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ABSTRACT 

Syntheses of p-trifluoroacetamidophenyl 0-P-D-mannopyranosyl-( l-4)- 

0-a-IA-rhamnopyranosyl-( 1+3)-u-D-galactopyranoside (3) and p-trithroroacet- 

amidophenyl 0-P-D-galactopyranosyl-( I&6)-0-P-D-mannopyranosyl-( 1-+4)-a-I.- 

rhamnopyranoside (11) are described. Silver zeolite was used as promoter for con- 

structing the P-D-mannosyl linkages from 6-O-acetyl-2,3,4-tri-O-benzyl-cu-D-man- 

nopyranosyl bromide and the appropriate monohydroxy compound. 

The structures of the 0-antigenic polysaccharides attached to the cell wall of 

Salmonella bacteria belonging to serogroups El and Ez are depicted below. 

l--+6)-P-D-Manp-( l&4)-a-L-Rhap-( l-3)-a-D-Galp-( l-In (El) 

[+6)-P-D-Manp-( l-+4)-cw-t,-Rhap-( l--+3)-P-D-Galp-( l-In (Ez) 

Several syntheses of carbohydrate structures related to these potysaccharides 

have been reported. ‘l‘ri-I. hexa-2, and nona-saccharides’ have been synthesised, as 

well as regular polymer? of high molecular weight. Our involvement in the synthe- 

sis of oligosaccharide fragments related to Salrnoneflu serogroups A, B, and D, 

polysaccharides led to the development’ of a fast and reliable synthesis of the crys- 

talline rhamnosylgalactosyl synthon 1, which was then a-glycosylated with a suita- 

bly protected mannose derivative and further transformed to give tri- and tetra-sac- 

charide fragments needed for immunological studies. 
We now report P-D-mannosylation of 1 to give, after deprotection, the trisac- 

charide 3. In order to make possible comparisons of immunological properties, we 

have also synthesised the trisaccharide 11. Silver zeolite’ was used for creating the 

/?-D-mannosidic linkages. 
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Silver triflate-assisted gtycosidatwn of I wth 7-O-acet!f-.7.~,~;-tri-o-hL’n7yl- 

cu-D-mannopyranosql bromide gave’, as expected, mainly the tr-D-mannosyl trixac- 

charide. Treatment of I with the mannosvt hromidc 2. using an msoluhle promo- 

ter’. should give a higher pr#p~)rti~l~ of ~-~-ln~~nil~~syl tri~acch~~rjd~ Jrrrvativc. In- 

deed, when srlver silicate’ was used as prcnnoter, a 1 : 1 mixture ot (Y- and &D-man- 

nosy1 derivatives was obtained; the total yield was 82’” I. An irnprov~cd tu./3 rat10 

( 1 : 3) and a comparable yield (77? ) wcrc ohtarned hy using sikr zcol~tc- as prom- 

oter. The mixture of anomers from the glycosrdatitm was cieprotectcd by catalytic 

~lydro~~n~~tit~rl over palladium-on-carbon followcci hy treatment with metharmhc 

sodium methoxide. The desired /j-n-mannosyl drrrvativc 3 cr-v~tnllised firm the 

mixture of trisaccharides in 31’; yield (from I). 

p-Nitrophenyl ~..7.j-tri-O-acetvl-cu-I -rhamrlopyranl,sidc” (-?) was used a% 

startmg material for the preparation of trisaccharide 1 I Catalvtrc hvdr(~~~n~~tl~~n of 

4 over platinum and subseqnerlt triHuoroacctylation gave 5 ;n 53;; yield. ‘t‘rcat- 

ment of 5 utth methanolrc sodium mcthoxidc yavc 6, which was directly trrated 

with ‘.7_dimethoxvpropane and p-toluenexulf~~nic acid to give 7 (7-t“; yield). Man- i 
nosylation of 7 with the mannosyl bromide 2. using hrlvur zcolitr as promoter, gave 

the fi-1%mannosyl dcrivatrvc 8 (615 ), together with some U-D-mannosyl ancrmcr7. 

Compound 8 was treated wrth methannlic sodium mcthoxrde to gn I: the monohyd- 

roxy compound 9 in W”i yreld. Silver tntl;ttr-promotcci ~f~c~~~i~i~~ti~~~~ ttf 9 with 

2..1.j.g-tetra-O-h~nzovl-tr-I>-~alactopvran~,svl hromrde” gave the trisaccharidc de- 



TRISACCHARIDE SYNTHESIS 

R20~~o~~NHcocF3 
40 

OR 

10 R, R = CMe, , R’ = 021, R2 = Bz 

,, R = R’ = R2 ZZ H 

rivative 10 (84% yield). Deprotection of 10 by catalytic hydrogenation over pal- 

ladium. followed by treatment, successively, with methanolic sodium methoxide 

and 90% aqueous trifluoroacetic acid, gave 58% of the desired derivative 11. 

