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ABSTRACT

The disaccharides a-L-Rhap-(1-3)-8-0-GlepA and f-0-GlepA-(1—3)-2-L-Rhap bearing amide-
linked L-serine or L-threonine, which represent the repeating unit(s) of the capsular polysaccharide from E.
coli O6:K54:H10, have been synthesised. O-tert-Butyl-protected amino acid terr-butyl esters were con-
densed with the corresponding biouronic acid 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
tert-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 of capsular antigens may be hexuro-
nic acids, neuraminic acid, or amino acids. Amino acids amidically linked to the
carboxyl group of uronic acid residues are constituents of several capsular antigens®®,
often with non-stoichiometric substitution of uronic acid residues.

There have been few syntheses of uronic acids amidically substituted with amino
acids, namely, the amides of D-galacturonic acid and methyl f-p-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 via copolymerisation with acrylamide'® .

Jann ez al.’ 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 £. coli O6:K54:H 10 consists of disaccharide repeating units of tvpes A
and B:

A

/ \
- 3)-f-D-GlepA-(! — 3)-a-1-Rhap-(1 - 3)--b-GlepA-(1 = 3)-2-1.-Rhap-(i-

B

Of the repeating units, ~85% are substituted in the ratio 1:9 with 1-sertne and
L-threonine amide-linked to the carboxyl group of the glucuronic acid residues.

We now describe syntheses of all of the possible fragments of this capsular
polysaccharide and their transformation into artificial antigens by copolymerisation
with acryvlamide.

RESULTS AND DISCUSSION

As an aglycon group that can be polymerised at a later stage, we chose the
acrylamido function, which has been used in syntheses of artificial antigens'” **. The
group was introduced by N-acryloylation of an aminoethvl aglycon at a late stage in the
synthesis. The amino group in the aglycon was blocked initially as the N-benzyloxycar-
bonyl derivative or masked as the 2-azidoethyl group for fragments A and B, respec-
tively. The free amino function could be generated under mild conditions of catalyvtic
hydrogenation without degradation of the uronic acid residues or cleavage of the amide
linkages.

2-(Benzyloxycarbonylamino)ethyl glycosides of neutral saccharides can be pre-
pared in high yield™ and this aglycon was used to prepare a glycoside of fragment A with
an L-thamnose residuc as the reducing moiety. This synthesis, which wus reported
recently™. involved coupling of methyl 2.4-di-O-benzoyl-x-1 -rhamnopyranoside™ with
methyl (2,3.4-tr1-O-acetyl-z-D-glucopyranosyl bromide)uronate (7} in acetonitrile, pro-
moted by mercury(ll) salts, to give the disaccharide derivative 1. Acetolvsis of 1
afforded the z-acetate 2. which was transformed into the z-glveosyl bromide 3 and
coupled with 2-(benzyloxycarbonylaminejethanol in acetonitrile-dichloromethane in
the presence of mercury(I) salts, to give the glycoside 4. Deacylation of 4 foltowed by
catalytic hydrogenation and N-acryloylation then gave the 2-acrviamidoethyl ghycoside
§, saponification of which with 0.2M sodium hydroxide in agueous methanol atforded
the disaccharide repeating unit A as the glycoside 6.

Since the glycosylation of 2-(benzyloxycarbonylaminolethanol by the glycosyl
bromide 7 proceeds in low vield”. a new procedure was applied to introduce the
aminoethyl aglycon by way of an azido precursor in the synthesis of the disaccharide
fragment B. In the coupling reaction of 7 and 2-azideethanol. the latter compound was
also used as a solvent at elevated temperature as for the coupling reactions of 7 and

3

benzyl™ or allyl alcohol” The reaction of 7 and 2-azidoethanol, promoted by mercury-
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(II) cyanide (10 min at 105°), gave the pure f-glycoside 8 (68%). The excess of
2-azidoethanol could be distilled from the reaction mixture in vacuo 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
0.17M sodium hydroxide in aqueous methanol at 4° afforded the glucuronoside 9, the
BC-n.m.r. spectrum of which (Table IT) coincided essentially with those of allyl and
methyl f-p-glycopyranosiduronic acids’™”. Lactonisation of 9 on heating with acetic
anhydride?®, 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 *J values (J,, 3.8, J;,4.6, J, ;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 1V) and "“C-n.m.r. spectra (see
Experimental) of which were similar to those of the allyl glycoside analogue?.

