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ABSTRACT 

Hot-water extraction of defatted garlic-bulbs yielded a mixture of poly- 

saccharides containing a D-gaiactao. a D-galacturonan, an L-arabinan, a D-glucan, 

and a D-fructan. A trace of L-rhamnose w’as also detected in the polysaccharide 

hydrolyzate. The pectic acid was partially removed by preciprlation Hlth aqueous 

calcium chloride; from the remaining poljsaccharide mixture, a pure o-galactan 

containing 97.39; of D-galactose was isolated by fractional precipitation and repeated 

chromatography through a column of DEAE-celiulosc. h!ethanolysis and hydrolysis 

of the permethylated D-galactan yielded 2,3,1,6-tetra-, 2,3,6-tn-, and 2.3-di-O-methyl- 

D-galactose in the molar proportions of I :3: I. On periodate osidatlon, the D-g3hCtt3n 

reduced 1.18 molar equivalents of the ovidant per D-galacrosyl residue. and iiberated 

one molar equivalent of formic acid per 4. I3 D-galacrosyl residues. Sinith degxdation 

of the D-galactan was also conducted. From these results. a structure has been 

assigned to the repeatlog unit of the D-galactan. 

tNTRODUC’llON 

Garlic (Allium satilum) is widely culuvated in India, and comes onto rhe market 

in two forms: having (a) a single bulb per piece, and (6) a bunch of bulbs per piece. 

The work reported here was done with form b. Numerous medicinal applications 

of garlic are known ‘, particularly in the treatment of heart diseases, respiratog 

troubles, digestive disorders, rheumatic pains, and nerbre diseases. Diverse observations 

as to the monosaccharide constituents of garlic have been reported’-b, but none of 

the authors seem to have cond---’ uL.ed my systematic investigations on the structure of 

the polyssccharides present. Abdel-Fattah and co-workers’ reported the presence of 

pcctic acid in garlic skins; it was also found in the bulbs, along !iith a galactan, an 

l CharectenzaLroo of lhe Polysaccbarldes of GaAc (Allrum surrrum) Bulbs, Pan 1. 
**To whom enquiries should be mode. 
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arabinsn, a glucan, and a fructan. in this paper, isolation of the galactan in the pure 
slate, and elucidation of its structure, are reported. 

Defatted garlic-bulbs were extracted with ammonium oxalate (0.5%) on a 
boiling-water bath; on precipimtion Hith ethanol, the extract yie!ded a polysac- 
charide material (polysaccharide A) containing ash 4.06, galacturonic acid 22.8, 
galacrose 24 I, arabinox 7.2, rhamnose 3.1, and glucose plus fructose 37. I ?‘o (total 
hexose, including galactose. 61.2%). A similar extraction with water, instead of 
ammonium oxalate, yielded polysaccharide B: which contained all of these mono- 
saccharides. but the proportion of total hesoses (76.6%) was considerably higher. 
Obviously. ammonium ovalate solubilizcd more of tbe acidic constituents. On 

concentratron, and precipiration lvith cold acetone, the supernatant liquor from B 
furnished polysaccharide C, containing mainly glucose and fructose (total hexose, 
92.8?&), and small proportions of arsbinose (1.3) and galacturonic acid (2.89’0). 
Characterization of the monosaccharides isolated after hydrolysis is described in 
Table 1. 

The presence in our preparations of mannosc, reported’ by earlier workers, 
could not be substantiated for the follo!ving reasons: (a) the monosaccharide portion 
corresponding to fructose and mannose (which are chromatogrnphicslly inseparable 
using the listed solvent systems) was isolated from the paper chromatogram. G.1.c. 
of this portion as the per(trimcthylsilyl) deri\,ative did not show the characteristic 
mannose peaks [RRT’, 0.70(a) and 1.08(g)]. whereas the fructose peak (RRT*, 0.69) 
could be well identified. Howgever. e.l.c. of this portion (as the alditol acetates) 
furnished two pent+ corresponding to glucose and mannose; this was obviously due 
t3 formation from fructose during borohydride reduction. (h) Oxidation of a part of 
~112 aforementioned monossccharide portion lvith bromine water, followed by paper 
chromatography, did not sho\s the presence of mannonic acid, whereas, on similar 
treatment, standard manoose was o;jdized to the aldonk acid. Furthermore, on 

slmilsr otidation, a mixture of mannose and fructose (in the molar ratio of 1:5) 
furnished msnnonic acid. D-Fructose (standard, as well as that obtained from garlic 
hydrolyzates) remained unoxidized under identical conditions. 