EXPERIMENTAL 

General methods were the same as those previously reported’u. 

Glycosidation of 1 with the mannosyl bromide 2. - (a) Using silver silicate. 

A mixture of l4 (70 mg, 0.068 mmol), 6-@acetyl-2,3,4-tri-O-benzyl-a-D-man- 

nopyranosyl bromide5 (2; 70 mg, 0.126 mmol), and powdered 4A molecular sieve 

in dichloromethane (5 mL) was stirred at room temperature while silver silicate” 

(280 mg) was added. After 1 h, the mixture was filtered and concentrated. Purifica- 

tion by preparative t.1.c. (6:l toluene-acetone) gave a syrupy mixture (1: 1, esti- 

mated from “C-n.m.r. data) of the a-D-manno and p-D-manno trisaccharide de- 

rivatives (84 mg, 82%). 
(6) Using silver zeolite. A mixture of l(l.02 g. 0.99 mmol) and 2 (1.40 g, 2.52 

mmol) in dichloromethane (15 mL) was stirred at room temperature while silver 

zeolite’ was added, After 4 h, the mixture was filtered and concentrated. Purifica- 

tion by column chromatography on silica gel (6: 1 toluene-cthyl acetate) gave a 

syrupy mixture (1:3, estimated from ‘“C-n m.r data) of the a-D-manno and b-D- 

manno trisaccharide derivatives (1.14 g, 77%). ’ 
p-Tri’uoroacetamidophenyl 0-p-D-mannopyranosyl-(1+4)-O-a-L-rhamno- 

pyranosyl-(l-+3)-rY-D-gafactopyranoside (3). - A solution of the mixture (1.10 g) 

obtained in (6) above in 1:20 ethyl acetate-ethanol (100 mL) was hydrogenated 

over Pd/C (lo%, 0.50 g) at 400 kPa for 48 h. The mixture was filtered, concen- 



trated, and passed through ;I short wlumn of silica gel (elution with _70:3l: I ethyl 

acetate-dichloromethane-mL,thanol). ‘I‘hc traction4 containrng rlclWnz> latcd 

trisaccharide dcrivativch wt’rc’ combined. cc~ncentratecl. and trc’;itcii with il. I\1 

mcthanolic sodium methoxlde ( IO m1 ) until 1.1.~. rtzvc:lled no iurthi,r rc‘action (2 

h). Neutralisation with ILknv~~s 50 (I ’ ) rein and concentration +\c J rcs4duc that 

was applied to a short columr~ ot silica gel. Elution NltJr tlichlorometlla~l~ rcmovcd 

minor impurities. Further clution i\ith methanol gave ,I product that cr>\talliscxi 

from ethanol, to afford 3 (200 mg. 31 ‘; fl-on1 1). 111.p. 3%) (dec) I he t~pt~;rl rota- 

tion and n.m.r. data were the s;unc as thoxe rrportcd’. I‘~c mntcrlal lailccl to gl\tz 

an acceptahlc elemental :tnaly\~~ (the reason fog this i< unclearj. hut rhc purit! atid 

Identity of the material wcrc evident tram the n n1.1 spcLtr;i. 

p- Trifilrorolrc~rtcitt~t~ll~~)~t~~t~~l .?..~.-&fr~-0-m r,t~i-tu-l.-rhclt7Illlq,?‘rrrtlc,\irit, (5). 

A solution‘i,l.~-nitrophcn)l -7.1,~~-tri-U-;i~~~t~l-~~-l.-rh;i~~i1iop~r3i~o~id~~ ( IL) h g, 47.7 

mmol) in ethyl acctato WLI~ hydrogenatt~d at atmoxphcric preswrc ,~nci roo~n tern- 

peraturc we; Pd:C (10% . I .40 g). filtered, and conccntratcd. I‘htz re5lduc (1X.0 g) 

was taken up in pyridine (251) mL). and tritluoroacctic ;lnh\dridc (Ii 0 ml.., Y3.5 

mmol) was added dropwise v,ith stirring and cooling in an ice-h;lth. Attc’r i h, IW 

was added, and stirring was wntinwd for 30 min. 7-k mixturtt &:I\ partitioned l-e 

tween dlchloromethane and aatcr, and the organic la)cr was \+:jshcd \s rth R stcr. 

