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The structure of the Pmwnococcus type-14 capsular polysaccharide has been 

reinvestigated by using mcthylation analy4s. different specific dcgradationz, and 

n.m.r. spectroscopy. It is conrwded that the poiysaccharide is composed of tctra- 

saccharide repeating-units :laving the structure: 

-_6)-/3-~-GkNA~p-( I --?)-,9-D-C:alp-( iA)-/?-D-Gkp-(I- 

I 

7 

INl-RODUCTIO;U 

The pneumococcal capsular polgsaccharidcs are the principal, type-specific, 

immunological determioanrs of these micro-organisms’. Chemical studies have 

shown relationships between capsular structures and their immunological specificity’, 

and the type-14 capsular material (S 14) has been extensively studied in both these 

respects’ n’. It is composed of D-gluco~yl, D-g&iCtOSyl, and 2-acetamido-2-deoxy-D- 

glucosyl residues: on the basis of methylation analysis, cnzymic hydrolysis with 

induced enzymes. and the isolation of various oligosacchartdes, both a dodeca- 

saccharide and a simpler hexasaccharide repeating-unit have been proposed for its 

structure (reviewed in Refs. I and 2). Ho\ie\er, because these suggestions are 

inconsistent, and in view of studies of the reaction of the S-I-I polysaccharide with 

lectios3-3 and its importance as a model substance in various biological system<, we 

have reinvestigated its structure by modern methods. 

RESULTS AND DISCLESSION 

The S-14 capsular polysaccharide was free from contaminstton wth protein, 

nucleic acid, and C-substance, and had [cT]~ + 5”. Sugar analysis of a polysaccharide 

that contains 3acetamido-2-deoxy-o-glucosyl residues is complicated by the fact that 
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.I’-desce&lat ion. giting resistant giucosaminyl linkages, competes with the acid 

hydrolysis of glycosidic linkages. Analysis of 3 bydrolysate, as alditol acetate?, 

indicated the presence of ~-glucose and D-gaiactose, in the ratio l:l.6, and 2- 

nczlamido-2-dco~q-D-glucose. \k hen the analysis was performed as devised by 

Dmitriev et al.‘. irith deamination of rhe products of acid hydrolysis by reaction 
nith nitrous acid, D-,~Iucos. D-galaCtOSe, and 2,5-anh}dro-D-mannose, also 3nalyscd 

3s nldirolncc’t3tes, \>ere obtained in the prolzortions 1: I .6:0.5. Finally. N-deacetyiatcd 

S I4 \~as prepared by treatment irlth sodium hydroxide-sodium thiophenolate in 

aqueous methyl sulfouide”: on acid hydrolysis. rhis material yielded D-glucoje and 

D-galactose in the rario 1:O.k In the latter analysis. the gljcosidic linka_pe of the 

2-amino-2-dcoxy-D-plucos)l residue wds not significantly hydrolyzed. and, accordicglj 

3 ~-amino-~-deox~-D-~~ucopyran~~~y~-D-~3~3Ct~S~ moiety (See bcloiv) was also 

irolsred from the h>drol>ssre. 

The n.m.r. spectrum of S I3 shoHed. &rev- uha. si_gnnls for the methyl protons of 

th2 I\-acetj I group (6 2.0-I; and for anomrric protons (ci 4.34.9) in the ratio 34. For 

the nnomnc protons, no indik idual assignments could be made. but. since the coupling 

con-tants \\ere high (J, .: 17 Hz) and the chemical shifts iiere in the higher p3rt of the 

fie!d region obsxved for anomeric protons. these data sugzejt that all of the sugar 

residues are pyranosldis and /?-linkd. The low optrcal rotsrion of 5 Ia further 

suppoi-15 rhls conclusion. 