Coupling of 11 and acetobromorhamnose (12) in dichloromethane, in the pres-
ence of silver triflate at —40° —» +20°, afforded the o-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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acetic acid gave the aminoethyl glycoside 14 (positive ninhydrin test on t.1.c.). Acylation
of 14 with acryloyl chloride in the presence of polytd-vinylpyridine) atforded the
2 acr\]dmxdocthwlg]wowidx 15 (44% from 13), which wasidentified from the 'H-(Table
IV)und "C-n.m.r. data (see Experimental).

Saponification of 15 with (). 14y sodium hydroxide in aqueous methanol (2 hat 2 )
gave a mixture of the disaccharide glycoside 16 (36% ) and its 4-acetate 17 132%0 1, which
were isolated by ton-exchange chromatography on DEAE-Spheron (AcO [orm),
Treatment of 17 with 0.25w sodium hydroxide (22 hat | ) gave 16 (337, total vield).
The structure of the synthetic fragment B in the form of 16 was confirmed {rom H-
(Table IVyand "C-num.r. data (Table ). The resonances due to C-3 {4 71 Tand -3¢0

70.3) were indicative of an z--rhamnosidic bond™ ", and the /. value of 7.8 Hy
indicated the D-glucuronoside moiety to be . The structure of the d-acetate 17 was
indicated by the "H-n.m.r. data (Table IV): the signal of AcO-4 wus recognised readily ai
high field (5 2.1 and that of H-4 at low field {d 4.39).

The disaccharide glycosides 6 and 16 are suitable for transformation into neogly -
coconjugates cia copo!vmcrim‘xiom and for the ntroduction of amino acid residues.

The possibility that self-polymerisation due to the presence of the aerviovl group
in the aglycon™ could cause difficultics at later stages in the synthesis prompted an
examination (using fragment B) of the scope for introducing amino acid residues by Wiy
of the 2-azidoethyl glycoside 18 followed by transformation into the 2

aeryvlamidoethy]
glycoside. Compound 18 was isolated (91%) after saponification of the disacchuride
derivative 13 with 0.2y sodium hvdroxide at 4
In order to convert the disaccharide fragments A and B into amides of hvdrony-
amino acids. 6 and 18 were cach coupled with O-(rerr-butyly-r-serime {19ay and O-(reri-
butyl)-L-threonine ferr-butyl esters (19b). using cthyx ;cthux;— I.2-dihvdroguinohine-
carboxylate (EEDQ), an effective and mild condensing reagent used in the synthesis of
glvcopeptides™

fert-Buiyl ether and ester groups. which reguire mild acidie condi-

tions for cleavage (trifluoroacetic acid at room temperaturel. were used 1o protect the
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hydroxyl and carboxyl functions, respectively, in the amino acids. Glycosidic and amide
bonds are stable under these mild acidic conditions**
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 (§5%) and
22b (92%), respectively. The *C- and 'H-n.m.r. spectra of these compounds indicated
the structures assigned. In t.1.c., 20a appeared to be homogeneous, but h.p.l.c. yielded
two fractions (20a-1 and 20a-Il in the ratio ~ 1:2) with [a], —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 1-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

, whereas, on treatment with a
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TABLE I

Svnthesis of 20-24

Starting Procedure Product Yield (%) [, (degrees:
compound

6 -+ 19a A 20a-1 7 - 30 {chloroform)
20a-11 . - 50 (ehloroform)
6 + 19b A 20b 95 67 (chloroformy
20a C 21a 100 - 54 {wittend
20b C 21b 100 S6 {water}
18 + 19a A 22a 85 - S0 chloroiorm)
18 - 19b A 22b G2 S0 (eldoroform:
22a B 23a 90 - 33 (chloroform)
22b B 23b 51 - 32 ehdoroform;
23a C 24a 96 G {watery
23b C

24b 100 - 40 (water)

CAL25 307 (¢ 0.6 1.0). " NH,* salt.

