific 
Research and Cultural Affairs, Government of India, for tho award of a resea.rc:h 
scholarship. 
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