A meth>larion znalgsis of S I-!. with d?terminstion of the partially methylated 

wgsr5 bj g.l.c.-m.s. of rhelr aldltol xc’tates”- I’. gave 2.j.~.6-ref;a-O-methyl-D- 

galacrosc. -3,~.6-rrl-O-meth!,l-D-~alacrose. and _‘,?.6-rri-O-methyl-D-glucose In the 

proportions O.F. I:I. The presence of ~-deo\)-3-O-merhyl-3-!h’-methylacetamido)-D- 

plt~coss ~a> also obSsr\ed, but qu;intlrsrlx oithls compound. or of other hevosamine 

deri\atibes elamintd during rhls work. isas not attempted because of difficulties in 

obtaining repraduc,bls response hcrors on g.1.c. 

The general conclusion, from biosynlhztic considerations. that man!, bacterial 

poljjacchandes arc composed of simple ollgossccharide repeating-units supported, 

at ihis stage. interpretation of the aboise results 3s king consistent with the presence 

Of 3 tetrtisacchsride repzatinp-unit in S 14. The results suggest one terminal D- 

galactos~ I poup. one D-galacios> I recldue linked thrJuph O-3, one D-glucosyl residue 

IInked [hrough O-L and one branching 2-acetan-.ido+deou> -D-glucosyl residue 

linked through both O-4 and O-6. 

The products obtained after acid hydrolysis of ,C’-deaceQlated S I4 were 

reduced \\ith sodium borohjdride and N-acecylatcd. Fractionation on Sephades G-IS 

ga\s 3 disaccharide alditol which proved to be /i-linked from a cfinsideration of its 

IoIk optical rotation. [x]~~~ - 22’. and n.m.r. spectrum (which contained a doublet in 

the anomeric region 3t 3 4.51, J, .? 8 Hz); on hydrolysis aod subsequent reduction 

Lvith sodium borodsuteride, the material ga\e 2-acet~ido-2-deo~p-D-@lucitol-~-~ 

and D-psi3c;itol. The sequence he\osamin)I-beGto was also e;idcnt from the mass 

spectrum of the methylated disacchnridz alditol and tius, in conjunction with the 

meG)lation analjsls of the original S 14. the structural unit 1 u-35 shown to be 
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present in the pclysaccharide: 

: 

e 
-6)-~-D-GlcNAcp-( I -3).D-Gal-( I- 

1 

Deamination of IV-deacecylated S 1-l with nitrous acid, followed by reduction 

N&I sodium borohydride and rractionation of the product on Sephadex G-25. 

yielded a component elutcd in the tetrasacchande region. The component had 
[a],, -I- 16’ and, in the anomeric region of 11s n.m.r. spectrum iS 4.WS4.51). there were 

overlapping doublets with !li,eh coupling constants (J - 7 Hz); these results are again 
csnsisknt with the presence of ,4 liohagcs. On acid hydrolysis, the tetrasacchsride 
yielded o-gafactoje, D-plUCose, and ?,S-anhydro-D-mannlrol in the proportions 

2.2: I :0.9. klerhl lation analysis save 2.3,4.6-tetra-O-methyl-D-galactose. 2,1.6-tri-0- 

methyl-D-glucose, and 3.5anhgdro-l.3-di-O-methyl-D-mannitol in the proportions 

“.lZ1.1. ___. htethylation analysis of oligojaccharidzs containing 2.5anhydro-D- 

mannitol residues has been reported, and allo\is identification of the partially 
methylated 2.5anhgdrohe\itol, as Its acetate, by g.l.c.-m.3.’ 3. Some pzrtinwr 

fragments in the mass spectrum of the present derivaii\e are indvzated in the formula 2. 
They ;1re formed b> fission between C-l and C-2. and C-3 snd C-6. respectively. 

followed by /I-elimination of aceric acid or methanol. k’hen. as the result of the 

p-elimination of methanol. an 0-scetJ.1 group is linked to an unsaturated carbon. 
kctene IS consccurively elimlnared. 

AC,3 
---- . ‘-1 . _ _ _ _ - _ - _ - - 

:33 
/ 

+ 

- Wry ,,,,__&__ _ -y_? 

