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ABSTRACT

The structure
—3)-p-Manp-(1 -4)-p-GlcAp-(1—+4)-D-Glcp(1 —»
4

~

1
(S)MeCH(CO,H)
has been assigned to the extracellular polysacchande from M lacticolum strain 121,
and 1s based on methylation analysis, alkaline degradation, oxidation of the reduced
polysaccharide acetate by chromium trioxide-acetic anhydride, and *C-nmr
spectroscopy. The structure of the new acidic monosacchande 4-0-[(S)-1-carboxy-
ethyl]-p-mannose, elucidated by chemical transformations and spectroscopic data,

was confirmed unequivocally by synthesis

INTRODUCTION

Extracellular polysaccharides are produced by various micro-orgamisms>~4

The data available indicate a great variety of monosaccharide constituents and types
of linkage, extracellular polysaccharides of many micro-organmisms are structurally
umique and often contain rare-sugar constituents We now report on the structure
of the extracellular polysacchanide from the culture medium of AMycobacterium
lacticolum strain 121

RESULTS AND DISCUSSION

The extracellular polysaccharide was 1solated from the culture medium by
precipitation with cetylpyridimum bromude Its homogeneity was demonstrated
by high-pressure hiquid chromatography and the molecular weight thereby estimated
to be > 150,000

D-Glucose and p-glucuronic acid were identified 1n an acid hydrolysate by pc,
together with an unknown acidic monosaccharide (1) which was shown to belong
to a mew class of acidic monosaccharide® ™8 The D configurations of glucose and
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glucuronic acid were determined by treatment of an acid hydrolysate of the reduced?
polysacchande with p-glucose oxidase

The monosaccharide 1, 1solated by adsorption onto Dowex-1 X8 (AcO ™) resin,
had {o]3° +15° (¢ 2, water) Treatment of 1 with 1% methanolic hydrogen chloride
gave the methyl ester methyl glycoside, from which the amide 2 was obtamned by
reaction with dry ammonia 1n methanol Cleavage of 2 with sodium hypochlorite! ©
and hydrolysis of the resulting methyl glycoside 3 afforded D-mannose (4), which
was 1dentified by ion-exchange chromatography and p ¢, and as the hexitol hexa-
acetate by glc

CHOH CHLOH CH,OMe
Q \ O, o}

CH: CH, MeO 1

3 OH HO ORr OH HO OR l 3 OH N OR

H—C—O HO H—(IZ——O
Cor® 3 R= Me r?
4 R =
1 R'=H,R?= on

H 5R' = Me,R¥= cO,Me

2 R' = Me,R2 = NHa 6 R H,R® = CH,OH

The glycoside 3 had [«]3° +67°. Since the [a]p values'! 2 of methyl o-
and B-p-mannopyranoside are +79° and —49°, respectively, and since the « anomer
1s preferentially formed during the methanolysis of b-mannose!3, the b configuration
can be assigned to the mannose residue 1in 1

Methanolysis of the methylated polysaccharide, followed by chromatography
of the products on silica gel, gave the methyl glycoside 5, the pmr spectrum of
which contained a doublet at 6 1.47 (3 H, J 7 Hz) for the methyl group of the lactic
acid residue, and singlets at § 3 36, 3 43, 3.51, and 3 80, corresponding to MeO-1,2,6
and the methoxycarbonyl group

Reduction of § with hthium aluminium hydride, followed by hydrolysis and
reduction of the resulting sugar 6 with sodium borodeuteride and then acetylation,
gave the mannitol derivative 7, the structure of which was confirmed by its mass
spectrum'® Hence, the lactic acid residue 1s located at position 4 in the mono-
saccharide 1, which, 1n turn, 1s linked to the polysaccharide chain through position 3
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————— boemmt HyC o CH;OH
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c _’H : (IZHEOAC o L o
________ 1
247 He~—O i C—t g2 4W’OH
32_0___+___ H l S a8 1
H HC—C(H)—O HyC—C(H)—O 23 2
HCOAc | CHj
101 CO,H 7Co,H
CH,OMe
5 8a (S) 9a (S), +14° (water)

