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The ohgosscchande jI-~-hl311-(l +-!)-r-~-Rb~ (I --+ 3)-~-Gal-(6 e I)-a-~&k. 

which IS the repeattng unit of the O-specific pol>sacchande chain of the hpopoly- 
sacchande from Sahomlia senficnberg, HIS obtamcd by glycosylatlon of bcnzyl 
~.3-d~-O-benzyl-6-O-(?,3,~trr-O-benzyl-6-O-p-n~rrobenzoyl-r-D-glucop~ranosyl)-~-~ 
galactopyranoside or benzyl 2-0-a~tyl-6-0-(2,3.~tn-O-benzyl-6-O-p-n~~robenzoyl- 
a-D-glucopyranosyl)-8_D-ga~acropyranoslde bblth 3-O-acetgl-~-O-(1,3,1,6-tetra-O- 
aceiyl-p-D-mannopyranosyl)-p-L-rnamnopj ranose I ,2- (methj I orrhoacetatc) folkwed 

by removal of protecbng ,groups 

LNTRODLJCTION 

0-Specific chains of hpopolysacchardes of Gram-oegauve hacrena are bull1 

of repeatlng oligosac<hande umrs, the structures of which are umque for each 

serologcal type’ The syntJxs~s of these ollgosacchande umts 1s of Interest III stuciles 

of the brosqnthesls and Immunochemistry of mlcroblal polysacchandes. and as a tirst 

stage m the cherrucal synthesis of 0-specific polysncchandes 
R=nt.ly, we reported on the first synthesisof the rcpeabng unit of theO-specific 

polysacchatide from Salmonella arratwn and IIS analogues’*“, and the @-D-gluco- 
pyranosyl analogue of rhe repesrlng u111t~ of the polysacchande from S Jenfrerrber~g 

We now describe the s~~thesls of B-D-lllan-(l~41-r-L-Rhn-( I -+3)-D-Gal-(6+ I)- 

a-D-Glc, whxh IS the repeatIng tetrajncchande umt’ of the 0-spccrfic polyssccharrde 
of S srrrfienb~rg and Its a-r)-matzno analogue ;x-D-hlan-( I-4)-y-L-Rha-( I +3)-~-Gal- 
(6~ I)-a-D-Glc 

WULTS AND DlSCUSS!O,J 

A route of synthesrs Involvln, 0 consecuuve addltlon of monosacchande rcsldues 
from the non-reducmg end of the cham could noc be developed due to lack of 

appropnate protecting groups for the syr,t.hesls of the r-D-Glc-(l-+6)-D-Gal bona An 



alrernat1ve route included the format!on of the 0-z-D-glucopyranosyl-( l-+6)-~- 

ga!zctopyrsnose frsgment. folloiked by glycosylatton at powton 3 of the gslncto- 

pyranose moiety by 3 /I-D-mannopyranosyl-( I -+4)-L-rhnmoopyranose dcrtvative 

Ttus scheme IS analogous to that used for the synthesis of the glucose analogue of the 

tctrassccharldp’ 

Glycosylarlon of henql 3 -I-d~-O-benzyl-6-O-(~.3.~tr~-O-benz~l-6-O-p-ntuo- 

henzo~I-~-D-glucopyranos~I)-P-D-gal.~ctopyranoslde~ and beg-1 2-O-acetyl-6-0- 

(1,3.~-trt-O-b~nz~1-6-O-p-n~trobenzc~yl-ar-D-~lucopgranosyl)-~-D-galactopyranostde~ 

r\lth 3-O-acetyl-~-0-(~.~.-1.6-teira-O-acetyl-~-D-mannopyranosyl)-~-L-rhamno- 

p~rancw I.?- (methyl orthoscetate) (1) ~a> carnrd out wth molecular sieve 4 A as 

iin acceptor of the methanol formed6, to yield the respecttve tetrasncchartde dertvattves 

2 t ‘7”‘“) snd 3 (4Wo) 

2 3 

The elemental-analysis and p m r data of 2 and 3 were In accord wth the 

expected structures Desqlatlon of 2 followed by hydrogenolybls gave the tetra- 

~accbxtde j?-D-hlan-( 1 -+A)-a-L.-Rha-( l-*3)-~-Gal-(6+ 1)-z-D-Glc (1), which con- 

taned rhamnose, manoose, galactose. and glucose restdues tn the molar rauos l- 1 .I. I 

as tadtcated by sugar aoalybts 
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The structure of 2. expected by the route of synthesis. was proved by Identl- 

ticaclon (,g I c -m s ) of 3.6-dl-O-acetyi-I ,?,5.5-teira-O-m~tthylgalacilro!-/-n. which 

was formed on reduction of 2 with NaBD, foilok!ed by methyiarlon anai>sls 

Deacyiatlon of 3 followed by h>drogtnoiysls afforded a tetrasaccharldr which 

ylzided rhamnose, mannose, gaiactosr, and glucose In the molar ratios 1 I I 1 after 