To obtain a galactsn-enriched fraction, polgsacchsride B was dispersed in water, 
aad treated with aqueous calcium chloride (59b) at pH 8.5. The precipitated calcium 
pectete was removed, and. on concentration and fractional prtxipitation with 

ethanol, the supematant liquor yielded polysaccharide B,, containing all of the 
monosaccharide residues except rbamnose, and containing a higher proportion of 
gslacrose. On concentration and precipitation, the supemntznt liquor from B, Enally 
yielded polysaccharide B,. which \\as found to contain mainly glucose and fruciose 
(total hexose 94.2%). The other sugars, IV?., gaiacturonic acid, galactose, and 
arabinose were present in traces: there was no rhamnose. The disappearance of 
rhamnose indicates that, in ail probabihry, it is not chemically bound to the rest of tbe 

‘RRT refers IO relative relentloo times wirh rcspcs: to be pcr(rrimethylsilyl) derivstire of SD- 
glucose 35 umty. 



TABLE 1 

CHARACll!RlLA710N OP THE hl0NOSACCHARlDtS IROM GARLIC POLYYACCHARIDL HYDROLYZATLS 

Sqars iv+. nnd 
nri r cd III. p. 

(‘1 

Llr. mp. RRToalr~~offheslrgarsas 

I’) Rf/. Aldiml Silyl 
act*IaIc derlr~oriws 

(0 (2 

D-Galnclulomc acid +51 

D-Gnlnclose +80 

D-GlllLO.\C +.v 

D-Fructose -89 

L-Ambinosc +107 

+53.4 21 pldclnric Kid 

+ 83.3 IiLl) N-p+lilroplienyl-D- 
gnlxto~yl3mme 

4-51.5 18(c) h+nilrOjdleIIyl-D- 

glucosylnmmc 

- 92.0 19(b) 1.3,J,6-lcll~-0-benzoyl- 
D-fruc1ose 

-I- IO4.S 1914 - 

L-Rhsmnow +7 +8.9 l8ld) - - - - 0.18 0.30 

21 l-212 212-213 20 - - 

21 T-216 217-218 17 0.88 - 

182-184 

122-123 

- 

184 17 I.00 I .00(a) 
1.57(P) 

124-125 19(b) 1.00 0.69, 1.04 
113 18(b) 0.76 (wry WKII~) 

- - 0.30 0.28(Q), 
0.33(a) 
0.38(smoll) 

“In wuter. “RRT vnlue~ rc6:r IO UIC rel:l[ke rclentlon lime!. with rcspcrr LO (I) D-~IUCI~OI hrxaaccw:, .md (2) thr: pcl(trlmethyMyl) dcrivwvcs of D-gh.~cose. 



T’AJ3LE II 

COh~I'OSllION Or POLYSACCIIARIDFS A, B,C’, Bz, B,,n4, fj5, &,,,,rd~ B, 

-11.99 

(1.0) 

- 5.94 
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-35.92 
(I.01 

-43.71 
(I.01 

+43.59 
r1.0, 

+ 59.91 
11.0) 

