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ABSTRACT 

The structure 
+3)-D-Manp-(l-,4)-~-GlcAp-(l+4)-~-Glcp(l+ 

4 

(S)MeEH(CO,H) 
has been asstgned to the extracellular polysaccharrde from M Zactrcolum stram 121, 
and 1s based on methylatlon analysts, alkalme degradatton, oxtdatlon of the reduced 
polysaccharrde acetate by chrommm trroxlde-ace& anhydrrde, and 13C-n m r 
spectroscopy. The structure of the new acrdtc monosaccharide 4-U-[(S)-l-carboxy- 
ethyl]-D-mannose, eluctdated by chemical transformatrons and spectroscoptc data, 
was confirmed uneqmvocally by syntheses 

INTRODUCTION 

Extracellular polysacchartdes are produced by various mtcro-organlsmsz-4 
The data avatlable mdtcate a great vartety of monosacchande constttuents and types 
of linkage, extracellular polysacchandes of many micro-orgamsms are structurally 
umque and often contain rare-sugar constituents We now report on the structure 
of the extracellular polysacchande from the culture medmm of MJcobacterzum 

lactxolitm strain 121 

RESULTS AND DISCUSSlON 

The extracellular polysacchande was Isolated from the culture medlcm by 
precrpnatlon with cetylpyrrduuum bromrde Its homogeneity was demonstrated 
by htgh-pressure hquld chromatography and the molecular weight thereby estimated 
to be > 150,000 

D-Glucose and D-glucuromc acrd were identified m an acid hydrolysate by p c , 

together with an unknown actdtc monosaccharrde (1) whtch was shown to belong 
to a new class of acidic monosaccharide s- ’ The D configurattons of glucose and 
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glucuromc acrd were determmed by treatment of an acrd hydrolysate of the reduced9 
polysacchande wrth D-glucose oxtdase 

The monosaccharide 1, isolated by adsorptron onto Dowex-1 X8 (AcO-) resm, 
had [a]lf” + 15” (c 2, water) Treatment of 1 wrth I % methanohc hydrogen chlonde 
gave the methyl ester methyl glycosrde, from whrch the amrde 2 was obtamed by 
reactron with dry ammoma m methanol Cleavage of 2 wrth sodmm hypochlorrte1° 
and hydrolyses of the resultmg methyl glycosrde 3 afforded D-mannose (4), which 
was identified by ion-exchange chromatography and p c , and as the hexrtol hexa- 
acetate by-g 1 c Y 

‘=H3 

I 

OR’ 

H-C-O 

I 
20R2 

1 R’= H,R*= OH 

2 R’ = Me,R’ = NHp 

OR 
OR’ 

HO 

I 
3R= Me R2 

4R=H 5 R’ = Me.R’= COpMe 

6R’ = H.R*= CHzOH 

The glycosrde 3 had [aJio +67”. Since the [rz]b values” l2 of methyl a- 
and P-D-mannopyranosrde are + 79 o and -49 O, respectrvely, and since the cc anomer 
rs%preferentially formed dunng the methanolysrs of D-mannose13, the D configuratron L 
can be assrgned to the mannose resrdue m 1 

Methanolysrs of the methylated polysacchande, followed by chromatography 
of the products on srhca gel, gave the methyl glycosrde 5, the p m r spectrum of 
which contamed a doublet at b 1.47 (3 H, .J 7 Hz) for the methyl group of the lactrc 
acrd residue, and smglets at b 3 36, 3 43, 3.51, and 3 80, correspondmg to MeO-1,2,6 
and the methoxycarbonyl group 

Reduction of 5 wrth hthmm alummmm hydnde, followed by hydrolyses and 
reduction of the resulting sugar 6 wrth sodium borodeutende and then acetylatron, 
gave the manmtol denvatrve 7, the structure of whrch was confirmed by its mass 
spectrum14 Hence, the lactic acrd residue 1s located at posttron 4 m the mono- 
sacchande 1, which, m turn, IS linked to the polysaccharrde cham through posrtron 3 