8b (R) Sb (R}, +57° (water)
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TABLE 1

13C-N M R DATA? FOR 4-O-(1-CARBOXYETHYL)-D-MANNOSE [9(R) AND 9(S)]

Compound
1, 9(S) 9R)
C-la,f 945 945
C-4a,8, C-58, C-8a,8 76 35,760 753,751,746
C-38 738 73 8
C-2a,8, C-3a, C-5a 722,708,702 723,718,717.71 5
C-6a,8 60 8 617
C9¢a,f 195 195
C-7a,8 1816 1817

cAt pH 7

The diastereomeric acids 9 were synthesised by condensation of 1,6-anhydro-
2,3-0O-1sopropylidene-B-D-mannopyranose'®*® and (R)- and (S)-z-chloropropionic
acids'?, followed by acid hydrolysis of the products (8) Comparison of the [«]p
value for 1 (1solated from the polysaccharide, 4 15°) and those for 9(S) and 9(R)
indicates unequivocally the (S)-configuration for the lactic acid residue mn 1 The
13C-nmr spectrum of 1 at pH 7 was 1dentical to that of 9(S), but different from
that of 9(R) (see Table I)

The acetates of glucitol and the alditol derived from 1 were present n the ratio
2 1 (determmed by glc—ms) in a hydrolysate of the reduced® polysaccharide
Hence the polysaccharide contains D-glucose, D-glucuronic acid, and 4-O-[(S)-1-
carboxyethyl]-D-mannose 1n the ratios 1 1 1

The ratios of monosaccharides in the polysaccharide were also determined
on a methylated sample (Hakomon methylation'®) which was reduced with hithium
aluminium hydride and then benzylated (foir identification of the D-glucopyranose
restdue by g1 c ~m s ) Methanolysis of the product, followed by trideuteriomethylation
and analysis by glc-m s, allowed 10-12 to be identified in the ratios 085 1 1
The low value for 10 may be explained by losses due to 1its relatively high volatihty

CH,OMe CH;0BzI CH,OMe
o, o]
OmMe OMe OMe OoMe T"s “D:° Ome
RO D;CO H—C—O
OMe OMe
CH,yOBz!

10 R = CD3 11 12
1IBR=H

Methanolysis of the permethylated polysacchande, followed by chromatography
of the products on silica gel, gave methyl 2,3,6-tn-O-methyl-pD-glucopyranoside (13,
identified by glc-ms as its 4-O-tndeuteriomethyl derivative!®), methyl 4-O-



196 N. K KOCHETKOV et al.
ClHDQAc CHDOAc
HCOMe HCOMe
CO,Me CHOMe
MeOCH
o o MeOCH €
?Me QMe OMe HCOCD3 HCOAC
(o)
RO HCOAC HCQACc
OMe OMe
CH,OAC CHOMe
14 R = H
15R = CD; 16 17

[(S)-1-(methoxycarbonyl)ethyl }-2,6-di-O-methyl-p-mannopyranoside (5), and the
aldobiouronic ester 14 The structure of 14 was elucidated by conversion of its
trideuteriomethyl derivative 15 mnto the alditols 16 and 17 The structures of 15-17
were confirmed by mass spectrometry!4 2° Hence, D-glucose, D-glucuronic acid,
and 1 are (1—4)-, (1-4)-, and (1-3)-linked, respectively, in the polysacchande.

