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ABSTRACT 

The disaccharides cc-L-Rhap-( l-3)./-~GlcpA and ,!-u-GlcpA-( I +3)-z-L-Rhap bearing amide- 

linked L-serine or L-threonine, which represent the repeating unit(s) of the capsular polysaccharide from E. 

m/i 06:KS4:HIO. have been synthesised. 0-trrc-Butyl-protected amino acid tert-butyl esters were con- 

densed with thecorresponding biouronicacid as the 2-acrylamidoethyl or 2-azidoethyl glycosides. The azido 

function was replaced by the acrylamido group by catalytic hydrogenation followed by N-acryloylation. The 

tprr-butyl groups were removed by treatment with trifluoroacetic acid to give the target monomers which 

were copolymerised with acrylamide to give neoglycoconjugates that are potentially useful for immu- 

nochemical studies. 

INTRODUCTION 

One of the main features of microbial capsular antigens is the presence of 

negatively charged groups’. The acidic components ofcapsular antigens may be hexuro- 

nit acids, neuraminic acid, or amino acids. Amino acids amidically linked to the 

carboxyl group of uranic acid residues are constituents of several capsular antigen?, 

often with non-stoichiometric substitution of uranic acid residues. 

There have been few syntheses of uranic acids amidically substituted with amino 

acids, namely, the amides of D-galacturonic acid and methyl /?-D-glucopyranosiduronic 

acid with glycine”, L-alanine, L-serine, and L-threonine’. Synthetic fragments of capsular 

polysaccharides containing the aforementioned constituents would be of potential 

interest for immunochemical studies. Most promising, although more complicated, 

would be the synthesis of these fragments as glycosides with an aglycon suitable for 

further transformation into artificial antigens, using the traditional approach (conjuga- 

tion to protein carrier) or uia copolymerisation with acrylamide’0~‘8. 

Jann et ~1.~ showed that the K54 antigenic polysaccharide (K-54 antigen) from 

* Dedicated to Professor Grant Buchanan on the occasion of his 65th birthday. 
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uropathogenic E. coli 06:K54:H 10 consists of disaccharide repeating unit\ of type> A 

and B: 

A 

/ 1 
-+ 3)-/j-I,-Glq,A-( I -3 )-X-I -Rhal?-( 1 -+ 3)-~-I,-GIc~A-( 1 --3)-X-I -Rhq-( l- 

B 

Of the repeating units, -85% are substituted in the ratio I:3 with I -serine and 

I.-threonine amide-linked to the carboxyl group of the glucuronic aeld residues. 

We now describe syntheses of all of the possible fritpmen~~ of this capsular 

polysaccharide and their transformation int.o artificial antigcnr h> ~~)l70iymt‘ris~\tion 

with acrylamide. 

As an aglycon group that can be polymerized at a later stage. wt” chose the 

acrylamido function, which has been used in syntheses of artiticial antigens”’ ‘j. 1.hc 

group was introduced by N-acryloylation ot‘an aminoethyl sglycon at a late stage in the 

synthesis. The amino group in the aglycon was blocked initial]>- ~15 the .v-bcnrylosqcar- 

bony1 derivative or tnasked ~1% the 2-azidocthyl group for- i‘r:tgmcnt< h and R. respec- 

tively. The free amino l‘unction could be generated under mild conditions ot‘catal!;tic 

hydrogenation without degradation ofthe uranic acid residues <)I- cleav~gr r>l‘the amide 

linkages. 

2-( Benzyloxycarbon~lamino)ethyl glycosides of neutral saccharides can be pre- 

pared in high yield” and this aglgcon was used to prepare a glycoside dfrsgnten t A \t:i th 

an t_-rhamnose residue as the reducing moiety. Thih i);nthesis. which \%:s reporrcd 

recently”, involved coupling oi‘methyl Z,il-di-O-benz.oyl-~-~,-rt~;~mnop~rat~~)sidc” I+ ith 

methyl (2,3,4-tri-O-acetyl-x-It-giucop~r~n~~syl bromide)uronatc (7) in acctc\nitrile. pro.. 