t-66.5 

(I.01 

3 70.0 
(1.0, 

i-45.23 
(I.01 

4.06 22.8 61.2 24.1 7.2 

3.19 125 16.6 21.1 3.6 

0.24 2.8 ‘)2.8 - 1.3 

0.16 1.6 942 1.1 2.7 

2.64 28.9 51.4 49.3 10.2 

8.17 54.0 

9.3 

28.5 25.8 4.6 

2.6B 81.4 5.7 - - 

0.12 1.6 

6.32 

- 

21. I 

110.9 

97.3 

50.1 

37.1 

46.1 7.1 

- 

3.1 ++ +-I- 

1.1 ++ ++ 

- + + i- ++4 

- i--t+- i-i-+ 

6.3 -t + 

3.0 + l- 

- - 

7.8 -t - 

‘In wntcr; conccntrtltion in pitrenthescs. b~ + + major, + + mcdtutu, and -I- very small peaks in the g.1.c. of the alditol xetatc9. 
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polysaccharides. Polysaccharide 6, was further separated into polysaccharides B, 
and B, by fractional precipitation with cthrlnol. Of these, B, had the highest galacrose 
(49.3%) to uranic acid (28.9%) ratio (see Table 10. 

To achieve ftirther fractionation, polysaccharide B, was applied to a column of 
DEAE-ceUulose, and eluted first with water and then with sodium chloride gadicnts 
of different molarity. The water-eluted fracrioos, which responded positively in the 
!-naphthol’ ’ and carbwole” reactions, were pooled and lyophilized, to yield a 
white, amorphous material, polysaccharide B5, containing ash 2.68, galacturonic 
acid 9.3, galactox 81.4, and arabinose 5.70,b. The fractions eluted wirh sodium 
chloride (polysaccharide B, and others) contained most or all of the sugars. Poly- 
saccharidz B, could not be recycled. because of its extreme insolubility in water or in 

electrolyte. On recycling through the DEAE-cellulose collxn, polysaccharide B, 
furnished polysaccharide B6, which was found to b: an almost pure @actan 
(gakctose 97.3, and arabinose 1.6%). The fractions eluted from this column with 
sodium chloride had compositions similar to that of B,. The compositions of all these 
fractions are given in Table II, and the isolation procedure is summarized in Scheme 1. 

Although presence of the galactan as a separate entity in pectic substaxes has 
been variously repoTted6*‘, this contention is now \vell verified by the isolation of a 
galactan of high purity. Furthermore, none of the polysaccharides A, B, C, B,, B4, 
and B, furnished any aldobiouronic acid under conditions suitable for their 
liberation; this indicates that the D-galacturonic acid residues are not gl)cosidically 
bound to any of the neutral sugars, and that they constitute the o-galacturonsn 
component rcportcd7”*b to be present in the polysaccharide mixture. 

Polysaccharide B, \xas methylated, first with dimethyl sulfate and sodium 
hydroxide, and then \\ith methyl iodide and siker oxide. The permethylnted product, 

having bh9. s -53.7” and OMe 43.20/b, had no band in the hydrotyl region of its 

i.r. spectrum. The methylatcd product was resolved into four fractious by precipitation 
from its chloroform solution wilh increasing proportions of petroleum ether. The 
fact that these fractions had very close values of specific rotation and methoxyl 
content indicated that the starting material ~9s practically homogeneous. The major 
fraction was methanolyzed and hydrolyzed : on demethylation “, the h]drolyzate 
furnished only ga!actose. On paper chromalopaphy, the hydrolyzate was resolved 
into three components, corresponding to 2,3.1.6-tetra-. 2,3,6-tri-, and 2,3-di-U- 
methyl-D-galactose. The mixture of methylated sugars was chromatographically 

separated on thick filter-papers, and the components \\erz identified by preparing 
appropriate derivatives, and by g.l.c. The mole ratio of retra-:tri-:d4Lmethyl sugars 
was found to be 1:2:1 by quantitative separation of the mixture on a paper cbromato- 
gram, and estimation of the components by the alkaline hypoiodite method”. 