3cid hydroiysls. and had the same chromaiographic mobriiry as the ieirasacchande 

obtained from 2, but a dlCFerent opr~cai rotation ~aiue The przscncc of the rhamno- 

pyranosyl-( I +3)-galacropyranose bond In 3 was confirmed by metbylatlon analjslq 

which gave I .3,S,6-teu~-C-o~~yl-~.-t-d~-C-meth~l~aiact~toi (Idenllfied by g I c -m s ) 

ion-exchange chromatography In borate buJ%r of the retrasaccharldes dewed 

from 2 and 3 sho\\ed the former :o be homogeneous and the latter to contain ttio 

components (4 and 5) 111 the ratio 5 I. rhe former pojsssjlng the same retenuon time 

as 4 The componenta l%ere Isolated by preparative Ion-cwhange chromatography on 

Durrum DAM resin wtb borate buffer’. oil acid hydrolysis. each )Teided rhamnose, 
mannose, galaclose, and _elucose In the molar rstlos I. I I. I, but the [x]~ values wre 4 

+37’ (isater) and 5 +56 (water) 

When the acetates of the tetrasscchandes 4 and 5 were subjected IO owdatlon 

wth CrO, In AcOH. with subsequent hkdrolqbls and sugar B~PI~SIS~, the rhamnose 
and mannose resjdues in the latter were destroyed. but only the mannose rcslduc In 

the former Thus, 5 IS lsomenc wth 4 and has a /l-L-rhamnopyrsnosyl bond 

The high seiectlnt, of giycosyiatron ar posItIon 3 In rhe synthesis of 3 1s 

probably due to the shleidlng of HO-4 by the @ucooyranose restdue at C-6, and the 

formation of a minor proportlon of j?-gi>coslde In addition IO the IX snomer may be 

attnbuted to HO-4 

The rl-~-nmzu~ malogue (8) of 4 was prepared 1 IO giycosqiauon of benq 1 
3,4-d~-O-benzyi-6-0-(2,3.4-tn-O-benz~i-6-O-p-n~trobenzoyi-~-~-_elucop~ranosyi)- 
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P-o-_gaiactopyranoslde wth 3-O-acctyl-3-O-(2.3 3.6-tetra-O-acetyl-a-D-manno- 

pyraaobyl)+L-rhamnopyranosf I .Z-(meth) I orthoacetate) (6), followed by removal of 
protectlog groups from the product 7 The structure of 7 and the configuratton of the 

gl>costdtc bond, v,ere probed In a manner stmllar to that used for the compounds 

descrtbrd aho\e 

E\PERlbIEhT9L 

hlelttng potnts \\ere derzrmtned \rrth a Softer apparatus 2nd are uncorrected 

P m r spectra were recorded on a Vanan DA-60-IL spectrometer nlrh Me,!% as the 

Internal >tanda-d G 1 3 was carned out wth a LHRI-8-MD chromatqraph and 

columns of 3” $0 of ECNSS-M on Chromosorb W (I m) and 5% of SE-30 on Chro- 

maton N-X\\’ (2 m) Mass spectra were obtained utth Vanan M.4T CH-6 and iklXT 

I1 I Gnom spectrometers Optical rotations Here determined wth a PerkIn-Elmer 

I41 polarlmeter Solutions were concentrated uz laeuo at -IO- lon-ewhangs chromato- 

graphy of neutral carbohydrates was csrned out with a Techmcon carbohyxate 

analyzer on a column (I3 x 0 5 cm) of Durrum DAY-I resin with 0 5x1 sodium borate 

buffer (pH 8 51) at 55 and 20 ml/h The orctuol-sulphurtc actd rea_gent !ias used io 

momtor separations T I c uas performed on 3111~8 gel “KSK”. and p I c on s~lrca gel 
contruntng 5@0 of _r). psum. p c was art-red out by the ascendtng method on Flltrah 