2M sulfuric acid. and ayu~c>us \odlurn h~drogcncarhnnatc. cirrcd. ,rnci conc‘cn- 

trated. Crystallisation of the rcslduc tram methanol g;1c’e 5 (1h.h g. h.i’i i. nr.p 
165-166”. [CY],) -74” (C 0.5. chlor~~torm). 

AnuI. Calc. for (_~,,H?7F~NOo: C’. 5Cl.i: Ii, J.hl; F 17.0: N ?.Yi. Found: C. 

50.3; I-I, 1.73; F. 12.0: N, 3.Yl. 

p-Trif71~oroacctat~lr~i(~~)i~~t~~~~ ,..~-O-iso)pro~itl’lidetzc-~~-i -rIt~~tt2t~~~~)~r~ctlf~.srdt~ 

(7). - Compound 5 (1X.6 g) was taken up in 0.05~ methanolic ~~,dlum metho~idc. 

and the mixture was kept AI room temperature for 3 II, neutraliseti alth I)out~\- 50 

(FI * ) wan. and concentrated. The residue wa:, su~pend~~l rn acctonc (30 nil_) 

containing ‘,2-dimethouypropan~~ (31 ml-), p-tolurn~sulfonic acid monohytlratt 

( IO0 mg) was added, and the miuturt’ was stirred at I-arm temper;lture Ior o II. ncut- 

ralised by addition of pyridine. and concentrated. Cr)~stalliaatlon c>t this rtvtfuts 

from methanol-water gave 7 i 1 I .5 g. 74’; ). m p. IYZ-lcr3’. [cY~,, --71i’ ((’ o..i. 

ethanol). “C-N.m.r data [(U),),SO. 3”]: ?I 17.4 (C.-h), 3.i. 28.0 (aactal MC). 

66.Y. 73.3. 75.3. 7x.1 (C-‘,?.4.5). Y5 3 ((‘-I), 1OX.h (acctal o-c’-0). 11:.7. l7J.h. 

130.7, and 153.2 (aromatic C‘). ‘l‘hc C‘O and CT; carbons gave riac 1~) quartcal qlg;lk 

centered at 154.3 and 116.0. with .I , b spaclngb of37.X and 2s. 1 l-I/. rc4lk.~?i\cl! 

Ami. C‘alc. for CT17H,,,F;N0,,: c‘, 57.7; H. 5. IF; F, 14.6: S. 3.5s f‘~~~nd: C‘. 

53.0; H, 5.17: F-. l-4.7: N. 3.56. 

p-Trif~~~oroat~ctlrtt~irlopkt~t~~~l J-O-(h-C)-crc,t,r~i-l’,3, *I-tri-O-hctr~\,l-~-~~-ttl~ltltlo- 

p~r~~tlo.r~‘f)-~,3-0-i.sopr(~~)~lt~i~~~lt~-tu-i -rhatntlop~ratlc)sIdr,’ (8). - iil\er rcc,lite? 

(5.0 g) was added with stirring at room tcmpcraturc to ;I solution of h-O-acet!l- 

7.3.~-tri-O-b~n7yl-c-l~~m~~nnUPVT;in~~s~~l hromidc’ [prepared ktj,n Z! 1 I g (3 0 
mmol) of 1 .h-di-O-acct~l-?..~.3-tri-C)-hen7~l-~~-~)-~~~~nni,pcrani. anti LIW~ dire- 
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ctly] and 7 (1.21 g, 3.1 mmol) in dry dichloromethane (22 ml,). After 20 h, the mix- 

ture was filtered, the filtrate concentrated to dryness, and the residue subjected to 

chromatography on silica gel. Elution with 4: 1 toluene-ethyl acetate gave 8’ (1.65 

g, 61c/c), [Q]I, -85” (c 0.5. chloroform). Further elution afforded the correspond- 

ing a-linked disaccharide’ in 9% yield. 

p-Trifluoroacetamidophenyl 2,3-O-isopro~pylider~e-4-~~-(2,3,4-tr~-O-benzyl-~- 

D-mannop_vranosylJ-cu-I.-rhnmnopyrarzoside (9). -- Compound 8 (0.84 g) was 

treated with 0.1~ methanolic sodium methoxide (7 mL) for 30 min. the base was 

then neutralised with Dowex 50 (H ‘) resin, and the solution was concentrated, to 

give pure 9 (0.76 g, 95%) as a syrup, [cy][> -81” (c 0.5. chloroform). “C-N.m.r. 

data (CDC&, 25”): 6 17.7 (Rha C-6). 26.4. 27.9 (acetal Me). 62.4 (Man C-6), 65.4- 