From these results, some conclusions can be dra\\n regarding rhe structure of 
the repeating unit of the D-galactan. In the main chain, the o-galactopyranose residues 
are linked through O-l and 03, and the branched unit is linhed through O-l, O-l, 
and O-6. The fact chat, in rhe methylatcd polysaccharide, there is one tetra-O-methyl 
sugar for every three of the other methylated hewje residues indicaies that the 
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Defatted garlic pulp 
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Precipilatc Supem3tsnt liquor 
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Polysaccharide B 

1 

concentration, and precipitation 
with cold acetone 

I cdcium Polysaccharrde C 
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8 
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(alcium pectsle) 

t 
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I 
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c 
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I 

7 
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I 

Polysaccharide Bn Polysacchnride B, 

1 %::;:::ography I, 

Aqueous part Sodium chloride part 

Polysacchnride B, 

I 

I 
Poljssccharide 8, and orhen 

~ 1 :E:::::tography , 

Aqueous part Sodi- chloride part 

Polysaccharide Be Polysaccharide mixture 
(&lactose 97.3, and arabinoie 1.69’5) similar lo B, 

Scheme I. The fractionat.on oi the polysaccharides of defattcd garlic-bulbs. 
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galactan is highly branched, and that the average length of the repeating unit consists 
of folur hexose residues. From these results, structure I may be asslgned for the 
average repeating-unit of the galactan. The low specific rotation of the D-gaiactarl 

and the negative specific rotation of its permethylated derivative indicate the 
preponderance of j?-D-linkages in the galactan. However, with the data available, 
it is not possible to ascertain the length of the side chain. 

where Gal represents D-galactopyranosyl groups or residues. 
On periodate oxidation, poiysaccharide B, reduced I. 18 molar equivalents of 

the oxidant per mole of hexosyi residue and liberated I molar equivalent of formic 
acid per 4.13 hcxosyl residues. These values are in good agreement with Ihe structure 
suggested for the repeating unit of the poiysaccharide. I-iydroiysls of the periodate- 
oxidized and then reduced poiysaccharide furnished giycoi aidehyde, giyeroi, and 3 

sugar derivative (f?,,, 1.08) having a chromatographic mobility corresponding to 
that of a karbon segment (e.g., erythritoi, RGal 1.10) which might be the espccied 
threitol, but this could not be verified due to nonavailability of an authentic sample. 

The oxidized-reduced poiysacchsride contained no gaiactose or gaiactitoi residues. 
These results further support the conclusion regardio g the position of linkages in the 

main chain and at the branch points. 

hfaleriais and merhods. - The following solvent systems (A-R. grade; v/v) 
were used for irrigation in the paper partition chromatography: (A) 8:2:i ethyl 
acetate-pyridine-water, (B) 55: I :3 ethyl ncetate-pyridine-acetic acid-water, (C) 
iO:i:2 I-butanoi*thauol-water, (D) 3:1:.5 I-butanoi-ethanoi-water. (E) 4O:I I:19 
I-butanokthanol-water, and (F) 5:i:4 I-butanoi-ethanoi-water. The spray reagents 
used were (a) alkaiine silver nitrate, (b) aniline hydrogenoxaiate, and (c) benzidiae 
periodate. Small quantities of sugar mixtures were separated on Whatmnn No. i 
cbromatogrzphic paper, the solvent being aiio*ed to flow against the direction of the 
machine !ines; larger quantities (up to 200 mg) were separated on Whatman No. 3M M 
papers. All specific rotations here recorded at equilibrium. Unless otbzrwise stated, 
all evaporations were conducted at Lu)“, under diminished pressure. 

The giycuronic acid YES identified by reducing” i& methyi ester methyl 
glycoside with potassium borohydride to the corresponding neutral sugar, and 
chromatographing this with so!vents A and C. The uranic acid was further cbarac- 
t.erized by oxidation” to its aldaric acid. Glucose and gaiactose were characterized 
through the corresponding N-p-nitrophenylglycosyiamines”, prepared by refluxing 
a methanolic solution of the sugar with 3 solution of p-nitroaniline in methanol 
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(J.SO,L) containing a trace of hydrochloric acid. Fructose was converted into its 

retra-O-benzoyl derivatice “@) by adding benzoyl chloride to its solution in pyridine. 
Arabiuose and rhamnose were identified by g.1.c. of the corresponding alditol acetates 
and per(trimethylsil~l) derivatives. 

