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4BSTRACT 

A new actdlc monosacch~de. Isolated from the 0-spec16c IlpopolrsaLzhande 

of Sh. dtsettteriae type 3, has been tdentlfied as 4-O-[(R)-I-c-wbosyethyl]-D-glucose 

(I). The synthes’s of 1 rnvolved alkylatlon of methyl 2,3,6-tn-C)-be~i-2(P)-D- 

g1ucxpyranosIde with (S)-Lcbloroprogronx acid, lollowed by hydrogenolysls and 
actd hydrolysta. Alkylahon with (I<)-2chlorc7proplonic acid led to the dlastereolsomer 

of 1, 4-0-[(S)-I-~rboxyerbyi]-~-glucose (81 

lNTRODIJCnON 

Recently, we reported on the structural feature3 of the 0-spec~lic polysacchande 
of S/l. dpenfertae type 3 Irpopolysaccharidc ‘, and gave prelirmnary data’ on the 
tdentrfication of a new acrchc sugar component contam~nog a lactic acid residue. 

Three acrdic sugars of rmcrobial ongrn are known whrch contarn monosac- 
charide and lactic acid moiebes. namely muramrc acid, the obhgatory component 
of the rigid layer of the mrcrobral ceil-wal13, the nranno analogue of muram~c acrd 
from the peptidoglycan of ~M~crococcus IJsorjelXfrclls’, and 3-0-[(R)-I-carbovyethyl]- 

L-rhamnose, the acldlc component of S/I. d-as-etttertae type 5 IipopolysacchaFde’ 
These sugars telong to a new group of natural actdrc monosaccharides,, and 

we now describe the rdentrficatioa and syntheses of 4-O-[(R)-l-carboxyethyl]-o- 
glucose (I), another acldtc sugar of tlus group, Isolated from S/I d:wnfertae type 3 
bpopolysacchande. 

RE!WLTS AND DISCUSSION 

The 0-antigemc hpopolysaccharrde was Isolated from dry cells of SII. dvserrrerme 

type 3 by usmg hot, aqueous phenol, and then degraded wrth &lute acetrc acrd to 
grve the 0-spectfk polysacchande which was purified by gel-chromatography on 
Sephadex G-50. Ekctrophoresis and ion-exchange chromatography oatn mdrc..ued 
the resulting polysacehmde to be acrdrc, and the p.m.r spectrum of rts so&urn salt 
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con!a!ncd srgoals at 6 2 05 (s. niAc), and 1 47 (d. J 7 Hz, Cl-iAIr) The polysac- 

chandz v:a> bydrolqstd with acid. and the rrsultlng m!rturc of monosaccharIdes \\a> 

fractronared by ion-exchange chromatography to give an ac!dlc product (U) which 

reacted \\!th spray reagents for reduc!ng sugars The p m r 3pectrum of Y contained 

a srgml for a CHMe group at ci I 44 (d. J 6 Hz) Since there were no other signals !n 

the high-field part of the spectrum. \ WJS assumed to colita!n lactic ac!d attacl!ed to 

a monosscchandc reAus by an ether Itnkage Treatment of A’ \%!rh boron tr!chlor!de. 

unc!er cond!t!ons for the clealae afetber bonds”. gate ~-glucose wh!ch was rdentrtied 

on the bas!s of D-;~UCO~ o\~dsse and sugar-analyzer data 

The locarron of the lact!c ac!d residue \ias dcterminrd by mcthylatmn anai>s!b 

The polysaccharldc was meihylatcd bj the Hahomor! procedure’, Lhen reduced \+!th 

l!th!um alumrnrum hydnde, and hydrolysed The producis were con\errsd into 

meth:Iatsd ald!rol acerate> b, rsduct!on \i!th sod!um borodeuteride follokbcd b> 

acctylat!on. and then subJected to g I c -m b Der!vat!\es of glucose and galactose’ 