moted by mercury-(11) salts, to give the disaccharide tier, ,‘ ;. .ttici’ I -2cLTitl~~his 01 1 

afforded the z-acetate 2. which ~~3s transformed into the r-g!ycnsyi br~~mide 3 :III~ 

coupled with 7-(benzyloxycurhonyl~~~nino)elhanol in acetonitrile ifichlol-c,lncthrInf in 

the presence of mcrcury( II) salts, to give the glycoside 4. De;rc~lstiolr of3 follow,td 1~~. 

catalytic hydrogenation and .“~‘-,acryloytatic,n then gave thv Z-acl,~l;tmidnell?l! t glgu~de 

5, saponification of which with o.?M sodium hydroxide in :queo~~ meih:tnc~l :r?Xi,rdeti 

the disaccharide repeating unit A as the glycoside 6. 
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COOMe $OOR’ 

1 R =ot4e 5 R = COCH=CH2 ,R’ = Me 

2 R = OAc 6 R = COCHxCH, ,R’= H 

3 R - Br 

4 R = OCH,CH,NHCOOCH,Ph 

COOMe COOMe COOH 

AcoQr _ A‘oQCH2CH2N3 _Hok+H+2N3 _ 

OAc OAc OH 

7 a 9 

(II) cyanide (10 min at lOSo), gave the pure P-glycoside 8 (68%). The excess of 
2-azidoethanol could be distilled from the reaction mixture in uucuo and reused. 

For the selective liberation of HO-3 in 8, an approach” based on the formation of 

the 6,3-lactone followed by selective alcoholysis was used. Thus, saponification of 8 with 
0.17~ sodium hydroxide in aqueous methanol at 4” afforded the glucuronoside 9, the 

“C-n.m.r. spectrum of which (Table II) coincided essentially with those of ally1 and 

methyl B-D-glycopyranosiduronic acids27,29. Lactonisation of 9 on heating with acetic 

anhydride27%28, followed by reacetylation (acetic anhydride in pyridine), gave the 6,3- 
lactone 10 (66% from 8). That the lactone ring in 10 stabilised the ‘C’, conformation was 

confirmed by ‘H-n.m.r. data (Table IV). The low 3J values (J,,? 3.8, J3,4 4.6, J4,5 3.5 Hz) 
indicated all the substituents to be axial. 

The lactone ring in 10 was opened selectively by methanolysis at 20” to give the 

monohydroxy derivative 11 (76%), the ‘H- (Table IV) and 13C-n.m.r. spectra (see 
Experimental) of which were similar to those of the ally1 glycoside analogue*‘. 

Coupling of 11 and acetobromorhamnose (12) in dichloromethane, in the pres- 
ence of silver triflate at -40” + + 20”, afforded the a-L-linked disaccharide derivative 

13 (48%). Hydrogenation (Pd/C) of 13 in ethyl acetate in the presence of 1.1 equiv. of 
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hydroxyl and carboxyl functions, respectively, in the amino acids. Glycosidic and amide 

bonds are stable under these mild acidic conditions34.‘7, whereas, on treatment with a 

base, racemisation of hydroxyamino acids can occur easily”. 

The L-serine (19a) and L-threonine (19b) derivatives were each condensed 

(EEDQ) with 6 or 18, to give the amides 20a (73%) and 20b (95%), and 22a (85%) and 

22b (92%). respectively. The 13C- and ‘H-n.m.r. spectra of these compounds indicated 

the structures assigned. In t.l.c., 20a appeared to be homogeneous, but h.p.1.c. yielded 

two fractions (20a-I and 20a-II in the ratio -. 1:2) with [cI.],, - 30” and - 50”, respectively 

(Table I). The spectral features of these fractions are discussed below. 

Catalytic hydrogenation (Pd/C) of the 2-azidoethyl glycosides 20a and 20b 

afforded the corresponding 2-aminoethyl glycosides in yields of 95 and 78%. respec- 

tively, which were each treated with acryloyl chloride in aqueous methanol in the 

presence of Dowex l-X8 (HCO,-) resin to give 2-acrylamidoethyl glycosides 23a (90%) 

and 23b (51%), respectively. 