Determination of monosaccharides was performed spectrophotometricaljy. 
The neutral sugars were determined by the L-cysteinr-sulfuric acid method”, by 
taking dichromatic readings at -II-l and 380 nm for total hexose* I, at 390 and 420 nm 
for arabinose”, and at 396 and 432 nm for rhamnoseLS. Galactose was estimated 
\\ith galacto>rat (Worthington Biochemical Corp., Freehold, N.J.), the yellow color 

being measured I6 at 425 nm. Uranic acid HX determined by the carbuole method ” 

at 535 nm. 
G.1.c. of the neutral sugarj as (n) their alditol acetates \vaj conducted iso- 

thermall:,, ai 195’ on a column of 39.G 0 f ECNSS-M supported on Gaschrom Q, and 
(6) as their per(trimethylsilyl) derivatives at 170’ on a column of 39/o of SE-52 on a 
stationary phase of Chromosorb WAW. For methyl glycosides of, and alditol acetatcj 
from, mtrhq Isted sugary. a column of 1 S O& of diethyler,e glycol succinate on Chromo- 
sorb WAW at 700” and an OV-235 column at 190”, respectively, Mere used. The 
g!ycuronic acid in a polysaccharide hydrolyzate was removed by treatment with 
Amberlitc 1R-15 (OH-) r&n. and the rcsultin g IYliXtUie of the neu!ral sugars was 
dcrecrrld by g.1.c. of tbr: corresponding nlditol acetate mixture. All ,0.1x. experiments 

ibex performed in a Hev,Iett-Psckard Gas Chromatograph, Model 5730A, equipped 
with flame-Ionization detection and a recorder, model 7127A, nitrogen being uSed as 

the carrier 2~1s. Spectrophotometric studies were performed with a Pje-Unicam 
spectrophotometrr, model SP_iOO (for the U.V. and visibie regions) and a Tzrkin- 

Elmer spcctrophotomcter model 337 (for the i.r. region). All specific rotations H’ere 
measured in a Perkin-Elmer Polarimekr, model 241. 

Isolation of crude pol_vsarrlrarides. arld idehjcation OJ IIIP components. - The 
skins were peeled off garlic-bulbs (I kg), and the bulbs were thoroughly crushed 
under ethanol in a blender. The blended material was filtered through a nylon cloth, 
and tbe residue was defatted by treating it with boliing I:1 ether-petroleum e!her 

(hp. 60-80”) (500 ml) for 2 h under reflux; the suspension was cooled, and liltered 
through a nylon cloth. The prorxss of defatting was repeated five times. and the residue 
was air-dried, to yield a broilnish, pasty material (183 g). To this was added aqueous 
ammonium oxalate (O.Y%, 1.2 liters), and the suspension nas heated, with stirring, 
on a boiling-i+atcr bath for 4 h, cooled. and filtered through a nylon cloth. The 
filtrate was ceotrifuged at 6.CKIO r.p.m. for -IO min at 15”. the clear, supernstant liquor 
was acidified to pH 4.5 with glacial acetic acid. and the polysaccharide was precipi- 
tated with 95% ethanol (4 LOI.). The precipitate (polysaccharide A) was collected by 
centrifugation, and successively triturated with 959/o ethanol, absolute ethanol, and 
dry e’&er. to fiord a wi-ure, amorphous powder (30.5 g). This had [c&~ j - 11.99” 
(c 1.0, war@, and contained ash -1.06, gslacturonic acid 22.8, total hexose 61.2, 
gnlactose 24. I, arabinose 7.3, and rhamnose 3.1 ‘XI. , glucoje and fructose were also 
present. 
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A similar et.tractioo with water, instead of ammonium oxalatc solution, of 
another lot of defatted pasty material (200 g) furnished polysaccharide B (31.1 g, 

M58s.s -5.94” (c 1.0, water) having all the constituents present in A (see Table If). 
The supetnatant Liquor f:om B was concentrated to 500 ml. and the polysacchnride 

was precipitated as a gummy material with cold acetone (3 vol.). A pale-yellow pot der 
(polysaccharide C) was obtained on trituration of the ,eum with absolute ethanol and 
dry ether: yield 68.8 g; [z]~~.~ - 35.92’ (c I .O. water). 