1i1--,1:1 AC3 

2 

The results of the deamination confirmed those of the msthylation 3 nalyjis and 
partial hydrolysis. but \serc consistent \sith the possibl e scqucncs shown in 3a and 3b 
for the repeatIng unit of S 1-k 
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To establish the order of the sugary, the termioaJ ,oafactosyl residue was 

mociified and eliminated. so enabling identification of its site of nrtachment to the 

pol~saccharide. S 14 was o.tidissd firsr lkith D-gslactose otidase’S and then \kith 

hypoiodite’ j, rhus transforming the terminal /I-o-gtactopyranosyl group into a 

8-D-~“lactop~ranosyluronic acid group. Sugar and methylation analyses of this 
prodlrct shoned that the ovidation had been essentially complete. The modified S 14 

NZS subjected to a uranic acid degradation 6, involving methylation according to 

Hskomori”, follo\bed by treatment of the permethylatcd material \\irh base and 

subsequrlntfy iiith acid under mild conditions. This trzalmenf eliminated the terminal 

D-,oalacturonk acid group, and the position to which it gas linked was exposed as a 

free hldroxyl group. Remethylarion of ihe product !vith irideuteriomethyl iodide, 

h>dro)jSis, and anntjsis of the sugars formed. by @-l.c.-m.s. of their alditol acetatcr, 

shobied the presence of 2,4,6-In-O-methyl-D-,oalrrctose and 2.3,6-tri-O-methyl-D- 

g!ucose in the ratio 0.9: I. 2-Deo~y-3.3-di-O-mcthyl-~-(i~-merhylacetamido)-D-glucose, 

!%ith a trideuteriomethyl group ar 0-A v:as also obtained, together t~ith a trace of 

^i-deo~y-~-~-rr.eth~I-~-(~~‘-methylncetamido)-D-glucoje from unosidised polysac- 

char-id?. The di-O-methyl derivative of rhe amino sugar demonstrated that the terminal 

D-galactopyranojyl group in S 14 is linbed to 0-A of the 2-acetamido-2-deouy-D- 

~lucosyl residue. The mass spectrum of the 2-droxy-di-0-methyl-3-(N-methyl- 

sCeta;nido)-D-plucitol derivative (4). e.g.. the primary fragments nzle 2-19. 236, 202, 

and 192. indicated in the formula, demonstrated unambiguouslJ# that rhe trideuterio- 

methyl group was located st 0-l and not at O-6. 

; 22 
--- 

2 ” a .-- 

From the results given above. the complete tztraszccharidz repeating-unit (5) 

of S I4 may be deduced. 



PNEUhlOCOCCAL s-14 POLYSACCHARl3E 181 

IO order to further confirm this structure, S 14 was subjected to a modified 

Sn4th-dc~adation’8, in which the polyalcohol obtained after periodate oxidatlon- 

borohydride reduction was methylated before the mild hydrolysis with acid. The 

degraded material was then rcmethylated, using trideuteriomethyl iodide. From the 

su,ogested repeating-unit (5), the main product should have structure 6. In agreement 

uith this structure. the mass spectrum of 6 showed. itrfer olia. fragments given by both 

terminals. the methylated 2-acetamido-2-deoxy-D-glucosyl and ‘he cr)thritol moieties. 

resprctivzly, \\ith the expected number of uideurcr~omrthyl groups. 2-Dso\y-3,4,6- 

tri-0-methyl-7-(N-merhylacetamido)-D-glucose, Hith trideuteriomclhyl groups at O-4 

and O-6. ~.-L6-tri-O-methyl-D-,o3lscioje. and I,3 .-I-trl-O-methyl-D-en thritol, u ith a 

trideuteriomethyl group at O-3, were detected in an acid hydrolysatr. providing 

funher confirmarion for the repeating-unit structure (5). 