CH DOAC 

I 

CH,OMe 

7 

H&-C(H)-0 

I 
C0.g-l 

aa (Sl 

8b (RI 

%H OH 
I z 

7d02H 

90 IS), + 14O (water) 

9b IRJ , + 57” Cwoter) 
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TABLE I 

=c-NM R DATA= FOR4o-(I-CAREi XYJXHYL)-D-MANhOSE[g@) AND g(s)] 

Compound 

C-l a# 94 5 94 5 
C-4a,B, C-58, C-8a,p 76 35,76 0 753,751,746 
C-38 73 8 73 8 
C-2a,j?, C-3a, C-5a 72 2,70 8,70 2 72 3,71 8,71 7.71 5 
C-6aJ? 60 8 61 7 
C-9a,p 19 5 19 5 
C-7aJ? 181 6 1817 

=At pH 7 

The dtastereomenc acrds 9 were synthesrsed by condensatron of 1,6-anhydro- 
2,3-O-rsopropylidene-j%D-mannopyranose15*16 and (R)- and Q-cr-chloropropromc 
acrdsl’, followed by acid hydrolysis of the products (8) Comparison of the [~]o 
value for 1 (Isolated from the polysacchande, + 15”) and those for 9(S) and 9(R) 
mdrcates unequrvocally the (S)-configuratron for the lactic acid residue m 1 The 
13C-n m r spectrum of 1 at pH 7 was rdentrcal to that of 9(S), but different from 
that of 9(R) (see Table I) 

The acetates of glucrtol and the aldrtol derived from 1 were present m the ratlo 
2 1 (determined by g 1 c-m s ) m a hydrolysate of the reduced9 polysacchande 
Hence the polysacchande contams D-glucose, D-glucuromc acid, and 4-O-[(S)-l- 
carboxyethyll-D-mannose in the ratios 1 1 1 

The rattos of monosaccharides m the polysaccharrde were also determined 
on a methylated sample (Hakomon methylatron’ ‘) whrch was reduced wrth hthmm 
aiummrum hydrrde and then benzylated (fat tdentrficatron of the D-glucopyranose 
resrdue by g 1 c -m s ) Methanolysrs ofthe product, followed by trrdeutenomethylatron 
and analysts by g 1 c-m s , allowed 10-12 to be Identified m the ratios 0 85 1 1 
The low value for 10 may be explained by losses due to Its relatively high volatlhty 

CHZOMe CH,OBzl CHzOMe 

RO&$-OMe DJCO@QMe H_f$-- 

OMe OMe 
CHaOB21 

10 R = CD3 11 

13R= H 
12 

Methanolysrs of the permethylated polysacchande, followed by chromatography 
of the products on sihca gel, gave methyl 2,3,6-tn-O-methyl-D-glucopyranoside (13, 

identrfied by g 1 c -m s as Its CO-tndeutenomethyl denvatrvelv), methyl 4-O- 
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CHDOAc CHDOAc 

HCOMe HCOMe 
COple CH20Me 

MeOCH MeOCH 

RO&+O+oM~ H;OAc H;OAC 

HCOCD3 YCOAc 

0lvle OMe I 
CH20Ac CH20Me 

14R = H 

15 R = CD3 16 17 

e(S)-1-(metho xycarbonyl)ethyl]-2,6-d~-U-methyI-~-mannopyranos~de (5), and the 
aldobmuromc ester 14 The structure of 14 was elucnlated by converston of Its 
trrdeutertomethyl derrvatlve 15 mto the aldnols 16 and 17 The structures of 15-17 
were confirmed by mass spectrometry’4 2o Hence, D-glucose, D-&CUrOnIC acrd, 
and 1 are (l-+4)-, (134)-, and (l-,3)-lurked, respectrvely, m the polysacchande. 