Inert rdenttfied. togsthzr witi a compound whose mass spectrum corresponded to 

the sUucture 2, tberc HS an !ntensz peah for the aceto\ypropyl group (m,e 101) 

dented from the lactyl residue Thus conclus!on ~a> confirmed by Lhe shift of rhe 

!on at nr/e 101 to 10; for Lhe corrc>pond!ng product obta!ned from the methylsted 

polysacchanr,e [hat had hecn reduced with i!th!um slumtmum deuter!de 

2 3 

The prejencr of peahs at n!/ti 45. 102, I !8. and 161 !nd!cared that ~OSILIO~~ 2. 

i and 6 of pluc~rol !sere subsututsd with methoxyl group>, ibhereas the peah at -. 

rn:c 247 (219 !f hthrum alurrumum dcutcndc was usrlc!) probed that the scetouy- 

prop)1 group ~3s attached to pos!tion 4 Re-!nterpretat!on of the mass-spectral 

dam prev!ouJy reporred 2 IS con&rent with the lactonc structure 3 

Thus, rhe ac!d!c componenr Y of S/r d~stsfr’rm type 3 poly>acchande was 

pro4 to be -1-U-(I-carbouyethyI)-D-gll!cose The conIigurat!on of the lactic ac!d 

residue was estabhshcd by s)nthss!s 

Benzylabon of cellob!oje !n the presence of methylsulphmyl amon afforded 

rhe octa-O-benzyl der!bal!vc, from Ah!ch cellob~ose could be regenerated by hydro- 

genolys!; over pa.llad!um-charcoal, rhereby !nd!caung the absence of s!de react!ons 

dunng benzylat!on hlethanoly~is of the octa-0-brmql denvailvz yleldcd a muture 

of meth>i _,_, 7 3 6-~-O-benzyl-;lp-D-glucop~ !-anos!de and methyl -3,3.-M-term-O- 
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benzyl-rb-D-glucopyranoslde. u hlch was fractionated b) chromatography on s~hca 

pel, a small proportlon of the pure Y nnomer of the former compound \ias obtr;tned. 

hiethylauan cf ‘.3.6-m-0-bcnzyl-lg-D-elucopyrano,ldz follo\\ed by debenzyla- 
Lion and actd h)drolqsls ga\e -I-0-methyl-D-glucose, whrch was idenufisd b> g I c - 

m s of IK aldltol acetate The Lnbenql ether was albylated H Ith (.!Q-?chloroproplonlc 

acid (prepared from I -ahn~ne~) using p-drowse-sodium hvdrtde under condlttons 
drbcrlbed for the preparauon of the IJIU~VZ~ isomer of muramlc acIda The crude 

product was treated wth dwomsthane to pibe msthql ‘,3,6-tn-O-benz;vl-J-0-[(R~-I- 
(methouycarbon\,l)erhyl]-z~-o-glucopyranosids t-I). the anomers of wnlch xere 
rsolatrd by p I c The sLructurz of each anomer \\a> supported by p m r data Hydro- 
!genoij~~~ of -Iz and -I/2 over palladium-on-charcoal gave meLhy: -I-0-[(RI-I-(metholy- 

carbonyl)ethyl]-x-(Sr) r?n d -P-D-glucopjranoa~de (S/3) rcspcctIvely Apphcatlon In 

sequence of meth)Intlon. acid hydrolysis borohydrtde reduction. and acetylarton to 

81~ and Se gave the lactone 3. and actd hjdrolysr, of 53~ or S/3 gave 1 which was 
ldenttcal wrth the naturally occumng compound noted above 

In a parallel series of reactlons. methyl 2.3 6-trt-U-benzyl-o-u-glucopyranostdz 

ws alkylated with (R)-?chloroproplomc acid to gave methyl 2,3,6-Ln-O-henzyl- 

1-0-[(S)-I-(meLho~yc~rbonyl)ethyl]-r-~-plucopyranos~de (6), aod methyl 40-I(S)-I- 
Imetho\ycarbonyl)cLhyl]-I-D-g:ucop>ranosld~~ (7). which differed from the dlastereo- 