6 

Several of the slructural elemenrs in the prebiously proposed ‘*? sIructureS ftir 

the oligosaccharide repeating-unit of S I4 are also present in structure 5. The absence 

of disaccharide side-chains and of a terminal a-D-galactop>ranosyl group In the 

revised structure is, ho\\e\er. significant in connection \rilh reactions bst\\ccn S I4 

and antibodies or lectins’~‘-“. Of particular interest are immunological studies wrth 

horse anti-type I3 pneumococcal serum’.“, in xbhlch It \\a13 shown that cross 

reacti\ities of blood-zroup substances \vith the serum wcrz srronglq inhibited by 

2-acetamido-2-deo.uy~O-P_D-palactopyranosyl-D-~lucose and only slightly inhibited 

by the corresponding (I *3)- or (I +6)-linked dlsoccharides. In a similar sysrem”. 

a tetrasaccharide from human milk, lacto-IV-neotetraose (7). also inhibited strorqly. 

Both these observations are in agreement \iith the structure 5 for S I-L 

EXPERl ME NTA L 

General methods. - Concentrations of solutions \bere performed under reduced 
pressure at bath temperatures below 40’. A Psrhin-Elmer 990 instrument equipped 

with a flame-iomsauon detector was used for p.1.c. Separations were performed on 
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glass columns (IS0 x 0.15 cm. with 100/120 mesh Gas Chrom Q as support material) 

containing (a) 391 of OV-225 (at 210’ for alditol acetates and at 190” for partially 

methylated alditol acctatej); (f?) 3 “b of OV-I7 (at 190’ for amino sugar derivatives); 
and (c) 390 of OV- I (for permethylated oljposaccharide derivatives). Peak areas were 

measured kvith a Hewlett-Packard 3370 I3 electronic integrator. For some separations 

of partially methylated alditol acetates. a Hesvlett-Packard 5Y30.4 g.l.c. instrument 

was used with a SP-IO00 1V.C.O.T. column r,25 m x0.25 mm) (LKB Products. 

Bromma. S~~cden) at 210’. G.l.c.-m.s. was performed \+ith a Vatian ILlAT 3 I I-SS 1 I I 

m.s.-computer sy5rem at an ionisation poiential of 702V. N.m.r. spectra were 

recorded in the PFT mode irith a Vnrian XL-100 instrument at 85’ on solutions of 
material in D,O contairung an internal standard of soilurn I. I .2.2.3.3-hesadeuterio- 
4,5-dimsth~l-~-silapcntans-I-sulfonate. 1.r. spectra (using KBr drscs) and U.V. spectra 
(on aqueous solutions) were recorded on PeAin-timer ,357 and Beckman Dh: 2 
instruments, respectively. Optical relations k\?erc determined on a Perkin-Elmer I-II 

instrument \ilth 100.mm semi-micro cells. Gel filtrations were performed on Sephade, 

G-15 and G-25 columns \tith \\zter as irrigant. and elutions lucre monitored by a 

ikatcrs R Jo3 differential refractometer. 
,t/ortwY7/ - S 14. lot 1 l6R. \{a5 prepared by E. R. Squibb &k Sons. New 

Brun;\\rck. N.J.. U.S.A. .A solution of ihe pol>sacchsride in water (5 mg:ml) had no 

si_mlficant u.v absorbance a! erttwr 2hl.I or 250 nm. sho:ving it to be free from both 

nucleic acids and proreln. The absence of both ribitol and 2-aceramido-3-droxj-D- 

galactose from sugar analyses of S 1-I showd the material to be free from C- 
subjtance’“. a common contaminant of pneumococcal capsular polysaccharides’ ‘. 
The polysacchande had [;l)A- + 5’ (~0.5. water) and vkyl z l630cm- ’ (N-acyl region). 

no e\ idence for 0-3~) I groups (I 1735 cm- ‘) was found, The u.m.r. spectrum of the 
polysaccharids \v3s recorded on a solution (IO mp/ml) in E,O and SF, and enabled 
determirvtion of the acetamido:neutral sugar ratio (se2 Results and Discussion). 