Platb

diminished intensities of the signals at 3 61.3 (Thr «-Cyand 56.6 (Ser x-C) were observed.
This effect could reflect an equilibrium between conformers with interconversion at a
rate comparable with the n.m.r. time-scale™.

Each of the 2-acrylamidoethyl glycosides (6, 16, 21a, 21b. 24a. and 24b) was
copolymerised with acrylamide under standard conditions' "' (see Experimental) to
give the neoglycoconjugates 26 31. Copolymers isolated by gel filtration on Sephadex
G-50 in yields of 80-90% consisted of unsubstituted acrylamide units and those
N-substituted by a sugar moiety in the ratio 10 11:1 as deduced by integration of the
appropriate 'C signals or comparison of the [%], values for the copolvmers and the

corresponding carbohydrate monomers.
The Thr 2-C signal of the copolymer 29 (prepared from 21b) appeared as a
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broader line with a diminished intensity. No Ser «-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.

Spectral features of the fractions isolated from 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 “C-n.m.r. spectrum of 20a contained all the
expected signals but, in the double-bond region, there were two pairs of signals (6 127.9
and 128.5, and ¢ 126.5 and 131.1) in the ratio ~1:2, which were distinct from two
resonances (6 128.7and 131.1) for 6. H.p.l.c. of 20a gave the fractions 20a-I and 20a-11 in
the ratio ~1:2, the *C-n.m.r. spectra of which were similar except for the resonances of
the aglycon (Table I1I). Thus, 20a-I1 gave signals (¢ 126.6 and 131.2) usually indica-
tive?? of the acrylamido group. The "H-n.m.r. spectra of 20a-I and 20a-1I accord with
the presence of a terminal double bond (AMX spin system), but the parameters were
different (Table I1I). The spectrum of 20a-1, 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.O.e. experiments performed on the 2-acrylamidoethyl
J-D-glucopyranosiduronamide of 1.-serine (25)* as a model compound, 20a-11 is consid-
ered to be the Z isomer, and 20a-I the £ isomer(s)". This type of isomerism about the
amide bond is known®.

EXPERIMENTAL

General methods. — T 1.c. was performed on Silica Gel 60F,,, (Merck), using A4,
EtOAc-AcOH-HCOOH-water (18:4:1:3); B, EtOH-»n-BuOH-pyridine-water-AcOH
(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, 1:1;and H, 4:6); J, CHCl,—ether (7:3); K, CHCl,-MeOH (85:15);
and L, CHCL,-EtOH (9:1); with detection by u.v. light, charring with sulfuric acid, 1%

COOCMe

Hlnulc/ 3
CONH CH,OCMe,

o OCH,CH,NHCCH=CH,
OH

(¢]
HO
OH 25

* Synthesis of 25 and separation of isomers 25-1 and 25-II have been described®.
* Two sets of signals for H,, H,,, and H, in the spectrum of 20a-1 are due to isomerism about the uronamide
bond.
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potassium permanganate i aqueous sodium carbonate (for unsaturated compounds).
Bromocresol Green (for uronic acids). 0.5M potassium iodide (after exposure o chlo-
rine, for NH-containing compounds), or 0.3% ninhydrin m acetone (for wimines),
Column chromatography was performed on Stlica Gel L (407100 g, 100 160 am).
Silpearl (25 40 qm, Crechoslovakia), and LiChroprep St 60 (4063 zam. Merck) with
solvents that were distilled betore use. Hop Lo was performed on columns (analvtical. 6
< 150 mnt semi-preparative. 16 < 230 mm; preparative, 25 < 23 mmiof Silasorb 600
(5 am. Czechoslovakia)., Fluates were monitored with a differental refractometer
(Knauery or a uv. detector ISCO. model UA-3 (254 nmy (15 AL For glel a
Hewlett - Packard 5890 insirument equipped with Hamc-ionisation detector and in-
tegrator HP 3393A was used. Separations were performed ona glasy capiffary column
{0.2mm » 25 mycoated with Ultra-f (0.3 3-m layeryat 200 with nnrogen as the carrier
gas at 140 kPa. Elemental analyses were not obtamed for syrupy or amorphous
compounds, which were purified by column chromatography and charactensed by
MLITLT. SPectroscopy.