The methylated polysaccharide was subjected to alkaline degradation” The 
rhsaccharrde 18 was obtamed by treatment of the methylated polysacchartde wtth 
sodium methyIsuIphmyImethatlde 22 followed by mtId hydroIysls with acid and tn- 
deutenomethylatlon (wtth low yteld owmg to further degradatron of 18 m the alkaline 
condttrons) 

CHzOMe 

0P-k CHJ Cme 

1 
kt-c-o H-C-O 

I I 
C02Me cy0c0, 

H-C-Cl 
19 20 

I 
CO,M‘.Z 

MethanoIysts of 18 afforded 10 and 19 m the ratio I - I, which were tdenttfied by 
g 1 c -m s Reduction of 18 with hthmm alummn.rm hydride, followed by methano- 
Cysts and trldeuterlomethylatton of the resultmg mixture, gave 10 and 20 m the ratto 
1 - 1, also identified by g 1-c -m s Isolation of the dtsaccharlde 18 and the aldo- 
brouromc ester 14 demonstrates unequtvocaliy the followmg sequence of mono- 
sacchande unrts III the poIysacchande 

+3)-D-Manp-(1 +4)-D-GlcAp-( 1 +A)-D-C&~-( 14 
4 
r 

(S)MeCH(CO,H) 
Information on the configurations of the glycoadtc bonds m the polysacchande 

was obtamed from 13C-n m r data There are two peaks m the spectrum at 102 7 
and 99 9 p-p m , corresponding to anomectc carbon atoms with relative mtensttres 
1 2 Taking into account that C-l of the mannosyl residue (either o! or 8) should 
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resonate23 at - 100 p p m , the peak at 102 7 p p m 1s assIgned to C-l of either 
/?-D-gIUCOSy1 or /3-D-glUCOSylUrOnlC acid residues Hence, the latter two residues must 
have drfferent configurations at their anomenc centres Smce there are no peaks 
near 72 p p m m the spectrum of the polysacchande, correspondmg to the C-5 
resonance m a 4-O-substituted ar-D-mannose 24, this umt must have the /I-D configura- 
t1on 

For the eiucldatlon of the configuratlons at C-l m the D-glI.ICOSyl and D- 

glucosyluronrc acid residues, the acetate of the polysacchande was reduced with 
dlborane’, and then oxldlsed” w&h CrO,-AczO under condltlons where only j% 
Imked pyranose residues are oxldlsed to 5-hexulosonate resldues’l The product was 
reduced with hthmm atummmm hydride and methylated to Bve the D-glucopyranosyl- 
hexltol denvatlve 21 The mass spectrum of 21 was ldentlcal w&h that reported 
earherZ6. Methanolysls of 21 gave 22 and 23 m the ratlo 1 1 which were identified 
by g I c -m s The lsolatlon of the dlsaccharlde 21 supported the seque&e of mono- 
saccharrde units proposed above and mdlcated the CC-D configuratlon of glucuromc 
acid and the P-D configurations of glucose and 1 m the polysacchande 

On the basis of the foregomg data, the repeatmg-unit 24 can be assigned to the 
polysacchande 

CH20Me 

it)- 

CHzOMe 

0 I 

OMe 
G-i (OMe) 

I 
0-CH 

Me0 

OMe 
I 

HCOMe 

I 
MeOCH 

I 
CH,OMe 

CHzOMe 

OMe 

OMe 

22 

CHZOMe 

I 
CH(OMe) 

I 
HOCH 

I 
HCOMe 

I 
MeOCH 

t 
CH20Me 

21 23 

TABLE II 

~~C-N~IR DATAFORTHEEXTIWCELLULARP~LYSACCHAFUDEFRO~~ M ~actrcohmSTRAW 121 

Chemtcal integrated Asstgnmentb 

sh&t IP P m 1 mtetwtya 

18 1 1 1R 
609 2 6A, 6C 
68 5 I 2A 
70 6 1 SB 
73 4 2 2B, 3B 
74 6, 75 0, 75 8, 76 6 5 2C, 3C, SC, SA, 3R 

Chemtcal 

Shlfi 

(P P m i 

Zntegruted Assrgnmentb 

tntensttya 

77 9 1 4A 
79 4 2 3A, 4C 
80 5 I 4B 
999 2 IA, IB 

1027 1 1C 

1762 1* 6B 
182 0 1* 3R 

aThe Integrated values refer to comparison of carbon atoms hnked to H atom(s), except for the 
entnes marked with an astensk (*) which refer to comparison of carbon atoms hnhed to carbonyl 
carbon atoms *The assignments refer to formula 24 
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RO 24 
P2, Is, 