Sugar ami merll_l laIror ullall.,e_i. - hlzthylation of poljsaccharides and ohpo- 
saccbsrid?s ~8s carrwd out according to the method of Hakomon’ 7: polysaccharides 

biers rccoiered t-g dralgsls, and olrgosacchsrides by partitioning bet&tin Hater and 

chlorcform, when they \\er? extracted into the organic phase. As prebiously described. 
sugars and methylated -ugar dcriiatikes were analyscd by g.l.c.-m.s. as their aldltol 

acetates”*9-’ ‘. To avoid loss of amino sugars, Doweu 50 was not used after the 

reduction step In these analyses, but ewss of sodium borohldride was destroyed b_v 
the addition of SW; aqueous nceric acid. After acetjlation in acetic anhydride- 

pyridine and evaporation of the reagents. the residue was dissolved in wat+r, and the 
aldirol acetates were extracted tnto chloroform. Partially methylated and trideutcrio- 

methjlated alditol acetates gave mass spectra in which fragments containing tri- 

deuteriometho\jI .goups ibeere reco_gnised by the shift of three mass-units’O. 
Detrrnrrnation ?/ar?ritm sugars. - Thz quantitarion oi 2-acetamido-2-deox)-D- 

glucose in S 14 was carrted out dter its conversion into 2.5snhydro-D-mannito17. 
A’-Dwcetylated polyjaccharide (2 mg, for preparation see below) was hydrolysed 
with Y.35~ H2S0, (I6 h, IOO’), the acid neutraliwd wItb BaCO,. and the solurion 
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filtered and freeze-dried. A solution of the residue In water (0.5 ml) was treated with 

334b aqueous acetic acid (0.5 ml) and 59 o aqueous sodium mtrtte (0.5 ml) for I h at 

20 . deionised with Do~ex 50(H’) resin. and freeze-dried. and the residue was 

analysed after conversion into alditol acetates. 

N-Dtwccr.~hmw of 5 /4. - This \vas performed essentially as dcscrlhed by 

Erbing or ~1.’ The polysaccharide (50 mg) \vas dlsjolved in ibarer (I ml) and methyl 

sulfoxide (IO ml). and sodium hydroxide (-IO0 mg) and thiophenol t ICI0 mg) were 

added. The solution. in a serum \~al. \~;is stlrred for 8 h at 90’. neutralised \vlth Ihl 

HCI. dialysed. filtered. and freeze-dried (yield. greater than SO’?;). The degree of 

IV-deacctylatlon N ;is nearly 100” b, as determined by comparing the intensity of the 

N-acetyl signal (3 2.01) irith those of the anomerlc protons (5 -1.30-3.55) in the n.m.r. 

spectrum oi the product. 

HI drohssis qf N-hn~ ~~lared poll,~(rrcltorilit~ attd t.ch[tott of a tit rucclturrtf~ 

ardttol. - Sugar analysis of A’-deacet>latcd pol~saccharld~ <ho\ved a _galsc~oss- 

glucose ratio of 0.8: I. compared to 1.6: I for native material. indicnlinf a rcsi5tant 

‘~aCctan~dD-3-deO~~-D-plucose-D-~~l~CtOS~ Ilnkq!? A dtwcchxtdr contrrinlng these 

t\lo supars ~vas isolated from the polysaccharide as iollcnrs. rl-Deacetylntcd S II 

I20 mp) was hvdrolvsed with 0.25~ HzSO, (16 h. 100 ). the acid was neutrulijed vvlth 

barium carbonnte. ind ihe products \\ere reduced with sodium boroh>drld:. Ewess 

oireducing npent was decomposed with 501~ aqueous acrtlc acid. and the hydrolysate 

was evaporated iblth methanol and desalted on a small column of Sephade\ G-1 5. 
klsterial \\as eluted 8s a hroad. unresolved peah III the monosaccharide-dlwzcharlde 

region. and the appropriate fractions were combined. and acetylated in acetic 

anhydride-pyridlne ( I : I ) at 20’ for I6 h iollo~sd by ebaporntlon IO dryness by 

codistiilatlon \vith ethanol. The residue ~i;is partitioned bct\\een chloroform and 