"H-N.m.r. (250 MHz) and "C-nomer, (75,43 MHz) spectra were recorded with
Bruker WM-250 and AM-300 spectrometers, respectively, Chemical shifts 8y are
reported relative to that of Me St with Jvalues in Hz, Thenomoy data are given in Tubles
1V, Optical rotations were determined with a DIP-360 (JASCO polarimeter. Meli-
ing points, obtained on a Kofler apparatus, are uncorrected. Acctonitrile was boiled
under reflux with KMnO, and NaHCO,, then disuifted over PO and over Cal, prior
to use. Benzene was distilled aver Cal.. toluene over LIATH . and acetrie anbydride over
P.O.. Solvents were removed from organic extracts under vacuum with a rotan
evaporator at <40 {bath) tor at < 30 for unsaturated compoundst, 2-Azidocthanol
was synthesised according to the method described’

Methvl 1 2-azidoethy] 2.3 d-ipi-O-aeet vi-fi-p-glucopyranosid iuronate (8, Cryvs-

talline methyl (2.3.4-tri-O-acetyl-z-D-glucopyranosyl bromidejuronate (7: 1 19 2. 3.0
mmol) was added in one portion to a soivton of mercury(th cvanide (780 myg. 3.1
mmol) in 2-azidoethanol® (3.27 mL. 43.2 mmol) at 105 The mixture was stirred at
105 110 for 10 mun, when 1o (solvent /) revealed 8 (R 0305 bt no 748 D.59).

I3
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Stirring was continued overnight at room temperature and the excess of 2-azidoethanol
was then removed in vacuo ( <1 mm). The residue was partitioned between chloroform
(50 mL) and water (50 mL), the aqueous layer was extracted with chioroform (3 x 50
mL), the combined organic phases ( ~200 mL) were washed with M Nal (4 x 200 mL),
aqueous NaHCO; (200 mL), and water (200 mL), and dried (Na,SO,), 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.l.c.
(hexane-EtOAc, 65:35), but g.l.c. revealed 3% of the o anomer. Recrystallisation from
ether gave an analytical sample with m.p. 96-98°, [«]* —58° (¢ 1, chloroform); v, 2120
em ™' (N,). "C-N.m.r. data (CDCL,): 6 170.1, 169.4, 167.1 (C =0), 100.6 (C-1), 72.6,
72.0, 71.0, 69.4, 68.8 (C-2,3,4,5 and OCH,), 52.9 (COOCH,), 50.5 (CH,N,), 20.6
(OCOCH,). The '"H-n.m.r. data are given in Table IV.

Anal. Cale. for C,;H, N;0,,: C,44.67. H, 5.25;N, 10.42. Found: C, 44.43; H, 5.32;
N, 10.56.