The constituent monosacchsrides in the h>drolyzatcs of polysaccharides A, B, 
and C were isolated in the pure state by repeated paper chromatography with solvent 

C. The prlre monosaccharides were identified chromatographically by using solvents 
.+I, C, and D for neutral sugars, and ri and B for uranic acid, and spray reagents a and 
6. A portion of each neutral sugar, as its alditol acetate and as its per(rrimethylsllyl) 
derivative, was examined by g.1.c. The per(trimethylsilyl) derivative of the mono- 
saccharide correspondins to fructose, 1~ hich always co-chromatographed with 
mannose on paper, gave a strong peak for fructose. A very ibeak peak appearing in 
the mannose position (which is also the position for one of the peaks for g!ucose) did 
not establish the presence of mannose conciusively. The corresponding alditol 
acetates, ho&ever, gake strong peaks for mannose and glucose. An aqueous solution 
of the fructose portion (- 20 mg in 5 ml of water) from the polysaccharide hydrolyzalre 
was o.tidized with bromine in the presence of SrCO, (I@0 mg) for 3 days at room 
temperature. The excess of bromine was flushed out with nitrogen, the suspension 
was filtered, and the filtrate was treated with silver acetate, and de-ionized with 
Dowex-50 X-S (H+) resin. Paper chromatography (so!vent A) then showed the 
presence of fructose only. Similar oxidation was conducted separately on mannose 
(- 5 mg), fructose (- 5 mg), and a I :5 mixture of the the. After the usual processing, 
chromatography in solbent .4 showed that, both individually and in the mixture, 
mannose was oxidized to mannonic acid, but fructose remained unaffected in both 
cases. Finally, the monosaccharides ivere characterized by preparing appropriate 
derivatives, as described earlier (see Table I). Polyssccharidcs A aud B were found to 
contain galscturonic acid, galactose. glucose. fructose. arabinose. and Fhnmnose, 
whereas polysaccharide C contained mainly glucose and fructose with small 
proportions of galacturonic acid and arabinose (see Table II). 

Isolation of Ihe pure galactatt from pol’saccharid~ B. - A homogeneous 
suspension of polysaccharids B (I 5.0 g) in water (I .5 liters) \\as prepared by stirring 
for 4 h at room temperature. To this suspension, made ammoniacal @H 8.5), HIS 

added aqueous calcium chloride (5%; 300 ml). The mixture \.\1aj stirred for 4 h at 
room temperature, and the resultin g calcium salt of pectic acid was removed by 
centrifugation. The supemntant liquor \ias dialyzed extensively, and then concen- 
trated to 900 ml. A small amount of precipitate appearing at this stage was removed 
by centrifugation. On treatment with ethanol (4 vol.), the clear, supematant liquor 
furnished a galacran-cnrichcd fraction (polysaccbaride B,, 3.2 g). The supernatant 

liquor from this was concentrated to 100 ml, and treated with cold acetone (4 hoI.), 
to yield a gummy material (polysaccharide B2, 4.0 g). Polyssccharide B, (3.0 g) was 
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dispersed in water (450 ml) and fractionally precipitated with ethanol, to yield 
polysaccbarides B, (1. I5 g) and Ba (0.12 gj. The fractions were collected in the usual 
way, and their compositions determined (see Table II). 

Chromatography of potysxcharide B3 on a cofrrmn of D&-lE-cellulose. - 
Polysaccharide B, (2 g). containing galacturooic acid 28.9, total hexose 51.4, 
galactose 49.3, arabinose 10.2. and rhamoose 6.3 %, ~‘3s dispersed in water (I 50 ml), 
and de-ionized with Amberlite IR-120 (H+) resin. The solution was concentrated to 

-2 ml. acd adsorbed on a column (20 x 3 cm) of DEAE-cellulose. The column was 
eked with water at the rate of I ml per min, and the eluate was collected in IO-ml 
fractions. Fractions I l-38, which responded positively in both the I-naphthol Is and 
carbazole reactions “, were pooled (3i3d) ml), azld lyophilized, to yield pofysaccbaride 