R = -*CH 

Determmatron of the structure of the polysacchande allowed the 13C-n m r. 
data to be mterpreted fully (see Table II) These data may be useful m studres of 
simrlar polysacchandes produced by related strams of micro-orgamsms Comparison 
with the spectra of model compounds, Zmethoxyproptomc acrd, methyl (methyl 
4-O-methyl-cc-D-glucopyranosKl)uronate”, methyl jI-maltosrde28, and the poly- 
sacchande contammg (1+3)-linked B-D-mannosyl restdues2’, was used for thus 
purpose Corrections reflecting the effect of the substttutron at position 4 by the 
lactic acrd residue were made m the last compound 

EXPERIMENTAL 

Mass spectra were measured with a Vanan MAT CH-6 mstrument at 70 eV 
A Vanan MA1 CH-I 11 Gnom instrument was used for g 1 c -m s G 1 c was per- 
formed on a Vanan 1700 chromatograph fitted with columns (l-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 posstble value for the liquid phase used 
Optical rotations were measured with a Perkm-Elmer 141 mstrument at 589 nm 

13C-N m r spectra were recorded for solutions m D,O (internal Me$O) at 
35-70” with a Bruker WP-60 Instrument at 15 08 MHz The value 39 445 p p m 
(relative to Internal Me&) 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 acqmsrtion time was 1 1 set 

Cells were grown as described prevrously3’ 
Isoiatlon of the poiysaccharide - The polysacchande was precipitated by using 

5 65% aqueous cetylpyndmmm bromide (0 5 L per L of culture medmm) at 40” 
The precipitate was collected by centnfugatton at 7000 r p m and washed with 0 1% 
aqueous cetylpyndmmm bromide and water, and a solution m 4~ NaCl was washed 
with chloroform (3 x 200 ml), and then dtalysed for 3 days against tap water 
Acetone (4 vol ) was added to the concentrated dialysate The precipitate was 
collected, dissolved m water, reprecipltated with acetone, and dissolved m water, 
and the solutton was dlalysed agamst distilled water for 3 days and then freeze-dried 
The yield was 4 9 g/L of culture medium, and the product had [~]p -16” (c 0 75, 
water) 
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H&r-pressure hqmd chromatography (Chromatromx Spectra-Physrcs Model 
3500 Instrument) on porous glass CPG-10 (Electra-Nucleomcs) (3-m column, 0 4 ml 
of water/mm, u v detectron at 254 nm) at 20” showed the polysacchande to be 
homogeneous, wtth molecular werght 150,000 (relatrve to that of dextran ) 

Hydrolysis of the polysaccharrde (M H,SO,, loo”, 8 h) afforded glucose and 
glucuromc acid (rdentrfied by p c ) together wrth the acrd 1 (RGlc 0 70) The poly- 
sacchande, when reduced w&h drboraneg and then hydrolysed, gave glucose and 
carboxyl-reduced 1 (detected by p c ) The hydrolyses products were reduced with 
NaBHa, acetylated wrth Ac,O-pyrtdme, and rdenttfied by g 1 c -m s as glucrtol 
acetate and the aldrtol acetate 24 formed m the ratro 2 1 

The absolute configuratrons of glucose and glucuromc acrd were determined 
by usmg o-glucose oxrdase31 and the hydrolysate of the carboxyl-reduced poly- 
sacchartde No glucose was detected m the oxtdatron products by p c or g 1 c of the 
alduol acetates 

Identrficatron of the tnonosaccharme mvts and deternzmatron of the absohrte 
conjigwatron of the acrd 1 - (a) Isolatzon of 1 The polysaccharrde (0 6 g) was 
hydrolysed wnh M H$O, (IOO”, 8 h) The hydrolysate was neutrahsed wrth Amberhte 
CG-400 (HCO;) resm, whrch was washed with water until there was a negative 
reactton for sugars m the washmgs (phenol-H,SO,) and then wtth 20% acettc 
acrd Preparatrve p c of the actdtc monosaccharides on FN-I I paper, wrth l-butanol- 
pyrrdme-water (6 4 3) or pyrrdme-ethyl acetate-acetrc actd-water (5 5 1 3), 
yrelded 1 (0052 g), [ct]i" t15" (c 2, water) 