Isomer 5~ rn chromato_rrphtc moblhty. [z]~ Lalue. and p m r -spectral data 

Acid hydrolysis of7 afforded the dlasLereo1somer of 1 1-O-r(S)-I-carbou}ethyl]- 
o-glucoLe (8). the dia~rcreoisomrrs I and 7 differed in chromarographlc properues 
(ion-ewhange snd paper chromatography) 

hlethanolysls of narurallv occurnng -1.0-[( R)-I -cnrbo\yethyI]-D-glucose (1) 
gave anomerx methyl plyccwdes (Isolated by p.l c ), the optical rotations of wh:ch 

were closely sLmllar to Lhose oi5z and Sj3 (\ee Table Ii) hloreover, a comparison of 

the p m r data for 5x. 7, and the CI anomer denked frtim the naturally occurring sugar 

furLher confirmed the (R) confi_gurauon of the lactic acid molet\’ In I lsolatzd from 
)‘lr d_\wnlertac type 3 polysacchandr 

P.c was camrd vut by the descendIn g method on Ftltrak Flu-l I paper with 

ethvl acetate-acetIc actd-formic. acid-water (18 3 I 4) Elcctrophoresls was performed 



m FN-11 paper in 25m~ pyGdi&uxn acetate bulfci (pi-l 4.5) al 28 V/cm ftrr W min 
Sugars we dereoted on paper with alkaline silver &rata. T.l.e. wwst pcrf~rm~l or3 
SxhrfolZ54plates (Katiier, Czechoslovakia), and Silica gel 1. I oI)- IhO (C7mh~3iJm~kin ) 

was llspd for cohunn chromatography. G+I.c. wna pcrformctl with a Pye t,lnrsnm 
S&es 104 (Model 64) iastrument fitted with n dun1 flnmc-ionization dticctc~r. r) 
m column (9OxO.4cm) packed with 3% of ECNSS-M cm C$su+&wmn 0 I IOk 
320 m&Q, and a nitrogen flow-rate of 45 ml/mm. Q.l.c,-m.w. w&a prfc9m1~41 rm a 

Wuian instrurncnt (Gnom MAT 11 I), by using a column packed Wh 10% of !WeW 
on Chromosorb W (IO&l20 mesh). Ton-nxchangc chromatography ctf trugarlrl v+pleds 
carried out with a cohunn (25 x 0.5 cm) of DAx4 rcain fitted in R SC-2 f‘rrshn~~rr 
su@~ anal=, and elution with 0.s~ sodium borate bull& (pi-i 9 tit 55”) 81 MI n&h 
F%&%aocharide homogeneity was checked by chrumatagmphy on R ~furrtto 
llOx I cm) of DEACcelh~lose (Whatman DE-52) and eMan with CI linerrr pre&c*tur 
of s&inm chloride (O-N) in 0.01~ sodium phmphrltc bufkr. The p,m,r, (cpr~~rnrn 
of the s&ium salt of the polysaccharide was recorded in D,O at 90” wtth R Yati,~ 
XL-100 instrument; the spectra of other derivntivcs were rccor~lcc! wuh of Vwarr 
DA-SO-IL spectrometer. 

Gptical rotations wore measured with a Pcrkin- Elmer polanmctsr, Mndct 14 t 

at W. Melting points were determined with a Katlcr npparatu5 Sof~cstrn VJ’F.‘~ 
concentrated irr utlcuo at 40”. 

The majarity of the compounds synthcsiscd WCC syrups, UII~ rhc &rt~~nl 
analysts data were not reproducible. The purity of substances was ~hercl’~c ~rlttr~~~t 
by chromatographic methods, and identity by p.m.r. apectro~~opy. 

I&r&r af 4-O-~(R)-I-carbo~~lethyl)-D-glucosr (1). _-- The rsolnrmt: t~h# 
structural features of Sh. d’~~W~riue type 3 specific poiysamhartde hwvc ~CWI 
dc?zribcd’. The polysaocharide (300 mg) was hydrolyzed with 2hf hydrochloric *ctlt 
(So mr) for 3 h at loo”. The cooled solution was conccn:rated, and the residue WP~ 
dried in RWWO over potassium hydroxide and then treated with a Q.S!+r solution (S r&f 
of tiethylamine solution in 50% aqueous methanol for 1 h at room rempcratur~ 
The solution was concentrated and a solution of tha residue in water (5 ml) ‘+I% 
aIrpliad to rbe top of a column (20 x 1 cm) of Dowcx-IX8 (AcO - ) IVY&. The c~~lurt~n 
w(u washed with water (500 ml), and the acid 1 was then clutcd with IO% acetic nt& 
Cmd). The ackk eluate was concentrated to dryness and the tt”r,w of ~KZIIC itad 