The methylated polysaccharide was subjected to alkaline degradation?! The
disaccharide 18 was obtaired by treatment of the methylated polysaccharide with
sodium methylsulphinylmethanide?? foilowed by mid hydrolysis with acid and tn-
deuteniomethylation (with low yield owing to further degradation of 18 in the alkaline
conditions)

CH,0Me CHOMe CH,OMe
oCo;
OMe CHOMe C{Ha oS OMe CHa H :O OMe
D3CO 0 H~C—0O H—~C—O
om O MeO OC0; | {
e
(in 3 COytme CH,OCD;
1 o}
H—C—0 ° 2
coMe

e

Methanolysis of 18 afforded 10 and 19 in the ratio I - {, which were 1dentified by
glc-ms Reduction of 18 with ithium alumiminm hydride, followed by methano-
lysis and trideutertomethylation of the resulting mixture, gave 10 and 20 1n the ratio
1.1, also identfied by gl.c-ms Isolation of the disaccharnide 18 and the aldo-
brouronic ester 14 demonstrates unequivocally the following sequence of mono-
saccharide units in the polysaccharide

—3)-p-Manp-(1—-4)-D-GlcAp-(1—-4)-p-Glcp-(1 -

4

T
(S)MeCH(CO,H)
Information on the configurations of the glycosidic bonds in the polysaccharnide
was obtained from 3C-n mr data There are two peaks i the spectrum at 1027
and 999 p.p m, corresponding to anomeric carbon atoms with relative intensities
1 2 Taking into account that C-1 of the mannosyl residue (either a or f) should
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resonate?® at ~100 ppm, the peak at 1027 ppm 1s assigned to C-1 of etther
B-D-glucosyl or -p-glucosyluronic acid restdues Hence, the latter two residues must
have different configurations at their anomernic centres Since there are no peaks
pnear 72 ppm in the spectrum of the polysaccharide, corresponding to the C-5
resonance 1n a 4-O-substituted a-pD-mannose?#, this unit must have the g-p configura-
tion

For the elucidation of the configurations at C-1 in the Dp-glucosyl and D-
glucosyluronic acid residues, the acetate of the polysaccharide was reduced with
diborane®, and then oxidised?’ with CrO;—Ac,O under conditions where only B-
Iinked pyranose residues are oxidised to 5-hexulosonate residues?? The product was
reduced with lithium aluminium hydride and methylated to give the D-glucopyranosyl-
hexitol derivative 21 The mass spectrum of 21 was identical with that reported
earlier?®. Methanolysis of 21 gave 22 and 23 1n the ratio 1 1 which were 1dentified
by glc—-ms The isolation of the disaccharide 21 supported the sequen'ce of mono-
saccharide umis proposed above and indicated the a-D configuration of glucuronic
acid and the §-p configurations of glucose and 1 in the polysacchande

On the basis of the foregoing data, the repeating-umit 24 can be assigned to the
polysaccharide

CHOMe
CHa0Me CH,OMe
CH;OMe CH(OMe)
o | 0,
OMe CH(OMe} OMe OMe HOCH
O—CH
MeO ‘ MeO HCOMe
Ome HCOMe Ore
MeOCH
MeOCH 22
CHaOMe
CH,OMe
21 23
TABLE II

13C.N M R DATA FOR THE EXTRACELLULAR POLYSACCHARIDE FROM M lacticolum sTRAIN 121

Chenucal Integrated Assignment? Chenucal Integrated Assignment®
shift (p pm ) mtensity® shuft intensity®

(ppm)
181 1 1R 779 1 4A
609 2 6A, 6C 794 2 3A, 4C
685 1 2A 805 1 4B
706 1 5B 999 2 1A, 1B
734 2 2B, 3B 1027 1 iC
746,750,758,76 6 5 2C, 3C, 5C, 5A, 2R 176 2 i* 6B

1820 1* 3R

aThe integrated values refer to companison of carbon atoms linked to H atom(s), except for the
entries marked with an asterisk (*) which refer to comparison of carbon atoms hinhked to carbonyl
carbon atoms ®The assignments refer to formula 24
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CO.H CHOH
o
8 0, [~ Q \
OH OH
CHOH 0
o
. OH OH 3
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o H
RO 24 R = —h {s)