(b) The actd 1 (0 04 g) was heated wtth 2% methanohc HCl m a sealed tube 
(4 h, IOOO) The solutron was neutrahsed wtth NH, and then concentrated to dryness 
The residue was drssolved m methanol, saturated wrth NH,, and left for 24 h at 0” 
The solutton was concentrated, 10 % aqueous NaOCl (5 ml) was added to the resrdue, 
and the mrxture was kept for 4 h at 20” (see Ref 10) Then NaBH, (0 1 g) was 
added, and the solutton was neutrahsed wrth AcOH and concentrated to dryness 
The resrdue was acetylated wrth AczO-pyndme The acetylated products, extracted 
with CHCI,, had fi]i” +34” (c 2 3, chloroform) Zemplen deacetylatron then 
yielded methyl a/3-o-mannopyranoslde (3,O 022 g), [a];” ~67” (c 2, water) Hydro- 
lys~s of 3 (M H,SO,, IOO”, 5 h) afforded o-mannose whrch was rdentrfied by p c 
and Ion-exchange chromatography (Techmcon SC-2), and by g 1 c of Its aldnol 
acetate 

(c) 4-O-(l-Car boxyethyl)-D-nzannose (9) - To 1,6-anhydro-2 3-O-rsopro- 
pyhdene-j?-D-mannopyranose” ’ 6 (1 g) m l+droxane (70 ml), NaH (0 58 g, 50 % 
suspension m paraffin 011) was added wrth vrgorous sturmg Stnrmg was contmued 
at 95” for 1 h, the mixture was then cooled to 65”, and (S)- or (R)-chloropropromc 
acid” (1 4 g) was added After sturmg for 1 h, NaH (2 3 g) and 1,4-droxane (30 ml) 
were added, and sturmg was contmued for 14 h at 65” The mtxture was then cooled 
and water (100 ml) was added carefully to decompose excess of NaH 1,4-Dtoxane 
was evaporated 111 cacao, and the aqueous solutron was extracted with CHCl, to 
remove mmeral 011 and unreacted anhydrtde, actdtfied wrth 2 5~ HCl to pH 3, and 
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extracted wnh CHCl, (3 x 100 ml) The orgamc layer was washed wrth water, dried 
(Na,SO,), and concentrated The resrdue was eluted from a column of sthca gel 
to yreld 8a (0 11 g, 11 %), [a];’ - 11 5 o (c 2, chloroform), and 8b (0 15 g, 15 %), 

Cd? fll” (c 1) 
Compound 8a (0 2 g) was treated wrth boding 3 % HCl (10 ml) for 4 h. The 

cooled mrxture was neutrahsed wrth Amberhte CG-400 (HCO,) resm, which was 
washed wrth water and then with 20% AcOH The acidic eluate was concentrated 
to dryness, and a solutton of the resrdue m water was treated with KU-2 (H”) resin, 
filtered, and concentrated to give 9a (0 16 g, 82x), [z];’ + 14” (c 5 9, water) 
Slmtlar hydrolyses of 8b gave 9b, [ct]? + 57 o (c 3 9, water) 

(d) ZMethoxypropromc acid was prepared by heatmg chloropropromc acrd with 
methanohc MeONa (lOO”, 5 h) 13C-N m r data (D,O) pH 7 C-l, 179 7, C-2, 
77 94, C-3, 18 44, and OMe, 57 3, pH 1 C-l, 177 3, C-2, 76 54, C-3, 18 13, and 
OMe,577ppm 

Methylation atzalyszs - The polysaccharrde (1 g) was methylated by the 
Hakomorr method” The reaction mixture was dralysed against tap water for 3 days 
and then concentrated 111 vaczzo The product (1 22 g) had [u]r - 18 5” (c 2 43, 
chloroform) 

The methylated polysaccharlde (0 5 g) was treated with 1% methanohc HCl 
(lOO”, 4 h) m a sealed tube The solutron was neutrahsed wrth aqueous ammonia 
2nd concentrated III saczto, and the resrdue was extracted with CHCl, 