2-Azidoethyl 2, 4-di-O-acetyl-B-D-glucopyranosidurono-6,3-lactone (10). — Cold M
NaOH (1.67mL, 1.67 mmol) was added dropwise to a cooled solution of 8 (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 vacuo over KOH. The resulting uronic acid 9 (R, 0.63, solvent 4) 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.l.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—cthyl acetate, 8:2) on a column (10 x 250 mm) of LiChroprep
Si60, to give 10(70.5 mg, 66.5%), [2]5’ — 154° (¢ 4, chloroform), R, 0.57 (solvent H). The
'H-n.m.r. data are given in Table IV,

Methyl ( 2-azidoethyl 2 4-di-O-acety-f-D-glucopyranosid Juronate (11). — A solu-
tion of 10 (50.7 mg, 154 umol) 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 11 (42.4 mg, 76%), m.p. 105-106° (from ethanol), [«];’ —83° (¢ |,
chloroform), R,0.26 (solvent H). "C-N.m.r. data (CDCl,): §170.5,170.3, 167.7(C = O),
100.6 (C-1, Jo,4, 1611 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 ,2N;0,: C, 43.22; H, 5.30; N, 11.63. Found: C, 43.10; H, 5.30;
N, 11.68.

Methyl [ 2-azidoethyl 2,4-di-O-acetyl-3-O-( 2,3 4-tri-O-acetyl-a-L-rhamnop yrano-
syl)-p-p-glucopyranosid juronate (13). — A suspension of 2,3,4-tri-O-acetyl-a-L-rham-
nopyranosyl bromide [12; prepared” from 1,2,3,4-tetra-O-acetyl-L-thamnopyranose
(157.5 mg, 474 umol)] and 11 (108.6 mg, 300 ymol) 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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TABLE I

N.m.r. data for the acrylanudo fragments? of the i isomers 204 d[ld Zﬂ

Compaound i{ (i popan o 3{[11 7 ' o ppan
S S S NV I H o
20-a-1 6.32dd M 7Hdd 6.61dd 20 7 s Y PN

6. 35dd IRt 6.7 dd 20 AR T 17w joxd
20-a-1 6.17dd 5 60dd A.50dd 20 170 s
after 3 months 6 iRdd S45dd o.51dd At [RER A B E RO
20-9-11 6.31dd A6ldd 6.21dd REY TR RO 132
25-1 6.27dd S.aihdd A.55dd 20 HER U T P2TA 1S

20 1700 XH 1266 RSN

2511 6.22dd 3 56dd

L AMY 5pin sysiem

~a
[y

dropwise during 20 min a solution of sitver trifluoromethanesulionate (17
amol) in toluene (2.1 mL). The mixture was surred at -40 for | h under argon. Lhm

S mg. 675
allowed to attain room temperature, and stirring was continued for 12 b The mixture
was filtered through Celite-545, the filter cake was washed with chloroform, and the
combined filtrate and washings were washed successively with satorated agueous
NaHCO,, aqueous Na,S5 O and water, dried (Na.SGy). and concentruted. Column
chromatography (gradient of 0 -+ 15% of acetone in to uwuut he residue tollowed by
h.p.Le thexane ethylacetate, 6337 gave 13 (92 mg. 48%
R ).2 (solvent ). "C-Novtr. data (CDCLy: ¢ 176G, 170.0, Ih‘%,-‘e, 167 400 = O 1hivs
(( Vodo gy IS8T Hzy 99 3 (C-1 0 J 0 TORS My X 1C- 3y 7290 THE TON 70
0,689, 67.5(C-22. 345 and C-2.4.5). 68 2(OCH 1. 3291 COOCH . 307 {CH.IN L
20.8. 20.7 (OCOCH ). ¥7.3¢C-67 The "Henomur, duta are given 1y Table TV,
Methvl [ 2-aceyiamidoerliv] 2 4-di-O-aceiyi=3-0-0 2 3 F-ri-Q-aeetvi-u-1-rlianie-