\\ater. and the organic phase ~3s evaporsted to dryness The rcslduc \\a~ O-de- 

acetylated with a saturated solution of ammonia In methanol 91 20 for I6 h. After 

evaporation to dryness. the material \vas dissolicd In \!ater and fract:onated on a 

column of Sephadek G-l 5 to give peahs In the mono- and di-sscchsrlde repIons. The 

disaccharide alditol (2.7 mp) had [Y];’ - 27. (c 0.2. water). In the n.m r. spectrum. it 

pave slonsis in the anomeric region 8t 8 4.51 (J, .2 R Hz. I H). and A’-ac~tyl wglon at _ 
d 1.97 (3 H). Following hydrolysis. and reduction ~lth sodium horodcutcrlde. the 

dcri\ped nlditols were analgscd and identlfcd as Z-atntno-Z-dco\yglucitol (mono- 

deuterated at C-l) and gslactitol When methylatcd. the disxcharldc aldltol gave a 

single peak on p.1.c. (OV-I column at 3-W ). T,,, 2.65 (retention time relative to 

permethylated lactitol). The mass spectrum sho\xed. ittfcsr alit, the iolloiving frag- 

ments (relative intensities in brackets. and some ;1~~lgnmen!s’” In square brackets): 

tJJ/k’ 4:3 (33), 45 (loo). 56 (17). 59 @!I). 71 (d-)1, 73 (17). 75 (38). 87 (‘5). 58 (33). 

89(39). SS(l6). IO1 (66) ll5(30), 129(-I3)[aH,]. l33(10). 142(1’), lSS(lO), 

I71 (IY), l83(l-I), 196(3~[~~~,].~19(11),~28(21)[aA,].2?5(19)[bA,].360(14)[~~,], 

295 (2j [ahJ,]. 3O_C (2). and 337 (2). 

Deamitrariot~ of N-dmcer I.lattld polo succlturrdL~. - N-Deacetylated S I-F (23 mg) 

III vvatcr (I.5 ml) was treated with equal volumes (2.5 ml each) of 33% aqueous acetic 
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acid and 59.b aqueous sodium nitrite for I h LI 30’. The solution was treated with 

Do\kcu 50(H’) resin and freeze-dried, and the residue was taken up in water and 

reduced overnight \\ ith sodium borohydride (50 ms). After deionisation brith DoIbex 

5OrH’) resin. the solution was e\8aporated to dryness. snd methanol (3 s 5 ml) wcis 

disttllcd from the residue. which was the!1 disjolwd in water and applied to a column 

of Sephndev G-25. The only carbohydrate-containing material !vas elutcd as a single 

peak (13.3 mg) in the tetrasscchsride re,oion. The compound had [z]b” + 16 ’ (c 0.6. 

l%ater): 111 the n m.r. spectrum. the slgnzis in the ancmeric region (5 3 051.52) 

consisted of overlappin? doublers (J, ,I _ 7 Hz). Parr of the material (230,;) \vas 

acstyiated and then had R, 0.75 (t I c.. silica gel. ethyl acetate). Another portion 

“i”,,) bran hkdroivsed. ad the sugrs \vtre snsi>sed. The remainder of the material I-- _ _ 
(50ti,,) was sub.jected to mcth!,iatlon analJs;s. and the partially methylsted deri\ati\es 

\\crc anallszd as their aldltol awtatcs. .A 3.5anhjdro-D-mnnnitol dc!rlkati\e was 

Ickntlfkd from IiS mass spectrum u hich shoi\uA, mrer af~n, thz foiio\ring fragments: 

rlr!e 43(100~. AS(30). 69(15), III (23). 129(26). 156(j). 171 (0.5), 103(Z). and 

?_;I (2). The compound showed’ T = 0 72 (OV-325 column at 130.). 