The products were fractionated by elutlon from a column of srhca gel with a 
chloroform-acetone gradrent Methyl 2,3,6-tn-0-methyl-a$-D-glucopyranosrde (13, 
O-073 g), the aldoblouromc ester 14 (0 047 g), and the denvatrve 5 (0 067 g) of 1 
were obtained Compound 13 was rdentrfied by g 1 c -m s I9 after conversion mto 
the 4-O-CD3 denvatlve 

After deuterromethylatron32, the aldoblouromc ester 1420 gave the followmg 
mass spectrum m/e 279 (6 %), 236 (4), 219 (9), 204 (20), 201 (4), 187 (S), 172 (3 5), 
169 (4), 155 (lo), 149 (14), 145 (ll), 131 (6), 127 (ll), 115 (9), 111 (lo), 104 (61), 
101 (27), 88 (100) 75 (68), 73 (14), 71 (28), and 45 (35) 

The 4-O-CD, derlvatlve (15) of 14 and compound 5 were both reduced wtth 
LlAlH, m bodmg ether (8 h), following by formolysls, hydrolysis, and reductron 
with NaBD, The resultmg aldltols were acetylated, and analysed by g 1 c -m s 
I ,5,6-Tn-O-acetyl-2,3-d~-0-methyl-4-O-tr~deuter~omethyl and 1,4,5-tn-O-acetyl-2,3,6- 
tri-O-methyl derlvatlves Of D-ghCltOl-1-d were ldentrfied as degradation products of 14 

4-O-(l-Acetoxy-2-propyl)-1,3,5-tr~-O-acetyl-2,6-d~-O-methyl-D-mann~tol- Z-n 
formed from 5 was characterlsed by its mass spectrum m/e 320 (65x), 247 (57), 
218 (7), 187 (30), 160 (20), 158 (18), 154 (16), 147 (22), 129 (60), 126 (42), 118 (90), 
115 (43), 101 (loo), 9 1 (30), 87 (50), 59 (50), 45 (54), and 43 (95) 

The methylated polysaccharrde (0 1 g) was dried over P205 (10 h, 70”), and a 
solution m CH,Cl, (5 ml) and ether (60 ml) was boded under reflux with LrAlH, 
(0 5 g) for 8 h The reduced polysaccharrde, isolated m the usual way, was benzylated 
wrth benzyl chloride according to the Hakomon procedure”, neutrahsed with acetic 
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acid, and dlalysed agamst tap water for 3 days The preclpltate was collected, and 
repreclpltated several times with light petroleum from solution m chloroform The 
benzyl ether (30 mg) was treated with 2 5 % methanohc HCl (4 h, loo”, sealed tube) 
The solution was neutrahsed with aqueous ammoma and concentrated to dryness 
After tndeuterlomethylatlon of the residue, methyl 2,3,6-tn-O-methyl-4-O-tn- 
deuteriomethyl-D-glucopyranoside’g (lo), methyl 6-O-benzyl-2,3-dl-0-methyl-4-G 
tndeutenomethyl-D-glucopyranoslde (ll), and methyl 4-0-(I-benzyloxy-2-propyl)- 
2,6-d~-O-methyl-3-O-tndeuter~omethyl-D-mannopyranos~de (12) were Identified m 
the ratios 0 85 1 1 by g 1 c -m s Mass spectra 11, m/e 298 (10 %), 266 (2), 265 (2), 
225 (25), 134 (lo), 104 (77), 101 (52), 91 (95), 88 (loo), 75 (go), 45 (30), and 44 (40), 
12 m/e 356 (4x), 266 (14), 235 (46), 222 (13), 208 (ll), 190 (21), 189 (S), 187 (7), 
178 (7), 177 (5), 176 (6), 158 (18), 155 (13), 148 (30), 144 (45), 134 (27), 130 (23), 
127 (14), 111 (IS), 104 (46), 91 (loo), 88 (64), 78 (67), 75 (60), 45 (62), and 44 (60) 