1
CH4

Determmation of the structure of the polysaccharnide allowed the 3C-n mr.
data to be interpreted fully (see Table II) These data may be useful in studies of
similar polysacchandes produced by related stiains of micro-orgamisms Comparison
with the spectra of model compounds, 2-methoxypropionic acid, methyl (methyl
4-O-methyl-a-D-glucopyranosid)uronate®?, methyl f-maitoside®®, and the poly-
saccharide contamming (1—3)-linked B-D-mannosyl residues?®, was used for this
purpose Corrections reflecting the effect of the substitution at position 4 by the
lactic acid residue were made 1n the last compound

EXPERIMENTAL

Mass spectra were measured with a Varian MAT CH-6 instrument at 70 eV
A Vanan MAT CH-111 Gnom instrument was used for glc-ms Glc was per-
formed on a Varian 1700 chromatograph fitted with columns (1-2 m) of 5% of
NPGS, 5% of SE, or 3% of ECNSS-3M on Chromosorb W The temperature was
programmed from 80-100° up to the highest possible value for the liquid phase used
Optical rotations were measured with a Perkin—Elmer 141 instrument at 589 nm

I3C-N mr spectra were recorded for solutions in D,O (internal Me,SC) at
35-70° with a Bruker WP-60 instrument at 1508 MHz The value 39445 ppm
(relative to internar Me,S1) was established for the chemical shift of Me,SO Pulse
angles of 90° were used for polymers, and 30° for compounds of low molecular
weight The acquisition time was 1 1 sec

Cells were grown as described previously>®

Isclation of the polysaccharide — The polysaccharide was precipitated by using
5 659%, aqueous cetylpyridimum bromide (05 L per L of culture medium) at 40°
The precipitate was collected by centrifugation at 7000 r p m and washed with 0 19
aqueous cetylpyridimmum bromide and water, and a solution i 4Mm NaCl was washed
with chloroform (3 x 200 ml), and then dialysed for 3 days agamnst tap water
Acetone (4 vol) was added to the concentrated dialysate The precipitate was
collected, dissolved in water, reprecipitated with acetone, and dissolved 1n water,
and the solution was dialysed against distilled water for 3 days and then freeze-dried
The yield was 4 9 g/L of culture medium, and the product had [«]2° —16° (c 0 75,
water)
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High-pressure liquid chromatography (Chromatronix Spectra-Physics Model
3500 instrument) on porous glass CPG-10 (Electro-Nucleonics) (3-m column, 0 4 mi
of water/min, uv detection at 254 nm) at 20° showed the polysaccharide to be
homogeneous, with molecular weight 150,000 (relative to that of dextran )

Hydrolysis of the polysaccharide (M H,SO,, 100°, 8 h) afforded glucose and
glucuronic acid (1dentified by p ¢ ) together with the acid 1 (Rg,. 0 70) The poly-
saccharide, when reduced with diborane® and then hydrolysed, gave glucose and
carboxyl-reduced 1 (detected by pc) The hydrolysis products were reduced with
NaBH,, acetylated with Ac,O-pyridine, and i1dentified by glic-ms as glucitol
acetate and the alditol acetate 24 formed in the ratio 2 1

The absolute configurations of glucose and glucuronic acid were determined
by using D-glucose oxidase®! and the hydrolysate of the carboxyl-reduced poly-
saccharide No glucose was detected 1n the oxidation products by pc or glc of the
alditol acetates

Hdentification of the monosaccharide units and determunation of the absolute
configuration of the actd 1 — (a) Isolation of 1 The polysaccharide (0 6 g) was
hydrolysed with m H,SO,4 (100°, 8 h) The hydrolysate was neutralised with Amberlite
CG-400 (HCOj) resin, which was washed with water until there was a negative
reaction for sugars in the washings (phenol-H,SO,) and then with 209 acetic
acid Preparative p ¢ of the acidic monosaccharides on FN-11 paper, with 1-butanol-
pyridine-water (6 4 3) or pyridine—ethyl acetate-acetic acid—water (5 5 1 3),
yielded 1 (0052 g), [«]3° +15° (¢ 2, water)