82.4 (Rha and Man, C-2,3.4.5. benzyl CHL). 95.6 (Rha C-l), 99.8 (Man C-l), 
109.8 (acetal O-C-O), 117.0, 122.3, 129.7, and 154.1 (p-trifluoroacetamidophenyl 

aromatic C). 

p-Trifluoroacetamidophenyl 0-(2,3,4,6-tetru-O-benzoyI-P-r,-galactopyrano- 

syl)-(1~6)-0-(2,3,4-tri-O-benzyl-~-D-mannop~runo.~yl~-(l~4)-2,3-O-i.~~~propyl- 

idene-cx-I.-rhamnopyranoside (10). - A solution of silver triflate (0.39 g, 0.85 

mmol) and 2,4,6_trimethylpyridine (0.11 mL. 0.81 mmol) in 1: 1 nitromethane- 

toluene (7 mL) was added to a stirred and cooled ( -30”) solution of 9 (0.70 g, 0.85 

mmol) and 2,3.4,6-tetra-O-benzoyl-cu-D-galactopyranosyl bromide’ (0.84 g, 1.27 

mmol) in 1: 1 nitromethane-toluene ( 10 mL) containing molecular sieves. After 10 

min. more 2,4,6_trimethylpyridine (0.05 mL) was added, and the mixture was di- 

luted with dichloromethane, filtered. washed successively with aqueous sodium 

thiosulfate. water, 2~ sulfuric acid, and aqueous sodium hydrogencarbonate, 

dried, and concentrated. The syrupy residue was subjected to chromatography on 

silica gel (9: 1 toluene-ethyl acetate), to give pure 10 (I .O g, 83%) as a syrup, [(Y][> 

-16” (c 0.5. chloroform). ‘3C-N.m.r. data (CDCI,. 35”): 6 17.9 (Rha C-6). 26.8, 

28.2 (CMe,), 62.4-82.8 (Rha C-2.3.4.5. Man C-2,3.3.5, Gal C-2,3.4,5,6, benzyl 

CH2), 95.9 (Rha C-l), 100.4 (Man C-l). 101.5 (Gal C-l). 110.0 (CMe,). 117.3. 

122.6, 129.6, 154.5 @trifluoroacetamidophenyl aromatic C), and 165.4-166.3 

(C=O). 

p-Trifiuoroacetamidophenyl O-/3-D-galactopyrarlosyl-(I&+6)-O-p-D-manno- 
pyranosyl-(I-,4)-a-r<-rhamnopyranoside (11). - A solution of 10 (1.03 g) in 1: 5 

ethyl acetate-ethanol (24 mL) was hydrogenated at 400 kPa for 20 h over Pd/C 

(10%. 400 mg), filtered, and concentrated. The residue was taken up in 0.1~1 

methanolic sodium methoxide (7 mL). and, after 1 h, the base was neutralised 

(Dowex 50, H’) and the solution concentrated. The residue was taken up in 90% 

aqueous trifluoroacetic acid (2.5 mL). After 10 min. the mixture was concentrated, 

and the residue was subjected to chromatography on silica gel (12: 3: 3: 2 ethyl ace- 

tate-acetic acid-methanol-water). The fractions containing 11 (320 mg) were com- 

bined and concentrated. and the residue was applied to a column of Bio-Gel P-2. 

Elution with water gave pure 11 (292 mg, 58%) as an amorphous solid, [all, -68” 

(~0.5, water). N.m.r. data (DzO, 85”): ‘H. 6 1.97 (d,JS.9Hz. RhaH-6), 5.13 (d, 



17.8 Hz, Gal H-l). 5.57 (d. .I I.0 Hz. Man 11-l). h. 1X (d,J 1.5 Hz, Rha ?I-1). 7.80. 

7.89. X.12, and 8.32 (aromatic I-l); ‘“C. 8 18.3 (Rha C-6). 62.2 (Gal C-h). 67.X. 

h9.4, 69.X. 70.1. 71.1, 71.7, 71.9. 73.9, 73.3, 76.3. 76.6. X0 5 (Rha C-2.3,1.5. Man 

C-1.3.4.5.6. Gal C-?.3.4.5), 4Y.4 (Rha C-l). 101.7 (Man C-l), 104.5 (Gal C-i). 

118.9, 125.2. 130.1;. end 151.9 (aromvtic (1). The undecoupleti “C-n.m I‘. spectrum 

showed Ji ,,., spacings of 160. 163. :md 173 Hz for the anomerlc‘ carbons of Gd. 

Man, and Rha. respectively. indicating the p configuration for Gal :tnd Man. and 

the u configuration fol- Rha. Sugar” and methylation ’ ‘- analyses were in agreemc‘nt 

with the structure 11. 
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