FN 1 I paper wtrh (/) chloroform-aceton? (95 5). (21 I -butanol-pyrtdtne-\\ater 

t6:&3), (3) chloroform-acetone (9 I) Mzthylatton analysts of ohpocacchartde 

dertvau\.es was performed con~cntionallgs 

Swrliest~ of~or/lror~len 1 and6 - The ltterature procedure’ \+a\ used. but \ktth 

i>ophyllsatlon of AcOH and HBr irom the hromrdr reactron mrkture tnstcnd of 

\\nshtns wrh \\ater3 which _eavc tocreased ~lelds (2 5-3 fold) of the orrhocsters 

Thus. d~-O-acet~l-~-0-(terra-O-ncetyl-~-o-mannopyranos~~l)-~-L-rl~amno- 

p\ranos! I bromide’ (1 7 g) pahe f (I 2 g, 759;). [a];” --I’ (c S, chloroform) P m r 

data (CDCI,) b 3 2 (3 H, 0-hle of orthocster), 2 2-1 8 (I5 H, 5 SC). I 6-t (3 H, 

C-Xle oi orrhoester). I 22 (d . 3 H. J 5 Hz. C-ble of rhamnow) 

-Irro/ Calc ior C,,H,,O,, C. 50 60. H, 609 Found C. 49 Ii. H, 6 OS 

D~-O-acztyl--l-O-(tetra-O-acet~l-r-~-mannopyranosylj-r-L-rhamnop~rsnos~I 

bromtdc’ (I 3. g) gale 6 (980 mp 909~). [r] 2 + 50 (c I I. chloroform) P m r data 

(CDCI,) o 3 2 (3 H, 0-hle of orchoesrcr). 22-l s(l5H. 5Acj, 164(3H.C-kleot- 

orthocsrer) I 32 (d, 3 H, J 5 Hz. C-hle of rhamnosej 

-Inal Found. C, 50 20. H, 6 I3 

Statrdard procedure fo- glr~coshrrotl brs orriroesfers - A solution of 0 3- 

0 6 mmol of orthoester and 0 2-O 1 mmol ofnglycon In dry, freshly d~sttlled CHJIV02 

(20 ml) was bolled under reilux for I h \\lth cxcluston of 1motsture. In a stream of 
mtrogen and \btth an Interposed molecular Steve (Llnde 3 4) A solurlon of HgBr, 

(0 I g) In CH,NO, (IO ml) sas added dropwse until reaction wv3s mruated (0 05 mol 

of HgBr, per mol of orthoester) Boiling \\as conrrnued untrl reactlon was complete 
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The tetrasacchandes 4 and 8 were homogeneous on assay 1~1th the Techmcon 

carbohydrate analyzer, wth retention times of 73 and ! 25 mm, respectively, and gave 

rhamnose. mannose. galactose. and glucose rn the molar ratios 1:I:l:I after acid 
hydrolysis (0 ST HCI. 16 h. 100’) The acetates of 3,3-dl-O-methylrhammtol, 

‘,3,4,6-tetra-0-merhyi~lucitol, and 1 ,2,4,5-t~tra-0-methyigalactlrol-f-d\r,ere Icientl!ied 

(g I c -II s ) after the reduchon of 4 and 8 by NaBD, In borate buffer” followed b> 

metclylatlon analysis 

(c) Bv a procedure s~trdlar to that described in (u), 3 (0 2 g) was converted Into 

a ml\turt of 4 and 5 (RL tflo5F 0 31, p c , solvenr 2). whxh W;L; fractlonntrd on 

Durrum DA\-! rEtJln with a borate bufler to g~s’e 6-O-a-D-giucopyranosyl-3-C-[4-O- 

(~-~-mannopyrarosyl)-~-L-rhamnopyranosyl)-D-galactose (5, IO mp), [ZIP + 56’ 

(c 1, water), and 4 (50 mg), [a]? + 27” (c 5, water), with rrtemloo times of 54 and 

73 min, rebpecki\ely 

Acid hydrolysis of 4 and 5 as m (h) gave rhamnose, mannose, galactose, and 
glucose In the mola; rattos I 1:I.i. 

0 !r&arron of rlre acerates of teira~acclrarrdes 4, 5, awl 8 - Each tetrasacchande 

HL~S con\cnuonally acetylared wrh acetlc znhydnde-pyndlne and then o\ldlscd ’ ’ 

with CrO,-9cOH The products were hydrolysed (2x1 HCI. I6 h, 100;) By tlxa 

procedure, the following sugar uruts were destroyed: mannoSe In 4, mannose and 

rhamnose In 5, none In 8 
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