Alkahne degradatzon of the metlzyiated polysaccllarrde21 ,22 - To a solution of 
the methylated polysacchande (0 36 g, dned at 50” over P,O, 112 vacua for 6 h) m 
methyl sulphoxlde (20 ml) were added 2,2-dimethoxypropane (1 ml) and toluene-p- 
sulphomc acid (5 mg) The mixture was stlrred under nitrogen for 30 mm, a solution 
of sodium methylsulphmylmethamde (from 0 5 g of NaH and 30 ml of Me,SO) was 
added, and the mixture was left overnight at ambient temperature After neutrahsatlon 
with AcOH, the solution was concentrated uz vacua at 50-55” and the residue was 
treated with bollmg 10 o? AcOH for 1 h Solvents were evaporated, and the remammg 
solid was dissolved m N,N-dlmethylformamlde and treated3’ w&h CD,1 and Ag,O 
After the usual work-up, the products were separated by chromatography on slhca 
gel to give the disaccharide 18 (0 067 g) 

A solution of 18 (0 01 g) m 3 % methanohc HCI (5 ml) was heated m a sealed 
tube at 100” for 4 h, neutrahsed with aqueous ammoma, and concentrated A solution 
of the residue m chloroform was filtered and concentrated to give a mixture of 
methyl 2,3,6-tri-O-methyl-~O-trideuteriomethyl-cr,~-D-glucopyranos~de (10) and 
methyl 4-0-[(~)-l-(methouycarbonyl)ethyl]-2,6-d~-O-methyl-cc,~-~-mannopyranos~- 
de (19), which were Identified by g 1 c -m s lg m the ratro 1 1 The mass spectrum 
of 19 was as follows m/e 277 (1 5 %), 245 (4), 244 (4), 217 (4), 2 16 (3 5), 203 (6), 
200 (3), 199 (2 6), 187 (4), 185 (8), 159 (7), 158 (5), 157 (S), 156 (lo), 155 (14), 
143 (loo), 128 (54), 127 (28), 115 (96), 99 (54), 97 (SO), 88 (‘lo), 87 (76), 85 (52), 

83 (43), 75 (94), 74 (44), 73 (70), 72 (30), 71 (IOO), 59 (> loo), and 45 (60) 
ConventIonal reduction of 18 with LIAIH, m ether (8 h, boiling under reflux) 

and treatment of the products with methanohc HCl, as described above, was followed 
by Kuhn methylatlon 32 with CD31 The product mixture contained, Inter alra, 

methyl 2,3,6-tr~-0-methyl-4-O-tndeutenomethyl-~,~-~-glucopy~nos~de (10) and 
methyl 2,6-d~-0-methyl-4-0-[(S)-l-tr~deuter~omethoxy-2-propyl]-3- O-tndeuteno- 
methyl-or,/?-D-mannopyranoslde (20), which were ldentlfied by g 1 c-m s m the 
ratio 1 1 The mass spectrum of 20 was as follows ,,z/e 266 (73 %), 248 (5), 240 (6), 
234 (5), 222 (41), 208 (32), 201 (8), 190 (55), 162 (loo), 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) 

0.xidatlonz5 of the polysaccharzde acetate - The actdic polysaccharrde was 
reduced with drboraneg and then treated w&h Ac,O m pyndine-formamide To a 
solution of the product (0 2 g) m Ac,O (3 ml) was added a solution of CrO, (0 6 g) 
In Ac,O. The mtxture was strrred at 50” for 2 h and then cooled, and water (20 ml) 
was added The mixture was neutrahsed with CaCO, and extracted wrth CHCI, 
(5 x 50 ml) The combmed extracts were concentrated m vacua, and the residue was 
dissolved m 50% aqueous methanol (20 ml) and reduced with NaBH, (0 2 g) for 
10 h at room temperature The mixture was treated with KU-2 (Ht) resm and then 
concentrated, and the residual syrup was methylated (Hakomonl’) The products 
were subjected to chromatography on s~hca gel The mass spectrum of the resultmg 
4-O-D-glucosylhexitol 21 was identical to that reported earherZ6 Methyl 2,3,4,6- 
tetra-0-methyl-cx&o-glucopyranoside (22) and 1,2,3,5,6-penta-O-methylhexrtol (23) 
were rdentrfied amongst the methanolysls products of 21 by g I c -m s m the ratro 1 1 
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