(b) The acid 1 (0 04 g) was heated with 29, methanolic HCI 1n a sealed tube
(4 h, 100°) The solution was neutralised with NHj3 and then concentrated to dryness
The residue was dissolved in methanol, saturated with NH;, and left for 24 h at 0°
The solution was concentrated, 109, aqueous NaOC! (5 ml) was added to the residue,
and the mixture was kept for 4 h at 20° (see Ref 10) Then NaBH, (01 g) was
added, and the solution was neutralised with AcOH and concentrated to dryness
The residue was acetylated with Ac,O-pyrnidine The acetylated products, extracted
with CHCl;, had [«]2° +34° (¢ 23, chloroform) Zemplén deacetylation then
yielded methyl «f-pD-mannopyranoside (3, 0 022 g), [«]2° +67° (¢ 2, water) Hydro-
lysis of 3 (M H,SO,, 100°, 5 h) afforded p-mannose which was identified by p ¢
and ron-exchange chromatography (Technicon SC-2), and by glc of its alditol
acetate

(¢) 4-O-(I-Caiboryethyl)-D-mannose (9) — To 1,6-anhydro-2 3-O-1sopro-
pyhdene-B-D-mannopyranose'® ¢ (1 g) in 1,4-dioxane (70 ml), NaH (0 58 g, 50%
suspension 1n paraffin oil) was added with vigorous stirring Stirring was continued
at 95° for 1 h, the mixture was then cooled to 65°, and (S)- or (R)-chloropropionic
acid'”? (1 4 g) was added After stirring for 1 h, NaH (2 3 g) and 1,4-dioxane (30 ml)
were added, and stirring was continued for 14 h at 65° The muature was then cooled
and water (100 ml) was added carefully to decompose excess of NaH 1,4-Dioxane
was evaporated m vacuo, and the aqueous solution was extracted with CHCI; to
remove mineral o1l and unreacted anhydride, acidified with 2 5M HCI to pH 3, and
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extracted with CHCl; (3 x 100 ml) The organic layer was washed with water, dried
(Na,S0,), and concentrated The residue was eluted from a column of silica gel
to yield 8a (011 g, 11%), [«]3® —115° (¢ 2, chloroform), and 8b (0 15 g, 15%),
[«]3° +11° (c 1)

Compound 8a (0 2 g) was treated with boihing 39, HCI (10 ml) for 4 h. The
cooled mixture was neutralised with Amberhite CG-400 (HCO7) resin, which was
washed with water and then with 209, AcOH The acidic eluate was concentrated
to dryness, and a solution of the residue in water was treated with KU-2 (H*) resin,
filtered, and concentrated to give 9a (016 g, 82%), [«]3° +14° (¢ 59, water)
Simular hydrolysis of 8b gave 9b, [a]3° +57° (¢ 3 9, water)

(d) 2-Methoxypropionic acid was prepared by heating chloropropionic acid with
methanolic MeONa (100°, 5 h) 3C-Nmr data (D,0) pH 7 C-1, 1797, C-2,
7794, C-3, 18 44, and OMe, 573, pH 1 C-1, 177 3, C-2, 76 54, C-3, 18 13, and
OMe, 577 ppm

Methylation analysis — The polysaccharide (1 g) was methylated by the
Hakomori method!® The reaction mixture was dialysed against tap water for 3 days
and then concentrated 2 vacuo The product (1 22 g) had [«]2° —185° (¢ 243,
chloroform)

The methylated polysaccharide (0 5 g) was treated with 1% methanolic HCl
(100°, 4 h) n a sealed tube The solution was neutralised with aqueous ammonia
2nd concentrated 11 vacuo, and the residue was extracted with CHCl,