46 o toehlorolormy,

pyranosvli-f-D-glucopvrasosid furopare (18). A solution of 13 (88 mg, 139 amoly in
ethyl acetate (2 ml) and McOH (2 mbL) was hydrogenated it room wemperatiiee over
1% Pd'C. After T h. tho tsolvent D) showed the complete conversion of 13 (2, 043
into 14 (positive ninhydrin test) (R, (.54 solvent By, The mixture wis fiftered. then
concentrated. and benzene was evaporated from the ressdue, which was dried fr vacu,
A solution of the residue in ethyvlacetate (2 mLy was cooted dice waterd ;md stirred with
poly(d-vinylpvridine} (Flukai Acrylovl chloride (31 ¢ L. 627 puoly was added in three
5

equal portions at intervals ¢ 30 mun. The mixture was then stirred at 26 for 12 howhen

t.he. (solvent £)showed the conversion of 1 inte asingle preduct 1 £ 0403 Theminture
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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%), [x]* —24° (¢ 1, chloroform), R, 0.31 (ethyl acetate). *C-N.m.r.
data (CDCl,): 6 169.8,169.5 (C=0), 130.9 (CH=CH,), 126.5 (CH = CH,), 100.8 (C-1),
99.1 (C-1, 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 TV.

2-Acrylamidoethyl 3-O-(a-L-rhamnopyranosyl }-p-p-glucopyranosiduronic acid
(16). — To a cooled (ice—water) solution of 14 (40 mg, 60.6 ymol) in MeOH (3.5mL) was
added M NaOH (608 L., 608 umol) 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 alinear 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; 15.7mg, 52%), R, 0.34 (solvent 4). 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° for 22 h and worked-up, as described above, to give 16 (12.2 mg; 82.5% total
yield), [«}>’ —43° (¢ 1, water). The "C-n.m.r. data for 16 are given in Table 11, and the
'H-n.m.r. data for 16 and 17 are given in Table IV.

2-Azidoethyl 3-O-( a-L-rhamnopyranosyl )-f-D-glucopyranosiduronic acid (18). —
To a cooled (ice—water) solution of 13 (300 mg, 474 ymol) 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 12.5cm) of DEAE-Spheron (AcO" form). The column was
irrigated with water and then eluted with a linear gradient of aqueous acetic acid (0 —
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%), [«]>* —69.5° (¢ 2, methanol). The "C-n.m.r. data for
18 are given in Table I1.

Condensation of uronic acids with hydroxyamino acid derivatives ( procedure A ). —
A mixture of uronic acid (0.01-0.6 mmol), O-rert-butyl amino acid reri-butyl ester (1.5
equiv.), and EEDQ (2 equiv.) in N,N-dimethylformamide (2 mL, freshly distilled in
vacuo over ninhydrin) was kept at 20° for 24--72 h until disappearance of uronic acid was
complete (t.l.c.; CHCl,-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 (20-30 mL) in order to remove quinoline and
unreacted amino component. The mixture was filtered, the resin was washed with
MeOH (50--100 mL), and the combined filtrate and washings were concentrated. The
residue was purified by column chromatography (0 — 15% of methanolin chloroform).
The yields and [«],, values of the products (20a,b and 22a,b) are given in Table I, and the
BC-n.m.r. data are given in Table 1. '"H-N.m.r. data (CDClI,, selected signals): 20b, &
6.30(dd, 1 H,J,,3.0,J,+17.5Hz, H,),6.24 (dd, 1 H,J, 17.5Hz, H,), 5.60 (dd, 1 H,



RNYAK ¢f af.

A YA CHE

[ S
Pro'y proy
oy (y7y2 (G
BN [oDpysy PPLOY PSR Py 1
x/.ww
9°¢
(D PPPRYY  (8) PPPROE SHT (26 (g6t ()
(QPPPST Y (VI PPPYY'y SCLC SR0°T P96’ L PPIEE  Pust NRISRITY 1
9ty ar 1
9¢ Mty ¢RIy 1
6T r col Yy s (91}
(D) PPPOT'Y  {H) PPPRA'Y ST €Yy pppe o~
(@) PPPRTY (V) PPPRS§ S0y S Wt 98°F  Wep's Sqpot VOID-t-y 01
/w Uy N
.
RN
(D) PPPPIS Y 3 TR 19°6) (HT) (8701
(D PPP6TE (W) PPPEYY NS WSy wWR)'s PEot 8
NS NTHHO ¢’ 0 L S L
Wo="H) 11712 YHYHOO0 SHYHO0 000 O HDY Y SH t-H S H oH I-H
R e R N L:\:fi
(IR UL L CQ 0 SHIyN \z;.:?:\.w, anbng Punodinn