Deprotection of the amides 20a (major component 20a-II), 20b, 23a, and 23b by 

brief treatment with trifluoroacetic acid at 20” afforded the target amino acid-contain- 

ing disaccharide fragments A and B as the 2-acrylamidoethyl glycosides (21a and 21b, 

and 24a and 24b, respectively). All of the expected signals were observed in the 

“C-n.m.r. spectra of these compounds. However, for 21b and 24a, line broadening and 



6 4~ 19h 

2Oa 

2Ob 

18 UP 19a 

1X ~- 19b 

22a 

22b 

23a 

23b 

2Oa-l 

led-11 

2Ob 

21a 

2lh 

22a 

22b 

23a 

23b 

243 

241) 

diminished intensities of the signals at ii 6 1.3 (Thr x-C) and 56.6 (Ser r-C’) \swe ohservcd. 

This eff‘ect could reflect an equilibrium between conformers \sith intcruon~el-*ion a: ;I 

rate comparable with the n.m.r. time-scalc3C’. 
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broader line with a diminished intensity. No Ser or-C signal was observed for the 
copolymer 30 (prepared from 24a). These facts are also consistent with conformational 
interconversions, as noted above for 21b and 24a. 

The immunochemical studies of neoglycoconjugates obtained will be reported 
elsewhere. 

Spectralfeatures of thefractions isolatedfiom 20a. --The serine amide derivative 
20a appeared to be a mixture of at least two components of similar structure but 
differing in the aglycon moieties. The 13C-n.m.r. spectrum of 20a contained all the 
expected signals but, in the double-bond region, there were two pairs of signals (is 127.9 
and 128.5, and 6 126.5 and 131.1) in the ratio m 1:2, which were distinct from two 
resonances (6 128.7 and 13 1.1) for 6. H.p.1.c. of 20a gave the fractions 20a-I and 20a-II in 
the ratio h 1:2, the “C-n.m.r. spectra of which were similar except for the resonances of 
the aglycon (Table III). Thus, 20a-II gave signals (6 126.6 and 131.2) usually indica- 
tive”,2’ of the acrylamido group. The ‘H-n.m.r. spectra of 20a-I and 20a-II accord with 
the presence of a terminal double bond (AMX spin system), but the parameters were 
different (Table III). The spectrum of 20a-I, recorded after keeping a sample at 4” for 3 
months, showed some shifts of the resonances of the acrylamido group without any 
changes of their intensities and coupling constants (Table III). 

From the results of n.0.e. experiments performed on the 2-acrylamidoethyl 
P-D-glucopyranosiduronamide of t-serine (25)’ as a model compound, 20a-II is consid- 
ered to be the Z isomer, and 20a-I the E isomer(s)+. This type of isomerism about the 
amide bond is known4’. 

EXPERIMENTAL 

General methods. - T.1.c. was performed on Silica Gel 60F,,, (Merck), using A, 

EtOAc-AcOH-HCOOH-water (18:4: 1:3); B, EtOH-rt-BuOH-pyridine_waterAcOH 

(100:10:10:10:3); C, CHCl,-acetone (95:5); benzene-acetone (D, 8:2; and E, 6:4); hex- 
ane-EtOAc (F, 6:4; G, 1:l; and H, 4%); J, CHCl,-ether (7:3); K, CHCl,MeOH (85:15); 
and L, CHCl,-EtOH (9:l); with detection by U.V. light, charring with sulfuric acid, 1% 

H “,I”‘ 

,COOCMe, 

* Synthesis of 25 and separation of isomers 25-I and 25-11 have been described4”. 
‘Two sets of signals for H,, H,, and H, in the spectrum of 20a-I are due to isomerism about the uronamide 
bond. 
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Stirring was continued overnight at room temperature and the excess of 2-azidoethanol 

was then removed in c’ucuo ( < 1 mm). The residue was partitioned between chloroform 

(50 mL) and water (50 mL), the aqueous layer was extracted with chloroform (3 x 50 

mL), the combined organic phases (-200 mL) were washed with M NaI (4 x 200 mL), 

aqueous NaHCO, (200 mL), and water (200 mL), and dried (Na$O,), and the solvent 

was evaporated. Column chromatography (light petroleum-EtOAc, 65:35) of the 

residue (1.25 g) gave crystalline 8 (840 mg. 69%) that was homogeneous in h.p.1.c. 