0 titfatron of 1112 tcwu.vral D-gdtil~Vost~ rc>si;fw 111 S 11. ami subsequen? ;trotIlc ad 
t’t-gradatiotl o/‘~l,e polr*succl:arr&. - S 14 (33 rns) In 0.02~1 sodium pho.*phrlte buffer 

(pH 7.0. IO ml) itas treated under toiuene iiith D-gaiactosc oxidase (KABI, Stock- 

holm. Weden) (500 units) and horseradish peroiidase (Sigma) (16Cl units)“:.’ ‘. 

After 71 h at room temptraturc. iodine (S5 n g) and sodium carbonate (I IO mg) in 

\\ater l ii ml) \ierc added’“. and the solution 1~3s stirred for -I h 2nd then extracted 

(30min mirth stirring) irith an equal loiume of SO?* 0 aqueous (\+,k) phenol. .4iter 

centrlfugalion. the phases were separated. and the aqueous layer NXS carefully 

rcmo\<d and dtalysed overni$t against running tap-water. The modltird poly- 

saccharide (70mg) \\as rtcoiered bj freeze-dning. and sugar analIsis of a part 

(2 rnpl shoired galnstose and glucose t&72:1) and I-acztamldo-l-deoxy-o-glucose. 

The remainder of the pol)jsccharids \fas methylated !\ith methyl iodide. and a portion 

td5”<:) n3s hydrolysed, and anslysed after conversion of the partidily methglatcd 

sugars into slditol ac<t;itej. 2.4.6-Trl-0-methyl-D-gslactose, 2,3,6-In-O-methyl-D- 

1llucose. and c 2-deoly-J-O-met hyl-3-( &‘-met h) iacetamido)-D-glucose \\ere detected; 

the ntutral su,oar ethers i!ere In the ratio 0.96:i. The absence of L&3.6-tctra-O- 

mrrh>i-D-,oalrlctosc. the proportlons of in-0-meth)i sugars, and the sugar analysis of 

unmr-hylsted material sho\$ed that ovrdation had been confined to the terminal 

galactosc residue and \\as ewntlaily complete. The remainder of the methyiated 

mcittnal (75qo) itas dried over phosphorus pentaouide. :sken up in methanol-2,2- 

dlmetho\]‘propane-dichioromethane (i&i:2, 90 ml), and the solution boiled under 

reflex for 30 min in the presence of toluene-p-sulfonic acid (5 mg), giving a clear, 

hello\\* soltitjon. Freshly cut sodium (350 ma) \tas addsd. boiling was continued for 

3 h. the solution \!a~ neutralisrd \vith 50”; aqueous acetic acid and poured into ivater 

(50 m;). and the product \sas cktracted into chloroform (3 x 25 ml). The combined 

extracts i\rlrt: washed with \\ater (35 ml) and evaporated to dryness, and the residue 

\tas hydrolqsed at 100 for I h III 50’ ti aqueousac2tic acid. After dialysis, the solution 
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gas freex-dried, and rhe residue \\a~ rcmrthylated using trideuteriomrthbl iodide. 

hydrolysed, and analyzed as partially mcthylated alditol acefaw~ The retention time 

on g.1.c. and the mass spectrum of rhe O-mcth~l-O-rrideureri~m~th~l-D-plucos3min~ 

derivative were identical with thoseoran authenlic sample of ‘-dcoxy-3.~-di-C)-meihyl- 

2-(N-mlthvlacetamido)-D-~lucitol except that, in the mass speclrum. shifts of three 

mass units \%ere Seen In iragmcnts containing the trideutenometho\>l group. The 

follo\~ing fragments ~\ere observed. irller ulicc: m/~ 13 (100). 45 (!3). 56 (I I), 74 (45). 

87(1’), 90(16), 9S(42), 99(19), 102.(30), il6(99). IS(Y), 132(15). 143(S). 