The products were fractionated by elution from a column of silica gel with a
chloroform-acetone gradient Methyl 2,3,6-tr1-O-methyl-«,f-b-glucopyranoside (13,
0.073 g), the aldobiouronic ester 14 (0 047 g), and the denvative 5 (0067 g) of 1
were obtamned Compound 13 was 1dentified by glc-ms'? after conversion into
the 4-O-CD; derivative

After deuteriomethylation32, the aldobiouronic ester 142° gave the following
mass spectrum mfe 279 (69%), 236 (4), 219 (9), 204 (20), 201 (4), 187 (8), 172 (3 5),
169 (4), 155 (10), 149 (14), 145 (11), 131 (6), 127 (11), 115 (9), 111 (10), 104 (61),
101 (27), 88 (100), 75 (68), 73 (14), 71 (28), and 45 (35)

The 4-0-CD; dernivative (15) of 14 and compound 5 were both reduced with
LiAIH, in boiling ether (8 h), following by formolysis, hydrolysis, and reduction
with NaBD, The resulting alditols were acetylated, and analysed by glc-ms
1,5,6-Tn-O-acetyl-2,3-di1-O-methyl-4-O-trideuteriomethyl and 1,4,5-tr1-O-acetyl-2,3,6-
tri-O-methyl denvatives of D-glucitol-7-d were 1dentified as degradation products of 14

4-0-(1-Acetoxy-2-propyl)-1,3,5-tri-O-acetyl-2,6-d1- O - methyl-D- manmtol- /- d
formed from 5 was characterised by its mass spectrum mjfe 320 (65%), 247 (57),
218 (7), 187 (30), 160 (20), 158 (18), 154 (16), 147 (22), 129 (60), 126 (42), 113 (90),
115 (43), 101 (100), 91 (30), 87 (50), 59 (50), 45 (54), and 43 (95)

The msthylated polysaccharide (0 1 g) was dried over P,O5 (10 h, 70°), and a
solution 1n CH,Cl, (5 ml) and ether (60 ml) was boiled under reflux with LiAIH,
(0 5 g) for 8 h The reduced polysaccharide, 1solated 1n the usual way, was benzylated
with benzyl chloride according to the Hakomor: procedure!®, neutralised with acetic
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acid, and dialysed against tap water for 3 days The precipitate was collected, and
reprecipitated several times with light petroleum from solution 1in chloroform The
benzyl ether (30 mg) was treated with 2 59 methanolic HCl (4 h, 100°, sealed tube)
The solution was neutralised with aqueous ammoma and concentrated to dryness
After tndeuteriomethylation of the residue, methyl 2,3,6-tri-O-methyl-4-O-tri-
deuteriomethyl-D-glucopyranoside!® (10), methyl 6-O-benzyl-2,3-di1-O-methyl-4-O-
trideuteriomethyl-D-glucopyranoside (11), and methyl 4-O-(1-benzyloxy-2-propyl)-
2,6-d1-O-methyl-3-O-trideuteriomethyl-D-mannopyranoside (12) were identified n
theratios 085 1 1 by glc—ms Mass spectra 11, m/fe 298 (109), 266 (2), 265 (2),
225 (25), 134 (10), 104 (77), 101 (52), 91 (95), 88 (100), 75 (90), 45 (30), and 44 (40),
12 mfe 356 (4%), 266 (14), 235 (46), 222 (13), 208 (11), 190 (21), 189 (8), 187 (7),
178 (7), 177 (5), 176 (6), 158 (18), 155 (13), 148 (30), 144 (45), 134 (27), 130 (23),
127 (14), 111 (18), 104 (46), 91 (100), 88 (64), 78 (67), 75 (60), 45 (62), and 44 (60)