(hexane-EtOAc, 65:35), but g.1.c. revealed 3% of the cx anomer. Recrystallisation from 

ether gave an analytical sample with m.p. 96 ~98”, [cx]~ - 58’ (c 1, chloroform); vmax 2120 

cm-’ (NJ. “C-N. m.r. data (CDCI,): 6 170.1. 169.4, 167.1 (C=O), 100.6 (C-l), 72.6, 

72.0, 71.0, 69.4, 68.8 (C-2,3,4,5 and OCH?), 52.9 (COOCH?), 50.5 (CH,N,j, 20.6 

(OCOCH,). The ‘H-n.m.r. data are given in Table IV. 

Anul.Calc.forC,,H,,N,O,,:C,44.67;H,5.25;N,10.42.Found:C,44.43;H,5.32; 

N, 10.56. 

?-Azictoethyl2,4-di-O-acetyl-BD-gluc(~pyranosidur~~no-6,3-luctone (10). -Cold M 

NaOH (1.67 mL, 1.67 mmol) was added dropwise to a cooled solution of8 (130 mg, 323 

mmol) in methanol (10 mL). The mixture was kept at 4”, then neutralised with KU-2 

(H+) resin. and concentrated. Toluene was evaporated (4 times) from the residue which 

was then dried in NKUO over KOH. The resulting uranic acid 9 (R, 0.63, solvent A) was 

heated with acetic anhydride (6 mL) at 70” for 1.5 h. The mixture was cooled, pyridine (6 

mL) was added, and the mixture was kept at 20” for 12 h. T.1.c. (solvent G) then revealed 

no 8 (R, 0.49), but a product with R, 0.42. The mixture was concentrated, and toluene 

and heptane were evaporated from the residue, a solution of which in chloroform was 

washed through a column of SEP-PAK Si (Millipore) with ethyl acetate (20 mL). 

Concentration of the eluate gave a colorless syrup (110 mg) which was purified by 

chromatography (hexane-ethyl acetate, 8:2) on a column (10 x 250 mm) of LiChroprep 

Si 60, to give 10 (70.5 mg, 66.5%), [a]: - 154’ (04, chloroform), R,.0.57 (solvent H). The 

‘H-n.m.r. data are given in Table IV. 

Methyl (2-azidoethyI2,4-di-O-ucetyl-&D-g/ucop~ranosid)uronate (11). -A solu- 

tion of 10 (50.7 mg, 154 pmol) in MeOH (2.5 mL) was kept at 22” for 92 h, then 

concentrated, and benzene was evaporated twice from the residue. Column chromatog- 

raphy (solvent E) gave ll(42.4 mg, 76%), m.p. 105-106” (from ethanol), [cc]? -83” (c I, 

chloroform), R, 0.26 (solvent tl). ‘“C-N.m.r. data(CDC1,): 6 170.5,170.3, 167.7 (C = 0), 

100.6 (C-l, Jc~,,“_, 161.1 Hz), 73.3, 72.7, 72.6, 71.8 (C-2,3,4,5), 68.5 (OCH,), 52.8 

(COOCH,), 50.5 (CH,N,), 20.8,20.6 (OCOCH,). The ‘H-n.m.r. data are given in Table 

IV. 

Anal. Calc. for C,,H,,N,O,: C, 43.22; H, 5.30; N. 11.63. Found: C, 43.10; H, 5.30; 

N, 11.68. 

Methyl(2-azidoethyl2,4-di-O-acet~l-3-O-(2,3,4-tri-0-acety~-~-~-rhamnopyruno- 

syl)-/I-D-glucopyranosid]luronute (13). - A suspension of 2,3,4-tri-O-acetyl-o-~_-rham- 

nopyranosyl bromide [12; prepared43 from 1,2,3,4-tetra-0-acetyl-I_-rhamnopyranose 

(157.5 mg, 474 pmol)] and 11 (108.6 mg, 300 pmol) in toluene (2 mL) was stirred with 

molecular sieves 4A for 1 h under argon. To the stirred mixture at -40” was added 
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was filtered, the solids were washed with ethyl acetate, and the combined filtrate and 

washings were concentrated. Column chromatography (ethyl acetate) of the residue 

gave 15 (40.4 mg, 44%), [c# - 24” (c 1, chloroform), R, 0.3 1 (ethyl acetate). ‘3C-N.m.r. 

data (CDCI,): 6 169.8, 169.5 (C =O), 130.9 (CH =CH,), 126.5 (CH = CHJ, 100.8 (C-l), 

99.1 (C-l’), 79.7 (C-3), 72.5,71.8,70.6,70.3,69.9,68.9, 67.6 (C_2’,3’,4’,5’and C-2,4,5), 

69.4 (OCH,), 53.0 (COOCH,), 39.4 (CH,NH), 21.0, 20.8, 20.7 (OCOCH,), 17.3 (C-6’). 