394

:_J.:%\,HE. N-H;

AlATIVE



395

‘0'Q ut suonnjos Jo.1 , “[DAD ui suonnfos 104 ,

CARBOHYDRATE—-AMINO ACID CONJUGATES

€6 "r
0L H1) (8'6) (T'6) (T6) (0'8)
vz " woop—<8°€ PLOY  PPE6Y  PPLSE  PP6bE  PISYH Vvol[D-a-g
PPEI9 (HD HD 0'9) (0°6) (56 (1¢) (81
PPEI'O  PPOLS  WOSEObE  WSRE0LE - s0I'T  PITT bpige  PPOCE  PPSOE  PPSEE  P9O'S ey -T% LT
T6X"r
691 *r (s'6) (HD (8°L)
e - pogg wpge-76’¢  WEE'E  PLbb voID-a-g
PPEI9 (HD (HD) (19 9°6) (9°6) (29 (0]
PPET9  PPOL'S WOSE-OFE  WSEE0LE - - P6I'l bpsec PPSCE  PPELE  PPE6E PIOS eY-T-0 )
g6 XNy (H9)
$o1 XVr 81T €6 (s°8) s9) (1re)
0T S11°Z - PLEE 120°S 188°¢  PPOI'S P&tV VID-a-f
PPICO (HY) (H?) 840 09) <6) (5°6) HD 0
PPII'9 PPSO’S  WGOESH'E WEREOLE SLL'E sg6't  PSUl  bpgge  PPLOS wy§-70S  PL8Y By -1-0 9



396 A, YA, CHERNYAK ¢t al.

o 30Ty 93 HZ H ) 479 (d T HLJ L TO0H2 H-1), 472 (bs T HL L, ~ T Hz  H-
433(dd. 1T H.J, 220, % H7 Thro-H). 418 (dg. T HL 11 220 60 H/ Thr /)~H)~
A Thr

144 (s, 9 H.'Bu). 1.28 (d. wH 6.2 Hz H(\()h 117 3t I D13 s, O HL
‘Bu):22b. 0 S.08 (bs. 1 H. 4, | \Hfz H-1).432d T HL . ”T‘H HIAUM(!.?H.
J,,2.0.0 ¢ 5.6 Hz, Thy 7—H) 414 ( dq I H. / h_H/ 'lrn/; Hy L& (s 9 HO'Bui 1R
(dTHJ 62 Hz H-67.1.09(d, 3 3 Thry ~Hy 108 (5.9 H'Buy,

Conversion (1}‘?%12((40(“1/!\’/’g/_l'{‘f)\‘llf(’s iniir . ~u<'r_\‘/:117)1'(«‘00!/;)*!g,':’yi'mic/(’.s {procedure
B A solution of Z-azidoethyl glyeoside (0.1 mmold in o methanoi (2 mb) wuas
hyvdrogenated at atmospheric pressure over f)"m Pd O After 2 b the {solvent /)
showed the absenice of the starting material and presence of o single product (positive
ninhydrin test). The mixture was filtered. the solids were washed with methanol (100
mb}. the combined filtrate and washigs were concentrated, and the residue wis dried /2
racuo 1o give the 2-aminocthyt glveoside (70-100%), To a solution of the :mm»ocm}!
glycoside in methanol (4 ml.) was added 2,6-di-reri-butyi-d-methviphenol (12 mg) as
radical inhibitor. and then water (0.5 mL). The solution was stirred with Dowes 1-X8
(HCO, ) resin, acryloyl chlonde (3 equiv.y was added, stirring was continued for 18 5.
and more acryloyl chlonde (3 equiv g was added i mecessary. Afler 2 b the mvikiure was
filtered. the sohds were washed with methanol (100 mL s and the combined filtrate and
washings were concentrated. Column chromatography (0 - 157 of methanol in
chloroform) of the residue gave the protected ammo aords sacchande dervative, The

vields and {2}, values for the glveosides obtained (23a.b) are given in Table {und the
PConmur, datain hxhk I1. HwN n.r. data (CDCTL only selected sig zmi 230627 (m
2H,H, and Hyy 5.61(dd. 1 HL F0. Sy T3 H HV,, 35T HOS L T O H-