wae ~CITKWA by coovaporation with water and then with tohrcnc to give I (56 mg) 
as a thick syrup. The chromatographic oharactcristics of t are listed b&~. ‘1 hc [_&, 
v&e is not a reliable characteristic of 1 beoausc of gradual tactonisadon durtng 
W&t- 

Cleavage of acid 1 with boron tric/lloride . - A suspension of t (1 mg) in dtchhrro- 
~CUIE (2 ml) was treated6 with boron trichloride. The solvents were CO-CVB~O~~O~~PJ 

~J-I land (5 XS ~111 to leave D-glwcose, which was identified by p,c., g.l.~,, 
and iOn+xcLW!$ chromatography, as wctl as by oxidation with n-glu~~~ oxidase 

Meftiol@ of 1 a - A solution of I (40 mg) in M methanolio hydrogen chh& 
(10 mo Was b4ed under MIux for 3 h and then conccntmtcd, and the rcsiduc wws 
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“Kev s s~nglrc. d doubkt, m, mulrlplri 

TAELE II 

ObTIC4L ROTtTION AND i L C D\T\ 

Conrpound 4x’ -I$” 6- 

[%lD lclcgrees) t 89 i-l3 +-I% T IhO Cl% +I3 +5 + II3 
RF 0 >3 0 61 0 46 0 16 0 36 0 43 0 43 0 30 

“In carbon r~.rrachlorldc I I c UI brozene-crher I I I) @In methanol, I I c‘ In crhcr-xslonc (5 3) 

,\JcY/I~~~ 2.3,6-trl-O-benzyi-J-O-[(S)- 1 -(merho nmrbun~f)erllt i]-r~-~-gIu~op~ rarro- 
su’e (6) - This compound (135 mg, hS’?:>) \vas syntbeslted by rhe abole merhod 

fro,n methyl ~.3,6-tn-O-bzozvl-x-D-piucopyranoslde (200 mg) and (I?)-khloro- 
proproruc aad {310 mg, [xl,, +-17’ (pure Iiquld. I-dm tube)) The chnractertstlcs arc 

gven in Table, I and LI 

,I/ert~~ I ~-0-I(R)-I-(,ll:~fho; 1 carboll I)cihJ/]-r- am/ -p-E-glrrcop_~ rarwsrr/e (5) - 

A solution of& (250 mg) ID methznoi (5 ml) was hydrogznolyaed oier 5% palladium- 

on-charcoal at room temperature for 16 h, then filtcxd, and concentrared Purification 
of the residue by t I c (ether-acetone) gave 5~ (93 mg. 73”b) Analogously, S/I 

(17 8 rns. 70”6) wan pwpared from 4/3 (50 m,o) The characterlaws of SY and $9 are 

glen tn Tables 1 and II 

Me!lrrpl -I-0-[(S)-/-(melho 1-b carboy I)&I I]-r-D-giwop_r ranosrdt~ (7) - Hydro- 

genolysls of 6 (130 mg), accordin, 0 to the procedure described above. gale 7 (43 mg. 

70”;) The charactensucs of 7 are gvcn In Tables I and II 

4-Cl-[( R)-I-Carbo 1 Ivth r.i)-D-glucose ( 1) and rts drastereouonm 8 - Samples 

(1 ms) of 5, S/3, and 7 were hjdrolysed L\ lth 2~ hydrochloric acid (I ml) at 100” for 

3 h, the solutions Here concentrated, and the resrdues i%ere dried rn lam0 ober 

~OLXAUIE hydroude to _m\c cbromatographlcally homogeneoub samples of 1 (from 

5a and 5fi) and 8 (from 7). for which the followmg comparative data were obtamed 
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Narural I I 60 I 1-I 
Synlhetls 1 I 60 I 47 
S\ntherlc 8 I 03 I 1s 