The ‘H-n.m.r. data are given in Table IV. 

2-Acrylamidooethyl 3-O- (a-L-rhamnopyranosyl) -/I-I)-glucopyranosiduronic acid 

(16). -To a cooled (ice-water) solution of 14 (40 mg, 60.6pmol) in MeOH (3.5 mL) was 

added M NaOH (608 pL, 608 pmol) dropwise during 10 min. The mixture was kept at 4” 

for 2 h, then diluted with equal volume of water, and eluted with water from a column 

(10 x 130 mm) of KU-2 (H ‘) resin. The eluate was applied to a column (15 x 120 mm) 

of DEAE-Spheron (AcO- form) and eluted with a linear gradient of aqueous acetic acid 

(0 + 20%; total volume, 200 mL) at 3 mL/min, to give 16 (9.6 mg, 36%) and the 

4-acetate (17; 15.7 mg, 52%) R, 0.34 (solvent A). To a cooled (ice-water) solution of 17 

in water (2 mL) was added M NaOH (0.5 mL) dropwise during 10 min. The mixture was 

kept at 1 u for 22 h and worked-up, as described above, to give 16 (12.2 mg; 82.5% total 

yield), [xl: -43” (c 1, water). The ‘C-n.m.r. data for 16 are given in Table II, and the 

‘H-n.m.r. data for 16 and 17 are given in Table IV. 

2-AzidoethyL 3-0-(ol-~-rhamnop~ranos~~l)-~-D-giucopyranosiduuronic acid (18). - 

To a cooled (ice-water) solution of 13 (300 mg. 474 pmol) in MeOH (40 mL) was added 

M NaOH. The mixture was kept at 1” for 2 h, then neutralised with KU-2 (H’) resin, and 

filtered, and the resin was washed with water. The combined filtrate and washings were 

applied to a column (1.5 x 12.5 cm) of DEAE-Spheron (AcO form). The column was 

irrigated with water and then eluted with a linear gradient of aqueous acetic acid (0 --f 

20%; total volume, 200 mL) at 3 mL/min, to give 18 (87.2 mg) and the 4-acetate (18a, 

108.5 mg). To a cooled (ice-water) solution of 18a in water (9 mL) was added M NaOH 

(2.25 mL). The mixture was kept at 8” for 24 h and worked-up, as described above, to 

give 18 (90.6 mg; total yield, 91%) [XI;,’ - 69.5” (c 2, methanol). The ‘C-n.m.r. data for 

18 are given in Table II. 

Condensation qfuronic acids with hydroxyamino acid derivatives (procedure A}. ~ 

A mixture of uranic acid (0.01-0.6 mmol), O-tert-butyl amino acid rert-butyl ester (I .5 

equiv.). and EEDQ (2 equiv.) in N,N-dimethylformamide (2 mL, freshly distilled in 

vacua over ninhydrin) was kept at 20” for 24. -72 h until disappearance of uranic acid was 

complete (t.1.c.; CHCI,--MeOH--AcOH, 85: 15: 1). The mixture was then concentrated 

and toluene was evaporated from the residue, a solution of which in MeOH (3-5 mL) 

was treated with KU-2 (H ‘) resin (2(1-30 mL) in order to remove quinoline and 

unreacted amino component. The mixture was filtered, the resin w,as washed with 

MeOH (X-100 mL), and the combined filtrate and washings were concentrated. The 

residue was purified by column chromatography (0 --+ 15 % of methanol in chloroform). 

The yields and [a],, values of the products (20a,b and 22a,b) are given in Table I, and the 

13C-n.m.r. data are given in Table II. ‘H-N.m.r. data (CDCI,, selected signals): 20b, 6 

6.30 (dd, I H, JA,M 3.0, J,,, 17.5 Hz, H,), 6.24 (dd, 1 H, J,,, 17.5 Hz, H,), 5.60 (dd, 1 H, 
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