Alkaline degradation of the methylated polysaccharide*''*? — To a solution of
the methylated polysaccharide (0 36 g, dried at 50° over P,O5 i vacuo for 6 h) in
methyl sulphoxide (20 ml) were added 2,2-dimethoxypropane (I ml) and toluene-p-
sulphonic acid (5 mg) The mixture was stirred under mitrogen for 30 mun, a solution
of sodium methylsulphinylmethanide (from 0 5 g of NaH and 30 ml of Me,SO) was
added, and the mixture was left overnight at ambient temperature After neutralisation
with AcOH, the solution was concentrated iz vacuo at 50-55° and the residue was
treated with boiling 109, AcOH for 1 h Solvents were evaporated, and the remaining
solid was dissolved 1in N,N-dimethylformamide and treated3? with CD;I and Ag,O
After the usual work-up, the products were separated by chromatography on silica
gel to give the disaccharide 18 (0 067 g)

A solution of 18 (0 01 g) in 39 methanolic HCI (5 ml) was heated in a sealed
tube at 100° for 4 h, neutralised with aqueous ammonia, and concentrated A solution
of the residue 1n chloroform was filtered and concentrated to give a mixture of
methyl 2,3,6-tri-O-methyl-4-O-trideuteriomethyl-«,f-D-glucopyranoside  (10) and
methyl 4-0-[(S)-1-(methoxycarbonyl)ethyl]-2,6-di-O-methyl-«,f-D-mannopyranosi-
de (19), which were 1dentified by gl c-ms!? in the ratio 1 1 The mass spectrum
of 19 was as follows mje 277 (1 59), 245 (4), 244 (4), 217 (4), 216 (3 5), 203 (6),
200 (3), 199 (2 6), 187 (4), 185 (8), 159 (7), 158 (5), 157 (5), 156 (10), 155 (14),
143 (100), 128 (54), 127 (28), 115 (96), 99 (54), 97 (80), 88 (40), 87 (76), 85 (52),
83 (43), 75 (94), 74 (44), 73 (70), 72 (30), 71 (100), 59 (> 100), and 45 (60)

Conventional reduction of 18 with LiAlIH, n ether (8 h, boiling under reflux)
and treatment of the products with methanolic HCI, as described above, was followed
by Kuhn methylation 32 with CD3;I The product mixture contaned, wter ala,
methyl 2,3,6-tri-O-methyl-4-O-trideuteriomethyl-«,-D-glucopyranoside  (10) and
methyl 2,6-d1-O-methyl-4-0-[(S)-1-trideuteriomethoxy-2-propyl]-3-O-trideuterio-
methyl-a, -D-mannopyranoside (20), which were 1dentified by glc-ms 1n the
ratio 1 1 The mass spectrum of 20 was as follows /e 266 (73 9,), 248 (5), 240 (6),
234 (5), 222 (41), 208 (32), 201 (8), 190 (55), 162 (100), 158 (34), 155 (31), 148 (64),
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145 (24), 134 (56), 130 (39), 127 (30), 111 (38), 104 (60), 102 (25), 101 (27), 91 (72),
88 (59), 87 (53), 78 (50), 76 (73), 71 (37), 48 (29), and 45 (25)

Oxidation®® of the polysaccharide acetate — The acidic polysaccharnide was
reduced with diborane® and then treated with Ac,O in pynidine-formamide To a
solution of the product (0 2 g) n Ac,O (3 ml) was added a solution of CrQ; (0 6 g)
in Ac,0. The mixture was stirred at 50° for 2 h and then cooled, and water (20 ml)
was added The mixture was neutralised with CaCO; and extracted with CHCI,
(5 x 50 ml) The combined extracts were concentrated i vacuo, and the residue was
dissolved 1n 509, aqueous methanol (20 ml) and reduced with NaBH, (02 g) for
10 h at room temperature The mixture was treated with KU-2 (H*) resin and then
concentrated, and the residual syrup was methylated (Hakomori'®) The products
were subjected to chromatography on silica gel The mass spectrum of the resulting
4-0-p-glucosylhexitol 21 was identical to that reported earher?® Methyl 2,3,4,6-
tetra-O-methyl-o, f-D-glucopyranoside (22) and 1,2,3,5,6-penta-O-methylhexitol (23)
were 1dentified amongst the methanolysis products of 21 by gic-m s intheratiol 1
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