4.300dd. T HL/ ., 8.3 Hi._‘I hr z~H). O0(dd. THL,, 207, 6 2 Hy, Thr f-H. _-ih(\”
HO'Bu) 1.29¢d A HL /o 6.0 H7  H-6.6767, LIS 3 L The 5= H) S a9 HL'Bu,
Removal of tert-butel ether and ester protecting groups - procedire € A

solution of reri-butyl-protected amino acid- saccharide dertvative (0.05 mmol) in trifiu-

oroacetic acid (12 mb: distifled over P.O0 was kept at 200 for 20 40 min, then
concentrated. Tetrachloromethane and then methano! were evaporated from the resi-
due. which was dried i vacno over KO Water (2 mby was added 1o the residue. and
the suspension was filtered through a nylon filter s'puz*c drameter, .45 g Nucleopore
Corp.) and then concentruied to give the target monomer (21a,b and 2d4a.by. The vields
and [#], values are given in Table 1and the "C-nomor data i Tuble 1
Copofvmerisation of Ye with acrviamide. A solution of 16 (21 % mg. 30 gmoly

and acrvlamide (354 mg, 00 gmoly in dix‘ril!c(i water {1 mi} was deaerated using o
water pump. An aliquot (20 gf yotfasolution of AN NV V. unethyvlethylenediamin

10 gl in water (90 L) and ammonium pcrsultuw (1 mg) were added, and the muxture
was stirred at 20 under argon. After 10 min. more water (1 miL) was added 1o the
viscous solution. and stirring was continued for 24 h, The mixiure was then diluted with
water (2 mLy apphied to @ cotumn (2.6 < 40 cmy of Sephadex -3 and eluted with
0.05/0.03M pyridine-acetate buffer (pH 5.3};1( Fenlomin, The higher-molecular-werght
fraction (detected using a differential refractometer) was collected and fvophilised o
give the copolymer 26 (46.5 my. 8270y [ - 21 (e 1owaters. The "Cononnr. data are
given in Table 11
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Copolymer 27.— Copolymerisation of 6 (20 mg, 45.7 umol) with acrylamide (32.5
mg, 457 umol) gave 27 (44.9 mg, 85%), [«]?* — 18° (¢ 0.5, water). The *C-n.m.r. data are
given in Table I1.

Copolymer 28. — Copolymerisation of 21a (12.8 mg, 24.7 ymol) with acrylamide
(12.1 mg, 170.5 umol) gave 28 (23 mg, 93%), [«]* —17° (¢ 1, water).

Copolymer 29. — Copolymerisation of 21b (as the NH,* salt, 32 mg, 57.5 pmol)
and acrylamide (28.6 mg, 403 zmol) gave copolymer 29 (54 mg, 89%), [«]2’ —23" (¢ 1,
water). The "C-n.m.r. data are given in Table II.

Copolymer 30. — Copolymerisation of 24a (48.7 mg, 92.7 umol) and acrylamide
(46.1 mg, 648.8 umol) gave 30 (77.4 mg, 82%), [«}> —19° (¢ 1, water). The “C-n.m.r.
data are given in Table II.

Copolymer 31. — Copolymerisation of monomer 24b (25.5 mg, 47.2 ymol) and
acrylamide (23.5 mg, 331 umol) gave copolymer 31 (40 mg, 82%), [«] — 19° (¢ 1, water).
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