IX? (39), I76 (6). 192 (6). 197 (31, 202 (IO), 26 (4). Z-19 (I). and -759 (2) 

Stuirlr d+vadatiot~ of rlre pohwcclrancr 1 . - S I3 (50 mg) In 0. I51 Sodium aieIat~ 

buffer (pH 3.9, 75 ml) ~;is treakd with Cl 2a1 sodium mctapcriodate (75 ml) in Ihe 

dark at 5’ for 120 h. Excess of pcnodare ii;15 reduced by the addlrion of ethylene 

~l~v~~l (4 ml). the mi\;iurc \\a~ dral>jcd and conccntrstzd IO 100 ml. and sodium 

borah>dnde (500 mg) v.as added. AtIer stirring o\trni_ehr at roclm temprlrsturc. 

evxis ai borohjdridc \ias decomposed bv addin s 50”;) acetic acid. and the solution 

\\as dialyzed and freeze-dried. Sugar analb;is of pz~rt of the mareriril (10”4~) sho\\ed 

the o\.idaiion to habe been nearly complete: D-g3l3CrO% and o-glucose (rarlo 1211) 

and 3-acetamidc-3-deo~g-D-~lucojc \\ere obralned. The remaining matU:rial (90”&) 

was meth>lsred \\iih merhll Iodide, and the product reco\~red by dlallsis. Part (15”b) 

~3s h>drol>sed. pixing 7.3.6-tr;-0-mcthpl-o-~alactojr: and I-dc~~~-3-c~-n;cth~l-~- 

(A’-merhylacrtamido)-cqlucose, \\hhich \\tre derecrcd a5 [heir alditol acetates. The 

remaining rnethlla~cld mntctrrnl (75”0) i\as treated tvith 90”; formic acid (5 ml) for 

I h 3t 40’. and the solurlon ~3s e\aporatzd to dryness with repealed addliions of 

water. The producr \\as rrmsrhylated k\ith tridrutzriomethjl iodide, rrlcwered by 

parliiioning bet\iern chlorcform and waw, and ewmlned by g l.c. P?rnleth~lated 

P-D-Gki’l.k/‘-( I 43)~j&D-Gdp-( 1 dIl-erbrhrirol (lridcuteriomrthvlated at positions 1 _ 

and 6 of 3-acetamido-‘-deo\~-o-~l~co~e and posItion 3 of rr>rhritol) ~a5 obrnlned. 

The compound had T, tc I I .7 (rercnlion time rclatliz to pc’rmsthj lated lacr~tol on an 

OV-I column at 350 ), and ilj mass spectrum shoi\ed. ijrrcr Alma. the iolhxlng pcahs- 

f71;2 45 (83). 71 (IOO), 74(-l-4), 75 12s). 55;1(10). a7(20). 92(35). 35 qI6), 101 (4.4). 

lo-l(lS), 107(ll). Ill (20). 114(16), 115(Vt. llS(l3). 127(1lj. l79f3’). 115(1-l). 

l5O(lO) [CA,]. I55 (4) [bA,]. I57 (16). I59 (38). I61 (I). I82 (Sk IS7 (6) [ha-I,]. 

192 (9). I99 (6) ia,AJ], 210 (7) 1bc.l ,I, 23-I (43) [a.\,]. 266 (25) [a,\,]. Z9 \6), and 

322 (1). 

X part of the permrtth)lated trlsacch;lride aldirol ~3s h~drolq~ed. and rhe 

products \\er+ analysed as ald~iol acet:j1es. The products kcerz 2.4.6-tn-0-mcih>l- 

D-galactoss, I .3,-l-tri-O-n~etl~yl-o-~r~ rllritol (trideul~rlom~thyl~ted at O-3). and 

~-deo~y-3,~.6-tri-O-metbyl-~-(~-me~hylace~~ido)-D-~luco~~ (trldsuleriomrthvlated 

at O-4 and O-6): the latter game in its mass spectrum. iurcr ulio. the follo\\inp [rag- 

ments: rw,‘t> 43 (d7). -IY (Xi), 56 (I I). 7-l (43). 90 (I I). 98 (3S), 99 (I 1). I I6 ( 100). 

I?? (33), 142(36). I51 (35). ISS(1OJ. 167(10). 201(15). ‘Ii (IS), 2-W(1). and 

350 ( I ). 
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