B5 (625 mg?; this contained galacturonk acid 9.3, galactose 81.4, and arabinose 5.7% ; 
other sugars were absent. After being washed with water (600 ml), the column was 

successively elutcd nith 0.1 -I M. I -31, and 2-41 sodium chloride gradients. Ail of the 
polysscchan’dc-conrining fractions, whose pooling was guided by the aforementioned 
color reactions, were separately dialyzed, and the products isolated in the usual way. 
The 0.1-I hf gradient yielded polysaccharide B, (1.1 gj, containing galacturonic acid 
27.1, total hexose 50.4, galactose 46.1, arabinose 7.1, and rhamnose 7.8%. Colon- 
metric analysis and g.1.c. showed that other fractions eluted with sodium chloride had 
approximately the same composition 3s that of B,. Polysaccharide B, could not be 
rechromntographed, 3s it was sparingly soluble in water or in electrolyte solution. 

The aqueous fraction Bj (600 mg) ~35 recycled through a fresh column of 

DEAE-ce!lulose. using water as the irrigant. The efiluenr (fractions 12-24) responded 
positively to the I-naphthol, but negatively to the cubazole, reaction. These fractions 
vxre pooled and lyophiiized, to atrord a white, polysaccharide marerial (poly- 
saccharide B,, 82 mg). At this stage, gradient elution with sodium chloride (0.1-l hf) 

again furnished a material having a composition similar to that of B,. The experi- 
men& wcrz repeated several times, in order Lo obtain sufficient B,, which contained 
galactose 97.3 and srabinose 1.6%. 

Mst/ay/ation sfudiss on po/~tsaccharide B, . - Polysacchazide B, (350 mg). 
containing galactose 97.3 and arabinose 1.6%, was methylated, first with dimethyl 

TABLE U1 

FIUCTlO\Al-ION OF hfETHYLA-!TD POLtS4CCHARIDE Be 

Fraction Vol. cl/ pet. 
RO. erhrr (ml) 

Rarro of 
chloroform: 
pet. crher (7/r) 

Yield 
(mg) 

t&Jr.5 
(degrees)” 

0 Me 
(%I) 

k; 14 16 12.4 i:1.6 180.5 15.3 - - 53.8 9.6 43.0 43.d 

b3 37 1z3.7 8.3 - 54.3 43.6 
b, 47 I:-$.7 I I.1 -51.8 47.7 

“In chloroform 
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sulfate and sodium hydroxide (4 times), and then with methyl iodide and silver oxide 
(5 times); yield 252 mg, [r]sss.5 -53.7” (c 1.0, chloroform), OMe 43.2%. The final, 

methylated product, which had no OH band in its ix. spectrum, was dissolved in 
chloroform (IO ml), and fractionally precipitated with petroleum ether (b.p. 40-60’), 
to afford fractions b, , bl, b3, and b,, as shown in Tablr III. 

HIldrolysis and identification of methylated sugars. - The methylated fraction b, 
(160 mg) was completely methaoolyzed (monitored polarimetrically) by retlusing with 
dry, methanolic hydrogen chloride (5%; 25 ml) on 3 hot-water bath for I6 h. The 
solvent was removed, and the resulting syrup was hydrolyzed with aqueous hydro- 

chloric acid (M; 20 ml) on a boiling-water bath for I4 b. The hydrolyzate was made 
neutral (Ag2C03), and filtered, and the filtrate was deionized with Amberlitc IR-120 
()I’) and Amberlite IR-45 (OH-) resins, and evaporated to 3 syrup (I-!5 mg). 

On demethylation” with constant-boiling hydrobromic acid, and chromato- 

graphy (solvents A aod F), the syrup (- 5 mg) gave mainly galactose, along with some 
partially demethylated sugars. On chromatography (solvents &and F), the mixture of 
metbylated sugars was rcsoived into three fr3ctions.j; ,.f,, and f>, corresponding to 
2,3,4,6-tetra-, 2,3,6-t&, and 2,3-di-O-methyl-D-galactose. Fractions Jr, fz, and fs 
were isolated by chromatography on thick paper (solvent F). The methylntcd sugars 

in these chromatographically pure fractions were identified by preparing crystalline 
derivatives, and by comparative g.l.c. 

In another experiment, a small amount of the mixture of methylated sugars 

was quantitatively separated on paper (solvent F); with the guide of reference spots, 
the individual components were eluted with water, and estimated by the alkaline 
hypoiodite methcdz3. Tetra-, tri-, and di-O-methyl-D-palactose were found to be 
present in the mole ratios of I .02: I .99: 1 JO. 

Fraciion ft . - This fraction, [~]~a~.~ + 108” (c 0.6, water) (lit.‘8’e’ + 114.!Y, 
lit.’ + 1@9’), OMe 51.4%, was ideoti6ed as 2,3,4,6-tetra-0-methyl-D-galactose by 
preparing its aniline derivative (m.p. and mixed m.p. 186-187”; lit.* 187’. lit.“J l88- 
190” lit.” 186-138”). The methyl glycosidcs of a portion (m 2 mg) ofj; gave g.1.c. 
pe3is identical to those given by an authentic sample of the methyl 2,3,3,6-tetro-O- 
methyl-D-galactopyranosides. 

Fraction fz . - The syrup had [cI]~~~.~ +89’ (c 1.0, water) (lit.‘6 +79.4”, 
lit.‘*(r) +87”), and OMe 40.7O&. G.l.c. data for the methyl glycosides of this fraction 
correspooded to those of an authentic sample of 2,3,6-tri-O-methyl-o-galactose. 
This material ( -20 mg) was oxidized with bromioe-water, and the resulting lactone, 
crystallized from ether-petroleum ether (b.p. 60-SO=), was identified as 2,3,6-tri-O- 
methyl-D-galactonolsctone (m.p. and mixed m.p. 96-97’. lit.* 96-97”, lit.“’ 97-98”, 
liL2* 101”). 

Fraction f3. - The syrupy material, having [c~]~a~.s +78’ (lit.26 +80’) and 

OMe 29.2%, was identified as 2,3-di-0-methyl-D-galactose through the preparatioo 
of its crystalline aniline derivative (m.p. and mixed m.p. l51-l53”, Iit.“6 152-15-l”). 
Comparative g.1.c. of the alditol acetate of this fraction and g.1.c. of a mixture with 
an authentic sample confirmed the identification. 
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Periodate oxidation studies. - Polysaccbaride fractioo B6 (4.02 mg; in 
duplicate), containing golactose 97.3 and arabinose 1.6%, was subjected to oxidation 
with sodium metaperiodate in the dark at 4”. The p+zriodate uptake, which was 
monitored spectrophotometricnIly”e, became constant in 24 II, when I.18 moles of 
LII~ ovidant were reduced per mole of hexosyl residue. In another experiment, the 
Same polysaccharide (18.6 mg in 9 ml of water) was oxidized, in duplicate, under the 

same conditions as ~eforc, and the liberation of formic acid mas determined at 
intervals by titration with 0.01~ sodium hydroxide solution. The liberation of formic 
:Icid became constant in 22 h; tbe liberation of one molar equivalent of formic acid 
corresponded to the oxidation of 4. I3 molar equivalents of hexosyl residues. After 
I!0 h, the duplicate o.xidation mixtures were pooled, and the excess of periodate was 
decomposed with ethylene glycol (I ml). After extensive diaIysis, the solution was 
concentrated by lyophilization to - 5 ml, and the solute reduced with potassium 
horohydride (100 mg) for 24 h at IO”. The excess of borohydride was decomposed 
with ice-cold acetic acid (6~), and the solution was dialyzed and then lyophilized. 
After hydrolysis of the resultin g materiai (2.1 mg) with 0.5~ H&SO.: for 6 II, paper 
chromatography (solvent A) revealed the presence of glycol aIdehyde (R,,, 1.56). 
glycerol (RG., I .24) and another spot (RG., I .08). No galactose survived the o.xidation. 

The authors thank the U.G.C. (New Delhi) for a research fellowship to N.N.D. 
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